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Abstract: Exploring the driving mechanism and factors influencing farmers’ decisions regarding farmland aban-
donment is fundamental for the targeted control of land abandonment and the adjustment of land management
policies, especially for ecologically fragile areas. This study used Guyuan, a typical hilly and gully region, as a study
area and employed the framework of a participatory assessment workshop, key informant interviews, and ques-
tionnaires to obtain data from stakeholders at multiple levels. The descriptive statistical analyses were carried out
from social, economic, and natural aspects to explore the factors affecting farmers’ decisions to abandon farmland
in the hilly and gully regions. By combining multiple levels of stakeholders and multiple sources of data, the mul-
ti-spatial-temporal analysis effectively allowed us to conduct a comprehensive and thorough exploration of the po-
tential factors affecting farmers' land abandonment decisions using this framework. The results revealed important
aspects of the main social, economic and environmental factors. (1) Among the social factors, the influence of
neighbours is the most influential, owing to the herd mentality of farmers and the negative impact of abandoned
farmland on surrounding farmland. Additional factors are declining employment opportunities and grain subsidies.
(2) The main economic factors affecting farmers’ abandonment of farming are land productivity, farming costs, and
grain price. (3) The main environmental factors include road accessibility, slope and terrain relief, and farmers living
in hilly and mountainous areas are more sensitive. This research provides comprehensive knowledge about the
trade-offs associated with land abandonment and local stakeholders in the Loess hilly and gully region of China, a
reference for finding possible pathways to halt the negative impacts, and a solid foundation for the statistical and
spatial model building to simulate the abandonment scale, spatial-temporal evolutionary process, and the risk of
abandonment for political reference.

Key words: Loess hilly and gully region; farmland abandonment; the willingness of farmer; multi-level participatory
analysis

1 Introduction increasing trend (Paudel et al., 2020), especially for remote,

Farmland abandonment has significant consequences for mountainous, economically unproductive farm areas (Liang
ecosystem recovery and biodiversity, sustainable rural de- €t al., 2020). Farmland abandonment occurs when human
velopment, and food security (Diaz et al., 2011; Katayama  control over farmland is given up, and the land is left to
et al., 2021). The estimated global area of farmland aban-  nature. While it has mainly occurred in developed countries,
donment was 4.72 million km® in 2000, which reflected an it is also happening in some developing countries.
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The consequences and impacts of farmland abandonment
vary among different regions (Perpifia et al., 2021). Some
studies have indicated that farm labour decline and farmland
abandonment are the natural consequences when agricultur-
al skills and technologies are enhanced (Yan et al., 2016);
and land abandonment improves soil conditions, natural
reforestation, and carbon sequestration (Houghton et al.,
1999; Ramankutty et al., 2010; Robledano-Aymerich et al.,
2014). Others have reported that the land abandonment de-
creased food production, increased the probability of wild-
fires (Li and Li, 2017; Sil et al., 2019), and induced the loss
of traditional farming practices (Xue and Zhen, 2018).
Studies in Europe (Fischer et al., 2012), Japan (Katoh et al.,
2009), and Mexico (Garcia-Frapolli et al., 2007) have found
that the maintenance of traditional agricultural production
and landscapes is conducive to the protection of endangered
species.

With respect to remote regions, where agriculture is the
primary industry and ecosystems are fragile, the trends of
farmland abandonment result in a direct decline in grain
acreage, which may lead to a considerable reduction in local
food production, and potentially threaten regional food se-
curity and ecosystem balance (Feng et al., 2005; Li and Li,
2017). The Loess Plateau of China is one of the most se-
verely eroded areas globally. With highly erodible soils,
extensive land fragmentation, and deep slopes, farmland
abandonment in the Loess Plateau is increasing. Although
there is some uncertainty in the ecological dimension due to
the possible benefits from the natural recovery of local eco-
systems, farmland abandonment is potentially affecting the
local food security and employment (Shi and Shao, 2000;
Xue and Zhen, 2018). The scientific community and local
governments have emphasized the need for thorough studies
on the drivers and consequences of farmland abandonment,
and possible strategies for mitigating it.

The factors influencing farmland abandonment are com-
plex and vary regionally. They generally include natural and
social factors, such as land fragmentation, the local agricul-
tural development level, labour force characteristics, etc.
(Baumann et al., 2011; Osawa et al., 2016). The complexi-
ties and regional differences in the influencing factors re-
quire a specific and targeted research and analysis on the
forces driving abandonment in a given study area to further
evaluate the regional risk of abandonment or a spatial pat-
tern simulation (Li and Li, 2017). Farmers are the principal
actors in land-use decisions based on diverse natural and
social conditions. To explore the relationship between
household characters and farmland abandonment, an in-
creasing amount of research on the analysis of drivers of
farmland abandonment has arisen in recent years.

