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Abstract: Ammonia (NH3) is one of the gases adversely affecting the natural environment. The greatest
contributor to emissions of this gas to the atmosphere is agricultural activity. The main objective of the
study was to assess the progress of sustainable management of ammonia emissions from agriculture
in European Union countries. The specific objectives of the article were the following: to analyse
and diagnose the level of ammonia emissions from agriculture, to study the diversity of emissions
of this gas between countries, to analyse trends in the years 2010-2017 and, above all, to assess the
relationship between the level of ammonia emissions from agriculture and the economic conditions
of EU countries. The theoretical part of the article describes the causes and effects of, as well as
preventive actions against, ammonia emissions from agriculture, whereas the empirical part analyses
the problems, trends, variations, and the impact of economic conditions on emissions of this gas in
2010-2017. To evaluate the range of problems discussed, indicators describing ammonia emission
levels Y14 and Y¢;p, as well as indicators characterising economic conditions X1, Xg2, and Xo3 have
been employed. During the study, the following indicators were analysed: ammonia emissions from
agriculture in kilograms per hectare (Y1), ammonia emissions from agriculture—percentage of total
emissions (Yip), government appropriations or outlays on research and development in agriculture
in EUR per capita (Xp1), agricultural factor income in EUR per annual work unit (AWU) (X;), and real
GDP in EUR per capita (Xp3). The source for the empirical data was information from the European
Statistical Office (Eurostat). The analysis covered 28 states of the European Union. In the article,
among others, the rate of change indices, coefficients of variation (Vs), measures of distance (D)
and range (R), coefficients of asymmetry (A) and kurtosis (K) were calculated, and correlation and
regression analysis were performed. The share of agriculture in total ammonia emissions in European
Union countries is very high and averages as high as 92%. Most of the countries maintain an upward
tendency; a disturbing fact, considering such high ammonia emissions from agriculture. Based on the
present analysis, it has also been confirmed that countries with the relatively highest levels of economy
and agricultural research and development funding in fact emit more and increasingly more ammonia
from agriculture. To avoid the intensification of the adverse effects of this phenomenon, all EU Member
States should take effective, efficient, and sustained action to reduce ammonia emission levels.

Keywords: ammonia; emissions; agriculture; environment; sustainable development; European Union;
economic conditions; economic growth

1. Introduction

One of the greatest challenges of our times is the climate crisis. The effects of global
warming are undisputable. The World Meteorological Organisation [1] has once again
announced that the last five years were the warmest in history and that 2019 was the second
hottest year, after 2016, in a series of exceptionally hot years in the whole world. According
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to the European State of the Climate [2] report, Europe is the continent that is warming the
fastest. The unfavourable climate changes are predominantly caused by rising emissions
of greenhouse gases and ammonia, also in the Baltic Sea region [3]. This is entailed by
unlimited and ubiquitous human activity. Contributors to harmful pollution of the natural
environment are the combustion of fossil fuels for energy, deforestation, decomposition of
organic matter in landfills (usually created due to wasting and throwing out food), and
other consumption waste [4,5].

Increased emissions of harmful greenhouse gases, ammonia, and other environmental
waste, including particulate matter and heavy metals, result mainly from the processes of
intensification and concentration of agricultural production [6,7]. The source of these emis-
sions is mostly an increasing consumption of the means of production, such as fertilisers,
pesticides, fuel and energy, natural fertiliser management, agrotechnical procedures, and
post-harvest residue burning [8]. As Tian et al. [9] have emphasised, the rising consumption
of nitrogen fertilisers in world food production poses a threat for the fulfilment of climate
objectives and assumptions arising from the Paris Agreement, while a rising need for food
and animal feed will intensify the increase in natural environmental pollution.

Economic growth, and in particular, the increase in intensification of agricultural
production in developed countries, is a priority and, oftentimes, the external costs of
agriculture are overlooked [10]. The hope for change is that countries are gradually taking
steps to reduce the burden on the environment. However, are all the countries of the
European Union genuinely taking effective measures to reduce emissions of harmful
pollutants from production, including agricultural production? Do all countries effectively
manage ammonia emissions from agriculture? In view of the above, the purpose of this
article was to analyse and evaluate the management of ammonia emissions from agriculture,
the trends occurring in this respect in the years 2010-2017, differences between countries,
and the impact of economic conditions on the emissions of this gas. The article analyses
the progress in the sustainable management of ammonia emissions in the European Union.
Additionally, the authors drew attention to countries with the minimum and the maximum
ammonia emission values and specified the role of Poland as an example of a country
located in the Baltic Sea region with significant importance to agriculture and the food
sector. In 2018, the global value placed Polish agriculture in seventh place in the European
Union, behind France, Germany, Italy, Spain, Great Britain, and the Netherlands [11].
The accomplishment of the objective was meant to enable verification of the hypothesis,
assuming that the lack of progress in effective reduction of the level of ammonia emissions
from agriculture is observed in all EU Member States, and an upward trend in emissions of
this gas is primarily seen in developed countries with high economic development, high
workforce productivity, and government support to agricultural research and development.
The accomplishment of the main objective of the article was preceded by a review of
literature on the causes of ammonia emissions from agriculture, resultant threats, and
actions taken to reduce the emissions of this gas.

2. Theory and Background

One of the main pollutants emitted into the Earth’s atmosphere is ammonia. Ammo-
nia (NHj3, azane, trihydridonitrogen) [12] is an inorganic chemical compound of nitrogen
and hydrogen that is formed as a result of bacterial and enzymatic processes of the de-
composition of protein substances, including amino acids, amides, urea, and uric acid.
Ammonia is a colourless, reactive gas, lighter than air, and easily soluble in water. It is
formed in a number of biological and industrial processes. It is found in trace quantities in
the Earth’s atmosphere. About 99% of ammonia comes from the decomposition of waste
organic matter [13].

Agricultural activity has been the most prominent contributor to the supply of ammonia
to the Earth’s atmosphere [14,15]. In the European Union, agriculture is responsible for over
92% of the emissions of this gas, while in Poland, this value reaches 94% [16]. The share of
other sectors in NH3 emissions is negligible. Combustion processes outside this industry emit
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2.5% of this gas: road transport—1.5%, and combustion processes within industry—1.2%. The
largest part of ammonia emissions produced in agriculture is related to livestock manure—
78%, including the use of natural fertilisers—49%. The remaining 22% of the emissions are
related to the use of mineral nitrogen fertilisers in utilised agricultural areas [17,18].

