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Abstract: This paper presents a comparative analysis of the spatial transformation in the Hungar-
ian and Slovenian pig sectors at the level of local administrative units (LAU). Concentration and
inequality measures were applied in the empirical analyses, along with Markov transition probability
matrices, to examine the stability and/or mobility over time and the presence of clustering effects.
Both countries experienced a rapid decline in pig population. This profound structural change has
led to a smaller number of more concentrated pig farms and increased territorial concentration. The
degree of farm and territorial concentration and inequality in Hungary has been much higher than in
Slovenia, and the concentration gap between the countries has increased. Between 2000 and 2010, the
degree of concentration was much higher in Hungary than in Slovenia; average herd size per holding
increased by 68 percent in Hungary, and only seven percent in Slovenia. In Hungary, clustering
effects were particularly significant, with the pig sector moving towards large-scale concentration.
The former effect was also confirmed in the Slovenian pig sector, but significantly weakened during
the period under investigation. The exploitation and policy management of spatial externalities
justifies these agricultural, economic, and agri-environmental practices.

Keywords: spatial concentration; clustering effects; restructuring; pig sector; Gini coefficient
decomposition; Lorenz curve; Markov transition probability matrix; local indicators of spatial
association/local Moran’s I cluster maps; Central and Eastern Europe

1. Introduction

The spatial concentration of economic activities and clustering effects has received
substantial attention for more than a decade, and there is a wealth of research in various
strands of the economic and regional literature. However, studies of the agricultural sectors
are still limited. The pork sector is one of the best examples of industrialized agriculture,
with strong input–output linkages to the manufacturing sector. The farm structure of
the pork industry is strongly affected by economies of scale [1,2], but can differ between
countries and regions. An increase in the concentration in global hog production has been
accompanied by a spatial concentration of pork production [3,4], which has been explained
using agglomeration economies [5].

European pig production was also characterized by structural concentration in the
2000s, accompanied by a rapid increase in technological performance, specialization, and
the modernization of farm economies of scale [6]. Thus, intensification of production
created economic benefits for the sector, but also increased social tension, particularly in
the area of environmental sustainability and environmental protection [6,7].
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Therefore, pig population clustering and concentration might also be linked to en-
vironmental problems, particularly swine sewage management. Previous literature has
highlighted such problems of the environmental management of swine sewage using
different methodological approaches, providing case studies for Italy [8,9], Cyprus [10],
and China [11].

Undertaking an assessment of the benefits and drawbacks of the intensification and
concentration in the pig sector is even more complex in Central and Eastern European (CEE)
countries. The authors [12] provide a general overview of pig farming in European Union
(EU-28) countries between 2007 and 2013. Based on official Farm Structure Survey statistics,
the authors highlight a deep structural gap between the so-called “old” (EU-15) and “new”
member states (NMSs); the latter being mostly the CEE-11 countries that accessed the EU in
2004 (Estonia, Czech Republic, Hungary, Latvia, Lithuania, Poland, Slovakia, and Slovenia),
2007 (Bulgaria and Romania), and 2013 (Croatia) (“NMS-13”; i.e., CEE-11 plus Cyprus
and Malta from EU enlargement in 2004). The most important difference was that small
pig producers (farms with less than ten sows) were mostly found in NMS-13 countries.
The large proportion of small farms, which are less productive and less efficient, reduces
average herd size in the NMS-13 group.

On the other hand, the transition in farm structure has not been so uniform among the
NMSs. From an analysis of the changes in the distribution of sows by farm-size category,
the authors [12] (p. 8–9) classified EU Member States’ pig sectors into three types according
to the following characteristics:

(i). Concentration: In several EU Member States, “large farms account for more and more
sows, to the detriment of the smallest farms. The surviving farmers are only those that
have understood the need of having sustainable production based on investments in
technology, genetics, nutrition, and integration”.

(ii). Abandonment: “The decrease affects pig farms of all sizes, including large farms”.
(iii). Restructuring: “The number of sows from small herds fell sharply, and the number

in the medium and large herds rose correspondingly. This can be interpreted as a
re-organization of production”.

