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Abstract. The aim of this paper is to specify changes in pro-
ductivity of the Polish food sector as a whole and its selected
branches in the years 2004-2013. Analyses were conducted
based on the Malmquist Productivity Index (MPI). In the MPI
model the following variables were adopted: the output — sold
production (million PLN), inputs — average number of em-
ployees (thous) and gross value of fixed assets (million PLN).
It was confirmed that productivity of the Polish food sector
improved in the years 2004—-2013. Results of analyses showed
that changes in technical efficiency had a greater effect on
changes in food sector productivity in Poland — particularly
in the first period following Poland’s accession to the EU and
starting from 2009, i.e. the outbreak of the economic crisis.
Technical change had a considerable effect on the improve-
ment of productivity in the food sector only in the years 2006—
2008. The greatest mean annual improvement in productivity
in the analysed period was observed in meat and milk process-
ing and beverage production.

Key words: food sector, productivity, Malmquist Productiv-
ity Index

INTRODUCTION

Following Poland’s accession to the European Union the
Polish agriculture and food sector have been operating
under different economic conditions than it was in the
past. Being part of the European Single Market results
in the process of price equalisation and provides new
potential sources of income for agriculture and the food

sector connected with higher demand and price levels
(Poczta, 2008). Positive changes related to Poland’s in-
tegration with the EU are indicated by selected indexes,
e.g. the value of production sold, exports, investment or
profitability of the food sector. Apart from the increase
in production volume, exports and investments in food
processing, changes have also been observed in the pro-
duction structure based on the increasing importance
of highly processed food, with such food supplied to
a considerable extent to consumers in the EU countries
(Michalczyk, 2011).

On the other hand, as it was observed by Drozdz
and Urban (2012), we may observe variability and in-
tensification of external restrictions on operations in
production of food and beverages. We face a decrease
in domestic demand, increasing raw material shortages,
considerable price fluctuations and adverse trends for
processors. Recently the embargo imposed by Russia
on agri-food products has also significantly affected se-
lected branches in the Polish food sector. This has re-
sulted in marked fluctuations in production volumes in
the food sector and financial outcomes, with the deterio-
ration of the economic situation in individual branches
typically being temporary.

For this reason it may be assumed that one of the
challenges faced by the Polish food sector is connect-
ed with improving its competitiveness on the interna-
tional market, the capacity of companies to adapt to
the continuously changing environment and constant
improvement of operation efficiency. For this reason it
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is becoming crucial to ensure on-going monitoring and
identification of changes in efficiency and productivity
of the food sector both at the sector level and within its
individual branches, which will facilitate a more reli-
able assessment of opportunities and barriers for devel-
opment of the Polish food sector.

According to the definition adopted by OECD, pro-
ductivity is a relation of the quantitative measure
of production to the quantitative measure of inputs
(Zielinska-Glgbocka, 2003). Productivity facilitates de-
termination of efficiency of inputs, substitution of re-
sources and technical change. In empirical studies in-
dexes of factorial productivity are used, referring to the
efficiency of individual production factors, and overall
productivity reflecting total effects of efficiency of all
factors (Lukiewska, 2014). It is particularly crucial to
control the level and the rate of changes in industry pro-
ductivity when searching for sources of production in-
crease, i.e. assessment to what extent observed changes
result from technical change and to what extent they
are a consequence of accumulation and substitution of
labour factors and capital (Zielinska-Glebocka, 2003;
Lukiewska, 2014).

Organisations investigating productivity of indi-
vidual sectors in terms of their competitiveness include
e.g. OECD and the European Commission. Analyses of
food sector productivity may also be found in studies by
Baran and Pietrzak (2007), Michalczyk (2011), Drozdz
and Urban (2012) or Lukiewska (2014).

In this paper changes in total productivity of the food
sector were assessed using the Malmquist Productiv-
ity Index (MPI). The aim of this study was to determine
changes in productivity of selected branches in the food
sector from the time of Poland’s accession to the EU to
2013. Within these investigations it was decided to verify
the following research hypothesis. The primary factor in
the improvement of productivity of the food sector in Po-
land in the years 20042013 was connected with changes
caused by technical change (technological progress).

MATERIAL AND METHODS

Source materials for analyses comprised GUS (Central

Statistical Office) data for the years 2004-2013 con-

cerning the following nine branches of the food sector:

* Bl — meat processing and preservation and produc-
tion of processed meats,

» B2 —fish processing and preservation,
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» B3 —fruit and vegetable processing and preservation,

* B4 — production of plant and animal origin oils and
fats,

* BS5 — dairy production,

* B6 — production of cereal milling products, starch
and starch products,

* B7 —production of baked and farinaceous products,

* B8 — production of beverages,

* B9 —production of other foodstuffs.

Adoption of this division into branches results from
the used sources of input materials (GUS) and it is
consistent with the Polish Classification of Economic
Activities. The branches, for which data for the years
2004-2013 were incomplete, were excluded from this
study.

