Pre prints.org

Article Not peer-reviewed version

Regional Aspects of Transformations in

Agriculture: The Case of the Republic of
Bulgaria

Julia Markova Doitchinova * and Zornitsa Stoyanova

Posted Date: 23 October 2024
doi: 10.20944/preprints202410.1733.v1

Keywords: transformations; DEA analysis method; relative efficiency; regions

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/1662788
https://sciprofiles.com/profile/3944171

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 October 2024 d0i:10.20944/preprints202410.1733.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Regional Aspects of Transformations in Agriculture:

the Case of the Republic of Bulgaria

Julia Doitchinova and Zornitsa Stoyanova

University of National and World Economy
* Correspondence: e-mail juliadoj@unwe.bg

Abstract: Transformations in agriculture not only change the ways in which natural resources and
social capital are used, but are also a prerequisite for different opportunities to create added value
and improve the viability of rural areas. The purpose of the article is to assess the differences and
effects of transformations in agriculture in the Bulgarian regions. Based on statistical data from the
Censuses of agricultural holdings in 2010 and 2020, the DEA analysis method was applied. Six
models (3 input oriented and 3 output oriented) were constructed and tested, and the efficiency
coefficients were assessed on regional level. The degree of structural changes and efficiency of the
used production and other resources were evaluated and conclusions were drawn. In the majority
of the models, differences are observed between the northern regions of the country and the South
Western and South Central regions. The most significant are the efficiency coefficient of the labor
force used and the output produced, the gross value added and the net mixed income. In the other
models, multidirectional changes are observed. North Western is the region in which all calculated
efficiency coefficients increase, and in North Eastern and South Eastern, the most calculated
coefficients decrease.

Keywords: transformations; DEA analysis method; relative efficiency; regions

1. Introduction

More than 30 years, substantial and significant transformations have been taking place in
Bulgarian agriculture, which fundamentally changed its production structure, the markets for
realization, the number and characteristics of agricultural holdings, employment in the sector, the
place of agriculture in the local economy, etc. The parameters and consequences of these
transformations have been explored and discussed in different contexts and aspects. If at the end of
the last century the center of research interest was the process of conducting land and organizational
structural reforms [1-3], then after 1999 with the creation of State Fund "Agriculture" came to the fore
the consequences of the implemented reforms [4-6], the ongoing restructuring and the significant
problems that occurred in the production structure.

Production and organizational restructuring (before and after our country's accession to the EU)
have different dimensions in regional terms. Under the influence of the common agricultural policy,
part of the crop production received additional incentives for development, which had a positive
effect on the incomes of those employed in them. The increased productivity and efficiency of labor
in the areas where these industries prevail led to the concentration of production, the rapid reduction
of agricultural holdings and the acceleration of negative demographic trends in rural areas [7,8]. In
other crop growing and most animal breeding productions, tendencies are in reduce the number of
produced products, liquidation of agricultural holdings, which created prerequisites for significant
transformations in the economy of rural areas [9,10], to increase unemployment in them and to
intensify migration processes. These trends continue, regardless of the adopted and implemented
national programs for the development of a number of vulnerable sectors.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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In this regard, arises the question how agricultural holdings with different specializations and
size affect the development of rural areas. In which areas are the natural resources and comparative
advantages of local conditions used to a greater extent?

The purpose of the article is to assess the distinctions and effects of transformations in
agriculture in different regions of the country. In practice, this means identifying in comparative
terms the areas where transformations have improved the use of natural resources, social capital and
contributed to regional development.

The thesis of the research is that transformations in agriculture not only change the ways of using
natural resources use and social capital, but also are a prerequisite for different opportunities for
creating added value and for the improvement of the viability of rural areas.

The article has the following structure: literature review, methodology, analysis of regional
differences and changes in production, characteristics of production structures, discussion and
conclusion.

