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Abstract

The animal husbandry sectors play an important role both in Hungarian and Croatian agriculture. 
To our knowledge, no research has been done so far to determine and compare efficiency levels of 
different animal husbandry farms in these two countries. The objective of this research was to examine 
the technical efficiency indicators of dairy, beef, broiler, sheep and pig sectors in Hungary and Croatia 
using DEA VRS method. We used data from national FADN databases for the period 2014-2017 for 
the calculations of indicators. The results of the research show us that from five main animal husbandry 
sectors, Hungarian farms score better in dairy and beef sector. Croatian farms achieve higher technical 
efficiency level in the sheep sector. In pig and broiler sectors farms from both countries achieve very 
similar technical efficiency indicators. 
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Introduction 

In terms of the global nutrition supply, it is essential to increase animal and animal products production efficiency in 
the future to meet the enormous meat and dairy product demand due to the expected population growth (UN 2019). 
From economic and social point of view, increasing the efficiency level of the food production is a highly important 
area of the European Union (EU), Croatian and of the Hungarian agriculture as well. In general, the efficiency is a 
very broad concept, so it is necessary to define accurately what we mean by it, i.e. which factors influence it, what the 
assessment indicators are and what methods can be used to measure the efficiency of the production. The question 
of efficiency should be a priority area for both the Croatian and Hungarian animal husbandry farms, since it is 
frequently applied for determination of strength and weaknesses of the production units (Kočišová 2015). 
The general objectives of this research were to explore the main indicators of the animal husbandry sector in Croatia 
and Hungary, and then to define and systematize their efficiency and relevant concerning factors for the most 
important animal husbandry sectors. 

Material and methods

Efficiency is a widely used concept in economic evaluations, e.g. in measuring farm level performance. Economic 
(or overall) efficiency can be expressed as a combination of technical and allocative (or price) efficiencies. Technical 
efficiency is the ability of a farmer to obtain maximal output from a given set of inputs, while allocative efficiency 
measures the ability of the farmer to use inputs in optimal proportions, given their input prices and technology (Coelli 
et al. 2005, Begum et al. 2009, Toma et al. 2015). Several scientific methods are suitable for measuring efficiency. One 
of the generally used methods is data envelopment analysis (DEA) (Kočišová 2015). Since the method does not use 
a functional relation between inputs and outputs the possibilities of its employment are manifold (Kočišová 2015, 
Toma et al. 2015). Consequently, DEA has been widely used for the efficiency assessment in agriculture as well (Atici 
and Podinovski 2015, Kočišová 2015). By using of DEA we are able to explore hidden reserves within the given 
sectors and countries in different time lines.
In this research, we used input orientation to measure the DEA VRS (variable returns to scale) technical efficiency 
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in different animal husbandry sectors from two countries. The DEA VRS formula envelopes data points more tightly 
and provides higher or equal efficiency scores than the CRS (constant returns to scale) model. The difference between 
VRS and CRS technical efficiency scores represents the scale inefficiency.
In order to measure technical efficiency, we used the radial measures of technical efficiency. The advantage of the 
radial approach is that its technical efficiency measures are easily interpreted and communicated as the maximum 
percentage reduction of inputs required to produce a given output bundle, or the maximum percentage expansion of 
outputs allowed for at given inputs.
DEA VRS (input oriented) model and Directional Input Distance mathematical model is written in the following 
way (Serra et al. 2011):
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where: 
ß = Technical Inefficiency score
gx = directional distance vector
λ = vector of parameters (firm weights)
X and Y are matrixes with all outputs and inputs used in the model.

A main result of DEA modelling is the technical efficiency indicator which ranges between 0 and 1. The value 1 means 
fully efficient firm and there is no place for improvement. The distance from the estimated production frontier (1, 
or 100% efficient) represents the technical efficiency reserves or improvement potential for a certain unit of analysis.
In our research we used a database from the European Farm Accountancy Data Network (FADN) provided by the 
Research Institute of Agricultural Economics in Hungary (AKI) and the Croatian FADN Office at the Ministry of 
Agriculture. From the database, we selected data for specialised dairy, beef, pig, poultry, and sheep farms for the 
period 2014-2017. 

