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ABSTRACT: The objective of this study is to evaluate the technical and environmental efficiency of agriculture in the 
member states of the European Union (EU). The research employed the DEA (Data Envelopment Analysis) method – 
a standard BCC model to measure technical efficiency and its modification, which takes into account undesirable outputs 
and makes it possible to perform an assessment of environmental efficiency in the sample countries. This study has 
demonstrated that accounting for undesirable outputs, such as greenhouse gas emissions, did not affect the consistency 
between the country rankings based on the environmental efficiency score and the technical efficiency score in countries 
where the latter was high. The relative emission level in all these countries was either low or decreased considerably 
between 2013 and 2022. On the other hand, in countries with high emissions per agricultural output, a widening gap 
between environmental and technical efficiency has often been observed. The findings of this study justify changes 
in agricultural production based on sustainable intensification and the choice of the right direction of investment in agri-
culture.  
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Introduction

Agriculture represents a distinctive sector of the economy, shaped by a complex set of interde-
pendencies that influence its development and role within the broader socioeconomic system. The 
analysis of agricultural productivity remains a fundamental area of inquiry in both economic and 
agricultural research, as it allows for the identification of factors and the magnitude of changes in the 
transformation of inputs into outputs (Baležentis et al., 2021). Agricultural productivity is widely 
recognised as an indicator of economic growth and a key determinant of sustainable development 
(Kerstens et al., 2018). In the context of a rising global population and increasing affluence in devel-
oping economies, ensuring food safety constitutes a central challenge for agriculture in the present 
and coming decades (Kryszak et al., 2023). Concurrently, agriculture is at the forefront of discussions 
on sustainable development due to its close interaction with the natural environment, wherein it 
plays both active and passive roles (Mergoni et al., 2024). This sector is frequently cited as a primary 
contributor to environmental degradation, as prevailing agricultural practices often fall short of sus-
tainability standards (Hamid & Wang, 2022). Over the past century, agricultural intensification has 
been driven by multiple factors, including public subsidies and technological innovations. However, 
increased productivity has frequently come at the cost of significant environmental externalities 
(Ait Sidhoum et al., 2023). As noted by Prandecki and Wrzaszcz (2022), there exists a feedback loop 
between agriculture and the environment: intensified agricultural activity contributes to atmos-
pheric transformations, soil degradation, biodiversity loss, and alterations in hydrological and cli-
matic conditions, all of which, in turn, affect agricultural output (Hristov et al., 2024). According to 
the European Commission (2023), the agricultural sector is responsible for approximately 10% of 
total greenhouse gas (GHG) emissions in the European Union, with livestock production accounting 
for two-thirds of this total. On a global scale, the Food and Agriculture Organisation (FAO) estimates 
that agriculture contributes around 20% of total GHG emissions. Moreover, global agriculture occu-
pies 37% of the land area and consumes roughly 70% of freshwater resources (FAO, 2020), highlight-
ing its considerable ecological footprint and role in climate change (Gallardo, 2024).

Despite these adverse impacts, agriculture also provides significant public goods to society, many 
of which are linked to the ecological condition of rural landscapes. Numerous studies have confirmed 
a positive correlation between the provision of such environmental public goods and eligibility for 
compensatory payments to cover associated opportunity costs (Maśniak, 2019; Viaggi et al., 2021; 
Villanueva et al., 2017; Wittstock et al., 2022). Within the European Union, the Common Agricultural 
Policy (CAP) plays a crucial role in supporting agricultural practices that deliver environmental ben-
efits, with a growing emphasis on environmentally oriented measures. Notably, the CAP is subject to 
periodic revisions to align with evolving policy priorities (Lefebvre et al., 2014). 

Efficiency analysis has become a key tool in economic research, offering insights into the factors 
and scale of transformation processes from inputs (e.g. labour, capital) into outputs (e.g. value added) 
(Baležentis et al., 2017). Maintaining high efficiency in agriculture is a fundamental prerequisite for 
transitioning from conventional, industrial models of production toward more sustainable growth 
paradigms (Czyżewski & Smędzik-Ambroży, 2017). Numerous studies emphasise the role of effi-
ciency as a critical indicator of sectoral competitiveness (Latruffe, 2010; Rodzinka et al., 2021). 
Accordingly, efficiency analyses have been widely applied in evaluating agricultural performance 
within the EU (Baráth & Fertő, 2017; Rodzinka et al., 2021). However, relatively few studies have 
integrated environmental factors into these evaluations, which remains a critical gap in the literature. 
This issue is further elaborated in the literature review. Integrating environmental considerations 
into agricultural efficiency assessments is particularly relevant for policymaking, especially given 
current challenges such as increased competition for scarce natural resources, biodiversity conserva-
tion, food security, and climate change mitigation (Hamid & Wang, 2022). Additionally, substantial 
heterogeneity across EU member states in terms of agricultural practices, resource endowments, and 
environmental impacts justifies the need for country-level comparative analyses (Pawlewicz & 
Pawlewicz, 2018; Adamičková et al., 2024). 

