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Abstract: Using the Web of Science database, 1498 research articles published between 1900 and 2019
on the subject of farmland abandonment were retrieved. With the help of the SciMAT tool, a theme
strategic diagram, overlay map and evolution map represented by keywords were constructed,
and the strategic coordinate analysis and data flow analysis methods were used to analyze the
research themes, evolutionary states and paths of farmland abandonment in different research time
periods. The results show the following: (1) Research on farmland abandonment has rapidly grown
in the past ten years, the development of studies on farmland abandonment has become more
mature, and the research topics and content have tended to solidify; (2) The research topics of studies
on farmland abandonment are mostly centered on forests, patterns, landscapes, land use changes,
climate change, etc. The research topics have had strong continuity and few new research hotspots;
(3) The study of the ecological environment effect of farmland abandonment is the basic research
direction in the field of farmland abandonment and will continue to become a research hotspot;
(4) Farmland abandonment has become an important part of the research on land use change and
ecosystem processes; (5) The driving force of farmland abandonment includes natural, social and
economic factors, among which the socioeconomic factors are the most important driving force,
and will continue to be a research hotspot. Finally, this study concludes that the research directions
on farmland abandonment in future should strengthen the quantitative assessment of environmental
effects of farmland abandonment, information extraction and multiscale simulation monitoring, trend
prediction and risk assessment.

Keywords: farmland abandonment; land use change; theme evolution; strategic coordinate analysis;
data flow

1. Introduction

Global urbanization and industrialization have resulted in a rapid economic development, so that
the income gap between the agricultural sector and the non-agricultural sector has gradually been
widened, many countries have experienced profound changes in the income and structure of rural
households [1]. Moreover, one of the most obvious changes is that, driven by economic benefits,
many rural laborers leave their home areas to find work, resulting in a shortage of agricultural labor,
the aging of agricultural production in rural areas and the marginalization of farmland [1]. In addition,
the rising agricultural operating costs and unbalanced land investment are is reflected in farmers’
decision-making response to land use, which is mainly consists in the abandonment of the remote,
scattered and inefficient farmland [2]. To systematically understand the evolution of the theme of
abandonment, the term “abandonment” used in this article covers the abandonment of farmland,
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grassland and pasture, as well as the inefficient use of farmland due to the extensive management of
farmland, seasonal idleness and long-term idleness [3]. From existing research, developed countries
such as the United States, Australia, Japan and those in Europe are the areas with the most extensive
distribution of farmland abandonment, while China’s mountainous areas, Latin America, Southeast
Asia and other regions also have obvious abandonment phenomena [3-6]. From this point of view,
farmland abandonment has become a socioeconomic phenomenon prevailing in various countries
around the world.

Farmland abandonment is a complex process involving all aspects of the economy, environment
and society and is usually linked to the socioeconomic characteristics of rural areas [7,8]. The reduction
in the area of farmland due to abandonment affects the goods and services provided by farmland
and changes the status of rural land use, the agricultural landscape and farmers’ livelihoods.
In addition, farmland abandonment may produce various ecological and socioeconomic effects
and set in motion positive and negative evolutionary processes. One positive impact is the expansion
of natural vegetation species adapted to local natural conditions, followed by the natural succession
of grasslands or secondary forests [9], providing potential for ecological restoration and increased
carbon sequestration [10,11], as well as soil restoration, improved nutrient cycling and increased
biodiversity [12,13]. However, farmland abandonment can also lead to shallow landslide issues [14,15],
increased fire risk [16], soil erosion and desertification [17] and a loss of biodiversity and cultural
heritage [18,19]. Therefore, the uncertainty regarding the effects of farmland abandonment provides
multiple possible ways for simulating the succession process of different scenarios, which is of great
significance in exploring the diversified development of the themes of farmland abandonment.

To date, the research on farmland abandonment is mainly concentrated in driving forces, temporal
and spatial distribution characteristics and coping strategies. Research on the driving mechanism of
farmland abandonment has been a hot topic in geography, economics and ecology [20-22]. Especially
in Europe and Japan, the development of urbanization and industrialization is considered to be the
most fundamental driving force for farmland abandonment, and the migration of rural labor is a
direct cause of farmland abandonment [3]. Secondary drivers of farmland abandonment include
region-specific factors such as the marginalization of farmland, related land ownership and taxation
systems [15,23]. For example, the main driving force of the abandonment of farmland in Eastern Europe
is institutional change. Coincidentally, under China’s current land management system, especially
given the inadequate rural social security system, farmers who still have a “land complex” would
rather abandon their land than transfer land out. Even if there is substitute farming between relatives,
friends and neighbors, marginal farmland abandonment is still inevitable.

Although agricultural production activities still exist in some valleys and plateau areas, large-scale
farmland abandonment occurs on steep hillsides [14,17], and the trend of farmland abandonment
continues to increase [24]. The mountainous regions are the most common areas of farmland
abandonment [25-35]. In China, at the county level, the highest rate of farmland abandonment is in
the mountainous areas of the Yangtze River Basin, and the spatial distribution shows a “T” pattern
rotated 90 degrees counterclockwise [35]. The earliest farmland abandonment in China began in
1990, but large-scale farmland abandonment in mountainous counties mainly occurred after 2005 [35].
In addition, farmland abandonment in Europe appeared early and developed rapidly. Large-scale
farmland abandonment occurred in the second half of the 20th century and research on this phenomenon
is mainly focused on the 1990s.

The research on coping strategies for farmland abandonment is mostly conducted from the
perspective of the government and farmers and through the introduction of related policies to ease
the process of abandonment. In particular, the EU’s agricultural development policy and Japan’s
direct subsidy policy for mountainous areas play an important role in alleviating the farmland
abandonment [3]. In Asia and Latin America, technologies are being adopted to increase the
intensification of farmland use while reducing dependence on farmland in mountainous areas, thereby
promoting forest vegetation restoration in mountainous areas [3]. It should be noted that there
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have been many academic theoretical studies on farmland abandonment in China, but there are no
authoritative national or local policies to alleviate farmland abandonment.

