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METHOD OF ESTIMATING THE VOLUME OF THE SHADOW ECONOMY

Abstract. The shadow economy at the transitional stage of development of Ukraine became
an integral part of the economy, began to solve a number of macro and microeconomic problems of
the state. Today, the shadow economy has a significant impact on all socio-economic processes
occurring in the country. But the shadow economy’s share of gross domestic product today is so
large that it poses a threat to national security. A significant level of the shadow economy leads to
the criminalization of society, the growth of corruption, the formation of an atmosphere of legal
nihilism in the state. Tendency to evade taxes causes significant damage to Ukraine’s budget. This,
in turn, narrows the transition to a welfare state model, as it reduces resources for infrastructural
upgrades, social payments, medical and other social services for the population.

Official estimates of the size of the shadow economy by various government agencies have
considerable differences. Inaccurate assessment of the impact of the shadow economy on all spheres
of the country’s activity leads to irrelevant assessments of socio-economic processes and their
tendencies, miscalculations in the formation of domestic and foreign policy of Ukraine. The shadow
economy has been researched by many scholars, but in the considerable number of works on this
topic there are no even well-grounded data on the shadow economy. Therefore, the urgent task is to
develop an algorithm for estimating the shadow economy. To do this, the article analyzes various
terminological approaches to defining the shadow economy and its components. The classification
of existing methodological approaches to the identification and assessment of the extent of shadow
economic activity is carried out. A mathematically correct method of estimating the size of the
shadow economy which is suitable for practical use has been proposed and substantiated. The
analysis of the obtained mathematical equation showed that it is possible to formulate
mathematically precisely the conditions for a stable level of the shadow economy and the growth of
the shadow economy. The estimation of the correlation functional of the shadow economy size
became mathematically accurate.

Keywords: shadow economy, shadow economy indicators, economic category, and the
manifestations of the shadow economy.
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METOJIUKA OIIHKHU OBCAT'Y TIHbOBOI EKOHOMIKH

AHotauisi. TiHbOBa eKOHOMIKAa Ha TeEpeXiJHOMY eTami pPO3BUTKY YKpaiHM cTaia
HEBiJ’€MHOI0 YAaCTMHOIO €KOHOMIKHM, IOoYaja BHUPIIIYBATH HHU3KY MakKpo- Ta MIKPOCKOHOMIYHHMX
3aBiaHb JepkaBu. ChOTOIHI TIHBOBUI CEKTOpP €KOHOMIKM Ma€ 3HAYHWI BIUIMB HA BCi COIIATBHO-
EeKOHOMIUHI MpoIlecH, SKi BiIOyBalOThCs B JiepKaBi. AJie 4acTKa TIHbOBOI €KOHOMIKH Y BaJIOBOMY
BHYTPIIITHBOMY TMPOAYKTI CHOTOAHI € TaKOK BEIUKOI, IO CTAHOBUTH 3arpo3y HaIliOHATbHIN
Oesreni. 3HaYHWI piBEHb TIHBOBOI E€KOHOMIKM NPU3BOJUTH J0 KpUMIiHami3alii CyCHilIbCTBa,
3pocTaHHs Kopymuii, GopMyBaHHS B JepkaBi aTMocdepu MpaBoBOro Hiriaizmy. Hamaranus
YXWJINTHUCS BiJI CIUIATH MOAATKIB HAHOCUTH CYTTEBUH 30MTOK O10/DKeTy YKpainu. Lle, y cBoto uepry,
3BY)KYE MOJKIIHMBOCTI MEPEXOJy J0 MOJEi COILialbHOI Jep)KaBu, OO 3MEHIIYye pecypcH Ha
OHOBJICHHS IH(QPACTPYKTYpH, COILliaJbHI BUIUIATH, MEAWYHI Ta IHIIl COLIaJIbHI MOCIYrH JJs
HACEJICHHS.

