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Abstract: This paper aims to explore the importance of the direct-payments scheme as a tool for
supporting the sustainable development of agriculture in Poland, and to assess the effects of the
2015 Common Agricultural Policy reform in this context. In particular, the study attempts to
investigate the impact of different fund-allocation criteria on the regional distribution of direct
payments. The research employs a simulation method in the form of variant analysis (the “what
if” model)—a mathematical method with elements of statistical description, based on the complete
dataset. For the purposes of one of the variants, a multi-criteria composite indicator was constructed,
including stimulants and destimulants of the level of environmental sustainability of agricultural
plant production. The analysis was conducted at the NUTS 2 level (voivodeships). The timeframe of
the study covered the period 2010-2019. The data published by Statistics Poland and the Agency
for the Restructuring and Modernisation of Agriculture were used as the source material. The
analysis indicated that the 2015 Common Agricultural Policy reform redistributed public funds away
from sustainable agricultural management principles. Applying some basic sustainability criteria in
order to internalise environmental externalities would lead to a radical redistribution of first-pillar
Common Agricultural Policy payments. The paper concludes that a real greening of the European
Union’s agricultural policy is a task still to be accomplished.

Keywords: sustainable development; Common Agricultural Policy; direct-support scheme; di-
rect payments

1. Introduction

The dynamic economic development in the second half of the 20th century was
associated with a clear increase in prosperity in many developed countries, but it also led
to the “accelerated consumption” of natural resources, and the impoverishment of some
populations, despite the rise in average incomes. The concept of sustainable development
was meant to provide a response to these problems [1]. This concept is especially important
in the case of agriculture—a sector whose economic performance strongly depends on
natural, climatic, and weather conditions.

The signals which agricultural producers receive from the market (both from the sup-
ply side of the factor market and from the demand side of the agricultural-products market)
seem to generally favour the processes of production specialisation and concentration. As
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regards the factor market, production specialisation enables the generation of a higher re-
turn on investment, and a sufficiently large scale of production (concentration) determines
the effectiveness of investment projects. As regards the agricultural-products market, the
recipients of agricultural products usually expect large, uniform batches of goods.

The excessive concentration of production puts greater pressure on the natural en-
vironment (and the capability of ecosystems to neutralise the effects of human activity is
limited). It also poses a threat to biodiversity (monocultures), plant and animal health, and
animal welfare. On the other hand, diversification and a greater dispersal of production
result in a greater mosaic of crops, a lower risk of pest infestations, and a reduced use of
plant-protection products.

While it should be noted that the ability of agricultural holdings to self-finance certain
investments and other measures conducive to sustainable production, e.g., manure plates
and disinfection mats, the provision of veterinary care for animals and the regular testing of
soil samples (in order to develop a more rational fertilisation plan) increases as the scale of
production expands. In line with the concept of sustainable development, the development
component aimed at achieving environmental objectives should act as the counterbalance
to the primacy of economic objectives, which can pose a threat to the natural environment.

The above considerations indicate that in order to implement the triad of objectives of
the sustainable development of agriculture, the country’s intervention is indispensable. In
the European Union (EU), an important role in this area is played by the Common Agri-
cultural Policy (CAP), whose objectives have evolved towards supporting the sustainable
management of natural resources, limiting the adverse impact of agricultural production
on natural resources, and counteracting climate change.

The range of CAP instruments was reformed throughout this process. Direct payments
(the first pillar of the CAP) became “greener”—at present, they are not only a tool for
supporting farmers’ income (societal objectives), but they are also a form of rewarding
farmers for conducting their activities in an environmentally friendly manner, constituting
compensation for the income lost due to the reduction in production intensity, or the cost
incurred due to the application of agricultural practices beneficial for the environment and
the climate (environmental objectives).

The induction of the mechanism of economic impact on the entities using the envi-
ronment took place in 2004 by establishing the rule that farmers who do not meet the
requirements on public, animal, and plant health; animal welfare; and the environment, i.e.,
those who do not meet the requirements and standards of the cross-compliance, receive
reduced direct payments or are excluded from these payments [2]. In addition, in 2015,
payment for agricultural practices beneficial for the climate and the environment was intro-
duced. Inclusion of the ecological component in the first pillar of the CAP, for which each
Member State of the EU obligatorily allocates 30% of the national ceiling, was supposed to
ensure the uniform application of environmental practices across the Union [3]. Regardless
of this, the Member States have the possibility to support agricultural production sectors
of significant environmental importance (e.g., the cultivation of protein crops) under the
so-called voluntary coupled support, allocating for this purpose a specific part of the
national ceiling within the limits set out in EU legislation.

The purpose of this article is to explore the importance of the direct-payments scheme
as a tool for supporting the sustainable development of agriculture in Poland, and to assess
the effects of the CAP reform implemented in 2015 in this context.

This goal can be converted into the following general research questions:

1.  To what extent is the method of allocating funds among farms used in Poland con-
sistent with the distribution of support according to the degree of sustainability of
agricultural production?

2. Has the CAP reform implemented in 2015 made the distribution of funds between
farms closer to the distribution of support according to the degree of sustainability of
agricultural production?



Sustainability 2021, 13, 13090

30f20

Therefore, the study concerns the practice of applying the CAP in one of the Member
States of the EU—a country with high agricultural production potential, where agriculture
plays an important role in the sectoral employment structure.

This study, apart from its cognitive values, has potential policy implications. The
conclusions from the research may serve to support the decision-making process in the
field of agricultural policy at the EU and national levels. Moreover, due to the proposed
indicator of environmental sustainability of plant production, which can be applied at the
regional level, it is a voice in the discussion on the construction of practical measures of the
degree of agricultural sustainability. Thus, the article is also important from the standpoint
of the research methodology development in this area.

The originality of the study is evidenced by the fact that the existing relevant literature
lacks publications presenting the results of empirical research aimed at recognising the
importance of the direct-payments scheme in supporting the sustainable development of
agriculture. There are, however, descriptive studies and studies of the content of legal
acts and other documents issued by various EU and state institutions. The prior empirical
analyses focus mainly on the impact of introducing payment for agricultural practices ben-
eficial for the climate and the environment (or the implementation of individual practices
by farms) on the level of production, the prices of agricultural products or agricultural
income, and environmental indicators. In turn, this study has a wider scope—it refers to all
direct payments (and not only the environmental component of the direct-support system).

