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Cepoea I. A. TiHb0Ba eKOHOMIKA: (hOPMYBAHHA MAMpUyi cnocmepeeHb

Memoto cmammi € (hopmyB8aHHA Mampuyi ciocmepexeHHA MiHb08UX Mpo-
uecie 8 eKOHOMIUi AK iHCMpymeHmy, wo 3abe3neyye nosHomy ma 3icmas-
/IeHHA MAKPOEKOHOMIYHUX MOKA3HUKIB. BusHa4eHo 83aemo38’a30K CHP i byx-
20/1mepcbKo20 061Ky AK 00HY 3 MO8 y3200eHOCMi Ma AKOCMi MaKpo- ma
MiKpopieHesux OaHUX. Y3azanbHeHo 6a308i MoMeHmu ckaadHocmi iHmep-
npemayii MOKA3HUKi8, W0 WEUOKO 3MiHIOMbLCA Y Yaci. 3pobaeHo aKyeHm
Ha creyuciyi moyHocmi eKOHOMIYHUX BUMIpig Ui HeKOHMPOALOBAHOCMI MO-
XUbKu crocmepexteHHA. BusHayeHo xapakmep miHb0BOi eKOHOMIKU Yepe3
CMyniHb NMPUXOBAHHA 8i0 OOCMYNHO20 CroCcMepexeHHs ma MosipHicmb
pe3yabmamis, Kompi OMpUMaHi 3a NIOCYMKOM nposedeHUX Po3PaxyHKie.
Po32nsHymo 6a306i nioxodu, wo 00380A50Mb Mid8UWUMU AHAAIMUYHY UYiH-
Hicmb 30ilicHeHUX PO3paxyHKie i 3abe3nevyumu 3icmaeneHHs a2pe208aHuX
OKA3HUKig. BusHaueHo douineHicme ymeopeHHs 00HOPIOHUX 2pyn, Oe 3Ha-
YeHHA napamempis, Wo aHANI3YIOMbCA, 3HAX00AMBCA 8 OOHAKOBUX MEX(AX
3 Memoto sidcmedceHHs cmilikocmi ix no3uyili 3a 8UOKpemMaAeHUMU 2pynamu
8 OuHamiyi. Buxodsyu 3 moeo, wo 0ocmosipHicmb OaHUX BU3HAYAEMbCA
306ixCHiCMI0 pe3yabmamis, 8U3HAYEHO NOPAOOK GHAMIMUYHUX npuliomis, AKi
00380/15t0Mb 8PAXYBAMU MOM/UBI MEX(i 8apiayii eKOHOMIYHUX MOKA3HUKiE
ma ix 3icmaesneHHs.
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Introduction. The modern level of society develop-
ment is determined by the system of economic relations of
various countries and regions based on the international divi-
sion of labor. Today, the world economy represents a new level
of internationalization of production. Countries and regions
of the world are interconnected by commodity and financial
flows, international business, information technologies, sci-
entific and cultural cooperation, etc. The competitive mecha-
nism is inherent in a market economy. Therefore, the existing
integration processes are aimed not only at the development of
international cooperation but also at determining the level of
economic development of countries and regions.

The aggravation of competition among countries increas-
es the interest in international comparisons and ways to imple-
ment them. The basis for such comparisons is the presence of
unambiguous and, at the same time, correct for all countries
methods, as well as completeness and quality of information
ensuring the implementation of the latter.

Developing a unified methodology for comparing the
levels of economic development of countries is a desirable but
very difficult task. Many international organizations have been
working on solving it for more than a decade (8, 10, 14, 18 ]. The
results of their work are as follows:

* consistency of the methods for collecting and prima-
ry systematization of data of national economies with
the international standards;

* maximum possible unambiguity in the content of
calculated indicators with a view to their further ag-
gregation.

Based on the earlier achieved results in the field of in-
ternational comparisons, it is possible to assess the ability of a
country’s economy, maintain its steady state for certain periods
of time, probably, using a system of indicators. The indicators
characterize a specific property of an object, system or pro-
cess, perform a specific analytical function, and reflect certain
economic ties. The accuracy of determining these indicators is
characterized by the degree of approximation of the calculation
results to the actual value of the indicator being studied.

In the evaluation of economic indicators, chaotically
acting factors cause random errors in production activity, and
factors that persist over time serve as a source of significant
systematic errors. If the measurement result is found with the
highest accuracy and its error is estimated, then the measure-
ment can be considered complete. Therefore, the method for
calculating economic indicators should guarantee with a suf-
ficient probability correctness of the result obtained within ac-
ceptable limits.