OdiuiiiHi OIIHKK 00OCATY TIHHOBOI €KOHOMIKM PI3HUMH JAEP)KaBHUMH YCTAaHOBAMHU MalOTh
3Ha4yHiI po30LKHOCTL. HekopekTHa oIliHKa BIUIMBY TIHbOBOI €KOHOMIKM Ha BCi cepu AiSLTBHOCTI
KpalHU TPU3BOJUTH [0 HEPEIEBAaHTHHX OIIHOK COIialbHO-€KOHOMIYHHMX MPOILECIB Ta iXHIX
TEH/ICHI[Ii, TPOPaxyHKiB y (OpMyBaHHI BHYTPIIIHBOI 1 30BHIIIHKOI MOJITUKKH YKpaiHu. TiHbOBY
€KOHOMIKY JOCTIPKYBaIM 0arato BUEHUX, aje y 3Ha4YHId KUTBKOCTI Mpallb 3a Ii€0 TeMOIO HABITh
BIZICYTHI OOIpYHTOBaHI JaHi MpO TIHbOBY €KOHOMIKy. ToMy HarajgbHUM 3aBJaHHSIM CTa€
pPO3pOOJICHHST alNTOPUTMY OIlIHKM TIiHbOBOI €KOHOMiKW. Jlisi 1pOro mpoaHami30BaHO pi3HI
TEPMIHOJIOTIYHI MiAXOAM 1O BU3HAYEHHS TIHBOBOI EKOHOMIKM Ta 11 ckiagoBux. [IpoBemeHo
KiacuQikaiio HasIBHUX METOJOJIOTIYHHUX MiIXOJiB 0 BHSBIICHHS Ta OIIHKA MacmTabiB TIHBOBOL
€KOHOMIYHOT IisIbHOCTI. 3apONOHOBAHO 1 OOIPYHTOBAHO MAaTEMaTUYHO KOPEKTHUN METO OLIHKH
o0csry TIHbOBOI €KOHOMIKHM, MPHUIATHUNA JJIs1 BUKOPUCTAHHS Ha NPAKTHUI. AHaIi3 OTPUMAHOTO
MaTeMaTUYHOTO PIBHSIHHSA IMOKAa3aB, [0 MOXJIMBO MAaTeMaTH4YHO TOYHO C(HOPMYIIOBATH YMOBHU
CTaJOro piBHS TIHBOBOI €KOHOMIKM Ta 3pOCTaHHA 00OCATY TiHHOBOI €KOHOMIKH. MaTeMaTH4HO
TOYHHUM CTaJjla OLIHKA KOPEJIIOBATIHLHOTO (PYHKIIOHATY 00CATY TIHBOBOI EKOHOMIKH.

Knrouoei cnosa. TiHLOBAa €KOHOMIKA, ITOKA3HMKHA TIHBOBOI CKOHOMIKHM, EKOHOMIYHA
KaTeropisi, MposiBU TIHHOBOi EKOHOMIKH, €KOHOMIUH1 BITHOCHHH, €EKOHOMIYH1 iHTEpECH.
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METO/IUKA OIIEHKA OBbEMA TEHEBOH YKOHOMUKH

AHHOTanMsA. TeHeBas HPKOHOMHKA Ha IIEPEXOJHOM JTale pa3BUTHS YKpauHbl crajna
HEOTBEMJIEMOM YaCTbIO DKOHOMHMKH, Hayaja pelaTh PsiJ MAKPO- U MUKPOIKOHOMHUYECKUX 3ahad
rocynapcrBa. CerogHsi TEHEBOW CEKTOpP SKOHOMMKM HMMEET 3HAUUTEIbHOE BIUSHUE Ha BCE
COLIMAIbBHO-DKOHOMUYECKHAE IIPOLIECCHI, IIPOUCXOonadIue B rocyaapctse. Ho nmons TeHeBout
HSKOHOMHKH B BaJOBOM BHYTPEHHEM IMPOIYKTE CErOJHs Takas OOJbIlasi, YTO MPEACTABIAET YTPO3y
HaIMOHAJIbHOM Oe3omacHocTH. [IpennoxkeHo M 000CHOBAaHO MAaTEMaTHYECKH KOPPEKTHBIM METO.
OLICHKH 00BEMa TEHEBOW 3KOHOMHUKHM, MPUTOJHBIN s MCIOJNb30BAHUS HA TpPaKTUKE. AHAIN3
[IOJIy4EeHHOTO MAaTE€MaTU4YeCKOIO YpPaBHEHHUS II0Ka3aJ, YTO BO3MOXXHO MATEMaTHU4E€CKH TOYHO
chopMynupOBaTh YCIOBUS YCTOWYUBOTO YPOBHS TE€HEBOW SKOHOMHKH M POCT 00beMa TEHEBOM
HSKOHOMHUKH. MaremMaTHYecKH TOYHOM CTajla OLIEHKa KOoppeiHpykomue (QyHKIMOHaIa oO0beMa
TEHEBOU SKOHOMHUKHU.