The remainder of the paper is organised as follows. The next section provides a review
of the relevant literature on sustainable agricultural development. The methodological
framework of the study and the details of the data-selection procedures are presented in
Section 3. Section 4 presents and discusses the results of the empirical analyses. The paper
ends with conclusions summarising its main findings along with policy implications.

2. Literature Review

A clear-cut definition of sustainable agriculture is a very complex issue. More than
70 meanings of sustainable agriculture can be found in the literature [4]. Difficulties
in defining this concept arise from the various methods for describing and measuring
the phenomena occurring in agriculture, and also from the considerable organisational
and functional complexity of agriculture; production diversity; the regional variations in
farming conditions; and the complexity of economic, demographic, and societal processes—
unheard of in other types of economic activity [5].

Agricultural production is fully dependent on natural resources, and its impact on the
environment is clearly noticeable. Primarily negative impacts are noted [6,7] and indicate
the enormous pressure that food production causes on the environment [8]. This includes
water contamination and eutrophication and air and soil pollution, which results, inter alia,
in a decline in ecosystem biodiversity [9,10].

The state of natural capital determines the delivery of ecosystem services. The basic
component of natural capital engaged in agricultural production is soil. The soil state is
essential for the provision of services to human society [11]. The mitigation of soil threats—
such as the loss of organic matter and the problems of erosion, compaction, salinization,
sealing, and contamination—is increasingly challenging for the global community [12].
The productivity goals of agriculture can negatively influence environmental sustainability,
because of the intensive use of natural resources and agricultural practices depleting soil
reproduction functions. Taking the above into consideration, agriculture is responsible for
the quality and quantity of ecosystem services, but, on the other hand, it is dependent on
these services. This means that a lack of care for these services may decrease the sector’s
production capacity [12,13].

It can be said that sustainable agriculture entails conducting agricultural production
with due respect for natural resources, by organising this production in accordance with
the local conditions for agricultural activity. Environmentally friendly agriculture practices
involve various methods, including organic farming, that use land, water, labour, knowl-
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edge, and technology to both grow crops and reduce environmental impacts like pesticide
pollution, soil erosion, and greenhouse gas emissions. The following elements form the
basis for environmentally friendly agricultural practices: skillful plant rotation (preventing
soil erosion), multidirectional production (e.g., ensuring crop diversity), and moderate
production intensity (avoiding excessive pressure on the natural environment) [14,15].
The maintenance or reconstruction of the natural resources of an agricultural holding is
considered to be of the utmost importance [14,16-19].

Ensuring sustainable development in agriculture requires the use of the proecological
technologies. These ensure that the degradation of the natural environment is avoided, by
maintaining moderate levels of exploitation in line with the standards of nature-resources
protection. This is the kind of development which ensures the economic viability and
societal acceptability of agriculture along with the attaining of ecological objectives [20,21].
Allen et al. [22] proposed an expanded conceptualisation of sustainability that focuses
on the entire food and agriculture system at the global level, and which also includes
environmental, economic, and societal equity.

A precise answer to the question regarding the model of agricultural development that
can be considered sustainable poses many difficulties, and—depending on the approach—
involves placing differing levels of emphasis on the importance of particular components
and features of sustainability. In general, researchers share the view that we can talk about
sustainable agriculture when economic, environmental, and societal objectives are pursued
in harmony [23,24].

Economic objectives are implemented through the operation of the market mecha-
nism. In order to depart from the primacy of economic objectives, the state needs to apply
instruments influencing the choices of economic entities, which in this case are agricultural
holdings. In the short-term perspective, this means a decline in the economic effectiveness
of these entities (and thus of the whole sector), while in the long-term perspective, this
is intended to ensure that the agricultural sector, without excessive use of the natural
environment, will be capable of pursuing production for many generations to come, with-
out detriment to natural resources and without posing any threat to the preservation of
ecosystems. Agricultural-policy instruments may, therefore, be aimed at hindering some
production-organisation tendencies induced by market processes, so long as they pose
threats to the environment or to the stability of the societal system. Any state interference,
the purpose of which is to neutralise the consequences of the so-called market failure with
regard to the volume and structure of production, can be perceived as conforming to the
concept of sustainable development.

The occurrence of the positive and negative external effects of agricultural activity
on the environment leads to a misallocation of resources [2]. The former is related to the
fact that market prices do not reflect the full costs of production, which triggers higher
production and consumption than the optimal level, from the point of view of the entire
community. Moreover, those who consume fewer environmentally harmful products or
products made using environmentally harmful methods are often equally affected by their
negative impact. In turn, those who pursue production activities in an environmentally
friendly manner may be less competitive than those who use production methods which are
harmful to the environment but which allow production to be pursued at lower costs [25].

Negative externalities are borne by society, and economists try to quantify them in
order to support decision-making processes at the policy level [26,27]. Estimating the
negative external effects helps to determine the magnitude of their consequences, which
can be followed by devising solutions to internalise them [28]. Attempts have been made
in the literature to characterise the economic-policy instruments relating to environmental
issues [29].

Pigou proposed that private benefits and costs may be equalised with social benefits
and costs through taxes and government regulations [30]. Further consideration of the
negative effects of external costs was conducted by Coase, who argued for solving the
resulting problems by developing voluntary transactions between entities that bear these
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costs [31]. An important point was made by Ou-Yang regarding the measurement of
external costs. The author argued that taking different measurements may produce different
results, despite using the same data sets [32].

When implementing the concept of the sustainable development of agriculture, the
objective is for agricultural producers to be guided in their production decisions not only
by the current market situation, but also by taking into consideration the impact of their
decisions (e.g., concerning the choice of production techniques) on the natural environment
and the sustainability of the societal system. The implementation of societal objectives is
to be fostered, in particular, by actions aimed at reducing the income gap and the quality-
of-life differences across social groups. It is also of the essence to shape societal attitudes
which would facilitate environmental objectives to be achieved simultaneously.

