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Abstract: Farmland marginalization has become the main trend of land-use change in the
mountainous areas of China. Using annual survey data of major agricultural production costs
and earnings at national and provincial levels in China, this study aims to analyze the reasons
and mechanism behind farmland marginalization in mountainous areas. We find that farmers
on plains are able to reduce their per mu labor input effectively through intensive use of ag-
ricultural machinery, which has minimized the impact of the increase in labor price. However,
it is extremely challenging for farmers in mountainous areas to use the same method owing to
the rough terrain. Thus, per laborer farming area in these areas has increased relatively
slowly, causing a widening gap in agricultural labor productivity between the two regions. With
the rapid rise in labor costs since 2003, the marginalization of cultivated land in mountainous
areas is evident. In 2013, the net profit of agricultural production in mountainous China fell
below zero. Since 2000, the land-use and land-cover change in these areas was character-
ized by the reduction of farmland area, reforestation, and the enhancement of the NDVI value.
The high correlation between the NDVI change rate and the ratio of change in farmland (r =
—0.70) and forest (r = 0.91) in mountainous areas at provincial level further attests to the trend
of farmland marginalization there. Finally, we summarize the mechanism of such marginali-
zation against the backdrop of the rapid increase in the opportunity cost of farming and the
rapid fall of agricultural labor forces in mountainous areas. This study contributes to a deep
understanding of the development process of farmland marginalization and abandonment as
well as forest transition in Chinese mountainous areas.
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1 Introduction

The marginalization of land refers to the continuous reduction of the economic productivity
of certain types of land use under the combined impacts of various factors, such as social,
economic, and environmental changes (Liu ef al., 2005). When the land net profit is reduced
to zero or less, current land-use type shifts to a more extensive type. If there is no alternative
to economical productivity, the land will be abandoned. Farmland abandonment is the most
obvious manifestation of farmland marginalization. Since the second half of the 20th century,
noteworthy farmland abandonment and the subsequent restoration of abandoned farmlands
(forest transition) have been occurring in many hilly and mountainous regions around the
world, especially in mountainous areas of Europe (Meyfroidt et al., 2011). According to ex-
isting knowledge, current global farmland marginalization and abandonment are the result of
the exodus of agricultural labor forces, under the processes of industrialization and urbani-
zation (Rudel et al., 2005; Lambin et al., 2010; Li et al., 2017a). Since China reached the
Lewis turning point in 2003 (Zhang et al., 2011a), the trend of farmland marginalization in
parts of China is likely to be obvious, and the number of reports about farmland abandon-
ment has continued to increase (Li et al., 2017a). The China Household Finance Survey,
conducted by the Southwestern University of Finance and Economics, reported that 13.5%
of agricultural land nationwide in 2011 and 15% in 2013 were idle (Gan ef al., 2015). Case
studies show that farmland abandonment mostly occurred in mountainous areas (Li et al.,
2017a), such as Chongqing Municipality (Zhang et al., 2011b; Li et al., 2013; Shi et al.,
2016), provinces of Sichuan (Xu et al., 2010), Fujian (Luo, 2008; Yi, 2014), western Hunan
(Huang et al., 2009; Luo et al., 2015), Guizhou (Zhao et al., 2016), southern Ningxia (Tian
et al., 2010), southeastern Gansu (Chang, 2014), and southern Jilin (Zhao, 2012).

Existing studies have revealed the reasons and influencing factors of farmland abandon-
ment at parcel level (Gellrich et al., 2007; Zhang et al., 2014a; Shi et al., 2016) and house-
hold level (Li et al., 2014; Yan et al., 2016). At parcel level, zero rent is the root cause of
farmland abandonment (Zhang et al., 2014b); at household level, the rise of farming oppor-
tunity costs leads to farmers’ decision to abandon farming (Li et al., 2011; Yan et al., 2016);
while the underlying drivers are industrialization and urbanization (MacDonald et al., 2000;
Kozak, 2003; Li et al., 2011). However, there is no comprehensive summary of the mecha-
nism of farmland marginalization. In particular, there is no quantitative analysis of the rea-
sons why farmland marginalization mainly occurs in mountainous areas. Therefore, using
the data from China Agricultural Production Costs and Returns Compilation, this study
analyzes the changes of labor costs in China’s agricultural production since the mid-1990s,
as well as the response of farmers to labor costs. By comparing the different responses of
farmers in mountainous and plain areas to the rising labor costs, and the different results of
costs and returns in agricultural production, this study first analyzes the economic charac-
teristics of farmland marginalization in mountainous areas. Next, using land-use data and
remote-sensing data, this study analyzes the changes of farmland and forest area and the
spatio-temporal variation characteristics of the vegetation index in mountainous areas of
China from 1990 to 2010. The analysis results are able to present realistic evidence of farm-
land marginalization in China. Finally, we summarize the whole process and mechanism of
farmland marginalization in China’s mountainous areas.
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2 Materials and methods
2.1 Materials

