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Abstract. The paper is a comparative analysis of land and labour productivity in Poland
and those member states of the European Union (EU) most resembling Polish conditions in
terms of agricultural production structure — Germany, France and Denmark. The diversity
of productivity was presented in division into farm groups of various area of utilised agri-
cultural area (UAA) and economic power. The research, carried out on the basis of data of
2013, enabled to identify the fact that small and medium agricultural holdings in Poland
are more efficient than similar size farms in comparable member states of EU-15 which,
however, does not influence a higher productivity of the whole sector since it depends on
the results of the economically largest farms. Dividing farms into groups according to the
UAA leads to conclusions that the labour factor is most efficiently used in small and big
agricultural holdings, and the land factor — in medium farms.

Key words: production structures, agriculture, comparative analysis

INTRODUCTION

The accession of Poland into the EU structure is connected with the number of op-
portunities which are available to agricultural producers and they mostly result from the
participation in Single European Market (SEM) and execution of Common Agricultural
Policy (CAP). Hence, the integration of national agricultural markets with the markets of
“old” member states stimulates the process of price and demand rise and it also means
the inclusion of national farming into the external tariff protection system [Tomczak and
Wilkin 2003]. Yet to retain competitiveness within the framework of SEM, the agriculture
of “new” member states requires adjustable processes which consist in increasing the use
productivity of possessed resources. In a microeconomic approach, stating the existence
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of productivity or its lack, requires juxtaposing the input and output of a given economic
system [Kulawik 2007]. However, in a macroeconomic approach this productivity is de-
termined by the production structure [Pajestka 1981]. Therefore the necessary condition
of productivity improvement of production factors use in agriculture is the influence on
production structures. However, the evolution of those structures progresses slowly, espe-
cially in case of farming where a significant role is played by immobile, highly-specific
land factor whose lower efficiency negatively influences the productivity of other pro-
duction factors and decreases competitiveness of the whole sector [Kusz 2012]. More-
over, CAP executed by the EU is nowadays based on a paradigm of a sustainable growth
and it does not force the growth of production efficiency to such extent as it was in the
past. The improvement of farming productivity is connected with the sustainable mana-
gement of natural resources which means that an economic growth which is too dynamic
can be regarded as a potential threat to maintain and increase farming productivity in the
future [Florianczyk and Rembisz 2012]. Meanwhile, new member states deviate from the
EU-15 to a significant degree within this field which can impinge on their competitive-
ness. This thread is well presented by Czyzewski [2012] who acknowledges that in the
context of Poland the farming capital accumulation is more rational from the point of
view of economic and social order (on condition that it does not disrupt the environmental
order in the EU) than investments in ecologisation in the face of obtained comparative
advantages. The key fact to understand that problem is the answer to the question to what
extent Polish agriculture lags behind other EU member states in terms of production
factors efficiency and what is the connection with varied structural conditions of farming
production. The aim of the paper is the interpretation of diverse labour and land produc-
tivity in the context of the EU-15 member states similar to Poland in terms of production
structure, including the existing differences found in their farming structure.

