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Abstract: At present, abandoned cropland has become a common phenomenon spreading to countries
around the world. China has seen widespread abandoned cropland in recent years. However, there
are extremely few empirical studies of cropland abandonment and influencing factors nationwide. In
this study, survey data from 8071 farmer households in 14 Chinese provinces were used to analyze
the degree of cropland abandonment in China and its spatial distribution. A multi-level model was
constructed to quantitatively explore the socioeconomic factors affecting the degree of cropland
abandonment, at both the farmer and district/county levels. The results show that: (1) the proportion
of farmers and the spatial distribution of abandoned cropland are consistent. (2) Chongging City,
Guangdong Province, and Shanxi Province are high-value areas of abandoned cropland, while
Shandong, Liaoning, Henan and Jiangsu provinces are low-value areas. (3) Among the differences in
cropland abandonment, 68.5% and 31.5% can be explained at the farmer and district/county level,
respectively. (4) At the farmer level, all labor and cropland transfer indicators, including land labor
quantity per unit area, male agricultural labor ratio, farmers mainly of middle-aged labor, cropland
transfer area and cropland subcontract amount, have significant negative effects on the degree of
abandoned cropland. There is a significant negative correlation between the value of agricultural
operating fixed assets in the agricultural input indicators and the degree of abandoned cropland, but
participation in professional, cooperative, economic, agricultural organizations has no significant
impact on the degree of abandoned cropland. The per capita disposable income, which represents
the quality of life indicator, has a significant positive impact on the degree of abandoned cropland.
(5) At the district/county level, the proportion of the total co-working labor force and the transfer
rate of cropland are negatively related to the degree of cropland abandonment, and the proportion of
the co-working labor force outside the district/county is positively related to the degree of cropland
abandonment. In addition, we briefly analyzed the mechanism and process of cropland abandonment
from the perspective of farmers’ decision-making. Finally, the policy suggestions to alleviate the
abandonment of cropland were put forward from the district/county and farmer level, respectively.

Keywords: abandoned cropland; multi-level analysis; cause of abandonment; CHIP data; China

1. Introduction

The Global Food Security Index report (2020) stated that global agricultural produc-
tion must increase by 60% to ensure food security from 2020 to 2050 and that sustainable
land management can increase food production by 58% [1]. Therefore, the sustainable
management and efficient utilization of cropland are crucial to human development world-
wide. However, with the development of industrialization and urbanization, abandoned
cropland has gradually evolved into a globally universal phenomenon [2]. According to
statistics, from 1700 to 1990, the area of global cropland was about 235 million hectares.
Since the 20th century, the area has reached 385 to 472 million hectares [3], accounting for
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about 8-10% of the world’s total cropland in 2012. Cropland abandonment in Europe, the
United States, Japan, Australia [4-8] and other developed countries or regions started early
and was widely distributed. Thailand, Chile, Argentina, China [9-16] and other developing
countries have also experienced different degrees of abandonment in recent years.

The phenomenon of arable land abandonment often has mixed effects on economic,
social and ecological systems [17]. Positive effects have been found, in terms of ecological
effects such as vegetation and soil recovery, water retention, and increased biodiversity [18-21].
However, more studies have reported negative effects which, in addition to affecting food
security, have led to increased fire frequency, higher agricultural costs, and loss of traditional
agricultural landscapes and cultural values, among others [22-26]. In order to achieve the
sustainable development of human society and mitigate the negative effects of land use
change, we need to have a deeper understanding of the spatial distribution characteristics of
abandoned cropland and the factors and mechanisms affecting abandonment, so that we can
scientifically manage abandoned cropland, according to local conditions.

The spatial distribution of arable land abandonment has been uneven across historical
periods and regions. In Europe, arable land abandonment mostly began in the mid-
19th century during the industrial revolution and was concentrated in the mountainous
regions of Central and Mediterranean Europe [27-29]; in Asia, it mostly began in the 20th
century and was more pronounced in East and Southeast Asia [14,16,30]. As demand for
agricultural products increases and land for construction expands, or even occupies arable
land, agricultural land requires some degree of expansion or spatial shift. When there is
sufficient available space, agricultural land can be expanded into remaining arable areas.
For example, the concentration of arable land abandonment in the United States began in
the eastern part of the country in the 20th century, later increasing by expanding arable
land in the western part of the continent to increase agricultural supply [31]. However,
when land that is suitable for expanding cultivation becomes progressively scarce and
development is costly and environmentally expensive, reclaiming fallow cropland may
become a powerful alternative to expanding agricultural areas into remaining natural
ecosystems [32,33]. For example, in Slovakia in Eastern Europe, the abandonment rate of
arable land was about 11% in 1986-2000, decreasing to about 6% in 2000-2010, and about
2% of arable land was reclaimed in both periods [34].

In China, the relationship between man and land use is tense. It is of great significance
to observe the spatial distribution of abandoned farmland for farmland protection and
exploration of hot areas of reclamation. According to the Third National Land Survey [35],
the total cropland area of the Chinese mainland is 127.86 million hectares and the per capita
cropland area is about 0.09 hectares, less than 40% of the worldwide average. However,
according to incomplete statistics, about two thirds of the national provinces have reported
cropland abandonment since 1992, including the eastern, central and western regions [36].
Some scholars predict that, in the worst case, between 2010 and 2030, China may abandon
13.53 million hectares of cropland and the cropland area will be reduced to 121.33 mil-
lion hectares, almost reaching “the red line of 1.8 billion mu of cropland 17[37]. Under
the current circumstances, the spatial characteristics and influencing factors of farmland
abandonment must be urgently explored at the national level, so as to provide valuable
guidance for land use and management planning.

The meta-analysis reveals that cropland abandonment is the result of a multifactorial
combination of the natural environment and socioeconomic and institutional policy [38],
and the dominant factors are probably different in different periods and regions. Many
countries have reported farmland abandonment and forest restoration under the influ-
ence of different dominant factors [39,40]. For example, the abandonment of cultivated
land in Kazakhstan is mainly affected by the transformation of the economic operating
mechanism. During the 1990-2000 period, driven by the market economy, the agricultural
labor force in Kazakhstan was lost and about 54% of the arable land was abandoned. After
2000, government intervention reduced the abandonment rate by about 39% [41]. The
determinants of the abandonment of cultivated land in Hokkaido, Japan, from the end
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of the 20th century to the beginning of the 21st century, were social conditions, such as
geographic and demographic changes [42]. The agricultural location theory [43] and the
differential land rent theory [44] are used to explain the abandonment of cultivated land
because it often initially occurs in areas with poor physical geography and physical condi-
tions, especially in areas with poor soil, large slopes, fragmented land and long distances
between the farmers and markets. Areas that are far away are more likely to cause farmland
marginalization [2,45-47]. In addition, it was confirmed that the topography and slope
have no significant impact on the abandonment of cultivated land at the township level, in
China’s mountainous areas [48]. Regardless of whether the impact of natural conditions
is significant, it is difficult to adjust, especially the complex topography and landforms
in China, and the abandoned cultivated land is widely distributed under various natural
location conditions. Therefore, starting from social and economic factors, exploring the
main influencing factors of China’s farmland abandonment at this stage is an important
entry point to solve its negative impact.

