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Abstract: The cultivation of mountainous land results in water loss and soil erosion. With rapid
urbanization and industrialization in China, labor emigration relieves the cultivation of moun-
tainous areas in regions with high poverty and leads to a significant land use transition. This
research built an analysis framework for “land use transition — driving mechanism — effects —
responses” for mountainous areas of China undergoing land use transition and then proposed
the direction of mountainous land consolidation. The results showed that the turning point of
land use morphology was the core of rural land use transition in mountainous areas. The
expansion of cropland and the contraction of forestland have transitioned to the abandonment
of cropland and the expansion of forestland; this transition was the main characteristic of the
dominant land use change. Land marginalization and land ecological functional recovery
were the main characteristics of the recessive land use transition in mountainous areas. So-
cioeconomic factors were the primary driving forces during land use transition in mountainous
areas, with labor emigration being the most direct force. The rising costs of farming and the
challenging living conditions causing labor emigration were fundamental driving forces. Rural
land use transition in mountainous areas reduced the vulnerability of the ecological function of
land ecosystems. The advantages and disadvantages of the socioeconomic effects should
focus on rural development of mountainous areas as well as the livelihood of farmers; this
should be further supported by empirical and quantitative research. Rural land use transition
of mountainous areas improves natural restoration and is related to socioeconomic devel-
opment. Rural land consolidation of mountainous areas should conform to land use transition,
with the goal of shifting from the increase of cultivated land to the synergies of ecological and
environmental protection.
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1 Introduction

In a traditional agricultural society, farming is the main source of livelihood for farmers,
thus is extremely important for their everyday life. Farmers first reclaim fertile plain land,
followed by the reclamation of relatively barren land in hilly and mountainous areas when
plains are not enough to support the increasing population (Zeng et al., 2011; Zhang et al.,
2016). However, excessive reclamation of land in mountainous areas has negatively im-
pacted both resources and the environment, such as causing water loss and soil erosion (Han
et al., 2008; Wang, 2010). In the current process of transformation from an agricultural soci-
ety to an industrial, urban society in China, there are opportunities for farmers to join non-
agricultural sectors. Livelihood diversification has become the main employment hallmark
of farmers (Yan et al., 2009; Li et al., 2012). Because of the poor natural resources, fragile
ecology, and remote location of mountainous areas in China, these are often places with a
concentrated area of poverty (Liu and Li, 2017). The farmers in mountainous areas are typi-
cally subsistence farmers by relying on land resources, but cannot improve their level of
wealth. To seek better sources of livelihood, a large part of the rural labor force in moun-
tainous areas has migrated to nonagricultural sectors in cities and towns (Wang et al., 2012;
Zhang et al., 2015). The human disturbance of land has been relieved with the emigration of
the rural labor force out of the mountainous areas (Tian et al., 2010a), which has driven a
significant land use transition and led to a series of socioeconomic and ecological effects (Li,
2008).

The theory of land use transition introduces the concept of land use morphology and fo-
cuses on the trend of land use morphology over the long-term. This new approach has been
used to comprehensively study land use and cover change (Long and Li, 2002; Long, 2012;
Qu et al., 2017; Song, 2017). Suburban areas and mountainous areas are regions that face
strong changes in rural land use and cover change in the process of industrialization and ur-
banization (Zhang, 1999; Qu et al., 2005; Zhang et al., 2005; Wu and Yang, 2008; Li and
Zhao, 2011; Zhang et al., 2016). Different from the non-agriculturalization of rural land in
suburban areas, the emigration of the rural labor force leads to distinct changes in rural land
use, including the abandoning and marginalization of cultivated land (Hao ef al., 2015; Shao
et al., 2015; Lv et al., 2017), abandoned homesteads (Liu et al., 2009; Song et al., 2013),
and the expansion of forestland and restoration of natural vegetation in mountainous areas
(Li, 2008; Li and Zhao, 2011). Therefore, it is necessary to clarify the connotation, complex-
ity, and trend of rural land use transition in mountainous areas of China. This research pro-
poses policy to promote the sustainable development of mountainous areas and respond to
the construction of ecological civilization, which was proposed by the Chinese government
in the 18th national congress of the Communist Party of China in 2012, aiming at harmoni-
ous coexistence, virtuous circle, and all-round development.

Based on constructing a hypothesis of rural land use transition in mountainous areas, this
paper systematically analyzes the laws of rural land use transition in mountainous areas in
China from three aspects: the characteristics, driving forces, and effects of land use transi-
tion. Then, this paper examines the current land reclamation projects occurring in moun-
tainous countryside and proposes improvements. In addition, the data presented in this paper
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could deepen the understanding of the theory of land use transition and provide scientific
policy suggestions for the formulation of land reclamation in mountainous countryside.