The national and provincial data of agricultural production costs, benefits, and labor use
used in this study are from China Agricultural Production Costs and Returns Compilation.
The compilation is published annually by the Department of Price, which is under the su-
pervision of China’s National Development and Reform Commission. The data for total
power of agricultural machinery of Chongqing Municipality and Heilongjiang Province are
derived from Chonggqing Statistical Yearbook and Heilongjiang Statistical Yearbook, respec-
tively. Land-use data come from the China Ecol00-Spatiotemporal Distribution Dataset of
Ecosystem Types in China (1990-2010), which were produced by the Institute of Geo-
graphic Sciences and Natural Resources Research, Chinese Academy of Sciences. These
data include seven types of ecosystems, which are farmland, forest, grassland, wetland, de-
sert, settlement, and others, with a resolution of 100 m. The comprehensive evaluation ac-
curacy of the data is 94.3% (Xu et al., 2017). The NDVI data come from the China
MODIS-NDVI monthly synthetic product downloaded from Geospatial Data Cloud
(http://www.gscloud.cn/) with a spatial resolution of 250 m.

2.2 Research framework

Farmland marginalization is defined a process of declining land rent under current land-use
type. The increase of cost, the decrease of income, or the combination of both will cause rent
to decrease. In order to promote farmers’ enthusiasm for grain production, stabilize national
grain production, and increase farmers’ incomes, the Chinese government has continuously
introduced beneficial farming policy, like tax exemptions or reductions, direct subsidies, and
raising of state procurement prices for grains since 2004, thereby implying that the main
reason for the decline in farmland rent is the increase in costs. During the processes of in-
dustrialization and urbanization, the rapid increase in farming costs was mainly caused by
the rise of agricultural labor cost. Specifically, after the Lewis turning point, the rise in the
non-agricultural wage leads first to a rise in farming opportunity cost and then to a rise in the
agricultural labor price. Agricultural labor costs are related to labor price and labor use per
mu (1 mu = 666.7 m?). Under the premise of no change in labor use per mu, a substantial
increase in the labor price inevitably leads to a rapid increase in labor costs. Meanwhile,
when the farming opportunity cost increases, farmers reallocate family laborers with the
goal of the household utility maximization, based on the quantity and quality of the house-
hold labor force and farmland. Hence, an increasing number of farmers would enter off-farm
industries. Therefore, under the joint influence of a rural labor exodus and rising labor prices,
farmers would adjust their farming practices to maximize their labor productivity rather than
land productivity (Chen et al., 2009; Xu et al., 2015), in order to reduce labor use per mu,
with the final aim of reducing labor costs (Tian et al., 2009; Xin et al., 2011). These adjust-
ments include farming structure and cropping system adjustment, farmland area adjustment,
and adopting factor substitution (Xin et al., 2011; Yan et al., 2016).

For the adjustment of farming structure and cropping systems, a rapid rise of agricultural
labor costs would impel farmers to expand plantings of crops with higher labor productivity,
and reduce those with lower labor productivity. For example, farmers in southern China re-
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cently have tended to increase the vegetable planting area and reduce the rice planting area,
and have changed double cropping of rice to single cropping; while farmers in northern
China have tended to reduce the cultivated area of wheat and expand the area of maize
(Wang et al., 2015).

For the adjustment of farmland area, a rapid rise of agricultural labor costs would en-
courage some famers to rent out their farmland, while other farmers with higher labor pro-
ductivity would rent more farmland to enlarge farming scale (Xin et al., 2011), thereby real-
izing large-scale production and enhancing overall agricultural labor productivity.

Factor substitution is farmers’ direct response to the relative price changes among the
factors. According to the theory of induced technical innovation, when the price of agricul-
tural labor rises and makes labor cost become the most important restraint factor in agricul-
tural production, it induces farmers to adopt labor-saving agricultural technologies (Zhu et
al., 2007; Xin et al., 2011), that is, to increase labor-saving input in order to reduce labor
input (Chen et al., 2009).

