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Abstract 

This article investigates the phenomenon of market concentration in the European agricultural sector 

from 2010 to 2020 at the regional level. To this end, we exploit the spatiotemporal dynamics of the 

Gini concentration index for farmland and production. First, we examine the variability within and 

between countries to assess whether the industry has suffered from increasing concentration during 

the study period. The next objective is to identify the empirical relationship between the two 

indicators and determine whether spatial spill-overs occur in terms of market concentration across 

regions. Our findings confirm the fragmented picture of the European agricultural sector, which is 

characterized by a high degree of heterogeneity within and across countries as concerns both land 

concentration and production concentration. In addition, we confirm the existence of a positive 

association between the two concentration measures. Lastly, the remarkable spatial autocorrelation 

we observe supports the hypothesis that adjacent regions tend to register similar levels of 

concentration, generating clusters of regions with either high or low values. 
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1. Introduction 

Understanding the dynamics of industry concentration in the agricultural sector is crucial for 

policymakers to determine where and how policies aimed at supporting small-scale farms might be 

most effective.  As a matter of fact, the agricultural sector is a key sector that may help withstand and 

recover from the impact of economic downturns, especially in rural areas (e.g., see Giannakis & 

Bruggeman, 2018). 

At worldwide level, the picture is very fragmented and, consequently, still opaque. Lowder et 

al. (2021) provide an overview of the number of farms by size at global scale, pointing out that small 

farms (less than 5 hectares) represent the vast majority of firms, but have less than 20% of the overall 

farmland. Giller et al. (2021) provide a similar picture, although they recognize that, since production 

costs and selling prices are determined by large-scale markets, the danger in the next decades is the 

increase in the marginalization of smallholder farmers, and additional and excessive dependence on 

very large farms. As of today, the picture of the market is the same as at the beginning of the 

millennium: the distance described in Von Braun (2005) between the “marginal” farm (small, with 

low level of sustainability and disconnected to science) and the “dominant” farm  (large, more 

sustainable and users of advanced science) has not closed.  

In the European agricultural sector, two large bodies of evidence have emerged. First, research 

has shown that farm and company structures vary considerably across and within regions and 

countries (Guarín et al., 2020). A comprehensive review of the scholarship reveals that numerous 

historical, cultural, geographical, economic, and political factors influence these disparities 

(Zimmermann et al., 2009). Second, the European Union’s (EU) agricultural sector has undergone a 

significant transformation over the last decades, marked by a steady concentration of agricultural 

holdings. Because larger farms have the potential to achieve economies of scale, which can reduce 

production costs and, thus, increase overall production, this concentration may, in theory, increase 

efficiency. Nonetheless, the intensive agricultural practices associated with larger farms can give rise 



 

 

to issues of soil degradation, water pollution, and biodiversity loss (Fassò et al., 2023). Moreover, the 

decline of small farms can have adverse effects on rural communities through job losses and the 

deterioration of social cohesion. 

Between 2010 and 2020, the number of EU farms fell from 12 to 9 million, while output rose 

from €304 to €360 billion (Eurostat, 2024a), indicating growing concentration and structural change. 

Note. Figure 1 shows values referring only to countries for which data is available for both 1990 and 2020. 

 

Figure 1 visually represents the concentration of agricultural sectors within the EU. From 1990 to 

2020, the aggregate number of farms fell substantially in most EU countries. Importantly, the average 

area per farm expanded significantly. 

Several factors contribute to this trend. Global competition and volatile market prices push 

smaller farms towards consolidation or closure. Meanwhile, larger farms can often afford advanced 

machinery and automation, leading to increased efficiency and productivity. In parallel, younger 

generations are less likely to pursue careers in agriculture, leading to a decline in the available 

workforce for smaller farms. Lastly, EU policies, while not directly aimed at concentration, affect 



 

 

land distribution and might inadvertently favor larger farms or smaller ones. This raises questions 

about how the structure (e.g., the type of farming and average size) of farms has changed and whether 

this change has been uniform or heterogeneous in Europe. 

In this paper, we investigate the phenomenon of market concentration in the EU agricultural 

and livestock farming industry between 2010 and 2020. To this end, we use regional (Nomenclature 

of territorial units for statistics classification [NUTS-2]) and national (NUTS-0) level data from 

Eurostat (Eurostat, 2024a) to examine the spatiotemporal dynamics of concentration measures for 

agricultural standard output (as a proxy for economic size) and farmland (as a proxy for physical size) 

of European farms. Our research focuses on the evolution of the Gini index (Giorgi & Gigliarano, 

2017) within and between countries to assess whether the European agricultural market has seen 

increased concentration of power in fewer but larger farm holdings during the past decade. The 

overarching aim of the study can be declined into two research questions: 

1) What temporal and spatial patterns characterize the levels of concentration of farmland and 

agricultural production? Specifically, is there a common trajectory between (i.e., at the 

national level) and within (i.e., at the regional level) European countries in terms of 

concentration measures between 2010 and 2020? 

2) What empirical relationship exists between the concentration of agricultural farmland and the 

concentration of standard output? Specifically, are the two concentration measures positively 

correlated, such that an increase in the physical concentration of agricultural businesses is 

associated with an increase in their economic concentration, and vice versa? 

To the best of our knowledge, the literature on territorial disparity in the European Agricultural 

sector is still developing. One early notable paper relevant to our analysis was authored by Vollrath 

(2007) and showed that land inequality is inversely related to productivity. In other words, a decrease 

in the Gini index of land distribution substantially increases land productivity. This is because farms 

that operate with family labor benefit from productivity advantages, and more equal land distribution 



 

 

equalizes the marginal product of labor across farms. In this regard, the existence of a sizeable effect 

of land inequality on output is a symptom of economic inefficiencies in the agricultural sector.  

