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To reduce the threat of natural disasters and promote human well-being, Shaanxi
Province, China, relocated 2.4 million people from three cities in the south in
2011. As the largest disaster resettlement project ever implemented in China, its
scale, investment, extent, and impact deserve the continuous attention of policy
researchers and practitioners. The impact of this project on rural-scale livelihoods
and well-being especially needs more empirical evidence and comprehensive
assessment. This article refers to the MA (Millennium Ecosystem Assessment)
indicator system to measure the sustainable household well-being (SHWB) of
disaster resettlement households using survey data from Southern Shaanxi, China.
To explore the determinants of the SHWB of disaster resettlement households,
this paper employs a quantile regression model for analysis. The results show
that, compared to voluntary relocation households, long-distance relocation
households, and medium or short-term relocation households, the SHWB of
involuntary relocation households, short-distance relocation households, and long-
term relocation households, respectively, is not only significantly higher, but also
fluctuates greatly. In addition, voluntary relocation has a significant negative impact
on SHWB, while short-distance relocation and medium and long-term relocation
have a significant positive impact on SHWB. Furthermore, the education level of
household members demonstrates a significant positive impact on SHWB. These
findings have extensive implications for disaster resettlement and management in
China and other developing nations. They are critical to improving the quality of
farmers’ livelihoods and promoting sustainable well-being for rural households.

KEYWORDS

sustainable household well-being, disaster resettlement, rural households, southern
Shaanxi, China

1 Introduction

Climate change, environmental degradation, and severe natural disasters are occurring
globally, creating dilemmas and challenges for human beings in terms of economy, resources,
and living environment (Zhang et al., 2022). Resettlement constitutes a comprehensive social
intervention encompassing population displacement, spatial relocation, and socio-economic
restructuring. It denotes the process by which residents, motivated by a variety of factors,
relocate in an orderly fashion from their original residences to new settlements. Among the
various forms of resettlement, disaster resettlement—a targeted intervention primarily aimed
at reducing disaster risk and advancing environmental protection and regional poverty
alleviation—constitutes a pivotal instrument for global disaster risk reduction and mitigation,
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as well as regional sustainable development. While displacing and
relocating residents should be a last resort (Tang et al., 2022), there has
been an increase in resettlement programs (Barua et al, 2017
Manatunge and Abeysinghe, 2017). There are many reasons for
governments to relocate residents (Vanclay, 2017), from alleviating
poverty (Lo and Wang, 2018) to responding to natural disasters
(Khattri, 2021) and protecting the environment (See and Wilmsen,
2020). For example, the Chinese government has promoted an urban
migration model to alleviate ecological poverty in regions (Guo et al.,
2022). There are also regions where ecosystems have been destroyed,
leading to ecological or environmental resettlement (Chen and Tsai,
2021). In addition, development is an important cause of displacement
and resettlement, such as resettlement in the Three Gorges Dam area
in China (Hwang et al., 2011; Wilmsen et al., 2011; Tilt and Gerkey,
2016). At present, many studies have made significant contributions
to understanding the impact of development-induced resettlement on
social ecology and population economics (Reddy, 2018; Liu et al,,
2019). Similarly, many demographic and ecological studies related to
disaster resettlement have been conducted globally for rebuilding the
livelihoods and improving the well-being of resettled people (Barua et
al., 2017; Guo and Kapucu, 2018). In fact, the livelihood perspective
provides a central entry point for analyzing the sustainability of
disaster resettlement. The Sustainable Livelihoods Framework (SLF)
proposed by DFID posits that farm household livelihoods depend on
the allocation and transformation of five forms of capital: natural,
physical, financial, human, and social. Disaster resettlement essentially
involves the restructuring of livelihood capital under external
intervention (Scoones, 1998; DFID, 20005 Ellis, 2000). As participants
and key stakeholders in disaster resettlement, farm households’
livelihood choices are directly modified by this capital restructuring,
which in turn prompts adjustments to their livelihood strategies and
practices and ultimately enhances their well-being and the sustainable
development of their households. As a result, this paper shows on
farm household survey data, focusing on rural well-being and the
process of livelihood transformation. It helps to contribute
theoretically to the analysis of the mechanisms by which disaster
resettlement affects household well-being from the perspective of
sustainable livelihoods, thus enriching and deepening the literature on
community livelihoods in the context of disaster resettlement.
Disaster resettlement program has become an important way for
countries around the world to improve the livelihoods and well-being
of affected farmers (Chen et al., 2017; Galarza-Villamar et al., 2018;
Savari and Shokati Amghani, 2022). The largest disaster resettlement
project in contemporary China was started in 2011 by Shaanxi
Province as part of a disaster avoidance and preparedness initiative (Li
et al,, 2015). There are differences in the relocation characteristics of
the relocated households. According to nature, distance, and time of
relocation, relocated households are divided into voluntary,
involuntary, short-distance, long-distance, short-term, medium-term,
and long-term relocation households (Liu et al., 2024). Previous
studies have empirically examined the impacts of this project on
household livelihoods. For instance, Li et al. (2018) argued that
relocation and settlement programs (RSP) generally achieve the goals
of increasing ecosystem services and restoring livelihoods (Li et al.,
2018). Livand Wu (2023) proposed that resettlement can successfully
lessen household’s reliance on local natural resources, leading to
ecological improvement (Liu and Wu, 2023). Similarly, Li et al. (2021)
explored that relocated families are closer to achieving the “high
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well-being, low dependency” mode (Li et al., 2021). Guo et al. (2023)
argued that family capabilities and empowerment are effective ways to
ensuring integration, and that follow-up support measures can help
to improve those elements (Guo et al., 2023). Further, they also
analyze the complexity of disaster resettlement integration,
highlighting how resettled households can strategically move between
rural and urban areas in the face of rapid change (Guo et al., 2024). Tt
is noticeable that sometimes disaster resettlement policies negatively
affect farmers’ livelihoods (Rogers and Xue, 2015; Khan et al., 2022).
For example, Liu et al. (2020b) concluded that disaster resettlement
significantly reduces the resilience of household livelihoods, while Xu
etal. (2022) also believe that disaster resettlement policies reduce the
adaptability of farmers and have a significant negative impact on their
adaptability (Liu et al.,, 2020b; Xu et al., 2022).

Farmers’ livelihoods and well-being have a profound impact on
sustainable development in poor and resource-dependent regions (Liu
et al., 2020a; Defe and Matsa, 2021; Zhou et al., 2021). Therefore, it is
necessary to study the impact of disaster resettlement on rural
household’s well-being. A few studies have analyzed the impact of
government-led disaster resettlement programs on the livelihoods of
affected groups by examining and quantifying the well-being of rural
households (Li et al., 2017; Liu et al., 2024). Following the designs and
ideas, this study attempts to add empirical evidence related to the
impacts of disaster resettlement.

Improving the quality of life of disaster resettlement farmers
requires first understanding the connection between farmer well-
being and disaster resettlement (Sina et al., 2019). In order to clarify
and interpret the household well-being of disaster resettlement
farmers, it is necessary to understand and grasp the concept and
dimension of well-being more accurately. Well-being is a subjective
expression of an individual’s current situation and satisfaction degree,
which reflects an individual’s cognition and emotion toward their
current overall quality of life (Li et al., 2013). It is a broad idea, and
therefore, it is critical to examine its variants and determine the
appropriate metrics (King et al., 2014). Numerous studies have shown
that well-being is multi-dimensional, so the indicators selected are
different with different research contents (Wang and Tang, 2016; Qiu
et al,, 2021). For example, Kassouri et al. (2020) conducted a study
using subjective and objective dimensions as indicators of well-being
(Kassouri and Altintas, 2020). Subjective well-being and objective
well-being have received more attention in many research domains
(Fang et al., 2024). In practice, a wide range of frameworks, metrics,
and techniques have been employed to examine rural household’s
well-being (Fulford et al,, 2015; Li et al,, 20215 Liu et al., 2023).