2 Scientific hypothesis of rural land use transition in mountainous areas

Research on land use transition started in the 1990s and was first proposed by Grainger in
the study of land use in forestry-dominated countries (Grainger, 1995a; 1995b). Later, other
studies have applied this field of research to China (Long and Li, 2002; Long, 2012; Long,
2015). Long pointed out that land use transition is driven by socioeconomic change and in-
novation; it is a process when regional land use morphology changes from one form to an-
other in a period corresponding to the transition of socioeconomic stages (Long, 2012). Land
use morphology is the core research component of land use transition (Long, 2012; Qu and
Long, 2017) and represents the dominant morphology of land use quantity, spatial structure
attributes, and the recessive morphology of land use attributes such as quality, mode of land
use management, and land use input-output (Long, 2012). The dominant and recessive
morphologies of land use interact and decouple with each other to reveal the multidimen-
sional, complex, and comprehensive characteristics of land use transition. From the perspec-
tive of socioeconomic change and land use morphological change, this paper identifies the
scientific connotation of land use transition in mountainous countryside (Figure 1).
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The mountainous area is an open and interconnected social ecological system with vul-
nerability and complexity of its characteristics. The development of agriculture in moun-
tainous areas of China originated from the immigration and reclamation of mountainous ru-
ral land by farmers who lost their land in the plains (Han and Zhang, 2009). In the traditional
agricultural era, with the passage of time and population growth, the reclamation and utiliza-
tion of land by farmers followed the spatial pattern of plain, hilly and mountainous areas
(Zhang et al., 2016). At the same level of input, the output of cultivated land in the moun-
tainous area is far less than that of the plain. Expanding the area of cultivated land has be-
come an important means for the farmers to sustain their livelihood. Therefore, the forest-

Figure 1 Theoretical framework of rural land use transition in mountainous areas

land in the mountainous areas was gradually reclaimed for use as cultivated land (Zeng et al.,
2011). However, the natural conditions, such as climate, hydrology, soil, and topography in
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mountainous areas, are vulnerable and poor-quality, thus excessive reclamation of moun-
tainous rural land leads to negative ecological effects such as deterioration of vegetation and
soil erosion (Han et al., 2008). Therefore, the reclamation of rural land in mountainous areas
and the environmental problems caused by it are the embodiment of the increasing contra-
diction between humans and land in an agricultural society.

Driven by rapid industrialization and urbanization, it is now not necessary to produce
food in mountainous areas. The socioeconomic factors in mountainous countryside have
undergone dramatic changes, such as the emigration of labor, the loss of education and
medical resources, the hollowing of industry, and the depression of the economy. Driven by
the external changes of industrialization, the innovation of urbanization, and the internal
changes of socioeconomic factors in mountainous countryside, the artificial disturbance of
rural land in mountainous areas has been alleviated, causing significant changes in land use
morphology. The reclamation of cultivated land and the contraction of forestland in an agri-
cultural society have evolved into the abandonment and marginalization of cultivated land,
the expansion of forestland, and the restoration of natural vegetation. The above changes in
land use morphology constitute the land use transition in mountainous countryside. Land use
transition is the response of the land use system to the comprehensive role of socioeconomic
development and the evolution of the ecosystem; it is in line with the general trend of so-
cioeconomic development and ecosystem evolution. Therefore, the influence of the land use
transition is decisive (Song, 2017). It is precisely because of this decision that land use pol-
icy to boost the development of the economy and the optimization of the ecosystem is based
on accurately grasping the characteristics, mechanism, and effects of land use transition in
mountainous countryside.

3 Characteristics of rural land use transition in mountainous areas

Land use transition is the change of land use morphology (Grainger, 1995b; Long and Li,
2002). Through the analysis of the turning point trends of the dominant and recessive land
use morphology in mountainous countryside, the exploration of the characteristic index, and
measurement of the land use transition, this paper concludes the characteristics and objec-
tives of land use transition over the process of the evolution of an agricultural society to an
industrial, urban society in mountainous countryside (Table 1).

Table 1 Characteristics of land use transition in mountainous countryside

Land use Characteristic Characteristic Connotative
transition attribute index diagnosis
Change of quanti- The area of land and its proportion, the Farmlanq evolved from continuous
. reclamation to abandonment, and for-
. tative structure rate of abandoned farmland, forest and .
Morphological estland changed from continuous con-

/use conversion grass coverage

transition of
dominant land
use

traction to restorative growth
The terrain gradient of arable land
abandonment, the terrain gradient
covered by forest and grass, landscape
morphological features of land use
Input-output index, average actual
farming area, average labor input

Farmland abandonment and natural
vegetation restoration occurred in poor
land with steep slope and thin soil

Change of spatial
layout

Change of land use
intensity

The land pressure index decreased, and

Morphological land marginalization took place

transition of Production capacity of biological prod- The ecological function of land con-

recessive land
use

Change of land
function

ucts, proportion of productive land use,
supply capacity of ecological products,
proportion of ecological land

verted from degradation to recovery;
the important production function of
land is relatively low
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3.1 Characteristics of morphological transition of dominant land use in mountainous
countryside

