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Abstract: In this article, the risk of agricultural farmland abandonment was assessed with the use of
a synthetic measure of socioeconomic problems as challenges to the quality of life in rural areas in the
European Union. To determine the direction and dynamics of changes in farmland abandonment in
the EU countries, variables based on EUROSTAT and FADN data were analyzed using Hellwig’s
method, and data for 2010, 2013, 2016, and 2019 were compared. The EUROSTAT methodology
for the agri-environmental indicator “risk of land abandonment” was adapted for the needs of this
study. Agricultural land is abandoned for many reasons, including conversion to other uses, but also
abandonment of farming. The results of the analysis indicate that the risk of farmland abandonment
was highest in countries with difficult farming conditions, such as Greece, Spain, Portugal, Romania,
and Finland. In turn, Belgium, Denmark, Germany, and the Netherlands, i.e., the most economically
developed countries, were most resilient to this risk. An analysis of the factors that contribute
to farmland abandonment demonstrated that the likelihood of this risk decreases with a rise in
agricultural investments, farm income, population density, prices of agricultural land, road quality,
and density. A high proportion of ageing farm owners was the only factor that increased the risk of
agricultural land abandonment.

Keywords: agricultural land abandonment; farmland abandonment; quality of life; socioeconomic
challenges; European Union

1. Introduction

Over the centuries, rapid population growth has led to the conversion of natural
habitats to farmland [1] to increase food production and ensure food security. Agricultural
production was intensified to improve the efficiency of farming operations and decrease
costs [2]. However, these practices led to the abandonment of farmland because rent
prices failed to generate profits, expenses exceeded profits, and high productivity in the
remaining farmland compensated for the losses generated by the exclusion of land that
was more expensive to maintain. For this reason, agricultural intensification is often re-
garded as one of the main drivers of farmland abandonment [3], next to state policies
and cheap imports of agricultural commodities [4]. Land abandonment is also driven
by socioeconomic factors such as migration from rural to urban areas in search of work
and economic incentives, as well as negative demographic phenomena [5]. Agricultural
land abandonment can be a consequence of social, economic, political, and environmental
marginalization, which decreases the profitability of agricultural production in the existing
land use structure and the socioeconomic system [6]. Farmland abandonment and its
causes continue to attract considerable research interest because this phenomenon remains
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insufficiently investigated [5–11]. The problems associated with the definition of land
abandonment [8,12,13], data collection [11–14], and the identification of the complex mech-
anisms that drive land abandonment, in particular in the social dimension [15], have been
recognized by numerous researchers. To better understand the discussed phenomenon, it
should be noted that previous research focused on factors that contribute to farmland aban-
donment, as well as the spatial relationships between these factors. The applied methods
were based mainly on sets of geographic data that support reliable identification of land
cover. Such data are obtained by remote sensing [16] and they are used to develop terri-
torial models. Despite the fact that the main drivers of farmland abandonment and their
spatial relationships have been extensively studied, most research relied on local and static
variables. Analyses of spatial patterns revealed that farmland abandonment was strongly
determined by spatial factors, in particular environmental and geological conditions, as
well as socioeconomic factors [17,18]. At the same time, very few attempts have been made
to describe agricultural land abandonment with a dynamic approach [19]. Variables relating
to the financial situation of rural households were also rarely analyzed, and most studies
where these factors were considered had a local character [20]. Therefore, the present study
was undertaken to fill in this knowledge gap, and the socioeconomic consequences of
farmland abandonment in the EU were analyzed with the use of synthetic variables.

In the present study, agricultural land abandonment was defined as complete ces-
sation of farming activity. However, this phenomenon is very difficult to analyze due
to the absence of a concise definition of the term, lack of cohesive data about the spatial
and temporal distribution of abandoned land, and considerable influence of local factors.
Therefore, land abandonment is a complex, multidimensional phenomenon that cannot
be measured and expressed with the use of a single parameter, such as the area of land
that was abandoned temporarily or permanently. Therefore, the aim of this study was to
evaluate agricultural land abandonment in the EU with the use of a composite (synthetic)
index representing the key drivers of this process so as to relate the observed changes to
socioeconomic problems. The present study was undertaken to: (1) analyze the evolution of
farmland abandonment in the EU in the socioeconomic dimension; (2) analyze the spatial
distribution of socioeconomic factors that contribute to farmland abandonment and affect
the quality of life in rural areas in the EU; (3) identify potential socioeconomic changes that
can minimize the risk of farmland abandonment.

2. Literature Review

At present, agriculture occupies more than 36%, and cropland—more than 10% of the
global land surface, which has important implications for sustainable development [21]. In
recent decades, specialization, intensification, and technological progress have contributed
to an increase in agricultural productivity and competitiveness [9]. Agricultural land
abandonment is a process that accompanies economic growth around the world [12]. This
complex, multidimensional phenomenon is driven by social, economic, technological,
and political factors [22]. Farmland abandonment can also exert negative environmental
impacts by contributing to ecosystem degradation [9]. Sustainable land management
represents Goal 15 (“Life on land”) of the 17 Sustainable Development Goals adopted by
the United Nations. The aim of Goal 15 is to combat desertification, restore degraded land
and soil, including land affected by desertification, drought and floods, and to achieve
a land degradation-neutral world. Agricultural land abandonment is one of the key
threats to sustainable land management. Farmland abandonment compromises sustainable
development because land degradation and land abandonment decrease the quality of
life, reduce agricultural income, and undermine poverty reduction strategies. Therefore,
sustainable land management is a key priority for all countries in the world.