DISCUSSION

Literature already presents international comparisons of farming productivity. Flo-
rianczyk [2008] quantified the productivity of resources use in the EU member states’
agriculture in period of 1999-2005, at the same time indicating that although the progress
within this area was present in most the EU countries but its sources were different. In
case of old member states it mostly resulted from technical advances, while new mem-
ber states still had reserves in the way existing resources could have been used. Baer-
-Nawrocka and Markiewicz [2013] on the basis of the research on production factors
productivity in member states of the EU-25, find the main determinant of use efficien-
cy of production factors to be their mutual relations. Among the research on the conse-
quence of international diversity of farming productivity the research of Kotodziejczak
and Poczta [2002] must be mentioned, in which while comparing the efficiency of using
the production factors in Poland and the EU-15 member states the researchers conclude
that it is low productivity of production factors which decides about the spared production
potential of Polish farming. The research carried on by Baer-Nawrockiej and Markiewicz
[2012] focuses on analysing labour productivity in farming and it identifies the progres-
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sing convergence within that field between farming regions of “the new and old EU”.
In turn Florianczyk and Rembisz [2012] study how the growth in farming productivity
determines its profitability and to what extent it is a function of increasing transfers. The
results of the EU member states in a period of 2002-2010 indicate a growing transfer in
incomes of new member states and a relative stability in the countries of the “old EU”,
along with the deterioration of productivity of the used production factors. Although, the
above quoted research identifies the problem of low productivity of production factors
in Polish agriculture against the EU-15 farming, they do not link them with structural
conditions. In some measure that subject matter is presented in the work of Smedzik-Am-
brozy [2010], however, it is limited to analysing the diversity of productivity of Polish
farms of various production types. In further research [Czyzewski and Smedzik 2010],
which also covers the variety of agricultural holdings sizes, it is shown that the area is
a much more significant factor differentiating productivity than the type of production.
The research of Rzeszutko [2014] in which the author identifies a significant influence of
relations between agricultural production factors and farming productivity in regions of
Poland also seems interesting. Blazejczyk-Majka et al. [2011] deduce, while studying the
dynamics of technical efficiency of agricultural production in 12 member states of “the
old EU” in a period of 1989-2007, that “maintaining high efficiency in farming sector is
possible thanks to a very low demand for land and labour and systematic decrease of fixed
assets converted into the production size”. In studying individual constituent elements of
a total productivity, a division into moderate and Mediterranean climate regions emerged.
Therefore, one can state that it is a common knowledge of a lower productivity of Polish
agriculture in comparison to farming of the EU-15, however, the understanding of the
reasons of such state of affairs still seems to require more analysis.

MATERIAL AND METHODS

The key element of success in realisation of assumed purposes is an appropriate choice
of countries which will take part in the productivity comparison of production factors in
agriculture. A taken choice criterion was the production structure represented by the va-
riables illustrating the share of particular production in generating its full value and using
UAA. The justification of such an approach is the conviction that the comparison of agri-
cultural production efficiency is measurable only in case of agricultural holdings of similar
production profile. A total productivity of a sector changes, depending on the type of pro-
duction which is dominant in particular economy. Moreover, being aware of a significant
influence of environmental variables (climate, land form, soil quality) on agricultural pro-
ductivity and hindered measurement of those phenomena, an assumption was made that
the answer to diverse climate conditions is the differentiation of farming production. Since
it can be assumed that the agro-technical knowledge that farmers possess allows them to
adjust the type of production to environmental conditions, therefore these structures can be
a kind of “information medium” of the quality of agricultural production space. To measure
the differentiation of a production structure of Poland and the other EU member states an
index proposed by Kukuta [2010] was used, the formula of which is as follows:
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Uplzw (1)

where:

v, — index of differentiation of production structure between Poland and member state;
k —number of EU member states;

i — EU member state;

o — a structure vector of a member state comparable to Poland,;

S — astructure vector of Poland.

This indicator uses so-called urban distance for comparisons and its measure is nor-
malised, ranging from [0, 1], while 0 means a maximum convergence of structures and
1 means maximum divergence. Obtained convergence results serve to choose three mem-
ber states of the EU-15 of most comparable to Poland agricultural production structure.
To present the efficiency of production factors use the measures of the efficiency and
resource-absorption ratios were used [Pajestka 1981] which can be as follows:

Table 1. Variables used in the analysis of agricultural production structures of Poland and chosen
EU member states

Variable Description

labour force, directly or non-directly employed by the holding, expressed in annual
Farm labour force work units (AWUS), per holding, divided into groups according to utilised agricul-
tural area® (UAA) and due to standard outputb (SOM

utilised agricultural area in ha, per holding divided into groups according to utili-

Agricultural land use sed agricultural area, by land use® and due to standard output d (SO)

Number of agricultural number of agricultural holdings divided into groups according to utilised agricultu-
holdings ral area, by land use® and due to standard outputd (SO)

a total standard output in euros, in individual group divided into groups according

