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ABSTRACT. The article attempts to evaluate the technical efficiency of farms that in 2015-
2016 carried out an investment aimed at reducing pollution of the natural environment with
nitrates from agricultural sources. Due to the type of the investment carried out, two groups
of farms were distinguished. The first group were farms that carried out adaptive investments
for the construction or extension of manure plates or slurry tanks. The second group, on
the other hand, were farms investing in the construction of barns and piggeries along with
buildings for collecting natural fertilizers. The source of data for the analysis were farms
keeping accounting for the Polish FADN in 2014-2019. The results of the analysis showed
that the investments carried out in both groups undoubtedly contributed to the significant
development of the farms. Income per | working person from a farming family (1 FWU)
increased in both groups by 95.3% and 78.5%, respectively in 2014-2019. Changes in
technical efficiency, measured with the Malmquist index, showed an improvement in
efficiency in both groups, but only in the group of farms investing in new buildings the
changes were favorable both in terms of efficiency improvement and technological progress.
Ultimately, measurement of efficiency showed its increase in the group investing in buildings
by 0.7% and in the case of new livestock buildings by 3.4%.

INTRODUCTION

One of the basic goals that the EU sets for agriculture under the Common Agricultural
Policy in the new programming period for 2023-2027 is to reduce negative impact on the
condition of natural resources (water, soil, and air) and the climate with which the resources
are even more closely related than before. According to the European Commission,
environmental issues and resource management should play an increasingly important role
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in agriculture. This is due to the growing awareness of the public about the side effects
of agricultural activity on the natural environment and climate.

In 2019, the European Commission announced the European Green Deal Strategy,
its roadmap to transform its economy with a net-zero greenhouse gas emissions target of
2050 and its economic growth decoupled from the use of natural resources [EC 2019].
Although the fulfillment of this postulate will apply to all sectors of the economy, regions,
and inhabitants of the EU, it should be noted that agriculture will be one of those sectors
that will play an important role in its implementation. This is indicated by the “farm to fork™
strategy, which is part of the European Green Deal strategy, which sets several goals for
agriculture to protect natural resources and the climate even more than before [EC 2020]'.

Proper management of nutrients in agriculture is of great importance for the
maintenance of water quality, especially nitrogen, excessive amounts of which pollute
them and, consequently, result in eutrophication?, and often reduce the economic effects
of farms resulting from the inappropriateness of doses and dates of its application to the
requirements of agricultural crops [Evanylo et al. 2008, Pecio 2017, Riitting et al. 2018].
Moreover, as Mark Sutton et al. [2011] write, losses for the EU’s natural environment,
including waters, resulting from its pollution with nitrogen from agricultural sources,
currently exceed the increase in economic effects resulting from its use [Sutton et al. 2011].

On the other hand, in the last decade, farms in Poland felt the market pressure of
increasing the scale of production more and more strongly, mainly due to a faster increase
in labor costs and prices of means of production in relation to the purchase prices of
agricultural products Wojciech Zigtara and Marcin Adamski [2014]. Relations in recent
years have resulted in a significant increase in the share of large and very large-scale
farms, and a decrease in the number of smaller farms that cease to operate [GUS 2021].
Owing to the new requirements, farms that are developing have been obliged by new
environmental standards to equip new livestock buildings with the necessary infrastructure
and to purchase machines that significantly reduce negative impact of their activities on
the environment. Therefore, the question arises whether farms making investments in
the field of environmental protection (by incurring the costs of such investments and
receiving subsidies on this account) are not less effective than those that do not carry out
such investments.

The current acts of EU law discussed, although they emphasize the need for protecting natural
resources and the climate, refer to solutions already adopted at the level of the creation of
the Treaty on the Functioning of the EU. Article 191 par. 1 and 2 of this treaty indicates that
the EU policy should consider the preservation, protection, and improvement of the quality
of the environment and the prudent and rational use of natural resources [Journal of Laws
2004.90.864/2].

Europhization is the enrichment of water reservoirs with nutrients, usually caused by sewage
and fertilizers, causing excessive production of algae [Great Dictionary of Foreign Words 2008].
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THEORETICAL BACKGROUND

Technical efficiency and technological progress are two of the basic determinants
influencing the improvement of economic efficiency and achieving a better competitive
position of farms. There are two basic types of technical efficiency measures which are
either input or output oriented. In the first approach, differences in effectiveness result
from differences in the minimum inputs needed to produce an effect of a given value.
Whereas in the second one, differences in productivity are treated as differences in the size
of the maximum product for given inputs Tomasz Czekaj et al. [2008] and Anna Cwiakata
and Wioletta Nowak [2009]. Therefore, its size is influenced by the quantity, quality and
proportions of the inputs used, which indicate the degree of use of the technology. It
is worth noting, however, that high technical efficiency resulting from the optimal use
of inputs to achieve the maximum production with the possessed and often improved
production technology is a necessary condition, but more and more often insufficient, to
achieve high economic efficiency. It is also the result of technological progress, which,
as Lidia Biaton and Tadeusz Obrgbski [1989] write, is “... the process of transition to
quantitatively and qualitatively higher states in technology and technics, resulting in
favorable effects in the economic, social and environmental sphere compared to the initial
state”. In the light of the research by Paul Samuelson and William Nordhaus [2012], the
driving forces of technological progress include human inputs, nat resources, and capital
resources, as well as entrepreneurship expressed, inter alia, in knowledge and skills in
the field of management (Figure 1).