The specific conditions of agricultural activity are perceived by farmers as arguments
justifying the maintenance of the public income-support scheme, facilitating the imple-
mentation of particular economic interests [33]. The most important factors determining
the specificity of agricultural production include the natural conditions of the activity con-
ducted, the high risk from unpredictable agrometeorological conditions, and the economic
conditions, which include, above all, low prices of manufactured goods requiring high
labour and investment outlays [34]. The premises for state intervention in agriculture
include the weak bargaining position of agricultural producers towards contractors (re-
sulting from the asymmetric market structure which is unfavourable from the point of
view of farmers), the higher risk of running a business compared to other sectors of the
economy and the underdevelopment of insurance and credit markets in the agricultural
environment, the need to create incentives to increase the production of public goods
accompanying agricultural activity (environmental and socio-cultural goods), and the
importance of ensuring that the production potential of domestic agriculture guarantees
an appropriate level of food security [35]. The loss of income associated with less intensive,
proenvironmental production is another argument for the provision of financial support to
farmers from public resources.

Progress in reducing the negative impact of agriculture on the natural environment
and in stimulating the production of environmental public goods by this sector depends,
to a large extent, on the attitudes and motivation of farmers towards implementing en-
vironmentally friendly practices. Identifying the determinants of the proenvironmental
measures taken by farmers has been the subject-matter of numerous empirical studies
(e.g., [36,37]). According to Was et al. [38], the effective involvement of farmers in proenvi-
ronmental measures requires strong financial stimulation, supported by measures to raise
environmental awareness.

The concept of the sustainable development of agriculture has materially changed
the ways of perceiving family holdings, which are not only production units but also
places where farming families live. Under this approach, an agricultural holding is a
specific agri-socio-ecological system operating in specific societal, economic, environmental,
and political-institutional conditions. Janker et al. [39] state that the scientific discourse
on sustainable agriculture addresses small-scale and family farmers as one of several
vulnerable groups of rural inhabitants who need to be empowered.

In assessing the importance of supporting small agricultural holdings via the direct-
payments scheme, it can be stated that it has contributed to the modernisation of production
methods, which involves replacing labour with capital. This, in turn, has contributed to the
increased ability of agricultural holdings to generate income and has improved production
profitability. Indirectly, this has also encouraged farmers to continue agricultural activities
and has counteracted the depopulation process in rural areas, thus having a positive impact
on the socio-economic balance of rural areas [40].

The implementation of the societal objective of sustainable rural and agricultural de-
velopment should contribute to enhancing the societal potential of rural areas by increasing
the quality of human capital and entrepreneurship. Specific measures are concentrated,
inter alia, on raising the level of education, qualifications, skills, and professional mobility
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of rural residents; digital integration; supporting the creation of non-agricultural jobs using
the endogenous potential of rural areas; preventing societal exclusion; and fostering the
societal and economic activation of rural residents. In terms of improving the living condi-
tions in rural areas, particular attention should be paid to supporting the development of
the communication and societal infrastructure to increase access to public, educational, and
cultural goods and services [41,42]. Nonetheless, the underlying objective in this category
is to ensure food security [43].

3. Materials and Methods

In order to investigate the importance of the direct-payments scheme as a tool for
supporting the sustainable development of agriculture in Poland the following partial
tasks were implemented:

(1) determining the extent to which the actual distribution of funds under the direct-
support scheme as applied in Poland differs from the distribution based on the
principle of the proportionality to the land input (i.e., the area of agricultural land
used for agricultural activities);

(2) determining how the amount of funds absorbed by individual voivodeships, being
NUTS 2 regions (NUTS 2 refers to regions belonging to the second level of the
Nomenclature of Territorial Units for Statistics of the EU [44,45]), would change if:

- an alternative single-criterion principle of the distribution of funds, referring
to the effects of agricultural activity, i.e., to the value of the agricultural market
output, were employed;

- the criterion for the distribution of funds was the value of crop-market output ad-
justed to match the degree of the environmental sustainability of this production;

(3) assessing which of the analysed options for the distribution of funds under the direct-
support scheme (distribution in proportion to the area of the utilised agricultural
land, distribution in proportion to the value of the agricultural market output) would
result, at the regional level, in an inter-regional distribution of support that would be
closest to the distribution based on the principle of the proportionality to the value of
the crop-market output obtained by observing environmental sustainability;

(4) determining whether the CAP reform implemented in 2015 has changed the way in
which the funds distributed under this scheme are allocated, in terms of promoting
sustainable agricultural production.

In connection with the implementation of the assumed goal, a mathematical method
with elements of statistical description was employed, using complete data. More specif-
ically, it was a simulation method based on variant analysis, which can be described as
the “what if” technique. For the purposes of one of the variants, a multi-criteria indicator
was constructed, including stimulants and destimulants of the level of environmental
sustainability of agricultural plant production. As the amount of support granted is deter-
mined not only by the degree of sustainability of agricultural production, but also by the
production volume, and the transfer of direct payments reduces the income gap between
farmers and other occupational groups, this simulation covered all three components of
sustainable development.

In spatial terms, the study covered Poland. Polish agriculture is characterised by a
significant fragmentation of farms, a high number of employees, and a predominance of
soils of medium and low agricultural usefulness. Poland is a country with high biological
diversity and is characterised by the diversity of its habitats and natural landscapes. A
significant portion of farmers, especially those with small-area farms, carry out production
using traditional methods, which they then allocate in significant part to the self-supply of
their families [46]. Despite this, Poland is a significant supplier of a number of agricultural,
horticultural, and animal products to the world and to Europe.

Poland is one of the leading producers of berries, mainly currants (2nd in the world
(W), 1st in the EU), raspberries (5th W, 1st EU), and strawberries (9th W, 2nd EU), and is
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also one of the largest producers of apples (4th W, 1st EU), cauliflower (9th W, 3rd EU),
and cabbage (10th W, 1st EU). Poland is also a significant producer of rye (2nd W, 2nd EU),
potatoes (10th W, 4th EU), and chicken (12th W, 1st EU) [47].