Changes in socioeconomic elements, such as urbanization and industrialization, are
considered to be the main driving force behind abandoned cropland [14,49,50]. With
the development of urbanization and industrialization, the surplus rural labor force is
gradually transferred to non-agricultural industries [51]. Wage levels rise rapidly and the
cost of agricultural farming opportunities increases. In order to maximize the benefits,
farmers will generally reduce the input ratio of the agricultural labor force, causing the
phenomenon of labor migration. This is reflected in the studies on the influencing factors
of arable land abandonment in many European and Asian countries [27,45,52,53]. Many
farmers also choose to undertake part-time jobs [15,27], relying on livelihood diversification
to reduce risk. In addition, farmers will also carry out cropland transfer to obtain capital
income. For instance, Japan promotes the exchange of land use rights through land holding
companies [54]. In particular, some farmers in China retain the value of cultivated land
through rent-free circulation [55]. These decisions ultimately led to a reduction in part
of the agricultural labor force. When the necessary labor force is gradually lost, and
the cropland benefit is lower than the expected benefit, it is more easily abandoned. In
summary, socioeconomic conditions (such as labor characteristics, agricultural production
and input conditions), part-time jobs and cropland transfer are important factors affecting
the degree of cropland abandonment. Many studies in the past have been constrained
by conditions such as study samples, often considering only influencing factors such as
natural conditions, or focusing one or two types of socioeconomic impact factors [56-60];
our study considered three types of socioeconomic impact factors.

Furthermore, the potential influencing factors on the extent of cropland abandonment
are spatially heterogeneous and often manifest in a multilayered form [61]. Influenced
by natural resource endowment and socioeconomic development, the degree of farmland
abandonment of different families in the same region is generally more similar than that
of randomly selected families in different regions; within the same family, the decision of
farmland abandonment made by family members is often more similar than that made by
members of different families. Therefore, the degree of cropland abandonment is the result
of the nested structure of the influencing factors at different levels. However, in the past, the
influencing factors of abandoned cropland mostly adopted traditional regression methods,
which could not adequately explain the influencing factors of different levels. The multi-
level model adopted in this paper can be used to study the relationships within and between
the hierarchies of grouped data, and thus, is applicable to the quantification of nested
relationships. Furthermore, previous studies focused on a certain region [17,47,62,63], and
fewer studied the extent and influencing factors of farmland abandonment with systematic
and large-scale (nationwide) peasant household survey data.

This paper aims to analyze the spatial distribution characteristics of the degree of
cropland abandonment in China through the use of sampling data at the national level,
as well as by observing the range of cropland with potential reusable value and studying
the main influencing factors of cropland abandonment in China at the level of the farmer
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and district/county. In addition, the paper analyzes the mechanism and process of the
abandonment of peasant cropland. Finally, according to the comprehensive analysis,
we propose countermeasures to alleviate cropland abandonment and improve cropland
utilization efficiency and sustainable development.

2. Materials and Methods
2.1. Study Area and Data Sources

The data used in this paper were obtained from the China Household Income Projects
2013, released by the China Income Distribution Research Institute. The CHIP2013 data
were the fifth round of national survey data obtained by the National Household Survey
Office of Urban—Rural Integration of the National Bureau of Statistics in 2014, which was the
latest source of publicly released data [64]. The data took mainland China as the research
area, and sampling methods were used to determine the specific research area. After
sampling and sorting, the sample distribution area covered 14 provinces (municipalities
directly under Central Government control) and 193 districts/counties in eastern, central
and western China. After sorting, the effective sample was 8071 rural households and
30,788 individual samples, mainly involving the personal information of family members,
agricultural business status and family income and expenditure. The resource endowment,
economic and social status and the sample distribution area itself differed greatly and were
strongly representative, which was helpful for analyzing the influencing factors of the
degree of cropland abandonment in China at the farmer and district/county levels.

This paper mainly studied rural residents, to screen and sort samples in order to
avoid possible human statistical errors in the raw data. Data processing was carried out as
follows: (1) excluding samples without land; (2) excluding samples with household partial
land areas greater than the total land areas; (3) excluding samples with subcontracted land
areas of less than 0; (4) excluding samples with total household disposable incomes and
total living consumption expenditures less than or equal to 0; (5) excluding samples with
obviously missing key data.

The treated study area and samples are shown in Figure 1.
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Figure 1. Map of the study area and sample distribution.

2.2. Study Methods
2.2.1. Definition of the Degree of Abandonment

This paper uses the abandonment rate of the research unit to express the degree of
abandonment, which is specifically defined as the percentage of the abandoned cultivated
land area of the research unit to the total cultivated area [65]. The formula is as follows:

P..
Y = Sl x 100%, Y;; € [0,1] 1)
Yy



Land 2022, 11, 8

50f 25

where “Yj;” represents the degree of abandonment of cropland of the jth farmer in the ith
district/county (%); “P;;"represents the area of abandoned cropland of the jth farmer in the
ith district/county (hectare); and “S;;” represents the total farmland of the jth farmer in the
ith district/county.

2.2.2. Multi-Level Model

The degree of cropland abandonment is a continuous variable in the interval of [0,1].
Studies of the influencing factors of this type of variable often adopt nonlinear regression
models such as Tobit, which frequently only focusses on individual differences, ignoring
the influence of the individual group. The direct promotion of causality or correlation at
the individual level to the group level can easily generate atomistic fallacies > [66,67] and
lead to erroneous conclusions. In this study, the sample distribution was found spatially,
particularly at the district/county scale, with distinct group divergence and within-group
similarity. Theoretically, different areas and counties have different levels of economic and
social development and resource endowments, which may lead to different degrees of
farmland abandonment. In the same region, all kinds of influencing factors are similar,
and the decision and degree of farmland abandonment may also be more similar. Thus, to
break the limitations of the tissue effects caused by traditional regression [68], a multi-level
model was used to analyze the influencing factors of farmer cropland abandonment [69].
In this study, the first level referred to the farmer level and the second level referred to the
district/county level.

Model 1: ANOVA model

Using a multi-level model, it is first necessary to test the applicability of the model, i.e.,
whether there is a hierarchical structure of farmer data. Here the ANOVA Model without
any explanatory variables is constructed first [69], and is as follows:

Level 1 : Yl] = ,BO] + Tij, Tij ~ N(O, 0’2) (2)

Level 2: ﬁoj = Y00 + Moj, Hoj ~ N(0, T90) (©)

Combining Formulas (2) and (3) creates a model including an analysis of variance,
with only random effects at the district/county level:

Yij = vo0 + poj + 1 4

where “Y;” represents the degree of cropland abandonment of the jth farmer household
in the ith district/county; “r;;” is the residual of the independent farmer household level,
and “0?” is the variation of the jth two-level unit; “ Bo;” is not a constant in ordinary linear
regression but is decomposed into the sum of a constant and a random number; “7ygy”
represents the total average of all district/county level units; “4;” represents the residual
error of the district/county level with independent intercept terms and “1yy” represents
the variation of the district/county level equation cov (ri]-, Too) =0.

To test the applicability of the model, it is necessary to introduce the intra-group
correlation coefficient ICC(1) [70,71] and reliability ICC(2) [72], as follows:

ICC(1) =% ()
o2 4 Tho
ICC < 0.059 Low intra-group correlation
0.059 < ICC < 0.138 Moderate intra-group correlation
ICC > 0.138 High intra-group correlation
]: To0
j=1 T00+%
ICC(2) = — : (6)
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ICC(2) > 0.7 Reliability reaches the desired level

where “ICC(1)” is used to determine the ratio of the variation at the district/county level
in the overall variation of the degree of cropland abandonment. Generally, it needs to be
greater than 0.059 to use the multi-level model; “ICC(2)” represents the ratio of the variation
between groups to the variation of the average of each group, i.e., if “ICC(2)” > 0.7, the
average number of organizations is highly representative and can be trusted, and a multi-
level model can be used. In addition, the significance of “1yy” should be tested and, if it is
significant, a two-level functional model of the factors affecting the degree of abandonment
of cultivated land can be constructed.