The present paper contributes to the literature in several important ways. First, whereas prior 

studies have examined land and output concentration at the national or coarse regional levels, our 

analysis exploits regional data for the EU27 countries over a decade (2010–2020) to offer a finer-

grained and more spatially detailed picture of market concentration trends. Second, unlike most of 

the existing research, we examine both farmland and output (production) concentration jointly, which 

allows us to explore the relationship between physical and economic size concentration. Third, we 

incorporate exploratory spatial data analysis techniques to assess the presence of spatial dependence 

and clustering in concentration patterns, an approach largely overlooked in the current literature. 

Finally, we provide a temporal and spatial mapping of concentration trends, enabling a dynamic 

assessment of how concentration evolved over the post–financial crisis decade and in the context of 

ongoing Common Agricultural Policy (CAP) reforms. 

The remainder of this paper is organized as follows. In Section 2, we briefly synthesize 

relevant issues raised in the agricultural economics literature and directly related to market 

concentration. In particular, we focus on territorial heterogeneities and the unequal distribution of 

production, profits, and resources among farms, as well as their economic consequences. In Section 

3, we discuss the role of the Gini index in quantifying market concentration and the statistical tools 

we used to analyze spatial patterns of concentration. We also describe the regionalized Eurostat 

database on agricultural indicators we drew from to compute the Gini index for production (as a proxy 

for the economic size) and farmland (as a proxy for physical size) of EU farm holdings. In Section 4, 

we discuss the empirical findings derived from the data analysis of available data on European regions 

from 2010 to 2020. Concluding remarks are provided in Section 5. 



 

 

2. Background on distributional issues in the European agricultural sector 

Disparities in the agricultural sector, particularly in land ownership and productivity, have 

long been recognized as a major factor shaping economic and social outcomes in rural areas. Unequal 

access to productive land contributes to broader divisions in income, opportunity, and regional 

development (Wegerif & Guereña, 2020). In recent decades, the growing consolidation of farmland 

has renewed concerns about equity, efficiency, and sustainability in European agriculture (van der 

Ploeg et al., 2015). 

The structure of agricultural holdings in the EU reflects a complex mix of historical, 

geographical, economic, and institutional factors. Post-war land reforms in Eastern Europe (e.g., 

Poland, East Germany, and Czechoslovakia) broke up large estates, while countries like Italy 

implemented milder redistributive measures in their southern regions (Bonanno, 1988; Mathijs, 2018; 

van der Ploeg et al., 2009). These legacies continue to shape farm size and ownership patterns today. 

In many Western European countries, family-owned farms dominate, while parts of Eastern and 

Southern Europe show more dualistic or fragmented structures. Natural conditions also contribute to 

heterogeneous land concentration. Soil quality, terrain, and climatic suitability influence not only the 

types of crops or livestock but also the potential for economies of scale (Lobley & Winter, 2009). 

Demographic pressures, such as rural depopulation and aging farmer populations, further affect the 

viability of smaller holdings (Eurostat, 2022). 

Economic and institutional drivers also play a key role. Technological change, globalization, 

and EU policies, though not directly aimed at consolidation, may have disproportionately benefited 

larger farms. Notably, investments in capital-intensive machinery and access to financial markets 

tend to favor actors with greater scale and bargaining power, and policy instruments such as area-

based subsidies may inadvertently accelerate concentration processes (Nolte & Ostermeier, 2017). 



 

 

Several studies have linked land inequality to productivity gaps. Vollrath (2007) found that 

more equal land distribution tends to increase land productivity, particularly in systems that rely on 

family labor. In his cross-country analysis, a 0.16 reduction in the farmland Gini coefficient was 

associated with an 8.5% increase in productivity. This relationship reflects the inefficiency of highly 

unequal land distribution, which often fails to allocate resources to their most productive use. 

Other research has explored spatial patterns of productivity. Ezcurra et al. (2008) documented 

significant spatial dependence in agricultural performance across European NUTS-2 regions, finding 

that neighboring regions tend to exhibit similar productivity levels. Giannakis and Bruggeman (2018) 

added a classification of agricultural systems (e.g., field crops, permanent crops, livestock) and 

revealed considerable heterogeneity within and between these systems, providing evidence that 

specialization and geography play intertwined roles. 

Recently, Tóth (2023) insisted on the importance of territorial capital in shaping land use 

outcomes, while Guarín et al. (2020) proposed new typologies of small farms to better understand the 

diversity and challenges facing this segment of the sector. These works converge on the idea that 

agricultural disparity is a multi-scalar issue, visible both between countries and within regions, and 

requires nuanced measurement and analysis. In this context, our study adds to the literature by jointly 

analyzing the spatiotemporal dynamics of land and output concentration, using disaggregated NUTS-

2 level data from across the EU. While much of the existing research focuses either on productivity 

or land-use patterns, we emphasize distributional concentration and its spatial interdependence, which 

have been underexplored in empirical assessments of European agriculture. 

 



 

 

3. Exploring agricultural market concentration patterns in European regions 

using the Gini index and exploratory spatial data analysis 

We considered regionalized data about the agricultural market in Europe provided by Eurostat 

(2024b) according to the 2010 NUTS. In particular, we examined the regional (NUTS-2) and national 

(NUTS-0) level information on EU farms contained in the “Main farm indicators by NUTS 2 regions” 

open database (Eurostat, 2024a). The database features indicators on the agricultural industry in 

Europe for 2010, 2013, 2016, and 2020.1 Among the full set of available data, we extracted a 

subsample concerning the following regional quantities: 

• Overall number of agricultural holdings or farms (measured as headcount) 

• Utilized agricultural land (in hectares) 

• Standard output of agricultural production (in euros) 

Given the exploratory nature of this paper, we did not consider subclassifications of farms 

based on their productive specialization, such as organic producers or livestock farms. Nevertheless, 

subsequent research must incorporate this information to expand the findings and provide a more 

comprehensive characterization of the market concentration dynamics in the agricultural sector. 

