energies MBPY

Article

Construction and Empirical Verification of the
Agri-Environmental Index (AEI) as a Tool for Assessing the
Green Performance of Agriculture

Armand Kasztelan © and Anna Nowak *

Department of Economics and Agribusiness, University of Life Sciences in Lublin, Akademicka 13,
20-950 Lublin, Poland; armand.kasztelan@up.lublin.pl
* Correspondence: anna.nowak@up.lublin.pl; Tel.: +48-513-131-856

Abstract: In this paper, the aggregate index of green performance of agriculture (Agri-Environmental
Index (AEI)) was proposed and empirically verified. For this purpose, a taxonomic method was
used, i.e., the linear ordering method, which allows for the construction of a synthetic metric for the
assessment of performance. Based on 16 agri-environmental indicators from the Organization for
Economic Cooperation and Development (OECD) and Eurostat database, green performance indexes
were constructed for 20 European countries. The constructed indexes are based on the multi-line
impact of agriculture on the environment, with a particular focus on energy issues. During the
analyses, answers to the following research questions were sought: Is the AEI an appropriate tool for
evaluating the green performance of agriculture? What is the overall situation in this matter in EU
countries? Which areas in terms of the impact of agriculture on the environment require remedial
actions? The results of surveys show that the level of green performance in countries is still low
(an average of 0.3069). The article indicates the areas that require special attention in the context of
continuation of greening processes in the agricultural sector.
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2021, 14,45. https://dx.doi.org/ Agriculture is a sector of the economy that has special links with the natural envi-

10.3390/en14010045 ronment. These links are complex and reflect biological processes, changes in the natural

environment conditions, socio-economic factors, and agricultural and environmental pol-
Received: 25 November 2020 icy [1,2]. They are additionally compounded by a spatial variation of the impact of agri-
Accepted: 21 December 2020 culture on the environment in different countries [3,4]. On the one hand, the performance
Published: 23 December 2020 of agriculture depends on land and water resources, and on the other hand, agricultural

production often takes place at the expense of the environment (e.g., resulting in soil
Publisher’s Note: MDPI stays new-  degradation, deteriorated quality of water, reduced biological diversity, increased green-
tral with regard tojurisdictional claims  house gas emissions), which undermines environmental sustainability [1,5-8]. Industrial
in published maps and institutional  agriculture was highly efficient but generated environmental and social consequences of
affiliations. global significance [9]. Due to the need for altering the paradigm of European agriculture

after the period of industrialization, the concept of sustainable agriculture was recognized
as a priority direction of development reflected in the common agricultural policy of the
EU [10]. This gives rise to specific prospects for the development of this sector but also
to several challenges. In fulfilling its environmental sustainability mission, present-day
agriculture should integrate a wide spectrum of objectives connected with the demand for
under the terms and conditions of the  100d and agricultural commodities with the environmental challenges [8,11]. Challenges
Creative Commons Attribution (CCBY)  tO be faced by agriculture also include increased competition around alternative uses of
license (https://creativecommons.org/  the natural resources, maintaining biological diversity, food safety, and climate change
licenses/by /4.0/). mitigation [12,13]. This also means a need for constructing an adequate policy of energy
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efficiency in agriculture in which the effects of production are considered in terms of energy
expenditure and minimization of environmental impacts.

Recently, in connection with a growing interest in environmental issues, many studies
have been undertaken investigating the relationship between the economy as a whole or its
respective sectors and the natural environment. One of the research lines is environmental
(green) performance. Mutingi et al. [14] used the term ‘green performance” with reference
to supply chains. In turn, Li and Lin [15] extended this reference to include the economy
as a whole. Gallego—Alvarez et al. [16] use ‘environmental performance” and ‘environ-
mental sustainability” as alternative terms. Several papers have analyzed environmental
performance in the EU from different angles. In macroeconomic terms, the environmen-
tal performance of countries is defined as a country’s ability to produce environmental
public goods [17]. In turn, Beltran-Esteve and Picazo-Tadeo [18] evaluated environmen-
tal performance in the European Union using Luenberger productivity indicators and
DEA techniques. The environmental performance of specific countries is also assessed
based on EPI (Environmental Performance Index), which is an integrated measure of how
well they can handle environmental issues from the perspective of human health and the
ecosystem [19]. Schultze and Trommer [20] emphasize that empirical studies make use of
multiple environmental performance measures selected mainly based on practicability.