For a more complete description of expanded reproduc-
tion and, reflection of the restructuring of all spheres of econ-
omy under market conditions, a system of national accounts
(SNA) is used. The SNA 2008 introduces an interpretation of
new aspects of economic development [10]. Changes in the
SNA are aimed at the most accurate calculation of GDP and its
components across countries as well as a consistency of GDP
estimates.

At present, GDP remains the basic indicator in assessing
the level of economic development of a country. The SNA 2008
provides the reconciliation of three estimates of GDP but fo-
cuses on the fact that any error in the data source and inconsis-

tency of data sources across countries lead to different results
of the estimates of GDP.

Primary use of the SNA occurs in the form of time se-
ries. This makes it possible to assess the development of the
economy taking into account the time factor. However, there
is a contradiction between the timeliness and accuracy of the
information provided. Covering more data requires more time
to process them, and the speed of obtaining information is cor-
related with its subsequent revision.

According to the existing concept of building the SNA,
to reflect the long-term changes in the economy, time series
should be calculated over years. This gives an opportunity to
study changes in the basic structure of the economy through
changes in the composition of macroeconomic indicators in
current prices. In the short-term assessments, the main role is
played by data of national accounts, which are the intermedi-
ate indicators between the short-term indicators and data by
years.

Long time series are of a particular interest. According
to the requirements of the SNA, if the data are not revised for
a long period of time, it is not advisable to use them for a com-
parative analysis. However, it is necessary to take into account
that the interpretation of rapidly changing indicators that make
up a time series is very complex. The complexity of interpreta-
tion can be reduced to the following basic points:

* political changes move the economic consequences

to the background,

* data sources are changing and improving constantly.

Therefore, when applying even very complex methods
for data collection, there are the discrepancies between cal-
culations because of the differences in coverage, estimation,
recording time and data sources. These discrepancies become
even more significant if a comparative analysis of the level of
economic development of countries is made. A change in the
source of data leads to a discontinuity in the time series of the
estimated indicators and, as a result, to mistakes in analytical
conclusions. Thus, the presence of economic problems in any
country and the issues of tracking and measuring these prob-
lems for different periods of time affect not only the assessment
of the level of national economic development but the possi-
bility of conducting a comparative analysis across countries as
well. The topicality of these issues is beyond the influence of the
time factor, which has determined the choice of the research
topic.

The aim of the article is to form a matrix of observa-
tions of shadow processes in the economy as a tool that ensures
the completeness of assessment and comparability of macro-
economic indicators.

Presentation of basic material of the research. Based
on the fact that the SNA is a macro-statistical model of a market
economy that reflects the economic behavior of participants in
economic activities, their relations and results of these activi-
ties within the national economy, the primary task of the SNA
2008 is to ensure the accuracy and completeness of estimates
of GDP in the national accounting system. Solving this problem
requires the organization of systematic monitoring of both the
size and behavior of volume measures.

Under modern conditions of development of market re-
lations, no economy of the world is fully regulated and covered
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by the statistical observation. Governments’ attempts to re-
strict the freedom of the market and private entrepreneurship
are provoked by the expansion of the shadow economy. The
nature of the shadow economy is determined by the degree of
concealment from the available observation and the probabil-
ity of the calculation results. The ambiguity of socio-economic
nature of the shadow economy, lack of a unified approach to
the interpretation of its essence as well as to its measurement
and evaluation, all these determine the differences in the levels
of the shadow economy, regardless of their calculation in the
same space-time framework.

The SNA2008 [10] identifies the following approaches
to the accounting of unregulated activities:

* ensuring the measurement of all activities;

* measurement of activities of economic units that can
be considered as informal ones. The first approach
reflects the non-observed economy and the second
one — the informal sector of the economy. These ap-
proaches overlap, but they are not parts of each oth-
er. Indeed, in the economic practice of any country,
there is an activity that is not covered by statistical
observation and is carried out informally. In addition,
there is an activity that is not observed but is not in-
formal, and there is also an activity that is informal
but is observed.

Therefore, recording shadow processes in the economy
is one of the basic problems of both national accounting and
assessing the level of economic development of the country
[16,17].