2. Literature Review

Geographical conditions and location strongly influence various socio-economic processes in
society. Among these processes are the problems of the regions where agriculture is developed and
various regional specializations have been formed. Scientific interest in these problems’ dates back to
the first half of the 19th century, when Tiinen published The Isolated State in 1826. His theory of the
location of agricultural production with five rings of different types of production around the city as
a single, centrally organized market was further developed by Dickinson (1964). The author examines
concentric rings of farms that show decreasing intensity as they move away from the city. Alfred
Weber added the role of two sets of location factors - regional factors (eg transport or labor costs) and
local factors (eg processes of agglomeration and de-agglomeration). A number of researchers
consider that due to the peculiarities of agriculture as an economic activity, location theories fail to
fully explain the location of agricultural production [11,12]. Agricultural production requires not only
land, technology, capital, institutions, infrastructure and skills, but also depends on the necessary
natural conditions to produce agricultural output [13]. Natural, environmental and climatic
conditions can be very heterogeneous within individual countries, allowing them to diversify their
agricultural production baskets. In this context, an important topic is the production specialization
of agricultural holdings and regions, to use their comparative advantages and natural resources, to
produce with lower unit production costs and with higher labor productivity. As many studies show,
the spatial diversity of the quantity and quality of the main production factors are the fundamental
determinants of the spatial distribution of activities and their efficiency. In addition, agriculture is a
sector with unique characteristics that cannot be regulated by market principles alone, such as its
problems affected by the structural characteristics of world markets and market distortions due to
intervention policies [14].

In recent decades, there has been a growing number of researchers who not only recognize the
multifunctional characteristics of agricultural production and their impact on territorial development
[15-17], but also empirically analyze and evaluate them [18,19]. Some authors [20] interpret the
multifunctionality of agriculture as a cornerstone of sustainable territorial development, emphasizing
the importance of public goods and ecosystem services as new opportunities for development of the
rural economy.

Studies in different rural areas have concluded that farming patterns are formed and they
influence the farmer's choice to expand in the direction of agricultural production or to
multifunctionality and the related networking with other local entrepreneurs and consumers [21,22].
This confirms the need to take into account the specific conditions and to apply adapted territorial
approaches and strategies for the development of agriculture in a regional context [23-25].

3. Methodological Framework

In the article, the assessment of changes in agriculture is made in a temporal and regional
context. Changes between 2010 and 2020, when farm censuses were conducted, are analyzed.
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Regional differences are examined at the statistical region level (NUTS-2), and for some indicators at
the district level (NUTS-3).

Some of the main statistical indicators are the object of research interest: number of agricultural
holdings, average size of used agricultural land per farm, used agricultural land, animal units, annual
work units; standard production volume, relative shares of the main sectors in the total output, gross
added value per annual work unit, gross added value per unit of used agricultural land, etc.

The comparison between the regions and districts is made using the data envelopment analys
(DEA), which is widely applied in research in the field of agricultural economy [26,27] and tracking
the transformations in agriculture [28]. In her research, Zaimova [29] prepared a DEA analysis to
assess the economic efficiency of 130 producers registered in the South Central and South Eastern
regions and members of producer organizations for the period 2005 - 2008. Gospodarovi¢ [30]
analyzed the technical efficiency of high commodity farms in Poland, including indicators such as
used agricultural area, labor input in agriculture, durable material assets and the amount of
commodity production. The efficiency was calculated for four selected years in the period 1992 - 2005.
Optimizing the technical efficiency of agricultural farms in mountain areas by a DEA analysis is
carried out in the research of Kaneva [31], where in order to make the comparison, the analysis is
applied with and without the use of subsidies. Toma et al. [32] used DEA analysis to compare and
analyze the agricultural efficiency in plain, hilly and mountainous areas in thirty-six countries.

In this paper, the comparison between the statistical regions and the changes that occurred in
them for the period 2010 - 2020 is made by using DEA analysis. The method is suitable for the
purposes of the article, as it enables the assessment of the relative efficiency of the Decision Making
Units (DMU) from the sample [33]. This lead to determination of the most effective unit, which is
located on the efficiency border by linking inputs to outputs [33]. To carry out the DEA analysis,
input oriented models are used, looking for the coefficient of technical efficiency of production
resources [29,34] and output oriented models, by calculating the coefficient of technical efficiency of
the final product. The DEA models used in the article assume one level of efficiency for optimal
(Constant Return to Scale — CRS). One ratio between output and used resources is defined as 100 %
efficient and all units are compared with it. It is possible for several units to get 100 % if it is true for
all of them that the input and output indicators are exactly in this ratio — the most optimal possible
ratio for the efficiency of the production process [35]. For the comparative analysis between the
regions, three input oriented models (for 2010 and 2020) and 3 output oriented models were
constructed. The data for the indicators used were taken from the National Statistical Institute -
Infostat database [36].

