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Consistent with the 2030 agenda for sustainable development, China has
initiated a large-scale anti-poverty relocation and settlement program (the
ARSP), aiming to restore ecosystems and lift impoverished populations out
of the poverty trap and into sustainable livelihoods. Unlike previous studies that
focus on the population issues of the ARSP, we examine the links between
livelihood sustainability and environmental protection
("livelihoods—environment”) in the ARSP areas. We found that the links are
generally weak, with low levels of both livelihood sustainability and
environmental protection. The disorder category is the most common in
both the overall and the regional samples, with the mild and borderline
disorder categories being the most common subcategories. The results
varied regionally, and indicated that environmental problems can be more
prominent in regions with fragile environments. Household-level distribution
shows significant differences in the strengths of the links among different
demographic groups, and regression results show that higher levels of
average education, loan amount, and asset holdings, as well as lower
proportions of the elderly and non-agricultural activities were associated
with stronger links. These household factors influenced the links through
different mechanisms.
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1 Introduction

Ending poverty in all its forms and dimensions and
protecting the environment are important global goals of the
2030 agenda for sustainable development (SDGs). However, the
Sustainable Development Goals Report 2021 warns that the
world is not on track to achieving full implementation of the
2030 agenda, and progress has been slow (United Nations, 2021).
While the COVID-19 pandemic is partly responsible for the
delays, there are also serious issues associated with the trade-offs
among the SDGs, and these have hindered their simultaneous
implementation (Nilsson et al., 2016). In China, the economic
growth that has occurred since the economic reforms have been
accompanied by serious environmental degradation and
environmental crises (Liu and Diamond, 2008). To ensure the
sustainable development of the Chinese nation for future
fulfill the of the
2030 agenda, China has tried to resolve the dilemma between

generations and to commitments
human development and environmental protection. As most of
the impoverished populations are located in remote and
environmentally fragile areas where, according to Li et al.
(2021), natural resources are incapable of maintaining the
livelihoods of local people, China has initiated several rounds
of its poverty resettlement program, in which impoverished
people move away from areas with a poor living environment,
thereby halting and even reversing environmental destruction
while at the same time promoting human development.

The anti-poverty relocation and settlement program (ARSP)
implemented since 2016 is the largest resettlement program in
the history of China. It has involved 10 million people from
22 provinces who live below the poverty line in steep,
mountainous areas or areas prone to natural disasters
(National Development and Reform Commission, 2016). By
2020, the ARSP had moved all the targeted people into
consolidated settlements, simultaneously lifting them out of
poverty.! The focus of the ARSP has shifted from the slogan
“winning the battle of poverty alleviation” to a new goal “doing
well to maintain the sustainability of impoverished people.”
However, compared with the remarkable achievements in
poverty alleviation, environmental protection has made little
progress. Progress in restoring and rebuilding the ecological
environment in depopulated areas has been slow due to a lack
of central guidance. In addition, large-scale resettlement
inevitably reshapes the human-environment systems in the
resettlement area. In a number of developing countries, such
as Brazil and Ethiopia, eco-migration projects have commonly
caused environmental disasters and worsened poverty in the
2009; 2013). The
relationship between humans and the environment has

resettlement areas (Finco, Morrissey,

1 Thisinformation is retrieved from the State Council Information Office,
http://www.gov.cn/xinwen/2020-12/03/content_5566758.ntm
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evolved into a coupled complex system in which people and
natural components interact with each other and should in
principle exist harmoniously (Regen, 1984; Ghai, 1994). Given
the large scale of the ARSP, further analysis of the links between
livelihood  sustainability
(“livelihoods—environment”) in the ARSP areas is warranted.

and environmental protection

We used household survey data collected in 2021 from
Shaanxi province in China to examine the strengths and
categories of “livelihoods—environment” links at the overall,
regional, and household levels and to explore the impact of
different demographic characteristics on the links. Livelihood
capabilities (LCs) are an important component of a livelihood
(Chambers and Conway, 1992). They shape the use of livelihood
assets to achieve certain livelihood outcomes. Considering the
important role of LCs in sustaining livelihoods for impoverished
people, we used LCs to represent livelihood sustainability.
Changes in pro-environmental behaviours (PEBs) remain a
high priority for many governments and agencies attempting
to protect the environment (Barr et al, 2011). Given that
relocated households are the main participants and micro-
decision makers in the implementation of the ARSP, and that
their actions will lead to environmental responses (Steibl and
Laforsch, 2019), we analyzed environmental protection in the
ARSP areas from the perspective of the PEBs of relocated
households.

2 Background and conceptual
framework

2.1 Background

The ARSP was one of China’s critical approaches to ending
absolute poverty in the 13th Five-Year Plan period (2016-2020)
(Lo etal., 2016; Liu et al., 2020; Rogers et al., 2020). Although the
ARSP shares the same ultimate goal as ecological migration (in
Chinese policy terms “to pursue harmonious development
between man and nature”), the main purpose of the ARSP is
poverty alleviation rather than environmental protection. As a
result, past studies have concentrated on population issues,
namely households” volition (Wilmsen and Wang, 2015; Lo
and Wang, 2018; Gomersall, 2020), the factors influencing the
participation of households (Guo et al., 2017; Shi and Zhou,
2018), and the impact on household livelihoods (e.g., livelihood
vulnerability, livelihood capital, adaptation strategy, and income
levels) (Li et al., 2018; Liu et al., 2018; Liu et al., 2020; Leng et al.,
2021). Research on the environmental status of ARSP areas is
limited (Zhou et al., 2022), and even fewer studies have combined
these two aspects by approaching the resettlement as a process
with multiple outcomes (Li et al., 2021). Previous studies on the
correlations between livelihoods and the environment have
explored the livelihoods and the environmental effect of the
ARSP on regional (watershed) to global scales (Li et al., 2015), but
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such scales may be too broad and ambiguous to make policy
recommendations. Our previous study (Li et al., 2021) evaluated
the effect of the ARSP on household well-being with an emphasis
on ecosystem services. This, however, cannot reflect in detail the
links
protection for each relocated household. Moreover, ‘wellbeing’

between household livelihoods and environmental
cannot measure the capacity of relocated households to sustain
livelihoods, a major concern in China following the elimination
of absolute poverty. In addition, dependence on ecosystem
services is only one dimension of human disturbance to the
environment, and much less is known about the systematic
the of the
behaviours of relocated households.