The formation of ammonia in agricultural production in a given region and its emis-
sions to the atmosphere depends on many factors. These include the type of animal species
farmed and their housing systems [19], nitrogen content in animal diets, methods of storage
of natural fertilisers, crop types as well as the type, dose, and application technology of
fertilisers used, and also weather conditions [14,20-22].

The main source of ammonia emissions is natural fertiliser in the form of slurry and
manure [23,24]. For example, in Poland, these fertilisers are produced mainly as a result
of cattle, pig, and horse farming [25]. At a farm, in livestock buildings, nitrogen losses in
the form of ammonia amount to approximately 10% [26]. At the stage of natural fertiliser
storage, ammonia losses range from 20% to 45% [27,28]. These losses, however, can be
effectively reduced by staged laying (instead of simultaneous laying over the whole area)
and pressing (compacting) the heap. Compacting and covering the manure heap might
reduce NHj3 emissions by up to 90% during the first summer storage period [27]. Losses
during natural fertiliser application on arable land range from about 15% [29] to even
95% [30,31], and on grazing land, they can amount to approximately 15% [25,30]. It is also
estimated that the ammonia losses from liquid natural fertilisers after their application
to utilised agricultural areas are much higher than from manure [29]. Incorporation of
slurry into the soil within minutes after application leads to a 70%-90% reduction of
NH; emissions. When mixed with soil within 4 h after application, the reduction of NH3
emissions is estimated to be at 45-65%, and within 24 h—at 30% [32]. Another procedure
effectively reducing NH3 emissions from slurry is slurry acidification. In Europe, slurry
acidification is commonly used in Denmark [33,34]. Studies conducted in Denmark have
shown that ammonia losses from acidified slurry after application, on average, are 50%
lower compared to unacidified slurry [35]. Nitrogen losses from slurry stored without
acidification for 6 months (winter) and 13 months (winter, spring, and summer) were 5%
and 45%, respectively, while nitrogen losses from acidified slurry were less than 1/10 of
these losses [36]. Similar results were achieved in studies conducted in Poland [37]. The
reduction of NH3 emissions depends not only on the properties of slurry and meteorological
conditions during its application but primarily on low-emission practices (techniques) of
its utilisation [15].

The remaining 22% of ammonia emissions are related to the use of mineral nitrogen
fertilisers in utilised agricultural areas [18]. Mineral fertilisers are among the most impor-
tant yield-forming factors in plant production, provided that their usage is sustainable.
Losses of nitrogen in the form of ammonia from mineral nitrogen fertilisers may vary
considerably, depending on soil and climate conditions, application technique, and type of
fertiliser applied. Losses from nitrogen fertilisers, such as ammonium phosphate, ammo-
nium sulphate, urea, and urea solutions, are estimated to be at 5-40% depending on the
conditions. On the other hand, losses from ammonium nitrate are smaller, of the order of
0.5-5% of the total amount of nitrogen used [38].

Ammonia released from nitrogen fertilisers occurs as a result of urea decomposition
under the influence of soil and air moisture, and varies depending on soil properties. It is
estimated that up to 60% of nitrogen contained in urea can be lost through volatilisation,
that is, direct evaporation from the soil surface [39]. Although ammonia is very quickly
removed from the air, owing to its very high water solubility, it can indirectly be a source
of nitrous oxide, which remains in the atmosphere for a very long time—even as long as
120 years [9,40].

Ammonia emissions may be reduced by choosing an adequate application time for
the nitrogen-containing fertiliser. Ammonia emissions are highest in warm, dry and windy
conditions. They can be reduced by optimising the application schedule. It is recommended,
among other things, to apply the fertilisers in cool and humid conditions, in the evenings,
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when wind speed and temperatures are lower, before or during light rain, as well as to
avoid application during warm weather conditions, especially during periods when the
sun is at its peak, that is, when solar radiation is strongest. This can be done in a modern
form by Application Timing Management Systems (ATMS). These are computer models
that calculate the number of fertiliser components lost during and after the application of
natural fertilisers, based on average regional environmental conditions. Potential benefits
in terms of emission reductions achievable with this solution vary depending on regional
and local soil and climate conditions [41].

Ammonia emissions from agricultural sources have a number of adverse conse-
quences; including the following, inter alia [13,42]:

e cause a loss of nitrogen in animal faeces and mineral nitrogen fertilisers,

e  contribute to the eutrophication, or over-nutrification, of the marine environment,

e contributes to the formation of acid rain, which is a threat to natural terrestrial and
aquatic ecosystems,
has a negative impact on human health,
accelerates corrosion of metal structures and sandstone buildings.

In addition, the incompetent application of fertilisers in utilised agricultural areas leads
to the over-fertilisation of plants with nitrogen, nutrient leaching and, as a consequence,
emissions of nitrogen compounds to the atmosphere [38]. The nitrogen released with
ammonia enables the rapid development of algae and cyanobacteria, which consequently
limits oxygen supply, leading to the degradation of water reservoirs. Soil acidification may
lead to a decrease in the assimilability of nutrients necessary for plant development. More-
over, this phenomenon may increase the mobility of elements dangerous to humans and
plants, mainly heavy metals, and limit the activity of microorganisms. Ammonia emitted
into the air, which may return in dry or wet precipitation, is also a toxic threat to crops
and may increase the sensitivity of crops to stress factors [22]. Therefore, it is important
to manage crops that will lead to significant advances in the sustainable development of
agroecosystems. One way is, inter alia, to increase biodiversity in agriculture [43,44].

The problem of the adverse effects of ammonia emissions was recognised in Europe as
early as the 1970s, resulting in the signing of the Convention on Long-Range Transboundary
Air Pollution, commonly known as the Geneva Convention, on 13 November 1979 [45].
The objective of the Convention was to protect people and the environment from air
pollution by reducing emissions and preventing air pollution, including the long-range
transboundary movement of pollutants. It covers pollutants such as sulphur compounds,
nitrogen oxides, ammonia, volatile organic compounds, heavy metals, persistent organic
pollutants, and particulates. Currently, the key document for reducing ammonia emissions
and achieving the European Union’s long-term policy objective of improving air quality
to a level that does not cause significant negative effects or risk to human health and the
environment is the directive of the European Parliament and of the Council of 14 December
2016 on the reduction of national emissions of certain atmospheric pollutants (known as
the NEC Directive) [46]. This directive lays down obligations for Member States to reduce
the emissions of anthropogenic pollutants into the atmosphere and requires them to draw
up, adopt, and implement national programmes to control air pollution and monitor the
emissions of the pollutants and their effects. Meanwhile, in 2017, the European Commission
Implementing Decision that established the best available techniques (BAT) conclusions for
the intensive rearing of poultry or pigs pursuant to Directive 2010/75/EU of the European
Parliament and of the Council [47] was adopted, and in 2018, the European Commission
Implementing Decision that laid down a common format for national air pollution control
programmes under the NEC Directive of 2016 [48] was adopted as well.