Size of standard output to utilised agricultural area, by land use® and due to standard outputd (SO)

value of produced agricultural products (excluding the value of provided services),
in producer’s prices (excluding taxes and subsidies to products), expressed in
millions of national currency, divided into different types of products®

Value of produced
agricultural products

Direction of agricultu-

utilised agricultural area in ha, per specified direction of agricultural production’
ral land use

Eurostat codes: %ef_olfaa; ef Iflegecs; Sef_kvftaa; def kvftecs; aact_eaa01; fef oluft; Regarding a big input
of part-time labour and seasonal employment of temporary workers, the labour input in agriculture was expres-
sed in conventional annual work units (AWU). AWU corresponds to the work performed by one person who
is occupied on an agricultural holding on a full-time basis. In Poland it is assumed to be 2120 hours performed
a year as an equivalent of full-time work (annual work unit) [GUS 2015]; SO — standard output is the 5-year
average of an agricultural product (crop or livestock), is the average monetary value of the agricultural output
at farm-gate price, in euro per hectare or per head of livestock in a year, in average conditions for individual
region [GUS 2015].

Source: Eurostat database (http:// ec.europa.eu/eurostat/web/agriculture/data/database (accessed: 21.01.2016).
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Pt @
—-a
Ca - Y (3)
where:

P, — productivity of production factor a;

Y —total production;

a - factor a resources;

C, —use absorption of production factor a.

The research uses Eurostat data collected within Farm Structure Survey. The detailed
description is presented in Table 1.

Agricultural structures will be presented in two dimensions — divided according to
the criterion of holding size (area) and according to their economic size measured by SO.
Then, for each subcategory of area and economic size, the ratios of labour and land pro-
ductivity will be calculated. Due to the lack of data of an appropriate aggregation level,
capital factor was omitted.

RESULTS

As a result of the above described procedures the convergence indices of production
structure and UAA use structure were obtained for 28 member states of the EU (Fig. 1).
The closer to the origin of coordinates an individual country is, the bigger the convergen-
ce with production structures of Poland is.
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structure of UAA

BE — Belgium, BG — Bulgaria, CZ — Czech Republic, DK — Denmark, DE — Germany, EE — Estonia, IE — Ire-
land, EL — Greece, ES — Spain, FR — France, HR — Croatia, IT —Italy, CY — Cyprus, LV — Latvia, LT — Lithuania,
LU — Luxemburg, HU — Hungary, MT — Malta, NL — the Netherlands, AU — Austria, PT — Portugal, RO — Ro-
mania, SI — Slovenia, SK — Slovakia, FI — Finland, SE — Sweden, UK — The United Kingdom.

Fig. 1. Convergence of agricultural production structure and utilised agricultural land use
between Poland and other member states of the EU in 2013

Source:  Own elaboration on the basis of Eurostat data (accessed: 21.01.2016).
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Data presented in Figure 1 indicate that further research should include following
countries: Germany, France and Denmark (from the group of the EU-15). The first of
these countries is characterised by the biggest convergence of production structures when
compared to Poland, the convergence of the other two is significantly lower. Despite
a relatively high level of convergence between enumerated countries and Poland, one
can distinguish several fields in which those member states differ significantly from one
another. Analysing the structure of utilised agricultural area use we can notice a dominant
role of cereals! in Poland (52%) and Denmark (55%), along with a significantly lower
share in Germany (39%) and France (35%). Denmark alone stands out from the rest of
the group in terms of the share of meadows and pastures which, in this member state, is
visibly lower (7% against 22-30% in other countries). The situation of Poland is simi-
lar when it comes to fodder crops (6% against 17-22% in remaining member states). It
is worth to pay attention to a relatively big share (although on a small scale regarding
a total area of UAA) of fixed cultivation of fruit and vegetables in Poland (2.5% against
maximum 0.6% in other member states) and vineyards in France (2.86% against 0.6%
in other countries). Concerning the structure of agricultural products value the analysed
countries were more convergent, although even in this field some lagging differences
can be noticed. In the field of livestock Denmark stands out compared to other countries
and its share in a total production is definitely higher (38% against 24-28%). In case of
animal products France has a definitely lower share in their production structure (15%
against 22-28%). Poland, in turn, is characterised by a significantly bigger share of vege-
table and fruit production and kitchen gardens (16% against 7—12%). In German produc-
tion structure a relatively essential part consists of fodder crops (16% against 4-9%), in
France it is wine (14% against maximum 2.4%). Clearly, it can be seen that although all
the analysed countries belong to the EU-15, even in this group there is significant diver-
gence. For further analysis the data concerning agricultural holdings divided into groups
of economic size (Table 2) and UAA (Table 3) were used.