Labor h ‘ A’
inputs Natural | Entrepr'e-
resource neurship
Capital
resource

Figure 1. Driving forces of technological progress
Source: own study based on [Samuelson, Nordhaus 2012]
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Technological progress is usually expressed by changes in the structure of production
factors and the relations between them, in the production structure and in the productivity
of production factors, which may concern both one factor of production and the entire set
of the factors [Swierczewska 2007]. However, the effect of the changes is the evolution
of production processes [Samuelson, Nordhaus 2012]. In this context, it should be added
that the concept of technological progress is inextricably linked with the concept of
innovation, which Joseph Schumpeter [1960] regarded as one of the main factors, along
with entrepreneurship and credit, determining economic development. He distinguished
two types of innovation. The first type is fundamental innovation, which creates or extends
the world technological frontier in each sector of the economy, and the second type is
imitation innovation, which consists in the use by a given sector of existing technologies
from more developed sectors [Brzezinski 2016]. On the other hand, William Nordhaus
[1976] distinguished two basic trends determining the way in which technological
progress arises. The first one is the supply trend, resulting from the assumption that each
economy has a certain sphere of activity, the task of which is to create new techniques
and technologies. According to this concept, they usually go through a long and costly
improvement processes and their implementation is slow. The opposite of this concept is
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Figure 2. Impact of continuation and interruptive technologies
Source: [Christensen 2010]
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the demand trend. It assumes that the driving force behind the creation of new solutions is
the demand submitted by potential recipients, and their implementation is relatively quick.

In many sectors of the economy, including agriculture, the pace of technological
progress is increasingly ahead of the pace of improvement of currently used technologies.
The ongoing changes in the technologies used interrupt the current development of those
already in use (technologies interrupting development), becoming the main technology
on the market, then subject to the rules of progress based on the continuation technology
(Figure 2) [Christensen 2010, Brdulak 2012].

According to Clayton M. Christensen and Michael Raynor [2008], the types of
technologies offer new value to their users, usually allowing them to achieve higher
efficiency. However, they stipulate that the pace of technological development almost
always exceeds the ability to assimilate all the improvements resulting from its application.
The weakness may therefore be the not fully optimal use of inputs to obtain the maximum
production effects (technical efficiency) under the new technology.

Technological progress is important only when it affects the competitive advantage
by changing or influencing factors determining costs, the degree of their differentiation
or affecting them [Porter 2006]. By implying technological progress as an additional
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Figure 3. Types of technological progress and the degree of use of production factors

Source: own study based on [Swierczewska 2007]
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production factor (next to labor — L and capital — K) and taking it into account in the
production function (F) in the form of a time variable t and ¢ + 1 [F(L, K, t) — F (L,
K, t + 1)], it can be talked about in the context of an increase in production resulting
from increasing efficiency of the labor or capital used, including land, or increasing the
effectiveness of both distinguished factors in a given period of time (Figure 3).

The effect of technological progress is a change in production capacity, structure and
organization of production, technical equipment of work and work efficiency, but not
exclusively. Technological progress is inextricably linked with the process of transition
to qualitatively higher states, not only in the production sphere, but also in the sphere
of knowledge, awareness, skills, and human qualifications [Swierczewska 2007]. In the
current conditions, technological progress deserves special attention, as it allows for an
increase in management efficiency and at the same time is focused on the protection of
natural resources and the climate.

In the agricultural sector, in the first place, technological progress is adopted and
implemented on farms with greater economic strength. The ability of farms to undertake
it largely depends on the production potential, the scale of production, and thus — the
obtained income [Zigtara 1997, Wo$ 1999]. Moreover, as Michele Marra and Gerald
Carlson [2002] write, farms with greater economic power may also have access to better
sources of information on new technologies. What is more, a larger farm size may indicate
less credit or capital constraints on the implementation of them [Feder 1980].

Technological progress creates opportunities to increase efficiency and scale of
production, often through increased concentration and specialization of production. In
the conditions of ever-increasing requirements that the EU imposes on agriculture to take
additional measures to protect natural resources and the climate, meeting the requirements
should also be an advantage. Hence, the importance of technological progress in farms
should be emphasized, as it copes with the increasing competitive pressure of other
domestic and foreign farms, while limiting interference with the natural environment
and climate. In farms with livestock production, it is first reported by their investments in
new barns and pigsties equipped with structures for storing natural fertilizers, as well as
manure plates and tanks for storing liquid natural fertilizers. This is because they usually
force them to change in e.g., livestock maintenance system. For example, it is forecast
that further specialization and concentration of livestock production in the country will
strengthen the importance of litterless systems in many farms. In 2040, for dairy cattle
and pigs, the share of this maintenance system may amount to 70 and 75%, respectively.
Changes will also be made in the methods of storing natural fertilizers without losing
natural resources and the climate [KOBiZE 2009].
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MATERIALS AND METHODS

In this study, an assessment of farms was undertaken, which in 2015-2016 carried
out an investment aimed at reducing pollution of the natural environment with nitrates
from agricultural sources and kept continuous accounting for the Polish FADN in 2014-
2019. The premise for the division of the analyzed farms according to the period of
implementation of this type of investment was to convince the authors of the need for
performing this type of analysis in the longest possible period, which limited impact of
random factors on the production and economic effects achieved by farms, and at the
same time the intention to use the most up-to-date data.