The spatial dimension of the concentration and structural changes described above
has been only very weakly processed in the literature. Previous studies have concentrated
primarily on North American and Western European countries, whilst research on the
situation in CEE countries is almost non-existent, except for work by [13,14].

The aim of the research presented in this paper is to provide a comparative analysis of
the spatial transformations in the Hungarian and Slovenian pig sectors. In contrast to the
situation in the USA and Western European countries, in both countries the pig sector is
declining, with fairly stable domestic demand in pork consumption, within competitive
European/global pig/pork markets. Pig farm size structures and pork market structures
in the studied countries are different. Hungary, with its prevailingly large-scale pig farms,
is a net exporter of pigs/pork, while Slovenia, with typically small- and medium-sized pig
farms, is a net importer. In both countries, pork is the meat most often consumed. However,
per capita pork consumption in Slovenia is higher than in Hungary.

This study contributes to territorial farm concentration and regional clustering studies,
with a broader relevance for the studied countries in the CEE pork sector that have a
significant culture of cuisine and gastronomy in terms of the consumption of pork meat.
First, the study compares two different pig farming, industrial organization, and marketing
structures. Second, the study applies different methodological approaches to analyze the
spatial concentration and spatial mobility of pig populations and their spatial agglomera-
tion at the local administrative unit level. Previous papers in the field of regional studies
have identified industry clusters using different methods [15], and spatial econometric
approaches have been used in agglomeration studies [14,16]. Our study adds to the con-
centration and clustering studies of the pig sector [14] through a cross-country comparison,
in which three additional methodological approaches were used, which had previously
been employed in regional studies. These are (i) the Gini coefficient decomposition and
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Lorenz curves for the spatial concentration of pig population, (ii) the Markov transition
probability matrices and mobility indices for determining the spatial mobility of the pig
population, and (iii) local indicators of spatial association (LISA)/local Moran’s I cluster
maps for each variable, which were applied to understand the regional clustering of the
pig population. Finally, the study presents the implications regarding the complex story
of the restructuring of the pig sector, in terms of competitiveness, sector survival, and
profitability, the latter of which is also an issue for future research.

The structure of the paper is as follows: the following section provides an overview
of the Hungarian and Slovenian pig sector and pork market structure. The third section
presents material and methods. Next, we present country-level results, compare them, and
discuss. The final section concludes.

2. Materials and Methods

This section presents the background to the studied countries pork sector and market,
the data used, and methods applied.

2.1. Structural Changes in the Hungarian and Slovenian Pork Sector and Pork Market Structure

The two neighboring countries investigated in this study are representants of the CEE
region (see Figure 1), and their pig market processes are therefore also characterized by the
general transition trends in the region.
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Adapting to EU single-market regulation has been a major challenge for the Hungarian
and Slovenian pork sectors. One of the key challenges was to enter the single EU pig
market without protective tariffs and export subsidies. After EU accession, live pig imports
increased considerably in both Hungary and Slovenia. Furthermore, complying with
animal welfare and nitrogen emission regulations created serious administrative burdens
for both countries. Note that these regulations were originally established for the old EU
Member States, where the pork sector is more concentrated and has a more competitive
farm structure (such as in, for example, Denmark, the Netherlands, and Flanders in
Belgium). In contrast, in Hungary and Slovenia the pork sector has been dominated by
small-scale farms, which in many cases struggled with structural anomalies until the
change of the regime; thus a significant proportion of farms did not have the capital to
invest in achieving compliance with the new rules.

