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Abstract: Rural livelihoods, which are basic human activities, have long interacted with the
environment. In light of the complexity of the human–environment system, more interdisciplinary
analyses from geographical, environmental, and social sciences are needed. Using qualitative and
quantitative methods from social, environmental, and geographical sciences, this study conducted a
geographical regionalization and a comparative analysis of rural livelihoods in different zones in
the Loess Plateau to explore the relationship between rural livelihoods and the environment. The
results indicated that rural livelihoods are tightly coupled with the environment on a village scale,
showing significant geographical regularity and spatial disparity. A combination of geographical
location, resource endowment, and environmental sanitation affects rural livelihoods in terms of
spatial patterns, development capacity, and quality of life in the context of the public ownership
system, the utilization policy of land resources, and limited technical conditions. Coupling the
relationship between rural livelihoods and a given environment on a village scale tends to lead to one
of four types of relationships: “homeostatic”, “intense”, “transferred”, or “optimized”. Accordingly,
governments and policymakers need to consider that countryside revitalization must be locally
tailored and implemented through the four aspects of “rights revitalization”, “labor revitalization”,
“industrial revitalization”, and “environmental revitalization”.
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1. Introduction

The relationship between humans and the environment has long been discussed, and geographers
have successively put forward theories of environmental determinism, possibility theory, reconstruction
theory, adaptation theory, and coevolution theory [1]. Among these, the co-evolution theory is widely
accepted. It reckons that the relationship between humans and the environment has evolved into
a coupled complex system in which people and natural components interact with each other and
should exist harmoniously [2,3]. Although many studies have examined human–environment
interactions [4–7], the coevolution theory is generally understood on a theoretical level [8]. In light of
the complexity and internal mechanisms of the human–environment system, more interdisciplinary
analyses from geographical, ecological, and social sciences are needed [9–12].

A person’s livelihood, a basic human activity, is his/her main means of interacting with the
environment. According to the sustainable livelihood analysis (SLA) framework [13], rural livelihoods

Land 2020, 9, 38; doi:10.3390/land9020038 www.mdpi.com/journal/land

http://www.mdpi.com/journal/land
http://www.mdpi.com
http://www.mdpi.com/2073-445X/9/2/38?type=check_update&version=1
http://dx.doi.org/10.3390/land9020038
http://www.mdpi.com/journal/land


Land 2020, 9, 38 2 of 22

are shaped by a multitude of different forces and factors. Rural households may encounter multiple
barriers in the pursuit of sustainable livelihoods. At the household level, there are physical, financial,
and human capital shortages that include a lack of equipment, bank deposits, and skills and poor
health [14–16]. At the regional level, the barriers are mainly environmental constraints, such as
a lack of natural resources, climate change, limited transportation, and isolated locations [17–20].
The livelihood capital of rural households could be supplemented by policy interventions [21,22],
while environmental constraints are more complex and have become the primary reason for poverty
in most rural areas [17,23–25]. In China, the dominant factor contributing to regional poverty has
changed from institutional constraints and policies to variables in the natural environment [23,26].
The crux of persistent poverty in rural areas is largely due to harsh natural conditions, poor locations
relative to regional hubs, and uneven regional development [24]. To better understand the interplay
between these factors, it is important to systematically explore the rural livelihood–environment nexus.

With respect to studies on rural livelihoods and the environment, most researchers have focused
on one-sided effects instead of mutual relationships [27–29]. Researchers have concentrated on the
correlations between rural livelihoods and the environment [30,31], poverty traps [32,33], and the spatial
clustering of poor populations [34,35]. However, these studies have mostly been based on a single
livelihood indicator (general per capita net income), which is insufficient to capture deeper relationships
and might be biased. Other studies have explored the livelihood–environment relationship on a larger
scale (from local (county, municipality) and regional (watershed) to global [36–38]), which may be too
broad and ambiguous to make policy recommendations. On the contrary, villages serve as homes,
where people both live and produce, and they are the basic unit of rural social economic activity.
Villages can therefore be utilized as a window into understanding the coupled human–environment
system [39,40].

This study contributes to the current literature on human–environment systems with an
interdisciplinary analysis of the coupling relationship between rural livelihoods and the environment
on a village scale in the Loess Plateau. The study area (Jungar Banner, Inner Mongolia) was located in
the farm-pastoral zone of Northern China. In this area, crop cultivation and grassland husbandry have
spatially overlapped through time [41,42]. Rural livelihoods have traditionally been dominated by
animal husbandry combined with crop cultivation to feed the animals [43]. During the past several
decades, due to rapid industrialization and urbanization coupled with environmental deterioration
caused by excessive human activities, rural livelihoods have transformed from a traditionally single
and fixed farm-pastoral pattern to a more diversified and flexible pattern accompanied by inefficient
land use, ecological degradation, empty villages, etc. [44–46]. Therefore, Jungar Banner in Inner
Mongolia represented a typical case for rural livelihood–environment nexus research. Using the
tools of a household survey from the social sciences and a geographical information system (GIS)
from geographical science, this study aimed to (i) determine the environmental heterogeneity
of the chosen villages based on geographical regionalization; (ii) identify and characterize rural
livelihoods in terms of livelihood strategies and outcomes based on econometric methods; and (iii)
explore the internal coupling mechanisms and relationship types between rural livelihoods and the
environment. Our study narrows the research gap because few studies have systematically analyzed
the rural livelihood–environmental nexus on a village scale combining the sciences of geography and
sociology. The relevant results may provide references for China’s countryside revitalization and
global human–environment relationship management.