According to the results of the 2020 General Agricultural Census, there are approxi-
mately 1.317 million farms in Poland, of which 99.4% are individual farms [48]. Most of
them are located in central and eastern Poland, and the minority are in voivodeships in
the west of the country. The structure of farms is highly fragmented. In 2020, the largest
proportion were farms between 1 and 5 ha (50.4%, 50.2% in 2010), followed by farms over
10 ha (25.8%, 25.9% in 2010), 5-10 ha (21.9%, the same in 2010), and farms up to 1 ha (1.9%,
2.0% in 2010). The structure of farms in the EU was analysed at the same time: up to
5 ha—=6.1%; 5-10 ha—b5.1%; and over 10 ha—88.8% (including over 100 ha—52.7%) [49].
According to the data from Statistics Poland, about 30% of farms persist mainly from
agriculture. Characteristic for Polish agriculture is the large regional diversification of the
average size of farms. The average size of an individual farm in 2020 was 11.20 ha (9.8 ha
in 2010). In the south of Poland, a medium-sized farm has an area of approximately 5 ha,
in the north-west over 20 ha.

In 2020, the division of the most important crops was: cereals, 69% (73.3% in 2010);
rape and turnip rape, 9.1% (9.0% in 2010); sugar beets, 2.3% (1.8% in 2010); potatoes, 2.1%
(3.7% in 2010); and field vegetables, 1.3% (the same in 2010).

The soil and climatic conditions, the location of the processing industry, and the
traditions in individual regions determine the specialisation of production. In the case
of plant production, rape and turnip rape is grown on a larger scale in the western and
north-western part of the country, while sugar beet cultivation is concentrated in Kuyavia-
Pomerania, Greater Poland, and Lublin. Orchards and fruit plantations are located mainly
in the Masovia and Lublin voivodeships. Animal production is carried out mainly in the
Podlassia and Greater Poland voivodeships (cattle), Greater Poland (pigs), and Greater
Poland and Masovia (poultry) [48].

The analysis was conducted at the regional level, taking into account the administra-
tive division of Poland into sixteen voivodeships (NUTS 2 regions). The time frame of the
study covered the period 2010-2019, divided into two equal sub-periods to capture the
influence exerted by the CAP reform implemented in 2015.

The impact of agricultural holdings on the quality of the natural capital of rural areas
was determined by using a variety of statistics, such as the proportion of cereals in the
sown area; the number of crop groups; the degree of arable-land coverage with vegetation
during winter; the stocking density expressed as the number of large animals per hectare
of agricultural land; the data enabling an assessment of the ability to manage soil, organic
matter, and nutrients of mineral, natural, or organic origin; and the use of lime fertilisers
and plant-protection products [5,14,15,50-52]. The selected determinants of environmental
sustainability corresponded with crop production organisation at the farm level, which
was the important attribute of their evaluation in this regard, irrespective of farms’ location
and the natural landscape specificity where the agricultural production was conducted.
The selection of the presented indicators enabled us to evaluate all farms with agricultural
land [50] in a uniform manner. This is a particularly important issue, because in the popula-
tion evaluation of farms, the indicators applied should correspond with their organisation,
reflecting the farmers’ decisions regarding the agricultural production conducted.

Besides the approach adopted, other factors are also important in the evaluation
of agricultural sustainability and the implementation of ecoinnovation at the farm level
that are determined by farms’ location, e.g., high-nature-value areas, ecological-focus
areas, forests, and permanent grasslands [53-55]. However, in this research, all farms
were included and the environmental sustainability indicators concerned all farms with
crop production, independently of their location. The universal indicator list allowed
us to present the regional diversity based on the fundamental determinants of farms’
sustainability, resulting from agricultural production organisation. The specialisation of
regions was reflected in the values of the indicators, providing information about the
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potential pressure they put on the environment. The second premise of the selection of
indicators was the direct-payment scheme, which was mainly based on area payments.
The third important determinant of the established scope of indicators was the access to
data, collected in a uniform manner from the farm level by public statistical institutions.

For the purposes of the study, a composite indicator of environmental sustainability

of crop production in the NUTS 2 region (i.e., voivodeship) was established on the basis of
the following six sub-indicators:

@

)]

®)

@)

)

the proportion of cereals in the sown area (in %)—determines the correctness of
crop rotation and the degree of agronomic biodiversity. Narrow specialisation of
crop production (crop monoculture or crop production with low species diversity)
shows that such agricultural practices are far from those included in the principles of
sustainable agricultural development [56]. A high share of cereals in the crop structure
means that they must be sown after each other throughout a period of two, three,
or more years. Such agricultural practices prevent the use of proper crop rotation,
resulting, among other things, in the spread of diseases among crops, the growth
of weeds, a higher threat of infestation by pests, or the impoverishment of organic
matter in the soil [57]. The consequence of consecutive cereal crop production for
several years is a marked decline in their performance, which depends largely on the
cultivated species, habitat conditions, and the level of agricultural technology [58].
The share of cereals should not exceed 2/3 (the reference value) of the area [59].

the proportion of winter crops in the sown area (in %)—a composite indicator for
the assessment of land-resources use, the balance of ecosystems, and the degree of
implementation of a sustainable production system in agriculture. Vegetation cover
should be at least 1/3 of the crop area. Vegetation cover during the winter prevents
the negative impact of climatic factors such as rain and wind on soil. Growing plants
on arable land during the period between the two main crops reduces water pollution
(by reducing the risk of nitrate leaching) and protects the soil from erosion [59,60].
the proportion of small-seed papilionaceous plants and leguminous plants in the
sown area (in %)—reflects the systematic enrichment of the soil with humus. Proper
organisation of crop production should be based on multifunction crop rotation,
with soil reproductive crops, whose principal functions include providing the soil
with suitable physicochemical and biological properties (fertility), thus generating
good conditions for the growth and yield of plants, protecting against soil erosion,
preventing nutrient leaching (primarily nitrogen into groundwater and drainage), and
reducing weeds and crop pathogens, so that crop productivity can be less dependent
on the use of chemical crop protection [61].

the consumption of mineral fertilisers (in kilograms per hectare of agricultural land)—
the level of fertilisation is the source of information on the impact of agriculture on
environmental conditions, which is a consequence of the intensity and efficiency
of agricultural production measured by the level of mineral fertilisation. Nitrogen
and phosphorus compounds are considered the most serious threat generated by
agriculture, as they can enter groundwater and surface water and, in the case of
nitrogen, can also escape into the atmosphere. Unsustainable fertiliser management
poses a serious threat to the health of humans and animals. High doses of mineral
fertilisers increase the risk of their non-absorption by cultivated plants, and thus
also increase the risk of their penetration into groundwater or their release into the
atmosphere, in the case of nitrogen compounds [8,39-41].

the consumption of lime fertilisers (in kilogram per hectare of agricultural land)—the
main factor that regulates soil acidity. Most soils in Poland are by nature strongly
or moderately acidic—such unfavourable conditions for agricultural production
also escalate the processes of anthropogenic acidification [62]. The environmental
effect of soil acidification is a spatial reduction of the root system, leading to plant
dysfunction in the entire soil profile. As a consequence, increased leaching of nitrates,
chlorides, sulphates, and difficulty in the uptake of cations, mainly calcium and
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magnesium, occurs. This is particularly dangerous when unfavourable proportions of
nitrogen, phosphorus, and potassium are used in mineral fertilisers, to the detriment
of phosphorus and potassium, which underline the significance of lime use [63].