As mentioned earlier, Li et al. (2021) developed a coupled model of
“household well-being and ecosystem dependence” in rural China that
offers fresh perspectives regarding the connection between ecosystem
services (ES) and household well-being (Li et al., 2021). In recent years,
the Millennium Ecosystem Assessment (MA) (2005) issued by the
relevant United Nations agencies has received extensive attention from
scholars. The report recognizes five dimensions of human well-being:
“basic material needs for a good life, health, social relation, security, and
freedom of choice and action” (Assessment, 2005). Peng et al. (2022)
developed the Sustainable Household Well-Being (SHWB) Index based
on the principles presented in this report (Peng et al.,, 2022). The SHWB
index takes into account five dimensions of human well-being identified
in the report. It provides a comprehensive perspective for measuring
household well-being and can more fully reflect the overall well-being
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of household members in the social environment. The index provides
a better measure of household well-being at the perimeter scale and
integrates sustainable household livelihoods. The above literature
provided us with a rich basis for the present study. Considering the
above measures of well-being and the reality of the study area, this
paper carefully constructed a set of indicators of the SHWB in the
context of disaster resettlement, then quantified and measured them.

This paper focuses on the Ankang Prefecture in southern Shaanxi
Province, China, one of the main areas in which the Shaanxi Provincial
Government has carried out the “Disaster Shelter and Resettlement”
program for disaster mitigation and preparedness. The massive scale
of migration and dramatic changes in the living environment are
bound to have far-reaching impacts on farmers, and coupled with the
objective constraints of capital, land, etc., some of the relocated
farmers will fall into new difficulties (Guo et al., 2022; UN-ILibrary,
2025). Therefore, the level of well-being as well as the sustainability of
the relocated rural families in the region needs to be looked at.

The primary objective of this study is to supply a systematic
analysis of the subjective well-being (SHWB) of disaster-resettlement
households, addressing the following aspects: (1) Drawing on the
methodological framework proposed by Peng et al. (2022) and
constructing an SHWB indicator system based on five dimensions,
with reference to MA (2005), (2) Subsequently, we use principal
component analysis to derive the weights of the indicators used to
measure SHWB, and we apply a quantile regression method to calculate
the determinants of SHWB among disaster-resettlement households,
(3) this study compares SHWB levels across distinct resettlement
characteristics and describe the density distribution of SHWB among
different forms of resettled farmers. In addition, we apply a t-test to
assess whether there are significant differences between relocation
households (RHhs) with dissimilar relocation timings and types.

Next, this paper discusses the limitations of our study. The results
may be more accurate if the analysis can be combined with different
methods to determine the weights. Further improvements with more
advanced statistical models cannot be ruled out. Future studies could
also delve deeper into relocation policies from different contexts for a
wider discussion. This paper then presents its conclusions. The scope of
this research is specified as follows: (1) This paper measures and
compares the sustainable well-being levels of farmers with different
relocation characteristics and discusses the influencing factors of
farmers’ sustainable well-being, which constitutes a significant analytical
content for sustainable household well-being (SHWB) research at the
rural household level (2) The disaster resettlement area in southern
Shaanxi is taken as the research area of this paper, and the results show
an expansive range of reference scope for disaster resettlement and
management in Chinese rural areas and other low- and middle-income
countries. This study helps to solve the following two essential questions:
(1) How does disaster resettlement contribute to examine applicability
of the Sustainable Household Well-being (SHWB)? (2) How does using
the SHWB, rather than indicators such as poverty, income, capital
endowment, or resource dependence, help characterize the livelihood
status of farmers in disaster resettlement contexts?

2 Theoretical framework

Disaster resettlement composes a strategic intervention
designed to solve the developmental constraints arising from the
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interaction between ecological fragility and livelihood risk. Drawing
on the Sustainable Livelihood Framework (SLF) proposed by the
Department for International Development (DFID) in 1999, and
building on the analyses of Liu et al. (2020a, 2020b) and Li et al.
(2021), we identify two primary mediating pathways through which
resettlement affects sustainable household well-being (SHWB): (1)
the acquisition of livelihood assets facilitated by institutional,
organizational, and governmental frameworks; and (2) the adoption
of resilient livelihood strategies. Within this framework (Figure 1),
institutions, organizations, and governments play as central
catalysts for asset acquisition, encompassing a range of
components—including government bodies, agencies, the private
sector, policies, regulations, and cultural norms—that collectively
establish the rules and enabling environments enabling households
to access essential capital. Livelihood assets, comprising natural,
social, human, financial, and physical capital, constitute the
fundamental resources upon which households base their
productive activities and daily subsistence, and are essential for
sustaining livelihoods and increasing well-being. The role of
institutions, organizations, and governments in facilitating asset
acquisition, thus making households able to develop and pursue
resilient livelihood strategies. Concurrently, disaster resettlement,
as a vital external shock, may exert a direct influence on processes
such as asset acquisition.

Sustainable household well-being is conceptualized as a
multidimensional construction that encompasses the satisfaction of
basic material requirements for a decent standard of living, freedom
to choice and action, health status, positive social relations, and
security. The adoption of resilient livelihood strategies, together with
subsequent adaptive measures, contributes to sustainable household
well-being. Moreover, sustainable household well-being increases a
household’s capacity to respond to contextual shifts, conditional
fluctuations, and evolving trends, thereby generating a feedback loop
that fosters ongoing household development.

3 Materials and methods
3.1 Study area and data source

Ankang Prefecture in Southern Shaanxi Province (Figure 2) is
situated in the Qinling Mountains’ hinterland, beyond the Han River’s
upstream. The region’s history of frequent natural disasters makes it
important for the regional government to prioritize disaster
mitigation. The Shaanxi government introduced a disaster reduction
relocation program in 2011 with the goal of achieving ecological
stability and reducing the impact of natural disasters. This is the
largest disaster relief and resettlement project in modern Chinese
history (Li et al., 2015). The disaster reduction relocation program will
move residents from the mountainous areas of southern Shaanxi,
where natural disasters are frequent and infrastructure is inadequate,
to safer towns and parks with improved infrastructure. Since the plan
began, 267,300 households and 937,800 people have been relocated in
Ankang, representing 39.7% of all people relocated in the province
(Liu et al, 2020b). The primary resettlement methods include
centralized and non-centralized resettlement. In centralized
resettlement, an entire village is relocated as a new, customized
community. In contrast, non-centralized resettlement involves
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FIGURE 1

Theoretical framework for analyzing the impact of Disaster Resettlement on Sustainable Household Well-Being (SHWB).

dispersing residents into smaller units within their original settlements
(Xu et al., 2022).

The data were gathered using household survey carried out in
Ankang by our research team. For several administrative villages and
resettlement communities, convenience sampling was used in this
survey. Randomly chosen household members aged 18 to 65 were
chosen for interviews (76% are household heads and the remaining
24% are other family respondents). To enhance the feasibility and
representativeness of the samples, three large-scale resettlement
communities located in Ziyang County and eight villages in Ningshan
County and Hanbin District were selected. These areas not only
participated in disaster resettlement projects but also had households
that urgently needed to adopt appropriate strategies to enhance their
well-being. The contents of the survey included demographic
characteristics, the consumption behavior of rural households, and
information related to relocation. The research team consisted of
experienced teachers and students, and full support from the local
government, which significantly enhanced the quality of field
research. Once the questionnaires were completed, valid responses
were input into the dataset for data processing In the end, 670
questionnaires were collected, of which 657 were valid, with an
effective rate of 98.1%; in terms of sample composition, there were
198 responses from local households (accounting for 30.2%) and 459
from relocated households (accounting for 69.8%). Statistical tests
confirmed that this sample size is sufficient to meet the requirements
for correlation analysis of the core research variables and regression
model estimation. Samples of local households serve solely as a
regional benchmark reference, used to compare differences in
livelihood levels among relocated households before and after
relocation; by adding an additional local control dimension, it enables
more accurate identification of the impact of relocation policies on
livelihoods. Since the objective of this article is to explore the
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livelihood of relocated households, relocated samples were selected
from the original data for empirical study.