impact on environment multidimensional

Livelihood capabilities (LCs) play important roles in the
long-term development of actors (Chambers and Conway,
1992). The systematic analysis of LCs is based on three main
theories: vulnerability, sustainable livelihoods and feasible
capability. In studies based on the vulnerability theory, LC is
generally referred to as adaptive capacity or livelihood resilience,
which emphasizes capacities to adjust passively to changes in the
external environment (Vogel and O’Brien, 2004; Smit and
Wandel, 2006). In studies based on the theory of sustainable
livelihoods, LC represents the capacity to cope with and recover
from stresses and shocks, which focuses on the capabilities of
actors to proactively address and respond to shocks, and
continuously exploit and create opportunities (Department for
International Development, 1999; Chambers, 2006). In studies
based on the feasible capability theory, LC is referred to as a
feasible which the

arrangements (structures, institutions and policies) affect the

capability, emphasizes how social
capacity (Sen, 1999). Regardless of the theory on which it is
based, quantitative studies generally are measured by adjusting or
adding indicators of livelihood assets (Wang W. et al, 2021;
Savari and Zhoolideh, 2021). Compared to studies based on other
theories, the theory of sustainable livelihoods highlights the
internal capacity of the actors, which holds the key to their
subsequent development. However, livelihood assets and LCs are
not equivalent. The livelihood assets available to individuals
constitute their endowments, and it is how these endowments
are used to shape livelihood outcomes that are the LCs (Korf and
Oughton, 2006). In addition, studies that use livelihood assets to
represent LCs treat LCs as a whole and fail to analyze their
intrinsic structure.

Pro-environmental behaviours (PEBs) are one of the
terminologies that have been used to describe behaviours that
seek to protect the environment; they may be called “ecological
behaviours,” “environmental behaviours” or other variants
(Kurisu, 2015). While the definition of PEBs tend to differ
slightly between studies, most constitute behaviours that either
mitigate an individual’s impact on the environment or positively
impact the environment (Sawitri et al., 2015). In the past, self-
reports have mostly been used to measure PEBs, especially in
studies that employ surveys, questionnaires, or interviews to
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evaluate respondents’ subjective estimates of their own
behaviours (Hunter, 2000; Barr et al., 2011; Moss et al., 2017).
Various organizations and researchers have provided lists of
PEBs, which, for example, can be categorized by the place
(e.g.

and

where behaviour can be conducted “personal,”
“community,” and “public”) (Pfeffer 2002;
Takahashi and Selfa, 2015; Moss et al., 2017), by the potential
actors who conduct the behaviours (e.g., individuals, households,
institutions) (Wolters, 2014; Moss et al., 2017; Halaburda and

Bernaciak, 2021), or by the influential field (e.g., water, waste in

Stycos,

terms of visual savings) (Wolters, 2014; Wang S. et al., 2021).
Although we have a good understanding of the definition and
measurement of PEBs, they generally focus on one category of
PEB, and this cannot capture the systematic impact on the
environment. There have also been few studies of the PEBs of
relocated households.

Based on the limitations of previous studies, an objective of
this study was to explore the links between household livelihoods
and the environment from a micro perspective, placing emphasis
on the household capacities for livelihood sustainability and the
links
environmental protection. The second objective was to

between multiple anthropogenic disturbances and
improve the measurement of LCs and PEBs to fully capture
household capacities of livelihood sustainability and the
comprehensive interactions between relocated households and

the environment.

2.2 Conceptual framework

To introduce how the measurement of LCs and PEBs
be
“livelihoods-environment” links in the ARSP areas, we
of LCs, PEBs
links in the ARSP

could improved and to explain

developed a  framework and

“livelihoods-environment” setting
(Figure 1).

Firstly, the capacities of relocated households to obtain
what they want through exchange in emigration and
resettlement areas determines the sustainability of their
The

improved living environments in the resettlement site, but

livelihoods. relocated households have greatly
face the challenge of adapting to the new environment during
the early stages of their relocation, e.g., shortage of natural
resources, increased living cost, and broken social networks
(Rogers et al., 2020). Sen’s view in “Poverty and Famine”
pointed out that “famine” is caused by the failure of exchange
entitlements (Sen, 1983). This argument suggests that the key
to sustainable livelihoods is the success of exchange
of the

relocated households have difficulties in exchanging their

entitlements. In the early stages relocation,
labour in the market system due to their low level of
education and lack of vocational skills. They are therefore

unable to obtain stable or substantial benefits. To sustain
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their livelihoods in the resettlement areas, many relocated
households return to their original homes to practice
agriculture, thereby obtaining benefits from the natural
system. This is more common when the resettlement
occurs over short distances (Lo et al., 2016). As an event
in which the interests of some actors are partly or wholly
under the control of others (Coleman, 1990), the exchange
entitlements depend not only on the exchange with the
natural and market systems, but also on the exchange with
the
diversified resources by engagement in social exchange

social system. Relocated households can obtain
with their original and new social networks, and can
invest these resources in the natural and market systems
to obtain continuous benefits (Wei and Li, 2020). We
therefore defined LCs as the combination of natural
exchange capacity, market exchange capacity, and social
exchange capacity. The three exchange capacities were
convertible, and together constituted LCs through their
With the interaction of the three

exchange capacities, relocated households can achieve

mutual interactions.

sustainable livelihoods. Specifically, they can generate and
maintain their means of living, enhancing their well-being
and that of future generations (Titi and Singh, 1994).
Secondly, the behaviours of relocated households in the
emigration and resettlement areas generate disturbances to
the environment in multidimensional ways. As relocated
households may return to their original homes to practice
agriculture, their resource utilization and agricultural
production behaviours to disturb the
the Relocated
households are generally non-farm employed in the

can continue

environment in emigration  areas.
resettlement areas, and their living behaviours rather than
their production behaviors can affect the resettlement
environment. Multiple environmental protection activities
are conducted in both areas, such as the Sloping Land
Conversion Program in emigration areas and community
seminars on environmental protection in resettlement areas.
These activities are conducted with the purpose of bringing
positive impacts to the environment or can actually
contribute to environmental protection. To capture the
the
environment, we therefore studied their PEBs in relation

interactions between relocated households and
to multiple anthropogenic disturbances, specifically resource
utilisation behaviours, green production behaviours, green
living behaviours, and behaviours of participation in
environmental protection activities. Resource utilisation
behaviours reveal the intensity of use and the dependency
of relocated households on natural resources for agricultural
production and household consumption, decreases in the
environmental disturbance caused by households, and
reductions in over-exploitation of natural resources. Green
production behaviours and green living behaviours reflect

the efforts to reduce non-point pollution and carbon

Frontiers in Environmental Science

04

10.3389/fenvs.2022.1047223

emissions from households’ production and living,
reducing the impact of human disturbances, and
alleviating  environmental  degradation caused by
inappropriate production. Participation in environmental
protection activities refers to the active efforts of
households to protect the environment, generating
additional ecosystem services that both improve

environmental quality and release pressure, changing both
the quantity and quality of disturbances.