Because there are significant differences in natural conditions, adjusted farming practices
vary between farmers in mountainous and plain areas. Such differences would result into
different changes per mu labor days, agricultural labor productivity, labor costs, and net
profit (rent), and subsequently to different changes in land-use types, which are eventually
revealed in land use and cover map. Farmland marginalization would lead to land abandon-
ment and land-use type changes in favor of revegetation and reforestation in hilly and
mountainous areas. Under these assumptions, total farmland area should decrease in moun-
tainous areas while forest areas should expand (Figure 1).
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Figure 1 Research framework of farmland marginalization
2.3 Methods

There are many ways to measure agricultural labor productivity, such as per laborer yield or
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net output value, per laborer farming area, and labor use per unit of agricultural products. In
order to compare agricultural labor productivity in different regions and different periods,
this study uses the grain yield per unit of working days. The equation for this calibration is
as follows:

E=P/L (1)
where E is agricultural labor productivity, P is grain yield per mu, and L is labor use per mu.

Compared with the change of land-use types, the NDVI is more timely in reflecting the
information about land-cover change. After farmlands are abandoned, the time for vegeta-
tion restoration varies greatly among regions. Even in the southern mountainous areas with
abundant rainfall, the restoration of vegetation after farmland abandonment is a gradual
process. In a few years after abandonment, the abandoned land might not change signifi-
cantly in land-use type, but its status of utilization can be reflected by the NDVI. Therefore,
in addition to the analysis of changes in land-use types in mountainous areas, this study also
uses the NDVI data to analyze the vegetation changes and the correlation between the NDVI
change and the change of farmland and forest area. The major difference between the annual
NDVI curves of abandoned farmland and managed farmland is the duration of high values;
the former is longer than the latter (Alcantara et al., 2012). Thus, the annual average value of
the NDVI can more effectively reflect the development of farmland marginalization in
mountainous areas than the maximum value can. Consider the need for time to restore vege-
tation, we choose the annual average rate of NDVI changes from 2000 to 2013 to reveal the
overall trend of vegetation in mountainous areas.

Owing to the ambiguities and uncertainties of the definition of mountainous areas (Jiang
et al., 2009), it is very difficult to define a mountain range accurately. In addition, the main
focus of this study is the difference in rural response between households in rugged terrain
and those in flat areas. Therefore, this study does not strictly define mountainous areas and
plains. Instead, when analyzing the changes of costs and benefits, owing to the data limita-
tion, we select provinces (includes municipalities) with the most obvious topographic fea-
tures as proxies for mountainous and plain areas. Based on the topographical features of
each province and their proportion of sloping farmland, seven provinces and municipalities
with the highest proportions of mountainous and hilly area and the highest proportions of
cultivated land (above 6 degrees) were chosen to represent mountainous areas, namely,
Chongqing, Guizhou, Yunnan, Sichuan, Gansu, Shanxi, and Shaanxi. Excluding Shanxi and
Gansu, the other five provinces have more than 60% of sloping farmland, of which the
highest proportion is Chongqing Municipality, the typical representation of mountainous
areas, with about 85% of sloping farmland. Seven provinces with the highest percentages of
plain area and the highest proportion of flat farmland (less than 6 degrees) are selected to
represent plains, namely, Heilongjiang, Jilin, Hebei, Shandong, Henan, Jiangsu, and Anhui.
Excluding Jilin, the proportion of flat farmland in other provinces is more than 90%, of
which the per laborer farmland area in Heilongjiang is as high as 30.5 mu. Hence, Heilong-
jlang is a typical representative of China’s agricultural mechanization and large-scale pro-
duction in plain areas. When analyzing the changes of land use and cover, in order to under-
stand the changing characteristics of mountainous areas better, this study uses mountain
counties (MCs) defined by the China County Statistical Yearbook as the analysis area in
contrast to hilly counties (HCs) and plain counties (PCs). According to the definition of the
China County Statistical Yearbook, mountain counties refer to those with mountainous areas
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of more than 80%, of which there are about 900 counties, accounting for about 45% of the
total land area.