Although there have been reviews on farmland abandonment research, they are all qualitatively
combing the literature and cannot comprehensively reveal the diversified content of farmland
abandonment. Therefore, it is particularly important to use bibliometric methods to quantitatively
analyze the characteristics of the literature in the field of farmland abandonment and to objectively
evaluate the subject’s research status and development history. In recent years, researchers have
adopted CiteSpace and VOSviewer, two scientific map drawing tools, when researching the evolution
of topics, but neither tool can present the dynamic characteristics and evolution status of farmland
abandonment. SciMAT is unique in displaying evolution maps, strategy maps and clustering network
maps and can track the dynamic evolution path of research topics from a time series [36].

To date, there are few studies on the use of bibliometric methods in domestic and foreign studies
on farmland abandonment, and no research has explored the dynamic evolution path of the topic
of farmland abandonment. In view of this, this article uses SciMAT as the main map drawing tool,
the related publications in the field of farmland abandonment in the Web of Science database as the
research object and keywords to characterize the research theme. With the help of the scientific analysis
tool SciMAT, the research topics and their evolution paths in different periods are analyzed to detect
the evolution patterns of the research topics on farmland abandonment.

2. Research Methods and Data Sources

2.1. Analysis Framework and Working Principle of SciMAT

Figure 1 shows the analysis framework of the evolution of the research topic, which is mainly
divided into two parts: research method, data source and processing. Disciplinary theme evolution
path analysis refers to the development and change processes of the research theme represented by
keywords in the time dimension to identify the theme evolution patterns and development trends.
The strategic diagram analysis method and data flow analysis method can be used to analyze and
display the evolution of the theme of farmland abandonment [37].
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Figure 1. Farmland abandonment theme evolution path analysis framework.
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2.1.1. The Advantages and Disadvantages of SciMAT

SciMAT software (https://sci2s.ugr.es/scimat/) was developed by a research group at the University
of Granada [38]. It combines science mapping and performance analysis techniques in order to
study a research field and visualize and identify specific or general topics/themes and their thematic
evolution [36]. The main advantages of SciMAT are: (a) SciMAT helps the analyst to carry out
the different steps of the science mapping workflow, from data acquisition and preprocessing to
the visualization and interpretation of the results; (b) SciMAT incorporates methods to build most
the bibliometric networks, different similarity measures to normalize them and build the maps
using clustering algorithms and different visualization techniques useful for interpreting the output;
(c) SciMAT implements a wide range of preprocessing tools such as detecting duplicate and misspelled
items, time slicing, data reduction and network preprocessing; (d) SciMAT allows the analyst to perform
a science mapping analysis in a longitudinal framework in order to analyze and track the evolution
of a research area [38]. However, SciIMAT also has limitations, mainly including two aspects [38].
One aspect is that the generated mapping depends on the selected parameters. Therefore, it has
greater subjectivity. Another aspect is that it is easy to introduce methodological bias in the process of
co-word analysis.

2.1.2. Strategic Diagram

SciMAT uses two different tools to visualize the detected themes: strategic diagram and thematic
network. Each theme can be characterized by two measures: centrality and density. Centrality
measures the degree of interaction of a network with other networks and can be defined as ¢ =10+ ) e,
with u a keyword that belongs to the theme and v a keyword that belongs to other themes [38].
Centrality measures the strength of external ties to other themes. This value can be taken as a measure
of the importance of a theme in the development of the entire research field analyzed. The density
measures the internal strength of the network and can be defined as d = 100(}. ¢;;/n), where i and j are
keywords belonging to the theme and n the number of keywords in the theme [38]. Density measures
the strength of internal ties among all the keywords that describe the research theme. This value can
be understood as a measure of the theme’s development. Once the centrality and density rankings
have been calculated, the themes can be laid out in a strategic diagram.

A strategic diagram is a two-dimensional space built by plotting themes according to their
centrality and density rank values (if we use median for classifying clusters) or values (if we use mean)
along two axis, x-axis centrality, y-axis density [37]. Given both measurements, the field of farmland
abandonment research can be visualized as a set of research themes, mapped in a two-dimensional
strategic diagram (see Figure 2). Therefore, the strategic diagram can be classified into four quadrants.

Motor themes: The theme of this quadrant cluster, with high density and centrality, is characterized
by strong evolution and represents a well-developed and important theme.

Highly developed and isolated themes: The theme in the upper-left quadrant have well-developed
internal ties, but unimportant external ties and so are of only marginal importance for the field.
Such themes are mature in the field but are not research centers and are not important for current
development prospects.

Emerging or declining themes: Themes in the lower-left quadrant are both weakly developed and
marginal. The themes in this quadrant have low density and centrality. Such themes are on the fringe
of research and are generally the subject of emerging or impending recessions.

Basic and transversal themes: Themes in the lower-right quadrant cluster is the basic theme of
this research field. It has great influence in the field, but it has not been well developed and has great
development potential.
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Figure 2. Strategic diagram.
2.1.3. Thematic Areas: The Evolution of Themes

If the raw data are divided into different consecutive groups of years (i.e., subperiods), the evolution
of the research field under study can be analyzed. A thematic area is defined as a group of evolved
themes across different subperiods. The theme evolution map is used to reveal the results of the theme
evolution over time. For example, in Figure 3a we can observe two different thematic areas delimited
by different color-shadows, one composed of themes Theme A! and Theme A? and the other composed
of themes Theme B!, Theme B? and Theme C2. Theme D! is discontinued, and Theme D? is considered
to be a new theme. However, in Figure 3b, the topic coverage map represents the number of topics
with the number of keywords and shows the replacement of old and new research topics in the field
and the stability of the research field in the form of data streams. The circles represent the periods and
their number of associated keywords. The horizontal arrow represents the number of keywords shared
by both periods and, in parentheses, the similarity index between them is shown. The upper-incoming
arrow represents the number of new keywords in period 2, and the upper-outgoing arrow represents
the keywords that are present in period 1, but not in period 2.
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Figure 3. Examples of evolution. (a) Thematic evolution; (b) stability between periods.