However, existing research has two main knowledge
gaps. 1) One aspect is the limited spatial scale. Studies have
focused mainly on a single scale, such as the country, prov-
ince, or village level. However, given the complexity of

natural conditions, differences among different regions or
different kinds of sub-landforms exist, even within one ad-
ministrative region (Li and Li, 2017; Xue and Zhen, 2018).
For instance, a study on rural household farmland aban-
donment based on survey data from 27 provinces (cities) in
China and 8031 rural households revealed that the regional
differences in off-farm labourers, which induced the land
abandonment, are significant. There is a greater need for
specific analyses on comprehensive farmland abandonment
evaluation or policy recommendations (Xu et al., 2019). 2)
Another aspect is the limited temporal scale. Most research
is conducted through field surveys in one or two time peri-
ods (Hua et al., 2016). Some of them require the farmers to
recall past conditions and extend them in the temporal scale;
however, the accuracy of this approach is unclear and likely
decreases with the increasing length of the timescale from
the research timeframe. Some literature review work has
obtained various results on land abandonment in a given
period, but included different regions (Yan et al., 2016).
However, the land-use strategies of farmers in a specific
region were also changed and affected by sweeping changes
in the social-economic-environmental conditions spanning
several years or more.

Guyuan is located in the typical Loess hilly and gully re-
gion and is facing severe agricultural land abandonment.
This study adopts a multi-level stakeholder analysis frame-
work and uses multiple sources of data to carry out a mul-
ti-spatial-temporal scale assessment within this research
background, and then the drivers of agricultural land aban-
donment are further explored. The aim is to provide support
and references for developing a regional sustainable land
management strategy by comprehensive factor analysis
from the farmers’ perspectives. This study has two specific
objectives:

(1) To promote a combined multi-spatial and multi-temp-
oral analysis to realize a comprehensive understanding of the
driving mechanisms of farmland abandonment by farmers;

(2) To explore the social, economic, and natural factors
of farmers’ abandonment behaviour in Guyuan in order to
support land-use management decisions.

2 Materials and methods
2.1 Study area

2.1.1 General information

Guyuan is located on the northwestern edge of the Loess
Plateau in China and belongs to the Ningxia Hui Autono-
mous Region (Fig. 1). It lies in the east longitude range of
105°19'E to 106°57'E and the north latitude range of
35°14'N to 36°31'N (Guyuan Bureau of Statistics, 2019b).
Guyuan has a land area of 1.05x10* km?® of which the
farmland is around 8900 km®, accounting for 84.7% of the
total area. About 41.64% of the total area in Guyuan has a
slope greater than 15° (Xue and Zhen, 2018). Due to the
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hydraulic impact and cutting of rivers, this area has formed
typical hilly, gully, and fragmented geographical character-
istics. Since these geographic conditions are inferior for
living and farming, the Chinese government launched a se-
ries of ecological restoration projects. For instance, the
sloping land conversion program (SLCP) was implemented
in 2001 to convert cropland or barren land on steep slopes
into grasslands and forests. With the promotion of SLCP in
this area, the forested area in Guyuan has increased from
12.8% to 22.2%, and the grassland coverage rate has in-
creased from 35% to 73% (Guyuan Bureau of Forestry,
2015). The implementation of ecological restoration pro-
jects and the increasing grassland and forest land areas may
have potential benefits for precipitation. The annual average
rainfall in Guyuan has slightly increased in recent years,
reaching 538.16 mm in 2018, which represented an increase
0f 9.3% compared with the 492.2 mm in 2015 (DCRES-CAS,
http://www.resdc.cn/).

