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Abstract. In the article were discussed the conceptual framework of international comparison of the dynamics, structure of GDP
and the influence of factors on GDP at the production stage, using the index method and data from the national accounts. The
three-factor multiplicative model was proposed. On this basis were drawn conclusions about and the impact of defining factors on
GDP of Ukraine and Poland for 2014–2016. This made it possible to compare the effect of individual factors on the GDP of the
selected countries.
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1. Introduction

International comparisons of the dynamics, structure
of gross domestic product (GDP) and the impact of fac-
tors on GDP at the stage of production require the use of
adequate methods and relevant time series of indicators
for individual countries. One of such methods is the
index method. The important source of such data are the
System of National Accounts (SNA) of the countries,
where it compiled to date. SNA is used to represent to
international organizations national accounts data that
meet the standard, internationally accepted concepts,
definitions and classifications. National accounts data
are widely used for international comparisons of such
key aggregates as GDP or GDP per capita, as well as
for comparisons of structural statistical indicators such
as the ratio of investment volumes, taxes, or public ex-
penditure to GDP. As underlined in SNA 2008, the re-
sults of such comparisons are used by economists and
other analysts to assess the effectiveness of the economy
of the country compared to countries of similar levels
of economic development. They can influence public
and political opinion about the relative effectiveness
of economic programs. In addition, databases, which
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include country sets of national accounts, can be used
for econometric analysis, in which time series of data
and cross-classification data are combined, which pro-
vides a wider range of observations for the assessment
of functional interconnections [1].

The objectives of this research are international com-
parisons of GDP factors using the index method.

Performing this task will help to compare the dy-
namics, structure and factors of influence on the GDP
of individual countries and to understand at what level
economies of these countries were at the time of the
survey.

We are not trying to present a general survey of the
subjects that are touched upon, but instead a very se-
lective and incomplete one subordinated to the needs
of the main topic of interest. Most subjects have been
discussed extensively by more distinguished authors:
for a deeper and more extensive treatment of approxi-
mation of economic indices and indicators, the reader is
referred to Theil [2,3], Diewert [4], Diewert and Black-
orby [5] and Balk [6], on subindices of economic in-
dices to Gorman [7], Pollak [8] and Blackorby et al. [9],
and finally, on additive welfare change indicators to
Diewert [10], and Balk et al. [11].

2. Methodical approaches

In order to solve these tasks were used the data of
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Table 1
Production account

Uses Resources
Intermediate consumption Output at basic prices

Net taxes on products and imports
Gross domestic product at Gross output at market prices

market prices
Total Total

Source: [12].

Table 2
Generation of income account

Uses Resources
Compensation of employee Gross domestic product at

market prices
Net taxes on products and imports
Operating surplus or mixed income
Total Total

Source: [12].

the production accounts and the generation of income
account of the national accounts ESA 2010 [12]. The
production account occupies a special place in the SNA
because it is the first account among other accounts
of current operations. It does not cover all operations
related to the production process, but reflects only the
result of the production of goods and services (output)
and use of goods and services in the production of this
output (intermediate consumption). Production account
at the level of the country’s economy as a whole is
shown below (Table 1).

The resource part of the consolidated account com-
prises the output of goods and services and taxes less
subsidies on products and imports. The use section
shows the intermediate consumption of goods and ser-
vices. Balancing item is Gross Domestic Product. At
the level of sectors and types of economic activity, the
balancing item in the production account is the gross
value added. The generation of income account also
linked to the production process (Table 2). It shows
how GDP is distributed between labor (wages), capital
(operating surplus or mixed income) and public admin-
istration (taxes on production and imports less subsidies
in so far as they are included in the assessment output).

The resource part includes the gross domestic prod-
uct at market prices. The use part includes compensa-
tion of employees, taxes and subsidies on production
and imports and operating surplus or mixed income
(balancing item).

There is a problem of converting data in national
currencies into one currency, comparing indexes of na-
tional accounts, in absolute terms because neither mar-
ket nor fixed exchange rates reflect the relative internal
purchasing power of different currencies. Converting

GDP or other statistical data into one currency using
exchange rates, the prices at which goods and services
are valued in countries with higher income are gener-
ally higher than in countries with a relatively low in-
come [1]. This leads to exaggeration of the differences
between their real incomes. Therefore, data calculated
using exchange rates can not be used for international
comparisons of indexes of national accounts in absolute
terms. In international practice, this problem is solved
by purchasing power parity (PPP), which is an index of
currency conversion. It is necessary in order to equal
the prices of a general basket of goods and services
in two countries under consideration. However, PPPs
are mainly used for GDP recalculations as part of the
International Comparison Program (ICP) [13], the main
purpose of which is to provide comparable price, vol-
ume measures of GDP, and its expenditure aggregates
among countries within and between regions. Through
a partnership with international, regional, sub-regional
and national agencies, the ICP collects and compares
price data and GDP expenditures to estimate and pub-
lish purchasing power parities (PPPs) of the world’s
economies [14–16]. In 2018, the ICP celebrated the
50th anniversary of its foundation in 1968 as a joint ven-
ture of the United Nations and the University of Penn-
sylvania, under the leadership of Irving Kravis, Robert
Summers and Alan Heston. The program has come a
long way since then and has evolved into the largest
statistical partnership in the world with the participation
of about 200 countries, 20 global, regional and sub-
regional agencies, and renowned experts. In recognition
of the ICP’s relevance and impact, the United Nations
Statistical Commission (UNSC) instituted the program
as a permanent element of the global statistical work
program in 2016 [17].