In light of  the above considerations, the present study addresses the following research ques-
tions: How can agricultural efficiency be assessed while incorporating environmental interactions? 
What is the current level of environmental and technical efficiency in the agricultural sectors of EU 
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member states? Are there differences between technical and environmental efficiency across individ-
ual countries, taking into account their division into the group of old and new member states?? To 
answer these questions, this study employs a non-parametric DEA model that incorporates green-
house gas emissions as an undesirable output. This methodological framework enables the joint 
assessment of production and environmental efficiency across countries. The contribution of this 
paper is twofold. First, it proposes a more comprehensive approach to agricultural efficiency analysis 
by integrating environmental externalities. Second, it aligns with contemporary EU policy trends 
focused on reducing the environmental and climatic impacts of agriculture through pro-environmen-
tal and sustainability-oriented measures.

Literature review

Productivity analysis constitutes a significant area of economic research within the agricultural 
sector. It is also one of the key indicators used to evaluate the level of agricultural development 
(Bureau & Antón, 2022). Among the most commonly employed measures are labour productivity 
indices (Jaroszewska & Pietrzykowski, 2017; Kijek et al., 2020) and the synthetic Total Factor Pro-
ductivity (TFP) index (Baráth & Fertő, 2017; Baležentis et al., 2021). A widely used tool in both static 
and dynamic efficiency1 assessments of agriculture is the Data Envelopment Analysis (DEA) method 
(Lin et al., 2022). Agricultural activity, like many other economic processes, generates undesirable 
externalities, such as environmental pollution. Traditional theories of economic growth typically 
excluded these external effects when constructing TFP measures (Hamid & Wang, 2022). As a result, 
sectors that are economically efficient may not necessarily demonstrate environmental efficiency. 
This is particularly true for agriculture, which is a major emitter of greenhouse gases. In the context 
of climate change and the imperative for sustainable growth, environmental aspects are increasingly 
being incorporated into models that underpin production economics research (Baležentis et al., 
2021). 

In response to these challenges, the Organisation for Economic Co-operation and Development 
(OECD, 2020) introduced a sustainable productivity framework. This tool enables the evaluation of 
long-term productivity performance as well as environmental sustainability outcomes at the country 
level. According to this framework, agricultural production is rooted in biological processes that com-
bine natural resources – referred to as “natural capital” – with other inputs. For productivity growth 
to be sustainable, it must be resilient to climate change and consider greenhouse gas emissions 
alongside other environmental consequences of production (OECD, 2023). Agri-environmental indi-
cators are increasingly used to evaluate the interactions between agriculture and the environment. 
For example, Turčeková et al. (2015) applied such indicators to assess agri-environmental perfor-
mance in 27 EU countries. In a related context, Nowak and Kasztelan (2022) introduced the concept 
of green competitiveness in agriculture, which they defined as the ability to achieve competitive 
advantage based on environmental potential and its sustainable use in management processes.

As previously mentioned, DEA remains a prominent tool for evaluating the efficiency of agricul-
tural production. The most frequently used models are based on assumptions of constant (CCR) or 
variable (BCC) returns to scale (Staniszewski & Matuszczak, 2023). DEA’s major advantage lies in its 
ability to handle multiple inputs and outputs without the need to specify a production function, which 
makes it particularly well-suited for measuring the relative efficiency of agricultural systems (Mer-
goni et al., 2024). In its original form, the DEA model assumes that all outputs are desirable. However, 
to evaluate environmental efficiency, it is necessary to account for undesirable outputs – such as 
pollution or emissions – arising from production activities. In this context, Färe et al. (2007) and 
Chung et al. (1997) proposed models that incorporate directional distance functions, enabling the 
simultaneous consideration of both desirable and undesirable outputs in the efficiency framework. 
This modification allows for a more nuanced understanding of how inputs and outputs can be 
adjusted to improve environmental performance without compromising productivity, which is essen-
tial in efforts to reduce emissions and other pollutants in agriculture. Thus, DEA models that include 

1	 TFP indices are used to compare changes in technical efficiency, including: Malmquist TFP Index, Fare-Pri-
mont TFP index.
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undesirable outputs provide a more comprehensive and realistic approach to measuring environ-
mental efficiency (Mergoni et al., 2024). A bibliometric analysis by Streimikis and Saraji (2022) 
revealed that Chinese researchers have made significant contributions to the application of DEA for 
environmental efficiency assessment in agriculture. Noteworthy examples include the studies by 
Feng et al. (2017) and Li and Lin (2017), who assessed green development performance using the 
Green Development Performance Index (GDPI), based on DEA models and panel data from 41 regions 
(165 subregions), to explore global patterns of green efficiency and their determinants. In another 
study, green productivity in China was assessed using two versions of TFP – adjusted for energy and 
for both energy and CO₂ emissions – using a superefficient DEA framework. Environmental TFP stud-
ies also make use of Malmquist and Malmquist-Luenberger indices to examine the roles of technical 
efficiency and technological change (Hamid & Wang, 2022; Staniszewski & Kryszak, 2022). Baležen-
tis et al. (2021) developed an extended production model that integrates pollution-generating sub-
technologies with the Luenberger-Hicks-Moorsteen environmental efficiency index, which uses 
directional distance functions. This approach facilitated the estimation of green economic growth in 
the agricultural sector, although the analysis was limited to selected European countries. A recent 
study by Mergoni et al. (2024) investigated the relationship between efficiency, sustainable develop-
ment, and environmental risk in the European agricultural sector. The authors constructed three 
multidimensional indices based on DEA and DEA-like approaches. However, their analysis encom-
passed only 20 EU countries. Similarly, Staniszewski and Czyżewski (2018) examined the economic 
and environmental efficiency of agriculture using DEA, focusing on structural determinants of effi-
ciency in a panel regression framework, without exploring cross-country differences. These limita-
tions underscore a clear research gap in assessing the long-term environmental efficiency of agricul-
ture across all EU member states. 