2.2. Data Acquisition and Processing

The data in this article came from the core collection of the Web of Science. The specific search
strategy was “TS = (“farmland abandonment” or “agricultural land abandonment” or “cropland
abandonment” or “rural land abandonment” or “land* abandonment”)”. The search was conducted on
December 31, 2019. The publication year was not limited. The document type was Article, the language
was all languages, and the search period was “1900-2019”. After deduplication and the removal of
irrelevant data, a total of 1498 papers were obtained, and the data were downloaded and saved in a
text format that SCiIMAT can read directly.

Data cleaning refers to the preparation of data and preprocessing before the acquired data are
processed and analyzed. SciMAT comes with a ‘find similar words by plurals’ cleaning function,
you can choose automatic cleaning and manual cleaning. Through the automatic cleaning function,
which can help merge the singular and plural forms of keywords, manually check for spelling errors
and merge keywords with different spellings, but the same meaning.

2.3. Research Time Period

The development evolution analysis can be tracked year-by-year in time series or be divided into
different stages. The annual distribution of document number reflects the overall situation and research
trends, and the latter shows the overall trend characteristics by describing different development stages.
The two methods are combined in this study.

From 1900 to 2019, despite the slight fluctuations in the number of published research documents
on farmland abandonment, the overall trend continued to grow (See Figure 4). In this study, the time
span of the literature collection is large and the amount of literature regarding the early stage of farmland
abandonment is small. Therefore, the combination of literature volume and fixed time window was
adopted. Due to the small number of early publications in the field of farmland abandonment, in order
to avoid the smoothness of the data and to ensure the balance of the data in different stages, this study
uses 1903-2004, 2005-2011, 2012-2016 and 2017-2019, respectively as first to fourth research time
period (see Figure 5).



Land 2020, 9, 263 7 of 27

200 -
180 -

160 -

Number of documents

40 -

20
0

140 -
120 +
100 -
80 -

60 -

192

172

140

128 123

109

(@)}
(98]
(@)}
3
2

11111

2700
2400
2100
1800
1500
1200

900 -

600
300

1903
1931
1982
1986
1990
1992 m =
1993 %
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

Year

Figure 4. Farmland abandonment research documents published from 1903 to 2019.
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Figure 5. Number of total publications and the number of authors in the research of farmland
abandonment in each time range.

The first time period was from 1903 to 2004. At this time period, the total number of publications
on farmland abandonment research is 128, which was the nascent stage of research on farmland
abandonment. The second time period was from 2005 to 2011. The total number of publications was
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345, and the total number of authors was 1468. The research results and the author’s activity slowly
increased during this period, which was a slow period in the research of farmland abandonment.
Since 2012, research on farmland abandonment has grown steadily and rapidly. During the period
of 2012-2016, the research results and the number of authors increased linearly. The number of
studies during 2017-2019 fluctuated greatly, with a total of 487 articles and 2527 authors. In general,
the research on farmland abandonment started early and developed slowly, developing linearly overall
after 2012. It should be noted that in order to the smooth of the data, the best option would be to
choose periods spanning only one year. However, in a span of one year, there are not enough data for
a good performance of co-word analysis [39]. For this reason, the years are grouped in subperiods
of time. Additionally, although it is common to use periods of the same time span, we determined
the first subperiod of 100 years (1903-2004) based on the number of documents and the increase in
the number of authors. Because in the early days, there were few researchers and publications about
farmland abandonment. Therefore, in co-word analysis, in a longitudinal study, it is usual for the first
subperiod to be the most long-lasting to get a representative number of published papers. In this way,
we provide a good input to the co-word analysis to detect the main themes and the data are divided
into four consecutive subperiods.

2.4. Parameter Selection

After the literature data set was divided into four periods, the parameter settings of each
research period and index needed to be set. First, the analysis unit was set to Word. To improve the
comprehensiveness and accuracy of the subject analysis results, a combination of Author’s Words
and Source’s Words was selected. Second, the data reduction threshold for the four time periods was
set to (2, 2, 3, 2), the selection matrix form was set to co-occur, and the network reduction threshold
was set to (2, 3, 3, 2). Finally, the similarity index of the standardized network was set to Association
strength and the clustering algorithm selected was the simple centers algorithm. The maximum value
of the network was set to 12 and the minimum value to 3. The core drawing method was selected,
the measurement index was the h-index, and the Jaccard coefficient was selected for the similarity
index of the theme evolution map and the theme coverage map.

3. Analysis of the Theme of Farmland Abandonment from the Perspective of Strategy Map
3.1. Results and Analysis of the Theme Evolution from 1903 to 2004

3.1.1. Theme Evolution Results

The study of farmland abandonment was still in its infancy in the first period (1903-2004), and the
number of related publications and subject words were relatively small, but the literature played a
foundational role for later research. According to the strategic diagram presented in Figure 6a during
this period farmland abandonment was focused on three research themes, and the clustering network
is shown in Figure 6b—d. The landscape-change theme-cluster network includes agricultural-landscape
and region and its related literature is very small, with close internal relations and low external
relevance, but these articles have been cited very frequently, indicating that an obvious knowledge
context was formed in the later period. The theme of grassland is a relatively mature professional topic
in the field of farmland abandonment, but it is not a research center and is not important to current
development prospects. The forest theme has the characteristics of a weak internal connection and a
strong connection with other themes and is a basic theme with great potential for development in the
field of farmland abandonment.
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Figure 6. Farmland abandonment strategic diagram and-cluster network (1903-2004). (a) Strategic
diagram for the 1903-2004 period; (b) landscape-change-cluster network map; (c) grassland-cluster
network map; (d) forest-cluster network map.