Because our objective was to consider the largest possible spatiotemporal sample, we included 

European regions with complete (non-missing) information for the entire period under study. 

Although more recent classifications were available, we selected the NUTS 2010 nomenclature due 

to its comprehensive coverage of the 27 EU member states during the 2010–2020 period. The selected 

dataset contains comprehensive data from 236 regions. 

 
1 As of August 2025, the “Main farm indicators by NUTS 2 regions” open database also contains information for 2010, 

2013, 2016, 2020, and 2023. For 2023, a dedicated analysis of the effects of the major geopolitical events that occurred 

in previous years on the European agricultural market would be required. Such events constitute insightful research 

opportunities that should be seized. 



 

 

We computed concentration indices for both farmland (i.e., utilized agricultural area) and 

production (i.e., standard output of farming), considering the stratification of agricultural farms into 

𝐾 = 11 classes2 of economic size based on increasing standard output values. Taking advantage of 

the number of farms and the cumulated standard output for each stratum in a region, we calculated 

the Gini indices for production and farmland following Cerqueti et al. (2024), which rely on the Gini 

index specification for grouped data described in Brown (1994). Specifically, let 𝑑 be the index for 

production (𝑑 = 𝑃) and farmland (𝑑 = 𝐿), and let 𝑗 = 1, … , 𝐾 be the index for the economic strata. 

We then computed the Gini index for each region 𝑠 = 1, … , 236 as follows: 

𝑮𝒊𝒏𝒊𝒅𝒔 =
𝑵𝒔

𝑵𝒔 − 𝟏
 [𝟏 − ∑[(𝑸𝒅𝒋 + 𝑸𝒅𝒋−𝟏) × (𝑭𝒅𝒋 − 𝑭𝒅𝒋−𝟏)]

𝑲

𝒋=𝟏

] 

where 𝑑 = {𝑃, 𝐿} represents the production (𝑃) or farmland (𝐿) values, 𝑁𝑠 is the total number of farms 

in region 𝑠, 𝑄𝑑𝑗 = ∑ 𝑞𝑑𝑖
𝑗
𝑖=1  is the cumulative proportion of production or farmland up to the 𝑗-th 

ordered class (with 𝑞𝑑𝑖 being the regional share of production or farmland associated with the 𝑖-th 

ordered class over the total), and 𝐹𝑑𝑗 = ∑ 𝑓𝑑𝑖
𝑗
𝑖=1  is the cumulative proportion of farm holding up to 

the 𝑗-th ordered class (with 𝑓𝑑𝑖 =
𝑁𝑠𝑖

𝑁𝑠
 being the regional share of farms associated with the 𝑖-th ordered 

class over the total number of farms in the region under the constraint ∑ 𝑁𝑠𝑖
𝐾
𝑖=1 = 𝑁𝑠). In short, 𝐺𝑖𝑛𝑖𝑃𝑠 

corresponds to the Gini index for the production (standard output) in region 𝑠, while 𝐺𝑖𝑛𝑖𝐿𝑠 is the 

Gini index for farmland in region 𝑠. Given that we utilized yearly data for 2010, 2013, 2016, and 

2020, we computed a Gini index for each year and region. 

 
2 The Eurostat database used to build the area-level concentration measures refers to a large set of farm indicators by 

organic farming, utilized agricultural area, economic size (i.e., standard output), and type of agricultural holding 

aggregated at the regional (NUTS-2) level. Eurostat classifies farms by standard output as follows: 0 euros; over 0 euros 

to less than 2,000 euros; from 2,000 to 3,999 euros; from 4,000 to 7,999 euros; from 8,000 to 14,999 euros; from 15,000 

to 24,999 euros; from 25,000 to 49,999 euros; from 50,000 to 99,999 euros; from 100,000 to 249,999 euros; from 

250,000 to 499,999 euros; 500,000 euros or over. 



 

 

From a statistical perspective, the Gini index can be interpreted as a measure of either 

statistical dispersion (i.e., variability) or statistical concentration (Giorgi & Gigliarano, 2017). 

Whereas the latter measures the agricultural market’s concentration in terms of the economic capacity 

of farms, the latter gauges it in terms of land owned by farm holding (i.e., physical size). By definition, 

the Gini index is a normalized metric lying between 0 and 1, or, equivalently, between 0 and 100 if 

rescaled as a percentage (Giorgi & Gigliarano, 2017). A Gini index value equal to 0 is expected when 

all farms have the same standard output or the same hectares of land (i.e., the perfect equal distribution 

scenario). Conversely, a value close to 1 (or 100) represents a situation of high concentration in which 

almost all the land or standard output is owned by a very restricted number of farm holdings, leaving 

only a very small amount to the remaining companies. In the extreme case of a Gini index value of 

exactly 1 (or 100), the entire agricultural land (standard output) of a region would be owned 

(produced) by a single farm holding (i.e., the full concentration scenario). 

In this paper, we describe the spatial and temporal evolution of agrobusiness concentration by 

comparing the two Gini indices to establish an empirical relationship between the concentration of 

production (as a proxy for the farms’ economic size) and the concentration of farmland (as a proxy 

for the farms’ physical size). To do so, we employed a sample covering a time frame subsequent to 

that of Ezcurra et al. (2008), namely, 2010 to 2020, and all regions of the EU27 countries. 

We performed an exploratory analysis by studying the evolution through space and time of 

the linear correlation between the concentration of agricultural land and the concentration of 

agricultural production. We also investigated the temporal dynamics of spatial autocorrelation 

measures that can describe the influence of the Gini index recorded in neighboring regions on that 

observed in each European region to assess the presence of spatial spillovers in market concentration 

across regions. Although our study does not directly imply any causal relationship between physical 

concentration and economic concentration, the next paragraphs will thoroughly examine how these 

two measures may evolve simultaneously in the EU agricultural market, without assuming any causal 

relationships. 