(6) the cost of plant-protection products (in EUR per hectare of agricultural land)—
one of the main important indicators that provides information about the intensity
of agricultural practices. The use of plant-protection products is associated with
environmental risks. Responsible use of pesticides is one of the most important issues
of the European Green Deal that underlines the negative pressure of chemicals on the
natural environment components [54].

The selection of indicators was dictated by substantive factors, and by the availability
of data in the public statistics. At this point, it is worth mentioning that having more
detailed information on environmentally friendly farming practices in individual farms
would require face-to-face interviews (see for example [64]). However, our study focused
on the regional (NUTS 2) level, and the index of environmental sustainability of agri-
cultural production captured the environmental sustainability of crop production in the
entire region. The individual sub-indicators making up the composite indicator were not
assigned ranks.

Three of the above-mentioned sub-indicators, i.e., the proportion of winter crops in the
sown area, the proportion of small-seed papilionaceous plants and leguminous plants in the
sown area, and the consumption of lime fertilisers, were considered stimulants, as, with the
rise in the value of each of these indicators ceteris paribus, the degree of the environmental
sustainability of plant production was also increased. A positive significance was ascribed
to crops which counteract soil erosion and which positively influence the quantity and
quality of organic matter, and also to lime fertilisation, as it allows soil pH to be regulated.

The other three sub-indicators, i.e., the proportion of cereals in the sown area, the con-
sumption of mineral fertilisers, and the cost of plant-protection products, were considered
to be destimulants, as increasing them negatively affected the level of the environmental
sustainability of crop production. A large proportion of soil-degrading crops, coupled with
the excessive consumption of mineral fertilisers and plant-protection products, adversely
affected the quality of individual components of the rural environment.

The heterogeneity of the parameters and the directions of the influence of the sub-
indicators of the environmental sustainability of crop production called for their standardi-
sation. The unification process consisted of the following transformations:

(1) for stimulants:
xj —min{x; }

)

~ max {xj} —min{x;}

(2) for destimulants:

o max{x;} — xj
4= max{xj} — min {xj} @

The standardised values of the sub-indicators were averaged for the two sub-periods
2010-2014 and 2015-2019. These average values were then used to calculate the value of
the composite indicator of environmental sustainability of crop production for the two
indicated periods, using the formula below:

S 1 -
z=- Yz 3)

where:

zi—the level of environmental sustainability of the i-th region (voivodeship);

i—the number of voivodeships (i=1, 2, ..., n; where n = 16);

j—the number of diagnostic variables, i.e., sustainability measures (sub-indicators) (j =1, 2,
... ,m,where m = 6);
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zjj—the standardised value of the j-th variable in the i-th object (voivodeship).

The composite indicator value ranged from 0 to 1, and the higher its value, the greater
the environmental sustainability of crop production in a given region. This made it a useful
tool in the comparative analysis of the environmental sustainability of crop production in
the regions.

The indicator of the environmental sustainability of crop production was used to
calculate the proportion of individual voivodeships in the value of crop-market output,
adjusted to match the degree of its sustainability.

A thematic map and a cartogram were used to present the results. The thematic map
outlined the results of the simulation of the consequences of applying three alternative
criteria for the distribution of funds under the direct-support scheme, i.e.,:

the criterion based on the proportionality to the agricultural area;

the criterion based on the proportionality to the value of the crop market output;

the criterion based on the proportionality to the value of the crop-market output
adjusted to match the degree of the environmental sustainability of this production.

The cartogram, in turn, was used to illustrate the impact of the CAP reform imple-
mented in 2015 on the inter-regional distribution of funds under the direct-support scheme.

The third of the aforementioned criteria combined the triad of sustainable develop-
ment goals: supporting farmers’ income (societal component) by means of payments linked
to the value of commercial agricultural production (economic component), according to
the degree of environmental sustainability of production (environmental component).

A limitation of the simulation method which was employed in this study was that
it disregarded the fact that a change to the distribution principles itself would initiate
corresponding adjustments to the agricultural holdings oriented towards maximising the
economic result, which would influence, to some extent, inter-regional distribution. In
other words, within the framework of the simplified simulation study, we established what
would happen if some alternative allocation criteria were applied, ignoring the feedback
between agricultural policy and the form/parameters of behavioural functions manifested
by the agricultural holdings.

The research was based on the data published by Statistics Poland and the Agency
for the Restructuring and Modernisation of Agriculture, which is a payment agency re-
sponsible for the implementation of direct payments to farmers in Poland. The data on
agricultural land area by voivodeship and the share of individual voivodeships in the
value of commercial crop production were extracted from Statistics Poland, and the data
on the amounts of funds paid in the form of direct payments to farmers from individual
voivodeships were acquired from the Agency for Restructuring and Modernization of Agri-
culture. The calculation of the composite indicator of environmental sustainability of crop
production for individual regions was based on the data published by Statistics Poland.