In order to achieve the reduction targets set out in the NEC Directive, it is necessary
to implement measures in this sector. In Poland, for example, in 2019, “kodeks doradczy
dobrej praktyki rolniczej dotyczacej ograniczania emisji amoniaku” (Advisory Code of
Good Agricultural Practice for Limiting Ammonia Emissions) was developed by the
Institute of Technology and Life Sciences in Falenty [22] to indicate the specific actions
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resulting in reduced NH3 emissions. The authors of the Code prepared guidelines for
the reasonable management of nitrogen and ammonia emissions by farmers during the
process of plant and animal production on a farm. The paper proposes nutritional methods
of limiting ammonia emissions from animal production, low-emission animal housing
systems, low-emission systems for storage and application of natural fertilisers, as well as
ways of limiting ammonia emissions during the application of mineral fertilisers. Moreover,
farmers may avail themselves of “zbior zalecerr dobrej praktyki rolniczej majacej na celu
ochrone wod przed zanieczyszczeniem azotanami pochodzacymi ze Zrédel rolniczych”
(“a collection of good agricultural practice recommendations for the protection of water
against pollution with nitrates from agricultural sources”) prepared by IUNG-PIB (Institute
of Soil Science and Plant Cultivation State Research Institute) in Putawy [49]. Furthermore,
in 2018, Poland adopted the Regulation of t he Council of Ministers on “program dziatan
majacych na celu zmniejszenie zanieczyszczenia wod azotanami pochodzacymi ze Zrédet
rolniczych oraz zapobieganie dalszemu zanieczyszczeniu” (“action program aimed at
reducing water pollution by nitrates from agricultural sources and preventing further such
pollution”) [50]. This regulation obliges all entities carrying out agricultural production,
including special sections of agricultural production, and activities involving the storage of
animal manure or application of fertilisers, to carry it out in such a way as to prevent water
pollution with nitrates. Based on the “Krajowy program ograniczania zanieczyszczenia
powietrza” (National Air Pollution Control Programme) drawn up in 2019 (Annex based
on Article 6 of Directive (EU) 2016/2284, p. 30), in particular, in regard to the reduction of
ammonia emissions, actions involving soil injection of urea-based fertilisers, the spreading
of slurry by means other than spraying, and the incorporation of manure within 12 h are to
be promoted among farmers. The NEC Directive lays down obligations for Member States
to reduce emissions of anthropogenic pollutants into the atmosphere and requires them to
draw up, adopt, and implement national programmes to control air pollution and monitor
emissions of the pollutants and their effects. For example, according to the Projection 2019,
Poland has undertaken a goal to reduce ammonia emissions by 1% each year from 2020 to
2029, and by 17% in 2030 [51].

A review of the literature on the causes of ammonia emissions from agriculture and the
resulting threats shows that agriculture plays a key role as an emitter of this gas in regard
to the idea of achieving the sustainable development goals. Agriculture plays primarily
a food function and it is impossible to replace the productive function of agriculture
with laboratory or factory methods of food production. It should be borne in mind that
reducing ammonia emissions from agriculture is very difficult, as part of the emissions
are inextricably linked to livestock farming. Apart from the measures taken to reduce
ammonia emissions, it is important to take adaptation measures. Limiting the risk related
to the impact of agriculture on climate change requires the involvement of public funds
in the development processes of this sector and monitoring the impact of the economic
development of countries on the level of harmful gas emissions by agriculture.

3. Purpose of the Article, Hypothesis, and Materials and Methods

Given the significant contribution of agriculture to the production of numerous exter-
nal expenses [10] that are negative for society and the environment, the main objective of
this study was to analyse and diagnose the progress of sustainable management of ammo-
nia emissions in rural areas of European Union states. As part of the detailed objectives,
analysis and evaluation of the following were performed: the level of ammonia emissions
from agriculture, differences between countries in the European Union in this regard,
trends in 20102017, and the relationship between ammonia emissions from agriculture
and the economic development of countries and other economic factors characterising
agriculture. The accomplishment of the objective was meant to enable the verification
of the hypothesis, assuming that the lack of progress in effective reductions of ammonia
emission levels would be observed in all EU Member States, and an upward trend in
emissions of this gas would be primarily seen in countries with the relatively highest
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levels of economic development and other economic indicators, such as GDP per capita,
workforce productivity in the agricultural sector, or government support for agricultural
research and development.

The analyses were based on available indicators, collected by the European Statistical
Office (Eurostat), used to monitor the achievement of sustainable development targets [16].
In order to attain the objectives of the article, indicators were selected and gathered and,
consequently, a database was created in Microsoft Excel and Statistica PL. A numerical
database of indicators characterising the level of ammonia emissions from agriculture
(Y014, Yo18) and indicators characterising economic conditions (Xo1, Xo2, Xo3) was prepared.
The following indicators were analysed: ammonia emissions from agriculture in kilograms
per hectare (Yy14), ammonia emissions from agriculture—percentage of total emissions
(Y1), government appropriations or outlays on research and development in agriculture
in EUR per capita (Xo1), agricultural factor income in EUR per annual work unit (AWU)
(X02), and real GDP in EUR per capita (Xo3) (Table 1). The selection of indicators was based
on an expert method that consisted of conducting discussions with independent experts
on the validity of the selection of variables. The agreements concerned both the variables
describing the level of ammonia emissions (Y14, Yo18) and economic factors (Xo1, X2, Xo3)-
The decision to select specific indicators was dependent on the availability of complete and
up-to-date data for all 28 EU countries and a positive evaluation of the selection by experts.

The indicators gathered were subdivided into dependent variables Y (Y14, Yo1p) and
independent variables X (Xo1, Xo2, Xo3). These subdivisions of indicators were used to
check whether there is a link between variations—the variation in indicators characterising
the overall economic situation of the country (GDP per capita) and the level of agricultural
income, agricultural research, development expenditure, and the variation in ammonia
emissions from agriculture in EU countries.