 

 

When examining the correlation between concentration measures, a direct and positive 

relationship is generally expected; however, careful consideration is still required. Clearly, if the Gini 

index value of farmland is equal to 1 (i.e., one firm owns all the land in a region), a production Gini 

index value of 1 is directly implied. On the contrary, a Gini index of farmland close to 0 does not 

directly imply a low Gini index value of production. Two points support this view. First, even if the 

land is homogeneously distributed, some of it could be “inactive,” leading to an uneven distribution 

of standard output. Second, even if most of the land is productive, two regions with the same land 

Gini index value could have higher or lower levels of production concentration for different reasons: 

for instance, farms in one region could have higher productivity levels due to differences in land-use 

productivity (e.g., organic vs. non-organic production, crops vs. livestock, etc.) but also due to the 

cost structure and market characteristics of the farms. Finally, the link between the two levels of 

inequality depends primarily on the possible presence of economies of scale, scope, and capacity in 

the agricultural sector. Table 1 displays the conceptual framework, highlighting how different 

structural configurations of this sector may arise. 

 

Table 1: Conceptual framework 

  High concentration/disparity in the 

standard output 

Low concentration/disparity in the 

standard output 

High concentration/ 

disparity in land 

distribution 

There is substantial variation in both farm 

size and standard output. Higher output 

levels are associated with greater production 

capacity. There may be economies of scale 

and scope, with larger farms driving total 

sector output. 

Disparity in standard output is not 

driven by unequal land size. This may 

be due to capacity constraints 

unrelated to the total size of the farm, 

or to industry and regional 

specialization, or to economies of 

scope favoring smaller farms (while 

economies of scale may be neither 

relevant nor present). 

Low concentration/ 

disparity in land 

distribution 

Although the size of the land is 

homogeneous, productivity and standard 

output vary substantially. This may reflect 

differentiation within the sector and thus 

farm specialization. Although farms have the 

same land size, they produce and focus on 

different products, resulting in different 

standards of output. Scale and farm capacity 

do not drive the disparity in the standard 

output.  

The region has farms of similar size 

that produce a similar standard 

output. This may indicate 

productivity homogeneity within the 

region.  

 



 

 

As shown in Table 1, we anticipated that, at the NUTS-2 regional level, most regions would 

fall into either the north–west configuration (i.e., high disparities in both land concentration and 

standard output) or the south–east configuration (i.e., low disparities in both indicators). The 

geographical configuration we considered distinguishes between 236 regions in the EU, and each 

region may cover a substantial amount of land. By contrast, the north–east configuration (i.e., low 

disparity in standard output combined with high disparity in land concentration) and the south 

configuration (i.e., high disparity in standard output but low disparity in land concentration) are likely 

to occur in smaller regions, where specialization may play a more significant role. Therefore, we 

expected a positive association between the two disparity indicators given that our analysis concerns 

large regions (defined at the regional level). This is in line with the possible dynamics of both Gini 

indices. A decline in the Gini index value for farmland could mean either that some micro farms are 

acquiring other small plots of land and becoming larger or that a large area of land has been sold to a 

number of other farms. The possible change in the Gini index for standard output could be driven by 

potential economies of scale following this reduction in land concentration. If economies of scale are 

relevant, a decrease in land concentration could lead to a decrease in the heterogeneity of standard 

output as farms become more similar in terms of physical size. 

The spatial dependence analysis revealed local patterns in the spatial distribution of the 

agricultural market, which result in the coexistence of sub-areas with nonhomogeneous 

characteristics (see, for instance, Ezcurra et al., 2008). Ezcurra et al.’s (2008) findings regarding 

agricultural productivity suggest at least two sub-areas: north-central Europe, oriented toward animal 

farming, with a relatively large share of cereal and forage crops, and southern Europe, specializing in 

the production of vegetables and permanent crops. This confirms the hypothesis of dualism in the 

European agricultural market discussed by Kearney (1991) and Gutierrez (2000), which also provide 

evidence of spatial dependence among regions between 1980 and 2001; that is, neighboring regions 

tended to register similar levels of gross value added per worker in the agricultural sector. 



 

 

To make our findings comparable with the existing literature, we employed exploratory spatial 

data analysis techniques (Elhorst, 2010; LeSage, 2008) designed to measure the degree of spatial 

dependence of agricultural concentration and its temporal evolution. In particular, we estimated the 

dependence between regions using Moran’s statistic for both global and local spatial autocorrelation 

(Anselin, 1995). 

4. Empirical results 

4.1 National and regional patterns of farmland and production concentration 

We begin the empirical analysis by presenting a combination of country-level and regional-

level evidence regarding the spatiotemporal dynamics of the Gini indices for production and 

farmland. The primary findings are outlined in Table 2, which synthesizes the evolution of the 

phenomenon between 2010 and 2020, emphasizing country-specific characteristics with respect to 

temporal and territorial (i.e., intra-country) dynamics. A close examination of the available data 

revealed significant variations among European countries. Specifically, farmland exhibited lower 

concentrations than standard output. This suggests that overall land productivity was characterized 

by significant heterogeneity both between and within countries. 