Efforts to increase productivity are often associated with mechanisation and the intensified use 
of fertilisers and agrochemicals, which may exacerbate environmental degradation. However, pro-
ductivity growth can also be driven by innovation and technological change, providing viable path-
ways for meeting agri-environmental challenges while enhancing efficiency (Bureau & Antón, 2022). 
As a result, the concept of economic-environmental efficiency is gaining prominence as a guiding 
principle in EU agricultural policy. A key objective of the Common Agricultural Policy (CAP) is to 
balance environmental and economic goals in agricultural production (Guy & Lakner, 2020; Domagała, 
2021). This objective provides strong justification for undertaking research that simultaneously 
addresses agricultural efficiency and environmental sustainability.

Research methods

The environmental efficiency of the agricultural sector was assessed using the Data Envelopment 
Analysis (DEA) method. DEA is a non-parametric technique based on linear programming, widely 
applied for evaluating the relative efficiency of decision-making units (DMUs) that utilise multiple 
inputs to produce multiple outputs. A DMU is deemed efficient if it lies on the so-called efficient fron-
tier, representing the best-performing units in the sample. Conversely, units that lie below this fron-
tier are considered inefficient. DEA models can be classified according to two primary criteria: orien-
tation (input- or output-oriented) and returns to scale (constant or variable). The CCR model, devel-
oped by Charnes et al. (1978), is input-oriented, assuming constant returns to scale and focusing on 
minimising input usage to achieve a given level of output. In contrast, the BCC model, introduced by 
Banker et al. (1984), is output-oriented, assumes variable returns to scale, and seeks to maximise 
outputs for a given set of inputs. However, when undesirable outputs – such as greenhouse gas emis-
sions or other pollutants – are present, the standard DEA models may yield misleading results. In the 
traditional BCC framework, an increase in outputs, regardless of their nature, is interpreted as a sign 
of improved efficiency. Therefore, this approach is unsuitable when outputs include elements that 
negatively impact environmental performance. To address this limitation, Seiford and Zhu (2002) 
proposed a modification of the BCC model that allows for the incorporation of undesirable outputs. 
Their approach involves a linear transformation whereby undesirable outputs are multiplied by (−1), 
converting them into inputs from a modelling perspective. Additionally, a translation vector w is 
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introduced to ensure that all transformed outputs remain non-negative, thereby enabling the use of 
standard linear programming techniques.

In the standard output-oriented BCC model, Farrell’s relative output efficiencies of DMUs can be 
obtained by solving linear programming (LP) for each DMU. The Farrell’s output efficiency measure 
is the maximum feasible radial expansion of all the outputs of a DMU without increasing the con-
sumption of its inputs in order to reach the efficient frontier (i.e. a piecewise linear surface  con-
structed from those DMUs that are deemed most efficient). The modified output-oriented BCC model 
that allows the expansion of desirable outputs and the contraction of undesirable outputs can be 
expressed in the following form (Seiford & Zhu, 2002):

The analysis was conducted on a sample of 27 European Union member states, which served as 
DMUs. The calculated technical efficiency scores (based on the standard output-oriented BCC model) 
and environmental efficiency scores (based on the output-oriented BCC model with undesirable out-
puts) enabled the development of rankings for the countries under study. Due to the presence of 
several efficient DMUs (with an efficiency score equal to 1) in both classifications, the tied rank 
method was applied to rank the member countries.

 The input and output data for agricultural production were collected for the years 2013 and 
2022, based on publicly available datasets from EUROSTAT. The selected time frame reflects the most 
recent EU enlargement, which occurred in 2013 with the accession of Croatia, and allows for a com-
parative, dynamic assessment of changes in both technical and environmental efficiency over a ten-
year period. The set of variables used in the DEA model, along with their respective codes as provided 
in the EUROSTAT database, is presented in Table 1. 