The questionnaire consists of three main parts: (1) Basic
household information, including household size, dependency ratio,
education level, non-agricultural income, per capita income, and other
related factors; (2) Household livelihood capital, which encompasses
various indicators such as financial, material, natural, human, and
social aspects; (3) Relocation-related information, including whether
a household has been relocated, the relocation time, type, distance,
and nature.

3.2 Research method

3.2.1 Multi-dimensional index of sustainable
household well-being (SHWB)

Recently, more research has focused on multidimensional well-
being and Well-being is not just about household income. Based on
the Millennium Ecosystem Assessment (2005) and the study of Peng
etal. (2022), and combined with the concept of Sustainable Household,
which refers to a household achieving sustainability in economic,
social, and environmental dimensions, balancing the needs of the
present generation with the development of future generations, and
integrating the long-term sustainability of resource management,
social relations, and quality of life (Smith et al., 2018). This study
separated sustainable household well-being into five categories: (1)
basic material needs for a good life; (2) freedom of choice and action;
(3) health; (4) social relation; and (5) security. Next, based on earlier
research (Liu et al., 2020b; Peng et al., 2022), a number of indicators
were chosen for every dimension (Table 1).

In this study, the quantity of long-lasting products, per capita
net income, and non-agricultural income made up the majority of
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FIGURE 2
Location of the study area.

the dimension of basic material needs for a good life. Typically,
income is used as a gauge to assess the well-being of households
(Li et al, 2021). Household well-being increases with the
aforementioned income levels. In addition, long-lasting household
products, such furniture and appliances, are also commonly used
as markers to assess the standard of family life. The more long-
lasting products, the higher the standard of living (Liu et al,
2020b). This dimension reflects the economic and material
foundation of a sustainable household, and its sustainability lies
in the diversification of income structure and the long-term use
value of material assets. The dimensions of choice and freedom of
action mainly indicate whether farmers have convenient
transportation conditions and can successfully realize the
livelihood transition from agriculture to non-agriculture. As a
result, the freedom of choice and action aspects were represented
using the income diversity index, the distance to the main roads,
and training. Household income diversity refers to the fact that
the sources of household income are not limited to one or two but
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include many different types of income sources. The degree of
household income diversity is how the income diversity index is
defined; the greater the index, the better the SHWB. The closer it
is to the main road, the more convenient it is for residents to get
around. At the same time, households with more training have
better career opportunities, which are more favorable for better
SHWB (Liu et al., 2020a, 2022). The health of the family members
directly affects the happiness of a family. The indicators of the
health dimension were selected from the members’ self-rated
health status and medical costs. Self-rated health is a subjective
assessment of one’s own state of health, and family members with
high medical bills typically have poorer health (Liu et al., 2019).
The dimensions of social relations include the quantity of village
cadres, cooperative participation, and financial assistance. If a
family has a village cadre, participation in cooperatives, and
access to financial assistance, the family can lessen their
vulnerability to outside shocks (Liu et al., 2022). This dimension
shows the stock of social capital of a sustainable household.
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TABLE 1 The index system of SHWB.

Variables Indicator

10.3389/fsufs.2025.1653946

Indicator description

Basic material needs for a good life = Per capita net income Actual net income per person (CNY) 6304.68 13557.24
The quantity of long-lasting The quantity of durable commodities owned by 0.35 0.12
products household (pieces)

Non-agricultural income Number of income source other than agriculture 4067.29 6610.47
(CNY)

Freedom of choice and action Income diversity index Number of household livelihood activities (%) 0.33 0.30
Distance to the main roads Distance to the main road of the address (m) 2.95 0.27
Training Family members receive training (0 for no; 1 for yes) 0.24 0.42

Health Medical costs The percentage of total consumption that goes 0.72 0.25

toward medical costs (%)
Self-rated health of members Poor health, fair health, or good health 0.52 0.50

Social relation Number of cadres Number of relatives who are village cadres(persons) 0.50 1.45
Get help Number of help available 3.97 5.31
Cooperatives participation Number of cooperatives in which the family 3.72 1.45

participates (types)

Security Housing security Housing area (m2) 164.54 98.27
Water security Whether the household has piped water (0 for no; 1 0.96 0.32

for yes)
Food security Crop yield per cultivated land unit during the survey 505.75 726.77
year(kg)

1 USD = 6.2284 CNY; Source: Authors’ survey from Ankang prefecture, Shaanxi Province, China.

Through networks, trust, and norms, social capital enhances the
household’s social adaptability and resource mobilization capacity
(Putnam, 2000). Homes that can supply sufficient food, water, and
decent shelter are considered to be part of the security aspect.
Therefore, we employed food, water, and housing security were
employed as indicators for this dimension (Liu et al., 2014).

3.2.2 Sustainable household well-being (SHWB)
assessment model

Because the selected variable data have different dimensions,
orders of magnitude, and amplitudes of change, the data were first
handled using the range standardization approach. The processed data
were dimensionless variables so that the different units of data could
be compared. All of the metrics processed have values between 0 and
1. A suitable equation to employ is the one below Equation (1):

R= X —Xmin
Xmax — Xmin (1)
Where R is the initial value of the indicator for the household.
Principal component analysis (PCA) was employed in this
study to further identify the key variables influencing sustainable
household well-being (Peng et al., 2022). The value of Kaiser-
Meyer-Olkin (KMO) is 0.648, indicating that the sampling
adequacy of this paper is reasonable and suitable for factor
analysis (Liu et al., 2023). The statistics of the Bartlett spherical
test is 1416.943, which is significant at a 1% level of significance.
This shows that there is a notable distinction between the unit
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matrix and the correlation coefficient matrix and the data are
appropriate for principal component analysis. Therefore, five
principal components were extracted based on the principle that
the eigenvalues were greater than 1 and accounted for the largest
proportion. The cumulative variance contribution of these
principal components was 50.21%, indicating that these five
principal components explained 50.21% of the overall variance
(Table 2). Specifically, according to the results of PCA, this paper
takes the variance proportion as the weights and five principal
component scores as the variables to construct the index of
SHWB. The calculation formula is as follows Equation (2):

SHWB =Y W;xE;F =X X;xY; )

Where SHWB represents the index of sustainable household well-
being, W; represents the variance proportion of principal component
i, F; represents the score value of principal componenti, X; represents
the score coefficient of principal component i, and Y; represents the
range standardization value of the i indicator.

3.2.3 Regression model

The traditional linear regression model is essentially mean
regression, where the only information acquired is the explanatory
variable’s effect on the explained variable’s mean. However, it is
not possible to characterize in detail the effect of the explanatory
variables on the entire conditional distribution of the explanatory
variables, and mean regression tends to be confounded by extreme
values (Geoffrey et al,, 2023). In order to further analysis, the
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TABLE 2 The result of principal component analysis.

10.3389/fsufs.2025.1653946

Principal Factor loading Eigenvalue Variance Cumulative

component proportion proportion

1 The number of Train (0.543) Housing security 1.809 0.129 0.129
durable goods (0.687)
(0.683)

2 Per capita net Non-agricultural Medical costs Self-rated health of 1.667 0.119 0.248
income (0.576) income (0.596) (0.674) members (0.677)

3 Income diversity Cooperatives 1.265 0.090 0.339
index (0.657) participation (0.534)

4 Distance to the Water security (0.747) 1.214 0.086 0.425
main roads (0.749)

5 Food security 1.074 0.077 0.502
(0.824)

The factor loading coefficients are in parentheses, and only those with an absolute value greater than 0.5 are listed here.

determinants of farmers” well-being against the background of
disaster resettlement, quantile regression is used for quantitative
analysis in this paper. The core idea of quantile regression is as
follows: The interpreted variable is treated as a distribution
function by minimizing the sum of the absolute values of the
weighted residues, like the objective function. Then, the influence
coefficient of the explanatory variable at the decimal point of the
explained variable condition is estimated (Ng and Lew, 2009).
Compared to the mean regression model, the quantile regression
model is insensitive to extreme values, heteroscedasticity, and
non-normal distribution, and the obtained estimated results are
more robust (Korkmaz and Chesneau, 2021). At the same time, it
can effectively capture the nonlinear impact of disaster
resettlement on the well-being of farmers and help to mine rich
information on distribution characteristics.