Information gathered by the European Statistical Office (Eurostat) was the source of
the empirical data. The analysis covered 28 European Union states. The article makes use of
abbreviations for names of the EU Member States, compliant with ISO 3166 Alpha-2 codes
developed by the International Standardisation Organisation [49]: Austria (AT), Belgium
(BE), Bulgaria (BG), Croatia (HR), Cyprus (CY), the Czech Republic (CZ), Denmark (DK),
Estonia (EE), Finland (FI), France (FR), Greece (GR), Spain (ES), Ireland (IE), Lithuania (LT),
Luxembourg (LU), Latvia (LV), Malta (MT), the Netherlands (NL), Germany (DE), Poland
(PL), Portugal (PT), Romania (RO), Slovakia (SK), Slovenia (SI), Sweden (SE), Hungary
(HU), the United Kingdom (GB), Italy (IT). [52]. During the analysis, EU countries with
the minimum and maximum ammonia emission values were described. The authors
additionally presented the role of Poland as an example of a large country located in the
Baltic Sea region with significant importance to the agriculture and food sector. The studied
period was 2010-2017.

The data were analysed statistically. The article presents the basic descriptive statistics
of the studied group of the EU countries. Among others, the rate of increase or decrease of
I;, the coefficients of variation (Vs), measures of distance (D) and range (R), the coefficients
of asymmetry (A) and kurtosis (K) were calculated, and correlation and regression analysis
were performed [53,54]. The calculation of the rate of increase or decrease of I; was intended
to express the level of increase in ammonia emissions in 2017 compared to the base year,
2010 (It = top17 — t2010 X 100 — 100). Increased values greater than zero indicate an increase
in ammonia emissions, and values lower than zero indicate a decrease in emissions. The
coefficient of variation was used to assess the variability (differentiation) of the studied
countries: Vs (V; = §/% % 100%), where X and S denote arithmetic mean and standard
deviation, respectively. The differentiation between the EU countries in terms of ammonia
emissions was significant when Vs > 10%. Other measures assessing the differentiation
between countries were the measure of distance (D = max/min) and the measure of the
range (R = max — min). The measure of asymmetry (A) was used to assess which of the EU
countries were above or below the average level of the investigated dependent variable (Y).
Histograms and measures of kurtosis were calculated in order to assess the concentration
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of results around the EU average. Correlation and regression analysis were also performed
during the study. With the help of these analyses, attempts were made to check whether
there were significant interdependencies between the dependent variables describing the
level of ammonia emissions (Yg1a, Yo18) and independent economic conditions (Xo1, Xo2,
Xp3), and whether the emissions increased or decreased with the increase in the level of
economic conditions.

Table 1. Indicators allowed for an evaluation of the progress of sustainable management of ammonia emissions from

agriculture (dependent variables—Y) and their economic conditions (independent variables—X) in EU countries (28) in

2010-2017.

Variable

Year

Variable Name Variable Description

Indicators characterising the level of ammonia emissions in agriculture in European Union countries in 2010-2017—the

effects of promoting sustainable management of resources in agriculture

Ammonia (NHj3) emissions from agriculture

The indicator measures ammonia (NHj3) emissions
as a result of agricultural production. Ammonia

Yo1a 2010-2017 in kilograms per hectare emissions per hectare were calculated using the total
& p utilised agricultural area (UAA) of the relevant year
as the denominator.
Ammonia (NH3) emissions from . . .
Yo1B 2010-2017 agriculture—percentage of total emissions The indicator tracks trends in anthropogenic

(source: EEA) [55] atmospheric emissions of ammonia by agriculture.

Indicators characterising economic situations of countries and the level of income earned from agriculture and outlays on
research and development in agriculture in European Union countries in 2010-2019

Xo1

2010-2019

Government support for agricultural The indicator refers to government appropriations

research and development in EUR per capita or outlays on research and development (R&D).

Xo2

2010-2018

The indicator is a partial labour productivity
measure of the agricultural sector. Agricultural
factor income measures the income generated by
farming, which is used to remunerate borrowed or
rented factors of production (capital, wages, and
land rents) as well as own production factors (own
labour, capital, and land).

Agricultural factor income in EUR per
annual work unit (AWU)

Xo3

2010-2019

The indicator is calculated as the ratio of real GDP to
the average population of a specific year. GDP
Real GDP per capita in EUR measures the value of total final output of goods and
services produced by an economy within a certain
period of time.

Source: own work based on [16].

4. Results

One of the indicators taken into account in the study on the progress of sustainable
management of ammonia (NHj3) emissions from agriculture in European Union countries
is the level of emissions of this gas in kilograms per hectare of utilised agricultural area
(Yo1a)- Ammonia emissions measured in this way increased on average in the EU in the
analysed period of 2010-2017 by 3.6 p.p. In 2017, ammonia emissions were 20.3 kg/ha,
while in 2010, they were 19.6 kg/ha. While the ammonia emissions evaluated using this
indicator increased in the subsequent studied years, the variation between EU countries in
this respect was decreased, which was confirmed by the calculated coefficients of variation
(in 2010, Vg = 85.5%, and in 2017, Vs = 76.8%), D (in 2010, D = 15.4, and in 2017, D = 12.6),
and R (in 2010, R = 103.5 kg/ha, and in 2017, R = 84.7 kg/ha). The country with the lowest
ammonia emissions in kilograms per hectare was Latvia (in 2017, 7.3 kg/ha), and Malta had
the highest emissions (in 2017, 92.0 kg/ha). In Poland, the ammonia emissions measured
with the Y14 indicator were close to the EU (28) average, and in 2017, they were equal to
19.9 kg/ha (Table 2).
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Table 2. Ammonia (NHj3) emissions from agriculture (in kg/ha) in 2010-2017 in EU (28) countries—statistics.
Ammonia (NH3) Emissions from Agriculture (in kg/ha)
Year 2010 2011 2012 2013 2014 2015 2016 2017 Ii2017 (2010 = 100)
EU(28) total 19.6 19.7 19.7 19.7 19.9 20.1 20.3 20.3 3.6
Ymin Latvia LV 7.2 7.1 7.2 7.3 7.5 74 7.2 7.3 14
Ymax Malta MT 110.7 99.1 100.8 100.3 99.3 98.5 94.9 92.0 —-16.9
Poland PL 19.3 19.1 18.8 19.0 18.7 18.5 18.9 19.9 3.1
Vs 85.5 80.3 80.4 80.4 79.4 78.5 779 76.8 -
D 154 14.0 14.0 13.7 13.2 13.3 13.2 12.6 -
R 103.5 92.0 93.6 93.0 91.8 91.1 87.7 84.7 -
K1 12.7 12.9 12.6 124 13.0 12.7 12.7 12.5 -
M 18.9 18.6 18.4 18.7 18.7 18.7 19.0 19.6 -
K3 30.2 30.9 314 30.5 29.6 29.9 30.6 29.6 -
Ag 24 2.1 2.2 2.2 2.1 2.2 2.0 1.9 -
K 6.9 51 6.0 59 5.6 6.0 4.6 42 -
* Key: Yyin—minimum value for the country, y,.x—maximum value for the country, Vs—coefficient of variation in % for EU (28) countries,

D—distance (max/min), R—range (max — min), K1—first quartile, M—median, K3—third quartile, As—asymmetry, K—kurtosis, I—fixed-
base index I; (2017/2010 x 100 — 100) in %. Source: own work based on [16].