(1)

max ℎ 
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𝑧𝑧𝑗𝑗 ≥ 0 𝑗𝑗 = 1,2,3 … , 𝑛𝑛 
where: 

ℎ –  efficiency score (the expansion rate of outputs to reach the efficient frontier), 
𝑦𝑦𝑗𝑗

𝑔𝑔  –  vector of desirable outputs, whose rth component 𝑦𝑦𝑟𝑟𝑟𝑟  is the amount of output r  
 produced by DMUj, 
𝑦̅𝑦𝑗𝑗

𝑏𝑏–  vector of undesirable outputs, whose sth component 𝑦𝑦𝑠𝑠𝑠𝑠  is the amount of undesirable  
 output s produced by DMUj for which 𝑦̅𝑦𝑗𝑗

𝑏𝑏 = −𝑦𝑦𝑗𝑗
𝑏𝑏 + 𝑤𝑤 > 0 

𝑥𝑥𝑗𝑗  –  vector of inputs, whose ith component 𝑥𝑥𝑖𝑖𝑖𝑖is the amount of input i used by DMUj, 
𝑥𝑥0 –  input vectors of DMUo under evaluation, 
𝑦𝑦0–  output vectors of DMUo under evaluation, 
𝑧𝑧𝑗𝑗  –  weights. 
 

 

Figure 5. Difference in position in the ranking of environmental efficiency versus technical efficiency in 
2013 and 2022  
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Table 1. Variables characterising the inputs and outputs in agricultural production 

Inputs  
and outputs Symbol Variable Unit Data source Eurostat codes

production X1 Production value at constant prices 
(2015 = 100) Million euros Eurostat aact_eaa03__custom_12850731

land X2 Utilised agricultural area [UAA] 1000 ha Eurostat apro_cpsh1__custom_15279859

labour X3 Total labour force input 1000 annual work units (AWU) Eurostat aact_ali01__custom_12850882

capital X4 Total intermediate consumption values 
at constant prices (2015 = 100) Million euro Eurostat aact_eaa03__custom_12850781

undesirable 
outputs X5 Greenhouse gas emissions in CO2  

equivalent Thousand tonnes Eurostat env_air_gge__custom_15280417

The value of agricultural production output was measured in constant 2015 prices (million EUR), 
in accordance with EUROSTAT methodology. It should be noted that gross value added was not used 
as a production effect because it measures the value of production minus the intermediate consump-
tion of goods and services used in that production (Megyesiova, 2021). Therefore, this would prevent 
the inclusion of the intermediate consumption variable as input-expressing capital. Instead, this 
measure is successfully used to calculate labour productivity (Gołaś, 2019; Megyesiova, 2021). In line 
with the classical three-factor production function – land, labour, and capital (Floriańczyk & Rembisz, 
2023) – all three inputs were incorporated into the analysis, as their level and structure in individual 
countries fundamentally determine the scale and composition of agricultural production (Pawlak et 
al., 2021). Land input was measured as the total utilised agricultural area (in hectares). Labour input 
was captured by the number of annual work units (AWU), i.e. full-time equivalent employment in 
agriculture. It is worth noting that excessive labour input may constrain labour productivity growth 
and hinder progress towards the broader goals of economic sustainability in agriculture (Kołodzie-
jczak, 2018). Capital input was represented as a flow variable – the cost of intermediate consumption 
– due to the lack of harmonised cross-country data on fixed assets in EUROSTAT. In accordance with 
the official methodology, intermediate consumption includes all goods and services used up in the 
production process, excluding fixed capital formation. These inputs are either transformed or entirely 
consumed during the production cycle. The undesirable output in the model was represented by 
greenhouse gas emissions, expressed in CO₂ equivalents (CO₂-eq), including carbon dioxide (CO₂), 
methane (CH₄), and nitrous oxide (N₂O). These emissions serve as a key environmental pressure 
indicator in agriculture and have been widely used as negative outputs in assessments of environ-
mental efficiency (Pishgar-Komleh et al., 2021; Li et al., 2024).

As highlighted by Staniszewski and Matuszczak (2023), the literature shows methodological 
diversity in the treatment of GHG emissions – some studies treat them as inputs, while others classify 
them as undesirable outputs, depending on the modelling framework and research objective. Accord-
ing to the European Environment Agency (2025), the primary sources of GHG emissions in EU agri-
culture are: methane from enteric fermentation (49%), nitrous oxide from agricultural soils (30%), 
and methane from manure management (17%). The remaining sources contribute less than 5% to 
total agricultural GHG emissions. These gases are recognised as significant contributors to climate 
change (Doğan & Kan, 2024), underscoring the importance of including them in the assessment of 
environmental efficiency. A review of existing studies shows that greenhouse gas (GHG) emissions 
are the most commonly used undesirable output in such analyses (Baležentis et al., 2021; Pish-
gar-Komleh et al., 2021; Alem, 2023). However, alternative environmental pressures, such as pesti-
cide and mineral fertiliser use, have also been incorporated into analytical models on the input-side 
(Li et al., 2024; Peng et al., 2024). Given that the authors focus on undesirable outputs, no suitable 
alternative to the applied variable (GHG emissions) was identified for the calculations. Although 
other environmental impacts of agricultural production exist – including soil erosion by water – the 
most recent statistical data for this indicator ends in 2016. The inclusion of the Farmland Bird Indi-
cator (related to biodiversity) was also considered. This composite index measures the rate of change 
in the relative abundance of common bird species at selected sites. However, in this case, data availa-
bility was fragmented. Therefore, considering that GHG emissions from agriculture are associated 
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with both crop and livestock production, the choice of this variable appears to most comprehensively 
reflect the undesirable outcomes of agricultural activity.