Previous studies have confirmed that factors affecting farmers’
livelihood and well-being include household size, household members’
education level, dependence ratio, per capita income, livelihood
diversification index, credibility to others, access to loans, risk shock,
etc. (Liu et al., 2020b; Xu et al., 2022; Guo et al., 2024). Based on the
above research findings, the authors of this paper took the household
population characteristics and relocation characteristics as explanatory
variables. The sustainable household well-being index was used as the
explained variable. Regional variables were introduced to analysis the
influence of different relocation characteristics on SHWB. We used
Stata 14.1 statistical software to estimate the results for the 10th, 25th,
50th, 75th, and 90th percentiles.

All of the variables included in the regression analysis are
listed in Table 3. Among them, the relocation characteristics
included relocation nature, relocation distance, and relocation
time. There were two categories of relocation nature: involuntary
relocation and voluntary relocation, with a total of 395 farmers,
and the voluntary relocation of farmers accounted for 86.057% of
the total relocation. The distinction between involuntary and
voluntary relocation is primarily based on the intention and
reasons for the move. Involuntary relocation refers to the
necessary relocation of residents due to decisions and actions
imposed by external forces. The voluntary relocation of farmers
may be due to serious ecological damage, disaster avoidance,
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TABLE 3 Variables used in the regression analysis.

Variables Description

Voluntary relocation = 1; involuntary
Relocation nature
relocation = 0

Long-distance relocation = 1; Short-
Relocation distance
distance relocation = 0

Short-term relocation = 1; medium-term
Relocation time
relocation = 2; long-term relocation = 3

Years of education on average for
Education level
household members

The number of people living in the
Household size
household(persons)

Per capita income The actual per capita income (CNY)

The percentage of young people and the
Dependence ratio
elderly in the workforce as a whole (%)

Types of livelihood activities that rural
Livelihood diversification index
households engage in (types)

extremely distrusted = 1; distrusted = 2;
Credibility to others neutral = 3; trustworthy = 4; extremely

trustworthy = 5

Loan possibility (Without a doubt = 1;
Access to loans More likely = 2; Generally = 3; Less

likely = 4; and Not at all = 5)

Suffered a risk shock = 1; No risk
shock =0

Risk shock

“Hanbin District” takes = 1; “Ziyang
Region

County” = 2; “Ningshan County” = 3

1 USD = 6.2284 CNY.

poverty, or other reasons. The majority of the households in this
article relocated to get away from the hazard such disasters posed.
Zhou et al. (2021) found that the intensification of natural
disasters increased residents’ desire to relocate (Zhou et al.,
2021). Relocation distance consists of long-distance relocation
and short-distance relocation. Long-distance relocation usually
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involves resettling individuals in new towns, often far from their
original villages. In contrast, short-distance relocation typically
places individuals in villages located within or near the existing
administrative boundaries of their original communities. The
relocation time refers to the entire phase of the actual relocation
process, from the beginning of relocation preparation to the
completion of relocation and settling. This phase does not
include the preparation and house construction phases. Three
categories were used to categorize the relocation times: short-
term (less than 3 years), medium-term (three to 5 years), and
long-term (more than 5 years). The most common was the short-
term (46.37%), followed by the long-term (30.99%) and the
medium-term (22.64%). Education level is human capital, and
the SHWB increases with education level. Household size also
affects household well-being to some extent (Rogers et al., 2020).
A family’s economic status can be investigated through per capita
income, with higher per capita income correlated with higher
household well-being (Liu et al., 2020b). The percentage of old
people and children in the labor force as a whole is known as the
dependence ratio. The family’s financial burden will increase if
the dependency ratio is higher than the value. The livelihood
diversification index belongs to material capital and refers to the
variety of ways that farmers earn a living. More types are more
beneficial to household well-being (Liu et al., 2020a). Trust in
others constitutes a component of social capital. Higher levels of
credibility facilitate access to employment information and
improve neighborhood mutual aid. Through this process, the
supportive functions of social networks are strengthened, which
increase households’ capacity to manage livelihood changes after
relocation and mitigates exposure to external risks (Adger et
al., 2005).

Finally, loans are a form of financial capital, mainly reflected
manifested as the possibility of obtaining loans. Relocated households
frequently need financial support to rebuild their livelihoods, and
access to loans directly influences their resource allocation and risk-
management capabilities.

10.3389/fsufs.2025.1653946

4 Results

4.1 Comparison of SHWB of different types
of relocation farmers

Disaster resettlement is a proactive measure to prevent natural
disasters and improve the quality of life of farmers. By comparing the
SHWB values of different types of relocated farmers, the impacts of
different types of relocations were explored. The SHWB value can be
positive or negative. The greater the SHWB values, the greater the life
satisfaction of the relocated households. According to Table 4, compared
to involuntarily relocated households (0.305), the overall SHWB of
voluntarily relocation households (0.276) was substantially lower.
Among them, the basic material needs for a good life, freedom of choice
and action, and security well-being of voluntary relocation households
were significantly lower than those of involuntary relocation households.
However, in the dimension of social relation, voluntary relocation
households scored higher than involuntary relocation households.
Compared to short-distance relocation households (0.297), long-
distance relocation households had a substantially lower overall SHWB
(0.265). This is mainly reflected in the three dimensions of basic material
needs for a good life, freedom of choice and action, and social relations.
Meanwhile, medium or short-term relocation households had
significantly lower scores than long-term relocation households in the
five sub-dimensions of SHWB, in addition to having significantly lower
overall SHWB (0.283) than the long-term relocation households (0.339).
This reflects the “adaptation-improvement” process after relocation: in
the short or medium term, farmers are at the stage of adapting to the
new environment, with insufficient material accumulation and social
relationship reconstruction. In the long term, they gradually complete
resource integration and psychological adaptation, and the sense of
happiness in all dimensions increases accordingly.

Furthermore, Figures 3-5 illustrate the distribution patterns of
SHWRB by relocation characteristics using kernel density estimation
(KDE). KDE is a widely used nonparametric method for estimating the
density function of a variable and visualizing its distribution; a higher

TABLE 4 Comparison of the level of SHWB under different relocation characteristics.

