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Abstract: Farm structure as a scale identifier is a crucial production objective for creating value-added and 
farm profitability while maintaining rural areas’ viability, productivity, and sustainability. On the other hand, 
productivity is one of the most important components in efficiency measurements. This study aims to compare 
the productivity conditions in terms of livestock units, labor force, and farm capital of the Balkan cattle farms that 
are producing high nutrient value for human consumption and keeping the natural environment in a productive 
shape as well. 
Indicators and the variables that are the objects of the study are forming a final index of productivity and are 
related to the performance of the working force, livestock, and capital. 
As structures, the Balkan farms are smaller than the average of the EU in terms of the most important economic 
categories: the total utilized agricultural area, total livestock units, and, respectively, the farm capital. The 
comparison includes Bulgaria, Romania, Greece, Croatia, and Slovenia, while as a benchmark, the average 
EU level covering a time period from 2013 to 2023 is used. The Farm Accountancy Data Network provides the 
dataset used, combining variables to estimate productivity as output-based measures. Productivity is calculated 
by comparing the total gross output per unit of labor and capital. Livestock productivity is measured involving 
the gross output of animal origin. 
Results reveal all the Balkan Member States are below the reference level, while the highest increase of labor 
productivity in the cattle meat sector belongs to Romania and Croatia, while Greek farmers are losing positions 
in recent years. In terms of capital productivity, Romania is the highest performer; even Bulgaria is a competitor 
during the first stage of the studied period, and only Slovenia is below the EU reference. The competition in 
productivity of livestock units is led by Croatia and Romania, while Bulgaria is at the bottom. 
The total productivity indicator refers to the fact that only Romania is able to deliver significantly higher results 
than the benchmark, as is no other Balkan member state; even Croatia is trying to follow the EU trend.
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INTRODUCTION

Productivity measurements in agricultural 
economics are crucial for assessing how effi-
ciently farms convert inputs such as land, labor, 
and capital into outputs, directly impacting food 
supply, farm profitability, and economic growth. 
These measurements are key to identifying per-
formance gaps, enhancing competitiveness, en-
abling evidence-based policy decisions, and fos-

tering sustainable agricultural practices (OECD, 
2024).

Meat cattle farming contributes to rural em-
ployment, land management, and generating 
value-added in the European Union (EU), while 
its performance remains strongly shaped by pro-
duction conditions, cost cycles, and the structural 
profile of farms. Furthermore, the sustainable de-
velopment of the meat production sector requires 
high productivity of agricultural units and value 
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chains that acknowledge target-market specifics 
(Greenwood, 2021).

In Central and Eastern Europe and more par-
ticularly in the Balkans, farms often differ in herd 
size, labor input, land use, and capital availabil-
ity, which leads to heterogeneous outcomes even 
under a comparable policy framework. Between 
2013 and 2023, these differences became more 
visible as production costs increased and farms 
faced stronger pressure to generate more out-
put under limited resources (Benoit and Mottet, 
2023).

However, productivity in cattle-specialized 
farming systems is not accounted for as a level 
of output alone but rather indicates the capacity 
to generate output (goods and services) using ef-
ficiently the available resources (Nossal et al., 
2008). Production may remain stable while its 
conversion into output could be changing sub-
stantially. For this reason, productivity needs to 
be traced through indicators that relate output to 
key production factors such as labor, livestock 
and capital capacity, pastures and land structure, 
and energy intensity. As a type of farming that is 
oriented towards extensive beef grazing produc-
tion systems, significant roles are also played by 
farm size, mechanization level, labor productiv-
ity, and stocking density and livestock species to 
increase sector productivity (Domingues et al., 
2018).

Keeping in mind the livestock context, the la-
bor productivity as a workforce organization and 
its intensity reflect livestock production and the 
performance of the herd as a capacity to gener-
ate output (Nin et al., 2007). Capital productivity 
expresses how effectively the base in terms of ag-
ricultural land, production stocks, buildings, ma-
chinery, equipment, and other circulating capital 
is utilized, forming a farm production scale where 
two options are possible – a particular scale has 
an advantage in cost or markets over another or a 
large-scale farming system has a cost advantage 
and results in higher output (Howell, 1961). Fur-
thermore, how the production vector by which 
outputs are scaled, the production technology is 
represented by the output set, and the sectoral 
policy might be reflecting on limitations of the 

production factors’ usage, are tending ruminants 
to be more land-intensive and less capital inten-
sive (Acosta et al., 2019).