Results of the research

The initial stage of the study focused on evaluating the spatial heterogeneity of greenhouse gas 
emissions from agriculture across EU member states. The agricultural sector is one of the key con-
tributors to GHG emissions and plays a significant role in shaping climate change trajectories (Doğan 
& Kan, 2024). Reducing emissions from agriculture and industry remains a critical challenge for EU 
countries in the context of climate policy and sustainable development goals (Murawska & Goryńs-
ka-Goldmann, 2023). The diversity in agricultural structures, resource endowments, production 
technologies, and efficiency levels across the EU significantly influences the spatial distribution of 
emissions (Domagała, 2021). To ensure comparability, all GHG emissions were converted into CO₂ 
equivalents, in line with international standards. As reported by Luksta et al. (2024), the energy sec-
tor remains the dominant source of GHG emissions within the EU (66.5%), while agriculture accounts 
for approximately 13.5% of total emissions. Figures 1 and 2 present the levels of agricultural GHG 
emissions across EU countries for the years 2013 and 2022, respectively. Given the complementary 
relationship between agricultural production and pollution, relative indicators – such as emissions 
per unit of production output – were used to standardise comparisons across countries with varying 
agricultural capacities. According to EUROSTAT (2024), the highest absolute emissions from agricul-
ture in 2022 were recorded in France and Germany, which also represent the largest contributors to 
total EU agricultural output. These two countries jointly emitted 116,994.1 thousand tonnes CO₂-eq, 
accounting for approximately 32% of total agricultural emissions in the EU. Other major emitters in 
absolute terms included Spain, Poland, and Italy. However, when emissions were expressed relative 
to agricultural output, the emission intensity was not highest in France and Germany. This highlights 
the importance of adopting relative metrics for a more accurate assessment of environmental effi-
ciency. Notably, France and Germany recorded some of the most significant emission reductions in 
the period 2013–2022 by approximately 10%. Italy also achieved a reduction of 6.3%. In contrast, 
Poland, Spain, and several new member states experienced an increase in total GHG emissions from 
agriculture during the same period. Among the post-2004 EU members, only Croatia, Lithuania, Slo-
vakia, and Romania achieved measurable reductions in agricultural emissions. An analysis of GHG 
emissions per unit of agricultural output, as illustrated in the figures, reveals that in 2013, the highest 
relative emission levels were observed in Ireland, Estonia, Latvia, Czechia, Lithuania, Finland, and 
Luxembourg. By 2022, these countries – excluding Lithuania – continued to rank among those with 
the highest relative emissions. The dynamics of relative emissions indicate that from 2013 to 2022, 
only four new member states – Bulgaria, Romania, Hungary, and Malta- experienced an increase in 
GHG emissions per production output. The most notable growth was recorded in Malta, where rela-
tive emissions rose by 20.6% over the decade.

The subsequent stage of the study involved an assessment of both technical efficiency (excluding 
environmental externalities) and environmental efficiency (including GHG emissions) of agriculture 
across the EU-27. The analysis employed the DEA method, allowing for the estimation of relative 
efficiency scores for each country within the comparative set. Table 2 presents EU member states 
ranked according to their technical efficiency scores. These scores reflect the ability of each DMU to 
transform inputs into desirable outputs, independent of any environmental impacts. A score of 1 indi-
cates that a country lies on the efficiency frontier, representing best practices within the dataset. 
The results indicate that in 2013, six countries achieved full technical efficiency (France, Luxembourg, 
Malta, the Netherlands, Germany, and Italy), while in 2022, this group expanded to ten countries. 
The  additional efficient countries included Spain, Denmark, Cyprus, and Belgium, suggesting an 
improvement in agricultural production practices in these economies over the decade. At the oppo-
site end of the spectrum, the lowest efficiency scores in both 2013 and 2022 were consistently 
recorded by Estonia, Slovakia, and Latvia. These countries, located predominantly in Central and 
Eastern Europe, exhibit persistent structural inefficiencies in their agricultural sectors. 
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Figure 1. Greenhouse gas emissions per production in 2013

Figure 2. Greenhouse gas emissions per production in 2022
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Table 2. Technical efficiency of agriculture in EU member states in 2013 and 2022