Table 1. The number of farms in Hungarian and Croatian FADN sample per year and sector
Dary farms Beef farms Pig farms Sheep farms Broiler farms

Year HUN CRO HUN CRO HUN CRO HUN CRO HUN CRO
2014 100 210 33 76 57 17 30 74 123 4
2015 112 209 33 81 60 23 33 71 121 16
2016 108 200 38 79 98 22 34 61 121 11
2017 109 209 37 76 87 21 28 70 115 19

Source: FADN 2019 database, AKI and Republic of Croatia Ministry of Agriculture. 

Depending on the sector, we used one or two outputs in the input orientated DEA models. The output variables in 
the dairy farm type were: (1) cow’s milk and milk products value (in EUR, FADN code: SE216); and (2) beef and veal 
value (in EUR, FADN code: SE220). The one output variable for the beef farm type was beef and veal value (in EUR, 
FADN code: SE220). The output of the pig farm type was pig meat value (in EUR, FADN code: SE225). The output 
variable for the broiler sector was poultry meat value (in EUR, FADN code: SE230) (FADN 2017).
The following five input variables were used for the model (Kovacs 2009 and 2016):
(1) Total fixed assets: value of buildings and land associated with agricultural activity (in EUR). FADN variable code: 
SE441. 
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(2) Total current assets: The current assets comprise values of stocks and other short term assets expressed in EUR. 
FADN variable code: SE465.
(3) Labour input: This is the total number of working hours at annual basis, and the FADN variable code is SE011 
(4) Major cost items: This input factor is a sum of the three biggest costs categories expressed in EUR: livestock 
feed, energy cost and other direct costs. The total value of major cost items is calculated as a sum of the three FADN 
corresponding variables: SE310, SE330 and SE345.
The fifth input variable depends on the particular farm type or sector: 
(5) Dairy cows: The number expressed in the European livestock units (LSU). (FADN code: SE085).
(6) Sheep and goats: The number on the farm expressed in LSU. (FADN code: SE095).
(7) Pigs: The number on the farm expressed LSU. (FADN code: SE100).
(8) Poultry: The number on the farm expressed in LSU. (FADN code: SE105).
Efficiency indicators for all farms were calculated for each year in the period 2014-2017. Beside the global efficiency 
level, the efficiency was also analysed by 3 farm size groups:

• small farms with the standard output value between 4-25 thousand EUR
• medium farms with the standard output value between 25-500 thousand EUR and 
• large farms with the standard output value higher than 500 thousand EUR. 

The results were also analysed by countries. Altogether, 160 frontier estimation models were created under different 
time, spatial and size dimensions. 

Results and discussion

Dairy sector

We can observe from Figure 1. that the return to scale technical efficiency for input orientated variables on Hungarian 
dairy farms is 8-13% higher than in Croatia. The sample size was 200-210 in the Croatian dairy sector and 100-112 
in Hungarian. The results show that the worst year was 2016 for both countries regarding the individual farms’ 
technical efficiency. That was the first year after the European Quota System abolishment, when the output prices 
decreased in this sector. 

Table 2. Technical efficiency indicators of Hungarian and Croatian farms according to animal husbandry sectors 
between 2014–2017. 

Dary farms Beef farms Pig farms Sheep farms Broiler farms
Year HUN CRO HUN CRO HUN CRO HUN CRO HUN CRO
2014 0,816 0,738 0,739 0,650 0,867 0,883 0,739 0,809 0,867 0,952
2015 0,757 0,648 0,698 0,515 0,803 0,761 0,727 0,823 0,804 0,752
2016 0,748 0,614 0,701 0,643 0,846 0,873 0,705 0,805 0,819 0,867
2017 0,782 0,658 0,800 0,601 0,852 0,856 0,759 0,897 0,816 0,717

The results by farm size groups shows that the Hungarian small size dairy farms efficiency is 91.5% on average, while 
the Croatian farms average is 79.6%. The Croatian farms efficiency was also heavily fluctuating during the examined 
periods (69.1% to 85.9%).
The medium size dairy farms technical efficiency values are quite close to each other for Croatia and Hungary. The 
difference in the period 2015–2017 is only 1-2%, and the average values are 80.2% in Hungary and 77.5% in Croatia.
It is interesting that in Croatia small scale farms efficiency is higher (84.1%) than for medium size farms (74.8%), 
which means that medium farms have to improve their performance.There was only one large Croatian dairy farm 
in our sample, so we could not compare country level results for this size group. The large size Hungarian dairy farms 
average efficiency indicator is 94.5% for the examined period, which means that there is 5.5% efficiency improvement 
potential for that farms. It can be done by decreasing the input for the same output or by increasing the output with 
the same level of inputs.
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Beef sector