Thirdly, the interactions between household livelihoods
and the environment can create new mutually reinforcing or
mutually inhibiting cycles in the ARSP areas. A livelihood is
perceived to be sustainable only when it does not undermine
the natural resource base, and the availability and
accessibility of ecological options are one of the essential
options that affect the capacity of people to achieve
sustainable livelihoods (Chambers and Conway, 1992; Titi
and Singh, 1994; Scoones, 1998). The idea of sustainable
the web  of
livelihoods their

environment in which people’s quest for generating and

livelihoods therefore captures intricate

interaction between people’s and

maintaining their living can potentially create both
environmental and survival problems. In the ARSP setting,
relocated households in emigration areas faced significant
“poverty-environment traps,” which occurs because marginal
environmental conditions ensure that production on these
lands is subject to low yields and soil degradation, while lack
of access to markets and infrastructure may constrain the
ability of poor households to improve their farming systems
and livelihoods or restrict off-farm  employment
(Barbier and Hochard, 2019). After
emigration, a relocated household can develop a new
the through  their

interaction with the resettlement and emigration areas,

opportunities

relationship ~ with environment

which can lead to a good cycle or a vicious one. The
the
environment can be explained as follows. The environment

correlations between immigrant livelihoods and
has an impact on the success of exchange entitlements with
natural, market and social systems. For example, it can
influence agricultural output, the development of a local
tourism industry and the social relations with local
households. Relocated households their

willingness to implement PEBs based on what they get for

can regulate
their livelihoods, which can have an impact on the
environment and thus start a new cycle between their
What

sustainability

livelihoods and the environment. is the current
livelihood

environmental protection in the ARSP area, and can this

relationship  between and
relationship be optimized? To clarify these questions, we
examined the overall, regional, and household distribution
characteristics of the strengths and categories of “livelihoods-
environment” links and explored the impact of different

demographic characteristics on these links.
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3 Data and methods
3.1 Study area

This study was conducted in Shaanxi Province, which is
typical of the environmentally vulnerable areas in Western China
that face serious conflicts between conservation and human
development. 74 per cent of the population of China that has
been classified as “poor” is located in ecologically fragile
mountainous areas. To avoid disasters, combat poverty, and
restore the environment, the provincial government of
Shaanxi has implemented a systematic relocation and
settlement program, starting in 2011. It was one of the first
provinces in China to carry out such a large-scale relocation and
settlement program. In the 13th Five-Year Plan period, Shaanxi
planned to move 355,000 households and 1.25 million people, the
second largest relocation effort in China’.

We chose research sites from the southern, central and
northern regions of Shaanxi. These three regions correspond
to the Qinba Mountains, the Guanzhong Plain, and the Loess
Plateau, respectively. The three regions provide resettlement
areas with different external environments. Central Shaanxi
has a flat topography and mild climate, and the highest level
of economic development. Southern Shaanxi, the core area of the
concentrated serial poverty areas of the Qinba Mountains,”* also
has areas of ecological importance and is the origin of the middle
route of the South-to -North Water Diversion Project.” Northern
Shaanxi is rich in coal resources and has the second highest level
of economic development, but has a vulnerable ecological
environment and also has National Key Ecological Function
Areas where development is restricted.

3.2 Data sources

Household surveys were conducted from July to October
2021. Based on the number of relocated households in each
region,® we sampled two cities in southern Shaanxi (Shangluo
and Ankang), one city in central Shaanxi (Weinan) and one city
in northern Shaanxi (Yulin). After several pre-survey visits, two
counties were selected in each target city, and 1-2 typical

2 Households whose annual income does not reach the 2011 constant
price of RMB 2,300 are classified as “poor.”

3 The data of relocation size comes from Shaanxi “13th Five” [Year Plan]
Anti-poverty Relocation and Settlement Plan. http://www.changwu
gov.cn/gk/gk2702/10022.ntm

4 One of the 11 concentrated serial poverty areas of China.

5 This project is designed to deliver high quality water to arid North
China.

6 These data come from Shaanxi “13th Five" [Year Plan] Anti-poverty
Relocation and Settlement Plan. http://zrzyj.hancheng.gov.cn:9003/
index.php?c=show&id=1632
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resettlement communities were selected in each target county.
To avoid the data being affected by “empty shell” communities,
the target communities had to satisfy two criteria: an occupancy
rate of >90 per cent and relocated households that had been
moved to the communities for at least 1 year. The resettlement
communities that we investigated were all centralized urban
resettlement communities where the resettled households were
from remote villages. In each case, large-scale resettlement had
started in 2018, with the majority of households relocating in
2018 or 2019. We used simple random sampling to select
households in the target communities, and administered
questionnaires to interview the household heads’” who were
most familiar with family conditions and had primary
responsibility  for decision-making. The questionnaires
consisted of a set of structured questions about households’
demographic characteristics, livelihood assets and activities,
income and expenditure, and pro-environmental perceptions
and behaviours.

Multiple measures were taken to ensure data quality and
reliability. Firstly, we conducted three pre-surveys, and refined
the questionnaire based on the results of each pre-survey.
Secondly, we conducted several training sessions for
investigators on the administration of the questionnaires, and
assigned supervisors to monitor and adjust investigators’
operations during survey. Thirdly, we carried out three rounds
of data cleaning and logic checks to identify questionnaires with
missing values or inconsistent answers. In the end, 1,285 valid
questionnaires were collected, including 772 from southern
Shaanxi, 221 from central Shaanxi and 292 from northern
Shaanxi.

3.3 Variable design and summary statistics

Livelihood capacity. Drawing on the theory of sustainable
livelihoods, we defined LC as the internal capacity of relocated
households to adjust proactively to changes in the process of
embedding them into various environments in the resettlement
area. Natural exchange capacity (NEC) was defined as the
capacity of households to obtain material returns by investing
capital in nature. Indicators for NEC were related to the scale and
specialization of agricultural production (Huang et al, 2014;
Wang et al,, 2016). Market exchange capacity (MEC) was defined
as the capacity of households to trade directly or indirectly with
various property rights in a market exchange. Indicators for MEC
related to the level, diversity, and stability of incomes (Dev et al.,
2016; Hu J. et al,, 2018). Social exchange capacity (SEC) was
defined as the capacity of households to access resources through

7 When the nominal head of the household has migrated out, we
interviewed the actual head, who has the power to make decisions
for the household.
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TABLE 1 Variable design and statistics for livelihood exchange capacities.