Model 2: Random coefficient regression model

After the model applicability test, a random coefficient regression model was es-
tablished [73]. The model contains only farmer-level explanatory variables and control
variables, but allows the intercept and regression coefficients of this hierarchical equa-
tion to vary randomly across districts/counties, with the aim of measuring the impact of
farmer-level explanatory variables on the degree of farmer cropland abandonment.

Level 1: Yjj = Boj + BnjXn + 7ij @)
Level 2:: /30]- = Y00 + Hoj ®)
Buj = Yo+ pnjy n=1,2,...,6 ©)

where “X,,” represents the nth explanatory variable of the first level; “f,;” represents the
regression slope of the nth explanatory variable of the first level; “v,0” represents the mean
value of “B,;”; “Hy;” is the variation of “B,;”; other symbols have the same meaning as
above.

Model 3: Full model

It is necessary to establish a full model [74]. Through the interaction results at the
district/county level and the farmers’ level, this explores the process of its effect on the
difference in the degree of abandonment of farmland, which means the indirect adjustment

effect of villages on the differences of degrees of farmland abandonment of farmers.

Level 1: Yji = Boj + PujXn + 1 (10)
Level 2 : ‘B()]' = Yoo + ')’OmZmVOj (11)
ﬁnj = Yn0 + YnmZm + Hnj (12)

where “By;” represents the intercept of the jth explanatory variable at the second level to
explain the intercepts of the explanatory variables at the first level; and “v;,,” represents
the slope of the mth explanatory variable at the second level to explain the slopes of the
explanatory variables at the first level. It reflects the effect of cross-level interaction; the
effect can either exist or be 0; other symbols have the same meaning as above.

In the analysis, the above three models were constructed in turn, starting from an
ANOVA Model without explanatory variables. Model two and model three added explana-
tory variables, respectively (see the section below for the selection of explanatory variables),
and model two included all explanatory variables and control variables at the farmer level.
Model three included all explanatory variables and control variables at two levels. To
evaluate the above model, HLM version 8.1 was adopted, which was able to handle multi-
level data consistent with nested characteristics, where the sample was non-independent,
and could assess the explanatory power of explanatory variables for dependent variables,
breaking through the limitations of the single-level interpretation of traditional regression.

2.3. Select Multi-Level Model Variables

The variable selection and variable index system construction of a multi-level model
is an important basis for exploring the influencing factors of farmland abandonment.



Land 2022, 11, 8

7 of 25

These influencing factors can be divided into natural factors, social /economic factors and
management factors, according to their attributes [53,75]. One of the research objectives
was to focus on the socio-economic impact factors based on the hard-to-change natural
conditions, and to improve the situation of abandoned land by adjusting economic, social
and management factors. Therefore, natural conditions were taken as control variables,
and we focused on social and economic factors.

For the specific division of socioeconomic factor indicators, most studies are carried
out at a single level. At the level of farmers, relative price changes of input—output are an
important basis for farmers to decide whether to abandon their farmland [76]. Therefore,
the variables related to agricultural input and output are often included in the main
influencing factors of farmland abandonment. Specifically, agricultural input includes not
only fixed assets and technological input, but also the input of the necessary labor force. A
study of the characteristics of the labor force is almost an essential factor for the previous
research on farmland abandonment. When the opportunity cost of farming increases and
the comparative benefit decreases, labor migration often occurs. Studies on mountainous
areas in Japan, South Korea, China, Europe and Asia all reflect the negative response of the
decline in the quantity and quality of an agricultural labor force to abandonment, due to the
impact of labor migration and aging [77-80]. In addition, when the necessary agricultural
labor force is insufficient, peasant households will also consider putting cultivated land
on the market to obtain its value [81]. At the same time, there are also studies analyzing
the environmental level and we find that land lease market, labor transfer or part-time
employment are hot, key factors of research [52,54].

Of course, the selection of these variables is also directly related to the availability
of data. Based on the characteristics of previous studies and data, we set up a model of
social and economic factors affecting farmland abandonment from two levels of farmers
and districts/counties. Specific indicators and variables were selected as follows.

At the farmer level, we analyzed the influence of abandonment by using the character-
istics of labor force, agricultural input, cropland transfer and quality of life [82]. Below, the
indicators are listed for each of these characteristics. (1) Labor characteristic indicators in-
clude: the number of family agricultural labor force per unit of land area, the proportion of
men in the family agricultural labor force and the square root average age of the workforce.
We expected that the average workforce per hectare may negatively affect the extent of
abandonment as the more labor, the less likely it is to leave arable land. We also expected
the male workforce to negatively affect the degree of abandonment because men are, gen-
erally, physically stronger than women. We expected a nonlinear relationship between
labor age and the degree of cropland abandonment, because younger or older workers
tend to abandon more cropland, either due to a lack of farming experience or a lack of
physical strength, respectively. Therefore, the “square root average age of the workforce” is
discussed in the article. (2) Agricultural investment indicators include: the value of agricul-
tural operational fixed assets and participation in farmer-specialized cooperative economic
organizations. We expected both to negatively affect the abandonment of cropland. Owning
fixed assets of agricultural operation and participating in farmer-specialized cooperative
economic organizations ° represent farmers’ material and technical input, which indicates
that farmers tend to optimize agricultural operation and may reduce the degree of farmland
abandonment. (3) Cropland transfer indicators include: the transfer area of family cropland
and the average subcontract price per hectare of cropland (logarithmic form). We expected
that the larger the area of cultivated land transferred out at the household level and the
higher the per-hectare subcontract price, the higher the number of farmers who would tend
to transfer their contracted management rights to other collectives or individuals, thereby
reducing the degree of abandonment of cropland. (4) Quality of life indicators include: per
capita disposable income (logarithmic form). We expected per capita disposable income to
have a positive impact on the extent of farmland abandonment. The reason for this is that
households with high income generally have part-time or non-agricultural labor, which
may lead to an increase in farmland abandonment.
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At the district/county level, we tried to obtain metrics that could affect variables
at the family level for analysis. Finally, the two major indicators of household part-time
employment and population mobility in the cropland transfer market are used to analyze
the impact on the degree of cropland abandonment. (1) Indicators of part-time employment
and population mobility in a household include: the proportion of the number of part-time
workers in each district/county in the total number of wage workers and the proportion of
the number of part-time workers outside the district/county in the total number of wage
workers in each district/county. We expected that the higher the proportion of total part-
time workers and the more the labor input, the lower the degree of cropland abandonment
would be. The higher the proportion of the number of part-time workers outside the
district/county, the higher the opportunity cost (including time and transportation costs),
which may have a positive impact on the degree of cropland abandonment. (2) Cropland
transfer market indicators include: the cropland transfer rate in districts/counties. The
greater the area involved in cropland transfer within a district/county, the more active the
cropland transfer market is and the lower the degree of cropland abandonment expected
by farmers in the area.

In addition, the model introduces three indicators of control variables, namely natu-
ral conditions, family factors (that influence family decisions) and force majeure factors.
(1) Natural condition indicators include: regional annual precipitation, average annual
temperature and terrain. As the sample is a sampling survey, the latitude and longitude co-
ordinates of specific farmer plots are not published, so the data source is limited. Therefore,
the natural conditions index is the most accurate at the district and county level. Other
indicators of natural conditions, such as slope and arable land quality, are difficult to obtain.
In addition, natural conditions were not studied as the main influencing factors, so control
variables were included. (2) Family factors affecting family decision-making include: the
head of the household’s degree of formal schooling and the health status of family members.
The head of the household, generally has a key impact on family agricultural production
decision-making, so it is necessary to control for these personal characteristics. Since both
age and gender are associated with the explanatory variables studied, they were not in-
cluded. The health status of family members refers to whether there is a disabled person in
the family; if so, he or she may need family care or high medical bills, which has an impact
on the abandonment of cropland and is included in the control variables. (3) Force majeure
variables include whether farmers have cropland requisition. Cropland requisition is a
force majeure, which has nothing to do with the decision to abandon cropland, but it will
affect the change of the cropland area, so it is included as a control variable. All of the
variables and their descriptions are listed in Table 1.