Input oriented models aim to evaluate the effectiveness of the inputs used and the output
obtained. The used indicators in the models are presented on Table 1.

Table 1. Input oriented models.

Models Input indicators (million BGN) Output indicators (million BGN)
Model 1 costs for fuels and oils

manufactured products from

veterinary costs animal
feed additives husbandry
Model 2 seeds and planting material
fuels and oils crop production
fertilizers and soil improvers
plant protection preparations
Model 3 used agricultural area (ha)
annual work units (number) gross added value at basic prices

intermediate consumption

consumption of fixed capital
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Output oriented models evaluate the efficiency of the input resource used and the results
obtained. The output oriented models are presented on Table 2.

Table 2. Output oriented models.

Models Input indicators Output indicators (million BGN)

annual work units agricultural production

Model 4 (number) gross added value
net mixed income

agricultural production

Model 5 ) gross added value
used agricultural area (ha)
net mixed income

average total farm production (BGN)
Model 6 i:;air ;%Efl(l;lz;ral land average gross value added per holding (BGN)

average net income per farm (BGN)

4. Analysis of Changes and Regional Differences

One of the main results of the restoration of ownership and use of agricultural land in Bulgaria
was the creation of an extremely large number of agricultural holdings. In the years of transition to a
market economy, these holdings quickly began to decline, forming a structure including a very high
relative share of small sized holdings and a small share of very large holdings. A dualistic structure
of agricultural holdings is observed even now, regardless of the effects of direct payments and other
CAP measures for priority financing of small agricultural holdings. If in 2010, 94.1% of farms were
up to 10 hectares and used 8.5 % of the agricultural land, and the remaining 5.9% cultivated 91.5 %,
then in 2020 farms with a size of over 10 ha are 13.5 % and they use 94.8 % of the agricultural land
[37,38].

For the period 2010-2020 farms decreased by more than 64 % from 370 thousand farms (2010) to
132.7 thousand farms in 2020. Number of farms decreased the most in the North Western region (3.36
times), followed by the South Eastern region (3.1 times) (Figure 1). The changes are smaller in the
South Central and South Western regions, where farms decreased by 2.56 and 2.6 times, respectively.
At the NUTS-3 level, the dimensions of the changes are even more significant. In the regions of
Lovech (over 4.2 times), Varna and Stara Zagora (over 3.7 times) and Silistra (3.5 times).

The changes in the number of holdings lead to a significant increase in the average size of the
used agricultural land of the holdings (Figure 2). With an average increase of the indicator by 3.27
times for the country, its value varies between 4.1 times for the North Western region and 3.1 times
for the North Eastern region. Differences between regions are increasing. If in 2010 the difference in
average size between the highest and the lowest rate in statistical regions was 14 hectares (between
the North Eastern and South Western regions), then in 2020 the difference reached 49 hectares
(between the North Western and South Central regions).

One of the main reason for such changes is the deepening specialization of the North Western
and North Central regions, in which the relative share of crop products reaches 88 % in 2020
compared to 52 % in 2010 and in the North Central - 80.7 % compared to 39 % in 2010.

d0i:10.20944/preprints202410.1733.v1
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Figure 1. Number of agricultural holdings. Source: [37,38].
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Figure 2. Average size of agricultural holdings, ha Source: [37,38].

The relative share of livestock production is highest in the South Eastern and South
Central regions, respectively 36.11 % and 33.07 % (45.2 % and 43.1 % in 2010). Animal units
are also the most numerous in these two statistical regions. In the South Central region, they
practically maintained their numbers during the period. The North Western region not only
has the smallest number of livestock units, but they also decreased the fastest by more than
26 % over the ten-year period (Table 3). This process takes place despite the fact that the
multiplier effect of the livestock sector has been shown to be greater than that of the crop
sectors: [40]. When livestock production does not use regional comparative advantages, the
accompanying effects in a regional context are not realized either.
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Table 3. Changes in the number of animal units and annual work units (2010 and 2020).
Regions Animal units Annual Work Units (AWU)
2010 2020 2020/2010 2010 2020 2020/2010

North Western 158420 115867 73.14 50723 21159 41.71
North Central 193610 164774.5 85.11 51895 23288 44.87
North Eastern 182504 157639 86.38 53141 23376 43.99
South Eastern 219276 217131 99.02 59342 26054 43.90
South Western 122180 122042 99.89 64,607 27122 41.98
South Central 273745 247652 90.47 126811 46641 36.78
Bulgatia 1149737 1025106 89.16 406519 167639 41.24

Source: [37,38].