Variables

Natural exchange
capacity

Market exchange
capacity

Social exchange
capacity

Indicators Description

Farming scale Arable land area per capita

Forestry scale Forest area per capita
Livestock scale

Farming specialization Reciprocal of plant species
Forestry specialization Reciprocal of forest species
Livestock specialization
Property income level Property income per capita
Operating income level ~ Operating income per capita
Wage income level Wage income per capita
Income diversity Income diversity index

Income stability
5 = very stable

Size of social network

Values of self-use and for sale of livestock per capita

Reciprocal of livestock species

Self-assessment of income stability: 1 = very unstable; 2 = unstable; 3 = average; 4 = stable;

The number of relatives and friends for help

The number of relatives and friends contacting with on important holidays

Structure of social
network

Scale of social security Transfer income per capita

Sum of occupation categories of friends and relatives

New friends made in resettlement area

TABLE 2 Variable design and statistics for pro-environmental behaviours.

Variables

Resource utilisation

Green production

Green living

Participation in
environmental protection
activities

Target Indicators
areas
Emigration Dependence of income on
areas ecosystem services
Dependence of food consumption
on ecosystem services
Emigration Pollution emission
areas
Carbon emission
Resettlement Pollutant emissions
areas
Carbon emissions
Emigration Returning the homestead to green
areas
Degree of participation in Sloping
Land Conversion Program
Resettlement Degree of participation in local
areas environmental protection

seminar

Suggestions about local
environmental issues

Description/Questionnaire

Proportion of net income derived from the ecosystem to
total net income earned from both ecosystems and social
systems

Proportion of food self-sufficiency in total household food
consumption

Investments in fertilizers, pesticides, plastic films and
other chemicals for agroforestry production per hectare

Frequency of burning or discarding straw: 1 = never; 2 =
seldom; 3 = sometimes; 4 = often; 5 = always

Frequency of garbage sorting: 1 = never; 2 = seldom; 3 =
sometimes; 4 = often; 5 = always

Energy consumption of living including coal, gas,
electricity, gasoline per person

The use of the homestead after the demolition of the
house in the original areas: 1 = return to green; 0 = vacant
or other use

Proportion of enrolled lands in Sloping Land Conversion
Program

Frequency of participation in seminars about local
environmental protection: 1 = never; 2 = seldom; 3 =
sometimes; 4 = often; 5 = always

Frequency of proposing suggestions about local
environmental issues: 1 = never; 2 = seldom; 3 =
sometimes; 4 = often; 5 = always

Mean

1.525
2.836
177.078
0.286
0.158
0.086
843.643
104.862
5,582.255
0.312
2.359

4.661
2.042
9.882
0.459
3,212.835

Mean

0.155

0.216

1,193.277

1.552

2.043

702.176

0.128

0.290

1.613

1.512

Standard
deviation

4.363
5.394
1,329.605
0.371
0.347
0.264
2,763.442
1,203.984
6,245.426
0.292
1.240

4.590
1.020
19.471
0.795
4,915.154

Standard
deviation

0.266

0.378

3,036.413

1.200

1.375

870.237

0.335

0.334

1.007

0.962

Homestead is rural land under collective ownership that is used by the rural households to build houses. After moving to resettlement sites, the houses on the homestead would be

demolished and homestead would be reused for other purposes.
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the use of social support from social networks. Indicators for SEC
related to social networks (Shi et al., 2019; Phan et al., 2020). The
variables and indicators of the different livelihood exchange
capacities are shown in Table 1.

Pro-environmental behaviour. PEBs in the context of the
ARSP include behaviours conducted both in emigration
areas and resettlement areas. The variables and indicators
of PEBs are shown in Table 2. The indicators for PEBs relate
to human-resource interactions (Robinson et al., 2019;
Wang et al., 2020), green production (Lange and Dewitte,
2019; Ren et al.,, 2021), and human disturbances to the
urban environment (He and Zhou, 2018; Wang S. et al,,
2021).

3.4 Methods

3.4.1 Evaluation method for assessing the
strength of the “livelihoods—environment” links
Before calculating the links, LCs and PEBs had to be
calculated. PEBs and livelihood exchange capacities were
calculated using the entropy method, which can potentially
avoid the subjectivity of indicator weighting (Miao and
Ding, 2015). For LCs, the convertibility of the three
exchange capacities was calculated using the cosine

similarity method from the system prediction and
decision-making study. Then, LCs were obtained by
standardizing the product of the three exchange

capacities and convertibility.

We use coupling coordination degree (CCD) to assess
the strength of the “livelihoods-environment” links. CCD is
an improved indicator of coupling degree (CD). CD can
only reflect the degree of interdependence and interaction of
different aspects, while CCD can reflect their degree of
coordinated development. The calculation method for the
CCD was based on the capacity coupling coefficient model
in physics. The calculation equations were:

D=vC*T (1)
LCs* PEBs
C=\"——+ @)
(LCs+PEBs)
2
T = aLCs + ﬁPEBs (3)

In Eq. 1, C stands for the coupling degree; T stands for the
comprehensive index; D stands for the coupling coordination
degree; and De[0,1] and the larger D is, the stronger the link is
livelihood

protection. In Eq. 2, LCs stands for livelihood capabilities

between sustainability and environmental
and PEBs stands for pro-environmental behaviors. In Eq. 3, «
and f8 are the undetermined weights of LCs and PEBs,
respectively. LCs and PEBs are considered to be equally

important, so « = § = 0.5.
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TABLE 3 Divisions of the strength categories of
“livelihoods—environment” links.
Subdivision categories

Division categories Link strengths

Coordination category Excellent coordination 0.900~1.000
Good coordination 0.700~0.899
Average coordination 0.600~0.699
Fair coordination 0.500~0.599
Disorder category Borderline disorder 0.400~0.499
Mild disorder 0.200~0.399
Moderate disorder 0.100~0.199
Severe disorder 0.000~0.099

3.4.2 Division methods for the
“livelihoods—environment” link categories

In  order to  reflect  different  stages of
“livelihoods—environment” links, the strengths of the
“livelihoods—environment”  links were divided into a

coordination category and a disorder category according to
the value of D, and then divided into 8 sub-categories with
0.1 as the critical distance (Table 3).