The data of the Polish FADN from 2014-2019 made it possible to select two groups of
farms with investments aimed at reducing water pollution with nitrates from agricultural
sources. The first were farms investing in the construction of manure plates and tanks for
liquid natural fertilizers, hereinafter referred to as farms with investments in buildings,
and the second — in the construction of barns and piggeries together with buildings for
the collection of natural fertilizers, hereinafter referred to as farms with investments in
livestock buildings. In each of the separated groups of farms, their characteristics were
carried out on average in the period before the investment, in the year of the investment
and on average in the period after its implementation. For farms that implemented the
investment on average in 2015-2016, their characteristics were therefore made during the
investment implementation period and in the year before and on average in the 3 years
after the investment (Figure 4).

2014 2015 2016 2017 2018 2019
Lo Implementation -
of investments -7

Figure 4. Scheme of the analysis of farms conducting investments aimed at reducing the
pollution of the natural environment with nitrates from agricultural sources

Source: own study

The Malmquist index (M) was used to determine the causes of changes in the
productivity of the analyzed farms. This index is based on the productivity change index,
understood as the relation of a given unit’s productivity over time ¢ and ¢ + 1 [Coelli,
Prasada Rao 2003]. Within this index, productivity is defined as the relation of production
expressed in the value of a given effect (») to all inputs (x,) used [Coelli et al. 1998].
The index measures the change in productivity over the period ¢ and ¢ + 1. Productivity
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decreases if M <1, does not change when M = 1, and increases when M > 1. This index
is calculated according to the following equation:
t+1 /, t+1
x
M= M
yi/x
where:
V/x' — the average productivity of a unit at time ¢,
YT 1/x! 11— the average productivity of a unit at time 7 + 1.

In the analyzes, a formula for interpreting the Malmquist index was used, as based on
decomposition of the causes of changes in farm productivity into two components [Tone
2004, Coelli et al. 2005, Cooper et al. 2007]. The first of them measures technological
progress related to the change of the technical change — tc, i.e., a shift of the production
possibilities boundary of the researched farm, and therefore also answers the question
which technology is more (or less) effective [Maudos et al. 1999]. The second one concerns
the change of technical efficiency (efficiency change — ec) measured with the relation of
the obtained effects at a given level of inputs to possible boundary (maximum) effects,
i.e., farm deviations from the efficiency boundary within the existing technological
possibilities [Kudta, Gadowska 2005, Florianczyk 2008, Adamski 2018]. Determination
for each of the analyzed farms not only to change the relationship between inputs and
effects in the analyzed period with given technological possibilities, but also technological
progress are therefore advantages of this approach [Weber 2015]. Farms can change their
efficiency because they use their inputs better (worse) to obtain an effect within the existing
technology, or because they change production possibilities (technology). The product of
the two changes gives the total efficiency change, i.e., the value of the Malmquist index
(equation 2, 3 and 4).

M(yt;xt;y”';x’”) =tfc X ec (2)
B dt(yt+1, xt+1) x dt(yt, xt) 3)
te= AtH1(yt+1 xt+1) x gt+i(yt xt)
dt+1(yt+l yt+1
o= 4 ) @)
at(yt, x")
where:

d'(y'*!, x'*1) —efficiency with year one manufacturing technology for year two data,
d '"1(y, x) — efficiency using year two technology for year one data,

d'(/, x'), — efficiency year one within the available technology,

d' (' x' 1) — efficiency for year two within the available technology.
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For the purposes of calculating the Malmquist index, the total production value
was assumed as the effect. On the input side, on the other hand, total labor costs were
considered® the outlays of fixed assets expressed by depreciation and total operating
costs, less payroll and depreciation costs. The index was calculated with the use of DEAP
version 2.1 [Coelli 1996].

RESULTS

Tables 1 and 2 aggregate data characterizing farms reporting for the Polish FADN
in 2014-2019 which simultaneously implemented investments in 2015-2016 in the field
of improving the storage conditions of natural fertilizers (construction of manure plates
and tanks for storing liquid natural fertilizers, hereinafter referred to as buildings) or
comprehensive investments in the form of new barns or pigsties (hereinafter referred to
as livestock buildings) meeting the requirements concerning animal welfare and their
positive impact on the environment. The obtained panel of farms for comparison in
the case of investments in buildings included 34 farms, and in livestock buildings — 30
farms. Investments carried out in both groups undoubtedly contributed to the significant
development of the farms. This is evidenced by the dynamic growth of the economic size
in 2017-2019, just after the completion of the investment. It should therefore be noted
that, as in the case of the construction of livestock buildings, investment in buildings for
the storage of natural fertilizers was due to increase in livestock production.