Kniouesvie cnosa: TeHEBas YKOHOMMKA, MOKA3aTENU TEHEBOM 3KOHOMUKH, SKOHOMHUUYECKAs
KAaTeropus, IPOSIBIICHUS TEHEBOM HKOHOMMKH, 3KOHOMHUYECKHE OTHOUIEHUS, 3KOHOMHYECKHUE
UHTEPECHL.

®opmyn: 6; puc.: 1; Tabm.: 0; 6ub:x.: 10.

Introduction. Transitional stage of economic structure of Ukraine by objective factors is
impossible without the formation of a shadow economy. The shadow economy at this stage of
development became an integral part of the economy of the country, began to solve a number of
system tasks, such as employment of a certain part of unemployed workers, providing the necessary
level of income of the population, accumulation of private financial resources, etc. That is, the
shadow economy objectively plays the role of socio-economic compensator for unregulated legal
social relations and is competitive in rivalry with the legal economy [1]. But it is impossible to
build an efficient, modern economy, shape a human society, create an economy modeled on
developed countries without significantly reducing the shadow economy’s share in gross domestic
product. It is the significant level of the shadow economy that leads to the criminalization of
society, the growth of corruption, the formation of an atmosphere of legal nihilism in the state.
Neglecting the influence of the shadow economy on all spheres of the state will lead to irrelevant
assessments of socio-economic processes and their tendencies, miscalculations in the formation of
domestic and foreign policy of the country. While in the developed countries of the world the level
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of the shadow economy is 10—15% of GDP, in Ukraine this share is 30—50% the critical level
being 40—50% [2].

Analysis of research and problem statement. The shadow sector of the economy has a
significant impact on all socio-economic processes in society. The problems of the shadow
economy were studied in the works of eminent national scientists, namely, Pirnykoza P.V. [2],
Mazur I.1. [3], Morozova D.V. [6], Yatsenko O., Nitsenko V., Karasova N. [7], Zos-Kior M.,
Nitsenko V., llin V. [8], Mukoviz V., Sharapa O. [9], Kolyada Y.V., Semashko K.A. [10], and
others. As the shadow economy exists not only in Ukraine, scientists from other countries of the
world have also researched these problems, including Polese A., Williams C., Horodnic I.A.,
Bejakovic P. [1], William H.M., Parcell J.L. [7], Bilan Y., Sinelnikau U. [8], and others.

The shadow economy is considered by some researchers in the narrow sense of the term - as
criminal activity and illegal influence on politics. Indeed, for developed economies of the world,
with moderate tax pressure, low costs of legal registration of manufacturing activities, on the one
hand, and significant risks of conducting illegal business, on the other hand, the notion of «criminal
business» is identical to «shadow business» and is limited to gambling, drug trafficking, weapons,
prostitution control and so like. Other researchers define the shadow economy as an economy that
tries to reduce fiscal pressure in one way or another [3]. The work of Il Mazur [3] gives the
following definition of the concept of «shadow economy»: «shadow economy is a system of
relations between economic entities which is self-organizing and involves all stages of the process
of social production in order to obtain economic benefits, the results of which or the means of
achievement are for different reasons either replaced, reduced or completely hidden from direct
participants and from the law» [3]. And further, — «the shadow economy exists as a component in
the economy of any country, which does not fit into the legitimate idea of the normal interaction of
economic entities, which unites qualitatively heterogeneous activities and are completely or
partially not subject to formal rules of management or contracts and are not recorded by statistical
accounting» [3]. This definition of the shadow economy became essential for this study.

Unsolved aspect of the problem. The shadow economy has been researched by many
scholars, but in the considerable number of works on this topic there are no even well-grounded
data on the shadow economy. Despite the existence of developed methods for assessing the shadow
economy (even the definition of NonObserved economy is characteristic) and methods for
estimating the extent of shadow economic activity, little attention was paid to algorithms and
mathematically grounded approaches to the assessment of the shadow economy.

The purpose of the article. The purpose of the work is to classify the available methods of
estimating the shadow economic activity and to propose and substantiate a mathematically correct
method of estimating the size of the shadow economy, suitable for practical use.