In order to verify the proposed research hypothesis
based on data concerning the food sector the Malmquist
Productivity Index (MPI) was applied. This index is
constructed by comparing relations of several inputs
to outputs of a given object at various time points.
The Malmquist index for a given object is a product of
the index of changes in technical efficiency (EFCH) and
the technical change index (TECH) according to the fol-
lowing formula (Fére et al., 1994):

1
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where D'(y,,;, X,,) is efficiency obtained using technol-
ogy of year ¢ for data from year ¢ + 1. D'(y,x,) is effi-
ciency of an entity in year ¢ using technology available
at that time and for data from period 7. D™!(y,.,, X.)
shows efficiency of an entity in the years #+1. D"'(y,, x,)
is efficiency obtained using technology of year #+1 for
data from year 7.

For values of the Malmquist productivity index
greater than 1 we assume that productivity increased in
the analysed period from ¢ to £ + 1. When the value of
this index is less than 1, this indicates a decrease in pro-
ductivity, while the value of 1 indicates maintenance of
efficiency at the same level. A similar interpretation
of index values is used for EFCH and TECH.

Decomposition of the Malmquist Index for object
P (Fig. 1) will take the following form (Cooper et al.,
2007):

www.jard.edu.pl



Baran, J. (2016). Changes in productivity of selected branches of the Polish food sector in the years 2004—-2013. ). Agribus. Rural Dev.,

3(41), 255-262. DOI: 10.17306/JARD.2016.52

Output
Efekt

Frontier of period t + 1
Krzywa efektywnosci
w czasie {+ 1

Frontier of period ¢
Krzywa efektywnosci
w czasie t

v

Fig. 1. The Malmquist Productivity Index

Source: Cooper et al., 2007.

Input
Nakfad

Rys. 1. Ilustracja graficzna indeksu Malmquista

Zrodto: Cooper et al., 2007.
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RESULTS

Changes in total productivity of production factors in
individual branches of the food sector were determined
using the input-oriented Malmquist productivity index
(MPI). In view of the EU legislation concerning envi-
ronmental policies and implemented principles of sus-
tainable development, an increase in agricultural pro-
duction through innovation and disintensification of
inputs is currently the only available option for devel-
opment of Polish agriculture (Bienkowski et al., 2012).
The following variables concerning individual branches
were assumed for the calculated model:
* output y, — production sold (million PLN),
* input x, — average number of employees (thous),
* input x, — gross value of fixed assets (million PLN).
Mean annual increase in the Malmquist productiv-
ity index in the years 2004—2013 for the Polish food
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sector was 3% (Fig. 2). The greatest increase in food
sector productivity (11%) was recorded in the years
2006-2007. It may be assumed that such a situation
was caused by Poland’s accession to the EU and nu-
merous changes taking place at that time to adapt the
Polish food sector to EU standards, as well as the
opening of new markets and the particularly advanta-
geous economic situation both in Poland and in pri-
mary foreign customers buying Polish food products.
It also needs to be stressed that in the first years after
Poland’s accession to the EU (2004-2006) productiv-
ity of the food sector was basically the consequence
of improvement in technical efficiency, while until the
economic crisis (2006-2008) a greater effect on im-
provement in productivity of the food sector was found
for technical change. In turn, from 2009 the Malmquist
index was again improved mainly by changes in tech-
nical efficiency (Fig. 2).

When analysing the mean annual Malmquist index
(MPI]) in the years 2004-2013 in individual branches we
need to state that except for the production of plant and
animal origin oils and fats all the branches improved
their total productivity. The greatest mean annual in-
crease in total productivity was recorded in the follow-
ing branches: meat processing and preservation (6%),
production of beverages (5%) and dairy production
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Fig. 2. Malmquist Productivity Index, changes in technical efficiency and technical change

calculated for food industry in Poland
Source: own research.

Rys. 2. Indeks produktywnos$ci Malmquista, zmiany efektywnosci technicznej, postep
technologiczny w przemysle spozywczym w Polsce

Zrddto: badania wlasne.

(5%) — Fig. 3. It may be stated that these branches are
characterised by the greatest competitive potential. Pro-
cessed meat products show a high comparative advan-
tage both in the EU and world markets, while dairy prod-
ucts — in the EU market. These results are confirmed by
findings of other researchers, e.g. Pawlak (2009, p. 22),
Kacperska (2010, p. 162), Szczepaniak (2012, p. 50)
and Lukiewska (2014).

Based on the index of changes in technical effi-
ciency (EFCH) for individual branches it was observed
that three of them (i.e. production of beverages, dairy
production and production of other foodstuffs) showed
mean annual improvement in technical efficiency at 8%.
The lowest mean annual indexes of changes in efficien-
cy (below 1) were found in the production of plant and
animal origin oils and fats (Fig. 4). The branch of plant
and animal origin oil and fat production in the analysed
period showed the greatest dynamics of increase in the
number of employees and the value of fixed assets, ex-
ceeding the dynamics of production sales, which was
manifested e.g. in lower productivity and efficiency in
relation to the other branches of the food sector.

The greatest mean annual increases in the index of
technological progress (TECH) were recorded in fish
processing and preservation (7%) and meat processing
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and preservation (3%). In the other branches the mean

annual index of technical changes fluctuated around 1,

while in the production of beverages and dairy produc-

tion it was below 1 (Fig. 5).