The abandonment of cultivated land (Mac et al., 2000; Zhang et al., 2014a; Zhang et al.,
2014b; Li and Li, 2016) and homesteads (Liu et al., 2009; Song et al., 2013), as well as the
sustained expansion of the forest (Yamada ef al., 2007; Li and Zhao, 2011) are the most ob-
vious changes in the dominant morphology of land use in Chinese mountainous countryside
during the process of industrialization and urbanization. The abandonment of cultivated land
in mountainous areas is a new change in the relationship between humans and land within
the connotation of land use transition in China. Many countries and regions have shown that
large areas of farmland have been abandoned in hilly and mountainous areas (Clay et al.,
1998; Holden et al., 2004; Zhang et al., 2011). The survey data from the Agricultural Minis-
try of Japan showed that the rate of abandonment of cultivated land in mountainous areas
was approximately three times higher than that in plains (Li and Li, 2016). Cultivated land
abandonment is also widespread in mountainous areas in China, especially in the southwest
and northwest mountainous areas (Table 2). According to a previous investigation, the rate

Table 2 Characteristics of land use transition in mountainous countryside of China

Contents of land

. Region Characteristics of land use transition
use transition
In 2011, the abandonment rate of farmland in Wulong County, Chongqing,
was 12.8%, and the abandoned proportion of villages in middle and high
. mountain areas was 20% (Zhang et al., 2014).
Mountainous
areas in The abandonment rate of farmland in three counties, Shizhu, Wushan, and
Chongging Youyang, of Chongqing in 2011 were 14%, 19.9%, and 19.2% respectively;
the average abandonment rate was 18%, and the abandonment rate (20.4%) in
dry land was higher than that of the paddy field abandoned (11.5%) (Shi and
Xu, 2016).
Mountainous From 2008 to 2009, the abandonment rate of farmland, especially sloping
areas in south-  fields and dry land, was 37.5%, while less irrigated land was abandoned (Tian
Farmland ern Ningxia et al., 2010b).
abandonment . In 2014, the abandoned land of Mizhi County in 2014 accounted for 32.54%,
Mountainous K . . . .
. which was mainly distributed in the sunny side and large slope area of the
areas in . L . .
Shaanxi mountain, and the possibility of farmland abandonment in the sunny side was

Homestead idle
and abandoned

Forestland
expansive

Whole country

Typical vil-

lages in China

Chonggqing

Three Gorges
Reservoir area

Whole country

greater than that in the shaded hillside (Song et al., 2016).

13.5% and 15% of the agricultural land was in idle state, respectively,
through the investigation of 29 provinces and 262 counties and cities in the
country in 2011 and 2013 (Li and Li, 2016). During 2014-2015, the aban-
donment rate of farmland in mountainous counties was 14.32%, showing a
distribution pattern of “south-high and north-low” at the provincial level. The
abandonment rate for the Yangtze River Basin was the highest, while that for
the northeastern mountainous area was the lowest (Li et al., 2017).

The average hollowing rate of the typical villages in China was 10.15% in
2010. The hollowing rate (12.24%) of homestead in mountainous countryside
was higher than that of the plain area (9.91%) and hillock area (5.86%) (Song
etal.,2013).

The forest coverage rate in Chongqing increased from 23.1% in 2000 to
42.1% in 2012, among them, the contribution rate of barren hills and waste-
land to farmland area was 40%, and the conversion of farmland to forest was
28% (He et al., 2016).

The proportion of forest area in the Three Gorges Reservoir area increased
from 54.66% to 55.05% from 1992 to 2012 (Shao et al., 2014).

During 1980-1990, forestland area has changed from continuous reduction to
restorative growth in China, and conversion of farmland to forest and closed
forest played an important role (Li and Zhao, 2011).
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of cultivated land abandoned in four villages in the mountainous area of Chongqing reached
90.71% in 2012 (Chen et al., 2016). Sloped and dry cultivated land in mountainous areas is
first abandoned (Tian et al., 2010b). Dry land abandonment in the mountainous area of
Shizhu County, Chongqing, accounted for 83.99% from 2001 to 2011 (Shao ef al., 2014).
Rural homestead and cultivated land are important types of land use transition in rural China
(Long and Li, 2012). Currently, in mountainous countryside, because of the emigration of
the labor force, many idle and abandoned homesteads are present (Yang et al., 2012; Feng
and Du, 2016). Compared with plains and hilly areas, the hollowing rate of rural homesteads
in mountainous areas is the highest (Song et al., 2013). The restoration of forestland is ac-
companied by the process of abandoning cultivated land and homesteads caused by the emi-
gration of the labor force from mountainous areas. These are important characteristics of the
morphological transition of dominant land use in mountainous areas (Wang et al., 2015).
The ultimate form of cultivated land abandonment is that cultivated land withdraws from
agricultural production. The semi-natural artificial ecosystem gradually succeeds to a natural
system, and then the natural vegetation coverage restores in mountain areas (Li and Zhao,
2011). “Forest transition,” follows the pathway from the restoration of degraded forestland
to secondary forest, the ecological integrity of the secondary forest is further improved, the
degraded original forest is restored to the original forest, and the marginalized cultivated
land is converted into secondary forest (Shao et al., 2014).