When farms operate under decreasing returns 
to scale, the relationship between size and per-
formance may become weaker or even negative, 
especially if expansion is constrained by land 
or other structural limitations (Plogmann et al., 
2022). Therefore, understanding productivity dif-
ferences requires linking performance outcomes 
with the structural profile of farms. This is partic-
ularly relevant for Balkan countries, where differ-
ences in land resources, labor usage, and capital 
availability can persist over time and shape the 
speed of productivity and further economic re-
covery.

For this reason, productivity needs to be traced 
through comparable, farm accountancy-based in-
dicators that reflect how much output is gener-
ated per key production factor. In the livestock 
context, this includes increasing productivity in 
beef cattle farms by technological improvements 
(refining breeding, feeding, and housing practic-
es) or ultimately contributing to higher agribusi-
ness efficiency and long-term viability (Sodiq et 
al., 2018). Hybridization and crossbreeding in 
cattle rearing are among the most economically 
effective methods for increasing the growth of 
meat productivity and meat quality, as well as the 
fertility and viability of farm animals compared 
to average productivity indicators (Ahad et al., 
2025), although it is not within the scope of this 
study but falls within the management strategy of 
the individual entrepreneur and the specific zoo-
technical point of view. The most recent livestock 
research even addresses farm management to 
highly relevant topics like soil carbon storage or 
emissions related to grazing management, aim-
ing to examine the holistic farm carbon balance. 
As an example, the wider implementation of ac-
counting processes could help address this chal-
lenge by facilitating a more systematic analysis 
of natural capital and the financial performance 
of enterprises (O’Grady et al., 2024).

There might appear many modern and innova-
tive management techniques, but this study aims 
to focus on checking the main selected conditions 
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by measuring meat cattle farms’ economic pro-
ductivity in order to compare the selected Balkan 
MS and EU through a chosen timeline.by mea-
suring the productivity state of the total livestock 
units, labor force, and farm capital.

MATERIAL AND METHODS

The used components are extracted from the 
FADN database. The analysis covers the period 
2013 – 2023, separated into two mid-term time-
lines to construct some case analysis. For the pur-
poses of the current study, results are reported for 
Bulgaria, Romania, Greece, Croatia, and Slove-
nia, while EU–27 is used as a benchmark and ref-
erence path.

Productivity is measured through three out-
put-based indicators that correspond to the three 
interacting components of the structural conjunc-
ture: labor (annual working units - AWU), capital 
(euro), and livestock (livestock units – LU) per-
formance. The indicators are calculated as:

• Labor productivity* (€/AWU): Total Gross 
Output/Total Labor Input

Measures the average output per single work-
ing unit and is a key economic indicator. High 
productivity stems from good working condi-
tions, obtained modern technology, and effec-
tive management, directly boosting profitability 
(OECD, 2026).

• Capital productivity (€ coef.): Total Gross 
Output/Total Assets 

Capital productivity measures the efficiency 
with which a business or economy uses its physi-
cal and intangible assets (machinery, buildings, 
technology) to generate output. It is defined as the 
ratio of output to capital input, representing how 
much production is achieved per unit of capital 
invested (Vogel, 2019).

• Livestock productivity (€/LU): Total Live-
stock Output/Total Livestock Units

Livestock productivity is the efficiency of con-
verting inputs (feed, labor, and land) into outputs 
like meat, milk, and eggs, directly impacting 
farm profitability and sustainability. Key drivers 
include improved nutrition, health management, 

genetic selection, and technology (Moses, 2025), 
with a focus on optimizing growth rates and re-
ducing environmental footprints where a trade-
off appears and a compromise is needed (Salmon 
et al., 2018).

Euro measuring units are expressed in thou-
sands (Table 1 and Fig. 1).

Each single productivity result is derived by 
dividing output by the relevant input (labor force, 
existent capital, and livestock units). In this way, 
the comparison does not rely only on the abso-
lute level of production but on how efficiently the 
available resources are converted into output.