Indices Relocation nature Relocation distance Relocation time
Voluntary @ Involuntary  t-test Long- Short- t-test  Short or Long- t-test
distance distance medium- term
term
0.339
Overall SHWB 0.276 (0.058) 0.305 (0.058) 4.566%%% | 0.265(0.055) | 0.297 (0.066) = 3.510 %  0.283 (0.060) 0058) 4,178 5
Basic material needs for 0.044
0.040 (0.018) 0.044 (0.016) 1.728% 0.041 (0.015) = 0.043 (0.023) = 2.437*% | 0.035 (0.020) 3,379k
a good life (0.016)
Freedom of choice and 0.147
0.104 (0.034) 0.126 (0.040) 4.662%%% | 0.107(0.032) = 0.121 (0.044) = 4.931 %%  0.121 (0.038) 5.175%
action (0.035)
0.082
Health 0.080 (0.035) 0.082 (0.039) 0.336 0.076 (0.035) = 0.082(0.037) = —0.975 | 0.073(0.034) 0036) —1.617*
0.043
Social relation 0.042 (0.020) 0.038 (0.014) —1.650% | 0.032(0.020) = 0.041 (0.019) = 3.487 ***  0.042(0.018) 0021) —1.651%
0.023
Security 0.009 (0.007) 0.015 (0.014) 5306 % | 0.009 (0.009) = 0.010(0.007)  —1221 | 0.012(0.011) 0007) 3128

#p < 0.1, ¥*p < 0.05, ¥**p < 0.01.
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peak indicates a greater concentration of observations at that SHWB
level. Asillustrated in Figure 3, the density peak for voluntarily relocated
households is higher than that for involuntarily relocated households,
and the density curve for involuntary relocations is flatter, indicating
greater dispersion and thus more volatility in SHWB among involuntarily
relocated households. Figure 4 shows the density for long-distance
relocation households is slightly higher than that for short-distance
relocation households, while the short-distance relocation curve is
markedly flatter, recommending that SHWB levels among short-distance
relocation households are more volatile and that long-distance relocation
households show comparatively more stable SHWB. Figure 5 also
exhibits dissimilarity in the density distributions among short-term,
medium-term, and long-term relocations: the density for short-term
relocations is mor than for medium-term and long-term relocations,
while the curves for medium-term and long-term relocations are flatter,
implying greater volatility in SHWB for those groups. In contrast, the
curve for short-term relocations is steeper, indicating that SHWB levels
among short-term relocations are less volatile.

4.2 Rural household characteristics in
Ankang prefecture

As demonstrated in Table 5, the authors employed the T-test to
investigate if there were any significant differences between relocation
households (RHhs) at different relocation times and relocation types.
The primary relocation types include centralized and non-centralized
relocations. In centralized relocation, an entire village is relocated as a
new, customized community. By contrast, non-centralized relocation
involves dispersing residents into smaller units within their original
settlements. The survey found that the households with different
relocation features had distinct characteristics in some ways, such as
the education years of household members, cash income per capita and
access to loans. For relocation time, the education years of household
members in long-term relocation was 5.691 years, and that of short and
medium-term relocation was 6.180 years. For relocation type, the cash
income per capita in non-centralized relocation was CNY 5,282.750,
while that of those in centralized relocation was relatively high, which
was CNY 7,785.195; the numbers of education years of household
members in centralized relocation and non-centralized relocation were

Kernel density estimate

Density

Wellbeing

————— relocated  --------- voluntary involuntary

kemel = epanechnikov, bandwidth = 0.0389

FIGURE 3
Kernel density estimate of SHWB among relocation nature.
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about 5.716 and 6.243 years, respectively; and the levels of access to
loans were 2.374 and 2.689, respectively. Table 6 shows that there was
a significant difference between the education years of household
members in long-term and short and medium-term relocation. There
were significant differences in the education years of household
members, access to loans, and cash income per capita in centralized
and non-centralized relocation, and the significance gradually increased.

4.3 Quantile regression

Tables 6-8 illustrates the following results: First, voluntary
relocation has a significant negative impact on SHWB at the 75th and
90th percentiles but shows no significant effect at other percentiles.
Second, short-distance relocation significantly enhances SHWB at the
25th, 50th, and 75th percentiles, with the impact generally increasing
as the SHWB percentile rises. Third, medium-term relocation
positively affects SHWB at the 25th, 50th, 75th, and 90th percentiles,
while long-term relocation shows a similar positive impact at the same
percentiles. Fourth, the educational level of household members has
a positive impact on the 20th and 25th percentiles. Fifth, a number of
additional household attributes seem to be crucial as well, for instance,
per capital income and the livelihood diversification index significantly
improve SHWB across all distribution percentiles.

Figure 6 successively plots the coefficient estimates of relocation
nature, relocation distance, relocation time, and their respective
percentiles of education level. The results show that with increases in the
quantile level, the following occurred: (1) In general, the impact of
education level on the SHWB shows a “U-shaped” change characteristic,
which decreases first and then increases. First, it slowly drops to the 50th
percentile, then rapidly drops to the 70th percentile, reaching the lowest
value, and then presents an upward trend to the 90th percentile. (2) The
trend of growing, reducing, and then increasing was observed in the
effect of voluntary relocation on the SHWB. It first increased to the 25th
percentile and reached the highest value, then continued to decline to
the 75th percentile and reached the lowest value and finally showed an
increasing trend at the 75th percentile. (3) The impact of short-distance
relocation on the SHWB generally increased first, then decreased, and
then increased. It first rose to the 25th percentile and then showed a
downward trend to the 50th percentile, but the value was not lower than
the 10th percentile at this time. Then, there was an upward trend in the
50th -70th percentiles, and finally, there was a slow downward trend
after the 70th percentile, and it tended to flatten out to the 90th
percentile. (4) Medium-term relocation had a significant positive effect
on SHWB. (5) The effects of long-term relocation on SHWB
demonstrated a trend of first growing and then declining. It reached the
highest value at the 25th percentile and the lowest value at the 75th
percentile, and then tended to be flat, but the overall change was small.

4.4 Heterogeneity analysis

Heterogeneity analysis shows marked variation in how relocation
characteristics and household capital affect Sustainable Household
Well-being (SHWB) across unlike groups (Tables 9-11). Concerning
livelihood types, educational attainment and household size show
significantly positive effects on SHWB among non-agricultural
households, underscoring the crucial role of human capital in
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facilitating successful livelihood transitions. In contrast, most variables
are not important for purely agricultural households, indicating their
particular vulnerability to relocation shocks. Regarding resettlement
approaches, centralized households rely more on internal capital
accumulation like education, whereas non-centralized households
benefit more from the locational advantages of short-distance
relocation, consistent with the main regression results. From the
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perspective of the age structure of the household head, the 46-55 age
group shows the strongest effects of relocation distance and educational
attainment on SHWB, reflecting their superior adaptive capacity.
Interestingly, among those aged 55 and older, risk exposure is positively
associated with SHWB, possibly indicating a protective effect of policy
safeguards for elderly households. Taken together, these results validate
the robustness of the main regression findings and recommend the
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TABLE 5 The characteristics of rural households in Ankang prefecture.

Household size Number in the = Educationyears  Cash income Access to
(persons) labor force of household per capita loans
(persons) members (Yuan)

4.512 3.205 5.837 5855.205 2.446
Long-term 4.519 3.166 5.691 5821.447 2.421
Short and medium-

4.432 3.248 6.180 5980.803 2.493
term

RHhs

Significance ns ns * ns ns
Centralized 4.506 3.153 5716 5282.750 2.374
Non-centralized 4.533 3381 6.243 7785.195 2.689
Significance ns ns * ok wE

Survey data from Ankang prefecture, Shaanxi Province; *p < 0.1, *¥p < 0.05, ***p < 0.01.

TABLE 6 Quantile regression model analysis of SHWB by relocation nature.