At present, from the perspective of the reforestation policy caused by ecological degrada-
tion or natural vegetation recovery caused by emigration of the labor force, scholars explain
that forestland areas in mountainous countryside have changed from continuous atrophy to
restorative growth and there is a turning point. This reveals the trends of land use transition
in mountainous areas (Mather, 1992; Mather, 2007; Li and Zhao, 2011). However, the con-
cept of “forest transition” cannot cover the mountainous area, which is a geographical con-
tinuum. Although measurement of the change of forest area can reveal the characteristics of
land use and cover change in mountainous areas, it cannot fully reflect the scientific conno-
tation and transition trend of rural land use in mountainous areas. Behind the dominant
morphological transition, such as farmland contraction and forest expansion, more complex
recessive morphological transitions have occurred in mountainous areas, indicating that the
land input and intensity decreased and the ecological function of the land was restored.

3.2 Characteristics of morphological transition of recessive land use in mountainous
countryside

Morphological transition of recessive land use in mountainous countryside can be classified
as cultivated land marginalization and restoration of ecological functions. Cultivated land
marginalization is a rapid change of land use pattern in mountainous countryside (Zhang ef
al., 2014; Shao et al., 2015), and the net income of cultivated land utilization ranges from
greater to less. The form of cultivated land marginalization is the decrease of labor input and
degree of land use intensity (Liu and Li, 2005; Deng et al., 2016). Cultivated land with poor
quality, remote location, and low productivity is most likely to be marginalized (Tian et al.,
2010b). With the further development of industrialization and urbanization in China, the
possibility of marginalization of sloping cultivated land in mountainous areas is becoming
higher (Li and Zhao, 2011). In addition, the transition of land use functions is also a promi-
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nent feature of morphological transition of recessive land use in mountainous countryside
(Song, 2017), indicating the weakening of the productive function of the land and the pro-
motion of land ecological function. In an agricultural era, the demand for productivity of
cultivated land is high, thus the land was continuously cultivated in mountainous areas and
the land input was increased, which led to the further degradation of the fragile ecosystem of
mountainous areas. With the accelerated process of industrialization and urbanization, farm-
ers have new sources of livelihood and the demands for the productive function of cultivated
land is reduced in mountainous areas, leading to the abandonment of farmland, the restora-
tion of natural vegetation, and the recovery of the ecological function of the land.

At present, research focuses on morphological transition of dominant land use in moun-
tainous countryside; the impact of farmland abandonment is especially studied, which relates
to the key area of land resource management in China: the protection of cultivated land. The
morphological transition of recessive land use in mountainous countryside is not easily rec-
ognized, but it can reflect the deep-seated problems of land use and cover change of moun-
tainous areas; therefore, it is the future focus of the study of land use transition in moun-
tainous countryside. More attention should be paid to the recessive morphology of land use
in mountainous countryside. The morphological transition of recessive land use is the key to
policy and institution innovation and improving land management. It is also the foundation
for enhancing the scientific nature of the decision-making processes related to land resource
management in mountainous areas.

3.3 Characteristics and measurement of land use transition in mountainous country-
side

Land use morphological indexes and measurement are the premise for analyzing the charac-
teristics of land use transition. Currently, the measurement of land use transition adopts the
measurement of land use/cover change (Table 3) based on land use structure and other do-
minant morphological indicators. However, the recessive morphological indexes have not
been sufficiently considered. The dominant transition of land use in mountainous areas is
embodied in the gradual withdrawal of land use types, such as those impacted by human
disturbance, while the recessive transition showed the marginalization of cultivated land and
the restoration of its ecological functions. The morphological transition of recessive land use
(functional morphology) promotes the development of the mountain ecosystem. Thus, the
connotation of land use transition in mountainous countryside should be deeply understood
under the guidance of the comprehensive research concept of geographical structure and
function. In addition, the dominant morphological indexes of land use could be extracted
from the combined features of land use types, changes of its spatial distribution, and the
amount and spatial changes of land types with significant changes. The recessive morpho-
logical indexes of land use could be extracted from the perspective of reclamation intensity
and sequence of mountainous rural land, and the change of the demand for land use func-
tions by farmers. The characteristic indexes of land use transition are constructed by cou-
pling dominant and recessive morphology, and the complex indexes are quantified. Then,
systematic methods are used to measure the land use transition in mountainous countryside
(Guo et al., 2015; Li et al., 2015; Liao et al., 2015), and the characteristics of land use tran-
sition are explored from multiple angles and levels.
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Table 3 Measurement and characteristic index of land use transition