3 Results
3.1 Changes in agricultural labor costs and farmers’ response

3.1.1 Agricultural cost change

Since 2003, the wage of migrant workers in China has risen rapidly by about 10% every year
(Xin et al., 2011; Lu, 2012), leading to an increase in farming opportunity cost, which in
turn has led to a rapid increase of labor costs in agricultural production. During 2003-2013,
employed wages of agricultural laborers increased by 5.1 times, while the costs of agricul-
tural materials and services (excluding machinery service fee) only doubled. Therefore, in
per mu agricultural production costs, labor costs are rising at a higher rate than the costs of
agricultural materials and services. By 2011, the labor costs of the three main grain crops in
China reached 283 yuan/mu and exceeded the costs of agricultural materials and services for
the first time, becoming the main cost in agricultural production (Figure 2).
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Figure 2 The labor, materials, and service costs for China’s three main grain crops since 1995
Data: China Agricultural Production Costs and Returns Compilation

3.1.2 Farmers’ response to the rise of labor costs

Since 2003, with the rapid rise of the price of the agricultural labor force, the capital in-
vestment structure in agricultural production in China has tended to rise in proportion with
labor-saving input, especially the input of machinery. From 2003 to 2013, the machinery
service fee grew 419%, and pesticides fee also increase 193%, while the fees for seedlings,
chemical fertilizer & farmyard manure, and irrigation & drainage increased only by 193%,
190%, 147% and 59%, respectively. The previous major input of labor-saving animal power
was gradually replaced by machinery, decreasing by 33% (Figure 3). Owing to the fast in-
crease in labor-saving input, the per mu labor use for three main grain crops (rice, wheat and
maize) in China decreased 44% from 11.1 days to 6.2 days. Therefore, although the price of
the agricultural labor force increased dramatically during this period, the labor cost propor-
tion of agricultural production in China did not rise sharply, increasing only from 36.5% to
41.8%.
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Figure 3 Different types of materials and service costs for China’s three main grain crops since 1995
Data: China Agricultural Production Costs and Returns Compilation

3.2 Different responses of farmers between mountainous and plain areas

3.2.1 Slow agricultural mechanization in mountainous areas

To better reveal the differences in the development of agricultural machinery between plains
and mountainous areas, we examine the development of agricultural machinery of Heilong-
jiang and Chongqing, the typical representatives for plains and mountainous areas, respec-
tively. Since 2003, the gap between Heilongjiang and Chongqing has expanded significantly,
both in the total and per laborer power of agricultural machinery. During the period
2003-2013, the total power of agricultural machinery in Heilongjiang increased by 1.7 times,
while that in Chongqing increased by only 0.7 times. Heilongjiang’s per laborer power of
farm machinery increased by 1.8 times and that of Chongqing by only 1.2 times. The gap of
per laborer power between the two regions increased from 1.8 kW to 4.1 kW (Figure 4). In
addition, the agricultural mechanization level in both regions is significantly different. In
2010, the proportion of machine-harvested maize production in Heilongjiang reached as
high as 97%, compared with only 16% in Chongqing.
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Figure 4 Comparison of agricultural mechanization between Heilongjiang and Chongqing
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3.2.2 Higher per mu labor use in mountainous areas

In 2003, the average per mu labor use for maize production in the plain provinces (PPs) was
8.4 days, and decreased 37% to 5.3 days in 2013, while the average per mu labor use for
maize production in mountainous provinces and municipalities (MPMs) declined 30% from
16.9 days to 11.9 days. Although there was also a significant decrease in per mu labor use in
MPMs, the gap between MPMs and PPs was still significant. In 2013, the amount of per mu
labor use in MPMs was still more than twice that in PPs. The map of per mu labor use shows
that per mu labor use in MPMs, such as southwest China, was significantly higher than that
in PPs, such as north China and northeast China, presenting an overall increasing trend from
northeast to southwest (Figure 5). Only 3.1 days per mu were needed in Heilongjiang, while
the amount of labor use per mu in Guizhou, Yunnan, Gansu, and Chongqing with rugged terrain is
still more than 13 days, a difference of more than 3 times compared with Heilongjiang.