The Hungarian and the Slovenian pig sector developed very similarly during the
first decade of the twenty-first century. The farm pig population in the two countries
decreased at exactly the same rate (by 34.5%) between 2000 and 2010. Figure 2 shows
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that the dynamics of the fall in pig numbers followed a similar pattern. During the same
period, the number of Hungarian and Slovenian pig holdings decreased by 62% and 40%,
respectively [18,19]. To sum up, pig farming has undergone a profound structural change,
leading to less, but more concentrated, pig production in both countries. However, the
degree of concentration has been much higher in Hungary than in Slovenia; average herd
size per holding increased by 68 percent in Hungary, but only 7 percent in Slovenia.
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The difference in the pig sector structures between Hungary and Slovenia are clearly
illustrated in Figure 3, which shows the distribution of the pig population by farm size (in
livestock units, LSUs). While, in Slovenia, small- and medium-sized pig farms prevail and
their share has increased in relation to the relative pig population vis-à-vis large farms, the
situation is the reverse in Hungary, where large pig farms have come to dominate and have
increased in relative importance in the pig population farming structure.

In the early 2000s, Hungary had a unique dual-structured pig sector, with a high
share of small- and large-scale farms and a very small share of mid-size pig holdings.
Between 2000 and 2010, the pig population decreased in each farm size category. However,
this change was notably different according to farm size: the share of large farms clearly
expanded, to the detriment of small-scale farms. In the meantime, the proportion of mid-
size farms remained very small, deepening further the extremely dualistic structure of the
Hungarian pig farm structure. Using the typology of [12], the transition of the Hungarian
pig sector can be identified as a mixed abandonment–concentration process.

In 2000, pig herd distribution by farm size was much more equal in Slovenia than in
Hungary and had become even more equal by 2010. The share of the second-largest farm
size class (between 50 and 499 pigs per farm) doubled, while the pig population radically
declined in all other size categories. Accordingly, the Slovenian pig sector transition can be
called a restructuring process.

The different pork market structures of Hungary and Slovenia are presented in
Figure 4, with a focus on the demand side; although pork consumption is important
in both countries. Per-capita pork consumption is higher in Slovenia and has increased,
and vice versa in Hungary. This may potentially be explained by substitution effects in
meat consumption, particularly the substitution of pork with poultry. One significant
difference between the studied countries is the overall market balance structure, with
Hungary a net exporter and Slovenia a net importer of pork. The degree of self-sufficiency
declined in both countries, but more in Slovenia than in Hungary; although in the latter it
also declined by around 20 percentage points. This finding suggests that the international
competitiveness of the pork markets in both countries has deteriorated. In the Slovenian
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case, imports were substituted for domestic production, thus leading to a relatively low
degree of self-sufficiency. Hungary remained a net exporter, but faced strong competition
from other European/global competitors.
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Figure 3. Distribution of pig population by farm size in Hungary and Slovenia (in percentage). Source: authors’ construction,
based on data from [18,19,21,22].
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The general objective of this research was to reveal the spatial dimension of these
structural changes in the Hungarian and Slovenian pig farm structure, with a focus on
their regional dimensions. More specifically, the paper focuses on two research questions.
On the one hand, we investigated how the spatial concentration and spatial mobility of pig
populations evolved in Hungary and Slovenia during the period of structural transition. On
the other hand, the presence of spatial distribution effects was analyzed in both countries.

2.2. Data

The empirical analysis was based on data provided by the Hungarian and the Slove-
nian Central Statistical Offices. Pig population data (in heads) were collected from the
General Agricultural Census in 2000 and 2010 at local administrative unit (LAU) level.

The selection of the observed spatial unit was complicated by the fact that the Hun-
garian and Slovenian settlement and administrative structures are different. In addition,
the content of LAU-1 and LAU-2 levels, according the official EU nomenclature before
2017 also differed between the two countries. For example, the LAU-2 level covers single
settlements in Hungary, each of which has its own local government body (municipality).
In Slovenia, on the other hand, LAU-2 units are made up of several settlements running a
joint municipality. Furthermore, there is an order of magnitude difference in the number of
LAU-2 units (in 2010, 212 in Slovenia and 3154 in Hungary), which cannot be explained
only by the difference in the areas (20,373 km2 vs. 93,030 km2) of the countries. Therefore,
a uniform application of the LAU-2 level would lead to the problem of different territorial
resolutions. Taking this into account, we decided to use the pre-2007 nomenclature; the
LAU-2 for Slovenia and LAU-1 for Hungary, as observation unit. The Slovenian LAU-2 and
the Hungarian LAU-1 can be considered to be the same unit in terms of administrative func-
tionality and structure, as they both cover a seat town, functioning as a bureaucratic and
statistical-administrative center, and several smaller settlements. The main characteristics
of the observation units can be seen in Table 1.