To compare the differences between the levels of LCs and
PEBs under the coordination category and disorder category, six
sub-categories were created under the two categories (Table 4).
The category of coordinated development of livelihoods and
environment is the optimum link category, and the category of
deterioration of livelihoods and environment is the worst. With
the categories of livelihood priority and environmental
degradation, the level of PEBs is lower than the level of LCs.
With the categories environmental priority and deterioration of
livelihoods categories, the level of LCs is lower than the level
of PEBs.

3.4.3 Statistical analysis and model assessment
(1) Statistical analysis. Aiming to better understand the overall
characteristics of the “livelihoods-environment” links and
how they differed between regions, we examined the
of the of the
“livelihoods-environment” overall and

distribution strengths
links at the
regional levels through violin diagrams, and examined the
distribution of strength categories and comparison
categories of “livelihoods-environment” links through

statistical tables.

To explore how to optimize the “livelihoods-environment”
links for vulnerable populations, we tested the differences of
means of “livelihoods-environment” link strengths by bivariate
the of
strengths subgroups

examined distribution
link of
through box plots. Population groups were divided by the

correlation  tests and

“livelihoods—environment”

following household characteristics: relocation characteristics,
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TABLE 4 Divisions of the comparison categories of “livelihoods—environment” links.

Division categories Division standards

Coordination category 0<|Al<0.1
A< -0.1
A>0.1
0<|Al<0.1
A< -0.1
A>0.1

Disorder category

A =PEBs - LCs.

TABLE 5 Description and statistics for household factors.

Subdivision categories

Coordinated development of livelihoods and environment
Livelihood priority

Environment priority

Deterioration of livelihoods and environment
Environmental degradation

Deterioration of livelihoods

Household factor Description Mean Standard
deviation
Relocation time Number of years since the relocated household moved in 2.260 0.776
Average education Average household education level (the minimum value is 1 representing illiteracy, and the maximum value ~ 2.482 0.634
is 5 representing college education and above)
Elderly proportion Proportion of household members over 65 years old to the total number of household members 0.138 0.345

Loan amount
Asset holdings

Non-agricultural activities
proportion

demographic characteristics and livelihood characteristics. We
used relocation time to represent the relocation characteristics
(Du and Xu, 2016). Demographic characteristics were measured
using the level of average education and the proportion of elderly
2019). Livelihood characteristics
included loan status, level of asset holdings, and proportion of

people (Robinson et al,

non-agricultural activities (Robinson et al, 2019; Wang and
Wang, 2019).

(2) Model assessment. We conducted several multivariate
regression models to see which household factors were
significantly associated with “livelihoods—-environment”
links. These household factors included relocation time,
average education level, elderly proportion, the total
amount of loans, the level of asset holdings, and the
proportion of non-agricultural activities. A dummy region
was introduced to all models to control region-level fixed
effects (Table 5).

Multivariate regression models included three models: model
I was the baseline regression with the dependent variable being
the strengths of the “livelihoods—environment” links; model II
was a robustness check of Model I with the dependent variable
being the strength categories of “livelihoods-environment” links;
and model III was used to investigate the mechanism of the
impact of household factors on the “livelihoods—environment”

Frontiers in Environmental Science

Loans amount obtained from banks or agricultural credit societies or other financial institutions (RMB)  17,497.660  42,209.870
Asset holdings ranking from 1-5 (durable goods, market value of cash crops, deposits, and house values)  3.001 1.414

Proportion of net income from non-agricultural activities (remittance; income from non-agricultural 0.915 0.180
operations; wage and property income) to total net income

links, in  which the
“livelihoods-environment” links were the dependent variable.

comparison  categories  of
Given that the dependent variables of the three models were
respectively a continuous variable, an ordered discrete variable
and an unordered discrete variable, we used simple Ordinary
Least-Squares  (OLS), Ordered Probit (O-probit) and
Multinominal Logit (M-logit) to identify the three models,
respectively. The three models were expressed as follows®:

D; = ﬁo + ﬂlXi + &; (4)
X'y
Prob (DL, = le,', y]) = J %) (t)dt = F] (Xi, yj) (5)
‘ EXP(X,8)
Prob(DC; = j|X;, ) = T3 EXp(xo)) +EXP(X'8 ) =F; (Xix‘sk) (6)
iVk

D; in Eq. 4 was the strengths of the “livelihoods-environment”
links; Prob(DL; = le,-,yj) in Eq. 5 was the probabilities that
household i falls into the strength categories of the
“livelihoods-environment” links j; and Prob(DC; = j|X;,d;)
in Eq. 6 was the probabilities that household i falls into the
comparison categories of “livelihoods—environment” links k. In

8 Since there is no analytic expression for the cumulative distribution
. X'y
function of the standard normal, it was expressed as jﬂi)@(t)dt
in Eq. 5.
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The conceptual framework of livelihood capabilities, pro-environmental behaviours and “livelihoods—environment” links in the ARSP setting.

the three equations, X was the household factors, and f, y, §
were the corresponding coefficients of the models to be
estimated. In addition, ¢ in Eq. 4 was the error term.

To facilitate interpretation of the regression results of
model III, we integrated the category of livelihood priority
and the category of environmental degradation into the
category of lagging environment, and integrated the
category of environmental priority and the category of
deterioration of livelihoods into the category of lagging
livelihoods. We then used the category of deterioration of
livelihoods and environment as the regression benchmark for
model III.

4 Results

4.1 Distribution of
“livelihoods—environment” links for the
overall and regional samples

The “livelihoods—environment” links were generally weak in
the overall sample. The distribution of the overall sample was in a
slender “spindle shape” and the widest part lies below the mean
(Figure 2), indicating that relocated households were mainly
concentrated below the central level. The extreme values of
0.164 and 0.830 of the overall sample revealed that there was
a large dispersion amongst the strengths of the
“livelihoods—environment” links. But with a mean value of
0.441 and half of the overall sample between 0.358 and 0.516,
the sampled relocated households generally had weak

“livelihoods-environment” links.