3.1.2. Theme Evolution Analysis

Since the beginning of the 20th century, in developed countries, farmland abandonment has
attracted the attention of scholars. In 1903, Levy (1903) studied the relationship between British
farmers and land abandonment [40]. Wolfanger (1931) believed that soil depletion in the eastern
United States was mainly due to overuse by agricultural operators [41]. Driven by the policy of
obtaining new high-yield farmland at low cost during the large-scale development of the western
region, the plundered land was returned to nature and farmland abandonment caused by soil
degradation has become a typical social phenomenon [41]. However, after decades of stagnation in
related research, after the 1980s, the abandonment of farmland again attracted scholars’ attention.
landscape change after desolation is a long, continuous process, but the traditional cultural landscape
in Europe is undergoing a huge transformation, and a large number of new landscape types have
appeared [42]. Due to social, economic and technological changes, human activities have played a
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decisive role in shaping new natural landscapes, especially in mountainous rural landscapes [43]. In a
purely agricultural society, traditional human activities are limited by geography and technology,
and they cannot be separated from the scope of community activities formed by the clan system.
Therefore, the landscape pattern generally remains in a state in which humans can perform stable
production activities after entering the area. However, in the second half of the twentieth century,
large-scale landscape changes were very rapid and with the general trend of European farmland
abandonment, traditional agricultural landscapes, especially land-use changes driven by political
forces [44], have been continuously changing [23]. After World War II, landscape changes were mainly
reflected in the expansion of agricultural landscapes, and the focus was on food production. To increase
food production, government policies tend to continue providing farmers with economic subsidies and
aiming to achieve agricultural intensification by improving infrastructure and increasing technology
investment [45]. However, the land use trajectory has gradually moved towards two extremes, namely,
agricultural intensification and farmland abandonment. While agricultural intensification has changed
habitats with high biologic value created by traditional agricultural practices, it has also triggered many
landscape changes. For example, large-scale farmland [45], low-productivity farmland abandonment,
seminatural grassland abandonment [46,47] and terraced agricultural landscape abandonment [30].
Although landscape change has been a less visible theme in later studies of farmland abandonment,
developed countries have performed much research on landscape changes caused by farmland
abandonment, and the results have formed a knowledge context that provides a reference for similar
research in developing countries.

Although the grassland theme is not a research focus in the field of farmland abandonment,
the impact of grassland abandonment on landscape change and biodiversity is extremely important.
In the 1930s and 1940s, large-scale grassland reclamation was carried out in Europe and Asia, land was
continuously depleted in the subsequent land use process, and the grassland deforestation rate reached
its peak after World War II. By studying the four publications related to the grassland theme, it was found
that the predicament faced by grassland ecosystems mainly comes from farmland abandonment [48]
and secondary succession is widespread on abandoned farmland. For example, Laiolo et al. (2004)
assessed the impact of pasture depletion on the structure and diversity of alpine bird communities.
The study found that the landscape change of mountain grassland abandonment is mainly reflected
in grassland gradually becoming shrubs and eventually forests, and the decrease in agricultural and
animal husbandry activities and pasture abandonment have increased the number of species and the
bird diversity during natural succession [49].

Since the middle of the 20th century, the abandonment of farmland and the subsequent natural
restoration of forests have been widespread throughout Europe [50-52]. The main content of this
field of research includes land cover changes [53], model simulations [54,55], evolution patterns of
soil-vegetation patterns [56], spatial aggregation of plant communities [57], biomass estimation [58] and
the impact of land use on forest cover [59]. Because the forest theme contains extremely rich content
and evolved into multiple themes in the later period, later studies of farmland abandonment are mostly
based on this theme. This also shows that the ecological consequences of farmland abandonment have
long-term effects, especially the secondary succession process of vegetation after abandonment.

3.2. Results and Analysis of the Theme Evolution from 2005 to 2011

3.2.1. Theme Evolution Results

In the second period (2005-2011), the farmland abandonment research pivots on four themes
(see Figure 7a—of which three major themes can be identified (motor plus basic themes): pattern,
landscape and land-use-change. Moreover, Figure 7b—e shows the-cluster network of pattern, landscape,
disturbance and land-use-change. The pattern theme-cluster network includes abandoned-field,
area, cultural-landscape, environment, fire, forest-fire, index, landscape-change, landscape-pattern,
mediterranean-landscape. The pattern theme evolved from the previous landscape-change theme
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by absorbing part of the forest theme, but there are very few topic words shared with the previous
period, and more new research topics appear in this period. The landscape theme-cluster network
includes bird, bird-community, community, cover-change, land-cover-change, model, mountain-area,
old-field, policy, scale, scenario. The landscape theme evolved from part of the previous forest and
grassland theme, there were many topic words shared with the previous period, and overall research
interest continued to rise. The disturbance theme cluster contains plant and land-use, which absorb the
content of the previous forest theme. Research on the disturbance theme has the lowest popularity and
influence, mature development, and low correlation with other topics and is a stable and specialized
theme. The land-use-change theme-cluster network includes calcareous-grassland, transition, soil,
population, impact, forest-transition, forest, ecosystem, cropland and climate-change, which evolved
from part of the previous forest theme. This cluster attracted much attention and influence and was an
emerging theme in the evolution of farmland abandonment field.

Density
Landseape-Pattern

Meditefranean
LA
: FORES]
DlS@CE Centrality

LAN NGE

CULTURA! * ANDSCAPE

(a) (b)

(©) (d)
Figure 7. Cont.
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Figure 7. Farmland abandonment strategic diagram and-cluster network (2005-2011). (a) Strategic
diagram for the 2005-2011 period; (b) pattern-cluster network map; (c) landscape-cluster network map;
(d) disturbance-cluster network map; (e) land-use-change-cluster network map.

3.2.2. Theme Evolution Analysis

The most-cited literature in the pattern theme mainly appeared in the years 2008, 2009 and
2011. In the Mediterranean region, the study of fire, soil erosion and land degradation caused by
the evolution of natural resources such as soil and vegetation after farmland abandonment attracted
much attention from scholars during this period [60,61]. The impact of farmland abandonment and
subsequent forest regeneration as one of the main processes of land use/land cover change on its
environmental and socioeconomic consequences was also extensively studied during this period [52].
For example, agricultural landscape patterns, farmland abandonment and development processes
are considered to be the main factors affecting forest fires in Spain [62]. Landscape homogeneity and
grassland invasion after farmland abandonment increase the probability of fires [63,64]. Different land
use methods (cultivation, short-term depletion and long-term depletion) have different degrees of
impact on the soil erosion of terraces. The original terraces are no longer maintained, which makes the
soil erosion process on the terraces more active [65,66]. The landscape change caused by farmland
abandonment is mainly reflected in the regeneration and expansion of vegetation [66], and a large
number of forest birds have benefited from forest spread after farmland abandonment [67].

