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Agriculture plays a  key role in  providing food 
to an increasing number of people, as its primary goal 
is  to ensure broadly understood food security. Ensur-
ing food security for the population means ensuring 
access to food: firstly, of adequate quantity and quality, 
and secondly, affordable food (Roetter and Van Keulen 
2007). This approach to  food security emphasises the 

need to  combine agricultural technical efficiency and 
the idea of sustainable use of resources and economics.

Demographic forecasts shed new light on the prob-
lem of  food security and indicate the challenges fac-
ing agriculture in  the context of  observed structural 
changes, as well as climate and environmental chang-
es. The Food and Agriculture Organization estimates 
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that in 2050, the world population will increase to 9.1 
billion, which means that food production will have 
to  increase by  about 70% compared to  food produc-
tion in 2005 (FAO 2009). Similarly, the 2017 Revision 
of the World Population Prospects (UN 2017) presents 
a demographic forecast in which the world population 
was estimated at approximately 8.4–8.7 billion people 
in 2030, was expected to be 9.4–10.2 billion in 2050 and 
between 9.6 to 13.2 billion in 2100. The latest UN report 
confirms that the world’s population is  growing, al-
though slightly slower than initially expected – the cur-
rent population is 8.2 billion people (UN 2024). To en-
sure the appropriate quantity and quality of food, it is 
necessary to  gradually shift agriculture towards more 
efficient but, at the same time, more sustainable meth-
ods of  food production. Moving away from intensive 
food production at the level of agricultural policies will 
require the development of new financing mechanisms.

Providing an adequate quantity of  food is not a big 
challenge for the agricultural sector because, current-
ly, agriculture is  technically efficient (Bibi et al. 2021; 
Dokić et al. 2022), and food production methods allow 
for the efficient transformation of inputs into outputs. 
The use of  intensive farming methods, specialisation 
and concentration of farms have significantly increased 
the world’s food supply. Currently, a  much more dif-
ficult task is  to ensure the adequate quality of  food, 
which involves food production in accordance with the 
principles of sustainable development (Sanyé-Mengual 
et al. 2018). In addition, in the past, agriculture was the 
basis for the development of  other sectors; however, 
with the development of the industry and services sec-
tor, its importance has been systematically decreasing 
(Allen 2000). Countries have historically gone through 
stages of  transition where a  typology of  countries 
can be distinguished based on  the role of agriculture 
in  creating GDP and employment (Serenčéš et al. 
2018). These changes shaped the economic situation 
of  farmers. In many regions of  the world, agriculture 
has ceased to be a source of capital and tax revenues 
and has become a recipient of public transfers (Ander-
son et al. 2010). In  light of  the challenges agriculture 
is facing, it is necessary to review the mechanisms for 
financial support for agricultural activities adapted 
to ensure sustainable and affordable food.

Ensuring food security and climate and environmen-
tal challenges prompt a return to the discussion on the 
size of farms, their technical and economic efficiency 
and their impact on the climate and environment. Ex-
isting literature describing the relationship between 
farm size and efficiency leads to  ambiguous conclu-

sions. Some analyses indicate that this relationship 
is clearly negative (Sen 1962; Dagar et al. 2021), while 
others prove the existence of  a  positive relationship 
(Key 2019; Bokusheva and Čechura 2017). There are 
also studies in the literature indicating that the relation-
ship between farm size and its efficiency is U-shaped 
(Bhatt and Bhat 2014; Foster and Rosenzwieig 2017; Xu 
et al. 2021; Bayav 2023). The impact of the scale of ag-
ricultural production on the climate and environment 
has been emphasised since the 1980s, but now it has 
become a  hot topic again. Without systemic changes 
in agricultural techniques and promotion of the devel-
opment of  sustainable agriculture, this impact seem 
irreversible. The research was inspired by discussions 
around the scale of  activity, technical and economic 
efficiency of  agriculture and sustainable agriculture, 
which are currently taking place in parallel in scientific 
literature and political debate around the world.