Frontiers in Environmental Science

The strength of the “livelihoods-environment” links within
individual regions were similar to the overall distribution,
although central Shaanxi had higher levels than the others.
The distributions found in the data from southern Shaanxi,
central Shaanxi and northern Shaanxi were also “spindle-
shaped,” with a higher density in the middle. The mean
values for these three regions were all below 0.5, indicating
that the link strengths of regional samples were generally
weak, as with the overall sample. The mean value (0.497) in
central Shaanxi was higher than that in southern Shaanxi (0.436)
and northern Shaanxi (0.414), indicating that central Shaanxi
had stronger “livelihoods—environment” links.

4.2 Categories of “livelihoods-
environment” links in the overall and
regional samples

The overall and regional samples showed that the disorder
category was the most common, with the mild and borderline
disorder subcategories being the most frequent. The proportion of
disorder category in the overall sample was 0.708 (Table 6). The sum
of the proportions of severe disorder and moderate disorder
categories was 0.007, much smaller than the sum of the
proportions of the mild and borderline disorder categories, which
was 0.711. At a regional level, in southern Shaanxi, for example, the
proportion of disorder category was 0.733, and the sum of the
proportions of severe disorder and moderate disorder categories was
0.729, both much higher than the other category/subcategories.

The deterioration of livelihoods and environment category was
the most frequent category in the overall sample and in southern
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Central Shaanxi Northern Shaanxi

The overall and regional distribution of “livelihoods—environment” links. WRed line represents a link degree of 0.5. @The differences among

three regions are significant at p < 0.01 according to t tests.

Shaanxi, indicating that low levels of both livelihood sustainability
and environmental protection were most common in the overall
sample and in southern Shaanxi. In the overall sample, the
category of deterioration of livelihoods and environment was
0.326, much higher than other categories (Table 7). For
the of
livelihoods and environment was much less frequent, at 0.097.

example, category of coordinated development
The category of deterioration of livelihoods and environment was
0.387 in southern Shaanxi, which was not only the most common
link category in southern Shaanxi, but higher than those in central
and northern Shaanxi, at 0.149 and 0.300, respectively. For central
and northern Shaanxi, the environmental degradation category
was the most frequent category, which shows the most common
situation in these two regions was the level of environmental
protection was lower than the level of livelihood sustainability. The
values for the environmental degradation category were 0.444 and
0.321 in northern and central Shaanxi, respectively, higher than
0.266 for southern Shaanxi.

4.3 "Livelihoods—environment” links
amongst different household groups

There were significant differences in the strengths of the

“livelihoods—environment” link in the different household
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link
strengths were significantly higher for households that had

groups. The means of the “livelihoods-environment”
been relocated for a longer time, with higher average
education and asset holdings, having loans and with lower
proportions of the elderly and non-agricultural activities
(Figure 3). The result suggests that the levels of relocation
time, average education, asset holdings, loan status,
proportions of the elderly and non-agricultural activities may
be the strength of the

“livelihoods—environment” links.

important factors influencing

4.4 Household factors associated with
“livelihoods—environment” links

The sign and significance of the independent variables in
models I and II were consistent (Table 8°), indicating that the
results of model I were robust. From the results of model I, all
the independent variables except relocation time had
effects the of  the
“livelihoods-environment” links. The insignificant effect of

significant on strength

9 Due to missing values, the regression sample size was 1284. The results
were presented as standardized beta coefficients.
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correlation test.

Distribution of “livelihoods—environment” links of different household groups (A). Distribution of “livelihoods-environment” links of different
relocation time; (B). Distribution of “livelihoods-environment” links of different average education levels; (C). Distribution of “livelihoods-
environment” links of different elderly proportions; (D). Distribution of “livelihoods-environment” links of different loan status; (E). Distribution of
“livelihoods-environment” links of different levels of asset holdings; (F). Distribution of “livelihoods-environment” links of different proportions

of non-agricultural activities. @ Groups of relocation time, average education, asset holdings and non-agriculture activities were divided by means,
and the groups of the elderly was divided by 0.5 proportion. @ The means of subgroups were significantly different at p < 0.05 according to a bivariate

TABLE 6 Proportions of the overall and regional relocated households in strength categories of “livelihoods—environment” links.

Division categories

Subdivision categories

Proportion of overall Proportion of subregional relocated households

relocated households

Southern Shaanxi

Central Shaanxi

Northern Shaanxi

Coordination category

Total
Disorder category

Total

Excellent coordination

Good coordination

Average coordination

Fair coordination

Borderline disorder

Mild disorder

Moderate disorder

Severe disorder

Frontiers in Environmental Science

0.000
0.022
0.082
0.189
0.293
0.298
0.403
0.007
0.000
0.708

0.000
0.012
0.074
0.181
0.267
0.310
0.419
0.004
0.000
0.733

1

0.000
0.068
0.154
0.267
0.489
0.258
0.249
0.005
0.000
0.512

0.000
0.014
0.048
0.154
0.216
0.294
0.474
0.017
0.000
0.785
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TABLE 7 Proportions of the overall and regional relocated households in comparison categories of “livelihoods—environment” links.

Division Subdivison category Proportion of Proportion of subregional relocated households
category overall
;e(::)l;:ltli)c{ ds Southern Central Northern
Shaanxi Shaanxi Shaanxi
Coordination Coordinated development of livelihoods and 0.097 0.088 0.186 0.055
category environment
Livelihood priority 0.087 0.066 0.131 0.109
Environment priority 0.108 0.112 0.172 0.051
Disorder category Deterioration of livelihoods and environment 0.326 0.387 0.149 0.300
Environmental degradation 0.266 0.182 0.321 0.444
Deterioration of livelihoods 0.115 0.165 0.041 0.041

relocation time on the strength of the “livelihoods-
environment” links may be due to the close proximity of
relocation years, with 83.0% of respondents having been
relocated in 2018 and 2019. The significant predictors of
link
education, amount of loan and asset holdings, and lower

higher strengths were higher levels of average

proportions of the elderly and non-agricultural activities.
Model III was used to investigate the impact mechanism

of  household the of the

“livelihoods—-environment” links. The results indicated that

factors  on strength
the sign and significance of the household factors that
resulted in the coordinated development of livelihoods and
environment were consistent with Models I and II. For the
category of lagging livelihoods, relocation time and the
elderly proportion had negative effects, while the level of
average education and the amount of loans had positive
effects. For lagging environment category, the level of asset
holdings had a positive effect, while the elderly proportion
and the non-agricultural activities proportion had negative
effects.