According to François Lequiller and Derek Blades,
cross-country comparisons are more difficult because:
the statistical methods for estimating national accounts
variables can vary from one country to another; coun-
tries’ national institutions may be different; and coun-
tries do not have the same currency and the same price
levels. Nevertheless, such comparisons can be made,
even if in some cases adjustments are to be made. They
are achieved by comparing: the growth rates of certain
variables (such as GDP in volume), certain ratios (such
as the profit rate or the public debt ratio) and the abso-
lute levels of certain national variables among several
countries (such as the level of GDP per capita) [18].

Considering these circumstances, only the relative
indicators were used to solve the problems of our re-
search.
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Fig. 1. Model of the relationship of factors gross value added.

The structure of production was calculated as the
share of GDP and intermediate consumption in the
output according to national accounts data in market
prices. Efficiency of production was calculated using
the coefficient of coordination, as the ratio of GDP to
intermediate consumption.

For the assessment of the impact of factors on GDP
we can articulate the hypothesis that the gross value
added at the level of the institutional unit or branch of
economy (VA) are influenced by the following factors
(see Fig. 1): labor costs (we use the indicator of income
formation – wages of hired workers – W), productivity
(output divided by unit labor costs – P) and the share of
gross value added in output (dVA).

The great majority of multifactor multiplicative mod-
els considered in the literature is constructed according
to a single principle, namely by “dissecting”, detailing
one of the factors in the original two-factor model [19].
For example, the initial two-factor model of the de-
pendence of GDP on output and the share of GDP in
output can be transformed into a three-factor model by
presenting the initial indicator – output as a function
of two factors. In this case, we will use the indicators
of labor costs and labor productivity (we will divide
output by labor costs).

This procedure provides the possibility of reverse
enlargement of the model, carried out by presenting
the product of two adjacent factors as one enlarged
factor. When considering most of the models known
from literary sources, it is found that enlargement of
factors is possible not only “from left to right”, but also
“from right to left” [20]. Multiplying the indicator of
labor costs by labor productivity, we obtain the output.

Therefore, despite the formal independence of the
product value from the permutation of the factors, when
constructing multifactor models having a volumetric
indicator as an effective one, one can always indicate
the only possible sequence of arrangement of factors
satisfying the above conditions (enlargement of factors
is possible not only “from left to right”, but also “from
right to left”). These conditions are satisfied by the

model with the arrangement of factors according to the
serial numbering of their indices and the model with
the reverse order of the arrangement of factors, which
for this reason is no different from the original model.

A model that has a volumetric indicator as a produc-
tive (complete model) can always be converted to an
incomplete one by eliminating the last factor in volume
from it. In this case, not a volumetric but a qualitative
indicator (labor productivity) will act as an effective
one. Such a model, obtained by “truncating” the com-
plete model, will retain all the properties of the pairwise
products of factors considered above.

Based on this special feature, the question of the
sequence of the arrangement of factors in incomplete
models is easily solved. A model linking GDP from
output and the share of GDP in output is incomplete:

GDP = output × share of GDP in output

Converting this model into (useful) complete one, we
will get:

GDP = labor costs × labor productivity × share of
GDP in output,

where the labor productivity = output/labor cost.
At the level of institutional units, sectors or branches

of economy for gross value added holds the same fac-
torization (with the same argumentation):

V A = W × P × dVA, (1)

where V A means gross value added in the observed
sector, branch or institutional unit; W means labor costs
(wages and salaries); P means labor productivity (out-
put per unit of labor costs) and dVA means share of V A
in output.

At the same time, labor costs are an extensive factor,
but labor productivity and the share of gross value added
in gross output are intensive factors.

The relative form of the analysis of the influence of
changing factors on the change in the effective indicator
is extremely simple:

IV A =
W1 × P1 × dVA1

W0 × P0 × dVA0 (2)
= Iw × IP × IdVA,

where I indicate the indexes: Iva = V A1
V A0 : index of

gross value added; Iw = W1
W0 : index of wages and sala

ries; IP = P1
P0 : index of labor productivity; IdVA =

dVA1
dVA0 : index of share of V A in output.

Growth of GDP as a sum of V A of the one sector,
branch or institutional unit economy in absolute terms
will look like:
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Table 3
Comparison of the structure and efficiency of production of Ukraine and Poland
in 2014 and 2016, percentage

Indicator 2014 2016

Ukraine Poland Ukraine Poland
Output at market prices 100.0 100.0 100.0 100.0
Intermediate consumption 55.4 52.6 56.0 52.8
GDP at market prices 44.6 47.4 44.0 47.2
Level of efficiency of using the 80.5 90.2 78.6 89.5

intermediate consumption

Source: Own calculations based on data [21,22].