 

Table 2: Summary of the main empirical results on the Gini index for farmland and production 

 Farmland Gini 

Index 

Production Gini 

Index 

Country Time variation 
Intra-country 

differences 
Time variation 

Intra-country 

differences 

Austria (AT) Constant after 2013 

Some differences 

detected, but province 

heterogeneity decreases 

over time 

Constant after 2013 
Minor differences 

detected 

Belgium (BE) Negligible 
Minor differences 

detected 
Negligible 

Minor differences 

detected 

Bulgaria (BG) 
Decreasing in the time 

horizon considered 

Minor differences 

detected 

Increasing until 2016, 

then slightly decreasing 

between 2016 and 2020 

Minor difference 

detected, but province 

heterogeneity decreases 

over time 



 

 

Cyprus (CY) 

Increasing until 2016, 

then slightly decreasing 

between 2016 and 2020 

/ 
Slight increase over 

time 
/ 

Czech Republic (CZ) Constant over time 
Minor differences 

detected 

Slight increase over 

time 

Minor differences 

detected 

Germany (DE) 
Slight increase over 

time 

Some differences 

detected, especially 

between East and West 

Germany 

Increase over time 

Some differences 

detected, especially 

between East and West 

Germany 

Denmark (DK) Increasing over time / Increase over time / 

Estonia (EE) 
Considerable time 

variations 
/ 

Constant until 2016, 

then slightly decreasing 
/ 

Greece (EL) 
Considerable decrease 

between 2013 and 2016 

Some differences 

detected 

Small time variations 

detected; Jump in 2020 

Minor differences 

detected 

Spain (ES) 
Slight increase until 

2016 

Considerable 

differences, especially 

between Northern 

regions and Southern 

regions 

Constant over time 
Minor/negligible 

differences 

Finland (FI) 
Increase over time 

(jump in 2020) 

Minor/negligible 

differences 

Slight increase over 

time 

Minor/negligible 

differences 

France (FR) 

Slightly increasing until 

2016, then sharply 

decreasing; large 

volatility 

Minor differences 

detected, but province 

heterogeneity seems to 

decrease over time 

Slightly decrease over 

time 

Minor differences 

detected 

Croatia (HR) 
Considerable time 

variations 

Considerable 

differences, but 

province heterogeneity 

seems to decrease over 

time 

Increasing over time 
Considerable 

differences detected 

Hungary (HU) 
Constant until 2016, 

then sharply decreasing 

Minor/negligible 

differences 

Small time variations 

detected, but very 

similar 2010 and 2020 

Minor/negligible 

differences 

Ireland (IE) 
Small time variations 

detected 

Minor/negligible 

differences 

Small time variations 

detected, but very 

similar 2010 and 2020 

Minor/negligible 

differences 

Italy (IT) 
Sharp decrease between 

2010 and 2013 

Regional differences 

detected, but not 

differentiated between 

northern and southern 

Italy 

Time variations 

detected, but very 

similar 2010 and 2020 

levels 

Regional differences 

detected, but not 

differentiated between 

northern and southern 

Italy 

Lithuania (LT) 
Slightly increasing over 

time 
/ 

Slightly increasing over 

time 
/ 

Luxembourg (LU) Constant over time / 
Slightly increasing over 

time 
/ 

Latvia (LV) 
Strongly increasing 

over time 
/ 

Slightly increasing over 

time 
/ 

Malta (MT) 

Strongly decreasing 

over time; Large drop in 

2020 

/ 
Decreasing until 2016, 

then increasing 
/ 



 

 

Netherlands (NL) 

Small time variations 

detected; Noticeable 

drop between 2013 and 

2016 

Minor/negligible 

differences 

Decreasing until 2016, 

then constant 

Minor/negligible 

differences 

Poland (PL) Constant over time 
Considerable 

differences detected 

Slightly increasing over 

time 

Minor differences 

detected 

Portugal (PT) Constant over time 
Considerable 

differences detected 

Slightly increasing over 

time 

Minor differences 

detected 

Romania (RO) 
Large and positive time 

variations 

Considerable 

differences detected 
Increasing over time 

Considerable 

differences detected 

Sweden (SE) Increasing over time Negligible differences Increasing over time Negligible differences 

Slovenia (SI) 
Small time variations 

detected 
Negligible differences 

Constant until 2016, 

then slightly increasing 
Negligible differences 

Slovakia (SK) 
Slightly decreasing over 

time 
Negligible differences 

Slightly decreasing over 

time 
Negligible differences 

 

Figure 2 shows the minimum, average, and maximum Gini index at the country level for both 

standard output (left panel) and agricultural farmland (right panel). We computed the yearly average 

Gini index by country according to the following two-step procedure. First, we summed the annual 

number of farm holdings, hectares, and standard output of all regions (NUTS-2) in a given country 

(NUTS-0) along the available dimensions, excluding economic size (i.e., organic farming, utilized 

agricultural area, and farm type of agricultural holding). Then, we calculated the national Gini index 

by aggregating the economic size classes as described in Section 3. The minimum and maximum 

values represent the lowest and highest concentration values recorded among the regions in a given 

country. For a more detailed view, Table A1 of the Appendix displays the numerical value of the 

average Gini index by country and year for both standard output and hectares, and Table A2 reports 

country- and year-specific intra-country variability. The latter was computed as the root mean squared 

error of the available regional concentration measures from the national average in Table A1, which 

acted as the barycenter. 

 



 

 

Note: Gini index is reported in a 0-100 scale. By rows are reported the minimum (Min), the average (Mean), and the maximum (Max) Gini index by country and year computed 

aggregating the available regional values. The yearly average Gini index by country is computed as follows. First, the annual number of farm holdings, the hectares (HA), and 

the standard output (SO) of all the regions (NUTS-2) belonging to a given country (NUTS-0) are summed across the available dimensions excluding the economic size (i.e., 

organic farming, utilized agricultural area, and farm type of agricultural holding). Then, the national Gini Index is computed by aggregating the economic size classes as described 

in Section 3. The minimum and maximum values represent the lowest and highest concentration values recorded among the regions belonging to a given country. Regarding 

Lithuania (LT), the last available information from Eurostat regards 2016. Thus, Gini index and the corresponding descriptive statistics for 2020 are not available (grey region). 

 

  



 

 

Although the average values remained broadly stable over time, some country-specific 

patterns emerged. The two Gini indices had similar values only for Bulgaria, Croatia, Hungary, 

Romania, and Slovakia. We also identified a group of countries with relatively low levels of the Gini 

index in Central Europe. Specifically, France, Finland, the Netherlands, Belgium, and Austria 

exhibited an average farmland Gini index value below 40%, with a production Gini index ranging 

between 50% and 65%. Germany and Slovenia displayed relatively homogeneous market 

concentration as well. Figure 3 shows the Gini index at the regional NUTS-2 level for both farmland 

size (first row) and production (second row) in the four years considered. 