Data presented in Table 2 prove a common belief on a higher productivity of labour
force in economically stronger agricultural holdings, which results from a production
concentration and returns to scale. However, the pace at which, along with the increase
in production, the productivity grows, differs in individual countries. In case of labour
force efficiency it grows steadily, especially in Germany and France, though in the groups
of the strongest agricultural holdings Germany stands out positively (upward) compa-
red to France. Denmark is characterised by a slightly lower productivity in the group of
the smallest farms, but still, in all other groups, especially in the group of the strongest
agricultural holdings, uses labour force most efficiently. Comparing the differentiation’
of efficiency in individual countries, one can see that it grows along with the economic
force of the agricultural holdings to reach its maximum in the group range of 8—15 thou-
sand EUR of SO and then it starts decreasing. It is equally high, as in the mentioned
group, in the group of the strongest agricultural holdings, however, it results from a much
higher variability in Denmark. Polish agriculture is characterised by the lowest labour

! The aggregate cereals include wheat (common, durum and spelt), rye, barley, oats, grain maize,
rice and other cereals.
2 To quantify the differentiation level the variation ratio was used.
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Table 2. Productivity of land and labour in agricultural holdings of different economic size in 2013
in Poland, Germany, France and Denmark

SO
(thousand <2 24 48 815 1525 2550 50-100 100-250 250-500  >500
EUR)

EUR-AWU™!
Poland 1395 2713 4244 6916 10521 16912 29907 54076 79384 95404
Germany 3310 6976 11615 17813 23462 31871 45874 77376 126894 135313
France 2684 6962 11612 15658 21814 31236 50193 81655 109137 123577
Denmark 2426 6781 16383 25894 34615 44638 65183 100222 157582 260657
EUR‘ha UAA™!
Poland 578 819 954 1136 1385 1603 1729 1982 2182 2733
Germany 128 525 830 1064 1230 1500 1939 2516 3205 3429

France 151 345 553 807 977 1041 1263 1727 2534 6265
Denmark 111 335 841 1131 1258 1298 1429 1775 2734 5552
EUR -agricultural holding™!

Poland 1131 2895 5716 10981 19318 34936 67998 147204 343751 1341425
Germany 1045 3188 6159 11239 19618 36094 72557 161860 346375 1161 145
France 972 3008 5881 11297 19779 36580 73089 161858 337886 895176
Denmark 1258 2991 6202 11304 19598 35813 71384 159083 362152 1246978

Source: Own elaboration on the basis of Eurostat data (accessed: 21.01.2016).

force productivity in all the groups. The smallest difference’ is noted in the group of SO

of 150-200 thousand euros, while the biggest is in the SO group of 4-8 thousand EUR.
Similar observations can be made in relation to land productivity, in case of which the
influence of production concentration and returns to scale is also visible, smaller though
than in case of labour force efficiency. It means that the land productivity growth, condi-
tioned by the increase of production scale, is smaller than the growth of labour efficiency.
As far as the growth comparison among the countries is concerned, then in this case they
are more alike, although all the analysed member states clearly differ in terms of land
productivity in the group of the strongest agricultural holdings (more than 500 thousand
EUR of SO). However, the biggest diversity was in the group of the smallest farms (less
than 2 thousand EUR of SO), the smallest in the group of medium agricultural holdings
—the group of 15-25 thousand EUR of SO. Polish situation looks interesting against other
analysed countries. Since, it appears that land productivity in Polish agriculture is the
highest in all the groups where SO is less than 50 thousand EUR. Only the highest scale of
production determines relative deterioration of Polish position. This leads to interesting