The annual GDP of Guyuan in 2018 reached 30.32 bil-
lion yuan, of which the added value of the primary industry
reached 5.8 billion yuan, an increase of 4.0% from 2017
(Guyuan Bureau of Statistics, 2019a). By the end of 2018,

the total population of permanent residents in Guyuan was
1.2 million, among which the rural population was 771100,
accounting for 62.07% of the total (Guyuan Bureau of Sta-
tistics, 2019a). The major crops in Guyuan are winter wheat
in rotation with summer maize and potato. These crops ac-
count for 48.0% of the total cultivated area, but the produc-
tion of local crops is limited. The average production levels
of wheat, maize, and potato in Guyuan are 2388.06 kg ha ',
5074.63 kg ha ', and 3731.34 kg ha ', respectively (Guyuan
Bureau of Statistics, 2019a), accounting for 44%, 83%, and
94% of the average production at the national level, respec-
tively (National Bureau of Statistics, 2019). The income of
local rural residents is lower than the national mean level. In
2018, rural residents’ per capita disposable income was
9556.7 yuan, which was 81.63% of the average autonomous
region level of 11708 yuan and 73.14% of the national av-
erage level of 13066 yuan (Guyuan Bureau of Statistics,
2019a).

Farmland abandonment has arisen as one of the severe
land-use problems in Guyuan. The specific area of aban-
doned farmland is hard to determine from remote sensing
images or statistical data; however, as estimated by local
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Location, land cover, and natural features of Guyuan and the representative study sites
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experts, about one-fourth of the farmland has already been
abandoned so far, and its trends are increasing severely
(Xue and Zhen, 2018). From the implementation of the
SLCP in 2000 until 2015, Guyuan has increased the area of
forest and grassland by 3.11x10° ha, of which 1.42x10° ha
was provided by the conversion of abandoned farmland and
wasteland (Guyuan Bureau of Forestry, 2015), which con-
tributed to the release of land abandonment. However, the
regions of that project are limited to steep slope areas, and
farmers’ participation is voluntary; thus, as the promotion
of the project progresses, the benefits of abandonment re-
lease are decreasing. For instance, in Damazhuang Village,
the abandoned farmland has been reduced from around
50% to 15% after SCLP, and the remaining area was
mainly abandoned due to drought or difficult accessibility.
In Maying Village, 10% of the farmland is abandoned,
mostly steep slope land; however, the residents of the vil-
lage have refused to participate in the SLCP, which has
increased the trend of farmland abandonment with no
means of control.

2.1.2 Representative field survey sites

There are four kinds of representative landforms in the hilly

and gully regions of Guyuan: valley plain, hills, tableland
and stony mountain. These regions are remote villages with
no convenient access to cities. We chose one village with
each kind of typical landform as the representative study
sites, as well as a typical peri-urban village to reflect the
impact of urban development (Table 1). Yanglang Village is
located in the valley in the northern part of Guyuan, and it
has relatively good irrigation and farmland conditions. No
more than 1% of its farmland has been abandoned due to the
difficulty of constructing irrigation infrastructure. Maying
Village is in the plateau hills region of western Guyuan,
with a broad range of steep slopes and undeveloped infra-
structure. Xiayuan Village is located in west Guyuan, with
tableland and hills, and around half of the farmland is lo-
cated in the tableland with suitable grades and good condi-
tions for machine working. Shengli Village is a stony
mountain village with limited farmland, and it is located in
the southern part of Guyuan within the Liupan Mountain
area. Damazhuang Village is a typical peri-urban village,
located in the central region of Guyuan, about 8§ km from
the town and with convenient transportation, leading to a
loss of farm labour in the area.

Table 1 Detailed information of the representative villages in Guyuan
Village Feature Slope ! Farmland abandonment situation Main livelihood
9 99.6% with slopes 85.0% of farmland is irrigated; abandonment is rare and ] 9
Yanglang Valley plain <50 BT ——— Mainly work in town
Mavin Plateau hills 72.6% with 10.0% of farmland is abandoned; abandonment is in- Mainly farming, part-time jobs
ying slopes >25° creasing due to accessibility challenges in town
Before SLCP, 20.0% farmland abandonment; Mostly farming and livestock
Xiavuan Tableland and 64.6% with slopes After SLCP, 14.3% farmland abandonment; bree di}rll withg ritelobein
yu hills <15° Farmers mainly living and farming on the tableland, but " & P J
abandoning the steep areas and faraway hill land own
65.8% with Before SLCP, 13.3% farmland abandonment;
Shengli Stony mountains slo. eso ~150 After SLCP, no farmland abandonment (replaced by tree ~ Mainly work in town
P nurseries and the forest economy)
Damazhuan Peri-urban 62.4% with slopes Before SLCP, 50.0% farmland abandonment; Mainly work in town (conven-
g village <5° After SLCP, 15.0% farmland abandonment ient transportation)

Note: ! Statistical data from questionnaires. The rate means the percentage of cultivated areas with the indicated slope condition. SLCP: Sloping Land Con-

version Program.