Hereafter, the observation units will be referred to as “local administrative units” or
“LAUs” for simplicity.
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Table 1. Main characteristics of observation (spatial) units for Hungary and Slovenia (statistics refer
to the year 2010).

Characteristics Hungary Slovenia

Native term Kistérség
(→ járás, after 2014) občine

Widely used English term district/microregion municipality

LAU level (according to the
pre-2007 nomenclature) LAU-1 LAU-2

Number of units
(investigated) 175 (175) 212 (196 *)

Average number of
settlements per unit (pcs) 18.02 28.19

Average population per unit
(heads) 57,224.71 9655.55

Average area per unit (km2) 531.60 95.62
* Excluded LAUs with urban status without pig production. Source: author’s own compilation based on data
provided by the Hungarian and the Slovenian Central Statistical Offices.

2.3. Gini Coefficient and Lorenz Curve

Gini coefficient and Lorenz-curves were used as a first step to analyze the spatial
concentration of the pig populations. Then, the decomposition procedure proposed by [23]
was applied to analyze the nature of change in spatial concentration. The authors suggest
the following method for determining the change in a single Gini index (G (v)).

∆G(v) = R(v)− P(v), (1)

where
R(v) = G0(v)− G0

1(v) (2)

and
P(v) = G1(v)− G0

1(v). (3)

G0
1(v) is the generalized Gini concentration index for year one, based on the ranking of

year zero. The value of P(v) can be interpreted as a measure of the progressivity of pig
population growth, while the value of R(v) can be interpreted as a mobility index, based on
re-ranking. Equation (1), therefore, expresses that inequality is progressive with an increase
in the pig population, assuming that it is not offset by simultaneous mobility. If the pig
population grows, between starting and end periods, and the value of P(v) is greater than
zero, this means that the pig population is more concentrated in the “poor” (smaller pig
population) than the “rich” (larger pig population) units. This is called pro-poor growth.
If P(v) is less than zero, then pig growth is more strongly concentrated in “rich” than in
“poor” units. In our case, when the pig population does not grow but decreases, we can
speak of growth in the “poor” population, when losses are less concentrated among the
“poor” territorial units compared to the “rich” ones.

2.4. Markov Matrix and Transition Probability Matrix

For the analysis of spatial stability, similarly to research that specializes in foreign
trade or territorial convergence [24,25], we used Markov matrices to determine the spatial
mobility of pigs. Districts were classified into quartiles, according to the size of the pig
population. With the help of Markov matrices, we examined the chance of a LAU remaining
in the same quartile in 2010 as it was in 2000, and the likelihood of a deterioration or
improvement in its position. Direct comparisons of mobility between the farm-size classes
were made using different mobility indices.

The first index (M1) by [26] evaluates the trace (tr) of the transition probability matrix.
This index, thus, directly captures the relative magnitude of diagonal and off-diagonal
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terms and can be shown to equal the inverse of the harmonic mean of the expected duration
of remaining in a given cell.

M1 =
K− tr(P)

K− 1
, (4a)

where K is the number of cells, and P is the transition probability matrix.
The second index (M2, see [26,27]) focuses on the determinant (det) of transition

probability matrices.
M2 = 1− |det(P)| (4b)

Higher values for both indices indicate greater mobility, while zero values indicate
perfect immobility.