Member state
2013

Member state
2022

Technical 
efficiency Rank position Technical 

efficiency Rank position

Italy 1 3.5 Netherlands 1 5.5

France 1 3.5 Spain 1 5.5

Luxembourg 1 3.5 Italy 1 5.5

Malta 1 3.5 Denmark 1 5.5

Netherlands 1 3.5 France 1 5.5

Germany 1 3.5 Cyprus 1 5.5

Denmark 0.992 7 Luxembourg 1 5.5

Spain 0.968 8 Malta 1 5.5

Greece 0.945 9 Germany 1 5.5

Cyprus 0.942 10 Belgium 1 5.5

Belgium 0.848 11 Greece 0.936 11

Croatia 0.790 12 Croatia 0.871 12

Austria 0.789 13 Slovenia 0.854 13

Bulgaria 0.772 14 Bulgaria 0.843 14

Slovenia 0.762 15 Austria 0.829 15

Sweden 0.755 16 Sweden 0.806 16

Portugal 0.750 17 Ireland 0.791 17

Romania 0.748 18 Finland 0.764 18

Poland 0.744 19 Lithuania 0.754 19

Hungary 0.741 20 Poland 0.747 20

Czechia 0.650 21 Czechia 0.736 21

Lithuania 0.643 22 Romania 0.718 22

Ireland 0.633 23 Portugal 0.714 23

Finland 0.628 24 Hungary 0.689 24

Estonia 0.626 25 Estonia 0.654 25

Slovakia 0.571 26 Latvia 0.613 26

Latvia 0.522 27 Slovakia 0.603 27
* In order to facilitate interpretation of the results, we report 1/h scores

Production outputs in the agricultural sector are accompanied by the simultaneous generation 
of various environmental hazards (negative external outputs). The inclusion of greenhouse gas emis-
sions from agriculture in the model as an undesirable output enabled the assessment of environmen-
tal efficiency and the examination of whether it altered the relative positions of individual countries 
compared to their rankings in terms of technical efficiency. Table 3 presents the distribution of mem-
ber states according to their environmental efficiency in 2013 and 2022, respectively. The analysis of 
the 2013 data indicates that the inclusion of greenhouse gas emissions did not change the position of 
the most efficient countries (with the exception of Luxembourg). In 2022, Denmark joined the group 
of the most environmentally efficient countries. The lowest levels of environmental efficiency in both 
years were observed in Romania, Ireland, and Poland. It is noteworthy that Ireland recorded the 
highest relative GHG emissions among all EU member states. It can also be noted that in both years 
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under review, only one country from the so-called newly acceded countries (Cyprus) was in the group 
of the most technically and environmentally efficient countries. By contrast, the group of 12 countries 
with the lowest environmental performance in 2022 included as many as seven countries, and in the 
case of technical performance, eight members of the newly acceded EU. This confirms the disparity in 
technical and environmental efficiency levels between old and new member states.

Table 3. Environmental efficiency of agriculture in EU member states in 2013 and 2022

Member state
2013

Member state
2022

Environmental 
efficiency Rank position Environmental 

efficiency Rank position

Denmark 1 3.5 Belgium 1 5.5

France 1 3.5 Cyprus 1 5.5

Germany 1 3.5 Denmark 1 5.5

Italy 1 3.5 France 1 5.5

Malta 1 3.5 Germany 1 5.5

Netherlands 1 3.5 Italy 1 5.5

Cyprus 0.999 7 Luxembourg 1 5.5

Luxembourg 0.994 8 Malta 1 5.5

Estonia 0.987 9 Netherlands 1 5.5

Slovenia 0.986 10 Spain 1 5.5

Slovakia 0.986 11 Slovakia 0.988 11

Latvia 0.982 12 Slovenia 0.985 12

Croatia 0.98 13 Estonia 0.985 13

Hungary 0.98 14 Croatia 0.981 14

Greece 0.972 15 Greece 0.979 15

Spain 0.968 16 Latvia 0.978 16

Portugal 0.964 17 Hungary 0.970 17

Lithuania 0.963 18 Portugal 0.969 18

Bulgaria 0.962 19 Lithuania 0.965 19

Sweden 0.961 20 Sweden 0.964 20

Austria 0.954 21 Austria 0.957 21

Finland 0.946 22 Bulgaria 0.947 22

Belgium 0.942 23 Finland 0.942 23

Czechia 0.928 24 Czechia 0.916 24

Romania 0.876 25 Romania 0.852 25

Ireland 0.78 26 Ireland 0.791 26

Poland 0.744 27 Poland 0.750 27
* In order to facilitate interpretation of the results, we report 1/h scores

Figure 3 summarises the differences in each country’s environmental performance ranking rela-
tive to its technical performance ranking for 2013 and 2022. The countries are listed in descending 
order based on their changes in position in the 2022 ranking. The positions of 12 countries worsened 
in 2013 when an undesirable output, such as GHG emissions, was taken into account. The greatest 
decreases in position were observed in Belgium. It is worth noting that Belgium was characterised by 
relatively high GHG emissions. In 2022, a decrease in environmental efficiency ranking relative to 
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production efficiency ranking was observed in 10 countries, with the largest decrease noted in Ire-
land, which had the highest relative GHG emissions. Considering undesirable outputs did not affect 
the efficiency rankings for six countries (Portugal, France, Germany, Italy, Malta, and the Netherlands) 
in 2013. The relative emission levels in these countries were either low or had decreased significantly 
between 2013 and 2022. In 2022, no change in the environmental efficiency ranking relative to the 
technical efficiency ranking position was recorded in the 11 countries. 