The aim of this article is to determine the importance 
of  the size of  farms in  their technical and scale effi-
ciency with regard to climate and environmental chal-
lenges. The research question that was attempted to be 
answered concerns the validity of shifting agriculture 
from mass agricultural production on large farms to ag-
ricultural production on smaller farms. To achieve the 
aim of the article, an empirical research was planned. 
The aim of the empirical research was to determine the 
relationship between the economic size of farms in the 
European Union (EU) and the achieved technical and 
scale efficiency, and an  indication of  the size classes 
of farms in which farms achieve the highest technical 
efficiency. The analysis attempted to answer the ques-
tion of whether agriculture in the EU is characterised 
by  high technical and scale efficiency, whether farm 
efficiency increases with the scale of production, and 
how the scale of production affects efficiency, climate 
and the environment. The background to  the discus-
sion was the assumptions of the Common Agricultural 
Policy 2023–2027 (CAP 2023–2027; EC 2021) based 
on  the European Green Deal (EGD; EC  2019). The 
measurement of the scale efficiency of EU agriculture 
in  total and in  economic size classes was estimated 
using the non-parametric data envelopment analysis 
method.

Literature review. The scale of  farm production 
is  directly related to  their economic efficiency, but 
choosing the optimal scale is  a  complex issue. Deter-
mining the optimal scale of production results from the 
need to rationally use resources in specific technologi-
cal conditions. The scale of farms is determined based 
on  the volume of  their production expressed, among 
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others, according to  the cropped area in  ha, number 
of  animals, and value of  production (Čechura et  al. 
2022; Koç and Uzmay 2022). The search for the optimal 
scale of production is based on the calculation of econ-
omies of scale, which has its theoretical basis in the the-
ory of the enterprise. The concept of economies of scale 
explains how average unit cost changes as farm output 
increases (Varian and Varian 1992). The search for the 
optimal production level is shown in Figure 1.

The issue of  scale of  production is  related to  the 
concepts of  advantages and disadvantages of  scale 
(economies and diseconomies of  scale). The advan-
tages of scale are specialisation, which allows for more 
efficient use of  management methods, work speciali-
sation and better use of machines. The disadvantages 
of scale are situations in which an increase in produc-
tion inputs results in a less-than-proportional increase 
in  output. In  the agricultural sector, there is  an eco-
nomic motivation to increase the scale of production, 
often promoted by  agricultural policy. On  the other 
hand, environmental challenges shed new light on the 
relationship between production scale and the efficien-
cy of agricultural production.

Sen (1962) found that land productivity decreased 
on Indian farms with increasing farm size, which ini-
tiated a  discussion on  the nature of  the relationship 
between farm size and productivity. Due to  its con-
troversial implications for agricultural policy, it  was 
later subjected to  numerous analyses. As  a  result, 
an attempt was made to examine in detail the direc-
tion of the relationship between the size of farms and 
their efficiency. Lower efficiency of  small farms and 
an increase in farm efficiency with an increase in the 
scale of  production were discovered by, among oth-
ers, Bokusheva and Čechura (2017) or Key (2019). Key 
(2019) estimated total factor productivity for five size 
classes of U.S. corn farms and found a strong positive 

relationship between production scale and total farm 
productivity. Similarly, Bokusheva and Čechura (2017) 
showed a positive relationship between the size class 
and the technical efficiency of  farms in  selected EU 
countries. Still, other analyses have shown that the 
relationship between farm size and its efficiency is U-
shaped (Foster and Rosenzwieig 2017; Helfand et  al. 
2017; Sheng et  al. 2019) – very small and very large 
farms were characterised by the highest technical ef-
ficiency. In  a  review article, Rada and Fuglie (2019) 
compared the relationship between the scale of farm 
operations and their technical efficiency in  selected 
countries around the world. The main findings in this 
regard concern significant differences in  the results 
achieved depending on the stage of the country’s eco-
nomic development. Generally, in  developing coun-
tries it can be seen that small farms are characterised 
by  higher technical efficiency than medium-sized 
and large farms. On the other hand, this relationship 
is positive in developed countries.

However, Xu et al. (2021), based on empirical studies 
of Chinese agriculture, showed that the results do not 
provide clear indications of what farm size guarantees 
the highest technical efficiency. The experience and 
conditions of the Chinese agricultural sector, i.e. land 
resources, social conditions and the level of economic 
development, indicate that striving to  absolutely in-
crease the technical efficiency of  small farms should 
not be  blindly based on  increasing the scale of  their 
production, a better solution is  to support the devel-
opment of their production to the so-called moderate 
scale, as also emphasised by Yan et al. (2019).