  



 

 

Note: Gini index is reported in a 0-100 scale. Regarding Lithuania (LT), the last available information from Eurostat regards 2016. Thus, Gini index for 2020 is not available 

(grey region). 

 



 

 

 

 

 

Note: Variations of the Gini index is computed as the difference between the regional (NUTS-2) Gini index for 2020 and the Gini index for 2010. As the Gini index are computed 

on a 0-100 scale, also the variations are in the same scale. Regarding Lithuania (LT), the last available information from Eurostat regards 2016. Thus, Gini index and the 

corresponding variation is not available (grey region). 

 



 

 

 

Note: Relative variations of the Gini index are computed as the ratio of the difference between the regional (NUTS-2) Gini index for 2020 and the Gini index for 2010 and the 

regional Gini index for 2010. Thus, it does coincide with the ratio of the raw (absolute) variation and the Gini in 2010. Relative variations are reported in a percentage scale. 

Regarding Lithuania (LT), the last available information from Eurostat regards 2016. Thus, Gini index and the corresponding relative variation is not available (grey region). 

 

 

  



 

 

Figure 4 and Figure 5 show the raw change (i.e., the net difference) and the relative change in 

the indices between 2010 and 2020, respectively. The analysis provides a more granular and 

informative picture of the European agricultural sector, capturing dynamics that are lost at the 

aggregate level. Notably, the Gini index for standard output invariably exceeded that of farmland in 

all NUTS-2 regions. Despite the inherent physical limitations imposed by land size, this outcome was 

not entirely unexpected. A more homogeneous distribution of land does not guarantee a more 

homogeneous standard output (Table 1); however, a higher Gini index of standard output suggests a 

considerable concentration of land ownership compared to the actual distribution of land. This 

phenomenon may be attributed to several factors, primarily related to the efficiency of the production 

process. First, economies of scale can generate a higher standard output at a growing rate: even a 

moderate increase in the available land surface may result in a more than proportional increase in 

standard output due to improved land-use efficiency. Second, smaller farms may have access only to 

comparatively cheap machinery and equipment, which may be outdated, potentially reducing overall 

productivity; in contrast, larger farms may be able to use more advanced and efficient machinery to 

maximize the use of available land. Lastly, capital investment tends to be more efficient for larger 

farms. 

We identified France and the Netherlands as the countries with the lowest Gini index values 

observed, both for standard output and farmland. Between 2010 and 2020, France experienced a 

visible decline in the Gini index, with the southern region constituting a notable exception as it saw 

either no change or a modest increase. The decline is predominantly attributable to the jump occurred 

between 2016 and 2020, as illustrated in Table 2. Furthermore, the Gini index appears to have 

decreased slightly over time, with a more pronounced decline observed in farmland concentration. 

However, the region of Provence-Alpes-Côte d’Azur in the south saw its hectare index value rise—

an exception to the overall trend. Overall, the evidence suggests a decline in regional heterogeneity, 

defined by variations in land size, over time. 



 

 

Germany and Spain exhibit highly distinctive patterns. We observed a discrepancy in the 

levels of the Gini index in German regions, with lower indices in western and southern regions than 

in eastern ones. This discrepancy was consistently confirmed over the period considered and reflects 

historical dualism in the national development process, which was only partially resolved by the 

reunification of the country in the 1990s. There is also some evidence—albeit modest—of this 

difference for standard output. Meanwhile, the situation in Spain was somewhat different. In 2010, 

northern regions had a lower degree of concentration than southern regions as concerns size. 

However, in the period under consideration, the northern regions saw a substantial increase in the 

hectare Gini index, indicating an increase in concentration, on average, while southern regions 

demonstrated negligible or minimal change. The latter pattern was not observed for standard output. 

In Spanish regions, the Gini index value of standard output was relatively high, with minimal 

variation between areas. Moreover, the pattern in the southern Spanish regions was similar to that of 

Portuguese regions, in terms of both hectares and standard output. 

We observed relevant differences between western and eastern areas in Poland as well. The 

western region had larger Gini indices than eastern ones, especially areas bordering Germany and the 

Czech Republic. Between 2010 and 2020, this gap reduced thanks to increased concentration in 

eastern regions, although the average production Gini index at the country level slightly rose during 

this period.  

The two Scandinavian countries included in the sample (Finland and Sweden) had markedly 

divergent Gini index values, with Finland receiving lower values than Sweden for both standard 

output and hectares. Furthermore, we observed an increase in the Gini index in both countries between 

2010 and 2020. However, no substantial disparities emerged for either country at the NUTS-2 level. 

Next, we thoroughly examined Gini index patterns for Austria and Italy. Austria had both a 

relatively low farmland Gini index and a low production Gini index, comparable to the averages of 

western Germany. Interestingly, between 2010 and 2020, the farmland Gini index increased in 

western Austria (i.e., Vorarlberg, Tirol, and Salzburg regions), with no relevant change in standard 



 

 

output concentration; instead, standard output concentration decreased in Kärnten and Steiermark, 

regions in which the farmland Gini index slightly increased in the same period. In Italy, the time 

patterns of the two Gini indices appeared to be regionally specific. We observed a substantial decline 

in the farmland Gini index in most regions, with notable values recorded in Sardinia, Lazio, and 

Abruzzo. Conversely, slight increases were evident in Emilia-Romagna and Marche. The production 

Gini index seemed relatively stable over time, with slight decreases in certain regions and negligible 

increases in others. Consequently, the size and output concentration of these two countries were still 

marked by significant heterogeneity and regional specificity. In contrast to the east–west dualism 

characteristic of Germany and Poland, Italy showed a classical but less pronounced north–south 

differential. In addition, the country’s homogeneous values in both land and production suggested a 

lack of divergence in these domains. 