A significant research gap exists in a comprehensive assessment of this phenomenon
at the level of sectors of the economy with a key impact on the environment. Without any
doubt, agriculture can be deemed such a sector. A significant role of agriculture in imple-
menting the concept of sustainable development prompted the authors of this paper to
investigate the methods for evaluating the green performance of agriculture. In this paper,
this term is defined as all positive effects of the environmental impact of the agricultural
sector connected with preventing and reducing the emissions of pollutants, a sustainable
use of resources and measures aimed at greening agriculture (including the development
of the renewable energy sector and organic agriculture), to ensure sustainability of the
whole agroecosystem.

The relationships between agriculture and the environment are reflected by agri-
environmental indicators (AEI). They have become increasingly important for measuring
the environmental consequences of agricultural practices and monitoring of progress
towards sustainable development [1,4,21,22]. The characteristic of AEI methods is that they
provide a conceptual framework to define and bring together a set of agri-environmental
indicators [23]. The methods of evaluation based on a set of indicators were elaborated at
international [24] and domestic [25,26] level but also at regional [23] and farm [27-29] level
as well as with reference to agricultural systems [28,30]. The general framework of and
approach to the set of agri-environmental indicators were designed by the Organization
for Economic Co-operation and Development [31]. They were assigned to six groups
of indicators: soil, water, air, biodiversity, farm management, and agricultural inputs.
The indicators were used in many scientific studies for evaluating a relationship between
agriculture and the environment in selected countries [25]. Also, the European Commission,
as a result of the IRENA (International Renewable Energy Agency) operation, identified 28
agri-environmental indicators [32,33].

Considering the large diversity of agri-environmental factors, analyzing one or more
specific indicators separately does not have major advantages [11]. Although studies con-
cerning the evaluation of a relationship between agriculture and the natural environment
do exist, they are usually limited to analyzing selected aspects only such as pesticides [34],
nitrogen [35] and biodiversity [36]. On the other hand, there are no studies comprehen-
sively approaching the issues of measuring the green performance of agriculture using an
advanced set of indicators. The need for such research was also mentioned by Czyzewski
et al. [37]. In view of the above-presented arguments, the purpose of this paper is the
evaluation of the green performance of agriculture in 20 member states of the European
Union. An aggregate index using multiple variables expressed as agricultural and envi-
ronmental indicators was constructed. Therefore, this work is a genuine contribution to
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research concerning the evaluation of the environmental impact of the agricultural sector
through designing a synthetic measure—the AEI. When constructing the synthetic index
(AEI), the linear ordering method with the median and standard deviation was applied.
Thanks to this, this method is characterized by a high resistance to the occurrence of ex-
treme observations, which is particularly important from the point of view of comparative
analysis of the EU countries [38—40].

The authors try to answer the following questions: Is the Agri-Environmental Index an
appropriate tool for evaluating the green performance of agriculture? What is the overall
situation in this matter in EU countries? Which areas in terms of the impact of agriculture
on the environment require remedial actions? The following structure was adopted in the
paper. The next chapter presents the construction method of the AEI index. In the third
part, based on the values of the indexes, a comparative analysis of selected EU countries
was carried out, the results obtained were discussed and the directions for further research
were indicated. The last part contains conclusions drawn from the analyses.

2. Materials and Methods

The main aim of the research was to construct a synthetic index of green performance
of agriculture (AEI). This measure takes into account the multi-line impact of agriculture
on the natural environment, with a particular focus on energy issues. The index was
constructed using a taxonomic linear ordering method based on median and standard
deviation [41,42].

Methods of constructing synthetic measures are the subject of numerous publica-
tions [41,43-45]. Based on these foundations, the AEI index was designed by using the
following procedure [40,44]:

1.  The selection as well as construction of the partial indicators describing an agri-
environmental performance from the OECD and Eurostat database;

2. The standardization of the indicators according to their impact (stimulants/de-

stimulants) on the phenomenon studied (green performance of agriculture);

The construction of the synthetic measure; AEI indexes for respective countries;

4.  The linear hierarchization of selected EU countries, based on the AEI.

®

The problems that arise when selecting the indicators are primarily the difficulty in
their proper defining and the lack of available data. For this reason, the agri-environmental
indicators from the OECD and Eurostat databases were used. Ultimately, according to
the data availability, 16 indicators (Table 1) and 20 countries were selected for the AEI
calculation. The average values for the reference years, 2008-2017 were chosen for the
analysis. Since some agri-environmental indicators are given in absolute values, to ensure
their comparability, they were relativized, e.g., by converting them to a unit of agricultural
land area in a given country. The indicators used for designing the synthetic measure
were selected to reflect the multi-directional relations between this sector and the natural
resources (earth, water, and air).