Research results. Hiding profits from fiscal and regulatory bodies for producers of goods and
services is a tool to offset excessive fiscal pressure and establish a certain level of profitability.
Further increase in the share of the shadow economy in GDP will lead to macroeconomic
imbalances, which in turn will increase the level of risk to the country’s economic security. Trying
to evade taxes is a significant detriment to the budgets of transition economies. This narrows the
possibilities for the transition to a «welfare state» model, as it reduces resources for infrastructural
upgrades, social payments, medical and other social services for the population. Relevant
assessment of the shadow economy, on the one hand, gives an opportunity to assess the real
potential of the country, to carry out macroeconomic planning and forecasting and, on the other
hand, allows to conduct a well-balanced policy of unshadowing, assessing both the required efforts
and the degree of effectiveness of the instruments used for this purpose. Methods for estimating the
shadow economy [4—9] are used. Unfortunately, the use of these recommendations by different
public institutions leads to results that have significant differences. Methods for identifying and
assessing the range of shadow economic activity are shown in Fig.

These methods allow for a more or less accurate result, but in most cases require considerable
effort, large budgets and a considerable amount of time.
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Fig. Methods of estimation of shadow economic activity
Source: Compiled by the author according to [3—10].

Therefore, the mathematization of the methods of estimating the extent of the shadow
economic activity will allow to solve these problems and to develop the necessary tool, suitable for
practical use.

To estimate the size of the shadow economy, we use the mathematical approach of nonlinear
dynamics [10]. Then we make a system of equations.

dx dy
- 2 22 _ 2 1
70 ax + cdxy + cex 70 by + fexy + fdy 1)

where x, y describe the volumes of the legal and shadow economy sectors.

Changing the characters of the coefficients in the system of equations (1) allows us to describe
correctly the different modes of interaction between the legal and the shadow economy thus
achieving its relevance. To form a mathematical model suitable for practical use and analysis, we
present the first equation in the system of equations (1) as follows:

dx
E/x =a+c(dy + ex) (2)
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Then:
6
x(6) = x(O)exp{f [a + c(dy + ex)]d6} 3)

Similarly, for the second equation of system (1):

0
y(6) = y(0)exp{ f [b + f(ex + dy)]d6} (4)

Having finally transformed equations (5) and (6) and divided them into one another, we obtain:

x(H)% _ x(O)% . exp((fa — cb)H)

YO y(0)7 f Y
Then the size of the shadow economy can be calculated by the formula:
1
y = x¢ ()7 expio - Layoy ©)
y(0)/

The analysis of the obtained mathematical expression (6) shows that a stable level of the shadow
economy will be subject to the condition b = fa, and its growth condition is b > fTa The complex

c
1

x(o); as seen from the analysis of equation (5), plays the role of the correlation functional.
y(0)f

Conclusions. The paper states that today the shadow economy has become an integral part of
the country’s economy. This, on the one hand, is a positive factor because it helps to solve a number
of complex socio-economic problems of the state, but on the other hand, the size of the shadow
economy in the country’s GDP is so large that it even threatens national security. Estimates of the
size of the shadow economy by various state institutions today have considerable differences. An
accurate assessment of the size of the shadow economy requires relevant macroeconomic analysis
and socio-economic forecasting. Therefore, it is an urgent task to classify methods of estimating the
volume of shadow economic activity and to offer a valid mathematical method of estimating the
range of the shadow economy, suitable for practical use, and this task is solved in this paper. The
classification of methods is given, in particular, the methods of estimating the shadow economy. It
is stated that the implementation of these techniques requires considerable time and resources.
Therefore, an urgent task to solve the identified problems was to develop an algorithm for
estimating the shadow economy. The mathematical apparatus of nonlinear dynamics is used for this
purpose. This contrasts in some ways with the common practice of using linear modeling of
economic processes. Linear modeling seems to be more suitable to calculate economic systems that
tend to equilibrium, but not to the present economic state of Ukraine, which is characterized by
rapid dynamic changes. The analysis of the resulting equation showed that it is possible to
formulate mathematically precisely the condition of both a sustainable level of development of the
shadow economy and the condition of increasing the share of the shadow economy in the country’s
GDP. It was also possible to formulate mathematically precisely the functional for correlating the
size of the shadow economy. This will allow practitioners to find the size of the shadow economy
without significant expenditure of resources, to analyze its development trends and impact on socio-
€conomic processes.
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