Figure 3. 	Difference in position in the ranking of environmental efficiency versus technical efficiency in 2013 and 
2022 

Discussion 

Processes of economic growth and development in various countries change the social, economic, 
and primarily environmental functions of agriculture. The instruments of the Common Agricultural 
Policy (CAP) also contribute to this change. The evolution of support within the CAP has shifted from 
focusing on production aspects to maintaining non-production functions. The increasing greening of 
the Common Agricultural Policy has resulted from multiple factors. On the one hand, these factors 
include environmental costs borne by society due to irresponsible management of natural resources, 
and on the other hand, environmental benefits, including ecosystem services, which are essential for 
human existence (Wrzaszcz & Prandecki, 2019; Wrzaszcz, 2022). The directions in which the CAP is 
evolving and the new environmental instruments are aligned with the principles of the European 
Green Deal, which is now the major development strategy in the European Union (Salvan et al., 2022). 
Although it essentially fits into the path of Europe’s current sustainable development, it emphasises, 
even more strongly than previous strategic documents, the need to protect the natural environment 
and climate in the economy. The latest communique from the European Commission (2025), A Vision 
for Agriculture and Food: Shaping together an attractive farming and agri-food sector for future gener-
ations, describes future EU agricultural development trends based on four measures: making the 
agricultural sector “attractive and predictable” with revenue that supports farm development, “com-
petitive and robust” in the face of global competition and turmoil, “adapted to future challenges” 
while taking into account the planet’s limitations, and “making efforts to keep food prices at a proper 
level, supporting fair labor and living conditions, and thriving, well-connected rural and coastal 
areas.” While very general, this document contains sections addressing environmental goals in agri-
cultural development. It also highlights that the cumulative impact of the agricultural sector often 
increases pressure on the environment and climate, while future agricultural production will be 
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dependent on nature. Therefore, this study fits within the current development trends in EU agricul-
ture.

It is difficult to compare the results of this study directly with other authors’ research due to 
methodological differences. Countries with the highest technical efficiency were shown to be those 
from the so-called old EU, which is also confirmed by studies by other authors (Radlińska, 2023; 
Mergoni et al., 2023; Kubik, 2025). In contrast, the last positions in the ranking belonged mostly to 
countries newly admitted to the EU. Taking greenhouse gas emissions into account in the analysis did 
not alter the ranking positions of the countries with the highest production efficiency (except Luxem-
bourg). However, a decrease in the environmental efficiency ranking compared to the production 
efficiency ranking was generally observed in countries with high emissions per agricultural output. 
For example, Belgium’s position in the environmental efficiency ranking was 12 places lower than its 
position in terms of technical efficiency in 2013, but it remained unchanged in terms of production 
efficiency in 2022. This can partly be explained by a reduction in the relative amount of GHG emis-
sions from agriculture during the study period (by 19.4%). This aligns with the observations made by 
Mergoni et al. (2024), who revealed a positive correlation between indices of efficiency and sustain-
able development. This suggests that efficiency and sustainable development are not mutually exclu-
sive goals, at least to some extent. It is also worth referencing the research conducted by Staniszewski 
and Kryszak (2022), who used the Malmquist-Luenberger index to assess the improvement of envi-
ronmentally and socially adapted total factor productivity (TFP) in EU member states. The TFP 
results changed when environmental pollution from adverse outputs was taken into account. Three 
groups of countries were identified, differing in their progress toward sustainable intensification. 
Countries with the highest dynamics in the environmental index included the new member states, 
such as Poland and Slovenia, as well as rich Nordic countries (Denmark, Sweden), showing that pro-
gress in sustainable intensification can be achieved in various ways. EU countries operate within 
a pro-environmental legal framework, which is part of the European Agriculture Model. These regu-
lations restrict the possibility of unsustainable production intensification. The environmental effi-
ciency of agriculture should also benefit from structural transformations, especially in the new EU 
member states. The intensification of measures of this nature is also justified by the fact that among 
the group of new Member States, as many as six countries (Estonia, Latvia, Bulgaria, Slovenia, Croatia 
and Lithuania) improved their ranking in environmental efficiency between 2013 and 2022, while 
their position in terms of technical efficiency declined or remained unchanged. In addition, the Czech 
Republic did not change its position in either technical or environmental efficiency, and Cyprus’s 
position worsened in both types of efficiency. In contrast, of the 11 countries that improved their 
ranking in technical efficiency by more than one place, only three were new Member States (Hungary, 
Romania, and Malta). This may mean that an overly strong environmental focus on CAP instruments 
is limiting, to some extent, the improvement of technical efficiency, especially in countries with a low 
level of technical efficiency. Staniszewski and Czyżewski (2018) demonstrated in their research that 
economic and environmental efficiency are stimulated by different factors. Therefore, striving for 
one-dimensional efficiency does not have to come at the expense of the other. This research shows 
that the economic efficiency of the agricultural sector is associated with the degree of concentration, 
while environmental efficiency is associated with the direction of specialisation. This justifies the use 
of restructuring tools for the agricultural sector within the CAP. The issue of finding a compromise 
between agricultural productivity and maintaining the supply of ecosystem services was also 
addressed by Toma et al. (2017). Using the DEA method, they demonstrated that the majority of EU 
states experience growing or decreasing returns to scale in agricultural production, which empha-
sises their potential to improve production efficiency by modifying resource use. Therefore, improv-
ing the agrarian structure and the relationships between production factors, while adhering to the 
principles of sustainable intensification, should boost resource efficiency.
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Conclusions