A significant role in the adopted set of partial indicators is ascribed to energy efficiency
indicators: Total final energy consumption in agriculture and production of renewable
energy from agriculture. Taking the first of the above-mentioned indicators into account
relates to the fact that agriculture, as an energy user, contributes to the depletion of non-
renewable energy resources and to global warming through energy-related emissions [46].
In this context, the need for minimizing the expenditure of energy in the agricultural sector
has been identified [47]. Biological, technical and technological progress in agricultural
production contributes to increasing efficiency of production but at the same time leads to
increasing energy expenditure connected primarily with consumption of energy accumu-
lated in the means of production. The adopted indicator refers to the direct use of energy
by agriculture. It comprises all energy carriers used directly in the process of agricultural
production, including electricity, refined oil products, fuels derived from natural gas, and
renewable fuels [48]. The second indicator considered in the studies shows that the agri-
cultural sector both emits greenhouse gas and consumes energy but at the same time has
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a potential to generate renewable energy. Due to the wide variety of renewable energy
resources that can be processed in agriculture, this sector can play a significant role both in
generating energy and implementing the objectives of the climate policy [49].

Table 1. Indicators selected for the analysis.

Indicator Indicator Name (Unit of Measure) Stm.mlant/ Characteristic/Impact on the Environment
Symbol Destimulant
X Nitrogen balance (inputs—outputs) D a positive nitrogen balance increases the risk of soil,
1 (kg/ha) water, and air pollution
X Phosphorus balance D a positive phosphorus nitrogen balance increases the
2 (inputs—outputs) (kg/ha) risk of soil, water, and air pollution
X Total sales of agricultural pesticides D the greater the use of pesticides, the greater the risk
3 (kg/ha) of environmental pollution
X Agriculture freshwater abstraction D the greater the abstraction, the greater the pressure
4 (m3/ha) on the environment
X Irrigation area (% total agriculture S areas actually irrigated; irrigation infrastructure
5 land area) reduces water abstraction+
Irrigable area (% total agriculture areas w1th 1r.r1ga.t10n. infrastructure, but not always
X6 S irrigated; irrigation infrastructure reduces water
land area) .
abstraction
X Permanent pasture (% total S promote biodiversity, regulate biochemical cycles,
7 agriculture land area) and limit the transfer of nitrogen to waters
X Organic farming (% total agriculture S processes related to organic farming favour the
8 land area) minimization of pollution and waste
Tote}l final energy consumption in the less energy consumption, the less pressure on the
X9 agriculture D environment
(kg of oil equivalent (toe)/ ha)
Agricultural ammonia (NHs) ammonia emissions cause air pollution, negatively
X10 o . . D affecting the quality of soil and water as well as
(% of total ammonia emissions) .. .
biodiversity
Total greenhouse gas emissions from . . . .
. increase in greenhouse gas emissions contributes to
11 agriculture b the global warmin
(% of total emissions) & &
X12 Farmland Birds Index (index) S a higher index favours biodiversity
Agricultural land classified as having wind erosion fiestroys fertile toPso11 and organic
X13 . . .o S matter, deposits unwanted nutrients and salt,
low wind erosion risk (%) . .
threatening plants and animals
Agricultural land classified as having water erosion negatively affects the soil, plants, and
X14 . . o S . . . .
moderate water erosion risk (%) wildlife, as well as the water quality itself
. he hi f ion f
Renewable energy production from the higher the share of energy production from
. renewable sources, the lower the pressure on the
X15 agriculture S -
. . environment (use of non-renewable resources,
(% of total production) . . .
environmental pollution, climate change)
X Organic carbon content in arable land D high carbon deposits in the soil increase the risk of
16

(tonnes/ha)

greenhouse gas emissions

Source: own elaboration based on the OECD and Eurostat database.

Based on the characteristics of the agri-environmental indicators in the OECD and
Eurostat database [50,51], eight were considered to be larger-the-better characteristics
(stimulants) with a positive influence on the synthetic measure, and eight were regarded as
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smaller-the-better characteristics (de-stimulants) which reduced the AEI [52]. The values of
the variables describing respective countries are presented as a matrix of observations:

X=| : - M)

As the diagnostic data set contained indicators that could not be directly aggregated,
they were standardized using the zero unitarization method [53]:

For stimulants: )
b xjj — min(x;;), ?
7 max(xj), — min(x;;),

For de-stimulants:
max(x,-]-)l. — Xjj

% max(x;;), — min(x;), @)
where:

z;j is the normalized value of the j-th variable in the i-th country;

x;j is the initial value of the j-th variable in the i-th country.