It is worth remembering that small farms are an ele-
ment of  the landscape of  the rural agro-social sector 
and cannot be attributed solely to the role of a brake 
on agricultural development. In some regions, includ-
ing Africa, Asia and South America, the agricultural 
sector based on production on small farms dominates 
and its development is  promoted because of  its role 
in reducing poverty (Eastwood et al. 2010).

Supporters of large farms emphasise the positive as-
pects of running a large-scale production. The most 
important include the impact on the technical efficien-
cy of farms and the strong competitive position. On the 
other hand, large-scale production is met with numer-
ous criticisms, primarily due to its negative impact on 
the climate and environment, including greenhouse 
gas emissions through the use of fertilisers and plant 
protection products (Smith et al. 2008; Selbonne et al. 
2022). The increase in the scale of agriculture increases 
the mechanisation of  agriculture, which has negative 
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Figure 1. Advantages and disadvantages of scale

Source: Own elaboration based on Varian (1992)
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consequences for local natural systems and communi-
ties (Camanzi et al. 2011; Datta and Behera 2022).

MATERIAL AND METHODS

The aim of the empirical research was to determine 
the relationship between the economic size of  farms 
in the EU and the achieved technical and scale efficien-
cy, and to  indicate the size classes of  farms in  which 
they achieve the highest technical efficiency. The anal-
ysis sought to  check whether agriculture in  the EU 
is characterised by high technical and scale efficiency, 
whether farm efficiency increases with the scale of pro-
duction, and how the scale of production affects effi-
ciency, climate and the environment.

The literature review allowed the formulation of the 
research hypothesis as follows:
H1: There is a U-shaped relationship between the eco-

nomic size of a farm in the EU and its technical and 
scale efficiency.

The subject scope of the research includes the analy-
sis and assessment of  the relationship between the 
economic size of  farms and their technical and scale 
efficiency. The research covers farms from EU coun-
tries, determining the object and spatial scope of  the 
research. The research covers the period 2004–2020.

To estimate the technical efficiency and scale efficien-
cy of EU farms in total and in the economic size classes 
of  farms in  the years 2004–2020, the non-parametric 
data envelopment analysis (DEA) method was used.

The DEA method is a method of  relative efficiency 
based on  Debreu (1951) and Farrell’s (1957) con-
cept of productivity, adapted by Charnes et al. (1978) 
to  a  multidimensional situation. Assuming the pres-
ence of s outputs and m inputs, the efficiency is esti-
mated according to the formula (1):
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i ji

m
i ji

output
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input



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(1)

where: j – object number from a group of n objects (j = 
1, …, n); s – number of outputs (i = 1, ..., s); m – number 
of inputs (i = 1, ..., m); μi – weights of j-object’s i-out-
puts; νi – weights of j-object’s i-inputs.

The objects of analysis in the DEA method were the 
so-called decision-making units (DMUs). The vari-
ables subject to optimisation were the weights of out-
puts and inputs, while the empirical values were the 
values of outputs and inputs (Charnes et al. 1978). If 
for a DMU technical efficiency (TE) = 1, it means that 

the object is  technically fully operational, while if TE 
< 1, it means that there is a more favourable combina-
tion of inputs that would enable the same outputs to be 
achieved, or the object is technically defective.

The DEA methodology requires making assumptions 
about the objective function: minimising inputs for given 
outputs (input-oriented model) or maximising outputs 
for given inputs (output-oriented model) (Coelli et  al. 
2005). Second, assumptions about the nature of econ-
omies of  scale are also required (Charnes et  al. 1997). 
Depending on the type of economies of scale, technical 
efficiency at constant returns to scale (TECRS), technical 
efficiency at variable returns to scale (TEVRS) and techni-
cal efficiency at non-increasing scale effects (TENIRS) are 
calculated. On the basis of the comparison of technical 
efficiency measures TECRS and TEVRS, conclusions can 
be drawn about the level of efficiency of the scale (SEVRS) 
of the DMU. The scale efficiency was defined as follows 
(Lothgren and Tambour 1999):

CRS
VRS

VRS

TE
SE

TE
= 	 (2)

When SEVRS = 1, the DMU is  efficient in  relation 
to the scale effect; when SEVRS < 1, the DMU is ineffi-
cient in relation to the production scale. The efficiency 
measure obtained in this way informs about the rela-
tive scale efficiency of the object, but it does not deter-
mine whether the DMU works within the advantages 
or disadvantages of the scale.