Assessing the environmental efficiency of agriculture is a complex issue due to the sector’s intri-
cate connections with the environment. In the theoretical and empirical parts of the paper, an attempt 
was made to answer the formulated research questions. Firstly, the literature review presents how to 
measure technical and environmental efficiency of agriculture. Secondly, this study applied the stan-
dard output-oriented BCC model and its modification to include undesirable outputs in the form of 
greenhouse gas (GHG) emissions. This approach enabled a simultaneous assessment of both techni-
cal and environmental efficiencies in the countries under study, as well as an answer to the question: 
What is the current level of environmental and technical efficiency in the agricultural sectors of the 
EU Member States?. . There was considerable variation in the levels of technical and environmental 
efficiency among the European Union member states. A comparative analysis of the old and new 
Member States was also conducted. It has been shown that most countries admitted to the EU in 2004 
or later were characterised by relatively low technical efficiency in agriculture. Incorporating green-
house gas emissions into the analysis did not affect the consistency of the rankings based on the 
environmental efficiency score and the technical efficiency score in the group of countries with the 
highest technical efficiency. In both years under review, only one country from the newly accessed 
countries (Cyprus) was among the most environmentally efficient. It should be assumed that the 
paths to improving environmental performance may be different and depend on the level of technical 
efficiency. The case of Belgium demonstrated that a significant reduction in GHG emissions kept its 
position in the environmental efficiency ranking unchanged relative to its position in the technical 
efficiency ranking. It may be assumed that GHG emissions were reduced through the use of modern 
technologies, which also contributed to improving production efficiency.

Given the results and the need to improve environmental efficiency in EU member states, changes 
in agricultural production based on sustainable intensification seem justifiable. Structural changes 
that lead to improved farm structures, particularly in EU member states with a disadvantageous 
agrarian structure, can promote environmentally friendly investments, such as innovative green 
technologies. Therefore, it is justifiable to emphasise in the CAP assumptions and in national policies 
the instruments that foster structural transformations in countries that require improvements in this 
regard. Furthermore, since as many as eight of the new Member States have not improved their posi-
tion in terms of technical efficiency, it seems reasonable to strengthen these countries not only in 
terms of achieving the environmental objectives of agricultural production but also in terms of eco-
nomic objectives. At the same time, this points to the need to diversify the instruments of the CAP, 
given the diversity of agriculture in the EU.

This study has some limitations. It considered only one external output from agricultural produc-
tion – an undesirable output, namely greenhouse gas emissions. Although the range of environmental 
externalities produced by agriculture is much broader, encompassing both positive and negative 
impacts, their use in research is limited due to restricted data availability. In such a case, future 
research could additionally take into account undesirable inputs in agricultural production. Further-
more, identifying the determinants for improving agricultural environmental efficiency would be an 
important area for further research, helping to formulate practical recommendations for agricultural 
policy and setting appropriate investment directions within the agricultural sector.
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Tomasz KIJEK • Anna NOWAK

ŚRODOWISKOWA I TECHNICZNA EFEKTYWNOŚĆ ROLNICTWA – 
PRZYPADEK PAŃSTW CZŁONKOWSKICH UNII EUROPEJSKIEJ

STRESZCZENIE: Celem opracowania jest ocena technicznej i środowiskowej efektywności rolnictwa w krajach człon-
kowskich Unii Europejskiej. W badaniach zastosowano metodę DEA (Data Envelopment Analysis) – standardowy model 
BCC do pomiaru efektywności technicznej i jego modyfikację, która uwzględnia niepożądane efekty i umożliwia przepro-
wadzenie oceny efektywności środowiskowej w krajach objętych próbą. Badanie to wykazało, że uwzględnienie niepożą-
danych efektów, takich jak emisje gazów cieplarnianych, nie wpłynęło na spójność między rankingami krajów opartymi 
na wyniku efektywności środowiskowej i wyniku efektywności technicznej w krajach, w których ten ostatni był wysoki. 
Względny poziom emisji we wszystkich tych krajach był niski lub znacznie spadł w latach 2013–2022. Z drugiej strony, 
zmiana luki między efektywnością środowiskową a efektywnością techniczną była często obserwowana w krajach 
o wysokiej emisji w przeliczeniu na produkcję rolną. Wyniki tego badania uzasadniają zmiany w produkcji rolnej oparte na 
zrównoważonej intensyfikacji i wyborze właściwego kierunku inwestycji w rolnictwo.
 
SŁOWA KLUCZOWE: rolnictwo, efektywność środowiskowa, Unia Europejska, emisje gazów cieplarnianych, Data  
Envelopment Analysis 