4. Results and Discussion

In Poland, in the last year covered by the analysis, i.e., 2019, the relatively (per unit of
agricultural area) greater support given to smaller agricultural holdings, compared with
large-scale holdings, resulted from the following elements in the direct-support scheme:

(1)  the redistributive payment—granted in respect of the number of hectares used for
agricultural purposes within the land forming part of the holding, falling within the
range (3, 30] (Article 14 of [65]);

(2) the payment reduction mechanism—whereby the amount of the single-area payment
made for a given year to a given beneficiary may not exceed EUR 150,000 (Article 19(1)
of [65]);

(3) area limits—applied in the case of payments to young farmers (50 ha) (Article 13
of [65]) and fodder plants area payment implemented under the so-called coupled
payments (75 ha) (Article 15(2b) of [65]);
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(4) rate degression—applied in the case of grain legumes area payment made under the
so-called coupled payments (the rate doubled up to an area not exceeding 75 ha)
(§ 1 point 1 of [66]);

(5) size limits—applied in the case of certain instruments implemented under the so-
called coupled payments in the animal-production sectors (the maximum number of
supported animals per holding is 20—both in the case of payments for young cattle
(Article 16(3) of [65]) and payments for cows (Article 16(4) of [65]).

The importance of individual instruments, and the scope and strength of their impact
on agricultural holdings, varies to a great extent. For example, in 2019, the application of
the redistribution payment was beneficial to agricultural holdings with an area of more
than 5.9 ha but less than 54.8 ha [67], and the payment-reduction mechanism affected
holdings with an area exceeding 1392.5 ha [67].

The presented solutions serve both the implementation of societal objectives (ensuring
decent income for small agricultural holdings, closing the income gap among farmers) and
environmental objectives (reducing production concentration).

In terms of accomplishing the environmental objectives, the following elements of the
direct-support scheme are also important:

(1) payment for agricultural practices beneficial for the climate and the environment (crop
diversification, maintaining existing permanent grassland, and having ecological
focus area on the agricultural area [68]) by means of the so-called greening payment;

(2) grainlegumes area payment;

(3) fodder plants area payment;

(4) so-called cross compliance—which was incorporated into the direct support system
in 2004 in order to motivate farmers to conduct production activities in a way that
reduces the negative impact of these activities on the environment [2].

Gocht et al. [69] conducted, using the Common Agricultural Policy Regionalized
Impact Modelling System (CAPRI) model, simulation studies to assess the effects of the
introduction of payment for agricultural practices beneficial for the climate and the en-
vironment and individual practices. According to them, CAP greening will lead to a
simultaneous small increase in prices and a small decrease in production. The ecological-
focus-area measure and the grassland measure tended to induce slightly higher economic
effects relative to the crop diversification measure. Similarly to economic effects, the envi-
ronmental impacts of CAP greening were small, although some regions may see greater
effects than others. The crop-diversification measure tended to have the lowest environ-
mental impact, while the grassland measure had mixed (both positive and negative) effects
on the reported environmental indicators. The ecological-focus-area measure had positive
impacts on most environmental indicators, except for soil erosion. Similarly, after con-
ducting research with the same method, but only for Ireland and Spain, Bubbico et al. [70]
found that the greening measures had positive but minor effects on both the environment
and the economy. Furthermore, there were considerable differences in the impact at a
regional level in Ireland and Spain. These differences stemmed from the diverse structures
in the regional agricultural sector and the distinct types of farming.

In turn, Diaz-Poblete et al. [71] conducted an ex post facto study limited to Spain
using the statistical technique difference in differences (DiD), concluding that greening
had a limited impact, its efficiency for meeting its goal was questionable, and that it was
not a sound precedent for building the new green architecture of the CAP. According
to Louhichi et al. [72] the CAP greening effect on farm income was rather small at the
aggregate level, which was the result of the fact that the majority of farms had complied
with the greening requirements from the starting point. The same conclusion, but with
reference to Poland, was previously formulated by Czekaj et al. [73]—since the majority of
Polish farms already complied with the greening requirements from the very beginning,
the impact of adaptation of the remaining farms on the income generated by the entire
farm sector was negligible. In addition, a study by Louhichi et al. [74] showed a marginal
impact of greening on farmers’ incomes and total agricultural production. Research into
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one of the agricultural practices (crop diversification) also showed a rather small impact on
the farming sector [75].

On the other hand, the results of the research on Italian specialised arable farms by
Cortignani et al. [76] indicated the greater importance of this instrument. According to
them, while the impact of the greening practices was limited in terms of land use, there
were positive effects on environmental indicators. Moreover, the system for reducing green
payments and levying administrative penalties in case of non-compliance was effective
and ensured compliance with practices in almost all farms.

In 2019 in Poland, EUR 1035.15 million was allocated to greening payment, EUR 51.76 mil-
lion for grain legumes area payment and EUR 17.25 million for fodder plants area pay-
ment [77].

Tables 1 and 2 present the descriptive statistics of the sub-indicators (components)
forming the composite indicator of environmental sustainability of crop production in
the region.

Table 1. The average non-standardised values of the sub-indicators of the crop production sustainability regarding the
sown area structure.

Proportion of Small-Seed

Proportion of Cereals in the Proportion of Winter Crops Papilionaceous Plants and
Voivodeship Sown Area in the Sown Area Leguminous Plants in the Sown
(%) (%) Area Structure
(%)
2010-2014 2015-2019 2010-2014 2015-2019 2010-2014 2015-2019

Greater Poland 74.08 73.14 50.85 48.23 3.62 297
Holy Cross 74.81 7491 42.76 4473 5.77 3.09
Kuyavia-Pomerania 67.18 66.84 48.15 42.37 497 3.49
Lesser Poland 72.31 73.71 40.20 40.74 6.56 3.24
Lodz 78.95 77.55 49.41 43.80 3.97 2.50
Lower Silesia 71.26 71.03 55.59 62.76 1.86 1.66
Lublin 76.78 74.20 42.54 48.99 3.33 1.43
Lubusz 72.57 73.38 52.10 60.55 6.34 3.95
Masovia 74.19 72.96 43.96 39.89 5.48 4.08
Opole 71.39 73.68 54.44 62.68 1.50 0.87
Podlassia 74.33 64.81 30.10 25.89 8.40 11.36
Pomerania 69.99 68.34 48.36 49.70 6.68 4.19
Silesia 79.54 78.17 48.87 52.49 3.49 3.03
Subcarpathia 72.36 74.87 41.71 47.28 7.65 2.49
Warmia-Masuria 66.69 64.51 4497 45.48 14.72 9.61
West Pomerania 67.77 67.71 50.12 58.46 9.31 5.65
Extreme min. 66.69 64.51 30.10 25.89 1.50 0.87
values max. 79.54 78.17 55.59 62.76 14.72 11.36

Source: the authors, based on data provided by Statistics Poland [78-81].