2. Study Area

Due to its unique geographical location, Jungar Banner possesses the physical geography, culture,
economy, and social development of a typical farm-pastoral zone. Jungar Banner lies in the midwestern
part of Inner Mongolia, a northern farm-pastoral zone in China that is southeast of the Ordos Plateau (a
part of the Loess Plateau), at E110◦05′–111◦27′, N39◦16′–40◦20′, lying at the junction of Shanxi Province,
Shaanxi Province, and Inner Mongolia (Figure 1). The Banner has a total area of 7692 km2, with hilly
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and gully landforms mainly comprised of chestnut soil, loessal soil, aeolian sandy soil, and alluvial
soil. The climate is temperate continental semiarid, with an average annual rainfall of between 379 and
420 mm. The natural vegetation types include thicketization-steppe and typical steppe, and the main
crops are corn, broom corn, millet, potato, wheat, and sunflowers. The region’s unique physiographic
conditions determine the long-term agricultural development characteristics of both farming and
husbandry, with goats, sheep, cows, and pigs making up the primary livestock industry. The farming
and husbandry industries in Jungar Banner account for about 50.93% and 40.30%, respectively, of
the total value of the primary industry, reflecting the characteristics of a typical farm-pastoral zone.
Meanwhile, as a resource-oriented county with coal reserves estimated to be as large as 5.20 × 1010 t,
Jungar possesses a developed coal chemical industry. In 2017, the production value of agriculture,
industry, and services accounted for, respectively, 1.1%, 55.4%, and 43.5% of Jungar’s GDP [47]. There
are nine towns and four subdistricts (including 159 administrative villages and 20 communities) in
Jungar Banner, with a multiethnic population of 326,500 at the end of 2017.
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3. Methodology

The sustainable livelihoods analysis (SLA) framework proposed by the Department for
International Development (DFID) has been widely accepted and applied in many studies. Composed
of five parts—vulnerability context, livelihood capital, transformation of structures and institutions,
livelihood strategy, and livelihood outcomes—the SLA framework provides a full checklist of issues
related to livelihoods. It informed our analysis and data collection in several ways. However, the SLA
framework mainly focuses on individual or household livelihoods and does not sufficiently consider
the role of the environment in shaping rural livelihoods at a community level. Adopted from the SLA
framework, this study constructed a methodological framework for rural livelihood–environmental
nexus analyses and employed multiple methods from social, environmental, and geographical sciences
(Figure 2). This study was mainly composed of four parts. (i) The construction of a database: A database
was composed for two kinds of data, i.e., spatial data and household survey data. The former was
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prepared for geographical regionalization, while the latter was prepared for rural livelihood analyses.
(ii) Geographical regionalization: the geographical regionalization was based on a multifactor spatial
overlay analysis and expert consultation. (iii) Rural livelihood analysis: Based on the geographical
regionalization, typical villages were selected and rural livelihoods were analyzed at a village level.
Rural livelihood strategies were classified through qualitative and quantitative methods, while a
livelihood diversity index and family net income were quantitatively analyzed and tested through
the Kruskal-Wallis method. (iv) Coupling mechanism analysis: On the basis of the previous three
sections of work, different types of relationships and the internal coupling mechanisms between
rural livelihood and the environment on a village scale were summarized through induction and
deduction methods. The approach to studying the human–environment relationship, both on a village
and regional scale, was based mainly on econometric methods, e.g., the Kruskal-Wallis H test on an
inversed Herfindahl-Hirschman index.
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3.1. Data Collection

The spatial data mainly concerned multiple environmental elements and were used for
geographical regionalization. Landform data were collected from the Geospatial Data Cloud hosted by
the Chinese Academy of Sciences; soil type data were gained from the Harmonized World Soil Database;
population data were acquired from the Jungar Statistics Bureau; and land use data, hydrology data,
mineral resources, and traffic conditions information were obtained from the Jungar Department of
Natural Resources. These spatial data were processed in a standard way and stored in the platform of
a geographical information system (GIS).

For the household survey, we adopted a participatory rural appraisal method (PRA), which
included direct observation, questionnaire surveys, and in-depth interviews. The questionnaire
included information on demography, occupation, family income and expenditures, land use, water
use, energy use, and the welfare of farmers. In-depth interviews with regional agencies, such as with
the village leader and the town mayor, mainly focused on infrastructure investment, the presence of
resources and environmental sanitation, and development plans and strategies for villages by local
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governments and organizations at the county, township, and village level. In accordance with the
geographical regionalization, we conducted a special investigation in four villages and collected 168
valid questionnaires through random household sampling in December 2015. There were 31 valid
samples from 266 households in the village of Wujiayao, 30 valid samples from 551 households in
the village of Gongyigai, 44 valid samples from 368 households in the village of Fulu, and 63 valid
samples from 584 households in the village of Changtan.

3.2. Geographical Regionalization

Comprehensive geographical regionalization is based on rules governing the regional
differentiation of physical and human geography factors overlaid on a GIS, such as landforms,
soil, hydrology, transportation, minerals, population, urbanization, land use, and land cover. Using
regional differences and similarities in geographical factors, this study aimed to divide the study area
into relatively independent, complete, and organically linked geographical units. Multiple principles
were adopted, such as synthesis, dominant factors, the relative consistency of the natural environment,
the relative consistency of economic and social development, the consistency of the regional cultural
landscape, the continuity of spatial distribution, and the integrity of village-level administrative
divisions. This informed the regionalization in several ways: (i) The comprehensive geographical
regionalization integrated multiple elements associated with nature, society, and the economy. (ii) The
dominant factors were mainly landforms, resource endowment, urbanization, and population (with
weights and priority). We first drew a regionalization draft according to landforms and preliminarily
divided the study area into four zones: the alluvial plain south of the Yellow River, the Kubuqi Desert
area, the central sandstone hilly–gully area, and the southern loess hilly–gully area. Secondly, we
adjusted the draft according to resource endowment, especially coal resources, and marked out mining
areas from the central sandstone hilly–gully area and the southern loess hilly–gully area. Then, we
separated the concentrated population and urban development zone from the former central sandstone
hilly–gully area according to conditions of urbanization and population development. (iii) In order to
maintain the integrity of the natural and human landscape, the regionalization draft was modified in
line with the boundaries of administrative villages, roads, water areas, mountains, etc.

