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ABSTRACT. This article presents a dynamic deterministic factor analysis of labour productivity in Bulgarian mining industry for the 2008 - 2021 period. The objective
of this article is to reveal the quantitative impact of the factors of operating income and number of employed persons on the development of the indicator for labour
productivity in the Bulgarian mining industry using the averaged chain substitution method. Quantitative impacts of net operating income and number of employed
persons on the evolution of the indicator of labour productivity in the mining industry have been identified. The results of the deterministic factor analysis allowed us to
draw reasonable conclusions and to reveal the trends of development of the factors of operating income and number of employed persons as well as of the factor of
labour productivity in Bulgarian mining industry.
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AWHAMWYEH OETEPMUHUPAH ®AKTOPEH AHANIN3 HA NPONU3BOAUTENHOCTTA HA TPYJA B BBbIITAPCKATA
MWHHATA UHOYCTPUA

Becenun Mumee

Munro-eeonoxku yHusepcumem ,Cg. UeaH Puncku®, 1700 Cogpusi

PE3IOME. B noknapa e npeacTaBeH anHamnyeH AeTepMUHMPaH hakTopeH aHann3 Ha pou3BOANTENHOCTTa Ha Tpy/Aa B Obnrapckata MUHHaTa MHAYCTPUS 3a nepvoda
2008 - 2021 r. Llenta Ha HacTosWysA JOKNaA € Aa Ce paskpuaT KONMYECTBEHUTE BNMSHUS Ha (DakTopuTe MpUXoam OT AeNHOCTTa M Bpoii Ha 3aeTuTe nuua Bbpxy
pasBMTUETO Ha MOKa3aTens NMPOWN3BOANTENHOCT Ha TpyAa B Gbnrapckata MUHHA MHEOYCTPUS YPe3 YCpPeaHEeHUs METOZ Ha BEpUKHUTE 3amMeCcTBaHms. MineHTuduumpanm
Ca KONMYECTBEHUTE BMMSHMS HA HETHW NPUXOAYN OT ieiHOCTTa 1 BpOit Ha 3aeTuTe N1 BbPXY U3MEHEHNETO Ha NoKa3aTens NPOM3BOAUTENHOCT Ha TPYAa B MUHHATA
WHBYCTPUS. PeaynTaTite OT AETEPMUHMPAHUAT (PaKTOPEH aHanua No3BonsBaT Aa ce u3BedaT 000CHOBaHM 13BOAM M Aa Ce PasKpUST TEHAEHLMNTE B Pa3BUTHETO Ha
chakTOpUTE MPUXOAM OT fieiiHOCTTa 1 Bpoil Ha 3aeTuTe NnLA, @ CbLYO W Ha MoKa3aTens NPON3BOAMTENHOCT Ha TPyAa B Bbnrapckata MUHHA MHAYCTPUS.

KniouoBu AyMU: 6bnrapcxa MWHHa MHOYCTPWUSA, NPOM3BOAMUTENHOCT Ha Tpyda, AWHaMW4YeH AeTepMUHUPaH cbaKTopeH aHanus; ycpegHeH MeTO[ Ha BepukHUTe
3amMecTBaHuA.

Introduction Vladkova (2022), “in recent years, the topic of introducing
flexible working hours and teleworking is increasingly finding its
In recent years, Bulgarian mining industry achieved labour place in search of modern effective methods to increase
productivity levels that were among the highest both at industrial productivity in the industrial sector”. This has become
sector scale and on national economy scale. The increased particularly relevant in the past two years when, due to the
global production and consumption of metals and energy raw pandemic, a major part of staff had the opportunity to fuffil their
materials proved to be favourable to the development of duties from home.
extraction and processing of subsurface natural resources and, At present, we have sufficient statistical information of a
in turn, to the achieved labour productivity in the mining industry. macro- and microeconomic nature on past processes and
The absence of specialised developments related to the events, based on which we can build trends and outlooks on the
analysis of labour productivity in the Bulgarian mining industry is future development of that indicator for the Bulgarian mining
an obstacle to finding practical solutions to specific complex industry.
issues, such as human resources, staff motivation, and factors The purpose of this article is to present the results and to
affecting labour productivity in mining enterprises. It is reveal the quantitative impact of the factors of operating income
necessary to clearly outline the trends in the development of the and number of employed persons of the enterprises from the
indicator of labour productivity in the Bulgarian mining industry Bulgarian mining industry on the performance indicator of labour
against the background of the increased consumption of the productivity in the Bulgarian mining industry using the averaged
products of mineral raw materials and the growing economic chain substitution method for the period 2008-2021.