Index of land use morphology Measurement of land use transition Literature
The proportion of rural homesteads to total construction ~ Rural homestead/increase of Long, 2006
land (the change of single land use type in time series) construction land
Quantitative change of regional land use types in Dynamic degree of land use Guo et al., 2016
time series
Transfer of regional land use types Land use transfer matrix Chen et al., 2015; Liu

and Long, 2016

Spatial changes of production land use area/living land Gravity center model Lvetal., 2013
use area/ecological land use area
Transfer coupling of cultivated land and Correlation analysis, coupling Long and Li, 2012
rural homestead coefficient of cultivated land and

homestead change

Spatial changes of per capita cultivated land area and Moran’s [ index, Local Moran’s / ~ Xiang ef al., 2016
crop yield per unit of cultivated land index
Tertiary industrial gross output value and its change per ~ Tertiary industrial gross output Qu and Long, 2016
unit land area value in district under its jurisdic-

tion/the area of district under its

jurisdiction

4 Driving forces of rural land use transition in mountainous areas

Research on the driving forces of land use transition focuses on socioeconomic and natural
factors (Liu and Long, 2016), but it is believed that the driving force related to socioeco-
nomic factors is greater (Li, 2002; Chen et al., 2015). The intensity of land use transition in
mountainous countryside depends on the intensity of human activities. In the background of
rapid industrialization and urbanization, a large number of people making up the rural labor
force in the mountainous areas emigrate to the urban non-agricultural economic sectors.
Labor emigration reduces the artificial disturbance of rural land, alleviates the contradiction
between humans and land, and is the most direct driving force for the land use transition in
mountainous countryside (Li et al., 2015; Li and Li, 2016) (Figure 2). On one hand, the
emigration of the rural labor force in mountainous areas leads to the reduction of investment
into cultivated land, which shows the process of subleasing cultivated land for low rent or
even giving the cultivated land to others (Hao et al., 2015), making the cultivated land
“marginalized” (Li and Zhao, 2011). On the other hand, farmers have no time to cultivate the
farmland, redistributing the labor resources and leading to the abandonment of cultivated
land with lower quality, higher farming costs, and large tillage radius (He et al., 2016). The
area of abandoned cultivated land is positively related to the percentage of rural labor emi-
gration (Tian et al., 2010a).

The factors that lead to the emigration of the labor force, such as the rise of opportunity
cost in agriculture, the scarcity of natural resources, and the difficult living conditions, are
more fundamental driving forces of the rural land use transition in the mountainous areas (Li
and Li, 2016). At present, the opportunity cost of the rural labor force continues to increase.
The growth rate of the wages of ordinary laborers is three times higher than that of grain
prices (Xin ef al., 2011), which has prompted vast rural labor emigration. In 2004, a national
labor shortage occurred in China, and the “Lewis turning point” is coming. That is, the
turning point of the growth rate of labor demand exceeding the speed of labor supply, which
means that there is a rapid rise of labor costs in all sectors of the economy, especially in
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Figure 2 Mechanism of rural land use transition in mountainous areas

labor-intensive sectors (Li and Zhao, 2011). In this context, the phenomena of marginaliza-
tion and abandonment of cultivated land in mountainous areas will be more serious (Zhang
et al., 2014). The rural land use transition in mountainous areas is also closely related to the
scarcity of natural resources and the difficult living conditions in rural areas. To cope with
the loss of profits caused by the decrease in the labor force or the rising cost of farming,
those farming plain areas will use labor saving machinery to replace the increasingly expen-
sive agricultural labor. However, in the mountainous areas, the labor-intensive land use pat-
tern represented by sloping farmland is difficult to mechanize because of the natural condi-
tions such as non-continuous farmland, steep slopes, large tillage radius, and ecological fra-
gility. Thus, the gap of labor productivity of agriculture between mountainous and plain ar-
eas increases, also increasing the marginalization of cultivated land (Li and Zhao, 2011). In
addition, because of the influence of the steep terrain, inconvenient transportation, lack of
water source, and natural disasters in mountainous areas, farmers choose to move to areas
with improved infrastructure or settle in the city, which results in the abandonment of the
original rural settlement as well as nearby cultivated land (Shi and Li, 2013). In the future,
the analysis of natural and socioeconomic factors promoting labor emigration away from
mountainous areas should be strengthened. For example, because of the poor lifestyle and
remote location, a decrease has been observed in the regional economic development of
mountainous areas. Basic public service resources in rural areas have been lost due to the
withdrawal of schools and the centralization of medical services, leading to the emigration
of labor force and acceleration of rural land use transition of mountainous areas. In the fu-
ture, the unique natural and socioeconomic factors that promote rural land use transition in
the mountainous areas should be identified and quantified according to the framework of
“natural, socioeconomic driving factors — labor force emigration — land use transition.”
Besides the above socioeconomic and natural factors, policies have played an important
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role in the preliminary stage of rural land use transition in the mountainous areas of China
(Liu and Shao, 2016), and the driving force was the “forest scarce path,” the reforestation
policy forced by ecological degradation (Li and Zhao, 2011). Due to the fragile ecosystems
in China, the policy of returning farmland to forests was implemented in the 1980s to protect
and restore ecology. According to the data from the national forest resources survey, artifi-
cial afforestation contributed to a 50% increase of forest land in the past 30 years (SFA,
2009). The promotion of agricultural technology and the intensive use of high quality culti-
vated land has allowed for the production of more food on less cultivated land, thus margin-
alizing the poor quality cultivated land. That is, the continuous improvement of intensity of
high quality land in the plains crowds out farmland with poor quality in mountainous areas
and provides a driving force for rural land use transition in mountainous areas (Mac et al.,
2000).