To build a comparable Total Productivity 
Index (TPI, coef.), the three productivity indi-
cators are normalized by the following formula. 
It is adopted following the approach used for the 
Relative Comparative Assessment introduced by 
Ivanov (Ivanov, 2023a and Bachev and Ivanov, 
2024). In respect to it, an estimation technique is 
elaborated and presented below:

The normalization includes a correction rule: 
results higher than 1 are limited to 1, and values 
lower than 0 are equaled to 0, to keep the indica-
tor within an interpretable range.

The productivity scale definition represents 
five different levels where it could vary from 0 to 
1, starting from the most vulnerable economic po-
sition to the best performance. Decision Making 
Units (Zayed and Halpin, 2004; Ivanov, 2023b):

0.0 – 0.2: Very Low – agricultural activities 
and production might be lost or being destroyed. 
Indicator: Output is nearly zero; high input of 
time with negative or stagnant output.

0.2 – 0.4: Low – minimal productivity. Pro-
duction is available, but at a very high price or 
with low quality. Output is obtained but not ef-
ficiently.

0.4 – 0.6: Average – not driving significant 
progress, very typical for a rural community 
where maximizing the output is not a priority, but 
the availability of food and zero hunger is.

0.6 – 0.8: High – efficient use of input resourc-
es. Good energy, investments, and time manage-
ment for achieving high output per unit of input.
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0.8 – 1.0: Optimized – maximum productiv-
ity. Optimal quantity of output is received by op-
timum spending of inputs (optimal resource us-
age).

After data normalization, the Total Productiv-
ity Index (TPI) is represented by the normalized 
mean of all inspected types of productivity:

Results are presented as annual trends in the 
figures presented (2013 – 2023), while mid-term 
averages are used (2013 – 2018 vs. 2019 – 2023) 
in a descriptive table to highlight some structur-
al shifts between the first and second halves of 
the studied period. A measured productivity in-
dex scaled between 0 and 1 is typically achieved 
through normalization techniques or productivity 
distance functions, where the resulting score indi-
cates how close a Decision-Making Unit (DMU) 
is to the production frontier (Aparicio et al., 2026). 
In this context, 1 indicates that the entity is on the 
best-practice frontier (optimal efficiency), while a 
value closer to 0 indicates very low productivity 
or inefficiency (Chai et al., 2026).

All the calculations made are based on a sin-
gle dataset (Farm Accountancy Data Network – 
FADN), as an EU–27 reference is presented to 
compare the Balkan MS in order to determine 
the main differences in the production units’ at-
titudes and to define whether they are overtaking, 
matching, or lagging behind in the productivity 
dynamics. In order not to distort the received re-
sults by adding another database’s values, infla-
tion is not taken into account concerning current 
estimations. 

Compared with 2014, the population of bovine 
animals is 8.7% lower, and such a decline in live-
stock populations has reinforced a longer-term 
trend in the EU (Eurostat, 2025a). As evidence, 
the estimated difference over the past 2 decades 
(compared to 2004) is just a bit higher – 10%; 
livestock numbers across the EU declined sharp-
ly overall, and the smallest is in bovine animal 
numbers (Eurostat, 2025b). This makes pastures 
more accessible to farmers, which is the reason 
that makes grassland productivity increasingly 

less significant in productivity calculations and, 
therefore, not considered relevant.

RESULTS AND DISCUSSION

The comparison of structural size and perfor-
mance indicators between meat cattle 
farms in the EU–27 and the selected 
Balkan member states presents how 

only the family income of Greek farmers is high-
er than the EU average. That is changing in the 
second half of the studied period, and it improves 
drastically in the other Balkan MS. 

Its outbreak is inflation-related and spreads to 
total farm output as well as the total inputs, most 
noticeably in Bulgaria, Romania, and Croatia. 
The other presented basic economic performance 
and structural farm values are transforming, con-
sequently. On the other hand, that transformation 
is the least affecting Slovenia, where the farm in-
come seems to be slightly changing and, respec-
tively, seems stable.

Selected indicators represented on Table 1 re-
garding farm structure, such as land and herd size, 
farm inputs increased between 50% and 100% in 
Bulgaria, but output rose only 33%, while in Ro-
mania that range varied between about 100% and 
300%. The difference in Bulgaria and Romania 
might be summarized as following an ordinary 
inflation trend, followed by a significant increase 
in the managed agricultural land and livestock.