The formed regional production structures are also the basis of the differences in the number of
annual work units. They have decreased in all regions, but most significantly in the South Central
and South Western statistical regions. The smallest changes are in the North Central, North Western
and South Western regions.

The relative share of livestock production is highest in the South Eastern and South Central
regions, respectively 36.11 % and 33.07 % (45.2 % and 43.1 % in 2010). Animal units are also the most
numerous in these two statistical regions. In the South Central region, they practically maintained
their numbers during the period. The North Western region not only has the smallest number of
livestock units, but they also decreased the fastest by more than 26 % over the ten-year period (Table
3). This process takes place despite the fact that the multiplier effect of the livestock sector has been
shown to be greater than that of the crop sectors: [38]. When livestock production does not use
regional comparative advantages, the accompanying effects in a regional context are not realized
either. The formed regional production structures are also the basis of the differences in the number
of annual work units. They have decreased in all regions, but most significantly in the South Central
and South Western statistical regions. The smallest changes are in the North Central, North Western
and South Western regions.

A comparison of standard production volumes in 2010 and 2020 shows an increase in all regions.
On average for the country, the indicator increased by 66.44 %, ranging from 86.37% for the North
Western to 41.07 % for the South Central region. In the three regions of Northern Bulgaria, a greater
increase was registered compared to the southern regions.

As aresult of the established production structure of regional agriculture, significant differences
are observed in the gross added value and in the net income of one hectare (Table 4). These indicators
are highest in the South Central region, followed by the North Eastern region in 2010, and in 2020 the
two districts have swapped places. Gross value added per hectare increased in five of the regions,
ranging from 232.6 % in the South Eastern region to 118.17 % in the North Central region. Only in the
South Central region the value of the indicator remained.

Table 4. Average value added per hectare and average net income per farm.

Average gross value added per hectare Average net income per farm
Regions (BGN) (BGN)
2010 2020 2020/2010 2010 2020 2020/2010
North Western 742,50 1148,33 154,66 418,85 389,03 92,88
North Central 922,28 1089,88 118,17 469,60 261,36 55,66
North Eastern 1039,31 1278,12 122,98 508,30 603,76 118,78
South Eastern 695,78 1618,50 232,62 397,05 1004,31 252,94

South Western 792,45 1250,74 157,83 277,92 402,20 144,72
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South Central 1416,17 1414,56 99,89 825,52 1058,06 128,17
Source: [39]

Authors should discuss the results and how they can be interpreted from the perspective of
previous studies and of the working hypotheses. The findings and their implications should be
discussed in the broadest context possible. Future research directions may also be highlighted.

The relative share of livestock production is highest in the South Eastern and South Central
regions, respectively 36.11 % and 33.07 % (45.2 % and 43.1 % in 2010). Animal units are also the most
numerous in these two statistical regions. In the South Central region, they practically maintained
their numbers during the period. The North Western region not only has the smallest number of
livestock units, but they also decreased the fastest by more than 26 % over the ten-year period (Table
3). This process takes place despite the fact that the multiplier effect of the livestock sector has been
shown to be greater than that of the crop sectors [40]. When livestock production does not use
regional comparative advantages, the accompanying effects in a regional context are not realized
either.

The formed regional production structures are also the basis of the differences in the number of
annual work units. They have decreased in all regions, but most significantly in the South Central
and South Western statistical regions. The smallest changes are in the North Central, North Western
and South Western regions.

5. DEA —Results and Discussion

5.1. Input Oriented Models

Data from the DEA analysis regarding the three types of costs related to livestock production -
fuels and oils, veterinary costs, feed additives and animal production in 2010 and 2020 show the
effectiveness of the costs incurred for the unit of production in the six statistical regions (Table 5). In
2010, the South Central region was determined to be the most inefficient in terms of livestock
production costs, followed by the South Wester. The efficiency of the costs of fuels and oils, veterinary
costs, feed additives and livestock production is the highest in the North Central and in the North
Eastern region, as the efficiency ratio is 1. The efficiency of all three types of costs is high in 2010 and
in the South Eastern and in the South Western region. For the period 2010-2020, the calculations show
that there is an increase in the effectiveness of the costs incurred in the South Western and South
Central regions, which is due to the reduction of the considered three types of costs in both regions
with an increase in animal production in 2020 compared to 2010. There is a slight increase in cost
efficiency in the North Western region as well. It can be concluded that in 2020 the efficiency ratio of
the costs incurred in relation to the production of output in animal husbandry is high in all planning
regions.