Scale advantages or disadvantages are helpful in de-
termining the optimal production volume and can 
be  identified using a  second DEA tool, i.e. scale effi-
ciency (SENIRS).

CRS
NIRS

NIRS

TE
SE

TE
= 	 (3)

An approximation of the economies of scale is pro-
vided in Table S1 in the Electronic Supplementary Ma-
terial (ESM).

Using the input-oriented DEA model, the technical 
efficiency of  TECRS, TEVRS and TENIRS was calculated. 
The level of farm scale efficiency in the EU was inferred 
on the basis of the SEVRS. The SENIRS was used to iden-
tify the type of farm operation area.

The technical efficiency of  EU farms in  total and 
in economic size classes was estimated on the basis of ag-
gregated data for one output and eight inputs. The main 
production of EU farms in total and economic size class-
es was determined by  total output. In  turn, the inputs 
were as follows: total utilised agriculture area, fertilisers, 
crop protection, total livestock units, feed for grazing 
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livestock, labour input, machinery and equipment, and 
gross investment on  fixed assets. A  description of  the 
dataset used is presented in Tables S2 and S3 in the ESM.

The source of  data on  output and inputs was the 
Farm Accountancy Data Network database (FADN 
2023b), which collects annual data on  farms in  total 
and e.g. in  economic size classes separately for each 
EU country. The size of  a  farm was defined by class-
es of  economic size of  farms, in accordance with the 
Common Typology of Agricultural Holdings, present-
ed in  Table  1. The structure of  EU farms in  selected 
years is  described in  Table S4 in  the ESM. The EMS 
(Efficiency Measurement System) program (Scheel 
2000) was used to calculate the measures of technical 
efficiency of EU farms.

RESULTS AND DISCUSSION

In the first stage of the analysis, the total technical ef-
ficiency of farms in the EU in the years 2004–2020 was 
estimated; the research results are presented in Figure 2. 
The average technical efficiency was high and amount-
ed to 0.9024 (standard deviation of STE = 0.0210). It was 
not strongly differentiated over time, VTE (coefficient 
of variation) = 2%. It was observed that the technical 
efficiency of EU agriculture strongly reacted to chang-
es during the 2008 financial crisis (Ionescu et al. 2010; 
Zawalińska et al. 2022).

The presented results confirmed that the average 
technical efficiency of EU farms has achieved high tech-
nical efficiency since 2004. In 2020, the average techni-
cal efficiency of EU farms was 0.9047 (STE = 0.1278). 
The lowest technical efficiency was achieved by farms 
in Romania; farms in 13 countries operated technically 
efficiently (TE = 1). In order to present the general rela-
tionship between the scale of production and the tech-
nical efficiency, Figure 3 presents the results of the av-

erage technical efficiency achieved by EU farms, taking 
into account their economic size classes.

The highest level of average technical efficiency was 
characteristic for very small, large and very large farm 
classes. The lowest results of technical efficiency char-
acterised farms from the small, medium-small and 
medium-large classes, and their average technical effi-
ciency was the most varied (Table 2). This finding con-
firmed the assumption about the relationship between 
the scale of  production on  farms and their technical 
efficiency. This relationship takes the U-shape.

In the second stage of the analysis, it was determined 
in  detail whether farms in  all economic size classes 
function efficiently in  terms of  the scale of  their op-
erations and which economic size class guarantees 
the highest scale efficiency for EU farms. Taking into 
account the structure of  the EU agricultural sector, 
in which the largest group of farms was characterised 
by the lowest technical efficiency (small, medium-small 
and medium-large farms), it  seems particularly useful 
in the search for the optimal size of farms. Determining 
the production level by farms is a complex decision, be-
cause increasing production affects sales revenues and 
operating costs at  the same time, and requires taking 
into account technological, natural and economic fac-
tors as well as the size and structure of  inputs. More-
over, the objectives of the CAP 2023–2027, require ef-
ficient agriculture both in terms of technology and scale 
of production, because technology and the scale of ag-
ricultural production should be an element of agricul-
ture’s transition toward sustainable agriculture.