Structurally, the EU reference is changing 
slightly – all the expressed values vary in tight 
borders between 5% (farmland) and 34% (farm 
output). That pattern is very common in Slovenia, 
where the change refers to farm income and out-
put higher than costs, area, and herd size. Greece’s 
farms are even influenced negatively in terms of 
farm structure (land and animals), which direct-
ly reduces the farmers’ incomes by about 20%. 
That fluctuations are balanced in Croatia, where 
the production costs are enlarged by 76%, but that 
leads to a 65% and 105% rise of the total produc-
tion and family members’ income, respectively.

All the meat cattle farms are declining in num-
ber of holdings (18% – 57%), while the number of 
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animals is increasing (3% – 4%) only in Bulgaria 
and Greece (Table 2).

• Estimation of the Total Domestic Consump-
tion is equal to the domestic production plus im-
port minus export

While the farm number is significantly declin-
ing in Romania and Bulgaria by around 50%, 
the herd size in Bulgaria is slightly increasing, as 
well as in Greece, where about one third of the 
entrepreneurs left the business. That reflects on 
the EU references in 30%, which is equal to more 
than half a million farms, leading to a reduction 
in production and consumption. The most affect-
ed are Greece and Romania.

Bulgarian farms are the most drastically re-
duced in terms of relative value, while the abso-
lute number of lost farmers in Romania is higher 
than a quarter million. Almost half of Croatian 
farmers also left the business, but the national 
herd size is very slightly reduced. On the other 
hand, the consumption is 5% higher, while in Slo-

venia that percentage is even bigger (7%). That 
might be a result of increasing cattle meat pro-
duction by about 1500 tons.

While the EU labor productivity rises slowly 
until 2021 (Figure 1), it boosts by about 25%, but 
it is not applied in the Balkan MS, where the level 
of productivity changes significantly slower.

That upward trend in the benchmark is indi-
cating a production growth due to scale, which 
could also be linked to an enhancement in labor 
productivity. Keeping in mind the comparative-
ly lower labor productivity, the selected Balkan 
countries also gain different improvements. 

Bulgarian cattle holdings make a 13% rise in 
the labor force, which reflects in a 33% rise in 
the total output. Romania and Croatia have the 
strongest upward movement in labor productivi-
ty, which impacts the structural changes in better 
work organization, increases the agricultural land 
by 234% and 194% in the herd size (respectfully 
+32% and +22% in Slovenia), and improves pro-
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duction results (+240% and +40%) for a smaller 
change in the working force (+46% and -4%).

Greece remains more volatile and does not 
show a stable forward trend, meaning that output 
per working unit fluctuates and progress is more 
difficult to sustain. The common labor produc-
tivity of the Balkan MS reveals that the earned 
productivity growth does not gain effective con-
vergence with the mean EU standard and is insig-
nificant and varies considerably across countries. 

The average productivity of the capital in the 
EU beef cattle farms is almost a constant until 
2021, when almost 10% growth is followed by 
another one – by 16% (Figure 2). The indicator is 
way up in the Balkan MS (except Slovenia) rela-
tive to the EU average. 

Romania is leading by raising more than twice 
the value, which is a result of capital extension by 
154%, while Bulgaria started highly fluctuating 

but ended the surveyed period in second-place, 
balancing on the bottom of the indicator ampli-
tude and slightly increasing, covered by a 52% 
enlargement in the average farm capital. How-
ever, Croatia has a better performance after an 
improvement in 2018 but finishes in a decreas-
ing mode. Greek farmers even worsen the rate of 
Croatian productivity by aiming its poorest indi-
cator value after 2021. 

Slovenia follows a smooth pathway, which is 
consistent and covered by a smaller adjustment 
as the only representative performing a lower la-
bor productivity compared to the EU average. In 
summary, most of the Balkan farms managed to 
keep their capital productivity in a better perfor-
mance than the EU reference.

The capital intensity of Balkan MS is much 
higher than the reference level, while the differ-
ence in its amount is several times (depending on 
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the specific MS) in favor of the Union, which il-
lustrates a very efficient way of its usage.

The common EU rate of livestock productiv-
ity declined by 11.4% in 2014 and succeeded to 
restore after 2020, and keeping in consideration 
the progressive inflation rate stands for a stagna-
tion for the whole sector (Figure 3). 