92.0

\/\

Positive asymmetry (skewness) coefficients A and histograms for the dependent vari-
able Y14 clearly indicate a right-skewed distribution. Therefore, it can be concluded that
many more countries (16) had values of the analysed indicator lower than the EU average.
On the other hand, the high positive value of kurtosis, that is, a measure of tailedness of
the distribution of objects, indicates a high concentration of groupings (countries, studied
objects) around the average value, which means that the vast majority of the countries had
values of Y14 close to the EU average (Table 2 and Figure 1).

\\—

27.8 27.4 261 543
13 199 19.7 195
III'|I ”}“l)‘“mm”””“'/ 92 88 83
- 83 73
/nlll sNRY
= 8 /l\l\ l" 5NN
\,.-—
/‘
) 5

o i Pk

Figure 1. A ranking of countries according to their ammonia (NH3) emissions from agriculture in kg/ha (Yp14) in EU

countries (28) in 2017 and the fixed-base index I; (of increase or decrease) of emissions in 2017; base year, 2010 = 100. Source:

own work based on [16].

On the basis of the calculations, it can be observed that in Malta, where ammonia
emissions were relatively the highest, they decreased by as much as 16.9% compared to 2010,
which is a positive trend. However, it is alarming that the reduction in ammonia emissions
does not apply to all countries with the highest values of the indicator under consideration,
such as the Netherlands, Cyprus, Belgium, Luxembourg, Germany, or Slovenia. For example,
between 2010 and 2017, in the Netherlands, nitrogen emissions in kilograms per hectare of
the utilised agricultural area increased by 2.7%, in Luxembourg, by 4.8%, and in Germany,
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by as much as 5.8%. Interestingly, a much more frequent decrease in ammonia emissions
from agriculture measured in kilograms per hectare can be observed in countries with values
of this indicator that were much lower than the EU average, for example, Finland, Slovakia,
Greece, Estonia, and Lithuania. The countries where ammonia emissions in kilograms per
hectare in 2010-2017 increased the most were Austria (by as much as 26.6%), Hungary
(+12.9%), Ireland (+12.0%), and Spain (+11.9%). Conversely, the largest emission drops
over the studied period were recorded in Slovakia (—17.6%), Malta (—16.9%), as mentioned
above, Cyprus (—15.7%), Croatia (—15.5%), and Italy (—13.7%) (Figure 2).
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Figure 2. Fixed-base index I5 calculated for the variable Y1 5; ammonia (NHj3) emissions in kg/ha in EU countries (28) in
2017; base year, 2010 = 100. Source: own work based on [16].

The second indicator taken into account in the study on the progress of EU countries
in the sustainable management of ammonia emissions from agriculture between 2010 and
2017 is the level of ammonia (NHj3) emissions from agriculture as a percentage of total
emissions of this gas (Yo1p). As can be seen in Table 3, in 2017, as a result of agriculture, the
EU countries in total emitted as much as 92.0% of this gas as a percentage of total ammonia
emissions from all possible sources. Of concern is the fact that, with an already high share
of emissions compared to 2010, there was a slight further increase of 0.8%.

Table 3. Ammonia (NHj3) emissions from agriculture—% of total emissions in 2010-2017 in EU (28) countries—statistics.

Ammonia (NH;3) Emissions from Agriculture—% of Total Emissions

Year 2010 2011 2012 2013 2014 2015 2016 2017 Ii2017 (2010 = 100)

EU(28) total 91.3 91.5 91.6 91.7 92.1 92.0 92.0 92.0 0.8
Ymin Portugal PT 78.6 79 79.7 79.9 80.5 81.2 81.7 81.7 3.9
Ymax Ireland IE 98.3 98.4 98.6 98.7 98.7 98.8 99.0 99.1 0.8
Poland PL 93.0 93.1 93.1 93.2 93.5 93.5 93.5 93.6 0.6

Vs 53 53 52 5.0 4.8 4.6 4.6 4.7 -

D 1.3 1.2 1.2 1.2 1.2 1.2 1.2 1.2 -

R 19.7 19.4 18.9 18.8 18.2 17.6 17.3 17.4 -

K1 86.4 86.9 86.7 87.3 87.7 88.1 87.8 87.7 -

M 91.4 90.6 91.1 91.2 91.5 90.7 90.7 90.7 -

K3 93.0 93.2 93.5 93.3 94.2 93.9 93.7 93.7 -

Ag —-0.7 —0.6 —0.5 —0.5 —0.5 —0.3 —-0.2 —-0.1 -

K 0.0 —-0.2 —-0.5 -0.3 -0.3 —-04 -0.5 -0.6 -

* Key: yip—minimum value for the country, y,,x—maximum value for the country, Vs—coefficient of variation in % for EU (28) countries,
D—distance (max/min), R—range (max — min), K1—first quartile, M—median, K3—third quartile, A;—asymmetry, K—kurtosis, [;—fixed-
base index I; (2017/2010 x 100 — 100) in %. Source: own work based on [16].
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According to data from 2010-2017, the EU Member State that emitted the most am-
monia from agricultural activities was Ireland. The value of the Y¢;p indicator in 2017 for
this country was 99.1%. In Ireland, ammonia emissions from agriculture are the highest,
and in recent years (2010-2017), they have further increased by 0.8% (in 2010, emissions of
this gas amounted to 98.3%). The country that emitted relatively the least ammonia from
agriculture was Portugal. The ammonia emissions for this country in 2017 were 81.7%,
and compared to 2010, they increased significantly (by as much as 3.9%). In Poland, the
share of ammonia emissions from agriculture as a percentage of total emissions in 2017
was slightly above the average for EU countries and amounted to 93.6%. Poland also saw
a slight increase in emissions by 0.6% compared to 2010. Apart from Ireland, the countries
where agriculture accounted for the largest share of nitrogen emissions in the percentage
of total emissions were Cyprus (96.7%), Malta (95.7%), and Germany (95.0%), while the
aforementioned countries such as Portugal (81.7%), Bulgaria (84.0%), Croatia (84.6%), and
Latvia (85.0%) were on the other extreme of the ranking (Table 3 and Figure 3).
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Figure 3. Ammonia (NHj3) emissions from agriculture—% of total emissions Y¢;p in EU countries (28) in 2017 and the
fixed-based index I; (of increase or decrease) of emissions in 2017; base year, 2010 = 100. Source: own work based on [16].