This method was chosen because it was the only one that met all seven postulates
formulated with regard to the use of standardization Equations, i.e., (1) elimination of
labels describing the features; (2) order of magnitude of variables allowing comparison;
(3) equal length of the variation interval for all standardized features (constant range) and
equal lower and upper limit of their variation interval; (4) possibility of standardizing
features that are both positive and negative and features that are only negative; (5) pos-
sibility of standardizing features with values close to zero; (6) non-negativity of values
of the standardized features; (7) existence of simple formulas normalizing the nature of
features [54]. Diagnostic features standardized as described above get values from 0 to 1.
The closer to 1, the better the situation in terms of the analyzed feature, and the closer to 0,
the worse the situation. Standardization results for individual indicators and countries can
be found in Supplementary Materials, Annex S1.

The normalized values of agri-environmental indicators were the basis for calculating
the median and the standard deviation for each of the selected EU countries. The median
values were determined using the formula [38,39]:

()i A

Me; = ————— 4)

For an even number of observations, or:
Me; = z(m 41); ©)

For an odd number of observations, where:

Zi(j) is the j-th statistical ordinal for the vector (z;1, zip, ... , Zi), i=1,2,... ,1;,j=1,2,
., m.

In turn, the standard deviation values were calculated according to the following formula:

(6)

In the last step, the AEI indexes for each country were developed (Supplementary
Materials, Annex S1):
AEIL; = Me,»(l — Se,»)AEIi <1 7)
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Values of the AEI closer to 1 indicate a higher level of green performance of agriculture
for the specific country, resulting in a higher rank. This allowed the comparison of the
selected EU countries and classifying them into uniform groups according to their level of
green performance:

group I: AEI; > AEI + S high level

group II: AEI+ S > AEI; > AEI medium-high level
group Il : AEI > AEI; > AEI — S medium-low level
group IV : AEI; < AEI — S low level

where AEI is the mean value of the synthetic measure, and S is the standard deviation of
the synthetic measure.

3. Results and Discussion

The synthetic measure describing the level of green efficiency of agriculture using the
presented method was calculated for 20 member states of the European Union. Table 2
presents a division of the member states into four groups depending on the adopted value
of the measure. On the other hand, Figure 1 presents a ranking of the analyzed member
states according to the value of the aggregate measure. The studies show that the mean
AEI for the analyzed EU member states was 0.3069. It can therefore be concluded that
the level of green efficiency of agriculture in the analyzed group of EU countries is very
low. Simultaneously, a high variability in the analyzed phenomenon is noticeable between
countries covered by the study. This is demonstrated by the fact that the values of AEI
deviated from the mean value by 0.0880. The analysis of the four identified groups of
countries leads to the conclusion that group I, characterized by the highest level of eco-
efficiency of the analyzed sector, is represented by three countries, i.e., Portugal (0.4931),
Austria (0.4144) and Greece (0.4139). An identical number of countries was recorded in
the group in which the level of the analyzed phenomenon was the lowest. That group
comprised Hungary, Lithuania, and Belgium. In Belgium, as the country with the lowest
level of green efficiency of agriculture, AEI was only 0.1358. Eight countries presented a
medium-high level of agriculture eco-efficiency, including four member states that joined
the EU in 2004 or later (Slovak Republic, the Czech Republic, Slovenia, and Latvia). A
medium-low level of the analyzed phenomenon was observed for six countries. A deeper
analysis of agri-environmental indicators shows that the main problems in this regard
relate to:

e  The high share of agricultural lands classified as having high water and wind erosion
risk (average z; for 20 countries: respectively 0.1314 and 0.1383),
The irrigation (0.1890) and irrigable (0.2465) rates of agricultural land areas,
The low share of the renewable energy from agriculture (0.3059) as well as organic
farming (0.3081),

e  The high rates of agriculture sector in ammonia (NHj3) emissions.

Table 2. Classification of 20 EU member states according to the value of the AEL

Group Number Green Performance Level AEI Range Countries
I high 0.3950— Portugal, Austria, Greece
. . Slovak Republic, Czech Republic, Slovenia,
1 medium-high 0.3069-0.3950 Germany, Spain, Latvia, Netherlands, Sweden
i medium_low 0.2189-0.3069 United Kingdom, Denmark, France, Estonia,
Luxembourg, Poland
v low —0.2189 Hungary, Lithuania, Belgium
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Figure 1. Ranking of selected EU countries based on AEI.