It can be seen from the original literature that the landscape clustering pays the most attention
to revealing the abandonment ratio and spatial pattern of farmland [68], the regeneration pattern
of natural forests [4], the dynamic processes of land use change and vegetation regeneration [69],
the impact of abandonment and fire on biodiversity [70] and the change in landscape composition and
structure by using models [71]. For example, Verburg et al. (2009) used a dynamic model of land use
to illustrate the interaction between changes in farmland demand and natural vegetation regeneration
processes, and their findings help in determining future dynamic changes in land use and landscapes
in Europe [69]. Kuemmerle et al. (2008) studied and compared the farmland abandonment rate and
spatial pattern of Eastern European countries in the post-socialist period through the support vector
machines (§VM) model and found that the farmland abandonment rate and spatial pattern of different
countries were different, which was related to the form of land ownership, land reform policies and
the size of the rural population [72].

Disturbance has a close correlation with the internal node plant theme and is more related to
ecosystem restoration after farmland abandonment. For example, Baur et al. (2006) studied the impact
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of farmland abandonment on the biodiversity of subalpine hay meadows and evaluated the species
richness and abundance of meadows in a continuous succession process [73]. The results show that
the subalpine grassland succession stages have high protection value for Transylvanian indigenous
biodiversity. Flinn et al. (2005) believes that disturbance may lead to continuous environmental change
and continue to affect vegetation restoration, so a clear understanding of the interaction mechanism
between disturbance and environment can better assess the consequences of current forest land-use
decisions [74].

The important nodes within the land-use-change theme-cluster network are cropland, ecosystem,
calcareous-grassland, forest-transition. The study of the literature found that the important node
corresponding to abandoned farmland ecological effect research is the largest research hotspot in this
period. Land-use change research focuses on forest regeneration [74-76], carbon sequestration [77] and
population expansion in abandoned areas [78]. For example, Gehrig-Fasel et al. (2007) analyzed the
influencing factors of forest regeneration in the Swiss Alps and the results showed that regardless of
whether forest growth or forest line up occurred, farmland abandonment was the most important driving
factor [75]. Kuemmerle et al. (2011) studied the impact of post-abandonment land use patterns on
carbon flux in western Ukraine and assessed the region’s future carbon storage potential [77]. Sirami etal.
(2011) believe that the landscape heterogeneity formed in the early days of farmland abandonment is
the main factor leading to the expansion of skylark populations in the Mediterranean [78].

3.3. Results and Analysis of the Theme Evolution from 2012 to 2016

3.3.1. Theme Evolution Results

The study of farmland abandonment grew between 2012 and 2016. The clustering theme
during this period is shown in Figure 8. The themes of the cluster in the upper right quadrant are
climate-change, pattern and land-use-change. Only ‘climate-change’ is the new clustering theme,
and the overall change of the research theme is small, indicating that the theme of the previous period
has developed stable and continues to become a research hotspot. land-use-change theme moved from
the lower right quadrant to the upper right quadrant during this time period and became more mature.
climate-change evolved from the previous land-use-change theme that absorbed some of the landscape
and Disturbance themes. In addition, the clustering themes in the lower left quadrant are landscape
and grassland, which shrank to a state of near extinction and were easily absorbed by other themes in

the evolution process.
cLi M@NGE
Density]
Land-Us@

Centrality

LA\\@E
GR@\ND

Figure 8. Farmland abandonment strategic diagram (2012-2016).
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3.3.2. Theme Evolution Analysis

Compared with the clustering theme in the upper right quadrant, the research on farmland
abandonment has expanded from a focus on ecosystem services and vegetation succession effects to
research on the driving forces of farmland abandonment. This period mainly focused on the impact of
changes in the conditions of farmland abandonment at the macro level. For example, the main driving
force of the abandonment of farmland in Eastern Europe was institutional change [79]. After the
collapse of the Soviet Union, the collapse of the governance structure of socialist countries led to the
widespread abandonment of farmland [80]. However, due to differences in the specific policies and
measures among these socialist countries, it is particularly valuable to study the driving factors of
farmland abandonment in former socialist countries [81]. The transformation of the land property
rights system from public ownership to private ownership is considered to be a major factor in the
abandonment of farmland in Eastern Europe, while market-driven economic transformation directly
led to widespread farmland abandonment [82]. The reduction or even cancellation of agricultural
subsidies and the lack of liberalized markets and clear government policies also contributed to the
large-scale abandonment of farmland [81,83]. In addition, changes in natural factors also increased the
possibility and adverse consequences of farmland abandonment. For example, Latocha et al. (2016)
added climate change factors to the assessment of changes in the spatial distribution of soil erosion
rates, and the results show that global climate change outweighs land use changes in affecting soil
erosion rates on a large scale [84].

The clustering theme in the lower left quadrant is still more focused on the impact of farmland
abandonment on landscape and biodiversity. For example, Navarro and Pereira (2012) believe that
farmland abandonment and forest regeneration are conducive to promoting biodiversity and can
enhance regional ecological services functions such as carbon sinks, so forest restoration should be
promoted in mountain areas [85]. Uchida and Ushimaru (2014) simulated various environmental
conditions to reveal the mechanism of biodiversity decline caused by farmland abandonment and
intensification [86]. The predicted results showed that farmland abandonment led to changes in
the surrounding landscape, and the decrease in biomass and resource diversity led to a decrease
in biodiversity. In the biodiversity conservation ecosystem service function, Hinojosa et al. (2016)
showed, through a quantitative analysis of abandoned grassland in the southern Alps region of France
from 1990 to 2006, that reserving the mountainous half for livestock and maintaining the natural
grassland biodiversity of the mountain provides barrier protection, the abandonment of grassland in
different landscapes and spatial distributions is uneven, and grassland on hillsides is more likely to be
abandoned [87].