2.5. Global and Local Moran’s I Indices

Global and local Moran’s I indices were used to investigate spatial distribution in
terms of spatial association patterns, such as global spatial association and local spatial
association. Global Moran’s I index reveals the clusters or degree of dispersion of variables
in terms of space; describing the overall spatial characteristics of pig production across
observation (LAU) units [28]. Global Moran’s I index is defined as:

I =
∑n

i=1 ∑n
j=1 wij(xi − x)

(
xj − x

)
∑n

i=1 ∑n
j=1 wij(xi − x)2 =

∑n
i=1 ∑n

j 6=i wij(xi − x)
(
xj − x

)
S2 ∑n

i=1 ∑n
j 6=i wij

(5)

where n denotes the number of LAUs; xi and xj are the natural logarithms of pig population
(heads) in LAUs i and j, respectively; and wij is an element of spatial weight matrix (more
specifically, a row-standardized queen contiguity weights matrix) and refers to an adjacent
relationship between LAUs i and j. The elements of the matrix are calculated using the
following rules (before row-standardization):

wij = 1 if bnd(i) ∩ bnd(j) 6= ∅, (6a)

wij = 0, if bnd(i) ∩ bnd(j) = ∅, (6b)

where bnd(i) and bnd(j) denote the set of boundary points of units i and j, respectively.
Values of Moran’s I mostly range from −1 to +1, where negative values indicate

negative a spatial autocorrelation (dispersion), while positive values represent positive
autocorrelation (clustering). A zero represents a random spatial pattern [29].

In this paper, local Moran’s I (the most commonly used index of LISA indices) is
calculated to measure partial spatial autocorrelation and quantify spatial dependence for
each observation unit. Using local Moran’s I, we can identify spatial clusters with high and
low pig production. For the ith unit, local Moran’s I is defined as [30]:

Ii =
(xi − x)

Si
2 ∑n

j=1 wij
(
xj − x

)
, (7)

where

Si
2 =

∑n
j=1

(
xj − x

)2

n− 1
− x2. (8)

Positive local Moran’s I values identify LAUs with spatial clusters. Two types of
spatial cluster can be distinguished:

• high–high clusters (high value in a high-value neighborhood),
• low–low clusters (low values in a low-value neighborhood).

Negative local Moran’s I values identify spatial outliers, including

• high–low outliers (high value in a low-value neighborhood),
• low–high outliers (low value in a high-value neighborhood).
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In the research for this paper, the statistical significance of global and local Moran’s I
was tested using permutation tests based on 9999 permutations [30]. H0 may be rejected if
the pseudo p-value is equal to or less than 5%.

To help visualize partial spatial clusters, we drew LISA/local Moran’s I cluster maps
for each variable, using GeoDa version 1.14.0.

3. Results

We first present and discuss results about spatial concentration and mobility, then
clustering effects.

3.1. Spatial Concentration and Mobility

The Gini coefficients that measure spatial concentration and inequality and its decom-
position can be seen in Table 2.

Table 2. Decomposition of change in spatial concentration between 2000 and 2010.

Components Hungary Slovenia

Initial S-Gini 0.747 0.680
Final S-Gini 0.796 0.724

Change 0.049 0.044
R-component 0.037 0.432
P-component −0.011 0.388

Change of R and P-component in % of the initial Gini
S-Gini 6.5 6.5

R-component 5 63.6
P-component −1.5 57.1

Source: authors’ calculation.

The actual values of the initial (year zero = 2000) and final (year one = 2010) single-
parameter Gini coefficients show that both the Hungarian and Slovenian pig sectors were
strongly spatially concentrated in 2000, and that this inequality had further strengthened
by 2010. The growth ratios of spatial concentration were exactly the same (6.5%) in both
countries. Considering the P-component, there is an important difference between the
two transition processes. In Slovenia, P(v) > 0 shows that the transition was a “pro-poor”
process; the decrease in pig herds was proportionally less for LAUs with relatively smaller
pig herds than for those with a relatively large pig population. However, this trend was
totally offset by the re-ranking (R-) component; R(v) > P(v) suggests that spatial pig herd
mobility was the driver of this increasing inequality.

In Hungary, the situation was simpler. Both the values of the P- and R-component
show a “pro-rich” re-ranking and inequality-increasing transition.

This process of increasing concentration/inequality is graphically illustrated with
Lorenz-curves in Figure 5.