Agricultural land abandonment is difficult to analyze due to the absence of a concise
definition of the term and the lack of cohesive data about the spatial and temporal dis-
tribution of abandoned land [12,13,19]. This phenomenon can have different definitions
in the environmental, institutional, social, and economic context, as well as in the local
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context [23]. Farmland can be abandoned temporarily or permanently, which additionally
complicates the analysis [24]. Land abandonment is a process whereby human control over
land (such as agriculture or forestry) is given up, and land is left to nature. Depending
on ecological and climatic conditions, land can be regarded as completely “abandoned”
after several years if it cannot be restored for legal (e.g., forestry laws) or environmental
(e.g., desertification and forest expansion) reasons or if restoration costs are very high [3,25].
Farmland abandonment is most often defined as the complete cessation of agricultural
activity [6]. The above definition applies to land that was previously used to grow crops or
graze livestock, but presently does not serve any agricultural functions (complete cessation
of farming activity), has not been converted to woodlands or artificial areas [12], and is
managed to some degree, possibly to ensure that it remains available for agricultural use in
the future [13]. In the literature, farmland abandonment has been frequently analyzed by
comparing land-use data and agricultural statistics [9]. However, this approach is incorrect
because it does not account for the causes and consequences of land abandonment or land
zoning requirements.

According to the literature, agricultural land abandonment is a multidimensional
process which is driven by diverse factors that may occur simultaneously, including envi-
ronmental constraints, socioeconomic factors, land degradation, demographic structure,
and the institutional framework [3,8,9,25–27]. The Joint Research Center has classified
recurring determinants of farmland abandonment in the EU into three blocks [9,27]:

• poor environmental/biophysical suitability for agricultural activity;
• low farm stability and viability;
• negative drivers in the regional context.

Agricultural land abandonment has been researched extensively, and the results
indicate that farmland abandonment indicators and patterns differ considerably around the
world because “exogenous” factors can affect the direction of changes in farmland use [28].
Various multidimensional drivers of farmland abandonment have been analyzed, and the
following factors have been most often identified in the literature:

• small-scale production, closure of family farms, slow economic growth, low population
growth, low land mobility on the farmland market [3,24,29];

• rural to urban migration for economic, social, and cultural reasons [30–32];
• migration caused by military conflict, political instability, or large-scale natural disas-

ters such as hurricanes [30];
• subsidies under the EU’s Common Agricultural Policy (CAP), low levels of investment

in agricultural farms, ageing farm owners, low farmer qualifications, and low demand
for land [8,27,33–36].

• environmental factors, including elevation above sea level, farmland geology, land slope,
soil fertility, soil depth profile for agricultural use, climate change, water and wind erosion,
and land degradation resulting from improper land use or overexploitation [5,37,38];

• increased agricultural productivity which leads to the abandonment of less productive
land; import of agricultural commodities from other regions [4,11];

• decrease in agricultural profits, for example when higher production costs are not
compensated by an increase in the prices of agricultural products, which prevents
small-scale farms from competing on the market [6,30];

• strict environmental protection policies which decrease the performance of conven-
tional farms, combined with the absence or low levels of public support for alternative
farming solutions [4,35,38];

• new production technologies, rapid industrialization, monopoly on land ownership,
safety, availability of infrastructure, distance from potential markets [5];

• decrease in the biodiversity of agricultural landscapes and crop homogeneity associ-
ated with, for example, a higher risk of agricultural fires [3];

• depletion of water resources, loss of biodiversity, decrease in the population of species
adapted to the local environmental conditions, loss of cultural and aesthetic values [3];
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• historical events, such as the transition from a centrally planned to a market economy
and the collapse of agriculture in Eastern European countries between 1990 and 2004;
national and EU policies; problems with renewing agri-environmental contracts after
five years; new sanitary requirements imposed on agricultural producers in Eastern
Europe in 2004; decoupled payments that are not linked with production [8,24,31];

• urbanization and economic growth that can lead to the marginalization of neighboring
agricultural areas [39,40] and migration of the local population [28].

Agricultural land abandonment affects social welfare and the environment. Farmland
abandonment can have diverse consequences, both positive and negative, depending on
the context. An increase in biodiversity and ecosystem restoration are undoubtedly positive
changes in the environmental dimension, but not necessarily in the socioeconomic context.
Without institutional support, farmland abandonment can compromise the local standard
of living and decrease local incomes, including in agriculture. For this reason, research into
agricultural land abandonment should examine not only the environmental impact of this
phenomenon, but also its socioeconomic consequences. The positive and negative conse-
quences of land abandonment continue to stir a heated debate [23]. In general, farmland
abandonment has negative implications for socioeconomic development, the environment,
and the landscape [41]. It can lead to the loss of biodiversity [5–7,42], landscape homog-
enization [3,5,7,42,43], higher risk of fire [6,7,42,44,45], soil erosion, desertification, land
degradation [5–7,42], increase in land area under intensive agriculture [41], changes in
ecosystem processes [26], loss of nature conservation areas (e.g., Natura 2000) [6], lower
water availability, and loss of cultural values [5]. In the economic context, agricultural land
abandonment can significantly compromise food security [46] and lead to the loss of local
agricultural practices and knowledge [47].

Land abandonment has positive implications mainly in the environmental context.
Above all, it promotes the restoration of natural habitats, ecosystem services, and biodi-
versity [6,30], including all consequences of this process. Soil is regenerated, the nutrient
cycle is restored, and soil moisture and aeration are improved [5]. Abandoned lands can
sequester more carbon [32], and they are not exposed to the harmful effects of agricultural
chemicals [8]. Spontaneous revegetation and forest regrowth [5] contribute to the restora-
tion of native flora [26]. However, land abandonment also leads to depopulation, which
is difficult to control. Therefore, various instruments are being offered under the CAP
to prevent land abandonment, including decoupled payments that are not linked with
production and compensatory payments in areas with natural constraints [3]. Responsible
policy-making plays a very important role in this context.