3.4. Results and Analysis of the Theme Evolution from 2017 to 2019

3.4.1. Theme Evolution Results

The clustering theme during 2017-2019 is shown in Figure 9. According to the strategic diagram
shown in Figure 9, four major themes can be identified (motor plus basic themes): transition,
climate-change, forest, land-use. Among them, the transition theme evolved from absorbing part
of the content of all themes in the previous time range and was the most frequently cited theme in
this time period, making it a relatively mature and highly researched theme. impact clustering was
derived from the climate-change theme, which absorbed part of the pattern theme and belongs to the
specialized clustering theme. Both transition and impact were new clustering topics in this time range.
Compared with the clustering network graph of the previous period, landscape moved from the lower
left quadrant to the upper left quadrant of the segment during this time, becoming a specialized cluster.
land-use-change moved from the upper right quadrant to the lower left quadrant of the section during
this time and showed loose internal connections and close connections with external themes.
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Figure 9. Farmland abandonment strategic diagram (2017-2019).

3.4.2. Theme Evolution Analysis

The clustered themes in the upper right quadrant are climate-change and transition. The theme of
climate-change deviates more from the origin than the previous period, indicating that the theme’s
maturity and central position in the research field increased, the research heat and influence were
further enhanced and the theme has greater development potential. The clustering network diagram
of the new clustering topic “transition” has a total of 11 nodes (see Figure 10) and the “households”
scale is a new research direction in the field of farmland abandonment.

Temperate-Forest

Sub-Alpi orest

Secom@-Forest

L~ Water<{R@source
Resp(@:ggrve P
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Figure 10. Climate-change and transition-cluster network map.

The clustered topics in the upper left quadrant are landscape and impact. Impact has strong
mutual citations with the nodes of “cost”, “rural-area” and “marginal-land” (see Figure 11). With the
increasing opportunity cost of non-agricultural employment, labor migration in rural areas has led to a
widespread increase in farmland abandonment in marginal areas and has caused widespread concern

among scholars, especially in developing countries such as China.
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Figure 11. Landscape and impact-cluster network map.

In the related literature, the research on the impact of socioeconomic factors on farmland
abandonment is mainly focused on regional and farmer scales. At the regional scale, many Chinese
scholars have constructed specific indicators to characterize socioeconomic conditions and used them
to reveal the impact mechanism of farmland abandonment. For example, these indicators include
the opportunity costs of farming, nonagricultural income share proportion, the proportion of rural
labor, employment, urbanization rate, land circulation rate and agricultural subsidies, including
the opportunity cost of farming, nonfarm income share, proportion of nonagricultural employment,
urbanization rate and significantly positive promoting effect between abandoned farmland, farmer
income, proportion of rural labor force, land circulation rate and agricultural subsidies to slow down the
role of abandoned farmland [1,88-90]. Studies on the factors affecting farmland abandonment mostly
focus on the characteristics of farm households, such as the number of households, the proportion of
the agricultural labor force, the average age of the family, education levels, the family dependency
ratio and the degree of concurrent employment [1,89,91,92]. The higher the average age of the
family, the dependency ratio and the degree of part-time employment, the greater is the possibility
of abandoning farmland—and the larger the number of families and the proportion of the family’s
agricultural labor are, the less likely it is that farmland will be abandoned.

The clustering topics in the lower left quadrant are land-use-change and grassland. Although the
themes in this quadrant shrank and came close to being eliminated, there are also some emerging
research directions in this quadrant. The land-use-change and grassland clustering networks have 11
and 6 nodes, respectively (see Figure 12). The legacy effect and the effect of the population are new
research hotspots in the field of farmland abandonment. For example, Sklenicka et al. (2017) studied
the development process of the rural historical landscape in the Czech Republic from 1996 to 2016 and
explored the main factors of its existence or extinction [93]. The results showed that the main factors
affecting the retention of high-value landscapes were land-use planning measures and the security of
land-use rights. Blair et al. (2018) studied the impact of farmland abandonment and farmer household
demographics in South Africa from 1950 to 2010. The results show that farmers who were actively
engaged in agricultural production in the past believe that the reason for the abandoned of farmland is
the lack of agricultural irrigation facilities and the fact that modern young people are unwilling to
engage in excessively heavy and economically inefficient agricultural production activities [94].
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Figure 12. Land-use-change and grassland-cluster network map.

The clustering topics in the lower right quadrant are land-use and forest. The forest theme has
strong mutual citations with the nodes of bird-community and species-distribution (see Figure 13),
indicating that species distribution and bird communities have attracted widespread attention in
the field of farmland abandonment. For example, Estruch et al. (2018) evaluated changes in the
carbon balance of plant communities after the abandonment of farmland in arid environments in
southern Spain [95]. The results indicate that the restoration of dry plant communities after farmland
abandonment may strengthen long-term carbon sinks and make a significant contribution to the
global carbon balance. Deguchi et al. (2017) studied the impact of farmland abandonment on
yellow-throated magpies in the hilly areas of northern Japan [96]. The results showed that although
farmland abandonment provided habitat for birds, abandonment had no effect on the species richness
of yellow-throated salamanders, and the forest edge density and landslide position had a positive
effect on the species richness of yellow-throated salamanders.

BIRD-CQMMUNITY

ENZYME-ACTIVITY

Figure 13. Land-use and forest-cluster network map.
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4. Analysis of the Dynamic Evolution of Farmland Abandonment from a Data Stream Perspective

The theme’s data flow, increase and decrease in data, and data inflow and outflow reflect the
evolution of the theme in the study time interval, reveal the development and change of the theme over
time and show the path of the theme evolution in the field of farmland abandonment. Overlapping
maps and evolution maps can visually show the data flow between research time intervals and topics.
After processing the keywords in the farmland abandonment documentation dataset from 1900 to
2019, a topic coverage map and evolution map represented by the keywords were constructed, and the
evolution of research topics in the field of agricultural abandonment was analyzed and tracked from a
data flow perspective.