The use of the DEA method allowed us to assess the 
scale efficiency SEVRS and determine whether the DMUs 
operate of the advantages or disadvantages of scale (see 
Table S1 in the ESM). Table 3 presents the overall re-
sults of  the scale efficiency of  the EU farms in  2004–
2020 in total and by economic size classes of farms.

The increase in  the scale of  EU agriculture initially 
causes, as  in the case of  its technical efficiency, a  de-
crease in  the efficiency of  scale, as  shown in  Table 4. 
Farms in  the small economic size class achieve lower 
scale efficiency than farms in the very small class. The 
increase in the economic size of farms, i.e. the increase 
in the sum of standard production of farms in the EU, 
causes a decrease in the efficiency of scale. This situation 
lasts until the farm reaches the sum of total production 
of EUR 25 000. A further increase in the total produc-
tion of farms cause an increase in the efficiency scale.

The analysis of  the scale efficiency of  individual 
SEVRS showed that the scale inefficiency characterised 
agricultural sectors in almost all EU countries and oc-

Table 1. Size of farms according to the FADN Common 
Typology of Agricultural Holdings

Farm size Sum of the standard output obtained from 
all sources expressed in EUR

Very small 2 000–7 999
Small 8 000–24 999
Medium-small 25 000–49 999
Medium-large 50 000–99 999
Large 100 000–499 999
Very large ≥ 500.000

Source: Own elaboration based on FADN (2023a)
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Figure 2. Average techni-
cal efficiency of EU farms 
in 2004–2020

Source: Own elaboration 
based on FADN database 
(FADN 2023b)

Table 2. Description of technical efficiency (TE) in EU farms (2004–2020) total and in economic size classes

2004–2020
Farms by size classes:

very small small medium-small medium-large large very large
Mean TE 0.9658 0.8801 0.7955 0.8308 0.9214 0.9299
SD 0.0194 0.0346 0.0610 0.0394 0.0195 0.0340
Coefficient of variation (%) 2 3 7 4 2 3
Max – min 0.0705 0.1443 0.2015 0.1415 0.0781 0.1361

Source: Own elaboration based on FADN database (FADN 2023b)
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Figure 3. Technical efficiency 
of EU farms in economic size 
classes 2004–2020

Source: Own elaboration based 
on FADN database (FADN 2023b)
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Table 3. Description of scale efficiency (SE) in EU farms (2004–2020) total and in economic size classes

2004–2020
Farms by size classes:

very small small medium-small medium-large large very large
Mean SE 0.9772 0.9041 0.8393 0.8870 0.9570 0.9529

SD 0.0176 0.0300 0.0673 0.0362 0.0164 0.0228
Coefficient of variation (%) 2 3 8 4 2 2

Max – min 0.0599 0.1201 0.2196 0.1375 0.0741 0.0926

Source: Own elaboration based on FADN database (FADN 2023b)

Table 4. Scale efficiency and type of scale effect of agricultural production in EU countries in economic size classes 
of farms in 2020

Country
Very small farms Small farms Medium-small farms Medium-large farms Large farms Very large farms
SEVRS SENIRS SEVRS SENIRS SEVRS SENIRS SEVRS SENIRS SEVRS SENIRS SEVRS SENIRS