Agriculture Land Changes

Abandoned farmland or agricultural land that is at risk of abandonment is difficult
to identify because changes in land use are not always unambiguous and apparent [8].
Land abandonment can be roughly estimated based on long-term statistical data published
by the Food and Agriculture Organization (FAO) [21]. The area occupied by agricultural
land continued to increase globally until 2001. A reverse trend was noted after 2001,
and agricultural land area began to decrease, with several short-term increases in 2005,
2010, 2011, and 2017 (Figure A1). An analysis of the relevant data indicates that global
agricultural land area has been decreasing steadily since 2001 at an annual rate of nearly
7 million ha. Similar results were reported by Zanden et al. [19]. These changes have
contributed to a long-term global trend. In many regions of the world, land abandonment
was one of the key processes that led to changes in land use [6,19]. However, despite the
steady increase in the area of abandoned agricultural land since the 1950s [26], competition
on the global farmland market continues to rise, and the struggle to acquire more land for
agricultural production became known as “hunger for land” in many countries around
the world. Farmland abandonment has both negative and positive consequences, and the
socioeconomic and environmental drivers of land abandonment need to be considered to
find a satisfactory solution to the problem.
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The restoration of abandoned farmland is not always a priority in the EU. Abandoned
land with high conservation value may be protected to promote habitat restoration. The
demand for farmland is driven by numerous factors, but above all, agricultural land is
regarded as a source of additional income. For example, the present conflict in Ukraine
has significantly decreased food supply and increased food prices on the global market. In
consequence, in some regions of the world, including Europe, efforts are being made to
restore abandoned farmland for agricultural production (Figure A2).

In developing regions, agricultural land area continued to increase between 1961 and
2020, including in Asia (by 1,346,600 ha per year), Africa (by 2,284,000 ha per year), South
America (by 1,307,000 ha per year), and Central America (by 169,000 ha per year) (Figure A3,
Table A1). A reverse trend was reported in developed regions, including North America
(annual decrease of 756,000 ha), Oceania (2,630,000 ha), and Europe (7,785,000 ha, including
406,000 ha in the EU). In general, in developed regions, changes in land use are fueled
mainly by economic growth, and the abandonment or conversion of agricultural land in
high-income regions has been chiefly responsible for the steady decrease in farmland area
since 1960 [23]. Abandoned farmland area is difficult to estimate on a global scale due to
the lack of accurate data, but this process is observed mainly in marginal areas where the
conditions for agricultural production are unfavorable and farm income is low.

Utilized agricultural areas account for more than 50% of the EU’s total area. Agricul-
tural production contributes to food security, but it also affects the availability of natural
resources as well as socioeconomic growth and the quality of rural life. In Europe, farmland
abandonment is an important land-use change process that has been observed since the
mid-19th century [48,49] to the present [7–9,12]. This process is expected to continue in
the coming decades [13,50], and the area of abandoned farmland will reach 7,127,700 ha or
even 21,181,400 ha in 2040 [19,51]. Utilized agricultural area continues to decrease in the
EU, excluding in Luxembourg and Slovenia where this parameter increased significantly,
and in Estonia and Latvia, where significant (p > 0.05) changes in farmland area could not
be confirmed (Figure A4a–c, Table A2).

3. Materials and Methods
Data Collection

The directions and rate of agricultural land abandonment in the EU were determined
by analyzing and comparing EUROSTAT and Farm Accountancy Data Network (FADN)
data for 2010, 2013, 2016, and 2019 with the use of Hellwig’s taxonomic method. Only data
that were available for all EU countries in the examined years were selected for the analysis.
Malta was not included in the study due to the absence of complete data in the analyzed
years. The definitions, measurement methods, and the context for the correct interpretation
of data were consistent with the EUROSTAT agri-environmental indicator—risk of land
abandonment [52].

Farmland abandonment is a complex phenomenon that should be characterized
with the use of synthetic variables so as to combine various indicators into a composite
index [53–58]. The taxonomic method developed by Zdzisław Henryk Hellwig is often
applied to generate synthetic variables [59–61].

The study was carried out in the following stages:

1. Choosing a set of variables

The selection of diagnostic variables is made from a set of potential variables charac-
terizing the studied phenomenon. The risk of farmland abandonment is estimated based
on a statistical analysis of the main factors grouped into a composite index. Factors that
increase this risk were regarded as destimulants, and factors that decrease this risk were
regarded as stimulants. The variables adopted to build a synthetic measure of the risk of
agricultural land abandonment are included in Table A3.

The “remoteness” variable was not available for all analyzed years; therefore, it was
used interchangeably with the “road networks” variable. Rural roads are an important part
of the road network. They connect motorways and transport routes with cities, villages, and
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tourist destinations. Rural roads are used directly by farmers and rural businesses. They
promote the transfer of people, goods, and information in rural areas. The construction
of rural roads contributes to the transfer of labor and capital between urban and rural
areas, and it plays an important role in agricultural production and rural revival and
renewal [17,62].

2. Construction of the taxonomic measure of risk using the Hellwig measurement method

The starting point when constructing synthetic variables is the observation matrix,
which we can present in the form:

X =


x11 x12 . . . x1m
x21 x22 . . . x2m
. . . . . . . . . . . . . . . . . .
xn1 xn2 . . . xnm

, (1)

where xij (i = 1,2, . . . , n; j = 1,2, . . . , m)—denotes the value of the j-th feature (in this case, a
variable characterizing risk of abandonment) for the i-th object.

Due to the fact that diagnostic variables usually have different measures, it is not
possible to directly compare them. Therefore, in order to make the features comparable,
normalization should be carried out, i.e., the effect of units of measurement should be
eliminated. Features were normalized by standardizing them according to the formula:

zij =

(
xij − xj

)
Sj

, (j = 1, 2, . . . , m), (2)

where: xj =
1
n ∑n

i=1 xij, sj =
√

1
n ∑n

i=1
(
xij − xj

)2

The result of the transformations was a matrix of standardized property values—Z:

Z =


z11 z12 . . . z1m
z21 z22 . . . z2m

. . . . . . . . .
zn1 zn2 . . . znm

, (3)

Based on the obtained matrix, the “pattern”, i.e., an abstract object (country) with
the coordinates: P0 = [z01, z02, . . . , z0j], where: z0j = max {zij}, when Zj is a stimulant, and
z0j = min{zij}, when Zj is a destimulant. According to the considerations, it should be stated
that the “pattern” is a hypothetical country with the most favorable variable values.