At the level of national economies, the main source of
information is accounting data. In any country, its development
is influenced by the information needs of financial information
users and the priority of both macro- or micro-economic inter-
ests of the state. Accounting data is the source of information
for billing the SNA, i.e., accounting data is a reflection of mi-
cro-level processes in a country, and SNA data are macro-level
information that allows to make a comparative assessments
across countries and regions.

Both in collecting information on business entities for
carrying out comparisons at the national and international lev-
el it is imperative that the accounting unit be defined. However,
if in accounting a unit of account is a business transaction, in
the SNA it is an economic operation that is broader in scope,
since it includes institutional units. Therefore, having the same
object of research, these accounting systems differ in terms of
the unity of form and content. SNA in accounting practice de-
termines the priority of content over form, whereas in account-
ing, to some extent, the procedure for determining indicators
for financial statements is regulated.

In order to ensure the comparability of information
across countries and the possibility of conducting a compara-
tive analysis, a unified set of standards applicable in any situa-
tion and in any country is required. The document disclosing
the requirements for the content of accounting information
and the methodology for obtaining the most important ac-
counting characteristics based on the harmonization of nation-
al standards is the International Financial Reporting Standards
(IERS) [10].

These standards envisage the implementation of ac-
counting operations on an accrual basis and the continuity of

business structures. It is not always possible to adhere to these
assumptions at the national level of accounting because of the
following aspects:

* many accounting operations are built on the reflec-

tion of real not accrued amounts;

* tracking the continuity of economic structures with

an unstable level of economic development requires a
constant review of the time series of the studied indi-
cators and their closure.

Thus, if all countries of the world use an accounting
method built on the principle of a double entry, but they explain
and apply this method differently, a quantitative assessment of
the operation of any economy will also have a different inter-
pretation due to its volumetric and structural characteristics.

The correctness of data from the point of view of the
completeness of their economic content and their availabil-
ity for observation in analytical practice is determined by the
composition of methods for assessing the shadow economy. If
questions of the completeness of the economic content of data
can be reduced to determining the causes of the under-received
revenue in the form of tax revenues and actions to return them,
the availability of observation will allow to correct and reduce
the risk of an error in calculating indicators.

Based on the fact that the database for economic re-
search consists of accounting data and, for the most part, the
official statistics, the problem of economic measurements is
rightly an issue of accounting and statistics. According to the
International Association of Chartered Certified Accountants
(ACCA), the use of different methods in assessing the scale of
the shadow economy leads to different results [14], and conse-
quently, to inaccuracies in calculating GDP.

Since there are no ideal methods for calculating and mea-
suring indicators, and the consideration of behavior of these in-
dicators under unstable development of economies determines
their variation, let us consider the basic approaches to improve
the analytical value of calculations and ensure the consistency
of macroeconomic indicators.

An effective way to identify differences in accounting
and reporting systems, as well as their general description is
their classification. When making international comparisons,
many experts group these systems by their essential features
using cluster analysis [2].

Consideration of clustering as a stage of data analysis
to form an analytical output determines its value. There is no
single universal clustering algorithm. Therefore, we use the hi-
erarchical method to select the optimal number of clusters and
the k-means method to implement a visual representation of
quality of a group.

Based on the fact that measuring the volume of the shad-
ow economy makes it possible to get more accurate value of
GDP and its derived indicators, and measuring the share of the
shadow economy in GDP allows to judge the prevalence of this
phenomenon and the degree of its control, we use these indica-
tors to determine the possible limits of GDP variation.

In order to ensure consistency of data of international
organizations with those on the economy of Ukraine as an in-
dependent state, we take 1991 as the base of comparison and
trace the grouping of countries according to the above-men-
tioned indicators.
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Table 1

Trends in the distribution of countries with consideration for characteristics of clusters

Cluster characteristic

Distribution of countries in clusters

Characteristics of trends

1991
(abridged version)

2015
(abridged version)

2015
(full version)

Average

Average growth rate

Low share of the shadow
economy in GDP and high
level of GDP per capita

Australia, Canada,
GBR, Hong Kong,
Ireland, Italy, Japan,
USA, Singapore

Australia, Canada,
GBR, Hong Kong,
Ireland, Japan,
Singapore, USA

Australia, Canada, GBR,
Hong Kong, Ireland,
Japan, Singapore, USA

Australia, Canada, GBR,
USA, Hong Kong, Ireland,
Italy, Japan, Singapore,

Medium share of the
shadow economy in GDP
and medium level of GDP
per capita

Brazil, Bulgaria,
China, India,
Indonesia, Kenya,
Malaysia, Pakistan,
Poland, Russia, South
Africa, Turkey