Putting these results together, average education and loan
amount had positive impacts on the strength of the
“livelihoods-environment” links through PEBs. Asset holdings
had a positive impact and non-agricultural activities proportion
had a negative impact on the strength of the links through LCs.
The elderly proportion negatively affected link strength through
both LCs and PEBs. The positive effect of average education on
PEBs may be because a higher level of education leads to greater
knowledge and a Dbetter
understanding of the importance of environmental protection,

accessibility to environmental

which in turn may lead to a greater interest in improving
environmental quality and therefore a greater tendency to
implement PEBs (Pothitou et al., 2016). The increase in the
amount of loan may reflect the increased financial needs for
relocated households engaging in or expanding non- agricultural
production activities in urban resettlement sites, as loans
specializing in providing small ongoing credit services to
impoverished groups are mostly designed to meet their
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productive needs (e.g., poverty alleviation micro-credit').

Compared to agricultural production activities, non-

the of
production and food consumption on ecosystem services, thus

agricultural activities can reduce dependence
reducing pressure on the environment (Kamwi, et al., 2015). The
positive effect of asset holdings on LCs illustrated that the higher
the level of household socioeconomic status, the greater was the
capacity to exchange with nature, markets and social systems,
and thus the higher the level of LCs. The negative effect of the
non-agricultural activities proportion suggested that the increase
in MEC of non-agricultural transition households did not
compensate for the loss of NEC, causing a decline in LCs at
the overall level. The negative effect of the elderly proportion on
both LCs and PEBs may be because elderly people were less
interested in acquiring new knowledge and skills than younger
people, thus discouraging the development of LCs and the

adoption of PEBs.

5 Discussion

We examined the of the

“livelihoods-environment” links using LCs and PEBs to

strengths

highlight household capabilities to sustain livelihoods and the
systematic impact of household behaviours on the environment,
complementing the micro perspective of the correlations
between  immigrants’ livelihoods and  environmental
protection. We have proposed a new evaluation system for
LCs, using NEC, MEC, and SEC to construct a full picture of
LCs and to make it possible to analyze the changes in LCs from
the changes of its intrinsic structure. We also measured PEBs
from a multidimensional perspective, namely resource utilisation
behaviours, green production behaviours,

green living

10 Poverty alleviation micro-credit is a loan that supports poor
households with a willingness to borrow for industrial
development and cannot be used for daily consumption.
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TABLE 8 Household factors associated with “livelihoods—environment” links.

Model I Model II

Strength of Strength categories of
“livelihoods-environment” “livelihoods-environment”
link links

Relocation time  —0.025 (0.004) —0.031 (0.044)

Average 0.171** (0.005) 0.165*** (0.050)
education

Elderly —0.047* (0.009) —0.060** (0.093)
proportion

0.078** (0.000)
0.173*** (0.002)

0.091** (0.000)
0.160*** (0.022)

Loan amount

Asset holdings

Non- -0.071** (0.018) -0.065** (0.175)
agricultural

activities

proportion

Region dummy  Yes Yes
Observation 1,284 1,284

R’ 0.101 0.034

Model III

Comparison categories of
“livelihoods-environment” links

Coordinated
development of
livelihoods and
environment

Lagging
livelihood

Lagging
environment

—0.162* (0.090)
0.242*** (0.082)

-0.0531 (0.080)
0.0149 (0.077)

-0.128 (0.117)
0.345%** (0.108)

-0.193** (0.088) -0.137* (0.075) -0.267** (0.125)

0.118 (0.096)
0.473*** (0.075)
~0.572%** 0.088)

0.216** (0.091)
-0.0131 (0.081)
-0.0596 0.113)

0.235** (0.106)
0.312%** (0.107)
-0.305** 0.125)

Yes
1,284
0.075

@*, **, *** represent significant at the 10%, 5%, 1% levels respectively. @Results are standardized beta coefficients; @numbers in parentheses are standard errors.

behaviours, and behaviours related to participation in
environmental protection activities, to comprehensively reflect
the and the

environment.

interactions between relocated households

For the overall sample, the links were generally weak, with
the deterioration of livelihoods and environment category
being the most common, which suggests that the low levels
of both livelihood

protection were an important reason for the weakness of

sustainability and environmental

the “livelihoods-environment” links. The findings validate

concerns expressed in previous studies about the
(unintended) negative impacts of resettlement on
sustainable livelihoods and environmental protection.

Resettlement programs can offer benefits to livelihoods
(e.g., livelihood vulnerability reduction, improvements in
livelihood security and increase in income) (Liu et al,
2018; Leng et al.,, 2021; Li et al,, 2021), and may result in a
better environment (e.g., through reforestation, carbon
sequestration and sediment retention) (Raleigh, 2011;
Morrissey, 2013; Li et al, 2018), but they also yield
of
increased

(unintended) negative impacts on many aspects

livelihoods (decline in net income due to
expenditures, lower livelihood resilience and a reduction of
the of
watercourses, pollutant emissions, desertification) (Xue
et al., 2013; Yankson et al., 2018; Liu et al., 2020; Yeboah

et al., 2020; Hu Y. et al., 2018).

social ~capital) and environment (pollution
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Several aspects hinder the achievement of sustainable
livelihoods, including the loss of fertile lands and pastures,
constrained employment choices, and breakdown of social
support mechanisms. After relocating to urban resettlement
sites, some households have abandoned or transferred some
or all of their original land due to the distances involved (Li
et al., 2021). When they are no longer supported by the land,
relocated households have to seek alternative livelihoods, but it is
not easy for them to establish a new livelihood in a new location
in a short period of time (Li and Wang, 2016). 46.9 per cent
immigrants in our survey were unemployed, and 43.9 per cent
immigrants relied on welfare jobs (e.g., security, cleaning) or
casual labour for cash income''. Such jobs do not require high
skill levels and have no age restrictions, but are unstable. With
increased expenditure on food, electricity, and healthcare, these
jobs may fail to provide a more secure source of income than
people’s previous agricultural and off-farm sources. In addition,
moving to urban resettlement locations breaks the connections
with relatives and friends (Wu et al., 2019), and re-establishing
such connections in a new location requires a multi-faceted

11 These percentages were calculated from the three data sets of
occupation categories, health status and age in the questionnaire.
The percentages are proportions of the labour force that are
unemployed, or have welfare jobs and causal jobs, to the total
labour force of our survey. The labour force consists of immigrants
aged 16 to 59 whose health status enables them to work.
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adaptation process, resulting in lower support from social
networks.