The next step is to determine the Euclidean distance of each assessed object (country)
Pi from the designated “pattern” according to the formula:

qi =

√√√√ m

∑
j=1

(
zij − z0j

)2, (4)

On the basis of the qi values determined, the value of the synthetic Hellwig risk
measure was calculated, which was used to evaluate the countries studied. This value can
be represented by the formula:

Si = 1 − qi
q0

, (i = 1, 2, . . . , n), (5)

where: q0 = q0 + 2s0, q0 = 1
n ∑n

i=1 qi, s0 =
√

1
n ∑n

i=1(qi − q0)
2.

The synthetic measure of Hellwig Si risk generally takes values between (0.1). The
closer its values are to 0, the higher the level of analyzed phenomenon (risk of abandonment)
is characterized by the examined object (country). However, the higher the values, the
lower the level of risk of abandonment of the surveyed country are. The negative value
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of the Si measure may appear when the risk of abandonment in a given country is clearly
stronger compared to the others.

3. Building a ranking of countries and their division into classes

The standard deviation and arithmetic mean of the Hellwig synthetic risk measure
were used to classify countries by level of risk of abandonment.

Four classes have been identified (four levels of risk of abandonment) [63,64]:

• class I (low risk of farmland abandoning) Si ≥ Si + 0.5sSi ,
• class II (average risk of farmland abandoning) Si − 0.5sSi ≤ Si < Si + 0.5sSi ,
• class III (high risk of farmland abandoning) Si < Si − 0.5sSi ,

where:
Si—the value of the synthetic measure calculated using the Hellwig risk pattern method,
Si—arithmetic average of the synthetic meter Si,
sSi —standard deviation of the synthetic meter Si.

4. Regression

The strength and direction of the interactions between the key drivers of agricultural land
abandonment were determined by regression analysis in the Statistica 13 program.

4. Results

A sound knowledge of the location and area of abandoned land is needed to estimate
the external effects of land abandonment in the social, economic, and environmental
context, and to plan effective political interventions [41]. Low demand for agricultural
land decreases prices and increases the risk of farmland abandonment [9,65,66]. Various
factors can decrease the demand for agricultural land, including climate change, increase
in agricultural productivity, environmental protection policies, pollution, or conflict. These
factors decrease agricultural rents and farm income, and they force farmers to search for
other sources of income. Various payment schemes have been introduced to maintain
agricultural operations in areas characterized by low farming productivity [67]. In the
analyzed years, farmland sales and rental prices were very low in Czechia, Romania,
Slovenia, Poland, Slovakia, Lithuania, Estonia, and Latvia. Despite the fact that agricultural
rents increased considerably in some of these countries between 2010 and 2019 (240.61% in
Estonia, 172.91% in Latvia, 138.55% in Bulgaria, 114.12% in Czechia, 103.45% in Slovakia,
and 98.00% in Lithuania) and land hunger was observed in this region, the demand for
farmland continues to be low, which can contribute to the risk of land abandonment
(Figure 1). New EU members had experienced significant problems during the transition
from a centrally planned to a market economy, including the collapse of large State-owned
farms and land privatization [9].

Sustainability 2022, 14, x FOR PEER REVIEW 8 of 23 
 

 

 

Figure 1. Weak land market (D1; €/ha). 

Agricultural profits are determined mainly by a farm’s financial situation. The risk 

of land abandonment increases when farmland ceases to generate sufficient incomes. The 

financial health of agricultural businesses differs considerably across the EU, and agricul-

tural income has to be compared with income levels in all sectors of the national economy 

to identify these differences. Farm net value added is compared with the gross domestic 

product (GDP) per capita to determine the performance of the farming sector in a given 

country. Large differences indicate that the agricultural sector is not financially stable, 

which prompts the rural population to abandon farmland and search for new employ-

ment opportunities outside the farming sector [9,52,68]. 

Low farm income significantly contributes to the risk of agricultural land abandon-

ment in Romania, Poland, Austria, Finland, Lithuania, Greece, Cyprus, Ireland, and Slo-

venia. The greatest decrease in this agri-environmental indicator was noted in Lithuania, 

Ireland, Poland, and the United Kingdom, whereas the greatest increase was observed in 

Slovakia, Spain, and Bulgaria (Figure 2). However, these results should be interpreted 

with caution because the underlying mechanisms can differ across countries [9]. The re-

sults are based solely on farm net value added (FAWN SE415), whereas the total income 

of rural households, including off-farm incomes, can substantially change the picture. Off-

farm incomes (tourism, employment in other sectors of the economy) are an important 

source of livelihood for rural households [52]. Off-farm work enables rural families to di-

versify their sources of income, and it could decrease the risk of land abandonment. Farm-

land ownership is a form of investment and capital accumulation that provides rural 

households with financial security. 

 

Figure 2. Low farm income (D2; €). 

Figure 1. Weak land market (D1; €/ha).



Sustainability 2023, 15, 3233 8 of 24

Agricultural profits are determined mainly by a farm’s financial situation. The risk
of land abandonment increases when farmland ceases to generate sufficient incomes.
The financial health of agricultural businesses differs considerably across the EU, and
agricultural income has to be compared with income levels in all sectors of the national
economy to identify these differences. Farm net value added is compared with the gross
domestic product (GDP) per capita to determine the performance of the farming sector in a
given country. Large differences indicate that the agricultural sector is not financially stable,
which prompts the rural population to abandon farmland and search for new employment
opportunities outside the farming sector [9,52,68].

Low farm income significantly contributes to the risk of agricultural land abandonment
in Romania, Poland, Austria, Finland, Lithuania, Greece, Cyprus, Ireland, and Slovenia.
The greatest decrease in this agri-environmental indicator was noted in Lithuania, Ireland,
Poland, and the United Kingdom, whereas the greatest increase was observed in Slovakia,
Spain, and Bulgaria (Figure 2). However, these results should be interpreted with cau-
tion because the underlying mechanisms can differ across countries [9]. The results are
based solely on farm net value added (FAWN SE415), whereas the total income of rural
households, including off-farm incomes, can substantially change the picture. Off-farm
incomes (tourism, employment in other sectors of the economy) are an important source
of livelihood for rural households [52]. Off-farm work enables rural families to diversify
their sources of income, and it could decrease the risk of land abandonment. Farmland
ownership is a form of investment and capital accumulation that provides rural households
with financial security.
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Investment behaviors reflect an agricultural holding’s performance, its ability to adapt
to market requirements, and expectations about the future. New investments indicate that
a farm is willing to continue agricultural operations and has implemented a long-term
strategy. Regions with negative long-term investment ratios were identified in Greece,
Italy, Romania, Poland, and Spain. The above could be attributed to the fragmentation of
agricultural land and a high ratio of small farms that do not invest or implement small
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and short-term investment schemes [69]. In turn, the value of long-term investments per
hectare of agricultural land was highest in the Netherlands, Belgium, Ireland, Germany,
and Sweden (Figure 3).