Table 5. Efficiency coefficient of the used fuels and oils, veterinary costs, feed additives and the
obtained production in animal husbandry by statistical regions (Model 1).

DMU 2010 Rank 2020 Rank Change
North Western 0,91 3 0,92 3 0,01
North Central 1 1 1 1 0
North Eastern 1 1 0,96 2 -0,04
South Eastern 0,95 2 0,87 4 -0,08
South Western 0,77 4 1 1 0,23
South Central 0,52 5 1 1 0,48

Source: own calculation
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The results from the DEA analysis also show the efficiency ratio in terms of the costs of seeds
and planting material, fuels and oils, fertilizers and soil improvers, plant protection preparations and
the produced output in crop production in 2010 and 2020 (Table 6). Both in 2010 and 2020, the
efficiency of realized costs for plant production is above average. It is the lowest in the North Western
region — 0.68, but in 2020 the coefficient reaches a value of 1, which can be explained by the more than
two times increase in production with a decrease in the costs of fuels and oils and a slight increase in
the costs of seeds and planting material. In 2010, the South Central region was determined to be the
most inefficient in terms of livestock production costs, followed by the South Western. The efficiency
of the costs of fuels and oils, veterinary costs, feed additives and livestock production is the highest
in the North Central and in the North Eastern region, as the efficiency ratio is 1. The efficiency of all
three types of costs is high in 2010 and in the South Eastern and in the South Western region. For the
period 2010-2020, the calculations show that there is an increase in the effectiveness of the costs
incurred in the South Western and South Central regions, which is due to the reduction of the
considered three types of costs in both regions with an increase in animal production in 2020
compared to 2010. There is a slight increase in cost efficiency in the North Western region as well. It
can be concluded that in 2020 the efficiency ratio of the costs incurred in relation to the production of
output in animal husbandry is high in all statistical regions.

Table 6. Efficiency coefficient of the used seeds and planting material, fuels and oils, fertilizers and
soil improvers, plant protection preparations and the obtained crop production by region (Model 2).

DMU 2010 Rank 2020 Rank Change
North Western 0,68 4 1 1 0,32
North Central 1 1 1 1 0
North Eastern 0,85 3 0,62 3 -0,2267
South Eastern 0,90 2 0,88 2 -0,0179
South Western 1 1 1 1 0
South Central 1 1 1 1 0

Source: own calculation

Table 7 presents the results of an efficiency analysis in terms of used agricultural area, annual
work units, intermediate consumption and consumption of fixed capital and GVA at base prices. In
2010, the statistical region that is the most efficient in terms of the use of production factors is the
North Central region, followed by the North Eastern, South Western, North Western and South
Eastern regions, where the efficiency coefficient is high - over 0.8. In the South Central region, the
coefficient is above average. In 2020, a significant change in efficiency was observed in the North
Eastern region, with the efficiency ratio decreasing from 0.97 to 0.55, and the region from second
place in 2010 ranked fifth in 2020. A significant increase in land use efficiency, labor and capital and
the resulting GVA is observed in the South Central region, and it went from the last place in 2010 to
the first place in 2020. In the remaining four regions, the efficiency coefficient related to the analyzed
indicators does not undergo a significant change.

Table 7. Efficiency coefficient of the used agricultural area, annual work units, intermediate
consumption, consumption of fixed capital and received GVA (Model 3).