3 To measure the level in which Poland lags behind other examined countries in analysed group an
average of labour efficiency differences in Polish agriculture and it was confronted with an average
efficiency of a whole group.
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conclusions that in Poland small and medium agricultural holdings are more efficient than
in compared EU-15 countries which, however, does not influence a higher efficiency of
all the sector, because here, a crucial impact has the size of the group and its share in the
use of the land. In Poland up to 63% of the UAA is allocated in groups, which are charac-
terized by higher land productivity, than in Denmark, France and Germany, where share
of the analogical groups in total UAA is 12—14%. This should result in overall higher land
productivity in Poland than in comparable countries. It turns out, however, that the SO per
ha in Poland is only 1,513 EUR, while in France 2,052 EUR, in Germany 2,770 EUR and
in Denmark 3,657 EUR. On the worse productivity of land in Poland decisive impact has
therefore less efficient land use in the strongest economically farms (over 250 thousand
EUR SO), which much stronger stand out downward from similar farms in comparable
countries, than weaker holdings stand out upward in their “categories”. Finally, it is worth
to study the statistics of an average production of an agricultural holdings coming from
each group. It turns out that in this field the diversity is relatively low — it is only signifi-
cant in case of the smallest and medium farms. The most interesting fact is that among the
latter the highest productivity is characteristic for Polish agricultural holdings.

Another field of comparison includes farms grouped according to their physical size,
that is UAA (Table 3). However, from the beginning, some drawbacks of this analysis
must be stated. It will be obscured by specialist farms which do not cover a big area and
which substitute that fact by capital. They will inflate the economic results of the smallest

Table 3. Productivity of labour and land in agricultural holdings of various UAA in 2013 in Poland,
Germany, France and Denmark

UAA(a) | 0 | <2 | 25 | s10 | 1020 | 2030 | 3050 | 50-100 | >100
EUR-AWU™!
Poland 58410 | 3047 | 4013 | 6999 | 12487 | 20204 | 28844 | 43089 | 66881
Germany | 264800 | 45560 | 45804 | 30810 | 38180 | 51808 | 69032 | 106014 | 124 489
France 135706 | 28936 | 38453 | 49213 | 52015 | 57006 | 63290 | 76714 | 105708
Denmark | 170994 | 104106 | 96751 | 56540 | 62456 | 78763 | 88900 | 136853 | 228307
EUR'ha UAA™
Poland x 1992 | 1404 | 1434 | 1583 | 1633 | 1598 | 1396 | 1171
Germany x| 68660 | 23802 | 3696 | 2854 | 3023 | 3085 | 3160 | 2148
France x| 24577 | 10472 | 8063 | 5375 | 3622 | 2778 | 1988 | 1426
Denmark «  |e685877] 39325 | 4187 | 3120 | 2518 | 2366 | 2843 | 3536
EUR-ha UAA™"“agricultural holding™
Poland x 134 | 325 | 708 | 1379 | 2412 | 3793 | 6773 | 277.97
Germany x 101 | 335 | 731 | 1502 | 2484 | 39v04 | 7069 | 270.60
France x 092 | 330 | 714 | 1422 | 2459 | 3958 | 7234 | 17592
Denmark x 055 | 356 | 720 | 1434 | 2471 | 3870 | 7203 | 22044

Source: Own elaboration on the basis of Eurostat database (accessed: 21.01.2016).
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farms concerning the area. Therefore to show the whole picture this statistic should be
presented when divided into three types of production farms. Nevertheless, such pro-
blem approach exceeds the frames of this paper. Within labour productivity a specific
polarization can be noticed. It manifests itself in high labour efficiency in small and big
agricultural holdings and low among the medium ones. Amongst examined countries the
“polarisation” trend is convergent, however, labour efficiency alone differs significantly
among the member states (average variation coefficient of approx. 51%). Also Polish re-
sults differ significantly from other countries, although along with the growth of farm size
that “disparity” diminishes. However, the most interesting are the statistics which concern
land productivity. Since it appears that negative influence of a decreasing incomes effect
is stronger than positive returns to scale and along with the rise of UAA in agricultural
holding their average productivity falls. In case of Germany, France and Poland land is
the least productive in farms above 100 ha of UAA, while in case of Denmark it reaches
its minimum in medium agricultural holdings — 30-50 thousand ha of UAA. It is also
interesting that the variation of the analysed characteristic in the collective is significant
but decreases forward the group of medium farms. It means that the smallest difference
is perceived in the group of farms of 30—50 ha. The situation is very similar in case of
lower land productivity in Poland — a relative difference is also the smallest in this range.
In turn, comparing the average area of farms in each group, like in the analysis concer-
ning economic size, also here in all the groups, except the extreme values, the results are
similar.