activity of economic entities. According to Kostadinova and
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Research methods and methodology

According to Bartholomew (1984), “deterministic modelling
of factor systems is a simple and effective means of formalising
the relationship of economic indicators, which serves as a basis
for quantifying the quantitative influence of individual factors in
the change of the performance indicator”. If we may add,
according to Joreskog and Sorbom (1979), “due to the fact that
deterministic factor analysis is aimed at identifying the influence
of the change in the factors on the change in the value of the
resultative indicator of interest, excluding error, it is most
relevant for practical application in market conditions”.

The indicator of labour productivity of the Bulgarian mining
industry is characterised by the two-factor deterministic multiple
model, which has the following form:

Lp =%,
N

)
where:

R is the operating income of the mining industry sector, in BGN
thousands;

N is the number of persons employed in the mining industry
sector.

Deterministic factor analysis

Deterministic factor analysis (DFA) is a branch of economic
analysis. Its aim is to directly, accurately, and unambiguously
quantify the effect that the absolute changes of the participating
factor variables (factors) exert on the absolute change of the
performance  (resultative) indicator in  mathematically
deterministic factor models.

The types of factor model depend on the type of
mathematical dependence describing the relationship between
the performance (resultant) indicator (P) and the participating
factor variables (a, b, c,...) in a mathematically deterministic
factor model.

In the practice of deterministic factor analysis, the following
types of factor model are known:

o additive or different models — in them, the resultative
indicator is the sum or difference of the factor variables involved,
namely:P =axbtct-

o multiplicative models — here, the resultative indicator is
the product of the factor variables involved, namely: P = a *
b*..

o multiple model - here, the resultative indicator is the
quotient of the factor variables involved, namely: P = %;

o mixed (combined) models - these are combinations of
additive or different, multiplicative or multiple factor models and
can be as follows: multiplicative-multiple, additive or different-
multiple, additive or different-multiplicative, and additive or
different-multiplicative-multiple models.

In DFA, the following methods have been developed for
quantifying the impact of the factors in mathematically
deterministic factor models:

o the differential method;
the coefficient method;
the chain substitution method;
the absolute differences method;
the relative differences method;
the equity participation method,;
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o the method of simple addition of an “indecomposable
remainder”;

the weighted finite difference method;

the logarithmic method;

the method of increment division into factors;

the integral method;

the index method.

Each of the DFA methods has its stages outlined, a specific
application, limitations,  capacities, advantages, and
disadvantages. All these methods are presented in detail in the
scientific and educational literature in the field of DFA.
Unfortunately, none of the above methods achieves accuracy
and unambiguity when it comes to the distribution of the so-
called “indecomposable remainder” among the individual
quantitative influences of factor variables on the absolute
change of the resultative indicator. This ‘“indecomposable
remainder” is the result of the simultaneous (combined) change
of factor variables in the presence of a multiplicative or multiple
(relative) element in the type of factor model. The various DFA
methods employ different means of distributing the
“indecomposable remainder” among the individual factor
influences.

Averaged chain substitution method

The averaged chain substitution method is a new DFA
method characterised by absolute accuracy and
unambiguousness of the results, and it is universally applicable
to all factor models.

The stages, essence, advantages, disadvantages, and
results of the approbation of the average method of chain
substitutions is presented by Mitev (2020, 2021, 2022, 2023).
Unlike the other DFA methods, the averaged chain substitution
method has complete universality of application and absolute
accuracy and clarity for all types of factor model when
quantifying the individual factor influences of the involved factor
variables on the absolute change of the performance indicator
(4P).