5 Effects of rural land use transition in mountainous areas
5.1 Ecological effects of rural land use transition in mountainous areas

The rural land use transition in mountainous areas is conducive to environmental protection
and natural recovery, prompting the adaptation of the mountain ecosystem to the regional
water and temperature conditions. The morphological transition of land use in the 1980s
(representing the natural environment, the forest area declines to a valley and then the eleva-
tion increases) is the most direct reason for the change of ecological conditions from its
overall deterioration to its overall improvement (Li and Zhao, 2011). A large number of
studies have shown that the marginalization and abandonment of farmland is a reverse proc-
ess of its intensive utilization and will increase the coverage of vegetation, the soil infiltra-
tion rate, and the water capacity of the soil, as well as reduce the surface water flow (Mac et
al., 2000; La, 2004), reduce soil erosion, and improve the soil fertility in mountainous areas
(Molinillo et al., 1997; Liu and Shao, 2016). Some studies have discussed the marginaliza-
tion and abandonment of cultivated land in mountainous areas. The results show that, the
abandonment of ecologically fragile farmland has prevented further damage to the moun-
tainous ecosystem, and the pressure on the land has been alleviated (Yan et al., 2005; Li et
al., 2016). This is helpful for environmental improvement (Tian et al., 2010a; Guo et al.,
2015). Quantitative research has confirmed that farmland converted into forestland has made
the largest contribution to the improvement of the ecological environment in the mountain-
ous areas of southwest China (Li et al., 2016).

The ecological effects of rural land use transition in mountainous areas should focus on
ecosystem security of regional land. Vulnerability and ecological security barriers are im-
portant features of land use systems in mountainous areas. Excessive human activities and
land use will lead to the vulnerability of the ecosystem in mountainous areas, which is
caused by the input of external material and energy in the ecosystem. The barrier function of
the land ecosystem in the mountainous areas is reflected in the output of internal material
and energy, and it reduces the vulnerability of the ecosystem, thus providing security for the
regional ecosystem. The emigration of the rural labor force accompanies industrialization
and urbanization, which has significantly changed the input and output of the material and
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energy of the ecosystem in the mountainous area, which has promoted the barrier function of
the ecosystem and reduced its vulnerability. Further studies should be focused on the inte-
gration of the biodiversity index, soil conservation, water conservation, soil environment,
and the effect of the carbon source — sink resulting from land use transition in mountainous
areas. Also, to accurately grasp the evolution of the ecosystem security in mountainous
countryside, studies should analyze the input and output changes of material and energy of
the ecosystem.

5.2 Socioeconomic effects of rural land use transition in mountainous areas

As an important characteristic of rural land use transition in mountainous areas, the margin-
alization and abandonment of farmland reduces the area of crops, so in theory, it may have a
negative effect on the national grain security at the macro level, the development of the
mountainous countryside at the regional level, and the livelihood security of the farmers at
the micro level. However, based on previous research, the significance of food security is
more meaningful at the national level rather than at the regional and mountainous level (Li
and Li, 2016). China’s large-scale project of converting farmland into forest leads to a lim-
ited reduction of grain production (Xu et al., 2006), which is estimated to be only a 2%—-3%
reduction of grain production (Feng et al., 2005). This is because of the poor quality of cul-
tivated land in mountainous areas, its low productivity, and also the increase of land produc-
tivity of high-quality cultivated land in the plains, which will offset the reduction of grain
production in mountainous areas caused by the abandonment of cultivated land (Zhao et al.,
2016). This has been confirmed in Western Europe and the United States (Li, 2008).