In the next stage of the study the mean annual index-
es of technical change (TECH) and changes in efficiency
(EFCH) for the branches of the food sector were com-
pared with mean values for the whole sector (Fig. 6).
Within this comparison four groups were distinguished:
» the leader, i.e. meat processing (B1), in the years

2004-2013 showing changes both in the mean an-

nual technical change and technical efficiency above

average for the food sector,

* branches distinguished by the dynamics of techni-
cal change above the mean for the food sector (fish
processing — B2),

+ agroup of branches showing the dynamics of chang-
es in technical efficiency exceeding the national
mean, e.g. fruit and vegetable processing — B3, dairy
production — BS, production of beverages — BS, pro-
duction of cereal milling products, starch — B6,

» a group of losing branches — with below sector aver-
age levels of technical change and efficiency (pro-
duction of plant and animal origin oils and fats — B4,
production of baked and farinaceous products — B7).
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Fig. 3. Mean annual Malmquist Productivity Index (MPI) calculated for individual food
sectors

Source: own research.

Rys. 3. Srednioroczna warto$é indeksu produktywnosci Malmquista (MPI) dla poszczegol-
nych branz

Zrédto: badania wiasne.
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Fig. 4. Mean annual changes in technical efficiency (EFCH) for food sectors

Source: own research.

Rys. 4. Srednioroczna zmiana efektywnosci technicznej (EFCH) branz przemystu spozyw-
czego

Zrédto: badania whasne.
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Fig. 5. Mean annual variation in technical change (TECH) for food sectors

Source: own research.

Rys. 5. Srednioroczna zmiana postepu technologicznego (TECH) w branzach przemy-
shu spozywczego

Zrédto: badania wiasne.
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Source: own research.

Rys. 6. Zroznicowanie efektywnosci i postepu technologicznego w branzach przemystu
spozywczego w poréwnaniu do $redniej catego sektora

Zrédto: badania whasne.
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CONCLUDING REMARKS

The paper presents an analysis of changes in produc-
tivity of the Polish food sector in the years 2004—2013
based on the Malmquist productivity index. Results
made it possible to identify the general trend for chang-
es in productivity for the entire food sector and its indi-
vidual branches. Results of this analysis indicate that in
the years 2004—2013 productivity of the food sector was
improving. In the entire sector the mean annual MPI for
the analysed period was above 1, showing approx. 3%
mean annual increase in productivity for the whole sec-
tor. In turn, between individual periods productivity was
found both to increase and decrease.

The highest mean annual MPI values were recorded
in meat processing, dairy production and production of
beverages. Additionally, meat processing in compari-
son to the other branches was characterised by changes
greater than the sector average both in the mean annual
technical change and technical efficiency.

Decomposition of the calculated Malmquist in-
dexes made it possible to identify factors determining
changes in productivity of the food sector in Poland. It
was found that the primary factor affecting changes in
productivity of Polish agriculture in the first period fol-
lowing Poland’s accession to the EU (2004-2006) was
connected with improvement of technical efficiency.
Next in the years 2006-2008 technological progress
had a significant effect, while from the onset of the
economic crisis (2008/2009) again improvement of
technical efficiency in individual branches gained in
importance for the improvement in productivity. These
analyses thus only partially confirmed the proposed
hypothesis, since technical change was the primary
factor for the improvement in productivity of the food
sector in Poland only in the years 2006-2008. In the
first years following Poland’s accession to the EU and
from 2008 the main factor for the improvement of pro-
ductivity was connected with an increase in technical
efficiency of individual branches.
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ZMIANY PRODUKTYWNOSCI WYBRANYCH BRANZ POLSKIEGO PRZEMYSEU
SPOZYWCZEGO W LATACH 2004-2013

Streszczenie. Celem artykutu jest okreslenie zmian produktywnosci catego polskiego przemyshu spozywczego i jego wybra-
nych branz w okresie 2004—2013. Badania przeprowadzono, bazujac na indeksie produktywnosci Malmquista (Malmquist
Productivity Index, MPI). Do modelu MPI przyjeto jako zmienne: efekt — produkcje sprzedang (mln zt) oraz naktady — prze-
cigtne zatrudnienie (tys.) i warto$¢ brutto srodkow trwatych (mln zt). Potwierdzono, ze w latach 2004—2013 polski przemyst
spozywczy odnotowal poprawe produktywnosci. Wyniki badan wykazaty, ze wigkszy wptyw na zmian¢ produktywnosci prze-
mystu spozywczego w Polsce mialy zmiany efektywnosci technicznej — szczegodlnie w pierwszym okresie po akcesji do UE oraz
od 2009 r., czyli od momentu kryzysu gospodarczego. Postep technologiczny znaczaco wplywatl na poprawe produktywnosci
przemystu spozywczego jedynie w latach 2006-2008. Najwyzsza srednioroczng poprawg produktywnosci w badanym okresie
osiagnety branze przetworstwa migsa i mleka oraz produkcja napojow.

Stowa kluczowe: przemyst spozywczy, produktywnos¢, indeks produktywnosci Malmquista
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