2.4. Model Goodness of Fit Test

The Akaike information criterion (AIC) [84] is a measure of the goodness of fit of
statistical models and, in general, the better the model is, the smaller the AIC value will be.
The AIC is typically expressed as:

AIC =2k — 2In(L) (13)

where “k” represents the number of parameters and “L” represents the likelihood function.
Assumptions: the error of the model follows an independent normal distribution.

AIC=2k+nln(SSnR> (14)

"o

where “n” represents the number of samples and “SSR” represents the sum of residual
squares.
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Table 1. Descriptive statistics of multi-level model variables.

. . . L Standard Minimum  Maximum
Variable Category Variable Name Variable Definition Mean Deviation Value Value
Dependent variable

Degree of abandoned cropland Proportion of the abandoned household cropland in the 0.08 022 0.00 1.00

total household cropland area
Independent variable
Level 1—The Farmer Level (n = 8071)
Number of family agricultural labor/Total area of
Workforce per hectare household cropland (excluding already abandoned 7.80 12.90 0.00 300.00
cropland) (person/hectare)
Proportion of the male workforce Total Male Agricultural Labor /OF amily Agricultural 0.43 0.30 0.00 1.00
Labor characteristics Labor Force (%)
Average age of labor force Total age/number of agricultural labor force (year) 42.35 21.00 0.00 87.00
Square root of total age of agricultural labor
Labor force square root average age force/square root of number of agricultural labor force 5.92 2.69 0.00 9.33
(square root year)
Value of agricultural operational fixed assets  logarithmic (log element) of current estimated net value
. . R 4.64 421 0.00 13.59
(in log) of agricultural operating fixed assets
Agricultural investment
Farmer-specialized cooperative economic 1 means “Yes”; 0 means “No” (such as Farmers
o . . 0.03 0.17 0.00 1.00
organizations Professional Association, etc.)
Transfer area of cropland Total area of peasant hot(l}sz?to;i )cropland transferred out 0.03 0.09 0.00 2 80
Cropland transfer b PR 4 and — ol land sub famil
Subcontract prlce.o cultivated croplan Ln (existing arable croplan 5}1 contract family 10.80 30.60 0.00 14325
(in log) per-hectare subcontract price) (log yuan)
Quality of life Per capita disposable income (in log) Total Ln (family disposable income /family population) 9.11 0.71 4.76 13.19

(log yuan)
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Table 1. Cont.
. . . . Standard Minimum Maximum
Variable Category Variable Name Variable Definition Mean Deviation Value Value
Level 2—The District/County Level (n = 193)
Proportion of the number of part-time employees at the
. Proportion of part-time employees district/county level occupying the total number of the 0.26 0.16 0.00 1.00
Household part-time main wage work (%)
employment and I ber of : 1
population mobility . " Proportion of the number of part-time employees
Proportion of th.e numbe.r Of part-time outside the district/county and the total number of 0.06 0.10 0.00 1.00
employees outside the district/county . . s o
major wage employees in the district/county (%)
Cropland circulation Cropland transfer market indicators Total area of cropland transfer/total area of cropland 0.24 0.26 0.00 1.00
Control variable
Plateau = 1; Mountain =2; Basin = 3; Hills = 4; Plain =5
Topography (matching according to national standard administrative 3.55 1.33 1.00 5.00
division code)
Natural conditions Temperature Average temperature ?(t) czlé)sltglzzot(/j §ounty level from 2011 14.92 3.90 493 2321
Precipitation Average precipitation at district/county level from 2011 956.82 390.75 94 85 2069.61
to 2013 (mm)
1 = Not attended school (including literacy classes and
other informal education); 2 = Primary School;
Head of the household of formal schooling 3 = Junior .ngh S§h001; 4 = Senior ngh School; 2.69 0.91 1.00 9.00
Familv decisi Ki 5 = Vocational High School/Technical School;
amily de CISIOrtl_ma ng 6 = Technical School; 7 = Junior College; 8 = University
mpac Undergraduate Degree; 9 = Graduate Student
Whether there are disabled people in the family who
Health status affect normal work, study and life. 1 = Yes; 0 = No 0.13 0.33 0.00 1.00
Force majeure Cropland requisition 1=Yes; 0=No 0.11 0.32 0.00 1.00

Note: “Yuan” is the unit of measurement of the Chinese currency, RMB; the average exchange rate of the RMB was 6.8974 yuan per USD in 2020 [83].
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3. Results Analysis
3.1. Abandoned Cropland Decisions and Spatial Distribution of Degree of Abandonment

Sampling data showed that the phenomenon of cropland abandonment had been
common, especially selective partial abandonment by farmers; the specific situation is
shown in Figure 2. In 2013, the national cropland abandonment level of farmers accounted
for 15.41% and the average degree of abandonment of cropland was 5.54%. From the
perspective of spatial distribution, the proportion of farmers with abandoned cropland in
each region and the spatial distribution of abandoned cropland were generally the same.
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Figure 2. Cropland abandonment levels and spatial distribution map of degrees of abandonment.
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(a) The picture shows the proportion of farmer households in the sampled provinces who made the
decision to abandon their cropland. (b) The picture shows the proportion of farmer households in
the sampled districts/counties who made the decision to abandon their cropland. (c) The picture
describes the degree of cropland abandonment at the provincial level based on sampling data.
(d) The picture describes the degree of cropland abandonment at the district/county level based on
sampling data.

From the perspective of provincial spatial distribution, the proportion of farmers in
Chongging who made the decision to abandon cropland was the highest, reaching 40.15%,
and the degree of abandonment also ranked first, reaching 25.34%. This was mainly affected
by the mountainous terrain and the fact that cropland quality in Chongging is of a low level.
Guangdong Province and Shanxi Province had the second and third highest proportion
of farmland abandonment, which exceeded 24% and 14%, respectively. However, the
proportion of abandoned farms in Guangdong Province was lower than that of Shanxi
Province, indicating that Guangdong Province may be affected by urban construction and
development with broken cropland and less average cropland, but higher quality. Shanxi
Province is located on a Loess Plateau, which is mainly affected by terrain and water- heat
resources, with a high degree of abandonment.

In addition, for Shandong Province, Liaoning Province, Henan Province and Jiangsu
Province (the provinces representing the main grain-producing areas), the proportion of
abandoned cropland farmers and the degree of abandoned cropland were all low-value
areas in China. In these four provinces, the proportion of farmers with farmland abandon-
ment was less than 5% and the degree of farmland abandonment was less than 2%. From
the perspective of spatial distribution at the county level, of the 193 county-level samples,
29.53% of the districts/counties did not decide to abandon cropland and the cropland
abandonment rate was 0; these were also concentrated in these provinces. This is the result
of the integrated role of natural selection and economic-social development. Most of these
areas are located on the plains and surrounding areas, with excellent cropland quality and
rich water-heat resources, at locations where agriculture has been developed since ancient
times. In addition, the “food crop production strategy based on farmland management and
technological application” * national policy has been vigorously supporting the agricultural
development of provinces with major grain-producing areas.