It should be emphasized that both analyzed groups of farms were characterized by a
significantly higher SO (Standard Output — standard output), as compared to the average
farms in the country*. What is more, in the analyzed period, their economic size increased
additionally by 47.3% and 45.1%, respectively.

Scale of the increase was to the greatest extent caused by the increase in the number
of the kept herd of animals and the area of agricultural land in the farms. It is worth
paying attention to the fact that the number of animals in the group with investments in
buildings had a higher growth dynamic than the area of agricultural land, which resulted
in an increase in the density of animals per ha of UAA by 42.3%, while in the group with
investments in livestock buildings density increased by 17.9%. In the case of the owned
acreage of agricultural land, the dynamics of their growth amounted to 15.0% and 20.7%,
respectively. It should be noted that in both analyzed groups of farms — as for the average
national conditions — high stocking density of animals per ha of UAA was maintained.

3 Costs of own and external labor were expressed as the product of working hours and the rate
paid for contract work in the analyzed farms.

In Poland, the average economic size of an individual farm in 2016 was 16.1 thousand euro
[GUS 2017].
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Table 1. Selected characteristics for farms investing in buildings in 2015-2016

Specification Units 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | Change %
2019/2014
Number of farms - 34 -
thous.
Economic size O 100.5) 1052 116.5| 142.1| 135.9|148.0| 473
Euro SO
UAA ha 642 646 66.5| 679 69.3| 73.9 15.0
Labor inputs per hour/ha
73.5| 70.6| 70.7| 69.5| 67.0| 61.8 -15.9
1 ha of UAA of UAA
é;ir:ge capital PLN thous. | 1,450 | 1,553| 1,699 | 1,899| 2,056 /2,150 482
Soil valuation index point 0.74 -
Index of agricultural
production space . )
valorization in point 62.90
communes
Stocking density LU/ha
of animals per 1 ha 1.26| 133 1.49| 190 L1.75| 1.79 423
Total costs per 1 ha |PLN thous./
of UAA ha of UAA 7.8 7.7 8.5 9.6/ 10.0] 10.6 36.9
Direct costs per 1 ha | PLN thous./
of UAA ha of UAA 4.9 4.9 5.4 6.4 6.5 7.1 44.3
Direct costs of
livestock production II)II;I;I;}I?XZ/ 36| 35 39, 5.0 5.1 5.6 57.0
per 1 ha of UAA
Share of own feed % 310/ 290| 281 220 227| 22.5| -85
costs in total feed
Work productivity | T\ 0" 1266.3| 259.4| 2921 376.9| 3652|4784 79.6
. PLN thous./
Land productivity ha of UAA 9.2 8.6 9.7\ 12.4) 11.5| 139 51.0
Farm income per PLN thous./
1 ha of UAA ha of UAA 28 2.1 25| 405 29 47 72.4
Farm income per PLN thous./
1 FWU FWU 97.2| 743| 91.0| 147.1| 109.0|189.9 95.3
gf;,,{‘;ve“mem % 2759|3409 280.1| 337.1| 193.7|195.5| -80.4*

* Difference in percentage points
** Relation of value of net investments and depreciation costs

Source: own study based on the Polish FADN data
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Table 2. Selected characteristics for farms investing in livestock buildings in 2015-2016

Specification Units 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | Change %
2019/2014
Number of farms - 30 -
. thous.
Economic size 137.9| 146.6| 169.7| 182.9| 200.7 | 200.2 45.1
Euro SO
UAA ha 78.1| 746 825 81.6| 88.5| 94.2 20.7
Labor inputs per hour/ha
740 36.3| 36.2| 39.3| 353 339| -542
1 ha of UAA of UAA
é;lfi:ge capital PLN thous. | 1,797 | 1,921 | 2,342 | 2,803 | 2,969 | 3,079 71
Soil valuation index point 0.71 -
Index of agricultural
production space . ~
valorization in point 64.10
communes
Stocking density LU/ha
of animals per 1 ha 1.57| 1.80| 1.79] 2.02| 2.00| 1.85 17.9
Total costs per 1 ha | PLN thous.
of UAA Jha of UAA 81| 84| 85| 103] 10.3| 104 28.7
Direct costs per 1 ha | PLN thous./
of UAA ha of UAA 53| 54 54| 64| 64| 65 22.7
Direct costs of
livestock production EI;NOEII‘E’XZ/ 420 42| 42| 520 53 53| 276
per 1 ha of UAA
Share of own feed % 278 264| 248 248 222| 207 -7.1%
costs in total feed
Work productivity PUX\%“S'/ 282.8|285.0| 319.1|387.6| 422.7 4442  57.1
.. PLN thous./
Land productivity ha of UAA 99, 92| 103] 13.6| 133 134 36.2
Farm income per PLN thous./
1 ha of UAA ha of UAA 300 23] 31| 47| 45| 46 53.9
Farm income per PLN thous./
1 FWU FWU 121.8| 88.2| 135.6|197.3]202.5|217.4 78.5
if;;ﬁve“mem % 178.8| 411.5| 700.5 | 322.8| 245.6| 112.4| -66.4%