3.2.3 Mounting share of agricultural labor costs in mountainous areas

Because of the slow development of mechanization in mountainous areas, the growth rate of
agricultural machinery input is lower than the rate at which agricultural labor costs rise.
Therefore, the cost savings resulting from increased labor-saving input are not enough to
offset the increased labor costs. Taking maize cultivation as an example, its labor cost share
of MPMs, except for Sichuan, generally showed a significant upward trend during
2003-2013. The average share of the seven MPMs increased from 53.82% in 2003 up to
63.10% in 2013. By contrast, the labor cost share of PPs, except for Hebei and Jiangsu,
showed a significant downward trend during 2003—2013. The average share of the seven PPs
declined from 43.88% in 2003 to 30.68% in 2013 (Figure 6).
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Figure 5 Per mu labor use for maize cultivation at provincial level in 2013
3.3 Regional differences in agricultural labor productivity and net profit

3.3.1 Differences in agricultural labor productivity

Nationally, the increasing input of agricultural machinery has effectively replaced the labor
force, thereby promoting the rapid increase of agricultural labor productivity. Again taking



Li Shengfa et al.: The mechanism of farmland marginalization in Chinese mountainous areas 539

80 PPs = 2003 2013

70 | MPMs (] 2003 @ 2013

60 —

50+

7

N

AANANNNNNNANNNNN NN NN

7

40

N

ANANNNNNNNNNNNNNNNNNNNNNNY

30

N

ANNANANANNNNNNNNNY

The share of labor costs (%)

20 4

ANANNNNANANNNNNNANNNNNNNNNNNNNY

TN

0 T T T T T T T
HLJ HN JS AH GS SAX SX SC CQ GZ YN
Province

=
jas)
o]
1%}
v

Figure 6 Changes in the proportion of agricultural labor costs (maize) between MPMs and PPs
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GS = Gansu, SAX = Shaanxi, SX = Shanxi, SC = Sichuan, CQ = Chongqing, GZ = Guizhou, YN = Yunnan

maize cultivation as an example, from 1990 to 2003, agricultural labor productivity main-
tained slow growth, while after 2003, with a substantial increase in investment in machinery,
it has risen rapidly at an average annual rate of 8.5% (Figure 7).
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Figure 7 Changes of average labor productivity in maize cultivation between MPMs and PPs

The significant disparity in the agricultural mechanization level under different topog-
raphical conditions leads to the difference of per mu labor use and further to a disparity in
agricultural labor productivity. Since 2003, the gap of average labor productivity between
MPMs and PPs has shown a distinct widening trend. In 2003, the average labor productivity
of the seven MPMs was 22.55 kg/d, while that of the seven PPs was 39.53 kg/d, the latter
being 1.75 times the former. By 2013, the average labor productivity of the seven MPMs
increased to 41.38 kg/d, while that of the seven PPs increased sharply to 93.24 kg/d, ex-
panding the gap to 2.25 times (Figure 7). The same conclusion is reached by calculating the
output value per laborer.

3.3.2 Differences in agricultural net profit

Due to the slow increase in agricultural labor productivity in mountainous areas, agricultural
labor costs cannot be squeezed effectively by increasing relatively cheap mechanical inputs,
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like in the plains, as rising labor prices have resulted in a decrease in net profit in moun-
tainous areas. Comparing maize production in MPMs and PPs, the net profit of the whole
nation has been fluctuating since 2000 owing to the price fluctuation. However, the gap of
net profit between the PPs and MPMs has shown an increasing trend. The gap of per mu net
profit (comparable price, without land cost) increased from 102 yuan to 197 yuan during

2004 to 2013 (Figure 8).
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Figure 8 Changes in net profit of maize cultivation between MPMs and PPs

By comparing the per mu net profit of every province and municipality in 2004 and 2013,
we find that both MPMs and PPs’ per mu net profits show a downward trend, but the decline
in the MPMs was greater than that in the PPs. Except for Shanxi, all MPMs’ per mu net
profit dropped drastically. The average per mu net profit in Chongqing, Guizhou, Yunnan,
Shaanxi, and Gansu even dropped below zero, which is in sharp contrast to PPs (Table 1).

Table 1 Comparison of maize net profits in MPMs and PPs (yuan/mu, constant price in 2000)