SHWB index

Percentile estimated via quantile regression

25th

50th

75th

Voluntary relocation

—0.058 (0.038)

—0.017 (0.036)

—0.063 (0.039)

—0.108*** (0.041)

—0.076%** (0.029)

Education level

0.009** (0.004)

0.007* (0.004)

0.005 (0.004)

0.001 (0.005)

0.005 (0.008)

Household size

—0.004 (0.005)

0.000 (0.007)

—0.001 (0.006)

—0.007 (0.007)

—0.006 (0.011)

Per capital income

0.000%** (0.000)

0.000%** (0.000)

0.000%%* (0.000)

0.000%** (0.000)

0.000%** (0.000)

Dependency ratio

—0.046 (0.039)

—0.078 (0.056)

0.006 (0.048)

0.021 (0.054)

0.020 (0.093)

Livelihood diversification

index

0.050%** (0.011)

0.042%** (0.012)

0.043%#* (0.012)

0.048%** (0.013)

0.063*** (0.021)

Credibility to others

0.005* (0.003)

0.007%* (0.004)

0.007 (0.004)

0.003 (0.004)

0.005 (0.006)

Access to loans

—0.014** (0.006)

—0.017*%* (0.008)

—0.025**%* (0.008)

—0.041*%%* (0.010)

—0.049%** (0.016)

Risk shock 0.017 (0.063) 0.038 (0.077) 0.050 (0.067) 0.047 (0.109) 0.174 (0.149)
Ziyang County 0.032 (0.058) 0.033 (0.074) 0.043 (0.060) 0.051 (0.066) 0.033 (0.079)
Ningshan County 0.017 (0.045) —0.029 (0.051) —0.072* (0.042) —0.066 (0.053) —0.082 (0.075)
Constant —0.376*** (0.072) —0.318*** (0.100) —0.126 (0.111) 0.155(0.120) 0.202(0.152)
Observations 436 436 436 436 436

#p < 0.1, ¥*p < 0.05, ***p < 0.01.

need for tailored policy interventions, including promoting employment
in non-agricultural sectors, optimizing resettlement models, and
strengthening support for middle-aged and elderly households to
holistically increase the sustainable well-being of relocated families.

5 Discussion

This paper focuses on exploring the sustainable household well-
being (SHWB) of rural households and its influencing factors, using
the example of the disaster resettlement project in the Ankang area of
Shaanxi Province. The results reveal that the nature of relocation,
relocation distance, and relocation duration are all important
determinants of the SHWB of relocated households, indicating
distinct pathways across the sub-dimensions of well-being. These
findings align with prior research suggesting that different relocation
attributes are able to pose challenges to the well-being and
sustainability of relocated households (Liu et al., 2019; Xu et al., 20225
Guo et al., 2023). Such variation can be attributed to dissimilar in the

Frontiers in Sustainable Food Systems 11

types and magnitudes of livelihood capital possessed by rural
households with different relocation characteristics, as well as the
differential expressions of their livelihood endowments and attributes
(Guo and Kapucu, 2018; Guo et al., 2022).

Further, regarding the nature of relocation, the results show that
voluntarily relocated households report significantly lower SHWB
compared with involuntarily relocated households, particularly in the
dimensions of basic material needs, freedom of choice and action, and
security. Notably, the regression results indicate that voluntary
relocation displays a significantly negative impact on SHWB. This
finding contrasts with the view proposed by Rogers et al. (2020), who
posited that voluntary relocation could improve human well-being. In
this paper, we argue that Rogers et al. (2020) overestimate the positive
impact of voluntary relocation on human well-being. In practice,
voluntary relocation in Ankang often represents a “passive-active”
choice made by households facing substantial livelihood pressures in
their original locations. Although they actively adapt to their new
lives, they frequently begin from a position of relative disadvantage in
terms of human and financial capital (Chen and Wang, 2015;

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1653946
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Zhu et al.

TABLE 7 Quantile regression model analysis of SHWB by relocation distance.

10.3389/fsufs.2025.1653946

SHWB index Percentile estimated via quantile regression

25th 50th 75th
Short-distance relocation 0.012 (0.023) 0.045% (0.025) 0.054%% (0.025) 0.074%% (0.035) 0.070 (0.065)
Education level 0.009%* (0.004) 0.007% (0.004) 0.007 (0.005) 0.003 (0.004) 0.010 (0.008)

Household size

—0.004 (0.004)

0.001 (0.007)

—0.003 (0.006)

—0.009 (0.007)

0.001 (0.011)

Per capital income

0.000%** (0.000)

0.000%** (0.000)

0.000%** (0.000)

0.000%** (0.000)

0.000%** (0.000)

Dependency ratio

—0.044 (0.043)

—0.106* (0.058)

0.025 (0.054)

0.023 (0.048)

0.021 (0.103)

Livelihood diversification index

0.050%%% (0.011)

0.046*** (0.011)

0.047#** (0.012)

0.053*** (0.013)

0.520%%% (0.019)

Credibility to others

0.006* (0.003)

0.007%* (0.003)

0.006 (0.004)

0.002 (0.005)

0.005 (0.006)

Access to loans

—0.014** (0.006)

—0.012* (0.007)

—0.022%%% (0.008)

—0.040%** (0.011)

—0.042%* (0.017)

Risk shock 0.043 (0.053) 0.032 (0.068) 0.061 (0.066) 0.011 (0.110) 0.157 (0.152)
Ziyang County 0.007 (0.050) 0.038 (0.073) 0.041 (0.057) 0.101 (0.067) 0.084 (0.074)
Ningshan County —0.041 (0.037) —0.037 (0.052) —0.103*** (0.036) —0.089 (0.057) —0.084 (0.073)
Constant —0.392*%*% (0.071) —0.385**%* (0.105) —0.192* (0.099) 0.015(0.117) 0.001 (0.144)
Observations 436 436 436 436 436

#p < 0.1, %%p < 0.05, *%p < 0.01.

TABLE 8 Quantile regression model analysis of SHWB by relocation time.

SHWB index

Percentile estimated via quantile regression

25th

50th

75th

Medium-term relocation

0.039 (0.026)

0.041%* (0.022)

0.052%* (0.028)

0.055% (0.031)

0.069* (0.040)

Long-term relocation

0.021 (0.021)

0.034* (0.019)

0.030* (0.018)

0.010%* (0.006)

0.013%* (0.007)

Education level

0.009%* (0.004)

0.008%** (0.004)

0.003 (0.005)

0.001 (0.005)

0.009 (0.008)

Household size

—0.006 (0.004)

—0.000 (0.006)

—0.003 (0.006)

—0.010 (0.007)

—0.009 (0.110)

Per capital income

0.000%** (0.000)

0.000%** (0.000)

0.000%** (0.000)

0.000%** (0.000)

0.000%** (0.000)

Dependency ratio

—0.025 (0.041)

—0.077 (0.048)

—0.003 (0.050)

—0.010 (0.053)

0.009 (0.091)

Livelihood diversification index

0.055%** (0.011)

0.048%** (0.011)

0.049%** (0.011)

0.055%** (0.12)

0.060%** (0.020)

Credibility to others

0.005 (0.003)

0.008%* (0.004)

0.003 (0.004)

0.003 (0.004)

0.009 (0.006)

Access to loans

—0.012* (0.007)

—0.018%** (0.007)

—0.022%* (0.009)

—0.035%#* (0.011)

—0.044%* (0.018)

Risk shock 0.063 (0.052) 0.061 (0.070) 0.060 (0.063) —0.012 (0.122) 0.145 (0.139)

Ziyang County —0.006 (0.055) 0.049 (0.082) 0.063 (0.052) 0.097 (0.060) 0.073 (0.082)

Ningshan County —0.023 (0.039) 0.000 (0.054) —0.100%%* (0.038) —0.113%% (0.048) —0.049 (0.069)
Constant —0.409%** (0.073) —0.398%*%* (0.099) —0.112 (0.103) 0.071 (0.112) 0.007 (0.140)

Observations 432 432 432 432 432

#p < 0.1, %%p < 005, *#%p < 0.01.

Thulstrup, 2015). This inherent vulnerability constrains their capacity ~ in policy support cannot be overlooked. Within the framework of

to withstand the risks associated with relocation. These patterns  China’s large-scale, state-led policy initiatives, government-mobilized
underscore the need for policy measures that address the  relocation istreated asa systematic undertaking, providing households
vulnerabilities of households undergoing voluntary relocation. with comprehensive policy guarantees, including housing assistance,
As Tang et al. (2021) pointed out, disaster resettlement not only  skills training, and industrial support (Rogers et al., 2020). Empirical
incurs substantial relocation expenses but also heightens the livelihood ~ evidence from western China and Shaanxi Province demonstrates that
vulnerability of relocation households, exposing them to greater risks ~ such systematic state support directly enhances rural households’ well-
compared to residents in their communities (Tang et al., 2021).  being, decrease their reliance on fragile ecosystems, and lays a
foundation for sustainable livelihoods (Li et al., 2018, 2021).