Bulgaria, China,
India, Indonesia,
Italy, Malaysia,
Poland, South Africa,
Turkey

Bulgaria, China, Estonia,
India, Indonesia, Italy,
Latvia, Lithuania,
Malaysia, Poland, Turkey

Bulgaria, China, Estonia,
India, Indonesia, Kenya,
Latvia, Lithuania, Malaysia,
Pakistan, Poland, South
Africa, Turkey

High share of the shadow
economy in GDP and low
level of GDP per capita

Azerbaijan, Nigeria,
SriLanka

Azerbaijan, Nigeria,
Sri Lanka, Brazil,
Kenya, Pakistan,
Russia

Azerbaijan, Nigeria,

Sri Lanka, Brazil, Kenya,
Pakistan, Russia, South
Africa, Sri Lanka, Ukraine

Azerbaijan, Nigeria, Sri
Lanka, Brazil, Ukraine, Russia

Source: developed by the author based on [14; 15; 18]

The result of the clustering is the distribution of coun-
tries into 3 groups. To ensure consistency of the indicators un-
der consideration in terms of time and content, we will cluster
the countries in the year of 1991 and 2015 both for the reduced
number of countries — excluding Ukraine, Latvia, Lithuania,
Estonia, and including these countries.

The analysis shows that the redistribution of the coun-
tries among the clusters occurred in 2015. In 2015, when Bra-
zil, Kenya, Pakistan, Russia, South Africa, Ukraine entered the
cluster with a high share of the shadow economy and low GDP
per capita, Italy moved from the cluster with a low share of the
shadow economy and high GDP per capita to the cluster with
medium values of these indicators.

These countries worsened their positions in terms of
the indicators under consideration. The use of the full list of
countries in 2015 shows that when Ukraine was in the clus-
ter with a high share of the shadow economy and low GDP
per capita, Latvia, Lithuania, Estonia were in the cluster with a

medium value of the indicators under consideration. This clus-
tering option basically did not change the position of coun-
tries in the selected groups. Only South Africa deteriorated its
position, moving to a group with a high share of the shadow
economy.

The basic tool for assessing time series is to obtain their
characteristics. The analysis of Table 1 shows that the clustering
of the countries both in terms of the average level of the share
of the shadow economy in GDP and in terms of the average
annual growth rate have a similar distribution. This indicates
the possibility of their equivalent use for the implementation of
analytical calculations within a cluster.

In order to determine the degree of homogeneity of the
data used, the coefficient of variation across countries is cal-
culated and they are clustered in terms of the variation of the
share of the informal sector in GDP.

The result of clustering is the formation of the following
groups (Tbl. 2)

Table 2

Distribution of countries with regard to variation of the share of the shadow economy in GDP, %

Classification criteria

Weak variation

The variation is close to
the upper limit of weak
variation.

Medium variation

The variation is close to
the upper limit of medium
variation

Country

Brazil , Italy,
Japan, Kenya,
Nigeria, Pakistan,
GBR

Australia, Canada,
Indonesia, USA Malaysia,
Singapore, Sri Lanka,
Turkey,

Azerbaijan, Estonia,
Hong Kong, Ireland,
Russia, South Africa,
Ukraine

Bulgaria, China, India,
Latvia, Lithuania, Poland

The average coefficient of
variation for the group

57%

9.9%

13.26 %

17.17%

Source: developed by the author based on [14; 15; 18]
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The data in Table 2 indicate that for all countries infor-
mation on the indicator of the share of the shadow economy in
GDP meets the criterion of homogeneity.

Therefore, it can be used for further analytical calcu-
lations, since, during the study period, significant fluctua-
tions of this indicator relative to its average value are not
observed.

Taking into account the fact that the considered indica-
tors can have the same center of grouping and the same limits
of variation of a criterion but differ in the nature of distribution
of population units, we calculate the structural asymmetry co-
efficient across countries and implement their clustering. The
result of clustering is as follows:

* negative asymmetry (more than above average):

Azerbaijan, Bulgaria, China, Estonia, Hong Kong, Sri
Lanka, Turkey;

*  positive asymmetry (often lower than average values):
Australia, Canada, Indonesia, Ireland, Lithuania, Lat-
via, Malaysia, Ukraine, GBR, the USA, Russia.