* Difference in percentage points
** Relation of value of net investments and depreciation costs

Source: own study based on the Polish FADN data
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In 2019, it was 1.79 LU/ha of UAA and 1.85 LU/ha of UAA, respectively. In farms
investing in livestock buildings, the fact that in 2017-2018 the stocking density exceeded
2 LU/ha of UAA was a disturbing phenomenon from the point of view of the proper
management of natural fertilizers, which forced farmers to find recipients for the surplus
of this fertilizer on the market. In the last year of observation, however, the situation
improved due to the increase in agricultural land, but it should be borne in mind that the
dynamic development of farms with livestock production in regions with a low supply
of agricultural land may increase such problems in the future.

Apart from area of agricultural land, quality of agricultural land is no less important,
which translates into yield stability. As it turned out, in both groups of farms, farms had land
of a slightly worse quality than the national average (0.8) [GUS 2012]. This unfavorable
situation in this respect is also confirmed by their location in communes with the Index
for the Valorization of Agricultural Production Area (WRPP) amounting to an average of
62.9 and 64.1 points, respectively, with 120 points achievable.

Improvement of production potential of the analyzed groups was also possible thanks to
the limitation of the incurred labor inputs by substituting them with capital. In the analyzed
period, the number of working hours per 1 ha of UAA on farms investing in buildings and
livestock buildings decreased by 15.9% and 54.2%, respectively. This clearly proves that
such investment, in addition to improving animal welfare and having a positive impact
on the environment, also contributed to the reduction of labor intensity of the production
to a greater extent. At the same time, the average capital value increased by 48.2% and
71.3%, respectively. Therefore, on the farms, technical development of work equipment
was progressing. The analyzed groups, being better and better equipped with agricultural
machinery and equipment as well as modern livestock buildings, had the possibility of
limiting the incurred labor inputs.

Level of costs incurred per ha of UAA was also analyzed. It was established that in
2014-2019, total costs per ha of UAA in both groups of farms increased by 36.9% and
28.7%, respectively. On the other hand, in the case of direct costs per ha of UAA, this
increase amounted to 44.3% and 22.7%, respectively.

In the years 2014-2019, an increase in labor efficiency and land productivity was
observed in both groups of farms. This dependence was conditioned by increasing the
scale of production. Increased production scale of the farms was also very clearly visible
in the generated income. In the case of farms investing in buildings, the increase in farm
income per ha of UAA was 72.4%, and in livestock buildings 53.9%. In turn, income
per 1 working person from a farming family (1 FWU) increased by 95.3% and 78.5%,
respectively. Therefore, it can be concluded that investment consisting in meeting the
environmental requirements in the case of the analyzed entities did not contradict the
achievement of decent income on a farm.
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Table 3. Average Malmquist indexes in 2014-2019 for farms investing in
buildings and livestock buildings in 2015-2016 to reduce water pollution
with nitrates from agricultural sources

Years Change Change Malmquist
in technical | in technological index
efficiency progress
Farms with investments in buildings
2014-2015 0.813 1.041 0.846
2015-2016 1.247 0911 1.136
2016-2017 0.874 1.309 1.144
2017-2018 1.087 0.853 0.927
2018-2019 0.872 1.161 1.012
2014-2019 0.966 1.042 1.007
Farms with investments in livestock buildings

2014-2015 1.134 0.805 0.913
2015-2016 1.203 0.877 1.055
2016-2017 0.974 1.246 1.214
2017-2018 0.69 1.484 1.024
2018-2019 1.121 0.879 0.986
2014-2019 1.005 1.028 1.034

Source: own study based on the Polish FADN data

To better illustrate reasons for differences in the achieved effects and the inputs incurred,
the Malmquist productivity index was used, which quantifies the dependencies over time axis
(Table 3). Results of the index based on the determination of changes in technical efficiency
and technological progress in 2014-2019 are presented in Table 3. In the case of farms investing
in buildings, it was found that in 2014-2019 the farms increased their technological progress
by 4.2%, the highest increase took place in the years after the investment completion, 2016-
2017, and amounted to 30.9%. However, on the farms it was not possible to improve technical
efficiency of the inputs involved. In the analyzed period, their technical efficiency decreased by
0.3%. As aresult, the Malmquist index only increased by 0.7%. The group with investments in
livestock buildings fared significantly better in terms of the assessment of technical efficiency
and technical progress. In 2014-2019, the index for this group increased by 3.4%. This result
was positively influenced by technological progress increased by 2.8%, and almost 0.5%
improvement in technical efficiency. When discussing results of the index, it should also be
noted that, similarly to the group investing in buildings, significant changes in technological
progress were recorded in 2016-2018, i.e., immediately after investment completion.
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It should be noted that in 2017-2019, both groups of farms were characterized by
improvement in technological progress. This favorable situation was largely influenced
by investments in fixed assets carried out in 2015-2016, including those in structures and
buildings limiting water pollution with nitrates from agricultural sources. It should be
noted, however, that results of technical efficiency indicate possible improvement in this
respect in most farms, especially in the group with investments in buildings.