Despite the significant role of the R-component, the spatial mobility of the pig popu-
lation was slightly lower in Slovenia (see Table 3). The diagonal elements of the Markov
transition probability matrix represent the LAUs that remained in the same quartile be-
tween 2000 and 2010. It can be seen that the Slovenian diagonal values move around
80 percent in each quartile. The ranking position of the majority of LAUs did not change
during the investigated period. However, the strange transition path from Q1 (representing
LAUs with the smallest pig herds) to Q4 (LAUs with the largest ones) covers more than
10% of the initially Q1-ranked units. The radical expansion of the pig population in these
units might have resulted in the significant re-ranking effect seen in Table 3.
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Table 3. Decomposition of change in spatial concentration between 2000 and 2010.

Hungary (M1 = 0.386, M2 = 0.414)
Quartiles Q1 Q2 Q3 Q4

Q1 77.27 20.45 2.27 0.00
Q2 18.18 56.82 15.91 9.09
Q3 2.27 20.45 68.18 9.09
Q4 2.27 2.27 13.64 81.82

Slovenia (M1 = 0.251, M2 = 0.256)
Quartiles Q1 Q2 Q3 Q4

Q1 81.25 8.33 0.00 10.42
Q2 18.75 77.08 4.17 0.00
Q3 0.00 10.42 83.33 6.25
Q4 4.26 0.00 12.77 82.98

Source: authors’ estimation.

Measures of spatial mobility are higher in Hungary, although the transitions are mostly
limited to the neighboring quartiles. Most change occurred between quartiles Q1 and Q2,
and Q2 and Q3.

3.2. Spatial Association of Pig Distribution

The final step of the research involved an investigation of the spatial association. As
Table 4 shows, the actual values of Moran’s I were significant in both countries and periods,
revealing the existence of potential spatial patterns in pig distribution. Moran’s I indices
decreased in both countries during the period under analysis. However, the speed of
decline was more than eight times as fast in Hungary than in Slovenia. This difference
can be explained by the different nature of the structural transitions. The concentration
of farm structure and “pro-rich” spatial processes related to the pig population were
more favorable, in terms of preserving clustering effects in Hungary. In the restructuring
Slovenian pig sector, clustering was weakened by the decreasing pig population and the
“pro-poor” nature of the transition.
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Table 4. Global Moran’s I indices pig population at LAU * level.

Country 2000 2010 Change of Moran’s I (%, 2000 = 100)

Hungary 0.436 * 0.398 * −8.72
Slovenia 0.327 * 0.102 * −68.81

Note: * The significance level (pseudo p) of I is 1%. Local administrative unit (LAU). Source: authors’ estimation.

Now we turn to the investigation of the local autocorrelation, to identify clusters within
the global pattern in Hungary using the LISA cluster maps (Figure 6). In 2000, Hungarian
pig production was geographically concentrated in the Southern Great Plain (Cluster HH1,
consisting of 40 LAUs). The core LAUs of this large clustered area can be found near the
southern border. A far smaller cluster (HH2), consisting of two LAUs, existed in the western
part of the Little Plain. These two regions have the greatest proportion of arable land that
is used by individual farms, thereby increasing the potential for manure spreading and
growing forage. The local potential for forage production and the application of manure
increases local pig density, mainly because of low transportation costs. From a socio-
cultural perspective, pig farming has a deep cultural and historical background in these
areas; a situation which is favorable for technological and information spillover.
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Two low–low spatial clusters (marked in blue) are identified in two mountainous or
hilly regions, which are naturally less favored areas for pig farming. LL1 is located near
Lake Balaton, where agricultural activity is limited and strongly controlled by environmen-
tal restrictions.

By 2010, the pig population of LAUs had sharply declined in general, while the
spatial profile of pig production in Hungary remained quite clustered. The location of
the clustered areas did not change considerably, but their shape transformed slightly. The
differences between the core and periphery regions shrunk, and the number of high–high
LAUs declined from 400 to 37. HH-1 remained the largest and most important cluster for
individual farm pig production in the Great Plain. The area of cluster HH-2 expanded with
two new LAUs.