The variation between EU Member States in the studied indicator Yyip in all analysed
years of 2010-2017 did not exceed Vs - 10% (maximum Vg = 5.3% in 2010, minimum V =
4.7% in 2017); therefore, it can be concluded that EU countries do not differ significantly in
terms of ammonia emissions from agriculture as a percentage of total emissions of this gas
to the environment, which means that the share of countries in the pollution of air, soil,
and water by this harmful gas as a result of agricultural production in rural areas is similar.
Based on the conducted analyses and the calculated coefficient of variation (Vy), it can be
concluded that the level of ammonia emissions from agriculture in the period of 2010-2017
was levelling out, and the already small variation between the countries in this respect was
decreasing (Table 3).

The high level of the analysed indicator Yy;p in 2017 was caused, inter alia, by its
increase since 2010 in most Member States. Only six countries noted a decrease in ammonia
emissions between 2010 and 2017: Estonia (—4.5%), Lithuania (—2.8%), Greece (—1.4%), and
the Czech Republic (—1.3%), with a slight decrease in Spain (—0.4%) and the Netherlands
(—0.2%). The remaining 22 countries saw an increase in ammonia emissions from agriculture
since 2010, which was the highest in Bulgaria (+3.8%) and Portugal (+3.9%) (Figure 4).

The calculated asymmetry (skewness) coefficients (A), which were negative, and
histograms for the dependent variable Y;p indicate a left-skewed distribution. The low
negative value of kurtosis, which is a measure of tailedness of the distribution of objects,
indicates a low concentration of groupings (countries, studied objects) around the average
value, which means that the countries are extensively scattered and poorly concentrated
around the EU average (Table 3 and Figure 5).
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Figure 4. Fixed-base index Is calculated for the variable Yy;g—ammonia (NH3) emissions from agriculture—% of total
emissions in EU countries (28) in 2017; base year, 2010 = 100. Source: own work based on [16].

Yo1a = 28*10*Normal (Average=25.3071; Sigma=19.4309)

Yo1g = 28*2*Normal (Average=90.575; Sigma=4.2555)
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Figure 5. Histograms for the dependent variables Y14 and Y(;p describing the levels of ammonia emissions by EU countries
(28) in 2017. Source: own work based on [16].

On the basis of the correlation analyses performed, it was confirmed that there is
a positive correlation, ryg1 Ayo1 = 0.472, between nitrogen emissions from agriculture in
kilograms per hectare of utilised agricultural area (Y1) and nitrogen emissions from
agriculture as a percentage of total emissions of this gas. Therefore, it follows that these
indicators describe the level of ammonia emissions by EU countries in a similar way. On
the other hand, there are no significant correlation relationships between the indicators
describing ammonia emissions and the I; dynamic indices (Table 4). The lack of correlation
between Y14 and Iiygia, as well as Y15 and ILiygig, confirmed the results obtained earlier
concerning the differences in the behaviour of the countries with respect to ammonia
emission reductions. It can be unambiguously stated that countries with high ammonia
emissions from agriculture did not emit increasingly less of it since 2010; on the contrary,
the relative increase was higher compared to other countries; for instance, such a situation
was observed in countries such as Austria, Luxembourg, or the Netherlands. Meanwhile,
some countries with relatively low ammonia emissions from agriculture still reduced their
emissions even more. Such countries were, for example, Slovakia, Estonia, Lithuania, and
Greece (Table 4).



Sustainability 2021, 13, 1035

12 of 20

Table 4. Correlations rxy between variables characterising ammonia emissions Yg;4 and Yoip and
the fixed-based indices I; for 2017 (2010 = 100) in EU countries (28) in 2017.

Variable Yo1a Yo18 Ttyora TtyoiB
Yoia 1.000 0.472 * ~0.194 0.157
Yo1B 0.472 % 1.000 0.001 —0.171
ToyoiA —0.194 0.001 1.000 0.196
Tovois 0.157 —0.171 0.19 1.000

* The correlation coefficients marked by an asterisk are significant with p < 0.05000; N = 28 (missing data was
deleted on a case-to-case basis). Source: own work based on [16].

The additional aim of the study was to determine whether there is a correlation
between economic conditions and the level of ammonia emissions from agriculture in
EU countries. Three independent variables were considered as the economic factors. The
first variable was Xg;—government appropriations or outlays to support agricultural
research and development (R&D) in EUR per capita, the second was Xgp—agricultural
factor income in EUR per annual work unit (AWU), and the third was Xoz—real GDP per
capita in EUR. The first two variables characterised economic factors related to agriculture,
whereas the third indicator was a basic measure of the level of economic development
and living standards in a country. There is a positive significant correlation between all
independent indicators X (rxp1xo2 = 0.431, rxoixo3 = 0.403, rxo3xo2 = 0.612), which means
that they convey the same or similar information about a country and its position in the
ranking. Highly developed countries also had high labour productivity in the agricultural
sector and government support to agricultural research and development (Table 5).

Table 5. Correlations rxy between independent variables Xo1, Xg2, and Xg3 characterising economic
conditions of ammonia emissions from agriculture in EU (28) countries in 2017.

Variable Xo1 Xo2 Xoz
Xo1 1.000 0.431 * 0.403 *
Xo2 0.431* 1.000 0.612%
Xo3 0.403 * 0.612 * 1.000

* The correlation coefficients marked by an asterisk are significant with p < 0.05000; N = 28 (missing data was
deleted on a case-to-case basis). Source: own work based on [16].

As Table 6 shows, there are positive correlations between the economic variables X1,
Xo2, Xo3 and the variable Y14 but the values of the correlation coefficient ryy are too low
and therefore insignificant (rxp1yo1a = 0.109, rxp2yo1a = 0.299, rxozyo1a = 0.337). This means
that the economic level of a country, labour productivity in the agricultural sector, and the
level of support to agricultural research and development do not have a significant impact
on the level of ammonia emissions from agriculture measured as kilograms per hectare of
utilised agricultural area.

Table 6. Correlations rxy between the independent variables Xg1, X2 and Xo3 and the dependent
variables Yg14 and Y (data for EU countries (28) in 2017).