3.2. Analysis of the Influencing Factors of Cropland Abandonment Degree
3.2.1. Preliminary Inspection

The collinearity of the selected variables was first tested before the model operation.
The variance inflation factor (VIF) showed that the maximum VIF of each single variable
was 1.772, much less than the cutoff of 10, indicating that there was no serious collinearity
problem between the variables and, thus, they could be simulated.

3.2.2. Model Suitability and Reliability Test

The results of the ANOVA Model (Model 1) showed that this study was applicable
to multi-level models with significant differences in the degree of cropland abandonment
between districts/counties, as follows:

1CC(1) = 0 ~ 03153 > 0.138 (15)
2 + 1o
i Too
=1 Too-‘r%z_
10C(2) = ——— = 088> 07 (16)
P(100) < 0.001 (17)

The calculation showed that the results of ICC(1) indicated a high within-group
correlation at the district/county level and the ICC(2) results indicated that the model
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reliability reached the ideal level and 7y was significant at 0.1%, so the model was very
applicable. The values of ICC(1) also indicated that approximately 31.5% of the variance
could be explained at the district/county level, with the remaining 68.5% of the variance
being explained at the farmer level.

3.2.3. Model Results

The random coefficient regression model (model 2) introduced all explanatory vari-
ables and control variables at the farmer level. The specific results are as follows: (1) the
proportion of men in the family’s agricultural labor force, agricultural operational fixed
asset value, household cropland transfer area and subcontract price of cultivated land per
hectare (log) showed a highly significant negative correlation with cropland abandonment,
and per capita disposable income (log) showed a greatly significant positive correlation
with it. (2) The number of family agricultural labor per unit area of cropland was signifi-
cantly negatively correlated with the degree of abandonment of cultivated land. (3) The
effect of participating in farmer-specialized cooperative economic organizations on the
extent of cropland abandonment was not significant. (4) The square root mean age of the
agricultural labor force had a significant non-linear relationship with the degree of cropland
abandonment and presented an opposite effect. Alternatively, the random effect results
varied significantly at level 2.

The full model (model 3) added the explanatory variables of district/county level
to model 2. The specific results are as follows: (1) The response relationship between the
farmer level and the degree of cropland abandonment was the same as model 2. (2) The
results of explanatory variables at the district/county level showed that the overall propor-
tion of concurrent workers and the rate of cropland transfer in the district/county had a
significant negative effect on the degree of cropland abandonment, while the proportion
of concurrent workers outside the county had a significant positive effect on the degree
of cropland abandonment. (3) The random effect results showed that the district/county
level variables effectively explained the variance at the farmer level, resulting in an uninter-
pretable decrease in variance when compared to model 2.

3.2.4. Model Goodness of Fit Test

In this study, the AIC value of model 1, model 2 and model 3 gradually decreased,
indicating that the goodness-of-fit of model 3 was higher.
The running results of the model are shown in Table 2.

Table 2. Multi-level model of degrees of cropland abandonment.

Level Variable Model 1 Model 2 Model 3
Fixed effect
Level 1—The Farmer Level (n = 8071)
I . 0.092401 *** 0.092295 *** 0.076400 ***
ntersection (0.010121) (0.026182) (0.027243)
—0.020894 ** —0.020533 **
Workforce per hectare (0.008131) (0.008151)
Fabor characteristics Proportion of the male workforce —0.049368 —0.049202
P (0.009822) (0.009808)
Labor force square root average age —0.027912 —0.027912 %
9 8¢ ag (0.002820) (0.002820)
Value of agricultural operational fixed —0.009514 *** —0.009420 ***
Agricultural assets (in log) (0.001388) (0.001370)
investment Farmer-specialized cooperative 0.003253 0.003941

economic organizations (0.017318) (0.017204)
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Table 2. Cont.
Level Variable Model 1 Model 2 Model 3
Transfer area of cropland 0006907 *** —0.006940 ***
p (0.002182) (0.002172)
Cropland transfer - -
Subcontract price of cultivated cropland —0.010079 *** —0.009588 ***
(in log) (0.002061) (0.002043)
. . o . . 0.017576 *** 0.017631 ***
Quality of life Per capita disposable income (in log) (0.004288) (0.004290)
Level 2—The District/County Level (n = 193)
Proportion of part-time employees —0.144998 =
Part-time job and (0.051656)
population mobility Proportion of the number of part-time 0.230789 *
employees outside the district/county (0.138532)
. . o —0.043965 **
Cropland circulation Cropland transfer market indicators (0.019693)
Random effects
o2 0.03820 0.03244 0.03243
Too(Var) 0.01759 0.01788 0.01692
AIC criterion —24,370.33 —25,968.98 —26,176.08

Note: * indicates p < 0.1, ** indicates p < 0.05, and *** indicates p < 0.001. Table is not reported on the control variable.

4. Discussion
4.1. Analysis of the Influencing Factors of Cropland Abandonment

The results of a multi-level model of cropland abandonment show that the farmer
level can explain about 68.5% of the interpretable variance, and the district/county level
explains about 31.5% of the interpretable variance. In other words, without considering
other factors, the variables of the farmer level (labor characteristics, agricultural investment,
cropland transfer and quality of life) and the district/county level (household part-time
employment, population mobility and cropland transfer market) are all important factors
affecting the degree of cropland abandonment.

At the farmer level: (1) Labor characteristic indicators can significantly affect the
abandonment of cropland, which is also consistent with previous studies [5]. The modeled
results in this paper are the same as the assumptions. The number of agricultural laborers
per unit area of land, the proportion of male laborers with high farming efficiency, and the
farm households comprising mainly middle-aged labor are all negatively correlated with
the degree of abandonment of cropland. In other words, the richer the labor resources that
farmers can supply, the higher the quality of the labor force, and the lower the possibility
of cropland abandonment will be. Some studies also found that with the development of
mechanization and cropland circulation, the response relationship between the labor force
numbers and the degree of cropland abandonment was no longer significant from a certain
stage. However, this paper, based on research at the national level in 2013, showed that
the number of the labor force and the degree of abandoned cropland had not yet entered
this stage.

(2) There is a significant negative correlation between the value of agricultural fixed
assets and the degree of cropland abandonment in agricultural investment indicators.
The higher the fixed asset value is, the higher the labor productivity of farmers may be
and, in the long run, the input-output ratio will be relatively higher. Therefore, farmers
with a higher value of agricultural operational fixed assets are more inclined to engage
in agricultural operation for a long time, with the degree of cropland abandonment thus
being reduced. In addition, participation in farmer-specialized cooperative economic
organizations showed no significant relationship with the abandonment of cropland the
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original hypothesis was rejected. This may be because the development time of relevant
organizations in China was short, and no scale effect occurred. In 2006, China issued the
Law of the People’s Republic of China on the Professional Peasant Cooperatives, and the
development of such organizations began to have formal legal norms. From 2006 to 2013,
the development of relevant organizations took place slowly, and the market mechanism
was not perfect. In 2013, in the study sample, the number of farmers participating in
farmer-specialized cooperative economic organizations was only 243, accounting for 3.01%
of the total sample. Farmers participating less had low benefits on the whole and was not
significantly related to the degree of abandonment of cropland.

(3) Cropland transfer indicators (cropland transfer area and the average subcontract
price per hectare of cropland) all have significant negative effects on the degree of cropland
abandonment. As far as farmers are concerned, there are generally two main reasons for
the transfer of cropland: one is to obtain economic benefits, i.e., the higher the transfer price,
the more farmers tend to transfer cropland, thus reducing the possibility of abandoned
cropland. The other reason is to ensure the quality of cropland. To be specific, some
farmers have a “love for soil”. In the years when they cannot plow themselves, they
are willing to transfer it to others, for free, and protect the cropland from being barren,
obtaining agricultural subsidies. The results in this paper show that the proportion of
“rent-free land transfer” reached 13.69% nationwide, and was especially common in the
central and western regions. Among them, Chongqing and Shanxi Province had the highest
proportion, reaching 38.25% and 38.02%, respectively, while Gansu, Sichuan, Hunan and
Hubei Province all had more than 20%. However, regardless of the reason, the transfer of
peasant land effectively reduced the abandonment of cropland.