The spatial pattern of the Slovenian pig sector (Figure 7) involved less clustering
and more dependence on terrain than the Hungarian one. The only high–high cluster
(consisting of 16 LAUs) was found in the eastern lowlands. The area of clustering economies
was limited to a very small part of the country. This situation had not changed by 2010.
While the global Moran’s I decreased almost by 70 percent, the HH3 cluster declined in
area. Clustering effects had clearly become peripheral by the end of 2010.
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4. Discussion

Based on the results from the Gini coefficient decomposition, we find that the increase
in spatial inequality in both countries was accompanied by a drastic reduction in the pig
population. In the case of Slovenia, a “pro-poor”, inequality-compensating progressivity
was discovered. However, this inequality-reducing component was totally eliminated
by the re-ranking effect of changes in pig herds. In the case of Hungary, the progressive
element involved a “pro-rich” process, which was further strengthened by the re-ranking.
Consequently, our primary conclusion is that spatial progressivity is related to the nature
of farm structural change, which moved in different directions in the studied countries.
In Slovenia, the decrease in the inequality of farm structure contributed to a “pro-poor”
transition. In contrast, the concentration of the Hungarian pig farm structure underwent a
“pro-rich” transition. This relationship between global farm structural change and spatial
transition is a logical, but not evident, phenomenon. Testing it on a larger sample using
quantitative methods is therefore recommended.

The re-ranking effect played a significant role in increasing inequality in the spatial
concentrations of both countries. As our study focused on changes in the pig population,
explanations used in the literature that refer to income inequality (based on taxes and trans-
fers) cannot be applied. Spatial re-ranking is much more likely to be due to reorganization
technologies and the tightening of environmental regulations. The reorganization process
of CEE pig sectors, as detailed by [12], legitimately increases spatial disparity; the need
to increase productivity and efficiency leads to the specialization of spatial units and the
territorial organization of the sector. That this process occurred in Hungary is supported
by the fact that ten of the twelve Hungarian pig cooperatives can currently be found in
highly clustered pig production areas, while only two cooperatives operate elsewhere in
the country, in locations where pig production is also not uncommon (see [14]).

The territorial role of environmental regulation is twofold. On the one hand, it [31] has
been demonstrated that restrictions on manure spreading can boost spatial concentration
and agglomeration economies. On the other hand, re-ranking processes are strengthened
by restrictions, as manure placement restrictions are area-specific; they are stricter in
environmentally sensitive and tourist areas, but more permissive in environmentally and
socially less sensitive areas. The reverse is also true for agri-environmental payments [32].
Failure to take this fact into account in pig sector development plans is a serious regulatory
error, which can be partly attributed to the increase in social tension related to sectoral
transformation.

In terms of spatial patterns, the two countries show significant differences. Despite
the increase in spatial inequalities in Slovenia, the presence of clustering effects and the
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extent of pig agglomeration areas have drastically declined. We found that the formation of
clusters is initially limited by the terrain of the country, as clearly reflected in the diagonals
and transition probability indices of the Markov matrices. Under these environmental
conditions, the potential for positive spatial externalities (spillover effects, information
exchange, and market access) remains partly unutilized. This again suggests the need for
the planned development of formal horizontal integration and professional networks in
the sector.

In Hungary, the presence of clustering effects and the extent of pig cluster areas did not
significantly decrease, due to favorable terrain conditions, and also partly due to the spatial
concentration of horizontal integration. Positive regional externalities remained important
factors for the concentrated Hungarian pig sector. It would be reasonable to consciously
build on these externalities in sectoral development strategies, thereby reinforcing and
stimulating spillover processes.

The operational interest and relevance of our study can be found in agricultural
and environmental policies and pig farming practice. The pig sector in both studied
countries has experienced decline. This has reduced environmental problems and the
swine sewage management in the areas with a high pig concentration, particularly on
large-scale pig farms.