A method of expert consultation was applied. The experts were mainly scholars from the
Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences (CAS),
China Agricultural University, and Beijing Normal University and staff from local government and
functional departments, including the Bureau of Agriculture and Rural Affairs, the Jungar Forestry
Bureau, and the Department of Natural Resources. Through rigorous discussions with the expert
group, the geographical regionalization was finally determined after several rounds of responses
and modifications.

3.3. Rural Livelihood Analysis

3.3.1. Classification of Livelihood Strategies

Livelihood strategies in Jungar Banner were classified and assessed [46]. To consider the
farm-pastoral characteristics and the “income composition and vocation” of local farmers, a
quantitative and qualitative integrated method was used to categorize strategies into either planting-
or stockbreeding-oriented (these two patterns can be referred to as agriculture-oriented), half-labor
and half-peasant, nonagriculture-oriented, or subsidized (see Table 1).
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Table 1. Livelihood strategies in Jungar Banner.1

Dividing Bases
Agriculture Oriented Livelihood Half-Labor and

Half-Peasant
Livelihood

Nonagriculture-
Oriented

Livelihood

Subsidized
LivelihoodPlanting-Oriented

Livelihood
Stockbreeding-Oriented

Livelihood

income
composition
(quantitative)

main
indicators

planting income
ratio ≥ 60%

income ratio of animal
husbandry ≥ 60%

balanced income
ratio from

agriculture (A)
and

nonagriculture (B):
A+B ≥ 60% and
6:4 ≥ A:B ≥ 4:6

nonagriculture
income ratio ≥

60%

subsidized
income 2

ratio ≥ 60%

living means
(qualitative)

complementary
indicators

Planting-oriented
with large

cultivated area or
engaged in facility

agriculture, and
planting

production is
mainly for sale

Stockbreeding-oriented
with lots of animals in

stock, and planting
production is mainly
for self-consumption

doing farm work
in homeland

during farming
season and odd

jobs outside
during slack

seasons

nonagriculture-
oriented with

special skills, or
most time spent

on migrant work 3

subsidized
income-

supported
with aged
labor force

1 For detailed information about livelihood strategies in Jungar Banner, see Reference [46]. 2 Subsidized income
mainly refers to subsidies from cropland retirement, pension subsidies, ecological compensation, child support, and
rural minimal social security subsidies. 3 Migrant work refers to low-end manual jobs in economically developed
areas adopted by migrant farmers from rural China, e.g., cleaning and building work.

3.3.2. The Livelihood Diversity Index

A two-dimensional calculation method that considered both the types of livelihood activities
and the percent of income from the various livelihood activities was employed to measure livelihood
diversity, including the inversed Herfindahl-Hirschman index. The intrinsic meaning of the inversed
Herfindahl-Hirschman index is as follows: the more sources of income and the more balanced the
proportions of the various incomes a household has, the higher the livelihood diversity index is, and
the household has lower livelihood risks and more stable living levels [48]. As has been confirmed by
existing empirical studies, the inversed Herfindahl-Hirschman index is in line with the actual situation
in rural China and reflects the livelihood status of rural households accurately [14,49]:

HLDI =
1∑n

h=1 IP2
h

, (1)

where HLDI is the household livelihood diversity index, IPh is the proportion of income activity to
total income, and n is the number of income activities for a specific household. In accordance with
rural livelihood characteristics in Jungar Banner, this paper divided livelihood activities into three
types: farm activities, nonfarm activities, and subsidized activities. Farm activities were subdivided
into planting activities (including planting food crops, cash crops, seedlings, seeds, and other things)
and animal husbandry activities (including the production of meat, milk, and fur). Nonfarm activities
were subdivided into skilled employment and unskilled employment. Skilled employment refers to
fixed and stable work that requires higher education, special skills, and good health, such as jobs in the
service industry, urban construction, and manufacturing. Unskilled employment refers to temporary
short-term work or low-level, easy-to-replace work, such as harvesting, the construction of agricultural
infrastructure, and the work of cleaners and porters. Subsidized activities include participation in
farmland retirement, ecological immigration, endowment insurance, land expropriation, and being
listed as a low-income household. These activities are for public welfare purposes and are compensated
or subsidized by the government or its agents. Correspondingly, livelihood incomes were divided into
five categories: planting income, animal husbandry income, skilled employment income, unskilled
employment income, and subsidized income. The five categories covered almost all of the income
activities of farm households in Jungar Banner. The livelihood diversity index ranged from 1 to 5,
with the highest index value (indicating the best situation) meaning that rural households had five
balanced income sources, while the lowest index value (indicating the worst situation) meant that rural
households depended only on one income source.
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3.3.3. Kruskal-Wallis H Test

The Kruskal-Wallis H test is a nonparametric method for checking multiple sets of scores that
come from different groups to verify whether there are significant differences in the distribution of
multiple populations. It is nonparametric and equivalent to a one-way ANOVA (analysis of variance).
The hypothesis was that there is no significant difference in the distribution of multiple independent
samples from multiple populations. Here, the Kruskal-Wallis H test was used to examine the regional
diversity of rural livelihood outcomes (livelihood diversity index, family net income) among the four
sampled villages. If the test statistic was in the critical region, the null hypothesis that rural livelihood
outcomes in different villages were approximately the same was rejected.