4.1. Dynamic Analysis of the Evolution of the Coverage of Farmland Abandonment Research Topics

Figure 14 is a theme coverage map of the four stages of the farmland abandonment field,
which clearly reflects the emergence and disappearance of the themes in the farmland abandonment
field. The four circles in figure represent the four time periods of farmland abandonment research,
and the number of subjects is, chronologically, 136, 254, 284 and 266, showing a steady growth trend.
From 1903 to 2004, there were a total of 136 research topics, and 109 topics passed to the next time
period. The stability index of the research time period was 0.39, indicating that the research on farmland
abandonment in 1903-2004 was in the initial development stage. In the 2005-2011 research period,
109 themes from the previous research period were used, and 145 new topics emerged in this time
period. Although the number of newly added subjects in this period is the largest of all time periods,
the corresponding number of studies indicates that the area of farmland abandonment research was
still in a slow period. From the perspective of stability, the stability indices between research topics
in the three time periods are, chronologically, 0.39, 0.63 and 0.65, and the stability index continues to
increase, indicating that researchers have paid more attention to the same research topics across time
and that the research continuity is strong. This also indicates that the research content and topics in the
tield of farmland abandonment are stable and the discipline maturity is high; on the other hand, it also
indicates that the research topics are similar and tend to be solidified, so the research on farmland
abandonment needs to be supplemented with more new research topics.

1903-2004 2005-2011 2012-2016 2017-2019

Figure 14. Overlapping-items graph of farmland abandonment research field from 1900 to 2019.
4.2. Analysis of the Dynamic Evolution Path of the Research Topics on Farmland Abandonment

The theme evolution diagram shows the evolution trend of each theme in the four research time
periods in the form of a data stream, which can help in analyzing and tracking the dynamic changes in
the field of farmland abandonment. In Figure 15, the diagrams of the theme evolution in the field of
abandoned farmland visually identify the themes that appeared in each time period. For example,
the themes that have appeared (landscape), the themes that have disappeared (landscape-change,
Disturbance), and the themes that appeared in the last stage (transition, impact). In general, the theme
evolution graph shows that each column of nodes tends to become larger, and the data flow between
nodes becomes increasingly complex, reflecting the international attention paid to research on farmland
abandonment, constantly giving rise to new research topics. As shown in the topic evolution diagram,
the size of the topic node and the data flow between topics were examined, and five obvious topic
evolution paths in three research directions were identified in the field of farmland abandonment.
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Figure 15. Thematic evolution of the farmland abandonment research field (1900-2019).

(1) Studies on landscape and eco-environmental effects of farmland abandonment. (1) forest—
landscape, pattern—landscape—forest, landscape; (2) grassland—landscape—pattern—transition, forest,
grassland; and (3) landscape-change—pattern—transition, forest. landscape and eco-environmental
effects are the main paths in the field of farmland abandonment. From the evolution path of the
landscape and eco-environment effects literature from 1903 to 2019, it can be seen that the expansion of
traditional agriculture and forestry has changed the natural heterogeneous landscape in rural mountain
areas. Due to socioeconomic development, agriculture has expanded from intensive to intensified
and farmland abandonment has occurred in many places. As a result, mountain landscapes have
been gradually occupied by shrubs and woodlands during natural succession processes [23,97,98],
and landscapes around the world have again undergone large-scale changes [85]. The research on
landscape and eco-environmental effects in the field of farmland abandonment mainly focuses on the
following aspects.

(a) impact of farmland abandonment on biodiversity. The controversy over the impact of
farmland abandonment on biodiversity is very intense [3]. On one hand, negative perspectives on the
consequences of farmland abandonment account for a relatively large proportion [99,100]. Human
activities have intervened less in extensively managed farmland, but these farmlands are also easily
abandoned, especially in habitats with high natural value and rich species diversity [101]. After this
kind of abandonment of farmland, natural succession of the ecosystem and biologic community and
habitat destruction, some species disappear, and protection and cultural heritage have high value
in traditional agricultural landscape degradation [19], resulting in a reduction in genetic diversity
of wild species and crop varieties [102,103]. On the other hand, from the perspective of ecosystem
service functions, farmland abandonment may have a positive effect on biodiversity [85]. The forest
expansion caused by the abandonment of farmland will benefit the growth of birds and animals,
and the restoration of the forest increases the land area suitable for the survival of forest species.

(b) impact of farmland abandonment on carbon sequestration. It is generally believed that one of
the benefits of vegetation regeneration is carbon storage and that natural vegetation recovery after
farmland abandonment is a carbon storage process [104]. forest regeneration on abandoned land
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can increase soil carbon storage [105], so forest restoration after farmland abandonment has a large
carbon sink effect, which is conducive to improving the global ecological environment and limiting
the greenhouse effect. For example, empirical studies have found that carbon reserves in farmland
after depletion are significantly higher than those in actively managed carbon pools [106]. It should
be noted that the degree of recovery of carbon reserves depends on the time after depletion, and the
recovery process usually follows a nonlinear trajectory [107].

(c) impact of farmland abandonment on the surface environment. Due to the large difference in
natural vegetation restoration time caused by the abandonment of farmland in different climate zones,
the succession rate of vegetation has a greater impact on soil. The timely restoration of vegetation will
increase the soil infiltration rate, reduce surface runoff, effectively reduce soil erosion and improve
soil fertility [108,109]. However, in semiarid areas, due to the slower recovery of vegetation, surface
runoff and groundwater flow increase after farmland abandonment, which significantly increased soil
erosion and land degradation on sloped farmland [17].

It is worth noting that the research on the effects of farmland abandonment mostly focuses
on the landscape and ecological environment, but there are few studies on the socioeconomic
benefits of farmland abandonment, especially in quantitative assessments. Compared with developed
countries, developing countries have mostly explored the impact on farmland abandonment from
socioeconomic and policy aspects. Especially in China, farmland abandonment is one of the most
important forms of current land use and cover changes. Therefore, we should not only pay attention
to the effects and impacts of abandonment, but also focus on the interaction between farmland
abandonment and the ecological environment and on socioeconomic development across a long period
of time. Moreover, the results of the research on the effects of farmland abandonment are used as
the basis for policy makers, and to a large extent, these results affect whether policy formulations
promote desertion to restore the ecological environment or prevent desertion to protect farmland.
Therefore, a key component of China’s research on farmland abandonment is the evaluation of the
eco-environmental effects of farmland abandonment and its regional differences so that the design of
farmland abandonment response policies can be differentiated and more targeted.