2.2 Methodology

We conducted participatory assessment workshops at the
Guyuan level, key informant interviews (KIIs) at the village
level, and questionnaire surveys at the individual level to
gather information on the differences at multiple spatial
levels. At the temporal level, besides the household ques-
tionnaire surveys conducted in 2016 in the representative
villages, we also collected continuous household survey
data from fixed peasant households from 2010 to 2016 as a
supplement for the temporal dimension. Using this data, we
analyzed the factors influencing the abandonment behaviour
of households in representative Loess hilly and gully re-
gions in Guyuan, Western China. Potential factors were
designated from three aspects, namely, social factors, eco-

nomic factors, and natural factors. We classified the results
of the three dimensions and found the key factors.

2.2.1 Participatory assessment workshop at the

Guyuan level

A participatory assessment workshop was conducted in May
2017 in Guyuan. We invited five government officers
working in the agricultural and natural resources department
in the Guyuan local government and five experts from local
universities who were familiar with the study site to partici-
pate in the assessment workshop. The professional back-
ground and general information of each participant can be
found in Appendix I. The topics of this workshop were the
farmland abandonment conditions in Guyuan so far, an as-
sessment of the possible impacts, the possible reasons for
abandonment, and the selection of representative villages
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for further quantitative questionnaire surveys.

2.2.2 Key informant interviews at the village level

KIIs were conducted in five representative villages selected
through the participatory assessment workshop. When
choosing the key informants, we balanced the village man-
agers and representative farmers and their work and living
experiences. Finally, we decided on one representative
farmer and two village managers (the village cadre). We
conducted a semi-structured interview with each informant,
which lasted around 1.5 h each. The interview content in-
cluded the farmland abandonment conditions in the village
and the possible drivers of abandonment, the likely trends
and reasons for farmland usage in the village, and the suita-
ble sample size for the village questionnaires to achieve
excellent and objective representation.

Through the KlIs, we could understand the background
of each village and the particular geographical and cultural
features of each village. The KlIs at the village level helped
us to achieve a good understanding of the results of drivers
obtained from household questionnaires and served as the
fundamental explanation for the drivers. Thus, the imple-
mentation of the KlIIs contributed to bridging the gap be-
tween the perspectives of the experts at the Guyuan level
and the household farmers at the individual level.

2.2.3 Questionnaires at the household level
Questionnaire surveys were conducted from 2 to 9 May
2017 through face-to-face interviews. The questionnarie
mainly contained two parts: basic information, and the deci-
sion to abandon the land and the reason. The basic infor-
mation included gender, age, main occupations, education
levels of household members, annual household income,
and farmland area and production. The willingness for land
abandonment part consisted of multiple-choice questions of
the factors impacting the household’s decision on land
abandonment and the possible thresholds influencing the
decision. We conducted a descriptive statistical analysis for
each factor of the three dimensions to determine their im-
pacts.

Four PhD candidates in relevant research fields conduct-
ed the questionnaire surveys to ensure the quality of the
questionnaires, and we also organized training sessions for
our research group. To improve efficiency, we sought assis-
tance from the key informants in each village for guiding
the tour. We ultimately collected 202 valid questionnaires in
Guyuan, with 49, 33, 37, 40, and 43 in Yanglang Village,
Maying Village, Xiayuan Village, Shengli Village, and
Damazhuang Village, respectively.

2.2.4 Time series of the household survey

The time series of household sample data was in the range
of 2011 to 2016. These data were obtained from household
survey data compiled and conducted by the Ningxia Hui
Antonymous Region survey Team of the National Bureau of
Statistics (2012-2017). With the continuous-time series and
large-scale sample survey data, this survey can be used as a

reference for scientific research and government strategizing.
It includes the household survey and agricultural survey
analysis reports, and sample survey data. It mainly includes
the labour transfer statistical data, grain production, house-
hold subsidies, consumption for agricultural production, etc.
The basic household information, employment condition,
and consumption data were all obtained through the house-
hold questionnaire surveys. The grain area and production
were obtained through sample surveys in representative
villages. The availability of regular time series data from
2011 to 2016 could contribute to the survey gap in the tem-
poral dimension. Based on these first-hand data, we could
conduct further analysis on the driving factors and changes
from temporal dimension.