The significant obliquity of the distribution of the indi-
cator, the share of the shadow economy in GDP is observed
in Brazil (clearly defined right-sided asymmetry) and Nigeria
(significant left-sided asymmetry). This situation may indicate
ambiguously abrupt changes in the ratio of formal and informal
sectors of economy as well as the observed and non-observed
economies.

To assess the degree of materiality of the asymmetry, the
mean square error of the asymmetry coefficient is calculated.
The significance of asymmetry is confirmed only for Brazil and
Nigeria |As|: 0, > 3.

Based on the fact that ACCA conducts an assessment
of the development of the shadow economy of countries until
2025, we will calculate the rate of change of this indicator for
the period of 2016 to 2025 and will group the countries. Since
2016, according to ACCA, is taken as the base of comparison
in the assessment of indicators, we will conduct a comparative
analysis of the initial data [ ] with the calculated values of the
studied indicator for this year.

The comparative analysis reveals the non-comparable
information. The indicators of the share of shadow economy
in GDP in the studied countries for 2016 differ from the pre-
dicted values obtained by the calculation. The analysis of devia-
tions between the predicted and official value of the share of
the shadow economy in GDP for 2016 shows that the largest
absolute deviation towards overstatement of the official data

is observed in Azerbaijan (-23.26 %); Russia (-16.28 %); Esto-
nia (-14.12 %). The predicted values are higher than the official
ones in absolute values obtained for such countries as Indone-
sia (5.37 %) and Malaysia (6.70 %).

-For other countries, the variability of the absolute de-
viations is less significant. The relative deviations in the con-
sidered situation demonstrate different results. For Australia,
Azerbaijan, Bulgaria, Indonesia the predicted value is lower
than the original one by more than 30 %; Canada, Hong Kong,
Ireland, Latvia, Lithuania, Poland, Singapore — 20-30 %; Italy,
Japan, South Africa, GBR — 10-20 %. Whereas for Indonesia
and Malaysia the predicted value is higher than the original by
32.5 % and 28.8 %, respectively, and for the USA and Sri Lanka
this deviation is the lowest — 2.4 % and 2.1 %, respectively. The
presence of the deviations confirms that the reliability of data
sources and their completeness determines the convergence of
the results.

We can forecast the share of the shadow economy in
GDP for the countries based on the data obtained as a result of
the calculations. The prediction values are determined using
time series decomposition models. The selection of the addi-
tive model in each case is made based on the result of analyz-
ing the graphical representation of the available retrospective
data. The behavior of this indicator in Ukraine is presented in
Figure 1.

The average absolute percentage error less than 10 % as
well as the values of the coefficients of multiple correlation and
determination being more than 0.7 for each of the countries
indicate the high accuracy of the predicted values obtained for
the period of 2016 to 2025

Using the data obtained, we can cluster the countries in
terms of the relative change in the share of the shadow econo-
my in GDP.

The analysis of Table 3 clearly demonstrates the fact that
Pakistan, Singapore, South Africa will be able to increase the
share of the shadow economy in the GDP by 2025.

Conclusion. The basis for the formation of an observa-
tion matrix of shadow processes in the economy is a reflection
of their adequacy and possibility of subsequent adjustment. The
correctness of analytical procedures is ensured by a high degree
of development of economic regulations along with a system of
collecting and preprocessing information. The completeness of
this relationship is determined by the consistency of actions in
accounting practice of a national economy with the operations
that are reflected in the SNA. The heterogeneity of economic

Table 3

Distribution of countries by growth in the forecast values
of the share of the shadow economy in GDP, %

Indicator

The growth in the forecast values of the share of the shadow economy in GDP

Australia, India,
Japan, Latvia,
Turkey

Country

Lanka

Azerbaijan, GBR,
Estonia, SA ,Ireland,
Malaysia, Poland, Sri

Brazil, Bulgaria, Canada, China, Pakistan,
Hong Kong, Indonesia, Italy, Kenya, Singapore, South
Lithuania, Nigeria, Russia, Ukraine Africa

Average value of the

indicator for the group 0.806 091

0.98 1.08

Source: developed by the author based on [14; 15; 18]
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activity across countries leads to the change in the classification
indicators taken into account in the system of indicators and
the need to make adjustments to the time series being formed
in order to make them comparable. It is possible to improve the
quality of the formed databases and ensure their reliability for
the analysis and forecasting through the development of algo-
rithms that will ensure the transition from micro-level indica-
tors to their macro-level analogs.
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