(4) The per capita disposable income, which is an indicator of the quality of life, has
a significant positive effect on the degree of abandonment of cultivated land. The Rural
Green Paper: Analysis and Forecast of China’s Rural Economic Situation (2013-2014) pointed out
that the wage income of farmers exceeded the net income of household operations for the
first time in 2013. Farmers’ wage income accounted for 45.3 percent of their per capita net
income. This means that the opportunity cost of farming increases as farmers tend to work
outside or part-time. The proportion of a household’s non-agricultural income increases,
and the loss of the agricultural labor force may lead to the abandonment of cropland.

According to the model, the variables at the district/county level had a significant
impact on the degree of cropland abandonment. The human-land relationship at the farmer
level can be explained by socioeconomic factors, and the regularity of this relationship can
be explained at an environmental level.

At the farmer level, we mainly analyzed the impact of the labor force, labor materials,
capital and technology input, and farmland subcontracting on the degree of abandonment
of cropland from the perspective of input and transfer. When we treat farmland and its
output products as commodities and circulate them in the market (and the input-output
ratio becomes low, or even negative), we consider reducing or stopping production to
reduce losses. With the rapid development of industrialization and urbanization, Chinese
wages for migrant workers have risen rapidly at 10% per year since 2003 [85], resulting
in higher agricultural labor costs. In 2013, the labor cost of average cropland per hectare
was about 6450 yuan, exceeding the cost of agricultural materials and services for the first
time. This means that farmers must find other ways to make up for the losses caused by
rising labor costs, such as large-scale or intensive operations, but many areas are subject to
land fragmentation and large slopes, which cannot improve labor productivity. Therefore,
cropland with poor quality was gradually marginalized and the degree of abandonment of
land deepened.

In order to avoid risks and maximize income, a part-time job has become a rational
choice for many farmers. We find that, at the district/county level, the higher the proportion
of the total part-time labor force, the lower the degree of cropland abandonment, and the
higher the proportion of the part-time labor force outside the county, the higher the degree
of cropland abandonment. The working distance may regulate the response relationship
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between the number of farmers and the abandonment of cropland. This is due to the fact
that most of the laborers working part-time inside districts/counties are middle-aged and
elderly, with an average age of 45 years. It is hoped that they can take both agricultural
and non-agricultural work and still become an important component of the agricultural
labor force. The long-distance part-time labor force is mostly young and middle-aged,
with more than three fifths being under the age of 45. They have part-time jobs for a
long time. They also take care of family agricultural operations when they are busy with
farming. Most of them have non-agricultural wages as their main income. When the cost
of agricultural operation opportunities gradually increases, the long-distance labor force
tends to abandon cropland.

In addition, the phenomenon of “rent-free land transfer” found at the farmer level
is also related to the imperfect cropland transfer mechanism at the district/county level.
We found that the cropland transfer at the district/county level could effectively reduce
the degree of cropland abandonment, but it was only in terms of the participation area
of cropland transfer. During early data processing, it was found that the average hectare
price of cropland transfer at the district/county level did not play a significant role in
the degree of cropland abandonment. Of the 193 districts/counties sampled, 37.31% had
“rent-free land transfer”, with more than two thirds of them in the central and western
regions. This showed that the market mechanism of cropland transfer at the district/county
level needed to be improved, especially in the central and western regions. This should be
achieved by coordinating the quality and economic development level, properly handling
the relationship between the withdrawal and transfer of cropland, establishing an effective
price mechanism, and alleviating the conflicts between humans and land.

4.2. Interpretation of the Evolution Process and Mechanism of Cropland Abandonment

The study presented in this paper controlled for the influence of natural conditions
and expected to select variables related to social-economic considerations that explain the
influencing factors of cropland abandonment. From the perspective of input-output, the
evolution process and mechanism of cropland abandonment in China at this stage, through
the process of land use decision-making by an ordinary farmer, is shown in Table 3.

Table 3. Evolution process of cropland abandonment for farmers.

Phase 1

Phase 2

Phase 3

Phase 4

Production activities

Mainly agriculture

Part-time job (high
agricultural proportion)

Part-time job (high
non-agricultural
proportion)

Mainly non-agriculture

Agriculture: labor input
)

Agriculture: labor input

technolog;f input (+)

Agriculture: labor input
(—), even lower than the

Agriculture: labor input
(=), until 0

Input . minimum input o .

other inputs (+) Non-Agriculture: labor Non-agriculture: labor Non agrlcultur.al. lal:) or
Non-agricultural: no C : input (+) until 100%
input (+) input (+)

o . Economy:
. Economyi mainly Econ.omy. mal nly non-agricultural income

Economy: agricultural agricultural income (—) non-agricultural income mainly (+)
Output income (+) non-agricultural income (+) agricultural income Society: soci}z; I security

Society: social security
value of cropland (+)

oW .
Society: social security
value of cropland (—)

Society: social security
value of cropland (—)

value of cropland (—),
take the initiative to give
up, until 0

Farmer’s decisions

There is no abandonment
of cropland

The cropland is
recessively abandoned

The cropland is
predominantly
abandoned—low degree
of abandonment

High-degree of
abandonment of
cropland—completely
abandoned or
completely transferred or
withdrawn

Note: The “(+)” indicates a relative upward trend and “(—)” indicates a relative downward trend.

Assumptions: (1) Farmers are “rational people”. (2) There is a minimum labor input
that guarantees the basic output per unit of arable land. If it is less than the minimum input,
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there is recessive abandonment of underutilized arable land, and no input corresponds to
explicit abandonment [86-89]. If all the cropland of the family is not invested, it is regarded
as completely abandoned or completely withdrawn. (At the district/county level, all the
cropland of each farming household is taken as a unit and the non-investment of all the
farmland of all the households in the district/county is regarded as complete abandonment
or complete withdrawal.)

Phase 1: The stage of no abandoned cropland.

At this stage, all farmers invested all in agricultural production activities, mainly in
labor and material resources. The input—output ratio showed an increasing trend and the
cropland social security and economic output were close to, or reaching, an equilibrium
point, generally not involving non-agricultural production activities, so there was no
abandonment phenomenon.

From the perspective of sampling data results, there were very few areas where
cropland had not been abandoned and farmers did not have part-time jobs, and these
were concentrated in several urban areas in Jiangsu Province and Liaoning Province. The
agricultural benefits were as expected, probably due to the rapid development of multi-
functional urban agriculture relying on urban areas. There were also errors due to the small
number of samples. In other words, in 2013, most Chinese farmers had gone through the
stage of no abandoned cropland and no concurrent employment.

Phase 2: The stage of recessive abandoned cropland.

At this stage, farmers had part-time jobs and the cropland was not fully utilized, but
farmers still mainly carried out agricultural activities. In China, especially since the 21st
century, agricultural labor costs have risen rapidly, and farmers generally choose concurrent
employment to reduce risks. At this stage, a small portion of the workforce moved to the
non-agricultural sector and the labor devoted to agricultural activities decreased. Farmers
often increased technical factors (such as improving mechanization) or adjusted the crop
structure to balance losses and improve labor productivity, but these measures were easily
restricted by natural conditions such as the terrain, slope and soil. Finally, the proportion
of non-agricultural income was on the rise and the social security value of cropland was
partially lost.