The observation period of the livestock pro-
ductivity in Romania and Croatia started by los-
ing positions in 2014 but tended to achieve higher 
values afterwards. A full recovery is detected in 
2020 – 2021, leading to record highs for all the 
Balkan MS in 2022 – 2023. 

After doubling their initial value, Greek farm-
ers finish at their lowest level together with Bul-
garia, which is covered by lower and unstable de-
velopment, meaning that herd productivity does 
not improve even when changes in production 
are observed. Slovenia demonstrates stable lev-
els that improve significantly after 2020 by about 
50% until 2023 strengthening the production 
quantity. 

The Total Productivity Indexes of Romania 
and Croatia are comparable to the common EU 

level during the second half of the inspected pe-
riod. Despite the not-so-long time period of that 
research, permanent productivity improvement is 
detected in Slovenia (Figure 4). 

The most severe instability in the Total Pro-
ductivity Index is observed in Bulgarian and 
Greek beef cattle farming systems. The case of 
Bulgaria is worsening due to fluctuations in all 
measured indicators, especially in the productiv-
ity of capital and livestock units, but a lack of en-
hancement is also available in the labor effective-
ness.

The case of Greece is also very complex. All 
the charts share the same performance trend of 
declination, which could stand after an institu-
tional failure in the Common Agricultural Policy 
implementation or lost share on the international 
markets.

Slovenian farmers’ performance seems most 
stabilized and solid. Labor and capital productiv-
ity could not succeed in improving significantly, 
but there are no performance fluctuations, which 
stands for a steady production condition with no 
shocks in the economic conjuncture. Their live-
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stock productivity is increasing in the last ob-
served years, which leads to growth in the Total 
Productivity Index.

CONCLUSIONS

The Balkan MS that improves the output ca-
pacity also tends to demonstrate more stable 
progress in output-based productivity indicators, 
while the unstable and more volatile performers 
do not achieve a constant recovering profile. This 
confirms that structure is not simply an attribute 
of scale but a binding set of constraints and op-
portunities: the organization of labor, the use of 
capital, and the herd productivity to determine 
whether the higher output will translate into sus-
tainable productivity or remain transitory.

Romania and Croatia exhibit the clearest im-
provement in scale and economic results; Greece 
and Bulgaria, despite their differences indicate 
weaker and more fluctuating dynamics, and if the 
covering inflation is included, the results might 
be an object of severe deterioration. 

On the other hand, capital intensity might 
not be a crucial factor for obtaining the greatest 
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economic results. While Balkan MS have better 
indicator performance than the EU reference, it 
does not lead to a massive entrepreneur’ success. 
The EU average seems more successful; even the 
capital productivity is neglected, and even if the 
capital availability is at a much higher level, as 
documented in Table 1, the capital productivity is 
lower, and its usage is less intensive. Despite its 
lower quantity, Balkan MS’s capital is in a suffi-
cient amount but maintains a much higher inten-
sity, which reflects in better productivity.

After the health crises, there appears to be a 
massive inflation boost pushing the agricultural 
goods prices to rise rapidly, which also has a reflec-
tion on the farmers’ expenses first and, right after 
it, on their income, which stays for a positive asym-
metrical price transmission. Moreover, nominal im-
provements in output and productivity ratios could 
be partially driven by price effects, not solely by op-
timizations or technological or operational change.

Therefore, late-period changes should be in-
terpreted with caution, as productivity gains may 
be overstated if output is measured in current 
prices, while farmers facing real economic pres-
sures may be underestimated once input cost in-
flation is taken into account.
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Overall, the results imply that convergence to 
the EU benchmark remains partial and country-
related. Romania and Croatia report the most vis-
ible structural progress and productivity strength-
ening, whereas Bulgaria and Greece remain more 
vulnerable to economic shocks and demonstrate 
less stable performance patterns.

As shortcoming of the study might be that 
land intensity is not observed. To be well investi-
gated, such an indicator insists on quality produc-
tion variables for deepening the research, such as 
meat quality or consumers’ satisfaction. Another 
trade-off might be the difference in really used 
area. There are cases of land usage that are not 
regulated by a legal basis and are not formally 
included in the FADN farm report.
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