Variable Xo1 Xo2 Xo3
Yoia 0.109 0.299 0.337
Yous 0.467 * 0.219 0.456 *

* The correlation coefficients marked by an asterisk are significant with p < 0.05000; N = 28 (missing data was
deleted on a case-to-case basis). Source: own work based on [16].
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The conclusion is different for the indicator measuring ammonia emissions from
agriculture—the percentage of total emissions (Y;p). An investigation of the most re-
cent available data from 2017 revealed that there are significant positive correlations
between ammonia emissions measured in this way and the economic conditions Xg; and
Xo3 (rxo1vo1B = 0.467 and rxg3yo1g = 0.456). Therefore, it can be stated that in EU countries,
there is a significant relationship between ammonia emissions from agriculture as a per-
centage of total emissions and the economic development of the country as measured in
GDP per capita. The richer the country and the higher the level of its economic devel-
opment, the more ammonia it emits from agriculture as a percentage of total emissions.
The same applies to the link between the share of ammonia emissions from agriculture
and government support to agricultural research and development. Countries that emit
significantly more ammonia from agriculture to the environment at the same time incur
significantly higher agricultural research and development expenditure. In contrast, no
link has been demonstrated between ammonia emissions from agriculture as a percentage
of total emissions Y5 and Xgp—a measure of labour productivity in the agricultural sector
(rX02Y01B = 0219) (Table 6)

The scatter plot (Figure 6) and the results of the regression analysis (Table 7) confirm
the conclusions obtained on the basis of the correlation analysis between the Yg;5 and
Xos indices. However, it should be noted that the correlation values, although significant,
in the case of the Y¢ip indicator do not fully explain the impact of the country’s GDP
per capita on the share of ammonia emissions from agriculture in the total emissions.
For example, the coefficient of determination R? = 0.208 calculated for the variables Y5
and Xgz shows only a 20% impact of GDP per capita variability (Xo3) on the variability
of the share of ammonia emissions from agriculture in the total emissions of this gas
(Yo1B)- It, therefore, turns out that all other causal sources (except GDP) had an almost 80%
impact on the level of ammonia emissions from agriculture. Therefore, it is advisable that
the regression function of one explanatory variable (Xo3) be transformed into a multiple
regression function involving more variables (Xo1, Xo2, Xo3)-

100

Yois

Xo3:Yors: Y = 87.4999 + 0.0001*x;
82 PT ry = 0.4562; p = 0.0147; R? = 0.2081

80 : : : : : : :
0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000

Xo3

Figure 6. Scatterplots of the dependent variable Y3 and the independent variable X3 (data for
EU countries (28) in 2017). Key: ryy—linear correlation coefficient; R2—coefficient of determination.
Source: Own work based on [16].
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Table 7. Summary of regression of dependent variable Y(;p with independent variable Xo3 (data for EU countries (28)

in 2017).
Summary of Dependent Variable Regression: Yq15; rxy = 0.456, R? = 0.208
Corrected R%= 0.178; F (1.26) = 6.8333, p < 0.0147 Standard Error of Estimation (SEE): 3.859
N =28 b* SEE from b * b SEE from b t (26) p
Free word 87.500 1.384 63.219 0.000
Xo3 0.456 0.175 0.000 0.000 2.614 0.015

Key: rxy—linear correlation coefficient; R2—coefficient of determination; F—F statistics; t—Student’s t statistics; b—coefficient b for the
*—BETA coefficient (standardized b coefficient); p—critical significance level. Source: own work based on [16].

independent variable;

The results obtained on the basis of multiple regression analysis (Table 8) confirmed
the correctness of including more independent variables in the analysis. The correlation
coefficient at the level rxy = 0.574 documented a significant impact of economic conditions
(Xo1, Xo2, Xo3) on the level of ammonia emissions from agriculture (Yyig). It should be
emphasized that the coefficient of determination at the level of R? = 0.329 indicated an
almost 33% impact of the variability of the economic factors taken into account during
the study on the variability of the Yy;p index. However, there were other conditions that
account for 67% of the differences in the level of ammonia emissions from agriculture in
the EU countries.

Table 8. Summary of regression of dependent variable Yy;p with independent variables Xy, Xqp, and Xp3 (data for EU
countries (28) in 2017).

Summary of Dependent Variable Regression: Yo1g; rxy = 0.574 R? = 0.329;
Corrected R? = 0.245; F (3.24) = 3.929 p < 0.0205 Standard Error of Estimation (SEE): 3.696

N =28 b* SEE from b * b SEE from b t (24) p
Free word 87.125 1.453 59.954 0.000
Xo1 0.384 0.189 0.337 0.166 2.033 0.053
Xo2 —0.209 0.219 0.000 0.000 —0.958 0.348
Xo3 0.430 0.216 0.000 0.000 1.993 0.058

Key: ryy—linear correlation coefficient; R2—coefficient of determination; F—F statistics; t—Student’s t statistics; b—coefficient b for the
*—BETA coefficient (standardized b coefficient); p—critical significance level. Source: own work based on [16].

independent variable;

5. Discussion

The concept of sustainable development, defined as a set of activities aimed at meeting
the basic needs of the population while preserving natural resources for future genera-
tions [56], has emerged in response to the increasingly dangerous interference of humans
with the natural environment. In European Union states, air pollution concerns are an
extremely important element of policy on environmental protection and the protection of
human health and life.

An endangerment risk reduction approach is one of the priorities of modern economies.
Highly developed countries have a significant share of the emissions of harmful pollu-
tants [57]. Economic growth is still a priority for most economies in the world, including
the European Union Member States. Those states operate according to a model of a linear
economy, which entails a risk for society as a result of the degradation of the natural envi-
ronment. The hope for a change in this situation is the transformation of linear economies
into circular economies. In addition, gradual actions of countries to reduce the burden on
the natural environment are continuously initiated and undertaken [58].

The impact of economic conditions, especially economic growth, on the emissions of
harmful gases into the environment has been studied by many authors. In the literature, we
can find studies verifying the hypothesis of the environmental Kuznets curve (EKC) [59],
about the inverted U-shaped relationship between GDP per capita and greenhouse gas
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emissions, or other indicators describing environmental degradation [60-62]. It turns out
that the significance of the relationship between the economic growth of countries and
the emissions of harmful gases depends on whether they are long-term or short-term
studies [60,63]. The analyses of some researchers have confirmed the hypothesis of the
Kuznets curve (EKC) [62,64,65], while it has been contradicted by others [61].

The above-mentioned authors have most often pointed to economic growth as the
cause of harmful gas emissions, while other researchers have treated a certain level of
economic development in the future as a result of the current impact of industry and
agriculture on environmental degradation [66]. Ziolo et al. [67] also dealt with the problem
of the relationship between environmental effects and economic and financial develop-
ment in the EU countries. They found that the link between financial sustainability and
environmental degradation is more relevant in converged economies than in developed
countries but increases in developed countries and reduces greenhouse gas emissions in
converged economies.