SUMMARY AND CONCLUSIONS

The conducted analysis showed that both groups of farms implementing investments
limiting water pollution with nitrates from agricultural sources were characterized by a
significant — considering the average conditions in the country — economic size exceeding
100 thousand SO. In the analyzed period from 2014 to 2019, it further increased, in the case
of the group investing in buildings, economic value increased by 47.3%. Changes also took
place in the basic factors of production. Their UAA and average capital value increased,
while the amount of labor inputs per ha of UAA decreased. The effect of the changes
was an increase in the technical equipment of work. The farms, being increasingly better
equipped with agricultural machinery and equipment and livestock buildings, including
those aimed at limiting water pollution with nitrates, had the possibility of limiting their
incurred labor inputs. On the farms there was an increase in total and direct costs per
1 ha of UAA. It should be added that the increase in direct costs was usually related to
increased direct costs related to livestock production, the important reason for which was
increased livestock density per 1 ha of UAA. Increased intensity of conducted production
was one of the important reasons for increased their labor efficiency and land productivity.
As a result, their increases were also visible in the improvement of their income per 1
ha of UAA and 1 FWU. In the case of income per 1 FWU, it was even greater than the
parity income in the national economy. This means that the farms were capable of further
development, including through the implementation of investments limiting water pollution
with nitrates from agricultural sources, as evidenced by their high net investment rate.
It should be emphasized, however, that their technological progress was the source of
efficiency improvement. At the same time, however, they often did not fully efficiently
use the incurred outlays to achieve the effects of their technology. Perhaps the reason for
this situation - especially in the period after the application of new technologies - was too
short time for farms to fully absorb them.

It is worth emphasizing that the Polish FADN collects accounting data from
economically stronger farms compared to average farms in Poland. This means that the
development possibilities of farms implementing investments limiting water pollution with
nitrates from agricultural sources presented in this analysis probably do not fully reflect
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the development possibilities of all farms implementing this type of investment. It should
be emphasized, however, that the adoption and implementation of the latest technologies,
including those relating to the reduction of water pollution with nitrates from agricultural
sources, usually concerns economically stronger farms in the first place. Hence, one of
the advantages of the conducted analyzes was the indication of the changes taking place
in their production potential, costs, economic situation, and development opportunities,
as a result of the investments carried out in them, including those limiting water pollution
with nitrates from agricultural sources.

BIBLIOGRAPHY

Adamski Marcin. 2018. Efektywno$¢ polskich gospodarstw mlecznych na tle wybranych
gospodarstw w innych krajach Unii Europejskiej (Effectiveness of Polish dairy farms
compared to selected farms in other European Union countries. Roczniki Naukowe SERIA
XX (4): 9-14.

Biaton Lidia, Tadeusz Obre¢bski. 1989. Nauka i technika w rozwoju spoleczno-gospodarczym
(Science and technology in socio-economic development). Warsaw: PWN.

Brdulak Jakub. 2012. Wiedza w zarzgdzaniu przedsiebiorstwem (Knowledge in business
management). Warsaw: SGH.

Brzezinski Michat. 2015. Jaki kapitalizm? Jakie panstwo? chumpeterowska teoria wzrostu
gospodarczego a koncepcja inteligentnego panstwa (smart state). [W] Ekonomia jest
piekna? Ksiega dedykowana Profesorowi Jerzemy Wilkinowi (What capitalism? What
country? Schumpeter’s theory of economic growth and the concept of a smart state. [In]
Economics is beautiful?), eds. L. Hardt, D. Mielczarek-Andrzejewska, 153-168. Warsaw:
Wydawnictwo Naukowe Scholar Scholar Publishing House.

Christensen Clayton, M., Michael Raynor. 2008. Innovation. Drive for Growth. Warsaw:
Wydawnictwo Studio Emka.

Christensen Clayton M. 2010. Breakthrough innovation. Warsaw: PWN.

Coelli Timothy J. 1996. A guide to DEAP version 2.1. A data Envelopment Analysis (Computer)
Program. Australia: University New England.

Coelli Timothy J., D.S. Prasada Rao, George E. Battese. 1998. An introduction to efficiency
and productivity analysis. Boston: Kluwer Academic Publishers.

Coelli Timothy J., D.S. Prasada Rao. 2003. Total factor productivity growth in agriculture:
A Malmquist index analysis of 93 countries, 1980-2000. Working Paper Series, n0.2/2003.
Centre for Efficiency and Productivity Analysis.

Coelli Timothy J., D.S. Prasada Rao, Christhopher O’Donnell, George E. Battese. 2005.
A Introduction to efficiency and productivity analysis. Springer.

Cooper William W., Lawrence M. Seiford, Kaoru Tone. 2007. Data Envelopment Analysis.
Springer.