From the sampling data results, it can be observed that the recessive abandonment
phenomenon in various districts/counties had been relatively common, concentrated in
the traditional main grain-producing areas such as Henan Province, Liaoning Province,
Anhui Province, Jiangsu Province and Shandong Province. The abandonment rate was
0 but the number of areas with part-time farmers accounted for about 27% of the total
number of samples. There were 13 districts/counties where the abandonment rate was 0
but the proportion of rural households that included laborers or farmers with part-time
jobs exceeded 50%. That is to say, farmers at this stage still attached importance to the social
security value of cropland and were in the transition period of recessive abandonment and
dominant abandonment.

Phase 3: The stage of dominant abandoned cropland and low-level abandoned cropland.

At this stage, farmers were generally engaged in part-time jobs, mainly in non-
agricultural activities. The increased cost of agricultural operation opportunities prompted
farmers to redistribute the input elements and shifted most of the agricultural labor force
to the non-farming sector. At this time, cropland management generally appeared as two
situations, one of which was the cropland transfer. Comprehensive cropland of high-quality
easily entered the market, while relatively low-quality cropland was in less demand, of low
price, and a lack of land rent transfers or the marginalization of cropland easily occurred.
Second, in the case of no transfer, the minimum labor investment could not be guaranteed
and passive abandonment and the degree of abandonment was gradually increased. In the
end, farmers’ income was mainly non-agricultural income, and the importance of the social
security value of cropland was relatively reduced.

Sampling data showed that more than 70% of the districts/counties had a low degree
of abandonment in the 193 districts/counties sampled, and all provinces had obvious
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abandonment. In other words, around 2013, China was in a low stage of abandonment,
where most farmers paid more attention to the economic benefits of non-agricultural work,
but did not completely give up the social security value of cropland.

Phase 4: The stage of high-degrees of cropland abandonment and cropland withdrawal.

At this stage, farms were mainly non-agricultural operations, with agriculture acting
as a sideline, or not engaged in agricultural operations. With this stability, especially in
young and middle-aged families, the investment in agricultural production gradually
became less, and even completely transferred to the non-agricultural sector. At this stage,
farmers’ income almost completely depended on non-agricultural activities. When the
social security value of cropland was replaced by non-agricultural income, farmers no
longer needed cropland, and it would be actively abandoned; the degree of abandonment
would become gradually higher until complete abandonment was reached or the cropland
was completely transferred or withdrawn.

Sampling data showed that the high-degree abandoned areas were concentrated in the
districts/counties of Anhui Province, Chongqing City and Shanxi Province, as well as in the
urban areas of Beijing and Guangdong Province. On the one hand, these findings reflected
the fact that the comparative income of cropland in the central and western regions was, in
relative terms, too low, and the farmers with high-quality labor forces tended to engage in
non-agricultural activities that could achieve the expected income. On the other hand, the
growth in urbanization and construction and the increase in employment opportunities in
the eastern developed areas also played a role in promoting the abandonment of cropland.
According to the 2013 National Migrant Workers Monitoring and Survey Report [90], 77.39
million migrant workers migrated across provinces and 88.71 million migrated within their
home province. Migrant workers in the eastern region mainly migrated within their home
province, while migrant workers in the central and western regions mainly migrated across
provinces. In summary, it was the socioeconomic development that provided farmers with
choices and opportunities to make a diverse livelihood. To alleviate the abandonment of
cropland, we should also start with socioeconomic factors.

4.3. Policy Revelation

The scientific and efficient use of cropland resources is of great significance in terms
of maintaining food security and social stability, as well as promoting rural revitalization
and sustainable regional development. Nationwide sampling data revealed the main
socioeconomic factors affecting cropland abandonment. The labor status, part-time jobs
and cropland transfer market were the focus of our attention. In order to address the impact
of the above factors on cropland abandonment, we adjusted the socioeconomic factors
based on the natural conditions that were difficult to change, and put forward suggestions
for the suppression of cropland abandonment from the perspectives of the macro-regional
level and the micro-farmer level in Table 4.

To conclude, policy proposals to alleviate cropland abandonment should not only
consider maintaining the planting state of marginal land, but also focus on reducing the
negative impact of cropland abandonment [14,91,92]. The key to policy implementation
is to improve the capacity and competitiveness of sustainable agricultural development,
especially the marginal land. For areas that are not suitable for farming and are not
included in the red line of cropland, it is advisable to respect the choice of farmers and
focus on natural withdrawal. At the same time, the mutual influence of the marginalization
of cropland and rural marginalization in poor villages [93], and societal guarantees and
environmental benefits, should be emphasized. For China’s main sloping cropland, it
is difficult to achieve large-scale mechanization, so the focus should be on the necessary
labor force, and improving agricultural income and agricultural production conditions
and efficiency. At the same time, measures should be taken to speed up the suitable
transformation of cropland mechanization in hilly and mountainous areas or the research
and development of miniature agricultural machinery. For high-quality cropland, the
key is to consider the preservation of cropland planting to maximize the benefits. For
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land suitable for farming but where farmers decide not to farm, the village collective
should guide farmers to actively participate in the transfer of cropland. The government
should clarify land property rights, standardize farmland transfer procedures, and improve
farmland transfer markets. When other construction activities occupy cultivated land and
need compensation, the development entity may obtain abandoned cultivated land for
reclamation according to law.

Table 4. Policy suggestions on alleviating abandoned cropland by type.

Natural Condition

Policy Advice

The District/County Level The Farmer Level

The comprehensive quality of cropland is
poor and it is mostly located in areas with
harsh natural conditions.

Class I: Generally poor families or high-age
families in remote mountainous areas, we should
aim to improve livelihoods among these families.
Class II, III and IV: Guide farmers who have the
ability to re-allocate production input factors to

actively return to farmland, choose diversified
livelihoods, and improve social security.

Orderly guidance and
supervision.
Natural exit is mainly dominant.
Improve social security.

The comprehensive quality of cropland is
medium and it is mostly located in hilly
and mountainous areas.

Improve agricultural production Class I and II: Keep up with the “rural
conditions: improve revitalization” strategy, attract talent and capital
infrastructure, carry out land return, protect the necessary labor force,
consolidation, conduct pilot reasonably develop small areas of high-income
projects to strengthen the quality crops, and increase agricultural income.
of cropland projects. Category III and IV: Encourage talented
Improve agricultural income: individuals to return to their hometowns to
implement efficient planting and innovate and start businesses, implement
breeding, Internet + mode, and support policies, and develop ecological and
extend the industrial chain. green agricultural industries.

Build a market mechanism: We will guide farmers who lack enthusiasm in
clarify the cropland property agricultural management to transfer their
rights, improve the cropland cropland into the market and standardize its

transfer market. transfer procedures.

The comprehensive quality of cropland is
excellent and it is mostly located in the
plain areas.

Improve the level of
mechanization, strengthen
technical input, and increase
output.

Stabilize the prices of agricultural
products and continue to
implement policies based on
agricultural subsidies and
agricultural insurance.
Standardize the market for
cropland transfer and operate
cropland at an appropriate scale.

Class I and II: Encourage and support large
growers, drive individual farmers, and establish
cooperative organizations.

Class III and IV: Guide the timely transfer of
cropland, especially those with strong transfer
willingness and long transfer cycles, inhibit
seasonal and recessive abandonment, and
promote the scale and mechanization of
agricultural production.

Note: According to the Class of farmers” abandonment behavior in Section 4.2, farmers are divided into 4 categories.
Class I farmers: farmers are mainly agricultural producers; Class II farmers: part-time farmers, agricultural
production occupies a high proportion of total labor; Class III farmers: part-time farmers, non-agricultural
production accounts for a high proportion of total labor; Class IV farmers: farmers are mainly involved in
non-agricultural production.