For the purposes of dynamic deterministic factor analysis,
the analysed period is divided into sub-periods.

The changes of the performance indicator (ALP) and of the
participating factor variables operating income (4R) and
number of employed persons (AN) during the analysed sub-
periods can be represented by the following expressions:

ALPt = LPt _LPt—l;
ARy = Ry — Re_y;
AN; = Ny — N;_q;

where:

t is the index of the tth value of the performance indicator and
of the participating factor variables over time, t=
012,..,T,;

to and t are the beginning and the end of the whole analysed
period respectively;

t,_, and t, are the beginning and the end of the " sub-period
respectively.

The index of the th sub-period takes values between 0+1
andt-1+T(t—1+t=0+1,1+2,2+3,..).
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From here, it is easy to perform a dynamic DFA of the
performance indicator for the whole period and for individual
sub-periods.

The methods applied in the development of this study
were: the methods of analysis and synthesis, a systematic
approach, the method of comparison, and the averaged chain
substitution method.

Dynamic deterministic factor analysis of
operating income per employed person in the
mining industry for the period 2008-2021

For multi-factor models, such as the labour productivity
mathematical model, it is characteristic that the averaged chain
substitution model is the only accurate among all DFA models.
It was developed and published by the author between 2020 and
2023. In this model, individual quantitative impacts of changes
in the factor variables on the change in the performance
indicator, according to Mitev (2020, 2021, 2022, 2023) are
determined by the following expressions:

AR(1 1),
ALPgy =% (N—0 + N—l), (5)
_RitRo (1 1
ALPw) = 2 (Nl NO)' (6)

The necessary data for performing the dynamic
deterministic factor analysis of labour productivity in the mining
industry for the period 2008-2021 were taken from the
INFOSTAT system of the National Statistical Institute of
Bulgaria.

BGN'000/employed person

064 yae A2 402

Anéfygg& period  -5.911

The input data and the results obtained from the dynamic
deterministic factor analysis of the indicator operating income
per employed person in the mining industry using the averaged
chain substitution method by year and for the entire 2008 - 2021
period are shown in Table 1.

A check that the absolute change in the performance
indicator is equal to the sum of the two factor influences shows
some minor errors far behind the decimal point. This confirms
the high accuracy of the averaged chain substitution method.

Conclusion

For the entire analysed period 2008-2021, the operating
income per employed person in the mining industry increased
by BGN 72.081 thousand, i.e. by 53.52%. The decrease in
operating income by BGN 8.325 thousand (0.21%) has led to
decrease in labour productivty by BGN 0.354
thousand/employee (0.26%). The decrease in the number of
employed persons by 10.448 thousand employees, i.e. by
35.00% improved labour productivity by BGN 72.434
thousand/employed person or 53.78%.

Hence, the decrease in the number of employees in the
mining sub-sector plays a key role in the increase in labour
productivity. The decrease in operating income over the
analysed period has an insignificant negative effect on the
change in labour productivity, namely by only BGN 354 per
employee. The lack of growth of operating income does not help
to improve this key indicator.

72434

6.397

15.069  -3.096 -12.573

@ Quantitative influence of the change in the number of employed persons (ALP(N)), BGN'000/employed person

@ Quantitative influence of the change in operating income (ALP(R)), BGN'000/employed person

-67.778

Fig. 1. Quantitative impacts of the factors operating income and number of employed persons on changes in the indicator operating
income per employed person in the mining industry by sub-periods calculated using the averaged chain substitution method
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The results of the dynamic deterministic factor analysis
show that the mining industry did not manage to achieve the
level of operating income before the onset of the financial and
economic crisis of 2008, the decrease in the number of
employed persons in the industry by 10.448 thousand
employees or 35.00% is the main factor for the improvement of
labour productivity in the mining industry by 72.081 or 53.52%.

The main efforts to improve labour productivity in the
Bulgarian mining industry should be aimed at increasing
revenue from the sale of products by looking for new domestic
and foreign markets.
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