3 Results

3.1 Classification of the factors affecting land
abandonment

Through the workshop with the experts, the drivers of land
abandonment were classified into the three dimensions of
social factors, economic factors, and natural factors. Social
factors include employment opportunities, grain subsidies,
and neighbours’ decision-making. Financial (economic)
elements include the output of cropland, price of grain, and
farming costs. Natural factors include two components. One
component is natural disasters, which are represented by
droughts and rat infestations. The other component is the
land condition, which is more important in the hilly and
gully regions, and thus has been refined into three subfac-
tors of road, slope, and topographic relief. The road factor
here is focused on the accessibility of the farmland. In the
remote villages of Guyuan, with a high percentage of steep
slopes and challenging topography, some farmlands are not
easy to access. The road conditions here can be artificially
described as three types. The first type is the common con-
dition, where at least concrete pavement leads to the farm-
land, so some cultivating machines can move into the farm-
land. The second type is the poor condition, where dirt roads
lead to the farmland, so farmers and livestock can still ac-
cess the land and do the farming. The third type is the se-
verely bad condition. Such farmlands are always located in
steep slope areas, and there is no way to access the farmland
directly. Farmers can carry out farming activities, but ma-
chines and irrigation instruments are difficult to use in these
conditions.

3.2 Social factors affecting land abandonment

Among the social factors, neighbours’ decision-making had
the most significant contribution for farmers' willingness to
abandon farmland. About 32% of the farmers said that if
more than 25% of their neighbours chose to abandon their
farmland, they might do the same. One possible reason for
this high percentage is the herd mentality of farmers. Even
though some farmers did not know the real reasons why
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their neighbours gave up their land, they were convinced
that there must be a rational reason and that following their
neighbors’ lead should be the right way. Another important
reason is that farmers believed that an increase in the aban-
doned farmland around their plot would possibly increase
the levels of wild animals and plants, which would threaten
or destroy their cropland and restrain the cultivation. Thus,
they could not farm as usual and would be forced to give up
their land. Some villagers living in relatively flat areas
pointed out that if their neighbours gave up their land, they
would like to rent those areas and conduct farming at a larg-
er scale to get more benefits. This kind of rural land transfer
would mitigate the condition of land abandonment (Xue and
Zhen, 2018). The next main impact factor was employment
opportunities. About 22% of farmers acknowledged that as
long as there were suitable job opportunities in the vicinity
of the village or county or beyond, they would like to get a
job and might give up on planting on some farmland since
they could not balance both simultaneously. In the past sev-
eral years, farmers have witnessed increasing income from
off-farm employment, with an annual increase of around
51.8% in Guyuan (Xue and Zhen, 2018). The number of
farmers choosing to work off-farm increased from 360 in
2010 to 479 in 2016 among the surveyed households, and it
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also showed an increasing trend (Ningxia Hui Antonymous
Region Survey Team of National Bureau of Statistics, 2012,
2017).

The preferable work location was outside the village but
within the county, and the proportion of off-farm jobs within
the county increased compared to all off-farm job locations,
from 28% in 2010 to 50% in 2016 (Ningxia Hui Antony-
mous Region Survey Team of National Bureau of Statistics,
2012, 2017). This trend was shown by an inclination of the
farmers to start working off-farm at a closer location to bal-
ance the energy needed to also work on the farm. The least
impactful factor was grain subsidies. The household grain
subsidy income in Guyuan was around 188.81 yuan in 2010
and accounted for 6.63% of the annual household income.
The average grain subsidy in Guyuan increased from 188.81
yuan in 2010 to 365.76 yuan in 2016. However, the average
yearly household income also increased from 2848.62 yuan
in 2010 to 10679.83 yuan in 2016. Thus, the proportion of
subsidies in terms of total household income was reduced
from 6.63% to 3.42% (Ningxia Hui Antonymous Region
Survey Team of National Bureau of Statistics, 2012, 2017).
As a result, on average, only 5% of farmers expressed the
desire to give up planting their land if the grain subsidy pol-
icy was abolished (Fig. 2).
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Fig. 2 Social factors affecting farmers’ decisions to abandon farmland
Note: The numbers 1, 2, 3, and 4 for each dimension indicate different degrees. In neighborhood impact dimension, 1: All, 2: Majority (75%), 3: Half (50%),
4: Minority (25%). In employment dimension, 1: Village, 2: County, 3: Town, 4: Any kinds. In subsidy dimension, 1: 10 yuan, 2: 15 yuan, 3: None.