EL 1.00 1.00 0.81 1.00 0.91 1.00 0.82 1.00 1.00 1.00 – –
CY 1.00 1.00 0.95 1.00 1.00 1.00 0.91 1.00 1.00 1.00 – –
SI 1.00 1.00 0.96 1.00 0.94 1.00 1.00 1.00 0.76 1.00 – –
BG 1.00 1.00 0.72 1.00 0.98 1.00 0.89 1.00 1.00 1.00 1.00 1.00
EE 1.00 1.00 1.00 1.00 0.76 1.00 0.83 1.00 0.83 1.00 0.91 0.91
HR 0.98 0.98 1.00 1.00 0.96 1.00 0.80 1.00 0.60 1.00 0.66 1.00
LV 1.00 1.00 1.00 1.00 0.90 1.00 1.00 1.00 0.99 1.00 0.86 0.86
LT 0.93 1.00 0.77 1.00 0.77 1.00 0.88 1.00 0.96 1.00 0.98 0.98
HU 1.00a 1.00 0.78 1.00 0.93 1.00 0.90 1.00 1.00 1.00 0.92 0.92
MT 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
PL 0.99 1.00 0.78 1.00 0.69 1.00 0.72 1.00 1.00 1.00 1.00 1.00
PT 1.00 1.00 0.81 1.00 0.82 1.00 0.77 1.00 0.90 1.00 0.68 1.00
RO 1.00 1.00 1.00 1.00 0.96 1.00 0.95 1.00 1.00 1.00 1.00 1.00
AT – – 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 – –
CZ – – 0.94 1.00 0.64 1.00 0.78 1.00 0.97 1.00 0.91 0.91
FI – – 1.00 1.00 0.82 1.00 0.98 1.00 1.00 1.00 1.00 1.00
SE – – 1.00 1.00 0.67 1.00 1.00 1.00 0.97 1.00 0.99 1.00
UK – – 1.00 1.00 0.92 1.00 0.99 1.00 0.96 1.00 0.93 1.00
IE – – 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
ES – – 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
FR – – 1.00 1.00 0.97 1.00 0.87 1.00 1.00 1.00 1.00 1.00
IT – – 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
DK – – – – 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
BE – – – – 1.00 1.00 0.85 1.00 0.91 1.00 1.00 1.00
GE – – – – 1.00 1.00 0.83 1.00 0.92 1.00 0.90 1.00
NL – – – – 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00
SK – – – – 0.98 1.00 0.97 1.00 1.00 1.00 1.00 1.00
LU – – – – – – 0.93 1.00 0.97 1.00 0.90 1.00

EL – Greece; CY – Cyprus; SI – Slovenia; BG – Bulgaria; EE – Estonia; HR – Croatia; LV – Latvia; LT – Lithuania; HU – 
Hungary; MT – Malta; PL – Poland; PT – Portugal; RO – Romania; AT – Austria; CZ – Czechia; FI – Finland; SE – Sweden; 
UK – United Kingdom; IE – Ireland; ES – Spain; FR – France; IT – Italy; DK – Denmark; BE – Belgium; GE – Germany; NL 
– Netherlands; SK – Slovakia; LU – Luxembourg; SE – scale efficiency; VRS – variable returns to scale; NIRS –non-increasing 
returns to scale; SEVRS, numbers in regular font – farm class efficient in relation to the scale of production; SEVRS, numbers 
in bold – farm class inefficient in relation to the scale of production; SENIRS numbers in regular font – farm class operating 
in the advantages of scale; SENIRS numbers in bold – farm class operating in the disadvantages of scale
Source: Own elaboration based on FADN database (FADN 2023b)
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curred in all economic classes of farm size. The high-
est inefficiency of the scale was characteristic of farms 
from the medium-small and medium-large classes. The 
SENIRS analysis showed that farms in the EU countries 
in the class large functioned at advantages of scale. The 
analysis of changes in the scale efficiency SEVRS and SE-

NIRS over time confirmed the durability of the observed 
trends. Throughout the analysed period, very small 
farms functioned with higher technical efficiency and 
more often in  the advantages of  scale. The increase 
in the size of farms initially resulted in a decrease in the 
technical efficiency of agriculture in most EU countries 
and a lower efficiency of scale. Farms in the small, me-
dium-small and medium-large economic size classes 
were characterised by  a  less efficient transformation 
of  inputs into output compared to  farms in  the very 
small class and were less efficient in terms of scale.

CONCLUSIONS

The structure of  farms in  the European Union 
is  shaped by  the Common Agricultural Policy im-
plemented in 1962. Initially, the CAP focused its ac-
tivities on  achieving high agricultural productivity, 
ensuring safe supply chains and availability of  agri-
cultural products (EC 2012), developing farm spe-
cialisation and intensifying agricultural production. 
The economic justification was the pursuit of  scale 
effects and high efficiency of agricultural production. 
The implemented financial support system conducted 
under the CAP supported the development of inten-
sive agriculture and led to the unification of practices 
throughout the EU. As a consequence, however, the 
increase in  the scale of  agricultural production led 
to  an excessive burden on  nature, which is  why the 
objectives of  the CAP have now been linked to  the 
assumptions of the European Green Deal (EC 2019), 
which sets the direction of agricultural policy in the 
EU. Furthermore, the discussion on food production 
in  the EU touches on  the Sustainable Development 
Goals (General Assembly 2015).