In contrast, voluntary relocation households are often

Second, short-distance relocation has significant positive impact on
SHWB. On the one hand, this is because of the public services,
workforce training programs, and employment opportunities of the =~ regarded as having made individual choices and are thus

government (Zhou et al,, 2021). However, the targeting-discrepancy ~ frequently excluded from this systematic support network. This
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Coefficient estimates obtained from quantile regression models for SHWB index.

imbalance in policy coverage undermines the intended benefits of
resettlement programs, since participation in such initiatives is
closely associated with improved subjective well-being and
successful integration (Tang et al., 2021, 2022). Consequently, the
most vulnerable groups, who are in greatest need of support,
struggle to obtain sufficient public resources, resulting in
significantly lower well-being levels across multiple dimensions,
including material conditions and sense of security. Therefore, the
key factor determining the success of relocation may not be the
“voluntary” attribute itself, but rather the intensity and precision
of policy intervention. Strong state support can transform
relocation into an effective pathway for improving livelihoods,
whereas relocation without systematic policy backing may leave
vulnerable households to face multiple shocks from market and
environmental challenges alone, ultimately undermining their
Regarding relocation distance,

sustainable  well-being.

Frontiers in Sustainable Food Systems

short-distance relocation has significant positive effect on SHWB,
especially in dimensions of basic material needs, freedom of
choice and action, and social relationships, the well-being level of
short-distance relocated households is significantly higher than
that of long-distance relocated households. On the one hand, this
is because of the public services, workforce training programs,
and employment opportunities of the government (Zhou et
al., 2021).

Rogers and Xue (2015) also confirmed this perspective, finding
that short-distance expands household
opportunities and enhances SHWB for rural households. On the other
hand, the current residence of short-distance relocation households is
closer to their original residence, and the original living environment
and social network have less impact. Meanwhile, the resettlement
subsidy provided by the government also facilitates the faster
integration of relocated households into the new environment (Khan

relocation income
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TABLE 9 Heterogeneity analysis for different groups by relocation nature.

Variable Livelihood type Relocation type Household head’s age group
name
Sample Pure Non- Diversified Centralized Non- <35 years 36-45 46-55
restriction agricultural agricultural centralized old
Voluntary

—0.103 —0.047% -0.015 —0.077% 0.026 —0.049 —0.050% —0.063 —0.121%% —0.048 —0.002
relocation
Education level 0.001 0.010%%5 0.002 0.008%* 0.010 —0.006 0.008* 0.007 0.010 0.015%% ~0.006
Household size 0.010 0.017%%% -0.011 0.013%% ~0.001 -0.013 0.012%* 0.007 0.007 0.005 0.009
Per capital income 0.000% 0.000%5 0.000%5 0.000%5 0.000%#% 00007 0.000%#% 0.000%#% 0.000% 0.000% 0.000%#*
Dependency ratio —0.072 0.008 0.054 0.027 0.079 0.301%% 0.007 0.173 0.088 0.084 —0.058
Livelihood
diversification 0.022 —0.005 0.015 —0.02475 —0.031%% —0.04775 —0.017* —0.045% —0.04277%5 —0.033%% —0.003
index
Credibility to

—0.006 —0.005* ~0.007 —0.0077 —0.006 -0.003 —0.0077 —0.007 ~0.009 ~0.004 —0.013%*
others
Access to loans —0.017 —0.024775 —0.006 —0.013% —0.018 0.000 —0.015%* 0.003 —0.018% —0.011 —0.013
Risk shock 0.138 —0.026 0.091 0.072 0.024 0.2227% —0.029 0.000 —0.148% —0.001 0.275%#%
Ziyang County 0.029 —0.1247%% —0.104% —0.135% —0.006 —0.094 —0.049 0.043 —0.197%% —0.036 0.009
Ningshan County 0.009 —0.121%% —0.1247% —0.125%5 0.018 —0.140% —0.062* —0.003 —0.149% —0.037 —0.095
Observations 50 220 166 335 101 79 357 42 104 133 154
Adj R-squared 0.009 0.714 0.160 0.265 0.663 0.597 0.291 0.375 0.566 0.201 0.469
p-value for coeff.

0.000 0.050 0.135 0.006

diff.

p < 0.1, %%p < 0.05, *%p < 0.01.
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TABLE 10 Heterogeneity analysis for different groups by relocation distance.

Variable
name

Sample
restriction

Pure
agricultural

Livelihood type

Non-
agricultural

Diversified

Relocation type

Centralized Non-
centralized

Household head’s age group

<35 years
old

36-45

46-55

Above

diff.

Short-distance

0.056 0.023 0.049 0.033 0.090%* —0.004 0.050%* 0.051 0.004 0.133%%* 0.004
relocation
Education level 0.001 0.010%** 0.003 0.007%* 0.013%* —0.005 0.008%* 0.008 0.009 0.016%%* —0.006
Household size 0.012 0.0177%%* —0.011 0.014%* —0.002 —-0.010 0.012%%* 0.009 0.013 0.006 0.009
Per capital income 0.000%* 0.0007%** 0.0007%** 0.000%** 0.000%%* 0.000%** 0.000%** 0.000%%** 0.000%#* 0.000%%* 0.000%%*
Dependency ratio —0.079 0.045 0.061 0.026 0.107 0.308%%* 0.005 0.164 0.092 0.105 —0.058
Livelihood
diversification 0.031 —0.005 0.014 —0.023%* —0.030%* —0.051%%* —0.016* —0.045* —0.041%** —0.031%* —0.003
index
Credibility to

—0.009 —0.004 —0.007 —0.007%* —0.007 —0.002 —0.007%* —0.005 —0.008 —0.002 —0.013%%*
others
Access to loans —0.014 —0.019%** —0.006 —0.010 -0.019 0.004 —0.012%* 0.008 -0.013 —0.009 —0.013
Risk shock 0.231 —0.033 0.087 0.069 —0.005 0.211%%* —-0.022 0.000 —0.166%* 0.003 0.274%#%*
Ziyang County 0.060 —0.106* —0.100* —0.108%%* 0.009 —0.086 —0.042 0.073 —0.180%* —0.025 0.010
Ningshan County —0.019 —0.130%* —0.127%** —0.157%#%* 0.033 —0.154%%* —0.078%* —0.001 —0.208%** —0.050 —0.095
Observations 50 220 166 335 101 79 357 42 104 133 154
Adj R-squared —0.016 0.711 0.166 0.257 0.679 0.593 0.293 0.382 0.537 0.245 0.469
P-value for coeff.

0.000 0.071 0.104 0.001

p < 0.1, #p < 005, #%p < 0.01.
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TABLE 11 Heterogeneity analysis for different groups by relocation time.