In designing new agricultural policies regarding pig farming at the national and inter-
national (i.e., European) level, it could be worth considering economic, environmental, and
societal sustainability objectives. This preparation and decision-making process should
include practitioners, civil society interest groups, and citizens, to avoid possible conflicts
and trade-offs between farmers, different societal interest groups, and non-farming popula-
tions living in rural areas. Moreover, the role of organic farming in the pig sector could
also be considered more important. This transformation process can be linked with the
development of supplementary activities on farms, such as meat processing and tourism.
Organic swine farming exists in both countries, although not on a large scale, but rather on
small-scale family farms. This can provide opportunities for pig-meat branding and niche
market development, such as in the case of the “krškopoljski” pig in Slovenia [33].

Our results suggest that the exploitation and policy management of spatial externali-
ties is justified, even in countries with a small area and decreasing pig population. Among
the issues for future research is making a comparison of the present findings with those of
the post 2010 period, when comparable agricultural survey data become available. This
most recent evidence could capture the adjustment and restructuring of the pig sectors in
response to the economic crisis and instabilities in the global pig and pork markets in terms
of real price instability. This may have led to a reduction in the pig population, contributing
to changing concentration and clustering paths.

5. Conclusions

This study contributes to the spatial transformation and spatial concentration research
literature, focusing on a comparative analysis of the pig sector. In this paper we described
an investigation of the spatial aspects of the structural changes in the Hungarian and
Slovenian pig sectors. These two neighboring countries, with different pig farm sizes and
pork market structures, are good representatives of typical Central-European concentration
and restructuring processes. In terms of the pig/pork-meat market balance, Hungary is
a net exporter, and Slovenia is a net importer. With the decline in the pig population,
self-sufficiency has declined in countries that have traditionally been major consumers of
pork meat.

Concentration and inequality measures with Markov transition probability matrices
were applied. To sum up, our results for Hungary and Slovenia show that the structural
transformation of the Central European countries, which involved a decrease in the pig
population, has been characterized by an increase in territorial concentration and inequality.
Clustering effects are particularly significant in the Hungarian pig sector, which is moving
towards large-scale concentration. Agglomeration externalities may be useful, in terms of
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implementing national sectoral development plans. In the case of Slovenia, the presence of
a clustering effect was also confirmed, although it significantly weakened during the period
under investigation and may have weakened further since then; an issue for research in
the future. In 2020, agricultural censuses were conducted and will provide recent data
structures and comparisons. Among issues for research in the future is the analysis of the
spatial clustering concentration, capturing the impact of scale effects in economic structures
and agglomeration economics, considering causal inference.
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25. Fertő, I.; Varga, Á. A jóllét területi különbségei Magyarországon: Egy lehetséges térségfejlettségi index alkalmazása. Statisztikai
Szemle 2014, 92, 874–891.

26. Shorrocks, A. The measurement of mobility. Econometrica 1978, 46, 1013–1024. [CrossRef]
27. Geweke, J.; Marshall, R.; Zarkin, G. Mobility indices in continuous time Markov chains. Econometrica 1986, 54, 1407–1423.

[CrossRef]
28. Zhang, L.; Wang, J.; Wen, H.; Fu, Z.; Li, X. Operating performance, industry agglomeration and its spatial characteristics of

Chinese photovoltaic industry. Renew. Sust. Energ. Rev. 2016, 65, 373–386. [CrossRef]
29. Moran, P.A.P. Notes on continous stochastic phenomena. Biometrika 1950, 37, 17–23. [CrossRef]
30. Anselin, L. Local Indicators of Spatial Association—LISA. Geogr. Anal. 1995, 27, 93–115. [CrossRef]
31. Gaigné, C.; Le Gallo, J.; Larue, S.; Schmitt, B. Does regulation of manure land application work against agglomeration economies?

Theory and evidence from the French hog sector. Am. J. Agric. Econ. 2012, 94, 116–132. [CrossRef]
32. Polakova, J.; Soukup, J. Results of implementing less-favoured area subsidies in the 2014–2020 time frame: Are the measures of

environmental concern complementary? Sustainability 2020, 12, 10534. [CrossRef]
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