Type Name 2004 2013 Change
Chongqing 105.86 -139.00 —244.86

Sichuan 169.91 7.14 -162.77

Guizhou 15.86 -367.73 —383.59

MPMs Yunnan -3.86 —208.22 —204.35
Shaanxi 42.17 —47.53 -89.70

Gansu —49.97 —-188.38 —-138.40

Shanxi 154.62 140.00 -14.62

Jiangsu 244.06 84.12 -159.94

Anhui 201.81 64.96 -136.85

Jilin 56.91 39.87 —-17.04

PPs Heilongjiang 75.19 90.29 15.10

Henan 179.29 61.57 -117.72

Hebei 177.45 153.06 —24.39

Shandong 215.46 83.04 -132.42

3.4 Land-use and land-cover change in mountainous areas

3.4.1 Land-use change
(1) Farmland change

During the period 1990-2000, farmland in Chinese MCs was in a stage of increasing ow-
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ing to massive land reclamation. The farmland area increased by 1.23% in this decade. The
newly cultivated land was mainly distributed in northeast China, while there was also sub-
stantial land reclamation in Xinjiang, Ningxia, and Gansu provinces (Figure 9). PCs and
HCs increased by 0.71% and 3.22%, respectively, during this decade. After 2000, the land
reclamation in MCs lessened quite obviously, and the cultivated area has decreased. During
the period 2000-2010, the cultivated land in MCs decreased by 1.13%, while that in PCs and
HCs decreased by 0.20% and 1.04%, respectively.
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Figure 9 Farmland area changes from 1990 to 2010 in Chinese MCs
Notes: Each pixel in Figures 9 and 10 is 10 km %10 km.

From 1990 to 2000, there were 468 MCs with a net decrease of farmland, accounting for
52% of the total number of MCs, while the proportions of counties with a net decrease of
farmland in PCs and HCs were 71% and 56%, respectively. The high proportion of net de-
crease in PCs was caused by massive construction land expansion in the coastal plain areas.
During 2000-2010, the changes of cultivated land in PCs were similar to those in the previ-
ous decade, and the number of counties with a net decrease of farmland increased by 61,
with the proportion increasing to 78%. However, the number in MCs and HCs increased
significantly, especially in MCs, where the number increased from 468 to 712 and the pro-
portion expanded to 79%. Correspondingly, the number of MCs with a net increase of farm-
land decreased from 411 to 114 (Table 2). Overall, since 2000, the reduction of farmland in
MCs of China is more evident than in HCs and PCs.

Table 2 Numbers of counties with different types of farmland area changes

Type 1990-2000 (Number) 2000-2010 (Number)

Net increased Unchanged Net decreased Net increased ~ Unchanged  Net decreased
PCs 252 3 615 182 12 676
HCs 234 1 303 75 8 455
MCs 411 25 468 114 78 712

A further comparison of Chongqing and Heilongjiang shows that Chongqing, the repre-
sentative of mountainous areas, decreased its farmland by 1.9% from 2000 to 2010, with all
13 MCs showing a decreasing trend; meanwhile Heilongjiang, with relatively good topog-
raphical conditions, increased its farmland by 0.07% during 2000-2010, and 12 out of 15
MCs’ farmland area remained about the same or increased only slightly.
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(2) Forest change

During the period 1990-2000, the decrease of forests in the MCs was mainly distributed
in northeast China, chiefly due to farmland expansion and deforestation. Fujian, Zhejiang,
and western Xinjiang had obvious forest growth, while deforestation and afforestation ac-
tivities coexisted in southwest China (Figure 10). During this period, the forest area in Chi-
nese MCs decreased by 0.4%, while that in the PCs and HCs increased by 0.87% and 1.6%
respectively.
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Figure 10 Forest area changes from 1990 to 2000 in Chinese MCs

During the period 2000-2010, the range of forest reduction in Chinese MCs obviously
shrank, but there was no region of massive forest reduction. The implementation of the
Grain for Green Project (GGP) and other ecological projects combined with the natural res-
toration of abandoned farmland have led to the continuous increase of forest area in Chinese
MC:s, especially in ecologically fragile areas, such as Guizhou, Chongqing, and Loess Pla-
teau. During this period, the forest area in MCs increased by 0.19%, while that in PCs and
HCs decreased by 0.52% and 0.42%, respectively. Similarly, comparing the forest area
change in Chongqing and Heilongjiang, the forest area in Chongqing increased by 1.70%
during 2000-2010, while that in Heilongjiang decreased by 0.24%.

3.4.2 NDVI change

(1) NDVI changes in mountainous areas from 2000 to 2013

During 2000-2013, the annual average NDVI value in Chinese MCs tended to increase
gradually at an increase rate of 9.9%. Among all the provinces (MCs range only), Inner
Mongolia and Ningxia had the largest increase rates of 33% and 23%, respectively, followed
by Shanxi, Gansu, Qinghai, Guizhou, Guangxi, Hainan, Guangdong, and Fujian provinces,
which had increase rates of more than 10%. The increase of NDVI in northeast China was
the smallest, while the increase rates in Heilongjiang, Jilin, and Liaoning provinces were
less than 4% during the period; the local reduction of NDVI in these areas might have been
caused by the decrease of precipitation (Figure 11).