The time patterns in Greece’s Gini index values are of particular interest. In 2010, Greece’s 

average Gini index was similar to that of Western Germany. The largest absolute decrease in our 

sample was observed in most Greek regions over the 10 years under study. However, during the same 

period, we observed different variations in the production Gini index: while land size became more 

homogeneous, the standard output became much more concentrated. This phenomenon was 

particularly salient in the Ipeiros region, where the production Gini index saw the most substantial 

increase, alongside a pronounced decline in the farmland Gini index. 

Some countries in central and eastern Europe had remarkably high Gini index values, although 

the patterns were heterogeneous. In 2010, Bulgaria exhibited one of the highest farmland Gini indices 

on record. This index declined throughout the nation’s territory over the subsequent decade. 

Concurrently, the production Gini index rose modestly, particularly in the southwestern, south 

central, and northwestern regions. A similar pattern was noted in Hungary and Slovakia, which 

differed only in the minimal or negligible increase in standard output concentration. Meanwhile, 

Ireland, the Netherlands, and Belgium had similarly low Gini indices with little variation over the 

decade. 



 

 

Eventually, some important differences in border areas should be highlighted due to their 

similar physical characteristics (e.g., mountainous areas between Italy and Austria and between 

France and Spain) and weather conditions, especially in terms of rain, wind, and solar irradiance. 

Accordingly, we observed similarities in agricultural land concentration in some cross-border areas: 

the Portugal–Spain border, a large part of central Europe comprised of France, the Netherlands, 

Belgium, Austria, and western Germany, a smaller part of central Europe including eastern Germany, 

western Poland, and the Czech Republic, and, lastly, Hungary and Slovakia. For other cross-border 

areas, the picture remained fragmented, and common patterns cannot be easily defined.  

4.2 Common and index-specific dependence patterns in farmland and output concentration 

As illustrated in Figures 6 and 7, a moderately strong linear correlation (i.e., the R value 

indicates the Pearson’s correlation coefficient) existed between the two indices at the year level, as 

well as between the change in the two indices between 2010 and 2020. The graphs reveal a direct and 

unambiguous relationship between the farmland Gini index and the production Gini index. 

 



 

 

 Figure 6 

indicates an increasing positive linear correlation between the concentration index for hectares and 

standard output during the decade. This is corroborated by the growth rates documented in Figure 7, 

which demonstrate a positive correlation between the increments in the Gini index for production and 

for farmland concentration, proving that the two concentration measures consistently varied 

simultaneously over time for most regions. Furthermore, Figure 6 reveals that although the range of 

the Gini index for standard output (horizontal axis) remained constant, the range of the farmland Gini 

index (vertical axis) narrowed slightly due to a decline in the maximum Gini index values and a 

concurrent rise in the minimum levels. 

Further, the spatial dependence analysis (see Appendix, Table A3) demonstrated the presence 

of a strong positive autocorrelation between EU regions for both production and farmland 

concentration. This finding supports the hypothesis that adjacent regions tend to register similar levels 

of statistical concentration, generating clusters of regions with either similarly high or similarly low 

values. In this regard, spatial clusters transcend national borders, forming contiguous clusters of 

regions that can be traced back to historical-political events and processes. Once again, the evidence 

supports the hypothesis of a dichotomy between north-central and southeastern Europe. The results 

presented in Figure 8 are consistent with those of Ezcurra et al. (2008), which highlight the European 

dualism characterized by the presence of distinct geographical regions on the continent: regions in 

southern Europe, such as Spain and Italy, and eastern Europe, including Romania and Hungary, 



 

 

exhibit notably high production and farmland concentrations, while regions in the Netherlands, 

Belgium, and France have significantly lower levels. A very similar clustering structure was also 

confirmed by Cerqueti et al. (2024). Extending the notion of spatial autocorrelation within a cluster-

based framework, the authors ascertained that European regions can be categorized into three macro-

regions (e.g., Germany, Benelux, and the northeastern French regions form a homogeneous cluster) 

with group-specific determinants of agricultural production concentration. Figure 9 shows the 

robustness of these results, where spatial autocorrelation remained positive for a considerable number 

of spatial lags and values increased from 2010 to 2020 



 

 

 

Note: LISA stands for Local Indicator of Spatial Autocorrelation (Anselin, 1995). Regions are grouped into five non-overlapping clusters or quarters, that is, high-high (HH) group 

(i.e., regions with high concentrations are surrounded by highly-concentrated neighbors); low-low (LL) group (i.e., regions with low concentrations are surrounded by lowly-

concentrated neighbors); high-low (HL) group (i.e., regions with high concentrations are surrounded by lowly-concentrated neighbors); low-high (LH) group (i.e., regions with low 

concentrations are surrounded by highly-concentrated neighbors); non-significant area in which local autocorrelation index is not statistically significant.
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4.3 Discussion and further considerations 

The present study offers novel evidence of the fragmentation of the European agricultural 

sector, a phenomenon characterized by remarkable heterogeneity as concerns both farmland and 

production concentration. Spatial heterogeneities are evident within and between countries, with 

noticeable clusters of neighboring highly concentrated regions contrasting with clusters of adjacent 

regions with significantly lower concentrations. Such clusters transcend national boundaries and often 

correspond to areas with known common historical and political processes (e.g., former Soviet bloc 

countries). We identified various time patterns that, however, vary significantly on both a national 

and an intra-national scale. Furthermore, we employed spatial autocorrelation analysis to identify 

cross-country areas exhibiting analogous patterns of land and output concentration. 