138 MAREK ZIELINSKI, MARCIN ADAMSKI

Czekaj Tomasz, Wactaw Guzewicz, Adam Kagan, Jacek Kulawik Joanna Nargietto, Justyna
Zidtkowska. 2008. Analiza efektywnosci ekonomicznej i finansowej przedsiebiorstw rolnych
powstalych na bazie majgtku WRSP (Analysis of the economic and financial efficiency of
agricultural enterprises established on the basis of assets of the state treasury). Warsaw:
IERiGZ-PIB.

EC (European Commission). 2019. Communication from the Commission to the European
Parliament, the European Council, the Council, the Economic and Social Committee and
the Committee of the Regions. The European Green Deal. COM (2019) 640 final.

EC (European Commission). 2020. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the Committee
of the Regions. 4 farm to fork strategy for a fair, healthy and environmentally friendly
food system (COM (2020) 381 final.

Evanylo Georgy, Caroline Sherony, John Spargo, David Starner, Michael Brosius, Kathryn
Haering. 2008. Soil and water environmental effects of fertilizer-, manure-, and compost-
-based fertility practices in an organic vegetable cropping system. Agriculture, Ecosystems
and Environment 127 (1-2): 50-58. DOI: 10.1016/j.agee.2008.02.014.

Fére Rolf, Shawna Grosskopf, Bjorn Lindgren, Pontus Roos. 1994. Productivity developments
in Swedish hospitals: A Malmquist output index approach. [In] Data Envelopment Analysis:
Theory, methodology and applications, eds. A. Charnes, W.W. Cooper, A.Y. Lewin, L.M.
Seiford, 253-272. Boston: Academic Publishers.

Feder Gershon.1980. Farm size, risk aversion and the adoption of new technology under
uncertainty. Oxford Economic Papers 32 (2): 263-283.

Florianczyk Zbigniew. 2008. Produktywno$¢ polskiego rolnictwa w pierwszych latach czton-
kostwaw UE na tle wybranych krajow europejskich. [W] Zagadnienia produktywnosci,
regionalnego zroznicowania naktadow pracy i kredytowania produkcji rolniczej w swietle
Rachunkow Ekonomicznych dla Rolnictwa (Productivity of Polish agriculture in the first
years of EU membership as compared to selected European countries. [In] Issues of produc-
tivity, regional differentiation of labor inputs and crediting agricultural production in the
light of Economic Accounts for Agriculture, ed. Z. Florianczyk, 9-22. Warsaw: IERiGZ-PIB.

GUS (Central Statistical Office — CSO). 2012. Rocznik statystyczny rolnictwa (Statistical
yearbook of agriculture). Warsaw: GUS.

GUS (Central Statistical Office — CSO). 2017. Charakterystyka gospodarstw rolnych w 2016
roku (Characteristics of agricultural holdings in 2016). Warsaw: GUS, https://stat.gov.pl/
obszary-tematyczne/rolnictwo-lesnictwo/rolnictwo/charakterystyka-gospodarstw-rolnych-
-w-2016-r-,5,5.html, access: 16.05.2022.

GUS (Central Statistical Office — CSO). 2021. Powszechny Spis Rolny 2020. Sprawozdanie
z wynikow (General Agricultural Census 2020. Report on the results). Warsaw: GUS,
https://stat.gov.pl/obszary-tematyczne/rolnictwo-lesnictwo/psr-2020/powszechny-spis-
-rolny-2020-raport-z-wynikow,4,1.html, access: 16.05.2022.

KOBIZE (Krajowy Osrodek Bilansowania i Zarzadzania Emisjami — The National Centre for
Emissions Management). 2009. Fourth Biennial Report to the Conference of the Parties
to the United Nations Framework Convention on Climate Change. Warsaw: KOBiZE,
10S-PIB, https://www.kobize.pl/uploads/materialy/materialy do_pobrania/opracowania/
Klimat-dla-Polski-Polska-dla-Klimatu  ANG.pdf, access: 16.05.2022.



INVESTMENTS LIMITING NEGATIVE IMPACT OF FARMS ON THE NATURAL... 139

Kudta Janusz, Dominika Gadowska. 2005. Wptyw jakoS$ci ustug na efektywnos¢ oddziatow
bankowych (The impact of service quality on the effectiveness of bank branches). Bank
i Kredyt 1: 47-66.

Marra Michele C., Gerald A. Carlson. 2002. Agricultural risk and technology. [In] 4 compre-
hensive assesment of the role of risk in U.S. agriculture, ed. R.E Just, R.D. Pope, 325-352.
Springer.

Maudos Joaquin, José Pastor, Lorenzo Serrano Martinez. 1999. Total factor productivity
measurement and human capital in OECD countries. Economic Letters 63 (1): 39-44.
Nordhaus William D. 1976. Innowacje, wzrost i dobrobyt. Postgp techniczny w ujeciu
teoretycznym (Innovation, growth and prosperity. Technical progress in theoretical terms).

Warsaw: PWN.