In the aspects of the influence of land use transition on rural development in the moun-
tainous areas, the abandonment of cultivated land and homesteads indicates the decline of
the rural economy, which may negatively affect the sustainable development of the rural
mountainous areas. However, if we observe this at a larger regional level, the decline of the
rural economy in mountainous areas is a necessary process of socioeconomic development.
Because of the increase in land productivity and the development of an economy boosted by
industrialization and urbanization, the population carrying capacity in regions with fertile
farmland and superior location can be greatly improved, which provides the possibility of
alleviating the contradiction between humans and land in the mountainous areas. Therefore,
the decline of the rural economy in mountainous areas indicates the optimization of land use
pattern and the layout of socioeconomic factors at a regional level.

Considering the influence of land use transition on the livelihood security for farmers in
the mountainous countryside, previous studies have focused on the impact of the reduction
of agricultural income after cultivated land abandonment and marginalization (Li and Li,
2016). The paper considers that the gains from non-agricultural income caused by
non-agricultural employment of emigrants may make up for the loss of agricultural income.
As “rational economic man,” labor emigration is the spontaneous pursuit of farmers, which
has increased their income and the ability of sustainable livelihoods (Shi and Yang, 2011).
However, the advantages and disadvantages of the socioeconomic effects need to be sup-
ported by empirical and quantitative research (Lambin and Meyfroidt, 2010). Socioeco-
nomic effects should be integrated with ecological effects to explore the objectives of land
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use transition in mountainous countryside, with the focus on the promotion of an ecological
civilization and to accurately manage rural development in mountainous areas.

6 Enlightenment of land reclamation projects in mountainous countryside

The research of land use transition can provide theoretical guidance for land consolidation,
and land consolidation can boost the process of land use transition (Long and Li, 2006). At
present, land resource management departments have carried out land consolidation projects
including the exploitation of cultivated land reserve and the consolidation of rural residential
land, with the main purpose to increase the area of cultivated land. On the one hand, there is
hardly any cultivated land reserve in plain areas, thus cultivated land reserves in the moun-
tainous areas have to be exploited (Zhang, 2003; Zhou et al., 2014). On the other hand, the
compensation cost is too high for rural residential land converted into cultivated land in
suburban areas. Rural residential land consolidation in the mountainous areas is a main land
consolidation project to increase cultivated land (Zhang, 2016).

Nevertheless, due to the low qualify of the land resources and the fragile ecological envi-
ronment in the mountainous countryside, whether the exploitation of reserve cultivated land
resources or the consolidation of rural residential land, the quality and utilization of the cul-
tivated land cannot compare with suburban and the plain areas (Zhu et al., 2013). Besides,
due to the difficulty of mechanized farming because of the steep terrain of the mountainous
countryside, even a small block of land is difficult to cultivate. Therefore, the cultivated land
cannot be managed on a large scale and is economically marginalized and abandoned.
Therefore, no matter whether the exploitation of cultivated land reserve or the consolidation
of rural residential land, new cultivated land is rarely cultivated and finally will be aban-
doned. Taking Japan for example, after the completion of industrialization and urbanization
in the 1970s, the government launched plans to revitalize and rejuvenate mountainous coun-
tryside. The government took measures, such as cultivated land consolidation and rural in-
frastructure improvement, in order to recover the rural economy in mountainous areas (Chen,
2003; Shi, 2008). However, there are few mountainous villages with population reflux and
economic recovery; the decrease of rural population and the abandonment of farmland are
still the main trends of socioeconomic development in rural Japan (Rao, 2007; Keiji, 2012).

The emigration of the labor force, the abandonment and marginalization of cultivated land,
and the restoration of natural vegetation in mountainous countryside are benign processes of
natural ecological optimization in the process of industrialization and urbanization, and are
the objectives of socioeconomic development. Under these conditions, if the land consolida-
tion projects in the mountainous countryside focus on the target of new farmland exploita-
tion and cultivation of land that has fragile ecology, ecological destruction is likely to occur
(Zhang et al., 2012). In addition, this is contrary to the ecological civilization strategy estab-
lished by the Chinese government. Mountainous areas (including hilly areas) account for
approximately 70% of the total area of China, and approximately 45% of the population in
China live in these areas. The improvement of the socioeconomic well-being of these people
is deeply related to the construction of a moderately prosperous society. Land consolidation
projects and other engineering measures will contribute to the improvement of the
well-being of farmers and the optimization of the ecology in mountains areas (Figure 3).
Therefore, the land consolidation in mountainous countryside should abandon the goal of
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exploiting cultivated land reserve resources, conform to the objective laws of land use tran-
sition in mountainous countryside, and turn to the goal of environmental protection and the
promotion of farmers’ well-being (Chen, 2007; Sun et al., 2012). Specifically, the nature of
land use and the threshold of land exploitative intensity should be clarified. In addition, the
ecological security should be further considered related to land consolidation in mountain-
ous areas (Yu et al., 2009) to avoid further damage to the ecology and to improve ecological
function. Secondly, the changes of the service value of the ecosystem in mountainous coun-
tryside before and after land consolidation should be measured, and the improvement of
ecosystem services should be considered an important standard for evaluating the land con-
solidation project. The compensation of the ecosystem services should be taken as an im-
portant means to improve farmers’ well-being. Finally, the synergies of socioeconomic wel-
fare and ecology improvement will be realized simultaneously in mountainous areas.