DMU 2010 Rank 2020 Rank Change
North Western 0,87 4 1 1 0,13
North Central 1 1 0,84 2 -0,16
North Eastern 0,97 2 0,55 5 -0,42
South Eastern 0,82 5 0,61 4 -0,21
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South Western 0,88 3 0,70 3 -0,18
South Central 0,55 6 1 1 0,45

Source: own calculation

5.2. Output Oriented Models

Table 8 presents the efficiency coefficient of the labor force used and the output produced, the
gross added value and the net mixed income in 2010 and 2020. In 2010, the efficiency coefficients
were high in the three northern and South Eastern regions, and in the South Western and South
Central regions they are below the average level, which defines both regions as inefficient in terms
of the labor force used and the resulting output. In 2020 in the North Western region, the efficiency
increases and reaches the maximum level. Despite the fact that, in the South Western and South
Central regions, the coefficient of efficiency increases slightly, they remain ineffective. In the
remaining three regions, the efficiency ratio decreases, with the largest decrease in the North Eastern
region.

Table 8. Efficiency coefficient of the labor force used and the output produced, the gross value added
and the net mixed income (Model 4).

DMU 2010 Rank 2020 Rank Change
North Western 0,86 3 1,00 1 0,14
North Central 1,00 1 0,81 2 -0,19
North Eastern 0,96 2 0,70 3 -0,26
South Eastern 0,77 4 0,65 4 -0,12
South Western 0,26 6 0,27 6 0,01
South Central 0,29 5 0,36 5 0,06

Source: own calculation

The data from the DEA analysis in terms of the agricultural area used and the output produced,
the gross added value and the net mixed income show that in 2010, the North Central and South
Central regions are the most efficient, and in the rest of the regions the values of the coefficient are
above 0.80 (Table 9). In 2020, the North Central region maintains its leadership position, and in the
North Western region, efficiency increases and reaches the maximum level. The leading positions of
these two regions in terms of the efficiency of the used agricultural area can be explained both by the
increase in the average size of farms in them for the period 2010-2020, (which is the highest compared
to the value of this indicator in the other statistical regions) and with production specialization (the
relative share of crop production reaches 88 % in 2020). In the remaining four regions, the efficiency
ratio decreases, with the largest decrease in the South Western region.

Table 9. Efficiency coefficient of the used agricultural area and the obtained output, gross value added
and net mixed income (Model 5).

DMU 2010 Rank 2020 Rank Change
North Western 0,80 3 1 1 0,2
North Central 1 1 1 1 0
North Eastern 0,95 5 0,80 3 -0,15
South Eastern 0,83 4 0,79 4 -0,4
South Western 0,87 2 0,54 5 -0,33
South Central 1 1 0,90 2 -0,10

Source: own calculation
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In the remaining four regions, the efficiency ratio decreases, with the largest decrease in the
South Western region.

The results of the DEA analysis regarding the efficiency coefficient of average agricultural land
used per farm and the obtained average total farm production, average gross value added per farm,
average net income per farm in 2010 and 2020 (Table 10) show that as in 2010 so in 2020, the efficiency
of average agricultural land used per farm in all statistical regions is above average level. In 2010, it
was the lowest in the North Western region — 0.54, and in 2020 in the South Western region — 0.68.
The highest efficiency of average agricultural land used per farm in 2010 was in the South Central
region — 1, and in 2020 in the South Western. For the period 2010-2020, the calculations show that an
increase in the efficiency of average agricultural land used per farm is imminent in the three northern
statistical regions and in the South Eastern. In the South Western and South Central regions, the
efficiency of average agricultural land used per farm decreases. The South Western region changes
its place from second in 2010 to sixth in 2020, and South Central from first place in 2010 to fifth in
2020. The decrease in efficiency in these statistical regions is due to the disproportionate growth of
indicators included in model 6.

Table 10. Efficiency coefficient of average agricultural land used per farm and the obtained average
total farm production, average gross value added per farm, average net income per farm (Model 6).

DMU 2010 Rank 2020 Rank Change
North Western 0,54 6 0,78 4 0,24
North Central 0,65 5 0,81 2 0,16
North Eastern 0,71 3 0,79 3 0,08
South Eastern 0,56 4 1 1 0,44
South Western 0,87 2 0,68 6 -0,19
South Central 1 1 0,73 5 -0,27

Source: own calculation

6. Conclusions and Summaries

This section is not mandatory but may be added if there are patents resulting from the work
reported in this manuscript.