Table 1 presents the values of the components characterising the sown-area structure,
and Table 2 shows the values of the components indicating the level of intensity of crop pro-
duction. These are average values for individual sub-periods before their standardisation
using Formulas (1) and (2).

A favourable trend in the analysed period was the increasing share of winter crops
and a slight reduction in the share of cereals in the sowing structure in Poland. This
was evidenced by an increase in the maximum values in 2015-2019 relative to 2010-2014.
The quality of natural resources in Poland was also positively affected by a decrease
in mineral fertilisation, with a significant increase in calcium fertilisation. In the sub-
periods in question, however, the share of leguminous and papilionaceous plants in the
sowing structure in Poland decreased slightly, which was a trend that adversely affected
the natural capital of the countryside. On the other hand, the costs of plant protection
increased considerably, but in this case it should be remembered that this unfavourable
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tendency could result from price increases. Individual voivodeships were characterised by
large deviations in each of the factors which were taken into account in the construction
of the environmental sustainability index of production. However, the province with the
lowest environmental sustainability of crop production both in 2010-2014 and 2015-2019
was Silesia. On the other hand, the province with the highest environmental sustainability
of crop production both in 2010-2014 and 2015-2019 was Warmia-Masuria, followed by
West Pomerania.

Table 2. The average non-standardised values of the sub-indicators of the crop production sustainability regarding

production intensity.

Consumption of Mineral Fertilisers Consumption of Lime Fertilisers Cost of Plant-Protection Products
Voivodeship (kg/1 ha UR) (kg/1 ha UR) (EUR/1 ha UR)
2010-2014 2015-2019 2010-2014 2015-2019 2010-2014 2015-2019
%;f:;j 166.80 154.40 47.80 122.60 77.60 94.20
Holy Cross 101.70 100.30 10.60 18.40 66.40 81.80
Kuyavia- 169.40 176.20 62.50 64.20 77.10 94.50
Pomerania ) ' : ' : )
Lesser Poland 81.90 84.90 20.30 21.80 72.70 91.60
Lodz 137.80 136.50 35.00 47.00 71.40 89.50
Lower Silesia 170.20 162.10 72.90 82.60 74.20 94.30
Lublin 130.00 143.30 38.20 57.90 71.90 88.00
Lubusz 110.20 101.30 39.30 37.00 69.50 90.80
Masovia 115.50 113.20 29.10 79.40 79.10 86.30
Opole 210.60 196.60 100.70 131.00 73.30 94.60
Podlassia 106.90 101.30 18.10 13.60 75.90 94.30
Pomerania 142.90 146.20 57.60 47.20 74.50 92.30
Silesia 136.10 126.50 42.10 44.70 76.50 94.40
Subcarpathia 74.80 78.30 17.00 18.60 70.40 88.70
Warmia-
Masuria 111.90 102.60 40.60 48.20 66.80 92.80
West
Pomerania 127.20 131.10 75.00 62.20 68.10 91.50
Min 74.80 78.25 10.55 13.55 66.39 81.75
Max 210.60 196.60 100.70 130.95 79.12 94.57

Source: the authors, based on data provided by Statistics Poland [78-81].

The values of the composite indicator of the environmental sustainability of crop
production for individual regions in separate sub-periods are summarised in Table 3.

Table 3. The values of the composite indicator of environmental sustainability of crop production for
individual voivodeships in the analysed sub-periods.

Voivodeship 2010-2014 2015-2019
Greater Poland 0.38 0.41
Holy Cross 0.50 0.47
Kuyavia-Pomerania 0.50 0.36
Lesser Poland 0.48 0.37
Lodz 0.40 0.31
Lower Silesia 0.51 0.42
Lublin 0.38 0.39
Lubusz 0.60 0.48
Masovia 0.36 0.50
Opole 0.51 0.39
Podlassia 0.34 0.47
Pomerania 0.54 0.43
Silesia 0.33 0.30
Subcarpathia 0.54 0.41
Warmia-Masuria 0.77 0.60
West Pomerania 0.75 0.55

Source: the authors, based on data provided by Statistics Poland [78-81].

Based on the compiled data, it can be concluded that Silesia displayed the lowest
level of environmental sustainability of crop production in both sub-periods, 2010-2014
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and 2015-2019. In turn, Warmia-Masuria was characterised by the highest level of the
environmental sustainability of crop production in both these sub-periods.

The results of the simulation of the effects of applying alternative criteria for the
distribution of funds under the direct-payment scheme on the amounts of support absorbed
by individual regions are visually presented on the thematic map shown in Figure 1. The
abbreviations should be interpreted as follows:

e  UR—the criterion for the distribution of funds based on the proportionality to the
agricultural area;

e  WR—the criterion for the distribution of funds based on the proportionality to the
value of the crop-market output;

e  ZR—the criterion for the distribution of funds based on the proportionality to the
value of the crop-market output adjusted to match the degree of the environmental
sustainability of this production.

URE) |WT 9)|\ZR(%9) )
// 6 5 ]2 -4 14"*_*"/’f Warmia-Masuria—

. UR (%) |WT (%)| ZR (%)
___-West Pomerania =5 1]

UR(%) |WT (%)IZR(%)
G 1 [26 -37[59 43

UR (%)

impact of the reform (%)
Greater Pofand |~ ] 16

25 UR(%) |WT (%9)| ZR (%)
7 = 5222 -

" Lublin’
WT (%)
1 [-24 18] -

WT (%)
22 12

L Ld

Obstugiwane przez ustuge Bing
© GeoNames, Microsoft, TomTom

Figure 1. The impact of the 2015 CAP reform on the absorption of the support distributed under the direct-payment
scheme in regional terms, and the simulation of the effects of applying alternative criteria for the distribution of funds.
Source: the authors, based on data provided by Statistics Poland and the Agency for the Restructuring and Modernisation
of Agriculture.