Variable Livelihood type Relocation type Household head's age group
name
Sample Pure Non- Diversified Centralized Non- <35 years 36-45 46-55
restriction agricultural agricultural centralized old
Medium-term 0.058%#% 0.082% 0.047 0.056% %% 0.081 0.044 0.007 0.093%5
0.136* 0.028 0.072*
relocation
Long-term 0.035 0.074%% —0.049 0048 0.037 0.013 0.021 0.100%*
0.102% 0.007 0.086%*
relocation
Education level 0.001 0.009%* 0.001 0.006 0.009 ~0.007 0.006* 0.007 0.007 0.016%#% —0.010
Household size 0.009 0.017%%5% -0.016 0.011%* —0.001 -0.012 0.010% 0.010 0.010 0.005 0.005
Per capital income 0.000%% 000075 000075 0.000%#% 00007 00007 00007 0.000% 000075 0.000%7 0.000% %
Dependency ratio —0.070 0.039 0.072 0.030 0.081 0.302%* 0.006 0.130 0.069 0.092 —0.046
Livelihood —0.016 —0.035% —0.04775 -0.012 —0.040 —0.039% —0.0347% 0.004
diversification 0.036 —0.004 0.014
index
Credibility to —0.0077* —0.005 ~0.002 —0.0077* —0.006 —0.006 —0.003 —0.013%*
—0.004 —0.004 —0.008
others
Access to loans —0.021 —0.018%# ~0.006 —0.011 -0.015 0.003 —0.014% 0.007 -0.011 ~0.009 -0.015
Risk shock 0.242 —0.029 0.102 0.063 0.038 0.207%* —0.006 0.000 —0.160%* 0.013 0.297%%%
Ziyang County 0.163 —0.104% —0.078 —0.085 0.013 —0.107 -0.018 0.062 —0.168%* —0.023 0.078
Ningshan County 0.012 —0.130%* —0.082 —0.146% % 0.049 —0.197% —0.059% 0.017 —0.201 %% —0.045 —0.049
Observations 50 217 165 332 100 79 353 ) 104 132 151
Adj R-squared 0.067 0711 0.193 0.269 0.673 0.599 0.301 0.376 0.540 0.188 0.503
P-value for coeff. 0.003
0.000 0.719 0.058

diff.

#p < 0.1, ¥*p < 0.05, ¥**p < 0.01.
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etal., 2022; Guo et al., 2024). Chen et al. (2017) and Galarza-Villamar
et al. (2018) support this view. They found that long-distance
relocation destroys the physical and social capital of rural households,
resulting in a reduction in the diversity of their livelihoods. In
addition, it can lead to the separation of rural households from
relatives and neighbours, which is not conducive to enhancing the
well-being of rural households (Chen et al., 2017; Galarza-Villamar et
al., 2018).

In the terms of relocation time, both medium-term and long-
term relocation have a crucial positive effect on SHWB, and further,
long-term relocated households scored significantly higher than
medium- or short-term ones in the five sub-dimensions of well-
being. This is because the government has provided sustained
subsidies and follow-up support to medium and long-term
relocation households (Xu et al., 2022). These measures lessen the
suffering of relocated households devoid of requisite resources and
social rights (KKhan et al., 2022; Guo et al,, 2023). This result is
consistent with the opinions of Lo et al. (2016); they found that if
short-term relocation is carried out, the government will only focus
on the relocation process and tends to ignore subsequent support
(Lo et al., 2016; Guo et al., 2024). It is undeniable that short-term
relocation also optimizes the household livelihood strategy and
achieves self-development. However, the short-term relocation
households have not absorbed and digested the disturbance and
intervention of the external environment in a short time (Li et al.,
2017). Additionally, Liu et al. (2024) found that children from short-
term relocation households face challenges in adapting to the new
education system and teaching methods within a limited time frame,
which adds further pressure and risk for these households(Liu et al.,
2024). These are similar to the findings of this paper; the medium
and long-term relocation process is longer, so that relocation
households have sufficient time to adapt to the new environment.
Meanwhile, follow-up support policies can also play a full role in this
process, helping relocated households to achieve economic and
psychological integration by developing their capacity (Guo et
al., 2023).

In addition, the degree of education of household members also
has a significant positive impact on SHWB. The more educated the
individuals of the household, the greater their organizational learning
capacity and the better able they are to take full advantage of the policy
opportunities brought about by relocation, leading to rapid livelihood
transformation (Xu et al., 2022). Members of households with greater
educational backgrounds are abler to master organizing skills. They
are often more able to make full use of policy opportunities brought
by relocation, seize employment opportunities, and quickly realize
livelihood transformation (Liu et al., 2020b). Su et al. (2023) also
found that household members with higher education levels tend to
have better employment opportunities and earn higher salaries (Su et
al., 2023). This directly enhances the economic foundation of
households, facilitating their ability to meet basic needs more
effectively. In addition, the level of education of household members
is part of human capital, and the quality and quantity of human capital
are important endowments for relocation households to reduce
livelihood risks (Gao et al., 2022). The higher the education level of
household members, the more significantly they can reduce the total
level of social risks and livelihood risks (Guo and Kapucu, 2018).
Relocating households can better handle a range of risks, and SHWB
rises as a result.
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6 Limitations

There may be some limitations in this study that cussed more
attention in subsequent research. Firstly, regarding data collection, the
convenience sampling method may limit sample representativeness
and create sampling bias. Meanwhile, the cross-sectional design
restricts the ability to dynamically track changes in rural household
well-being over time.

Secondly, in terms of indicator construction, the subjective
well-being (SHWB) weights were derived using principal
component analysis, which relies on objective data to determine the
weights by ignoring subjective empirical knowledge. Future
research could improve the scientific nature of the weighting system
by integrating multiple methods such as the Analytic Hierarchy
Process (AHP). Although the SHWB measurement framework
improved in this study is applicable in the current context, whether
it can be applied to other regions, especially developing countries
with significantly different socio-cultural backgrounds, requires
further validation through cross-cultural and cross-regional
comparative research. Thirdly, related to data limitations, this study
employed quantile regression analysis to scientific examine as much
as possible. However, further improved research with more
advanced statistical models cannot be ruled out. In addition, the
factors affecting subjective well-being are complex (Assessment,
2005).
characteristics, it cannot cover all relevant variables. Fourthly, the

Although this study introduced relevant relocation

resettlement of disaster victims in other areas of Shaanxi was not
considered, which has some geographical limitations. Additionally,
further research should obtain rural household data from multiple
time periods to enable broader for discussion. Finally, the impacts
vary across relocation contexts, and the findings of this study may
be more applicable to disaster resettlement as a preventative
measure. Future studies could also delve deeper into relocation
policies from different contexts for a wider discussion.

7 Conclusions and recommendations
7.1 Conclusions

This study employs a quantile regression model to empirically
examine sustainable household well-being (SHWB) and its determinants
under disaster resettlement. The results show that compared to voluntary
relocation households, long-distance relocation households, and
medium or short-term relocation households, the SHWB of involuntary
relocation households, short-distance relocation households, and long-
term relocation households, respectively, is not only significantly higher,
but also fluctuates greatly. In addition, voluntary relocation has a
significant negative impact on SHWB, while short-distance, medium,
and long-term relocation has a significant positive impact on SHWB. At
the same time, there was a noteworthy positive link seen between the
education level of household members and SHWB. Based in the
disaster-prone and ecologically vulnerable rural areas of western China,
this study establishes a paradigm for enhancing farmers’ livelihood
quality and improving sustainable household well-being. The key
determinants of Sustainable Household Well-being (SHWB) identified
in this context, particularly the role of relocation characteristics and
human capital—offer transferable insights and policy lessons for other
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rural regions in China, as well as for low- and middle-income countries
facing similar developmental challenges elsewhere.

7.2 Recommendations

To address the well-being issues arising from the implementation
of disaster resettlement policies, stakeholders and policymakers
must collaborate. The government should prioritize coordinating
well-being enhancement and ecological protection when formulating
policies. This can assist in improving the quality of life of relocated
households by providing employment information, skills training,
land,
opportunities. In addition, the government should continue to

adequate arable and non-agricultural employment
implement the compulsory education policy and provide strong
educational subsidies and support (Liu et al., 2020b). Achieving
sustainable livelihoods for relocated households is crucial. Relocated
households must also actively adapt to their new surroundings and
accumulate livelihood capital in order to cope with risks (Guo et al.,
2023). Although regional variations may exist in the study’s results,
improving the well-being of rural households is a long-term process
(Suetal, 2023). This paper has tried to draw a link between disaster
resettlement policies and SHWB, thus enhancing the standard of
living for rural households and fostering sustainable livelihoods. We
look forward to more theoretical and empirical studies in the future
to provide clear guidance on how to enhance the well-being of rural

households after disaster resettlement.
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