From the perspective of different representative villages,
the influences of social factors were diverse. They were
mainly related to the other behaviours of farmer households

caused by the various landforms and locational environ-
ments of the cropland. In Maying Village, the neighbours’
decision-making had the most significant impact (55%). The
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reason is that this village is located in the hilly mountainous
areas, where village roads are underdeveloped, and the in-
formation communication and transportation are relatively
inaccessible. Farmers make decisions primarily through
discussions among the neighboring villagers. For instance,
according to the KIIs results for village managers, the policy
of the SLCP was promoted in the village. However, while
more than 88% of the land in Maying Village met the re-
quirements of the program, the entire village chose not to
participate in it because of the influence of a certain propor-
tion of conservative villagers so that a large amount of
sloping farmland is still preserved. The site least affected by
social factors was Xiayuan Village. around half of the land
in Xiayuan Village is tableland, where machines can be used
for high-efficiency farming. Therefore, the farmers have
extra time to work and receive education in the town at the
same time. According to the statistics from the question-
naires, the average level of education of adults at junior high
school or above in Xiayuan Village was 48.6%; therefore,
the land use decisions there are more objective and less af-
fected by neighbourhoods, subsidies, and new employment
opportunities.

3.3 Economic factors affecting land abandonment

Among economic factors, the impact of cropland production

0.60

on farmers’ farmland abandonment willingness was rela-
tively significant (Fig. 3). About 31% of farmers believed
that when the output of cropland falls below the input, they
may give up farming, while the remaining 69% of farmers
still held the view that cropland is the fundamental guaran-
tee for their livelihoods; so regardless of the harvest level, it
would be better to keep farming than give it up completely.
The second-largest impact factor in the economic dimension
was farming cost. According to the household survey,
household expenses for agricultural production were in-
creasing slightly, as the average household cost increased
from 785.3 yuan in 2010 to 874.1 yuan in 2016, for an in-
creasing rate of 11.3%. But combined with the rapid growth
of household agricultural income, the proportion of agricul-
tural expenditure to income decreased from 66.5% in 2010
to 35.3% in 2016. Thus, the farming cost is an impact factor
for farmland abandonment, but the threat is not very severe.
About 27% of farmers believed that when the farming cost
far exceeds their tolerance, for instance, more than two
times the present cost, they may choose to abandon farming.
Finally, the least prominent factor in the economic dimen-
sion was the price of grain. About 25% of farmers believed
that if the cost of grain becomes too low, they may give up
planting, but some farmers stressed that they would choose
other crop types and continue cultivating.
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Fig. 3 Economic factors affecting farmers’ decisions to abandon farmland
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The village most strongly affected by multiple economic
factors was Shengli Village (with an average affected pro-

In production dimension, 1: <5970 kg ha

!, 2:5970-11940 kg ha™", 3: >11940 kg ha™.

portion of 46%), followed by Maying Village (31%),
Damazhuang Village (30%), and Yanglang Village (27%);
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while the impact on Xiayuan Village was the smallest (5%).
Despite all of the economic factors affecting Xiayuan Vil-
lage, the farmers stressed that planting would not restrain
their off-farm work outside the village, and the villagers
were inclined to plant organic vegetables and food in their
plots to improve their quality of life. Therefore, the eco-
nomic benefits of cropland do not generally affect the deci-
sion-making of land abandonment.

3.4 Natural factors affecting land abandonment

3.4.1 Land conditions affecting land abandonment

The average degree of the impact of land conditions on
farmers’ choices of farmland abandonment decreased in the
order of roads (on average, 36% of farmers in Guyuan were
affected by the road factor) = slope (on average, 36% would
be affected by slope factor) > topographic relief (on average,
26% would be affected by the topographic relief factor).
Shengli Village was the most sensitive for land condition
factors, as 53%, 63%, and 53% of the surveyed farmers
would choose to give up farming with land conditions of
tremendous topographic relief (e.g., the need to cross the
mountain), no available path, and slopes above 25°, respec-
tively. The second most strongly affected village was May-
ing Village. Nearly half of the farmers thought that the road
(45%) and slope (48%) would affect their decision-making.
Only four and eight households in Yanglang Village ex-
pressed the impact of topographic relief and slope, respec-
tively, while five and three households in Xiayuan Village
also indicated the effect of topographic relief and slope,
respectively.

3.4.2 Natural disasters affecting land abandonment

In general, natural disasters had little impact on farmers’
abandonment behaviour (Table 2). Only 34 households
(around 17% of surveyed households) and ten households
(approximately 5% of surveyed households), respectively,
believed that only after droughts and rat infestations oc-
curred for more than five years would they consider giving
up their farming.