The CAP 2023–2027 (EC 2021) implements a com-
mon set of objectives integrating the interests of farm-
ers, society and the climate, describes a set of tools nec-
essary to achieve the assumed objectives and a common 
set of indicators monitoring their implementation. The 
actions are aimed at a more fair allocation of funds, i.e. 
increasing support for smaller farms, greening pay-
ments and increasing the flexibility of Member States 
in  the division of  direct payments and interventions 
that are intended to lead to the implementation of the 

European Union’s ecological ambitions, in  including 
the implementation of the Strategy from field to table 
(EC 2020b) and the EU Biodiversity Strategy for 2030 
(EC 2020a).

The CAP 2023–2027 once again raises questions 
about the relationship between the scale of agricultural 
production and the technical efficiency of agriculture, 
focusing on  the fact that the agricultural efficiency 
account should take into account not only economic 
considerations but, above all, include climate and en-
vironmental activities in the calculations. This means 
minimising the use of fertilisers, plant protection prod-
ucts in plant cultivation or hormones, or antibiotics in 
animal breeding, but also with the restoration of eco-
systems and the increase in biodiversity. The prospect 
of  stopping climate and environmental changes is  to 
replace intensive agriculture with sustainable agricul-
ture; one of  its manifestations may be  the transition 
from large farms with high production specialisation 
to  smaller farms or  with  greater crop diversification, 
which, combined with the other postulates of the EGD, 
could be one of  the steps to rebuild Europe’s agricul-
tural ecosystems.

Small farms flexibly adjust production inputs, which 
allows them to achieve high technical efficiency. They 
use more labour-intensive techniques to produce food 
that is  environmentally and climate-friendly, but the 
supply of their products is limited and often expensive. 
Large farms, on  the other hand, supply food in mass 
quantities, use machines for production and gain a cost 
advantage thanks to  production specialisation. How-
ever, the production of homogeneous food over a large 
area interferes with natural systems, reducing the bio-
diversity of fauna and flora. The analysis of the techni-
cal efficiency and scale efficiency of agriculture, taking 
into account farm size classes, may therefore constitute 
a valuable voice in discussions on the future direction 
of changes in the production structure of the agricul-
tural sector and facilitate the promotion of selected di-
rections of changes in agricultural policy.

In the presented empirical research based on aggre-
gated FADN data for the years 2004–2020, the technical 
and scale efficiency of farms in the EU were estimated 
in total, and taking into account the economic size class-
es of farms, using the DEA method. The overall results 
of the agricultural sector in the EU in 2004–2020 indi-
cated that the average technical efficiency of farms was 
high and amounted to TE = 0.9024, although they still 
had the potential to  increase their technical efficiency. 
Analyses in  economic size classes, however, showed 
a significant diversification of their technical and scale 
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efficiency. The results of  the average technical and 
scale efficiency of EU farms divided into economic size 
classes divided farms into two groups: farms charac-
terised by high technical and scale efficiency and farms 
characterised by average technical and scale efficiency. 
The first group consists of  farms from the very small, 
large and very large classes. In  general, these farms 
operated within the advantages of economies of  scale, 
achieved optimal production volumes, and an increase 
in  the production level of  these farms would result 
in a decline in technical and scale efficiency. The second 
group of  farms, i.e. farms of  the small, medium-small 
and medium-large classes, were characterised by  rela-
tively average technical and scale efficiency, but still 
had the potential to  increase the scale of  production, 
because it functioned at the disadvantage of the scale.

Activities carried out under the CAP 2023–2027 em-
phasise the need to take into account climate and en-
vironmental changes in the current calculation of the 
efficiency of  agricultural farms. Financial support for 
the CAP 2023–2027 focuses on  developing mecha-
nisms to promote production on smaller farms, using 
sustainable methods and taking actions to restore bio-
diversity. In the context of  these considerations, food 
production on small farms seems to meet the require-
ments of  the Common Agricultural Policy; however, 
food production on small farms may require a signifi-
cant increase in their number. Large-scale production 
causes negative effects, i.e. the use of fertilisers, plant 
protection products, hormones, antibiotics, green-
house gas emissions, reducing the occurrence of plant 
and animal species, but it meets the need to provide 
affordable food (at acceptable prices).
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