Sustainability 2022, 14, x FOR PEER REVIEW 9 of 23 
 

 

Investment behaviors reflect an agricultural holding’s performance, its ability to 

adapt to market requirements, and expectations about the future. New investments indi-

cate that a farm is willing to continue agricultural operations and has implemented a long-

term strategy. Regions with negative long-term investment ratios were identified in 

Greece, Italy, Romania, Poland, and Spain. The above could be attributed to the fragmen-

tation of agricultural land and a high ratio of small farms that do not invest or implement 

small and short-term investment schemes [69]. In turn, the value of long-term investments 

per hectare of agricultural land was highest in the Netherlands, Belgium, Ireland, Ger-

many, and Sweden (Figure 3). 

 

Figure 3. Low investment in the farm (D3; €/ha). 

The risk of agricultural land abandonment is higher when most of the farmer popu-

lation is close to retirement age. The ratio of farm holders older than 65 years to the total 

number of farm holders was calculated to estimate the distribution of age groups in the 

farmer population. An unfavorable age ratio which can contribute to land abandonment 

was noted in Portugal, Sweden, Ireland, the United Kingdom, and Cyprus, where 20% or 

more farmers were older than 65. This parameter was lowest in Czechia, Poland, Hungary, 

and Spain where less than 5% of farm holders were close to retirement age (Figure 4). 

 

Figure 4. Age of farm holder (D4; %). 

Agricultural land is more likely to be abandoned in remote, peripheral areas with 

poor access to basic services such as commerce, healthcare, legal services, and schools. At 

–400.00 –200.00 0.00 200.00 400.00 600.00 800.00

Netherlands

Belgium

Slovenia

Ireland

Germany

Sweden

Latvia

Hungary

Czechia

Cyprus

United Kingdom

Denmark

Lithuania

France

Bulgaria

Finland

Austria

Slovakia

Estonia

Portugal

Spain

Poland

Romania

Italy

Greece

2010 2013 2016 2019

Figure 3. Low investment in the farm (D3; €/ha).

The risk of agricultural land abandonment is higher when most of the farmer popu-
lation is close to retirement age. The ratio of farm holders older than 65 years to the total
number of farm holders was calculated to estimate the distribution of age groups in the
farmer population. An unfavorable age ratio which can contribute to land abandonment
was noted in Portugal, Sweden, Ireland, the United Kingdom, and Cyprus, where 20% or
more farmers were older than 65. This parameter was lowest in Czechia, Poland, Hungary,
and Spain where less than 5% of farm holders were close to retirement age (Figure 4).

Agricultural land is more likely to be abandoned in remote, peripheral areas with
poor access to basic services such as commerce, healthcare, legal services, and schools. At
the same time, population density is generally low in rural areas, and this factor was also
considered in the analysis. Population density was highest in the Netherlands, Belgium,
the United Kingdom, Germany, and Italy, and lowest in Finland, Sweden, Latvia, Estonia,
and Lithuania (Figure 5).

Remoteness, namely the distance from potential markets (such as cities), and the
availability and quality of transport infrastructure (such as roads), are also important drivers
of farmland abandonment [5]. As previously mentioned, the “remoteness” variable was
not available for the analyzed period, and information about road length per 1000 square
kilometers was used instead. It was assumed that road density is low in remote and sparsely
populated regions, which can lead to the cessation of farming activity. Road density was
lowest in Bulgaria, Finland, Greece, Spain, and Romania, and highest in the Netherlands,
Belgium, Hungary, France, Slovenia, and Denmark (Figure 6).
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Individual factors were combined into a composite index of the risk of farmland
abandonment with the use of an empirical framework for building composite indices. Data
were normalized at the level of the EU Member states because land abandonment is largely
associated with economic, structural, environmental, and political factors in each country.
Table 1 presents the ranking of NUTS2 regions in the analyzed years. The risk of farmland
abandonment was lowest in Belgium, Denmark, Germany, and the Netherlands, where
the highest values of the composite index were noted in the examined period. This result
can be attributed mainly to a stable farming sector and a high demand for land for both
agricultural activities and non-agricultural investments (such as urban development or
road construction). In the United Kingdom and Slovakia, the composite index assumed
moderate values, and low values were noted only in 2010 and 2016.

In the analyzed period, the risk of agricultural land abandonment was high in Greece,
Spain, Portugal, Romania, and Finland. The composite index also assumed relatively high
values in Italy, Cyprus, Latvia, and Sweden. In the remaining countries, the risk of farmland
abandonment was moderate, with a growing trend in Estonia, Poland, and Sweden in 2016,
and in Lithuania in 2019.

An analysis of the influence (strength and direction) of the examined factors on the risk
of agricultural land abandonment produced interesting results. The results of the multiple
regression analysis are presented in Table A4. The validation of independent variables
revealed that at high adjusted values of the coefficient of determination R2 (2010—0.99;
2013—0.99; 2016—0.97; 2019—0.99), econometric models explained 99% of the variation
in the risk of farmland abandonment in the EU. The results of the regression analysis
indicate that population density and farm investments are the key drivers of farmland
abandonment. The risk of land abandonment decreases with a rise in these parameters.
Farmer ageing was also an important factor, which implies that agricultural land is more
likely to be abandoned in areas with a high proportion of farmers who are close to retirement
age. However, farm income was a more influential factor in 2016, and the risk of land
abandonment was considerably lower in regions with high income. Farmers who derive
high income from agricultural production tend to be more satisfied with their land, and
they tend to invest in their holdings to expand their operations. The performance of the
farmland market was also an important determinant of land abandonment, but it was a
less influential contributor than farm income in 2019. A similar trend can be observed in
this case—the risk of land abandonment decreases with a rise in farmland prices or rents,
or an increase in farm income. The current conflict in Ukraine has decreased the supply of
food, mainly cereals, on the global market, which drove the demand for agricultural land
(land hunger) in many countries. These processes are responsible for the surge in food and
farmland prices.
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Table 1. Hellwig measure of risk of farmland abandonment in the EU.