As part of the simulation, we determined the amount by which the value of direct
payments absorbed by farmers operating in a given region (voivodeship) would have
changed had the above-mentioned alternative distribution criteria been applied. For each
of the voivodeships, the map displays two numbers referring to a given criterion, and bars
with heights proportional to the absolute values of these numbers. For positive values,
these bars are green-coloured, and are located above the horizontal axis, while for negative
values, they are red-coloured, and are located below the horizontal axis. The bars with
corresponding values relating to a given criterion which are located on the left-hand side
refer to the period 2010-2014, while those located on the right-hand side describe the period
2015-2019.
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Based on the data presented on the thematic map, the following conclusions can be
drawn:

1.  The application of the principle of the distribution of funds based on the principle
of the proportionality to the land input (UR) would lead to relatively small changes
(in the case of most voivodeships, no more than a few percent) in the levels of
funds absorbed by individual regions. In 2010-2014, the maximum decrease (12%)
would involve Opole, and the maximum increase (18%), Lesser Poland. In turn,
the application of this principle in the period 2015-2019 would cause the sharpest
decrease (9%) in the level of funds absorbed by farmers from Kuyavia-Pomerania,
while the highest increase (22%) would apply to, as in the case of the first analysed
sub-period, farmers from Lesser Poland.

2. The distribution of funds proportional to the value of crop-market output (WT) would
result in significant changes (in the case of most voivodeships, by more than 10%) in
the level of funds absorbed by individual regions. In both periods, 2010-2014 and
2015-2019, the biggest negative change (by about 45%) would pertain to Subcarpathia,
and the biggest positive change (by 39% and 52%, respectively) to Greater Poland.

3. The application of the criterion of the distribution of funds based on the propor-
tionality to the value of the crop-market output adjusted to match the degree of
the environmental sustainability of this production (ZR) would result in significant
changes (up to almost 90%) in the amounts of direct payments absorbed by individ-
ual regions. West Pomerania, Lower Silesia, and Opole would benefit most from
the application of this criterion, while it would prove unfavourable for Podlassia,
Subcarpathia, and Silesia (though to a slightly lesser extent for the latter two regions).

4. The principle of the distribution of funds based on the proportionality of the granted
support to the value of the crop-market output (WT), as well as the principle based
on the proportionality of the granted support to the agricultural area (UR), in the case
of most voivodeships would lead to changes to the absorbed amounts of funds in the
opposite direction to the principle based on the proportionality to the value of the
crop-market output adjusted to match the degree of the environmental sustainability
of this production (ZR).

In turn, the cartogram shown in Figure 1 reveals that the CAP reform, in the form that
was implemented in Poland in 2015, was not generally conducive to supporting sustainable
crop production—in many regions, the application of this reform induced changes to the
absorbed amounts of funds in the opposite direction to the changes which would have
occurred if the principle of the proportionality of allocated funds to the value of the crop-
market output adjusted to match the degree of the environmental sustainability of this
production (ZR) had been applied. More specifically, Podlassia was the biggest beneficiary
of the reform, while the distribution of funds proportional to the value of the crop-market
output adjusted to match the degree of the environmental sustainability of this production
(ZR) would mean a significantly lower total level of support for farmers operating in this
region—both in the five-year period preceding the reform and in the period 2015-2019.
However, the sharpest relative “loss” of absorbed funds caused by the reform was recorded
in Opole and Lower Silesia, for which the application of the criterion based on the degree
of the sustainability of the crop-market output would result in significantly higher amounts
of absorbed funds (in both analysed sub-periods).

The results of the present study indicate that the direct-support system has a great
potential for becoming an important policy instrument supporting sustainable agricultural
development. Overall, our findings are consistent with the conclusions of Scown et al. [82],
who argued that more support for environment- and climate-friendly practices is required
and called for the introduction of results-oriented payments, better monitoring, and more
reliable evaluation of the instruments.
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5. Conclusions

The balancing of economic, societal, and environmental objectives, which is intended
to ensure the appropriate conditions for the long-term growth of society’s prosperity,
constitutes the essence of the concept of sustainable development. The triad of sustainable-
development objectives can be formulated by referring to particular sectors of the economy,
including agriculture, and economic-policy instruments, including agricultural policy,
are also subject to assessment in terms of the extent to which they contribute to the
implementation of the sustainable-development concept.

The CAP, including the direct-payments scheme, is intended, inter alia, to facilitate
the sustainable management of natural resources, and to counteract climate change. In
consequence, it should mitigate the adverse effects of market incentives which indirectly
lead to the excessive pressure of agriculture on the natural environment.

Based on the conducted research, it was found that there was a huge potential for
improving the direct-support scheme dedicated to farmers, so that it would foster sustain-
able agriculture. The analysis at the regional level showed that the method of allocating
funds among farms used in Poland is far from the distribution of support according to
the degree of plant-production sustainability. Moreover, the CAP reform implemented in
2015 did not bring the actual distribution of aid closer to the model of distribution that
took into account the degree of sustainability of agricultural production. Nonetheless,
it appears that a possible reformulation of the scheme in such a manner that it would
become more conducive to the sustainable management of resources in agriculture should
be preceded by establishing a composite indicator of agricultural-production sustainability
(also including animal production), which would be both meaningful and practical in
its application. It is, nevertheless, anticipated that the application of a criterion for the
distribution of funds based on such an indicator would increase the administrative costs
borne by both the payment agency and the agricultural holdings themselves (inter alia, in
connection with extended information obligations and a wider scope of inspection).

A limitation of the simulation method used in this study was the omission of feedback
between the agricultural policy and the behaviours of farm holdings—changes in the
criteria for allocating funds cause appropriate adjustments on the part of farms, as a
result of which the amounts of funds absorbed by farmers from individual regions change.
However, adjustments by entities in response to changes in agricultural policy proceed
in the same direction, and differ only in pace (the more flexible a farm, the faster it reacts
to policy changes). Moreover, this effect at the regional level is less significant than at
the level of the unit (farm). For these reasons, it can be expected that the application of
this simplified method did not significantly affect the quality of the results. Regardless
of the indicated limitations of the simulation method used, it should be noted that the
agricultural production sustainability index used was limited only to plant production. By
undertaking further research in this area, one should try to overcome these limitations.
It would be valuable to extend the spatial scope of the analysis according to a uniform
methodology, which would make it possible to conduct comparative research between
countries. A barrier to the use of very content-rich sustainability indicators is the limited
scope of data collected as part of public statistics.
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