Table 2 Impacts of natural hazards on farmers’ willingness
to abandon farmland

Drought Rat infestation
Village
Households Proportion (%) Households Proportion (%)

Yanglang 5 10 1 2
Maying 8 24 3 9
Damazhuang 6 14 3 7
Shengli 13 33 1 3
Xiayuan 2 5 2 5
Guyuan 34 17 10 5

On the one hand, due to the frequent occurrence of
drought, farmers are well prepared and can resist drought.
For example, in Xiayuan Village, where around 5% of

farmers can be affected by drought, the Village Committee
organizes the farmers to purchase grain insurance in order to
collectively protect the land revenue; thus, the negative im-
pacts of drought are still decreasing. On the other hand,
even if there has been a continuous drought for many years,
farmers still expect that there will be no drought in the next
year. So, while they would likely choose to reduce the
number of sowings or change the type of seeding, they gen-
erally would not quickly abandon farming due to natural
disasters. Drought turned out to have a relatively high im-
pact on Shengli Village (33%). Due to the small amount of
land owned by farmers in Shengli, the effect of years of
drought would be more likely to change the farmers’ way of
making a living, for instance, the cultivation of nurseries.
According to the KlIs, although there is no statistical data
which reflect rat infestations, rat infestations have decreased
during these years due to the SLCP and other ecological
recovery projects. Thus, rat infestations may affect farmers’
choices less at present.

3.5 Comprehensive analysis of the three aspects of
farmland abandonment factors

The results from Xiayuan and Yanglang villages indicated a
less affected ratio for the farmland abandonment issue
(Fig. 4). The effect of the land condition is reduced because
the farmland in these villages has flat terrain and is located
in high-accessibility areas. As a result, more than 61% of
farmers believed that none of the land condition factors of
the plots would lead to the choice of abandonment.

1.20 = Social = Economic = Natural

1.00
0.80
0.60
0.40
0.20
0

Impact ratio

Yanglang Maying Damazhuang Shengli Xiayuan

Fig. 4 The three aspects of farmland abandonment factors
in five villages

The most easily influenced to abandon their farmland are
the villagers in Shengli and Maying villages, especially
while facing natural factors. Shengli Village and Maying
Village are located in the rocky mountainous area and hilly
mountainous area, respectively. More than 75% of the
cropland is sloping land. Therefore, in the cultivation of
land in these two villages, the inconvenience of roads and
the steepness of the cropland were influential to local farm-
ers, and hence, these villages were the most sensitive group.
According to the analysis of KlIs, after implementing the
SLCP in Shengli Village, the preserved cropland was lim-
ited and the per-capita cropland area was only about 0.1 ha
person . As a result, the income from cropland is not the
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main source of household income anymore. In recent years,
the introduction of planting nurseries has produced good
economic benefits, further reducing farmers’ dependence on
cropland. Therefore, the harmful economic effects brought
by the existing limited and inefficient cropland led to the
most significant impact on farmland use choices in Shengli
Village.

4 Discussion

4.1 Three aspects affecting farmland abandonment
in the Loess hilly and gully region

The most important social factor is the neighbours’ deci-
sion-making. As we gathered from the testimony of farmers,
the possible reasons are the herd mentality and adverse ef-
fects on their land of farmland abandonment around their
land. Some studies point out that when neighbours abandon
their farmland, other farmers will probably take it over and
work it together with their original farmlands to reach spe-
cific scale effects. We also collected information from a
limited number of farmers in relatively flat areas of Guyuan
who held this view. However, according to the hilly and
gully landform and relatively poor education in this region,
although transportation is developing, the access and infor-
mation on off-village or off-farm are still far from ideal
(Zhang et al., 2008), especially for the older generation,
which is the leading group that is still working on farms.

Employment opportunities with more income has be-
come a key factor for land abandonment. On the one hand,
with the attractive effect of employment opportunities, few-
er young people in rural areas want to stay in farming, fur-
ther promoting farmland abandonment. A study in Jiangxi
Province stressed the increasing opportunity costs of farm-
ing labour, locations of farms far from the villages and
towns, and farmers with more land but lower net income as
the main reasons for farmland abandonment (Xie et al.,
2014). On the other hand, the implementation and introduc-
tion of the SLCP and a coordinated labour transfer policy
have led farmers in Guyuan to gradually become inclined to
work off-farm. Some studies have addressed the decline of
agricultural labour might be the direct cause of land aban-
donment (Li and Li, 2017). As we found in this research, the
number of farmers choosing to work off-farm is increasing.
This observation seems to agree with the authority’s expec-
tation to reduce the reliance of farmers on their land and to
improve the transfer of labour toward nonfarming activities
to ultimately improve their income, although this approach
may not always work in other sites in China. In addition,
some research has also pointed out that the agricultural la-
bour force is shrinking and ageing.