∆V A =
∑

V A1 −
∑

V A0

=
∑

W1P1dVA1 −
∑

W0P0dVA0

total change of GDP in absolute terms. where
∑

denote
summation over V A of lower level of domains of the
one sector, branch or institutional unit economy.

The contribution of each of the factors is defined as:

∆V A = ∆V A(W ) + ∆V A(P )
(3)

+ ∆V A(dVA),

where ∆V A(W ) =
∑

W1P0dVA0 −
∑

W0P0dVA0:
marginal change of GDP due to changes in labor
costs; ∆V A(P ) =

∑
W1P1dVA0 −

∑
W1P0dVA0:

marginal change of GDP due to labor productiv-
ity; ∆V A(dVA) =

∑
W1P1dVA1 −

∑
W1P1dVA0:

marginal change of GDP at the expense of VA’s share
in the output.

Change of GDP as a sum of V A of the one sector,
branch or institutional unit economy in relative terms
will look like:

IVA =

∑
W1 × P1 × dVA1∑
W0 × P0 × dVA0

(4)
= IW × IP × IdVA

The influence of each of the factors is defined as:

IVA(W ) =

∑
W1 × P0 × dVA0∑
W0 × P0 × dVA0

V A changing due to changes in labor costs;

IVA(P ) =

∑
W1 × P1 × dVA0∑
W1 × P0 × dVA0

V A changing due to changes in labor productivity;

IVA(dVA) =

∑
W1 × P1 × dVA1∑
W1 × P1 × dVA0

change of V A due to changes in V A′s share of a par-
ticular sector (industry, institutional unit) in the total
output.

3. Case study: Comparing Ukraine and Poland

International comparisons of indicators of dynam-
ics, structure and influence of factors on GDP at the
production stage are made on the basis of data of na-
tional accounts of Ukraine and Poland in 2014 and
2016 [21,22]. The choice of these years was based on
the desire to show how the results of economic reforms
affected the structural economy of Ukraine compared
to similar changes in the Polish economy.

The share of GDP in gross output in Ukraine is
smaller than in Poland (by 3.2 percentage points in 2016
and in 2014 by 2.8 percentage points), which indicates
that the level of efficiency of intermediate consump-
tion in Ukraine is lower (see Table 3). The share of the
value of products consumed during this period in the
process of production in Ukraine increased faster than
in Poland.

Comparison of the efficiency of using intermediate
consumption of the two countries by sector of the econ-
omy in 2016 indicates a higher level of use of interme-
diate consumption in the sectors of non-financial corpo-
rations, general government and households in Poland,
but in the sectors of financial corporations and non-
profit organizations serving households this indicator is
much higher in Ukraine.

Analyzing the influence of individual factors on the
dynamics of GDP of Ukraine and Poland, we can draw
the following conclusions.

Regarding indicators of gross value added changes
due to changes in labor costs in 2016 relative to 2015
should be noted greater impact of this factor in Ukraine
versus Poland (difference of index by 5.3 percentage
points in favor of Ukraine). This goes to provide that the
expansion of GDP growth in Ukraine is more strongly
influenced by the extensive factor of the rate of eco-
nomic growth compared with Poland (see Table 4). In
assessing the impact of labor productivity indicators on
the dynamics of gross value added (intensive factor),
it can be noted that the situation in Ukraine is better
than in Poland. While there is a negative indicator in
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Table 4
Indexes of the influence of individual factors on the dynamics of GDP of Ukraine
and Poland for 2015–2016

Country VA Due to
V A (w) V A (p) V A (dVA)

Ukraine 1.197633136 1.128163054 1.060723762 1.000805383
Poland 1.027551659 1.075122219 0.965605598 0.989796817

Source: Own calculations based on data [21,22].

Poland (96.6%), in Ukraine, it has a tendency to in-
crease (106.1%).

Analyzing the indicators of the share of gross value
added in the volume of output (intensive factor), it
seems fair to say, that the effect of this factor negatively
affected the dynamics of gross value added in Poland,
and in Ukraine it has practically not changed.

In summary, comparing the overall impact of fac-
tors on the dynamics of GDP in two countries, we note
that in Ukraine compared with Poland, the GDP dy-
namics are heavily influenced by intensive factors than
extensive ones.

4. Conclusion

In this paper we have reexamined the conceptual
framework of international comparisons of indicators of
GDP factors, proposed a new approach using the index
method and considered the possibility of its approxima-
tion in practice. Besides, the paper shows how national
accounts data can be used for international comparisons
of various indicators of the economic development of
different countries.

From our point of view, it is necessary to take into
account the scale and specificity of the development
of economies of compared countries. Otherwise, such
comparisons will not be of practical value.
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