The main procedures were as follows: (i) rank all of the data of a specific index from all of the
groups; (ii) calculate the Kruskal-Wallis H-test statistic:

H =
12

nT(nT + 1)

∑
i

T2
i

ni
− 3(nT + 1), (2)

where nT is the total observations of a specific index (e.g., livelihood diversity index, family net income)
across all groups; Ti is the sum of the ranks for group i; and ni (i = 1, 2, . . . , k) represents the number of
observations in group i.

4. Results

4.1. Characteristics of Geographical Zones and Typical Villages

On the basis of geographical and environmental features, including geomorphology, soil,
hydrology, population, transportation, and economic location, Jungar Banner can be divided into
five zones (classified into four types) from north to south. The four zone types are a modernized
farm-pastoral plain along the Yellow River, a traditional farm-pastoral zone of the Kubuqi Desert, a
concentrated population and urban development zone, and a loess hilly–gully mining zone (Figure 3).
Accordingly, we then selected four typical villages and analyzed their geographical characteristics.
There existed sharp socioeconomic disparities between these zones and villages.
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4.1.1. Modernized Farm-Pastoral Plain along the Yellow River and Wujiayao Village

The alluvial plain is located on the northern edge of the county between the Kubuqi Desert and
the Yellow River, mainly covering the northern part of the township of Shierliancheng. It is bordered
by the city of Baotou in the north and the city of Hohhot in the east. This zone has a total area of
222.10 km2 and is 8 km long from north to south and 40 km long from west to east, accounting for
2.89% of the whole county. The alluvial plain is comprised of fine sand, moist soil, and a small area of
saline soil. It possesses great potential for agriculture due to its flat land, fertile soil, and sufficient
water supply. The area has benefited from its location and these prime natural conditions and has
developed into both the main grain base of Jungar Banner and the commodity grain production base
for the Inner Mongolia Autonomous Region. The base adopts a “company + base + farmers” mode and
focuses on agricultural products such as fruits, fresh milk, and seasonal vegetables. It realizes intensive
and industrial production from modern agriculture and animal husbandry. The rural settlements are
relatively concentrated with relatively high population densities.

The village of Wujiayao is in the plain to the south of the Yellow River, bordering Jikesitai of Dalad
Banner in the west and adjacent to Tumoteyou Banner of the city of Baotou in the north across from the
Yellow River. It possesses convenient transportation and an obvious advantage in location. The total
area of the village is 58.49 km2, with 266 households and a total population of 1027. The terrain of the
village is flat. The soil type is dominated by fluvial -aquic soil, with solonchak distributed over a small
area. Generally, the soil is fertile and water resources are sufficient. The village owns 33.83 km2 of
cultivated land, which is spatially concentrated and entirely irrigated, with 18.83 km2 of grassland and
4.34 km2 of water area. These characteristics provide great potential for agricultural development in
this village (Figure 4). In 2007, Wujiayao was listed as a pilot for a new rural construction project and a
demonstration base for modern agriculture and animal husbandry in the Inner Mongolia Autonomous
Region, Ordos City, and Jungar Banner. The government has successively invested 29.26 million yuan,
and thus basic facilities such as agricultural water conservancy, transportation, and living services
are relatively well equipped. With the support of local policies, Wujiayao’s development strategy is
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“determining industry by resources, determining employment by industry, determining population
by employment, and determining community by population”. The village has also introduced an
agricultural model of “company + base + farmers”. Specifically, an agricultural company rents farmers’
land and invests in construction. The industry base, consisting of local government, agricultural
companies, and farmers, is responsible for centralized management, production, and sales. The farmers
farm on rented land from companies. Under these circumstances, Wujiayao has realized industrial
planting and stockbreeding, created standard residential communities, and unified and centralized
their management.
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4.1.2. The Traditional Farm-Pastoral Zone of Kubuqi Desert and Gongyigai Village

This area is located in the Kubuqi Desert between the plains to the south of the Yellow River and
the central hilly–gully region. It is associated with the townships of Buertaohai and Shierliancheng and
has a total area of 1488.95 km2, accounting for 19.36% of the whole county. This area is covered with
flowing, semifixed, and fixed sandy land, and the soil type is dominated by sandy soil. In this zone, a
large area of intermontane lowlands with relatively sufficient natural fertility and water constitutes an
ideal base for animal husbandry, forestry, and crop cultivation. The state-owned Wulanbulang Forest
Farm and the Buertaohai Sand Station are located in this area and have become an environmental
defense for the area. However, the overall ecosystem is fragile, lacks water, and is invaded by sand
winds frequently. The local population is scattered throughout the area, mainly concentrated in
Buertaohai and engaged in traditional crop cultivation and grassland husbandry.

The village of Gongyigai is in the Kubuqi Desert area in the northern part of Jungar Banner.
This village has a total area of 263.81 km2, 6 production cooperatives, 551 households, and 1141
people, of whom 473 are permanent residents. Sand winds have frequently invaded this village for
many years, resulting in many mobile, semifixed, or fixed sand dunes, with mainly aeolian sandy
soil. In light of this, a state-owned forest farm and a sand station were built as ecological protection
barriers. In these barrier mountains, there are large areas of lowlands ideal for producing forestry and
husbandry products with sufficient water. As shown in Figure 4, the village has 6.28 km2 of cultivated
land, including 4.92 km2 of irrigated land and 1.36 km2 of dry land, 9.4 km2 of forest, 229.81 km2

of grasslands, 1.56 km2 of water areas, and 14.95 km2 of sandy land. There are 28 standard sheds
for livestock, with an area of 1360 m2, and there are 23 fodder silos holding 520 m3. Considering its
resources, environmental conditions, and economic development, Gongyigai is a typical traditional
farm-pastoral village in the northern farm-pastoral zone.