Farmland abandonment is particularly problematic in
mountainous and semiarid areas, where the low productivity
and land degradation occurs along with soil or climate con-
ditions that are unfavourable for agriculture. In Europe, land
abandonment represents one of the major land cover and

land use changes since the 19th century, and land abandon-
ment has mainly happened in mountainous areas and semi-
arid environments (Lasanta et al., 2017; Dolton-Thornton,
2021). In our research, the villages located in the rocky and
hilly mountainous areas also show significant effects of land
condition on farmland abandonment.

4.2 Analysis of factors affecting farmland
abandonment

Agricultural land abandonment is a prominent global
land-use change phenomenon. Farmland abandonment has
received research attention since the early 1990s, but most
of the research has been published only in the last decade,
especially for Asian countries (Subedi et al., 2021). Land
use activities are integral to the interrelated environmental,
economic, and institutional systems, and farmland aban-
donment results from multiple driving forces. Within the
same landform unit, different villages, different types of
rural households, and different plots were found to have
additional risks and extents of farmland abandonment (Li
and Li, 2017). Research in other regions for different peri-
ods would have different kinds of classifications and views
of the driving factors. For instance, Castillo combined the
many factors that drove agricultural land abandonment into
three groups, related to biophysical, agricultural so-
cio-economical, and demographic and geographic factors, to
model agricultural land abandonment in the EU (Perpina et al.,
2021). Meyfroidt’s research characterized the socio-economic
determinants of farmland abandonment to reveal the
trade-offs associated with abandoned cropland in European
Russia, western Siberia, Ukraine and Kazakhstan—the re-
gion where the vast majority of post-Soviet farmland aban-
donment took place (Meyfroidt et al., 2016). The most fo-
cused factors were found to include labour conditions, land
conditions, and economic conditions mainly extracted from
the social, natural, and economic dimensions. In our re-
search with the participatory experts’ workshop, we ulti-
mately defined three possible dimensions according to the
local constraints, refined each dimension into several indi-
cators, summed up the features of farmers’ willingness for
each dimension, compared different characteristics among
five different villages, and, finally, examined the other im-
pacts of each driving factor. This kind of refined research
could potentially contribute to better local, sustainable land
management strategies.

4.3 Limitations and the way forward

Our study has some limitations. The household survey data
of our research in 2017 and of the Ningxia Hui Antonymous
Region Survey Team of the National Bureau of Statistics did
not use the same kinds of household sample groups. Alt-
hough we only employed the statistical data to draw back-
ground information, this approach is somewhat insufficient
or not as good as using the same household sample group to
conduct continuous surveys. Furthermore, the thresholds for



XUE Zhichao, et al.: Why Do Farmers Abandon Their Farmland in the Loess Hilly and Gully Region? A Case Study in Guyuan, Western China 565

each factor can help policymakers to develop land-use
strategies, but in this research, they were not explicitly ex-
tracted; so this aspect needs further analysis and research in
the future.

5 Conclusions

We comprehensively explored the potential factors affecting
farmers’ land abandonment choices by combining multiple
levels of stakeholders and multiple sources of data to carry
out a multi-spatial-temporal scale assessment. We analyzed
the mechanisms potentially involved in the abandonment
behaviour of households in the Loess hilly and gully regions
in Guyuan, China. We classified the factors influencing land
abandonment into three dimensions, the social, economic,
and natural dimensions. Among the affecting social factors,
the influence of neighbourhoods turned out to be the most
significant, while the subsidy for grain was the least influ-
ential. In the economic dimension, land production, farming
cost, and grain price of the current year affected farmers’
choices to a similar degree. Still, this dimension’s influence
varied according to the landform conditions of different
villages. The main natural factors included road accessibility,
slope, and terrain relief, and farmers living in hilly and
mountain areas were more sensitive to biological factors.
The study provides comprehensive knowledge about the
trade-offs associated with land abandonment and local
stakeholders in the Loess hilly and gully region of China,
and provides the reference for possible pathways to halt the
negative impacts. In addition, based on the current analysis
of the mechanism of farmland abandonment and the identi-
fication of regional impact factors, it is possible to construct
a statistical and spatial simulation model for the prediction
and evaluation of the abandonment scale, temporal and spa-
tial evolution process, and the risk of land abandonment.
These spatial simulations and predictions have attracted less
attention so far, but would be useful for political reference.
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