2010 2013 2016 2019
Belgium I I I I
Bulgaria II II II II
Czechia II II II II

Denmark I I I I
Germany I I I I
Estonia II II III II
Ireland II II II II
Greece III III III III
Spain III III III III
France II II II II
Italy III III II III

Cyprus III III III II
Latvia III III II III

Lithuania II II II III
Hungary II II II II

Netherlands I I I I
Austria II II II II
Poland II II III II

Portugal III III III III
Romania III III III III
Slovenia II II III II
Slovakia II II I II
Finland III III III III
Sweden II III II III

United Kingdom I II I II
Legend

Class I (low risk) Class II (average risk) Class III (high risk)

5. Discussion and Conclusions

The supply of agricultural commodities tends to exceed demand. The demand for
food is limited, and when the increase in agricultural productivity exceeds the increase
in demand, farmland ceases to generate profits and may be abandoned. In addition to
agricultural intensification, the risk of land abandonment is also exacerbated by the harm-
ful impacts of agricultural activities, mainly soil degradation which decreases yields and
productivity [70]. Other contributing factors include impaired quality of life, depopulation
of rural areas, low levels of socioeconomic development, national and international poli-
cies, ineffective farm management practices, climate change, environmental degradation,
and a growing demand for land for development projects. In many countries, farmland
abandonment is a fairly widespread process that not only exerts greater pressure on bio-
diversity and natural resources, but also decreases agricultural income and employment,
leads to the loss of local farming practices and knowledge, and directly contributes to social
problems. For this reason, land abandonment poses a significant challenge in the EU. This
phenomenon can have varied consequences for different countries and regions, and it can
lead to irreversible social, economic, and environmental changes. Reliable information
about land abandonment is essential for predicting its consequences and implementing
effective policies to address the resulting problems. It should be noted, however, that the
global food crisis, perpetuated by military conflict and dwindling food supply, can drive
demand for abandoned farmland. High demand leads to a rise in farm income because
food is becoming increasingly expensive despite high production inputs.

Sustainable land use is of critical importance in all countries around the world, and it
poses a significant challenge for sustainable development. Agricultural land abandonment
is one of the greatest threats to sustainable development. Most research studies based on
secondary data (such as EUROSTAT or FADN data) focus mainly on unfavorable conditions
for agricultural production [8,9]. However, the performance of agricultural holdings can
also be undermined by unfavorable farm structure, inadequate farm management, unstable
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farm income and low profits [9], as well as socioeconomic factors such as unfavorable
demographic changes [5,9,22,28]. Institutional factors such as environmental protection
policies and financial support under the CAP also play an important role [24]. Over
the years, various measures have been implemented under the CAP with the aim of
counteracting farmland abandonment. The direct payment scheme was introduced as
the main tool for supporting and stabilizing agricultural incomes and promoting good
agricultural practices in line with environmental protection rules. Direct payments provide
financial support and generate demand for land, which can reduce the risk of farmland
abandonment. In most cases, agricultural land is abandoned or converted to promote
far-reaching social goals (such as infrastructure development or environmental protection).
The second tool is the Rural Development Program which delivers numerous benefits
for rural communities. The risk of farmland abandonment is mitigated by supporting
agricultural activities in areas facing significant natural constraints (such as mountainous
areas, northern latitudes, areas with reduced soil fertility, extreme climate, low population
density) or by preserving rural landscapes and their environmental value. In many cases,
these areas have high natural value, which is why extensive agriculture, including organic
farming, should be promoted in these regions [67]. Agricultural production is generally
unprofitable in areas with significant natural constraints. Support programs for young
farmers are also available to prevent depopulation in rural areas.

In the future, the CAP will provide countries and regions with greater freedom in
managing direct payments to serve local needs. The CAP will become a more effective
tool that decreases the risk of farmland abandonment and promotes interest in farming
among young people. It should also be noted that the EU countries can implement various
schemes and programs outside the CAP framework. Support programs financed from the
central budget or local budgets can be introduced to engage youths in farming and prevent
farmland abandonment. The interest in land ownership and agricultural production can be
also enhanced through tax incentives, rural investment programs, as well as education.

Land abandonment is associated with numerous challenges, and the choice of the
most effective remedy methods is a complex and costly process that is determined not only
by regional and local factors, but also by global events. These observations indicate that the
survival of rural landscapes in the EU may be at risk. The following key conclusions can be
formulated based on the results of this study: (1) An increase in rural population density
and farming incomes decreases the risk of farmland abandonment; (2) Agricultural land
is more likely to be abandoned in areas with a high proportion of ageing farmers; (3) The
risk of land abandonment decreases with a rise in farm incomes because the profitability of
food production is encouraging. The concentration of farmland in the hands of land-scale
agricultural holdings prevents land fragmentation in the agricultural sector; (4) Excess
labor supply should be redistributed according to the forces of supply and demand; (5) The
analysis of the socioeconomic determinants of farmland abandonment revealed that the
associated risk is highest in Greece, Spain, Portugal, Romania, and Finland; (6) The risk of
farmland abandonment is moderately high in Italy, Cyprus, Latvia, and Sweden. In these
countries, agricultural land is abandoned mainly in mountainous regions and areas af-
fected by deforestation, desertification, soil degradation, and loss of biodiversity [6,9,70,71].
(7) Demographic problems, mainly ageing rural populations and rural to urban migration
in search of new employment opportunities, also increase the risk of land abandonment;
(8) The analyzed risk was lowest in Belgium, Denmark, Germany, and the Netherlands,
which are highly developed countries with high farm incomes and high concentration of
farmland ownership.