4.1.3. Concentrated Population and Urban Development Zone and Fulu Village

This zone is at a low elevation and includes a major urbanized area and most of the population.
Located in the middle of the county, this zone includes most parts of the township of Shagedu, the
township of Dalu, and the northern area of the township of Xuejiawan. Shagedu is the former site of
the county government, with a long history and completed public service facilities. Xuejiawan and
Dalu are the current sites of county government and various departments, with integrated public
services, urban construction, economic development, population support, culture, and education.
This zone also possesses large-scale coal chemical companies. Accounting for 32.49% of the whole
county, this zone has a total area of 2499.09 km2. The Nalinchuan River is a main feature, and the
soil is mainly chestnut soil, which gives the area the potential for grass planting, livestock breeding,
and dry-land farming. However, due to its high population density and long-term disturbances from
human activities, such as overgrazing and extensive cultivation, there is widespread severe soil erosion,
resulting in densely distributed gullies and exposed bedrock.

The village of Fulu is in the hilly–gully area in the central region of Jungar Banner, adjacent to
the urban area of Shagedu (where the former Jungar Banner government was located), and it spreads
from the northwest to the southeast along the Huangpuchuan River. The village has a total area of
66.73 km2 and a permanent population of 368 households with 1115 people. The northeastern part of
the village has high terrain where hills and valleys are densely distributed. Most of the settlements
and cultivated lands are in the southwest with low and flat terrain. There are two reservoirs located
within the village; however, water storage is insufficient, with only 10.35 km2 of water. The soil type
is dominated by chestnut soil. The village has 3.76 km2 of cultivated land, 48.92 km22 of grasslands,
2.44 km2 of forest, and 0.42 km2 of sandy land (Figure 4). Due to its suburban location and a lack of
scientific planning and management, farmers’ residential sites in Fulu are scattered and suffer from
poor environmental sanitation caused by domestic garbage. In addition, a lack of planning in terms of
historical land use has resulted in overgrazing, extensive cultivation, and a high population density,
further causing serious soil erosion.
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4.1.4. Loess Hilly–Gully Mining Area and Changtan Village

This area can be divided into two parts. The southwestern hilly–gully coal mining area includes
the townships of Zhungeerzhao, Nuanshui, and Narisong, covering an area of 2277.99 km2 and
accounting for 29.62% of the whole county. This area has a high elevation, hilly landforms, rolling
mountains and valleys, and densely populated valleys. The soil type is dominated by loessial soil.
Due to serious soil and water erosion, a large area of sandstone is exposed. Because of its abundant
coal resources, high altitude, inconvenient transportation, and ecological degradation, this zone is
listed as a key area for coal mining and an ecological migration program (one kind of livelihood
program conducted by the government aimed at relocating villages and households in an ecologically
vulnerable area or an environmentally polluted area). Households are sparsely populated in this area.

The southeastern hilly–gully coal mining area includes the major parts of the townships of
Xuejiawan and Longkou, with an area of 1203.88 km2, accounting for 15.65% of the whole county. This
area is connected to the loess plateau of Shanxi and Shaanxi. The gully is deep and was developed
quickly, with the land surface fragmented into tableland, girder land, replat land, and terrace land.
This area also has abundant mineral resources and the largest coal open-pit mine in China.

The village of Changtan is in the loess hilly–gully region in the southeast of Jungar Banner,
40 km from the township of Xuejiawan. The village covers an area of 495.64 km2. It has more than
12 agricultural cooperatives and has a permanent population of 584 households with 953 people. The
village is densely covered by gullies, and the soil types are mainly loessial and chestnut. It has 3.32 km2

of cultivated land, 1.43 km2 of forest, and 487.94 km2 of grassland (Figure 4). It has abundant coal
resources, and there are two coal companies, Huineng Coal Mine and Yanggeleng Coal Mine, with a
mining area of 3.38 hectares and annual coal production of 12 million tons. The Changchuan River
used to flow through the village from north to south; however, due to coal exploitation, in recent years,
both the surface and groundwater have dried up. Because of serious surface subsidence and dust
pollution, most of the cultivated land and grassland can no longer be used for agricultural production.

4.2. Livelihood Diversity among Four Villages

4.2.1. Livelihoods in Wujiayao Village

As shown in Table 2 and Figure 3, rural households in the village of Wujiayao mainly earn their
living by engaging in large-scale facility agriculture and specialized stockbreeding (see Figure 5).
Planting-oriented and stockbreeding-oriented households account for 80.65% of total livelihoods, with
the former dominating (64.52%). A small number of households engage in nonfarm employment
(half-labor and half-peasant households and nonagricultural-oriented households account for 12.90%
and 6.45%, respectively), while the percent of subsidized households is almost zero. Per-household net
income is 55,800 yuan/year, and the livelihood diversity index is 1.77, which are both the highest among
the four typical villages. Farmers in this village possess the highest reported welfare and life satisfaction
in Jungar Banner, with locally accessed water, clean energy, and good environmental sanitation.

Due to local advantages, including convenient location, flat terrain, bountiful land and water
resources, and support from a scientific development strategy and management systems, rural
livelihoods in Wujiayao have been successfully transformed from traditional to modernized and
industrialized agriculture. Rural livelihoods couple well with the environment in this village to achieve
a successful relationship.



Land 2020, 9, 38 12 of 22

Table 2. Rural livelihoods and the environment in the four typical villages.