The indicated areas require undertaking intensive corrective measures, and hence
should be especially monitored by international and national institutions to outline action
strategies for the agricultural sector in the following years.

On the other hand, areas can be identified in which very good results have been
already achieved, i.e., regarding the volume of water used for agricultural purposes
(0.8693), regarding the use of pesticides (0.8446) or phosphorus balance indicator (0.7942).
Another characteristic of agriculture in EU countries is a low consumption of final energy
(0.7476) and a low emission of greenhouse gases (0.7155).

Considering the shape of energy efficiency indicators, on the one hand a very low
share of agriculture in renewable energy production is still observed, so this indicator has
a negative impact on the overall green performance of the agricultural sector (AEI), and
on the other hand, agriculture in the analyzed EU countries features a low level of final
energy consumption, which in turn improves green performance.

Looking closer at the countries, their weaknesses and strengths regarding green
performance can be identified. Portugal, scoring best out of 20 member states of the EU,
predominantly owes its success to high scores (0.8000-1.0000) earned for 5 indicators,
including: the share of agriculture in total ammonia emissions, biodiversity of agricultural
areas, relatively low consumption of final energy in agriculture and low content of organic
carbon in arable land. On the other hand, indicators of wind and water erosion and
activities to increase the production of energy from renewable sources need to be improved.
In turn, Belgium was the country with the worst results (0.0000-0.1000) in seven areas, i.e.,
water and wind erosion risk, irrigation, and irrigable areas, farmland bird index, total final
energy consumption in agriculture and ammonia emissions from agriculture. Moreover,
the average values (0.5000) were not exceeded for nine indicators (56.3%).

The Benelux countries are characterized by a low balance of nitrogen in soil. The
Netherlands and Belgium also had the highest pesticide use indicators. In contrast, in
the south of Europe, i.e., in Greece, Spain, and Portugal, considerable amounts of water
are used for agricultural needs, which should be certainly associated with the climate
of these countries. As many as 15 out of 20 analyzed states (except Denmark, Portugal,
Spain, the Netherlands and Greece) have a low share of areas subject to irrigation processes.
Considering the structure of use of arable land, Hungary, the Netherlands, Luxembourg,
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the United Kingdom, France, and Poland were characterized by the lowest percentage of
land for organic farming. As regards the share of agriculture in final energy consump-
tion, countries with the worst score are the Netherlands, Belgium, and Luxembourg. In
turn, Denmark, France, and Lithuania have the highest indicators of greenhouse gas and
ammonia emissions.

Soil in EU member states contains about 79 billion tons of coal. The CO, storage
capacity is sensitive to climatic conditions, so there is a high risk that soils will become
the main source of greenhouse gas emissions due to global warming [55]. For this reason,
the AEI was designed using the organic carbon content in arable land. The least coal in
soil is found in Hungary, and the United Kingdom performs the worst in this respect.
In contrast, the risk of erosion by wind and/or water is a problem that bothers all the
analyzed countries to a greater or lesser degree. Taking into account the share of agriculture
in renewable energy production the leaders are the Netherlands, Belgium, and Germany,
while at the lower end of the ranking are Estonia, Sweden, and Slovenia.

When reviewing the existing literature, it is difficult to indicate studies that address
the issue of a comprehensive evaluation of the green performance of agriculture, based
on the construction of synthetic measures. The research conducted so far has focused
mainly on the selection of one or several indicators. For instance, Szuba-Barariska [56] and
Mréwczyniska-Kaminska investigated the impact of agriculture on the environment in Cen-
tral and Eastern Europe. To this end, they used selected agri-environmental indicators only,
including greenhouse gas emissions and general pollution of the environment (ammonia,
methane, nitrous oxide, and carbon dioxide). Their studies revealed that Lithuania (along-
side Romania and Latvia) was a country with the strongest negative impact of agriculture
on the natural environment. The evidence is the highest level of emissions of greenhouse
gases and air pollutants into the environment. The results of studies presented in this
paper partly corroborate these observations as Lithuania ranks second to last in terms of
green performance of agriculture. Ili¢ et al. [57] evaluated environmental performance
of agriculture in EU countries based on the EPI for the problem area—Agriculture. They
divided EU countries into three groups according to the value of EPI, taking nine problem
areas into account, and two groups according to the area of agriculture. However, the index
designed for agriculture consisted of two indicators only, i.e., nitrogen use efficiency and
nitrogen balance. Due to the narrower range of indicators involved, this study only partly
coincides with the study presented in this paper. However, the unfavorable position of
Belgium and Luxembourg is confirmed. It is worth emphasizing that Belgium is a country
with a high level of intensity of using technology in agriculture, which gives rise to several
negative consequences in the form of adverse changes in the natural environment [58]. The
agri-environmental indicators were also used by Turcekova et al. [59] for evaluating agri-
environmental performance in 27 member states of the EU. The authors applied a radial
output-oriented DEA model in their study, taking into account the following variables:
greenhouse gas emissions (as output), arable land, labor force, fertilizers consumption, and
agricultural subsidies (as inputs). It was demonstrated that Slovakia, the Czech Repub-
lic, and Poland were countries with the highest environmental performance. One of the
reasons for this fact was the low level of technology involved in agriculture. The studies
focused solely on environmental performance from the point of view of a relationship
between greenhouse gas emissions and production outlays. However, they did not provide
a full image of the level of environmental performance of agriculture. This testifies to the
reasonableness of seeking more comprehensive measures of the impact of agriculture on
the natural environment.