The low level of environmental protection may be explained
by the competition between agricultural and non- agricultural
activities in emigration areas and the lack of adaption to a new life
in the resettlement areas. Of the 1,285 respondents to the survey,
741 relocated households (57.7%) returned regularly to the
emigration areas to engage in agricultural production. Due to
the distances involved, the number of household labourers
engaged in agriculture decreased, as those who were
previously engaged in agriculture often sought off-farm work
opportunities after relocation. Meanwhile, the increasing living
cost associated with relocating to towns has put pressure on
households to raise incomes. Competition between agricultural
and non- agricultural activities for labour and financial inputs
may favour more efficient and less time-consuming farming
methods and increase the use of pesticides and other
agrochemicals (Zhang and Zhao, 2015), leading to soil erosion
and land degradation in the emigration areas. In addition to a
higher cost of living, moving to towns also requires lifestyle
changes. For example, in resettlement communities, household
waste has to be sorted and placed in designated bins, but the
frequency of waste sorting was low with only 20.2 per cent
relocated households of our sample often or always sorting their
waste'2. On one hand, it was more inconvenient and difficult for
relocated households to sort their waste than the simple and
casual waste disposal in their original rural areas. On the other
hand, there is the possibility that relocated households struggling
to earn a living place less emphasis on the public community
environment. Relocated households also had low frequencies of
participation in local environmental protection seminars and
proposals for improving local environmental issues (Table 2).
Such actions, which suggest a lack of interest in protecting the
environment, are unlikely to lead to environmental protection.

The  results of the of
“livelihoods—environment” links show that the low levels of

regional  distribution
both livelihood sustainability and environmental protection
were most common in southern Shaanxi, and for central and
northern Shaanxi, the level of environmental protection was
lower than the level of livelihood sustainability. These results
indicate that all three regions face little or no environmental
protection. As the ecological environment in southern and
northern Shaanxi is more fragile than in central Shaanxi,
increased  environmental  pressures and  environmental
degradation caused by the lack of environmental protection will
exacerbate environmental problems, hindering the sustainability of
the livelihoods of relocated households. This strongly suggests the
need to strengthen “livelihoods—environment” links, especially in

environmentally fragile areas.

12 The proportion is calculated based on the question in the

questionnaire about the frequency of sorting waste.
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Based on our findings of an association between household
factors and the strength of the “livelihoods-environment” links,
we offer the following policy suggestions. For relocated
households with a low level of LCs, the local government should
develop more employment opportunities to help them achieve re-
employment in resettlement areas. Immigrants experiencing
difficulty in finding gainful employment (for instance, those with
low education levels and facing restrictions because of their age)
should be allocated public welfare jobs to guarantee a stable income
source. Local governments should explore the possibility of additional
subsidies to enable participation in ecological compensation projects
and asset income methods, both of which would increase the sources
of income for households. This would increase the accumulation of
production tools and financial assets, providing basic protection
during the process of livelihood transformation. For relocated
households  that PEBs, the of

environmental protection should be expanded through continuing

adopt  fewer promotion
education to increase the knowledge of young and middle-aged
immigrants about the importance and role of environmental
protection and to raise their awareness of environmental risks.
Environmental awareness campaigns for the elderly should be
organized in order to draw the attention of more elderly migrants
to the community environment. Financial credit should be provided
to subsidize green production practices and support their transition to
non-farm businesses. For relocated households who have done well
both in livelihood sustainability and environmental protection, they
should continue to enhance their learning of new technologies and
make full use of information, develop green and efficient production
methods in agricultural production, and improve their labour skills in
non-agricultural employment. These would all help increase their
prosperity. Relocated households that perform poorly in livelihood
sustainability and environmental protection, should be given greater
attention by local government, with stronger support policies for skills
training and financial subsidies to reduce their risk of returning to
poverty with the consequent risk of a return to the position of
livelihood improvement through the destruction of the environment.

We have identified some limitations to our work. First,
although the
questions that are semantically similar or completely opposite

questionnaire was designed with multiple
to ensure the reliability of respondents’ answers, there is a
that respondents exaggerated their
(e.g. of land, stability) or
underestimated the values of the benefits they have received

possibility negative

experiences loss income
(e.g., income levels, productive capitals, external support). The
questionnaire also did not address the willingness of households to
emigrate: whether they chose to or whether they were moved
against their will. Another limitation relates to data analysis. In the
regression analysis, household factors cannot strongly explain the
strength of the “livelihoods-environment” links according to the
low value of R-squared. In addition, we examined the strength of
the “livelihoods-environment” links from a holistic perspective
and we did not analyze the heterogeneity of the links in emigration
areas and resettlement areas. Future studies will explore the impact
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mechanisms of the strength of the “livelihoods—environment”
links to find the key influential variables and will examine and
compare the links in emigration and resettlement areas to provide

more targeted recommendations for its optimisation.

6 Conclusion

This is one of the few studies that attempts to combine
livelihood sustainability and environmental protection together
from a micro perspective to explore their links in the ARSP
setting. We used LCs and PEBs to represent livelihood
sustainability and environmental protection respectively. Using
Shaanxi as an example, we examined the strengths and categories
of links at the overall, regional and household levels and explored
the impact of household factors on the links.

The following key conclusions can be drawn. 1) At an overall
level, the strengths of the “livelihoods—environment” links were
generally weak. The deterioration of livelihoods and environment
category was the most frequent subcategory in comparison
of both livelihood
sustainability and environmental protection are

categories, suggesting that low levels
important
reasons for the weakness of the links. In the different categories,
the disorder category was the most common, with the mild and
borderline disorder subcategories being the most frequent
subcategory. 2) At the regional level, the strength of the
“livelihoods—environment” links were generally low in each
with
“livelihoods—environment” links than others. In the comparison

individual  region, central Shaanxi having stronger
categories, the deterioration of livelihoods and environment
category was the most frequent category in southern Shaanxi,
and the environmental degradation category was the most
frequent category in central and northern Shaanxi, suggesting
that all regions face a lack of environmental protection and that
environmental problems may be more prominent in ecologically
fragile areas. 3) At the household level, different demographic
groups have significant differences in the strength of the
“livelihoods—environment” links, and higher levels of average
education, loan amount and asset holdings, as well as lower
proportions of the elderly and non-agricultural activities are
associated with stronger “livelihoods—environment” links. At this
scale, average education level and the amount of loans have positive
impacts on links by affecting PEBs, and asset holdings and the
proportion of non-agricultural activities respectively have a positive
and a negative impact on links by affecting the LCs. The proportion
of elderly household members has a negative impact on the links by

affecting both LCs and PEBs. These results may provide a baseline
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