Typical Village Wujiayao
Village

Gongyigai
Village Fulu Village Changtan

Village

Category of village

Modern
farm-pastoral

village and
pilot of new

rural
construction

Traditional
farm-pastoral

village

Suburban
transitional

village

Coal resource
-dependent

village

Geographical location

Alluvial plain
south of the
Yellow River

with flat terrain,
convenient
traffic, and
complete

infrastructure

Traditional
farm-pastoral

zone of Kubuqi
Desert with a

few flat
lowlands

among sand
dunes

Central
hilly–gully

sandstone and
urban

expansion zone,
suburban

location with
dense gullies

Loess
hilly–gully

mining zone
with subsided

land and
fragmented

surfaces

Resource endowment

Fertile soil,
sufficient water,

and flat and
concentrated

farmland with
complete water
infrastructure

Mainly sparse
grassland and
forestland, a

few lowlands
with good soil

and water
conditions

Scarce
cultivated land
of low quality;

two small
reservoirs but

with
insufficient

water

Abundant coal
resources,

serious water
shortages,

scarce available
farmland and

forestland

Environmental sanitation

Clean and tidy
environment,

well-regulated
houses, small
area of land
salinization

Heavy drought
and serious soil

erosion from
wind and sand

Serious soil
erosion by
humans,
scattered
houses,
garbage

pollution

Serious air,
water, and soil
pollution from

coal dust

Livelihood strategy

Dominated by
planting-oriented

livelihoods
consisting of

industrialized
agriculture

Mainly
stockbreeding-

oriented,
nonagriculture-oriented,
and subsidized

livelihoods

Mainly
nonagriculture-

oriented and
subsidized
livelihoods

Dominated by
nonagriculture-

oriented
livelihoods

dependent on
coal digging

Livelihood
outcome

Family net
income 1

(104 yuan)
5.58 5.44 3.68 4.24

Livelihood
diversity
index 2

1.77 1.67 1.54 1.47

Water
utilization

Extracting
drinking water

from 25m
underground

and production
water from the
Yellow River

Extracting
drinking water

from 60m
underground

and production
water from rain

Drinking water
is from local

reservoir, and
production

water is from
rain

Diverting water
from elsewhere

Energy
utilization

Electricity,
natural gas,
coal, solar

energy

Coal, firewood,
electricity,

straw

Coal, firewood,
electricity,

straw

Coal and
electricity

1 Kruskal-Wallis H = 9.100, P = 0.028<0.05, so we can reject the null hypothesis. 2 “Livelihood diversity index” is
assigned a value of 1 for each livelihood vocation or activity undertaken by households. For example, if a household
is engaged in farming and migrant jobs, the index of livelihood variety is 2. Kruskal-Wallis H = 11.483, P = 0.009 <
0.05, so we can reject the null hypothesis.
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4.2.2. Livelihoods in Gongyigai Village.

Due to environmental constraints, farmers in the village of Gongyigai still adhere to the
traditional production mode of animal husbandry combined with extensive crop cultivation for animal
feeding. Hence, most of them choose stockbreeding-oriented livelihoods (30%) and planting-oriented
livelihoods (6.67%). Under the impact of urbanization and industrialization, some have moved to
nonagricultural-oriented livelihoods (26.67%) and half-labor and half-peasant livelihoods (10%). The
rest are subsidized farmers, accounting for 26.67%. The per-household net income of the village is
about 54,400 yuan/year, and the livelihood diversity index is 1.67. The values of these two indicators
are second only to those of the village of Wujia.

The livelihoods of rural households in Gongyigai are compatible with the environment, with a
stable and balanced state maintained. However, the environment of this village is extremely fragile,
with high wind-induced erosion and limited capacity in terms of both resources and the environment.
Because of this fragility, it is important to control the intensity of exploitation of environmental resources
to maintain the sustainability of farmers’ livelihoods.

4.2.3. Livelihoods in Fulu Village

Due to the advantages of its suburban location, the village of Fulu is encouraged by local
governments to develop fruit cultivation, vegetable greenhouse construction, agro-tourism, and
peasant-household tourism. Nevertheless, due to water shortages, densely populated valleys, and
policy hysteresis, the transformation away from rural livelihoods in Fulu is not obvious. Farmers are
mainly engaged in nonagricultural activities such as businesses, auxiliary craftsmanship, and migrant
jobs. Young adults mostly earn their living in urban areas, leaving the elderly and children behind.
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Nonagricultural-oriented and subsidized households account for 36.36% and 34.09%, respectively, in
this village (Figure 3), while 18.18% of households are engaged in a stockbreeding-oriented livelihood.
According to the survey data, the average household net income is about 36,800 yuan/year, which was
the lowest among the four villages. The means to live are relatively limited, with a livelihood diversity
index of 1.54 and a medium reported welfare level. The drinking water comes from reservoirs, while
agricultural water is in short supply. The energy used for production and living is dominated by coal
and electricity.

The main dilemmas in Fulu are water shortages, limitations caused by the topography,
undeveloped agricultural techniques, and inadequate management (see Figure 6). Faced with
these disadvantages, the inherent relationship between rural livelihoods and the environment has
reached a saturation state. One effective way used to improve a household’s livelihood is to migrate to
the nearest urban area for nonfarm employment, and advanced production technologies should be
introduced to local industries. Relevant vocational training is necessary for farmers to improve their
farming technology and management and learn new nonfarming job skills.
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4.2.4. Livelihoods in Changtan Village

In the past, the Changchuan River stretched about 5 km through the village and had abundant
water resources and fertile lands. Planting, husbandry, forestry, and the fruit industry covered a long
beach along the river. Local households mainly engaged in agriculture and handicrafts as their main
livelihoods. In recent years, coal mining and land expropriation have made farmers become rich
quickly. Nevertheless, due to unreasonable squandering, farmers have now become poor once more.
Serious damage caused by coal mining has caused land subsidence, soil erosion, and dust pollution
and has forced a large number of villagers to migrate, leaving the elderly behind. The remaining
households mainly earn their living by working in the coal mines. As shown in Table 2 and Figure 3,
nonagricultural-oriented households who make a living in cities and coal mining account for 66.67%
of the total, and subsidized households account for 26.98%. The average household net income is
42,400 yuan/year, third among the four villages. The livelihood diversity index is 1.47, which is the
lowest. The living conditions in this village are the worst due to serious pollution and water shortages.
Water for household life is diverted from other places, while water for agricultural production depends
entirely on rainfall. The dominant energy is coal, which in turn aggravates pollution.