The proposed synthetic index method allowed for a comprehensive and unambiguous
assessment of the level of green performance of agriculture sectors. By analyzing individual
indicators in the studied countries, the authors obtained information about the strengths
and weaknesses of activities in this area in individual countries, while synthetic measures
(AEI) allowed for a comparison and general assessment of the level of this phenomenon in
the EU countries.
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The conducted analysis has indicated potential directions for further research. Due
to the large information gap, only 20 EU countries were included. Individual countries
show shortcomings in the reporting of individual agri-environmental indicators. Therefore,
an important area of research should be the development of an effective information
gathering system and the development of the existing set of indicators for an even more
comprehensive assessment of green performance of agriculture. Moreover, it would be
worth extending the existing analysis to include countries from other regions of the world
(e.g., USA, China, Japan, Australia, South American countries).

4. Conclusions

New barriers, primarily deemed equivalent to exhaustion of natural resources, ne-
cessitated the verification of economic growth paradigms towards sustainable growth.
This concept is essential for the agricultural sector that on the one hand relies on natural
resources in the production process, and on the other hand has a significant impact on
the environment. In the agricultural sector the production effects are associated with the
emergence of various environmental hazards. Environmental protection is currently one of
the priorities in EU policy and at the same time one of the major challenges for agriculture.
The environmental effects of agricultural activity have been made a part of economic and
agricultural research. An area that needs further investigation and deeper analysis is green
performance of agriculture.

The evaluation of green performance of the agricultural sector is a complex issue,
which makes it a difficult subject for analysis. As a multi-criterion concept, it requires aggre-
gate measures based on integration of various impacts of agriculture on the environment.
The added value of the research carried out lies in the development of a comprehensive
method of evaluation the green performance of agriculture sector by constructing a syn-
thetic index (AEI). The information value of this index will allow for better integration
and improvement of activities around monitoring, planning, and implementation of agri-
cultural policy assumptions. At the same time, the analysis of synthetic measures of
agri-environmental indicators made it possible to identify the strengths and weaknesses of
green performance of agriculture both at the European and national levels.

When answering the research questions posed in the paper, it should be stated that
the proposed method allows for an unambiguous assessment of the studied phenomenon,
enabling a comparative analysis between individual countries. In response to the second
question, it can be stated that the general level of green performance of agriculture is low,
as demonstrated by the average AEI value for all analyzed countries (0.3069). On the other
hand, the analysis of the average standardized values of agri-environmental indicators
shows that many aspects of agricultural activity require decisive intervention both at the
national and international level. In the upcoming years, one of the main challenges should
be increasing the share of agriculture in the production of energy from renewable sources
as well as increasing the share of organic agriculture in the crop structure. Furthermore,
dynamic action requires a high indicator of agriculture sector in ammonia (NH3) emissions.

The limitations at the research stage, including the absence of data for certain agri-
environmental indicators and/or countries, point to lines of further actions and research.
In the first place, it should be considered how the existing system for collecting data from
the member states could be improved. This will allow comprehensive analyses of AEL
In addition, dynamic changes in the conditions of functioning of the agricultural sector
will certainly necessitate developing the existing set of indicators. Further lines of research
should take into account a wider range of variables to allow more accurate assessment
of the effect of agriculture on the natural environment, especially in the context of the
implemented energy policy.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/1996-1073/
14/1/45/s1, Annex S1: Standardization of the agri-environmental indicators and the AEI calculation.
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