The Hungarian beef sector is 13.3% more efficient on average than the Croatian. In 2017, the difference between the 
two countries was the highest (20%). This is probably due to the large number and share of medium size farms in 
Croatia, while there are no large size beef farms.
Small beef farms average efficiency is higher in Hungary (86.2%) compared to the Croatian farms (74.4%). According 
to the results, year 2016 was quite unfavourable for the small size beef farms in both countries. The biggest difference 
between Croatian and Hungarian beef farms was determined for the group of medium size: 63.3% for Croatia and 
84.2% for Hungary.
Same as with the dairy sector, technical efficiency of Croatian small size farms is higher (74.4%) than of medium size 
farms (63.3%). In the beef sector we can observe a similar trend with regard to the Hungarian farms, except for 2016.
Both countries do not have enough large beef farms in the FADN sample, thus the technical efficiency indicator for 
this size category is not available.

Pig sector

The pig sector average technical efficiency indicator is 84.2% for the Hungarian, and 84.3% for the Croatian pig 
farms. These values indicate that farms had similar average efficiency level in both countries in the examined period.
The difference in the average efficiency between the two countries numbers on small size pig farms is actually small 
(only 1-2%). Simultaneously, the small farms technical efficiency was over the medium farms efficiency in both 
countries.The medium size farms efficiency indicator is 2% higher in Hungary on average. However, in 2016 it was 
higher in Croatia for 6.7%, while in 2017 the difference was again higher for the Hungarian farms for 11.9%. Same as 
for the dairy farms, there were no large size Croatian pig farms in the sample, while the efficiency of large Hungarian 
pig farms was increasing from 93.1% to 95.4% in the examined period.

Sheep sector

The sheep sector is the only sector in which the Croatian farms’ technical efficiency values dominate. The average 
technical efficiency during four years is 83.4% in Croatia, in Hungary the average is 73.3%. In 2017 the Croatian 
farms technical efficiency reached the maximum of the period: 89.7%.
According to the farm size groups, the efficiency of small size sheep farms in Hungary is 1-9% higher than in Croatia. 
In 2016, this value was the highest in Hungary (97.6%). In this sector, the biggest difference between countries is with 
medium size farms. The Hungarian farms average technical efficiency is 80.2%, while the Croatian farms average is 
93%. It is in line with findings that in Hungary small sheep farms achieve higher efficiency than medium size farms, 
while in Croatia the situation is the opposite. There were no large size sheep farms in the sample, thus we were not 
able to analyse them.  

Broiler sector

The broiler sector average efficiency is almost the same for the two countries (82.2% and 82.7%). Here we have to 
mention that the sample size of this type of farms was almost ten times larger in Hungary than in Croatia.
As a consequence of the small sample, there are no small or large broiler farms in the Croatian FADN sample. The 
technical efficiency of Hungarian small size broiler farms in four years is 96.9%. The worst year for this group was 
2015, when technical efficiency decreased to 92.5%.
The efficiency of medium size broiler farms is rather fluctuating. The average technical efficiency value of Hungarian 
farms is 86.9%, while the value of Croatian farms is 84.1%.The group of large broiler farms in Hungary has average 
technical efficiency indicator 98.1% in the period 2014-2017 (ranges from 97.2% to 99.2%). The results for large 
farms suggests that there is actually no space for improvement in the technical efficiency.
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Conclusions

In this research, we calculated and compared the technical efficiency indicators of Croatian and Hungarian animal 
husbandry sectors for the period 2014-2017. Having in mind significant differences among particular sectors as 
well as farms of different sizes, we determined technical efficiency indicators across different farm types and sizes. 
According to the results obtained, the Hungarian farms are better at technical efficiency in dairy and beef sectors, 
while the Croatian farms prevail in sheep sector. The performance of farms in pig and broiler sector is almost the 
same in both countries. With respect to the farm size groups, there are some sectors where the technical efficiency 
indicators of small size farms are higher than of medium farms. In Hungary, this is the case with broiler and sheep 
sector, in Croatia with beef and dairy sector, and in both countries with pig sector.
Future research are needed to examine the reasons for the differences found between countries, both in terms of type 
and size of farms. There are many factors that could significantly influence the results obtained, ranging from farm 
characteristics to environmental and socio-economic factors.
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