The village of Changtan is a typical case of rural recession and resource exhaustion in the process
of urbanization and industrialization in China. The main reason for this is due to an unreasonable
exploitation of resources in conjunction with encroachment upon farmers’ property rights (such
as the compulsory buyout of coal mining rights and land ownership). Correspondingly, effective
countermeasures include changing the way resources are utilized, adopting clean production measures,
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and empowering rural households with property rights, environmental supervision rights, and public
affairs participation rights. The transformation should be conducted by the government and be
participated in by households.

4.3. Livelihood–Environment Nexus

In this case study, the environment can be seen as a complex system composed of two parts: the
natural environment and the human environment. The natural environment consists of various natural
elements such as climate, topography, landforms, soil, water, and mineral resources. The natural
world has always been utilized as a means of production and labor to facilitate human survival. The
human environment (also called the social environment), which is always related to the economy,
politics, culture, history, transportation, and distance from cities and towns, is essential for social
development. At the community level, the choice of livelihood is made within a specific village space
and has different principal modes according to the characteristics of natural and human factors. The
village-level environment is the most direct and closest external environment that affects the livelihood
of rural households. A combination of geographical location, resource endowment, and environmental
sanitation affects rural livelihoods in terms of spatial patterns, development capacity, and quality of life
within the context of the public ownership system, the utilization policy of land resources, and limited
technical conditions. Meanwhile, the village-level environment is also reshaped by the livelihood
activities of rural households (see Figure 7). Rural development activities, together with farmers’
livelihood activities in terms of the use of natural resources (arable land, mineral resources, etc.),
have changed land use patterns, resulting in either favorable (afforest) or detrimental environmental
influences (soil erosion, environmental pollution, landscape fragmentation, etc.).Land 2020, 9, x FOR PEER REVIEW 16 of 22 
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In terms of geographical location, natural and economic characteristics associated with landform,
elevation, traffic conditions, and distances to public service facilities (such as markets and hospitals)
severely influence a rural household’s decision-making, especially with respect to a choice of a
nonagricultural livelihood. Farmers in the village of Fulu tend to migrate to nearby urban areas for
nonfarming livelihoods because of its suburban location, while farmers in the village of Wujiayao
are willing to adopt modern-facility agriculture due to flat regional landforms and concentrated
farmland. In these cases, the presence and distribution of natural resources such as land, water, and
minerals determine the potential development capacity of rural livelihoods. Fertile farmland resources
in Wujiayao and abundant coal resources in the village of Changtan provide a better development
foundation and higher capacity than in other villages. However, different types of resources cause
livelihoods to develop in different directions in these two villages, and their specific management
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systems contribute to either good or bad livelihood outcomes. The impact of environmental sanitation
is mainly reflected in household welfare in terms of rural industrial pollution, agricultural pollution,
and garbage pollution. Long-term sand erosion in the village of Gongyigai and dust pollution caused
by coal mining in the village of Changtan have seriously affected local residents’ livelihoods and
quality of life and have forced some farmers to relocate.

Rural households select an applicable livelihood strategy according to the specific environment of
their village. Livelihood modes in the same village are generally the same, while different villages
exert livelihood diversity and spatial regularity due to environmental heterogeneity. It is the spatial
heterogeneity of the environment that determines the spatial diversity of rural livelihoods at the
village level.

Rural livelihoods couple with the village-level environment in various ways. Coupling
mechanisms include (i) homeostatic type: generally, in most villages, rural livelihoods are basically
compatible with the capacity of the environment. The resource and environmental carrying capacity and
the livelihoods of rural households are maintained in a balanced state and will not dramatically change
in a short period of time (Figure 8A). For instance, households in the village of Gongyigai have long
engaged in traditional stockbreeding-oriented livelihoods, which is unique to the agricultural-pastoral
zone due to its relatively isolated location and limited environmental capacity. (ii) Intense type: in
resource-abundant villages, intensive resource extraction can bring high revenues to local residents, so
they tend to adopt a resource-dependent livelihood. However, if resources are overexploited and the
environment is not protected, a “resource curse” will occur, with degraded ecosystems, exhausted
resources, and high levels of a return to poverty (Figure 8B). The failure to successfully transition
between livelihoods in the village of Changtan has been a direct result of excessive exploitation of coal
resources and the destruction of the local environment, in addition to a lack of property rights and
ill-suited management systems. (iii) Transfer type: In some villages, despite limited environmental
capacity, rural livelihoods progress due to population outflows or resource inflows (Figure 8C).
These villages tend to be close to urban centers and have the advantage of facilitated transport. The
nonagricultural livelihood transition of rural households in the village of Fulu is a typical case of this.
(iv) Optimized type: Only a few villages have simultaneously attained mutual promotion in both the
environment and rural livelihoods due to the introduction of technologies or institutional innovation
(Figure 8D). In the village of Wujiayao, for example, the livelihood–environment relationship is in an
ideally coupled state due to good farmland resources and management system reform.
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5. Discussion

Rural recession, which is characterized by population decline [50,51], environmental
degradation [52,53], farmland abandonment [54], and concentrated poverty [24,55], has become
a global trend. Livelihood–environment nexus research may provide a useful perspective for
countryside revitalization.

The case study of Jungar Banner indicates that although these areas are becoming more urbanized
and industrialized, the rural livelihood and environmental relationship will not develop spontaneously
toward a virtuous status without policy intervention. Due to there being various environmental
factors, countryside revitalization must be locally tailored and implemented according to the specific
conditions in a given rural livelihood–environment nexus on a village scale. Government reform
should address institutions of both rural utilization and management and should make efforts to change
the geographical situation, increase resource accessibility, and improve environmental sanitation.