Many researchers have postulated that agricultural land abandonment is a local
problem and that reliable local data are needed to assess the severity of this risk. This is a
valid observation, mainly because NUTS2 regions differ in environmental conditions and
economic performance, and they are not equally affected by land abandonment. However,
the heterogeneity and diversity of each region cannot be considered in the analysis due to
the absence of data and methods for monitoring farmland abandonment in large regions
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and across countries. The resolution of input data in European databases (such as FADN
and EUROSTAT) varies between the Member States, and it ranges from NUTS3 level in the
best-case scenario to NTUS0 level in the worst-case scenario [9]. Due to the heterogeneity of
data, the presented results may not be highly accurate at the local level, but these variations
do not affect the general analytical framework or the identified directions of land-use
changes. Similar conclusions have been formulated by other researchers. The resolution of
input data can be improved through the use of remote detection methods [16] and territorial
modeling platforms [11]. Therefore, numeric and spatial data have to be monitored, but
new variables should also be considered to expand the range of the analyzed interactions.
This approach supports decision-making and the implementation of mechanisms and
instruments that prevent and minimize adverse phenomena. The described approach
also facilitates the introduction of long-term programs and investment schemes in rural
areas. As a result, farmers will be able to make well-informed decisions about continuing
agricultural operations or abandoning their land, and their choices will contribute to the
sustainable development of regions, countries, and groups of countries. Both social and
economic drivers of farmland abandonment should be analyzed to prevent this negative
phenomenon from occurring in the future.
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Figure A4. (a–c) Changes in agricultural land in the European Union countries from 1961 to 2020. 
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Figure A4. (a–c) Changes in agricultural land in the European Union countries from 1961 to 2020.

Table A1. Changes in agricultural land on all continents from 1961 to 2020.

Region Regression Equation p r2

Africa y = −3,478,144 + 2284x 0.0000 0.9097
Northern America y = 1,989,462 − 756x 0.0000 0.9583
Central America y = −217,966 + 169x 0.0000 0.3215
South America y = −2,080,185 + 1307x 0.0000 0.5928

Asia y = −25,400,495 + 13,466x 0.0000 0.8568
Oceania y = 5,701,947 − 2630x 0.0000 0.7947
Europe y = 16,128,571 − 7785x 0.0000 0.7812

European Union (27) y = 986,616 − 406x 0.0000 0.7344

Table A2. Changes in agricultural land in the European Union countries from 1961 to 2020.

Country Regression Equation p r2 Change **

Austria y = 30,785.6714 − 13.9407x 0.0000 0.9702 −25.56
Belgium * y = 19,679.1905 − 9.116x 0.0000 0.8600 −24.65
Bulgaria y = 89,659.8084 − 42.0122x 0.0000 0.8765 −18.36
Croatia y = 54,865.3825 − 26.5677x 0.0015 0.3167 −37.40
Cyprus y = 10,280.0523 − 5.0613x 0.0000 0.6895 −66.80
Czechia y = 77,247.8091 − 36.6115x 0.0000 0.7438 −17.71
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Table A2. Cont.

Country Regression Equation p r2 Change **

Denmark y = 20,045.4118 − 8.6618x 0.0000 0.9289 −17.09
Estonia y = 11,475.1336 − 5.2341x 0.0703 0.1163 −28.31
Finland y = 24,068.9314 − 10.8637x 0.0000 0.8060 −17.92
France y = 2.3002 × 105 − 100.0331x 0.0000 0.9685 −17.33

Germany y = 1.2933 × 105 − 55.9978x 0.0000 0.9474 −14.35
Greece y = 1.0456 × 105 − 48.2826x 0.0000 0.6363 −34.15

Hungary y = 72,743.1583 − 33.4103x 0.0000 0.9499 −30.78
Ireland y = 64,141.9966 − 29.6907x 0.0000 0.7123 −20.13

Italy y = 2.7813 × 105 − 131.4762x 0.0000 0.9468 −37.15
Latvia y = 13,756.7232 − 5.9239x 0.3041 0.0391 −22.17

Lithuania y = 41,019.231 − 18.9517x 0.0014 0.3184 −13.17
Luxembourg y = −288.8289 + 0.2085x 0.0000 0.7815 3.23

Malta y = 227.9085 − 0.1084x 0.0000 0.7866 −42.33
Netherlands y = 16,774.532 − 7.4168x 0.0000 0.9168 −21.59

Poland y = 2.2811 × 105 − 105.6308x 0.0000 0.8591 −28.84
Portugal y = 13,105.724 − 4.6431x 0.0000 0.4343 −0.06
Romania y = 60,078.3191 − 22.8643x 0.0000 0.5923 −6.92
Slovakia y = 55,807.7381 − 26.7671x 0.0000 0.8086 −23.02
Slovenia y = −8235.0307 + 4.3848x 0.00003 0.4800 8.24

Spain y = 2.6407 × 105 − 117.557x 0.0000 0.9516 −21.33
Sweden y = 40,440.7114 − 18.5956x 0.0000 0.9387 −29.06

* until 1999 with Luxembourg; ** change in agricultural land area in % (1982/2020: Bulgaria; 1992/2020: Croatia,
Estonia, Latvia, Lithuania, Slovenia; 1993/2022: Czechia, Slovakia; 2000/2020: Luxemburg).
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Table A3. Description of diagnostic variables.