(2) Correlation between NDVI and land-use change

The Pearson’s correlation coefficient between the rate of farmland area change
(2000-2010) and the rate of NDVI change (20002013, within farmland area in 2000) in the
MCs at provincial level reached —0.70 (P<0.01), showing a strong negative correlation. On
the other hand, the Pearson correlation coefficient of forest area change rate (2000-2010)
and NDVI change rate (2000-2013) ranged up to 0.91 (P<0.01), showing a strong positive
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correlation (Figure 12).
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Figure 12 Correlation between farmland and forest area change rate and the NDVI change rate within MCs

4 Discussion
4.1 Evidence of and reasons for farmland marginalization in mountainous areas

In this study, we analyzed the changes in agricultural cost structure and compared the dif-
ferent response capabilities of farmers between mountainous and plain areas since 2003. We
established that the root cause of farmland marginalization and abandonment always occur-
ring in mountainous areas rather than plain areas is the sharp decline in net profit, even to
below zero (zero rent), which is in accordance with the results of Zhang et al. (2014b). The
sharp drop in net profit is the result of larger per mu labor use and low agricultural labor
productivity. The declining rent demonstrates that farmland in Chinese mountainous areas is
in the process of marginalization. Furthermore, since 2000, farmland and forest area in Chi-
nese MCs have opposite growth trends, which is consistent with rising agricultural labor
costs and decreasing net profits. The results of the correlation analysis confirm the trend of
farmland decrease and forest expansion in Chinese mountainous areas since 2000, which
provides good realistic evidence for this study’s findings. In addition, a national scale sam-
ple survey for farmland abandonment in Chinese mountainous regions, which was carried
out by our research team, established that 78.3% of surveyed villages have experienced
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farmland abandonment and about 15% of farmland was abandoned in 2015 (Li et al., 2017b).
Massive farmland abandonment occurred mainly after 2000, which is in line with the trend
toward a rapid rise of agricultural labor costs.

4.2 The mechanism of farmland marginalization

The main force driving farmland marginalization that this study revealed is similar to that in
western Europe (Doorn et al., 2007; Gellrich et al., 2007) and Latin America (Aide et al.,
2004), that is, farmland marginalization in Chinese mountainous areas is the result of rural
exodus caused by rapid industrialization and urbanization. By summarizing the evidence of
farmland marginalization in Chinese mountainous areas in this and other existing research
(Rudel et al., 2005; Tian et al., 2009; Zhang et al., 2014a, b; Yan et al., 2016; Li et al.,
2017a), we can establish the mechanism of farmland marginalization as follows. As urbani-
zation and industrialization provide abundant job opportunities, the wage for the off-farm
labor force rises rapidly after the Lewis turning point. Rising farming opportunity cost leads
more and more farmers, especially young farmers, to choose to seek off-farm work in urban
areas rather than be engaged in agricultural production. This outcome further raises the price
of agricultural labor. Against this backdrop, improving agricultural labor productivity and
reducing labor input is the most efficient way to avoid farmland marginalization. The ways
to improve agricultural labor productivity include maximizing labor productivity by adopt-
ing large-scale and intensive farming practices, using labor-saving machinery to substitute
expensive agricultural labor (Zhu et al., 2007), or increasing the cultivated area of crops
with higher labor productivity to reduce the costs induced by the rising wage of agricultural
labor (Tian et al., 2009). The vast differences in natural conditions between mountainous
and plain areas, especially topographical conditions, lead to different choices of farmers in
ways to improve agricultural labor productivity. In plain areas, farmers can substantially
increase the input of labor-saving agricultural machinery to replace labor, thereby signifi-
cantly increasing labor productivity, reducing labor costs, and avoiding farmland marginali-
zation. In mountainous areas, rugged terrain seriously impedes the development of agricul-
tural mechanization. Farmers in these areas normally improve their labor productivity only
by adjusting the farming structure and system. However, the effect of such adjustment is
limited and thus, their agricultural labor productivity grows slowly. Then, the share of labor
costs of agricultural production increases, entailing declining profitability in agricultural
production and the inevitable farmland marginalization (Strijker et al., 2005).