(2) Research on land use change and ecosystem processes. (1) land-use-change—climate-change—
Land-Use; (2) forest—land-use-change—Land-Use, land-use-change. Farmland abandonment is one
of the important manifestations of land use change. During the evolution of the theme of farmland
abandonment, the research interest in land-use change has been unabated, and its nodes gradually
increased through the research time periods. To date, abandoned farmland has become an important
research direction in the field of land use and land cover change. For example, from the assessment of
the impact of farmland abandonment on forest fire [62], biodiversity [110,111], carbon emissions [112],
soil nutrients [113], soil erosion [84], etc., to the simulation of future land use change trajectories and
the tradeoff between the social economy and ecological environment system.

(3) Studies on the influencing factors of farmland abandonment. (1) forest—Disturbance—
climate-change—impact; (2) landscape-change—pattern—impact. Although the clustering and
splitting phenomenon of influencing factors research is not obvious, it has a strong internal correlation
with clustering topics, which is an important research topic in the field of farmland abandonment.
From the perspective of the theme’s dynamic evolution path, in the early days, scholars paid less
attention to the driving factors of farmland abandonment, mainly focusing on farmland abandonment
caused by natural conditions. The causes of farmland abandonment in various countries can be
attributed to unfavorable environmental conditions (for example, higher altitudes, larger slopes,
poor soils, poor farmland consolidation, low average yields of cultivated land, severe soil erosion,
land desertification, salinization, rocky desertification) and remote agricultural areas [23,81,114].
Over time, the proportion of research on socioeconomic factors of farmland abandonment has
gradually increased. The root cause of the large-scale abandonment of farmland experienced in the
process of urbanization and industrialization in developed countries lies in the marginalization of
farmland caused by the increase in the opportunity cost of farming [115]. For example, the reduction of
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agricultural subsidies, advances in agricultural technology, the rising prices of agricultural resources,
changes in agricultural product prices, and the implementation of ecological protection policies have
been driving factors of farmland abandonment [3]. Nowadays, large-scale farmland abandonment
phenomenon is gradually appearing in developing countries, so the research on the influencing factors
of farmland abandonment will be further enhanced in the future.

Although there are various methods for the study of farmland abandonment, especially the
use of remote sensing technology to map and monitor farmland abandonment on a large scale
and across a large space [116-119]. However, the study of farmland abandonment in China lacks
regional comparisons and spatial and temporal comparisons, and the application of remote sensing
technology in farmland abandonment needs to be strengthened, especially in the spatial identification,
data information extraction and multiscale simulation monitoring of farmland abandonment. Due to
China’s vast territory, farmer survey data are susceptible to bias in sample size and sampling methods,
which can distort survey results. In addition, the fragmentation and abandonment of farmland in
mountainous areas is serious, which makes it more difficult to obtain information on farmland in
mountainous areas. Therefore, it is urgent to develop remote sensing survey technology suitable
for obtaining information on abandoned land in mountainous areas to improve the accuracy and
timeliness of information extraction.

It should be noted that although many studies have simulated and predicted the temporal and
spatial trends of farmland abandonment. However, there is still an insufficient number of studies
on the interaction mechanism between macro and micro, trend prediction and risk assessment in
farmland abandonment, especially in China and other developing countries. China and other such
countries are undergoing a process of socioeconomic system transformation and rapid development,
and farmland abandonment is rapidly emerging and changing. Therefore, it is urgent that a prediction
model and risk assessment mechanism be built for farmland abandonment on the basis of research on
the influencing factors and mechanisms of farmland abandonment to monitor the trend of farmland
abandonment at any time, accurately determine the geographical location of farmland abandonment,
assess the possible ecological and environmental consequences after deforestation and provide a basis
for the government to formulate effective response strategies.

5. Conclusions

According to the theme strategy map and clustering network map of each research time period,
the evolution capability and status of each research theme were identified. Second, using the perspective
of data flow, the topic coverage map and evolution map were further analyzed to identify the evolution
of new and old research topics in the four research time periods. Finally, combining the themes’
evolution paths and strategic distributions, the following characteristics for research on farmland
abandonment were identified:

(1) The research literature on the subject of research on farmland abandonment was slowly,
but steadily growing before 2011, and it increased linearly after 2012. Although there was a decline
in the related literature on farmland abandonment in 2017, the volume of related literature in 2018
increased sharply to 172 publications, 49 more than in 2017 and 20 fewer than in 2019. From the
perspective of the change of theme keywords, early research was slow, there were few research
keywords, and the popularity of the subject was low; in later periods, the number of theme keywords
increased, showing a diversified development. From the perspective of the theme evolution stability
index, the development of farmland abandonment research matured, and there was also a tendency
for research topics and research content to solidify.

(2) From the perspective of theme evolution, the hot theme have been forest, pattern, landscape,
land-use-change and climate-change, and these research hot themes emerged in two research time
periods: 2005-2011 and 2012-2016. However, the frequency of new research hot spots is low, the research
perspective lacks novelty, and the research methods need to be updated.
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(3) From the perspective of the theme evolution path, the research themes of farmland abandonment
are divided into three categories and have evolved along five paths. The three directions are the study
of landscapes and eco-environment effects, the study of land use change and ecosystem processes and
the influencing factors of farmland abandonment. Among these paths, the study of landscapes and
eco-environmental effects is a basic research direction in the field of the abandonment of farmland
and will continue to be a research hotspot. The study of land use change and ecosystem processes has
obvious themes of fusion and fragmentation in the evolution process and a strong evolutionary capacity,
and research on farmland abandonment has become an important part of this study. The research
devoted to the influencing factors of farmland abandonment appeared relatively late in the field of
farmland abandonment, but its development was rapid, attention to it has increased and it has great
development potential in the future.
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