The cross-country analysis revealed that, at the aggregate level, a more equal distribution (or 

less unequal) distribution of land and standard output was found in the area delimited to the west by 

Austria and western Germany, to the east by France, to the north by the Netherlands, and to the south 

by southern France and Austria. In contrast, Central (from eastern Germany) and Eastern Europe 

seemed to have a more unequal distribution in both indicators, especially the Czech Republic, 

Hungary, Romania, Bulgaria, and Slovakia. At the end of the 20th century, Central and Eastern 

European countries underwent significant changes in their agricultural sector, in particular in their 

approach to land distribution and migration from rural areas. Specifically, as van Vliet et al. (2015) 

argue, land use was strongly impacted by the shift to post-socialism, given that under socialism, most 

land was collectivized following “optimization” schemes run at the central level. The de-

collectivization of lands and the return to private holdings, therefore, had significant effects on land 

usage and the migration from very poor rural areas. This could explain why these countries are now 

characterized by a highly unequal distribution of land, as large firms may have accrued monopolistic 

power and also acquired many small firms. Levers et al. (2018) showed that between 1990 and 2006, 

low-intensity and de-intensifying land systems dominated in Europe’s east, in stark contrast to the 

dynamics in western Europe. Additionally, some countries in Southern Europe (namely, Spain, Italy, 



 

 

Portugal, and Croatia) seemed to have, on aggregate, a similar level of disparity, slightly higher than 

France and western Germany or the Benelux countries. Mediterranean European areas have different 

characteristics in terms of soil, degradation related to climate change, and other factors such as 

farmland abandonment (a common issue in Europe) compared to central Europe (e.g., see García-

Ruiz & Lana-Renault, 2011; Malek et al., 2018). 

Our analysis revealed interesting results within countries, often connected to the European 

historical paths. A key finding is represented by the marked differences in the national orientation 

toward land management. For instance, the difference between western and eastern Germany is 

connected to the country’s historical dualism. In Spain, we found clear differences in terms of hectares 

disparity between northern and southern regions. This may result from differences in the climate, 

geography, and soil quality, which have consequences for the type of farming and the need for smaller 

or bigger firms, in some cases. Further, land abandonment has differed between the rural areas of 

regions like the Pyrenees and those of other regions (García-Ruiz, 2010). In contrast to these results, 

we did not find evidence of a clear difference in land distribution between northern and southern Italy 

(for a specific insight on Italy we refer the reader to Corti et al., 2013, which present an overview of 

the soil management practices through the time and in the different Italian physiographic districts, 

analysing their effects on soil conservation and fertility).  

The development of rural areas remains one of the primary challenges of the EU’s CAP 

strategy (Viaggi, 2008; Viegas, 2021). The capacity of the member states and the EU to facilitate the 

revitalization of rural areas and, thereby, counteract the ongoing process of desertification, enables 

enhanced social and territorial cohesion while also serving as a response to the substantial climate-

related challenges confronting the region. Implementing the agroforestry mosaic, as one of the main 

eco-schemes3 provided for in current CAP regulations, requires understanding the advantages of 

 
3 Eco-schemes provide support to farmers who implement agricultural practices beneficial to the environment and climate. 

These measures reward and incentivize farmers for acting towards more sustainable farm and land management with the 

objective of preserving public goods. 



 

 

ensuring the viability of a scale of production that has been relegated to secondary importance for 

decades. Small and medium-sized farms recognize the productive potential of vast abandoned areas, 

which can be allocated to forestry and plant or animal production, feeding short marketing circuits, 

boosting local economies, and helping prevent the fires that have devastated much of Europe’s forests 

in recent years. 

5. Concluding remarks 

The academic agenda on regional disparities among European farms is still evolving. The 

literature so far has largely focused on the influence of spatial disparity on productivity levels across 

regions. In contrast, the present analysis contributes to the scientific debate by providing a clear map 

of the statistical concentration of agricultural land size and production at the regional level for the 

EU27 countries. Furthermore, we presented novel evidence concerning the temporal evolution of the 

agricultural sector’s concentration during the 2010–2020 decade. 

This work calls for follow-up research. First, although the present analysis does not explicitly 

consider farm typologies, the evolution of the distribution of agricultural systems likely plays a role 

in shaping land and output concentration. According to Eurostat typology data, the past decade has 

seen notable shifts across EU regions, including the decline of small-scale grazing livestock holdings 

in Southern and Eastern Europe and the consolidation of field crop and granivore systems in more 

capital-intensive areas. These alterations may offer a partial explanation for the higher concentration 

in production we observed, particularly in regions where high-productivity systems (e.g., granivores, 

horticulture) have expanded. Concurrently, land concentration may have increased in regions where 

permanent crop systems, which are frequently associated with substantial estates, have gained ground. 

These structural shifts appear to align with broader CAP dynamics favoring scale and capital 

investment, and they may reinforce spatial inequality between farming systems. Therefore, a more 

detailed disaggregation contrasting organic and non-organic producers, as well as crops and livestock 



 

 

farmers, could enrich the literature on the drivers of concentration. It would also help determine 

whether the substantial heterogeneity in output can be attributed to these specific agricultural 

enterprises. 

Furthermore, policy changes have contributed to the evolution of land and output 

concentration over the past decade. In particular, the reforms of the CAP (including the decoupling 

of direct payments, the introduction of greening measures, and the promotion of competitiveness and 

modernization) may have disproportionately benefited larger and more capitalized farms. These 

farms frequently possess a strategic advantage in meeting subsidy requirements and absorbing 

compliance costs, which may indirectly accelerate consolidation trends. Although the present analysis 

does not formally isolate the effects of policy, these institutional dynamics can reasonably be expected 

to interact with market forces in shaping structural inequality. Accordingly, future research could 

further explore the causal impact of specific CAP instruments on concentration patterns at the 

regional level. 

Lastly, given the growing importance of sustainable agronomic practices, researchers should 

examine whether changes in regional farmland and output concentrations are associated with changes 

in pollution levels. This could assist policymakers in assessing whether a more equitable land 

distribution could contribute to a concrete reduction in the environmental impact of the agricultural 

industry and support climate-change mitigation policies. 
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