From the viewpoint of agricultural labor force out-migration, in the process of land mar-
ginalization, owing to the rugged terrain in mountainous areas, the per mu labor use is ob-
viously higher than that in plain areas. Hence, the per laborer farming area in mountainous
areas is far less than that in plain areas. During the process of rapid urbanization, a rural
exodus would lead to an increase of machinery inputs in the plains to substitute for reduc-
ing agricultural laborers, thereby resulting in a large increase in per laborer farming area.
However, the out-migrated agricultural labor in mountainous areas cannot be substituted by
agricultural machinery. Consequently, poor and remote farmland would be marginalized
when all agricultural land cannot be managed, and then this farmland would be abandoned
(Figure 13).
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Figure 13 Mechanism of farmland marginalization in Chinese mountainous areas
4.3 Policy implications

Farmland marginalization in mountainous and hilly areas has become a widespread phe-
nomenon when the economy of a country or region develops to a certain level. Farmland
marginalization has far-reaching impacts on the socio-economy and ecological environment
(Queiroz et al., 2014; Li et al., 2017a). Therefore, eliminating the negative impact of farm-
land marginalization in mountainous areas should be the focus of future research. With the
introduction of the National New-Type Urbanization Plan, China’s urbanization process is
expected to maintain rapid development. The labor wage will probably continue to rise fast,
thereby promoting the out-migration of rural labor in the mountainous areas and the margin-
alization of cultivated land. Without the implementation of effective public policies, more
and more sloping farmland in mountainous areas is likely to be abandoned or shifted to other
high-yielding or labor-saving agricultural products, such as fruit, tobacco, and wood.
Generally, the outmigration of rural labor could improve the vegetation cover in ecologi-
cally fragile areas (Li ef al., 2016). In terms of Chinese mountainous areas, farmland mar-
ginalization, combined with firewood substitution and the fading livestock system is highly
conducive to improving the ecological environment there (He et al., 2016), and is a powerful
guarantee for the success of GGP. However, as a country with very little cultivated land per
capita and a large proportion of slopping farmland, the impact of farmland marginalization
in mountainous areas on food security could be noteworthy, and thus, is likely to remain an
issue that cannot be ignored. According to the analysis results of this study, the key to alle-
viate farmland marginalization in mountainous areas is to improve agricultural labor pro-
ductivity. There are two main ways to improve labor productivity. The first is to achieve
proper land scale management through land consolidation and farmland transfer to increase
the utilization of agricultural machinery, in order to reduce labor input in agricultural pro-
duction. The second way is to increase the value added of agricultural products, for example,
by promoting the cultivation of agricultural products with special local characteristics and
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that cannot be farmed by machinery, in order to raise economic output per laborer.

5 Conclusions

With the progress of industrialization and urbanization in China, the out-migration of rural
labor forces, and the rising farming opportunity cost have led to noteworthy farmland mar-
ginalization in mountainous areas. The economic characteristics of farmland marginalization
are as follows.

First, since 2003, driven by the rapid rise of the agricultural labor wage, the input of ag-
ricultural machinery has increased sharply. Due to restrictions from topographical conditions,
the development of agricultural mechanization in mountainous areas has been hindered. The
labor use per mu of agricultural production is far greater than that in the plain areas, result-
ing in an obvious increase in farming cost.

Second, due to differences in the level of mechanization, the gap of average labor produc-
tivity in maize production between mountainous and plains areas widened from 1.75 times
in 2003 to 2.25 times in 2013.

Third, because of the slow growth of agricultural labor productivity in mountainous areas,
with the labor wage increase, net profit of agricultural production declined sharply. In 2013,
the net profit of maize production in the MPMs generally dropped to below zero.

Fourth, owing to farmland marginalization in mountainous areas, the restoration of aban-
doned farmland and the implementation of GGP have led to a general trend of decreasing
cultivated areas, increasing forest areas, and increasing NDVI in mountainous areas since 2000.

Finally, the main driving force of the marginalization of cultivated land in China’s moun-
tainous areas is the rising cost of agricultural opportunity and the out-migration of rural la-
bor forces, caused by industrialization and urbanization. The key reason is that mountainous
terrain restricts the substitution of machinery and labor productivity increases slowly. The
root cause of farmland marginalization and abandonment is the decline of net profit to below
zero, which results from the sharp increase in the agricultural labor cost. At the household
level, farmland marginalization is the result of optimal allocation of household land and la-
bor resources. At the regional level, farmland marginalization is led by the combined effect
of a slow increase in agricultural productivity and a drastic reduction in the agricultural la-
bor force.
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