! Directions ! Ecological optimization Improvement of the well-being of the farmers

Clarify the nature of land use Compensation for ecosystem value services

Set threshold of land development intensity Government financial payment transfer

I Measures !
_________ Prohibit mountain land overexploitation Develop mountain characteristic agriculture
Promote retreat of mountain cultivated land Devel tourism i tai
and expansion of forestland evelop ecotourism in mountain areas
h_______________ﬂ_—_—_—_—_—_—_—___-l >__________________E ______________ 1
e eleleietsfeteiteteleie ittt ettt ool etettieieieielutetete
I
P — i Improvement of dgr;r;lortrfegir:; d
I Goals | ecological barrier velop

improve livelihood
of social mountain
farmers

function of mountain

Figure 3 Target of rural land consolidation in mountainous areas

7 Discussion and conclusions

In the process of the transfer of an agricultural society to industrialization and urbanization,
the turning point trend of land use morphology was the core of rural land use transition in
mountainous areas. The morphological transition of dominant land use in mountainous
countryside has changed from the expansion of farmland and the contraction of forestland to
the abandonment of farmland and the restoration of forest in the process of urbanization.
The marginalization of farmland and the restoration of ecological services are the morpho-
logical transition of recessive land use in mountainous countryside. In the future, a charac-
terization index should be constructed relating to land use change in mountainous areas by
coupling dominant and recessive land use morphologies and testing a variety of methods to
measure the land use transition. In addition, the characteristics and objective laws of land
use transition in mountainous countryside should be studied from multiple angles and levels.
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The rural land use transition in mountainous areas is driven by the external environment
of industrialization, urbanization, and the change of the mountainous socio-ecological sys-
tem. Socioeconomic factors are the primary driving forces during land use transition in
mountainous areas, with labor emigration mitigating the contradiction between humans and
land being the most direct force. The rising costs of farming and the harsh living environ-
ment leading to labor emigration were the fundamental driving forces. In the future, the
identification and quantification of the unique natural and socioeconomic factors that propel
the labor emigration out of mountainous countryside should be studied, following the
framework of “natural, socioeconomic driving factors — emigration of labor force — land use
transition.”

The rural land use transition in mountainous areas promotes the ecological environment
to the pattern adapted to the regional hydrothermal conditions, reduces the vulnerability of
the land ecosystem, and improves the ecological function of the land. Socioeconomic effects
of rural land use transition in mountainous areas should be studied from the regional
socio-ecological system level to explore the impact on the rural development of mountain-
ous areas and the sustainable livelihood of farmers. The advantages and disadvantages of
socioeconomic effects need to be supported by empirical and quantitative research.

The rural land use transition in mountainous areas is a process of natural recovery and
ecological optimization and also the inevitable objective of socioeconomic development.
The land consolidation project in mountainous countryside should comply with the objective
laws of land use transition, “ecological priority” strategy should be carried out, and the tar-
get orientation will shift from increasing the area of farmland to the synergies of economic
welfare increases for farmers and ecological optimization of mountainous areas.

In the current research on land use change in mountainous areas of China, some scholars
have studied the spatial and temporal pattern of land exploitation in the agricultural society
(Han et al., 2008; Wang, 2010; Zeng et al., 2011); however, more scholars have focused on
cultivated land abandonment due to the rapid development of industrialization and urbaniza-
tion (Tian et al., 2010b; Li and Zhao, 2011; Zhang et al., 2014a; Li and Li, 2016; Li et al.,
2017). Few studies have been conducted on land use change in an agricultural society to the
present based on a long-term perspective. With the theory of land use transition, this paper
discussed the change of rural land use morphology in mountainous areas over the long-term,
which enriched the current research content on mountainous land use transition. Under the
background of carrying out the strategy of rural revitalization in China, the research on rural
land use transition in mountainous areas has more direct policy and practical value.

Future studies cannot only focus on argumentative or deductive research on the current
land policy, but also must analyze the morphology and characteristics of rural land use in
mountainous areas of China according to the objectives of the ecosystem and the socioeco-
nomic system. Moreover, this paper clarifies the driving mechanism and effect of the land
use transition, analyzes the laws of rural land use transition in mountainous areas, and takes
it as the basis for evaluating and improving the current rural land policies in mountainous
areas. In addition, this paper discusses mountainous countryside areas with remote locations
and decreasing economic development. Although the characteristics of land use transition in
urban mountainous areas are the expansion of forestland and the restoration of vegetation,
the driving force is not labor emigration but increasing demand for leisure tourism of urban
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residents that drives the changes in the land use decisions by farmers. In the future, a com-
parative study on driving forces of rural land use transition in urban mountainous areas and
remote mountainous areas should be strengthened.
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