Specifically, in resource-abundant villages, resource utilization policies and institutional
management are crucial [56,57]. Under the current system of public ownership in China, farmers’
resource property rights are not guaranteed, which has actually undermined rural livelihoods during
recent decades [52,53]. In the village of Changtan, the compulsory buyout of mineral rights and a
one-time compensation are not conducive to the establishment of sustainable livelihoods for local
households. In contrast, farmers’ livelihoods in the village of Wujiayao are more successful due to
their partial possession of farmland rights and their positive participation in management with a local
agricultural company. According to the empowerment theory, the basis/precondition for sustainable
rural development is the empowerment of external rights, including resource ownership, management
rights, and participation rights in community decision-making [58]. Therefore, rural revitalization in a
resource-abundant village should put particular emphasis on the revitalization of the rights of rural
households. In peri-urban villages with advantageous geographical locations, such as Fulu, moving to
an urban area and nonfarm employment are wise and lucrative livelihood choices [59,60]. However,
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this demands relatively high-quality human capital [61–63]. Hence, rural revitalization in a peri-urban
village depends much more on the labor revitalization of rural households through education and
training in new skills by the government.

In remote, barren villages or polluted villages, such as Changtan, land overexploitation and
environmental degradation tends to occur, and ecological migration and environmental restoration are
preferable strategies. Rural revitalization in these villages should focus on environmental revitalization.
Villages such as Gongyigai have limited resources and environmental carrying capabilities, and rural
livelihood development is stagnant. It is hard for the community to break through entirely on their
own under solidified economic circumstances [64]. As indicated by documents issued by the State
Council of China, prosperous rural industry is the focus in these areas [65] (both a reason for and a
result of rural endogenous development) [66]. In these villages, in addition to empowering farmers
with both external rights and inner capability, rural industrial revitalization can be reached through a
recombination of resources, organizations, culture, and related infrastructure construction.

The relationship between rural livelihoods and the environment is complex and geographically
dependent. Therefore, from the perspective of the rural livelihood–environment relationship, rural
revitalization should focus on four aspects: “rights revitalization”, “labor revitalization”, “industrial
revitalization”, and “environmental revitalization”. The goal of rural revitalization should include
coordinating and optimizing the coupled rural livelihood–environment relationship.

6. Conclusions

This study provides an example of how rural livelihoods couple with a fragile environment in a
farm-pastoral county in the Loess Plateau. Through qualitative and quantitative methods from social,
environmental, and geographical sciences, this study conducted a geographical regionalization and
a comparative analysis of four typical villages. The results indicated that rural livelihoods tightly
couple with the environment on a village scale, showing significant geographical regularity and spatial
disparity. In summary, livelihood strategies adopted by rural households are generally adaptive to the
environment. Meanwhile, livelihood outcomes, such as family net income and a livelihood diversity
index, showed significant disparities between the different zones. Farmers living in the alluvial plain
to the south of the Yellow River mainly adopt modernized plantation and cooperative stockbreeding
due to their advantageous soil and water. Family net income (55.8 thousand yuan) and the livelihood
diversity index (1.77) in this region are the highest compared to the other regions. Livelihoods in the
Kubuqi Desert area comprise traditional stockbreeding, migrant work, and subsidized livelihoods
because of limited resources and environmental capacity. Farmers in this region have the second
highest family net income (54.4 thousand yuan) and livelihood diversity index (1.67). Households
in the peri-urban village of the central sandstone hilly–gully area, which has the lowest net income
(36.8 thousand yuan) and a medium diversity index (1.54), tend to migrate to urban cities to pursue
livelihoods. Finally, livelihoods in the mining village of the southern loess hilly–gully area are
dominated by nonagricultural work associated with coal mining, but there is a low quality of life due
to a polluted environment. Family net income and the livelihood diversity index are 4.24 thousand
yuan and 1.47, respectively, in this region.

The village-level environment is closely related to farmers. Its spatial heterogeneity determines the
spatial diversity of rural livelihoods. A combination of geographical location, resource endowment, and
environmental sanitation jointly affect rural livelihoods in terms of their spatial patterns, development
capacity, and living welfare in the context of the public ownership system, the utilization policy of land
resources, and limited technical conditions. At the same time, the village-level environment has also
suffered adverse effects from farmers’ livelihoods. According to this empirical study in four typical
villages, the coupled relationship between rural livelihoods and the environment can be summarized
as “homeostatic”, “intense”, “transferred”, and “optimized”.

Various coupled relationships between the human and environmental systems in Jungar Banner
indicate that despite high urbanization and industrialization, the conflict between rural livelihood
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development and environmental protection still exists and will not be resolved without policy
intervention. Therefore, countryside revitalization must be locally tailored on a village scale and
implemented according to specific conditions of the rural livelihood–environment nexus. Specifically,
in resource-abundant villages such as Changtan and Wujiayao, rural revitalization should put particular
emphasis on rights revitalization among rural households through policy and institutional reform.
In peri-urban villages with advantageous geographical locations, such as Fulu, rural revitalization
depends much more on the labor revitalization of rural households through education and skills
training. In remote, barren villages or polluted villages such as Changtan, rural revitalization should
focus on environmental revitalization. Finally, in villages such as Gongyigai, where rural livelihoods
and environmental development are stagnant, rural industrial revitalization should be the focus
through a recombination of productive elements and technological innovation.

This study contributes to the current literature on coupled human–environment systems and
narrows the research gap, as few studies have systematically analyzed the rural livelihood–environment
nexus on a village scale by combining the sciences of geography and sociology. This study
may provide references for China’s countryside revitalization and global human–environment
relationship management.
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