CONCLUSIONS

The above presented research allows to draw following conclusions:

* The EU-15 member states of most similar production structure to Poland are Germa-
ny, France and Denmark, at the same time we can distinguish production directions
in which Poland and mentioned countries differ significantly among one another. It
mostly concerns the production of cereals, the share of meadows and pastures and the
share of fodder crops in a total area of UAA.

* The research confirmed the presence of returns to scale in agriculture of all analysed
countries which refer to farms ordered according to SO value whereas they are stron-
ger in case of labour than land productivity. The differentiation among the countries
is also higher involving labour productivity. Poland especially stands out from the
EU-15 member states when considering labour efficiency. When it comes down to
land productivity, than in groups of small and medium agricultural holdings (SO be-
low 50 thousand EUR) that indicator was the highest in Poland. Small and medium
farms in Poland are more efficient than in other compared EU-15 member states which
does not influence a higher efficiency of the whole sector, which depends on results
of economically largest agricultural holdings, which are significantly worse in terms
of land productivity than the corresponding size farms in the comparable EU-15. An
average SO per holding is generally lower in Poland (Polish farms are economically
weaker), however, it does not concern the group of the biggest farms in which this
indicator is the highest in Poland of all analysed countries.
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* Among the farms, ordered according to UAA, we can notice a certain “polarisation”
which manifests itself in the highest labour efficiency in small and big farms, and,
in turn, low efficiency in case of medium agricultural holdings. While grouping the
holdings according to the area of UAA the differentiation among the countries is also
much bigger. In case of land productivity we can observe negative returns to scale
— the productivity diminishes along with the rise of farms’ area, although these results
should be approached with caution because they can be influenced by the lack of di-
stinction between production types.

» For Poland increasing agricultural labour productivity should be particularly important
and it can be achieved by increasing mechanisation or transfer of excess labour force to
non-agricultural sectors; such actions seem to be more urgent than changes of agricul-
tural structure which characteristically is long-term for Polish agriculture lags behind
other examined member states much more in case of labour than land productivity.
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PRODUKTYWNOSC PRACY I ZIEMI W ROLNICTWIE POLSKI
NA TLE WYSOKO ROZWINIETYCH KRAJOW UNII EUROPEJSKIEJ

Streszczenie. W artykule dokonano analizy poréwnawczej produktywnos¢ pracy i ziemi
w Polsce i1 panstwach UE najbardziej podobnych do Polski pod wzgledem struktury pro-
dukcji rolniczej — w Niemczech, we Francji i w Danii. Zrdznicowanie produktywnosci
ukazano w rozbiciu na grupy gospodarstw o roéznej powierzchni uzytkéw rolnych i sile eko-
nomicznej. Badanie przeprowadzone dla danych z 2013 roku pozwolito zidentyfikowac,
ze w Polsce mate i $rednie gospodarstwa sa wydajniejsze niz w porownywanych krajach
UE-15, co jednak nie wplywa na wigksza wydajnos¢ catego sektora, gdyz o niej decyduja
wyniki ekonomiczne gospodarstw najwigkszych. Rozbicie gospodarstw na grupy wedtug
powierzchni uzytkoéw rolnych prowadzi do wnioskow, ze najlepiej czynnik pracy wykorzy-
stuja gospodarstwa mate i duze, czynnik ziemi za$ gospodarstwa posiadajace sredni areat.
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