V
ar
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bl

e
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od
e

N
am

e

D
at

a
So

ur
ce

U
ni

t

Description Role

D1

W
ea

k
la

nd
m

ar
ke

t

[72]
SE375/SE030 €/ha

SE375. Rent paid for farm land and buildings and rental charges
SE030. Utilized agricultural areas rented by the holder under a tenancy agreement for a period of at

least one year (remuneration in cash or in kind); in hectares.
High land sale and lease prices are generally associated with high demand for agricultural land, and

thus with a lower risk of abandonment (the higher, the lower the risk of abandonment).

stimulant

D2

Lo
w

fa
rm

in
co

m
e

[72,73]
SE415/DGP per capita €

SE451. Farm Net Value Added; Remuneration to the fixed factors of production (work, land and
capital), whether they be external or family factors. As a result, holdings can be compared

irrespective of their family/non-family nature of the factors of production employed. This indicator
is sensitive, however, to the production methods employed: the ratio (intermediate consumption +
depreciation)/fixed factors may vary and therefore influence the FNVA level. For example, in the

livestock sector, if production is mostly without the use of land (purchased feed) or extensive
(purchase and renting of forage land). SE415 is a weighted mean (average) calculated as a [sum of

sample farm incomes x sample farm weights]/[sum of sample farm weights].
DGP per capita—Gross domestic product at market prices, Current prices,

euro per capita.
Agricultural land is at greater risk of abandonment when it ceases to generate sufficient income (the

higher, the lower the risk of abandonment).

stimulant

D3

Lo
w

in
ve

st
m

en
t

in
th

e
fa

rm

[72]
SE521/SE025 €/ha

SE521. Net Investment on fixed assets. Gross Investment on fixed assets—Depreciation.
SE025. Total Utilized Agricultural Area. Total utilized agricultural area of holding. Does not include
areas used for mushrooms, land rented for less than one year on an occasional basis, woodland and

other farm areas (roads, ponds, non-farmed areas, etc.). It consists of land in owner occupation,
rented land, land in share-cropping (remuneration linked to output from land made available). It

includes agricultural land temporarily not under cultivation for agricultural reasons or being
withdrawn from production as part of agricultural policy measures. It is expressed in hectares

(10,000 m2). As from 2014, it includes kitchen gardens.
Investment behavior reflects the dynamics of the farm, its adaptability and expectations for the

future. New investments signal a medium/long-term strategy and can be an indicator of the desire
to continue farming (the higher, the lower the risk of abandonment).

stimulant
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Table A3. Cont.

V
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e
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e

N
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e

D
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a
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U
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t

Description Role

D4

A
ge

of
fa

rm
ho

ld
er

[74]
Age 65 and more/Total age %

The ratio between farm holders above 65 years and the total number of farm holders has been
calculated.

Abandonment of farmland is more likely when the farmer population is older, close to retirement
(the higher, the greater the risk of abandonment).

destimulant

D7a

Lo
w

po
pu

la
ti

on
de

ns
it

y

[75]
Population density person/km2

Scarcely populated areas are identified from population statistics and were defined as areas with a
population density below 50 inhabitants/km2.

The higher the population density, the less likely agricultural land is to be abandoned
stimulant

D7b

R
em

ot
en

es
s

[76]
Road networks km/km2

Motorways and other roads per thousand square kilometers.
Abandonment of agricultural land is likely to occur in remote areas with inadequate access to basic
services (health care, school and other services) and fewer marketing opportunities (the higher up,

the lower the risk of abandonment).

stimulant
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Table A4. Summary of dependent variable regression.

N = 25 b * Std. Error
with b * b Std. Error

with b t(23) p

2010 R = 0.99629431 R2 = 0.99260235 Corrected. R2 = 0.99013646
F(6,18) = 402.53 p < 0.00000 std. error: 0.01503

Intersept 0.139 0.008 16.887 0.0000
D1 0.289 0.034 0.0004 0.00005 8.373 0.0000
D2 0.245 0.026 0.0003 0.00003 9.589 0.0000
D3 −0.176 0.022 −0.0017 0.0002 −8.128 0.0000
D4 0.298 0.027 0.0003 0.00002 10.866 0.0000

D7a 0.265 0.032 0.00004 0.000005 8.217 0.0000
D7b 0.168 0.024 0.0161 0.0023 7.124 0.0000

2013 R = 0.99288540 R2 = 0.98582142 Corrected. R2 = 0.98109523
F(6,18) = 208.59 p < 0.00000 std. error: 0.01811

Intersept 0.126425 0.00896 14.11051 0.000000
D1 0.2561 0.049056 0.000305 0.000059 5.22055 0.000058
D2 0.28482 0.039563 0.00022 0.000031 7.1992 0.000001
D3 −0.184943 0.028719 −0.001711 0.000266 −6.43984 0.000005
D4 0.292759 0.041806 0.000184 0.000026 7.00279 0.000002

D7a 0.227376 0.030905 0.011945 0.001624 7.35716 0.000001
D7b 0.224572 0.046893 0.000029 0.000006 4.789 0.000147

2016 R = 0.98691592 R2 = 0.97400304 Corrected. R2 = 0.96533739
F(6,18) = 112.40 p < 0.00000 std. error: 0.02043

Intersept 0.108666 0.009221 11.78459 0.000000
D1 0.281342 0.066686 0.000276 0.000065 4.21893 0.000516
D2 0.319762 0.042822 0.000282 0.000038 7.46728 0.000001
D3 0.288382 0.039478 0.009957 0.001363 7.30489 0.000001
D4 0.349819 0.05475 0.000176 0.000027 6.38936 0.000005

D7a −0.214998 0.038488 −0.001699 0.000304 −5.58606 0.000027
D7b 0.208994 0.062852 0.000023 0.000007 3.32519 0.003766

2019 R = 0.99398472 R2 = 0.98800563 Corrected. R2 = 0.98400751
F(6,18) = 247.12 p < 0.00000 std. error: 0.01613

Intersept 0.119548 0.009112 13.12017 0.000000
D1 0.240778 0.045427 0.000271 0.000051 5.30037 0.000049
D2 0.279099 0.04781 0.000197 0.000034 5.83769 0.000016
D3 −0.176622 0.026478 −0.001409 0.000211 −6.6704 0.000003
D4 0.218311 0.027317 0.011527 0.001442 7.99184 0.000000

D7a 0.292289 0.039854 0.000173 0.000024 7.33394 0.000001
D7b 0.222805 0.047874 0.000028 0.000006 4.65399 0.000197

* nonstandardized coefficients.
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