Pecio A.2017. Efektywno$¢ wykorzystania azotu-sposoby wyznaczania oraz zastosowanie w
badaniach rolniczych (Efficiency of nitrogen use - methods of determination and application
in agricultural research). Studia i Raporty IUNG-PIB 53 (7): 39-54.

Porter Michael. 2006. Przewaga konkurencyjna. Osigganie i utrzymywanie lepszych wynikow
(Competitive advantage. Achieving and maintaining better results). Gliwice: Wydawnictwo
Helion.

Riitting Tobias, H. Aronsson, Sofia Delin. 2018. Efficient use of nitrogen in agriculture. Nutrient
Cycling in Agroecosystems 110: 1-5. DOI:10.1007/s10705-017-9900-8.

Samuelson Paul, William Nordhaus. 2012. Ekonomia (Economy). Poznan: Dom Wydawniczy
Rebis.

Schumpeter Joseph. 1960. Economic growth theory. Warsaw: PWN.

Sutton Mark A., Oene Oenema, Jan Willem Erisman, Adrian Leip, Hans van Grinsven, Wilfried
Winiwarter. 2011. Too much of a good thing. Nature 472: 159-161.

Swierczewska Iwona. 2007. Eaczna produktywnos¢ czynnikow. Ucielesniony kapitat wiedzy.
[W] Ekonomia oparta na wiedzy (Total factor productivity. Embodied knowledge capital.
[In] Knowledge-based economy), ed. A. Welfe. Warsaw: PTE.

Tone Kaoru. 2004. Malmquist Productivity Index. [In] Handbook on Data Envelopment
Analysis, eds. W.W. Cooper, L.M. Seiford, J. Zhu, 203-227. Kluwer Academic Publishers.

Weber William L. 2015. Production, growth, and the environment. An economic approach.
CRC Press.

Wielki stownik wyrazéw obcych (Great Dictionary of Foreign Word). 2008. Warsaw: PWN.

Wos Augustyn. 1999. Mechanizmy restrukturyzacji rolnictwa (Mechanisms of agriculture
restructuring). Warsaw: IERiGZ-PIB.

Zigtara Wojciech. 1997. Organizacyjne i ekonomiczne miary wielkosci gospodarstw. [W]
Zmiany w strukturze agrarnej i zatrudnieniu w rolnictwie do konca XX wieku (Organiza-
tional and economic measures of the size of farms. [In] Changes in the agrarian structure
and agricultural employment until the end of the 20th century, ed. H. Runowski. Warsaw:
Wydawnictwo SGGW.

Zigtara Wojciech., Marcin Adamski, Henryk Grodzki. 2014. Production scale, efficiency and
competitiveness of Polish farms specialized in milk production. Zagadnienia Ekonomiki
Rolnej 1: 98-115.



140 MAREK ZIELINSKI, MARCIN ADAMSKI

*k ok

INWESTYCJE OGRANICZAJACE NEGATYWNY WPLYW
GOSPODARSTW ROLNYCH NA SRODOWISKO PRZYRODNICZE
I KLIMAT A EFEKTYWNOSC DZIALALNOSCI ROLNICZEJ

Stowa kluczowe: $rodowisko, gospodarstwa rolne, efektywnos¢ techniczna, inwestycje
ograniczajace zanieczyszczenie srodowiska

ABSTRAKT

W artykule podjeto probe oceny efektywnosci technicznej gospodarstw rolnych, ktére
w latach 2015-2016 przeprowadzily inwestycj¢, majaca na celu ograniczenie zanieczyszczen
srodowiska przyrodniczego azotanami pochodzacymi ze zrddel rolniczych. Ze wzgledu na
rodzaj przeprowadzonej inwestycji wydzielono dwie grupy gospodarstw. Pierwsza grupe
stanowily gospodarstwa, ktdre przeprowadzily inwestycje dostosowawcze dotyczace budowy
badz rozbudowy ptyt obornikowych lub zbiornikéw na gnojowice. Druga grupa to gospodarstwa
inwestujgce w budowe obor i chlewni wraz z budowlami do gromadzenia nawozow naturalnych.
Zrédtem danych do analizy byly gospodarstwa prowadzace rachunkowo$é dla Polskiego
FADN w latach 2014-2019. Wyniki analizy wykazaty, ze przeprowadzone inwestycje w obu
grupach przyczynily si¢ do znacznego rozwoju tych gospodarstw. Dochod w przeliczeniu na
1 osobg pracujaca z rodziny rolniczej (1 FWU) wzrost w obu grupach odpowiednio o 95,3
178,5%. Zmiany efektywnos$ci technicznej mierzone indeksem Malmquista wykazaty poprawe
efektywnos$ci w obu grupach, jednak jedynie w grupie gospodarstw inwestujacych w nowe
budynki zmiany byto korzystne zard6wno pod wzgledem poprawy efektywnosci, jak i postepu
technologicznego. Ostatecznie pomiar efektywnosci wykazat jej wzrost w grupie inwestujacej
w budowle o0 0,7%, a w przypadku nowych budynkéw inwentarskich o 3,4%.
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