Agriculture today, like any other production activity, poses a real threat to the environ-
ment, and the release of pollutants into the atmosphere from agricultural sources is a major
environmental and economic issue. The idea of sustainable rural development addresses
environmental risks and social concerns, especially in highly developed countries [68,69].
The significant impact of the level of agricultural potential on the natural environment has
also been confirmed by other authors [70,71]. Countries with a high level of agricultural
potential, characterised, inter alia, by high land productivity and a favourable agrarian
structure, exert stronger pressure on the environment. In contrast, countries with weaker
agricultural pressure on the environment are also characterised by low and medium agri-
cultural potential with a sub-optimal agrarian structure, significantly deviating from the
EU average in terms of land productivity and yields.

Therefore, as the literature rightly emphasises, a considerable intensification and
concentration of agricultural production combined with a high level of fertilisation and
a significant stocking density (e.g., in the Netherlands and Belgium) may entail many
adverse environmental consequences [72], primarily in the form of ammonia emissions.
Similar challenges are relevant for other European countries, including Poland [28], as well
as other countries also located in the Baltic Sea region [3]. The authors pointed out that
the characteristic features and potential of agriculture in a given country have a significant
impact on the emission of harmful gases, and therefore, it would be advisable to further
study the diversity and strength of the relationship between these phenomena in the
EU countries.

In summary, most empirical research focuses on using aggregated data to investigate
levels and trends of harmful gas emissions and the relationship between emissions and
economic development or other economic factors. Some of these studies use time series
data for different time periods that are known to give unbelievable and inconsistent results.
Researchers also take into account different groups of countries (regions) for research. Then
conclusions are drawn, for example, for European countries [62,64], the Middle East and
South Asia [61,63], Tunisia [60] or others [65], and it is commonly known that these regions
differ from each other in terms of economic development and the potential of agriculture.
Therefore, as indicated above, there are many studies on this issue, but the obtained results
are inconsistent and varied, which show difficulties in comparing the obtained results and
conclusions.

6. Conclusions

Agriculture in Europe plays an important part as an emitter of ammonia, and in
recent years the adverse impact of this sector of the economy on the degradation of the
natural environment has escalated even further. On the basis of the present study, it may be
unambiguously concluded that there has been no progress in the sustainable management
of emissions of this gas by European Union countries. In 2017, compared to the situation
eight years earlier (2010), the emissions of ammonia resulting from agricultural production
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according to the Y4 indicator (in kilograms per hectare of the utilised agricultural area)
increased by as much as 3.6%, and by 0.8% according to the Yj;p indicator (percentage of
total emissions). Between 2010 and 2017, every year, agriculture in the EU was responsible
for as much as 92% of total ammonia emissions, making the subsequent and successive
increase in emissions of this gas in EU countries disturbing. In 2010-2017, the largest
share of ammonia emissions from agriculture in total emissions of this gas was recorded in
Ireland, Cyprus, Malta, and Germany, and the smallest in Portugal, Bulgaria, and Croatia.
Emissions of this gas in Poland are close to the EU average.

The analyses have shown that EU countries do not vary significantly in terms of the
share of ammonia emissions from agriculture in percentage of total emissions. The countries
with the lowest Y figures are still responsible for more than 80% of total ammonia
emissions from agriculture. Emissions of ammonia from agriculture in Poland, both in
percentage of total emissions and in kilograms per hectare of utilised agricultural area,
remain at a level similar to the EU average. In Poland, as in most EU countries, ammonia
emissions increased as well. The greatest impact on this change has been predominantly
attributed to the increase in the use of mineral fertilisers as well as natural fertilisers related
to livestock farming [18], mainly manure management in dairy cow and pig farming [9,73].

With such a high share of agriculture in ammonia emissions (Y1), one could expect
action from EU Member States, and consequently, a downward trend in emissions of this
gas over the last years 20102017 (Iyyo1g). However, the analyses performed have not
confirmed such a causal link. It turns out, for example, that in recent years, countries with
high ammonia emissions from agriculture have produced even more ammonia (e.g., Austria
and Luxembourg), while some countries with low ammonia emissions from agriculture
have reduced emissions of this gas (e.g., Slovakia, Estonia, and Lithuania).

Countries with high economic development and high levels of economic indicators
characterising agriculture emit most ammonia from agriculture. This was confirmed by the
correlation and regression analysis between the independent variables Xy1, Xg2, and Xg3
and the dependent variables Y4 and Y¢;5. Correlation values determining the existence of
a link between the variable Y¢; o and the economic conditions were found to be positive but
too low to recognise the significance of the link. However, the Xy1, Xo2, and X3 variables
and the Yg;p variable have actually shown both positive and significant correlations. Hence,
it may be clearly stated that the richer and more economically developed an EU Member
State is, the more ammonia from agriculture it emits. It also turns out that significantly
more frequently, the share of agriculture in ammonia emissions is greater in countries that
incur relatively higher expenditure on agricultural research and development compared
with other countries. It should also be emphasized that economic factors, such as GDP
per capita, government expenditure on research and development in agriculture and
labour productivity in agriculture, only in less than 33% affect the share of ammonia
emissions from agriculture, while all other factors not taken into account during the study
(determinants) had a 67% impact on the level of emissions of this gas from agriculture in
terms of total ammonia emissions.

The increase in ammonia emissions from the agricultural sector in the European
Union countries, which have been progressing since 2010, may constitute a significant
impediment to the achievement of reduction targets resulting from the Directive of the
European Parliament and of the Council of 14 December 2016 on the reduction of national
emissions of certain atmospheric pollutants (NEC Directive) and other documents [45-48,74].
At the current stage of economic development of EU Member States, actions to protect
the rural environment should be one of the basic forms of initiating the necessary changes
in agriculture, especially in livestock production. In the overall economic policy of the
European Union, environmental issues are becoming extremely important and must be
attended to rigorously. Limiting ammonia emissions from agriculture by all Member States
is essential in order to meet the requirements of the NEC Directive.

The results of the presented research indicate the existence of differences in the level
of ammonia emissions from agriculture in individual EU countries and the dependence
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between the economic development of these countries and emission levels. The work may
contribute to the continuation of the discussion on these issues among scientists, as well as a
wide range of stakeholders who decide on the future directions of agricultural development.

The authors plan to continue the analysis of ammonia emissions from agriculture in the
EU countries in the longer term and to expand the scope of the analysed indicators affecting
the phenomenon. In this article, among the independent indicators, three economic factors
were taken into account, describing the level of economic development of the studied
countries (GDP per capita), the level of state expenditure on research and development
in agriculture, and the income obtained from agricultural activities (labour productivity
in agriculture). In the future, the authors plan to expand their research on other factors
among the independent variables, such as the size of farms, intensification of agricultural
production, and the levels of food exports.
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