4.4. Model Uncertainty

Based on the farmer household survey data of different counties in China, we built a
multi-level analysis model to analyze the social and economic factors affecting the degree
of farmland abandonment. Due to the large territorial space in China, the natural, social
and economic conditions of many counties are varied. Theoretically, we could consider
adding spatial variables into the modeling. Thus, we tested the spatial autocorrelation at
the county level in the model; however, it was difficult to test the spatial autocorrelation
at the household level. Due to the limitation of the data source, it was difficult for us to
obtain farmers’ latitude and longitude coordinates in the survey. We tried to use spatial
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information at the provincial or county level to ascertain farmer locations for spatial model
analysis. Unfortunately, this requirement was not satisfied. Therefore, we did not construct
spatial variables at the household level. The absence of spatial variables may have led to
some subtle errors of potential spatial interaction effects or spatial spillover effects that
are difficult to observe. However, based on previous relevant studies, it is rare to consider
spatial variables and establish spatial models after deciding to establish multi-level analysis
models [36,69,71]. In other words, the uncertainty may have been small to the extent that it
did not affect the results and conclusions.

5. Conclusions and Prospects

The phenomenon of cropland abandonment is quite common in China. In 2013, the
national cropland abandonment level of farmers accounted for 15.41% and the average
degree of abandonment of cropland was 5.54%. The proportion of farmers in each region
and the spatial distribution of abandoned cropland were generally consistent. Chongging,
Guangdong and Shanxi Province were hot spots in terms of abandonment degrees, and
Shandong, Liaoning, Henan and Jiangsu Province were low-value areas in terms of crop-
land abandonment in China. Cropland abandonment decision-making and abandonment
degrees are the result of the combined effects of nature, economy, society and policy.

We used a multi-level model to assess the main socioeconomic impact factors of
cropland abandonment at the farmer level and the district/county level. The study found
that about 68.5% of the differences in abandoned cropland could be explained at the farmer
level, and 31.5% were explained at the district/county level. Specifically, at the farmer
level, all labor indicators and cropland transfer indicators, including land labor quantity
per unit area, male agricultural labor ratio, middle-aged farmers, cropland transfer area
and cropland subcontract amount, had a significant negative impact on the degree of
cropland abandonment. The value of agricultural operational fixed assets in agricultural
investment indicators was significantly negatively correlated to cropland abandonment,
but the influence of joining farmer-specialized cooperative economic organizations on the
degree of farmland abandonment was not significant. The per capita disposable income
(an indicator of quality of life) had a significant positive effect on the degree of arable land
idleness. At the district/county level, the proportion of the total part-time labor force was
negatively related to the degree of cropland abandonment, while the proportion of the
part-time labor force outside the county was positively related to the degree of cropland
abandonment, and the part-time distance may adjust the response relationship between
the proportion of the concurrent labor force and the degree of cropland abandonment.

At present, China is in a period of rapid transformation of land use. In the foresee-
able future, the abandonment of arable land will continue to be common in China. This
prediction can be combined with our research to illustrate the development trends of social
and economic influencing factors such as labor status, agricultural input, farmland transfer
and quality of life. (1) With the rapid development of urbanization and industrialization in
China, it is an inevitable trend that the agricultural labor force will migrate to cities and
the aging of the agricultural labor force will be further deepened. It is predicted that the
proportion of aging farmers will increase from 20% (in 2010) to 50% (in 2030) [94]. The
quantity and quality of the agricultural labor force will be affected in the future and the
abandonment of arable land may increase. (2) From the perspective that agricultural input
is mainly a fixed asset input, the growth momentum is insufficient. Chinese farming labor
patterns have the traditional characteristics of small farming. For example, a typical farmer
manages 0.56 hectares of cultivated land, but it is divided into several plots [95], with a
high degree of land fragmentation. Farmers can only use small and micro machines or
even primitive tools for farming [30], particularly in mountainous areas. The arable land in
China’s mountainous areas accounts for about one quarter of the total arable land area in
China and it is prone to abandonment. Therefore, farmers may be less enthusiastic about
investing in fixed assets such as agricultural machinery in the future, thus increasing the
possibility of abandoned farmland. (3) The active farmland transfer market is beneficial
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in terms of alleviating farmland abandonment. However, the abandoned farmland is of
low quality and the phenomenon of rent-free circulation is prevalent. In the past, families
with abundant labor could obtain marginal land to reduce the abandonment of farmland,
but with the migration of the labor force, the land transfer market also faces obstacles, thus
affecting the decision of farmland abandonment. (4) Although the per capita disposable
income of rural residents in China has been on the rise from 2014 to 2020 [83], among the
570 million farmers, those who have part-time or a high proportion of non-agricultural
labor account for about 50% [96,97]. This indicates that the rate of return on agriculture is
too low, and that the possibility of further farmland abandonment will increase in the future.
This is consistent with the predictions put forward in existing studies [98]. Although the
Chinese government has taken a series of measures to support agricultural development,
these measures may not be enough to support the alleviation of farmland marginalization
and abandonment [99]. Therefore, the government should take more positive steps towards
alleviating farmland abandonment.

According to the influencing factors and the national policy orientation in recent years,
we suggest that alleviating the abandonment of cropland in the future should focus on the
following aspects:

e  Comprehensive use of remote sensing satellites and sampling surveys to monitor the
abandonment of cropland and establish a bank of abandoned land, which is closely
related to the balance of cropland occupation and reclamation.

e  Protect the necessary agricultural labor force, introduce social capital and innovative-
entrepreneurial talents to return to the countryside.

Improve the comprehensive quality of cropland.

Improve the mechanized transformation of hilly and mountainous areas.

Develop appropriately scaled operations and promote socialized agricultural produc-
tion services, such as trusteeship.

Continue to implement agricultural subsidies and minimum purchase prices.
Promote revenue, cost, and disaster insurance to ensure agricultural income and asset
value.

e Improve the cropland transfer market and strictly implement the Administrative Mea-
sures for the Transfer of Rural Land Management Rights, in which special attention should
be paid to clarifying the property rights and ownership periods and promoting the
long-term investment, development and protection of cropland.

e Itis necessary to fully cooperate with the construction of grain production functional
zones and important agricultural production protection zones.

e  “Stop the non-agriculturalization of cropland, prevent the non-grainization of crop-

land” ° and strictly protect “the red line of 1.8 billion mu (120 million hectares)
of cropland”.

At the same time, we should not only pursue the economic benefits of cropland, but
give full play to the comparative benefits and pay attention to sustainable development
and the protection of the ecological environment.
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Notes

1

The red line for protecting 1.8 billion mu of arable land is the minimum amount of arable land set by the Chinese government to
ensure China’s food security. The area of 1.8 billion mu is equal to 120 million hectares.

The atomistic fallacy refers to the fallacy that occurs when data obtained from individual level analysis are extrapolated to the
organizational level. It is used to emphasize the error of ignoring the impact of the organizational level.

Farmer-specialized cooperative economic organizations refer to the form of enterprise organization formed by farmers, especially
small agricultural entities mainly operated by families, who jointly engage in specific economic activities, in order to maintain
and improve their respective production and living conditions. Farmers’ participation in the organization is based on voluntary
mutual assistance, equality and mutual benefit, and members are required to abide by the laws and regulations of the cooperative.

4 Land resources, science and technology should be taken as an important guarantee to ensure food security supply.

> This is a policy of the Chinese government. The connotation is that farmers can only be engaged in agricultural production
activities on cropland, planting food crops.
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