Table 11 summarizes the results of the DEA analysis and the efficiency coefficient, with red
marking the positions where the efficiency coefficient is low and takes values from 0 to 0.35, yellow
marks the results in which the coefficient of efficiency is around the average level (values from 0.36
to 0.65) and in green are the positions where the efficiency coefficient has high values from 0.66 to 1.
The results of the performed DEA analysis show:

e  Efficiency ratios are around and above the average levels for most of the statistical regions in terms
of fuels and oils used, veterinary costs, feed additives and livestock output, seeds and planting
material used, fuels and oils, fertilizers and soil improvers, preparations for plant protection and
the obtained crop production, the agricultural area used, annual work units, intermediate
consumption and consumption of fixed capital of land, the GVA obtained, the agricultural area
used and the produced output obtained, gross value added and net mixed income.

*  South Western and South Central regions are not efficient in labor utilization and output, gross
value added and net mixed income.

e For the period 2010 - 2020, there are changes regarding the efficiency coefficient of the used fuels
and oils, veterinary costs, feed additives and the obtained production in animal husbandry in the
South Central region, the efficiency coefficient of the used seeds and planting material, fuels and
oils, fertilizers and soil improvers, plant protection preparations and the resulting crop production
in the North Eastern, the efficiency coefficient of the agricultural area used, annual work units,
intermediate consumption and consumption of fixed capital of land, the resulting GVA in the
North Eastern, South Eastern and South Central regions, the coefficient of efficiency of the labor
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force used and the output produced, gross added value and net mixed income in the South Eastern
region and the efficiency coefficient of the agricultural area used and the output produced, gross
value added and net mixed income in the South Western region.

¢ The results of the sixth model have the smallest differences in all regions of the country.

Table 11. Measurements of efficiency coefficients for the constructed models.

North North North South South South
Western Central Eastern Eastern Western Central
2010 2020 2010 2020 2010 2020 2010 2020 2010 2020 2010 2020

Model 1
Model 2
Model 3
Model 4
Model 5
Model 6

Source: own study

For the period 2010 - 2020, the efficiency of used fuels and oils, veterinary costs, feed additives
and the production in animal husbandry increased in the North Western, South Western and South
Central regions, decreased in the North Eastern and South Eastern regions, and remained unchanged
in the North Central region.

The effectiveness of the used seeds and planting material, fuels and oils, fertilizers and soil
improvers, plant protection preparations and the resulting crop production increases in the North
Western and North Central regions, decreases in the North Eastern and South Eastern regions and
keep their levels in the South Western and South Central regions (Table 12). The coefficient of
efficiency of the used agricultural area, annual work units, intermediate consumption and
consumption of fixed capital of land received GVA increases only in the North Western and South
Central regions, and decreases in the other four regions. The efficiency of the agricultural area used
and the output produced, gross value added, and net mixed income decreases in the three southern
and North Eastern regions, increases in the North Western, and remains the same in the North
Central region.

Table 12. Change in efficiency for the period 2010 — 2020 by statistical regions.

Models North North North South South South
Western Central Eastern Eastern =~ Western Central
Model 1 il “ | | i fl
Model 2 1 i i | o o
Model 3 1 i i i i fi
Model 4 il | | | i i
Model 5 | « | | | |
Model 6 i i - i ! |

Source: own study

North Western is the region in which all calculated efficiency coefficients increase, and in North
Eastern and South Eastern, the most calculated coefficients decrease. Changes are mixed in the South
Western and South Central regions, while the North Central region maintains its positions in 33 % of
the models.
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Researches of agricultural transformations in different regions of Bulgaria and changes in the
efficiency of agricultural production have shown that there are differences between statistical regions.
Although overall agricultural production efficiency and agricultural GDP showed an increasing
trend, there were still other related agricultural resource variables that needed to be adjusted to
achieve better resource allocation and production efficiency. The North Western and North Central
regions perform relatively better. The efficiency of the agricultural area used and the output
produced, gross value added and net mixed income decreased in four of the regions.

In this context, it is advisable to take into account regional differences and adapt programs and
measures to local conditions, to use the effect of agglomeration and the effect of diffusion and to
increase political support. The uneven distribution of resources between regions creates various
challenges in decision-making.

The empirical analysis in this study highlights the interrelationship between the allocation and
use of agricultural production resources and its outcomes across regions of the country, as well as
the importance of agricultural economic development policies. The obtained results can contribute
to new perspectives for the study of the use of resources for agricultural production and regional
development, as well as for the formulation and implementation of future regional agricultural
policies contributing to ensuring food security and sustainable development.
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