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Environmental and Socioeconomic Dynamics: How Air Pollution and

Migration Shape Behavior and Aging in China
by Yu Qin

This Thesis explores how environmental challenges, particularly air pollution, shape
migration, retirement, and behaviour in China. Using robust econometric methods and
nationally representative data, it examines three interrelated aspects.

First, it investigates how rural-to-urban migration affects environmental behaviours
among left-behind families. Current migration reduces recycling willingness by 71.9%
and fixed garbage placement by 21.8%, while return migration increases these behaviours
by 79.0% and 46.3%, respectively. Mechanism analysis highlights the roles of green
infrastructure and social remittance in driving these effects.

Second, it examines air pollution’s effect on urban-to-urban migration flows. A doubling
of the destination-to-origin relative PM2.5 concentration between destination and origin
cities reduces migration inflows by 42%. The relationship is influenced by migration
distance, infrastructure, and settlement costs, with older, middle-educated, married male
migrants more affected by pollution disparities.

Third, it explores how air pollution impacts retirement expectations. A 1% increase
in PM2.5 concentration reduces the expected retirement age by 5.11 months, with
rural residents facing larger declines (9.03 months) than urban residents (4.45 months).
Mechanisms such as financial support, green infrastructure, and welfare systems mitigate
pollution’s adverse effects, while dynamic pollution shocks amplify early retirement
adjustments.

This research contributes to understanding the socioeconomic impacts of environmental
degradation. By integrating migration, environmental, and labour economics, it offers
insights into policies promoting sustainable urbanization, green infrastructure, and

welfare systems, particularly for vulnerable groups.
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Chapter 1

Introduction

The interplay between environmental challenges and socioeconomic behaviours has
become an increasingly important area of research in light of rapid urbanisation, demo-
graphic transitions, and rising environmental stressors. Air pollution, in particular, poses
significant threats to public health, economic productivity, and social stability, neces-
sitating a deeper understanding of its broader implications. Migration and retirement
decisions, shaped by environmental and economic factors, reflect complex adaptation
mechanisms that influence both individual well-being and societal development. This
thesis investigates these dynamics, focusing on how air pollution and migration interact
to shape behavioural and economic outcomes in China, providing insights into sustainable

development and policy responses.

1.1 Background and Motivation

Environmental challenges have emerged as defining issues of the 21st century, influencing
economic stability, societal well-being, and public health on a global scale. Among
these challenges, air pollution stands out as a critical concern due to its far-reaching
impacts. As economies grow and urbanise, the pressures on environmental systems
intensify, creating complex feedback loops that affect migration patterns, labour markets,
and demographic structures. These dynamics are particularly pronounced in developing
economies, where rapid industrialisation often comes at the expense of environmental

and social sustainability.

China exemplifies the dual pressures of economic transformation and environmental
degradation. As the world’s largest developing economy, its remarkable growth has been
accompanied by substantial increases in air pollution, contributing to public health crises
and socioeconomic disparities. Meanwhile, the country’s internal migration system—one

of the largest in the world—plays a pivotal role in shaping its labour markets and
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social structures. Combined with a rapidly aging population, these factors create a
unique context for studying the interplay between environmental stressors, migration,

and socioeconomic outcomes.

This thesis explores these interconnections, focusing on the ways air pollution influences
migration flows, reshapes environmental behaviours, and impacts retirement planning.
By integrating perspectives from environmental economics, migration studies, and labour
economics, it aims to address critical gaps in understanding how environmental stressors
drive socioeconomic behaviours and outcomes. The following section provides the neces-
sary background and motivation, outlining the broader global context before narrowing

the focus to China’s unique challenges and contributions to these fields of study.

1.1.1 Global Environmental Challenges

Environmental degradation has emerged as one of the most pressing global challenges,
with air pollution posing a critical threat to human health, economic stability, and social
well-being. According to the World Health Organization’s 2021 report, ambient air
pollution causes approximately seven million premature deaths each year, with the vast
majority occurring in low- and middle-income countries (World Health Organization,
2021). Beyond its devastating health toll, air pollution imposes substantial economic
costs. It reduces labour productivity, increases healthcare expenditures, and erodes
human capital, particularly in developing economies where institutional constraints limit
the capacity for effective environmental governance (World Bank and Institute for Health
Metrics and Evaluation, 2016).

From an economic perspective, air pollution affects individuals and societies both directly
and indirectly. Acute exposure to fine particulate matter (PMg5) significantly impairs
worker performance. Graff Zivin and Neidell (2013) find that exposure to PMs 5 reduces
cognitive and physical function across various occupations, especially in labour-intensive
sectors. For instance, Chang et al. (2019) show that a 10 ug/m? increase in PMa 5
concentration leads to a 6% decline in daily worker output in China, highlighting the
disproportionate burden on outdoor workers. At the macroeconomic level, these produc-
tivity losses aggregate into substantial GDP reductions and widen income inequality,

especially in regions with limited environmental enforcement.

Migration has become an important adaptation strategy to environmental pressures.
While traditionally seen as a consequence of economic or social factors, environmental
stressors—such as air pollution and climate variability—are increasingly recognised as
determinants of migration decisions. Studies by Cai et al. (2016) and Deschénes and
Greenstone (2011); Fan and Li (2019) provide evidence that environmental shocks, includ-
ing pollution-induced declines in agricultural productivity and extreme weather events,

drive population displacement. Nevertheless, migration is not universally accessible.
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Economic constraints and social barriers limit mobility for many low-income households,
making them more vulnerable to environmental risks (Boyce, 2013). At the same time,
the presence of historical migration networks plays a critical role in facilitating relocation

by lowering informational and financial barriers to movement.

Although migration can offer improved living standards for movers, its impact on left-
behind households is complex, particularly in the environmental domain. The departure
of family members may disrupt daily routines, including waste management, recycling,
and land use practices, which can lead to a deterioration in environmental behaviours
(Fan, 2007). In contrast, return migration often introduces new dynamics. Migrants who
return from urban areas may bring with them pro-environmental norms and practices
learned through exposure to urban infrastructure and regulatory systems, thus fostering
behavioural change in their home communities (Williams and Paudel, 2020). This dual
mechanism underscores the need to examine both the disruptive and transformative

effects of migration on environmental practices in origin areas.

This thesis investigates how these challenges intersect in the Chinese context by analysing
the dynamic relationships between air pollution exposure, migration behaviour, and
retirement expectations. Through a series of empirical studies, it examines how pollution
affects both mobility decisions and intergenerational behavioural change, offering new
insights into the socio-environmental impacts of migration under conditions of ecological

stress.

1.1.2 Environmental and Socioeconomic Transitions in China

As the world’s largest developing economy, it faces acute environmental challenges
following decades of rapid industrialisation.In 2015, 96% of Chinese cities reported PM 5
levels exceeding WHO guidelines, with some cities experiencing concentrations more
than four times higher than recommended thresholds (Deschenes et al., 2020), reflecting
the severity of urban pollution. The consequences of air pollution extend beyond public
health, influencing labour supply decisions, shaping migration flows, and accelerating
retirement among vulnerable populations. The country’s unique hukou (household
registration) system compounds these effects, generating structural disparities in mobility,
employment, and access to urban services between rural and urban populations. These
institutional and environmental complexities make China an ideal setting for exploring

the intersection of air pollution, migration, and individual behavioural responses.

Air pollution remains one of China’s most urgent environmental issues. Prolonged
exposure to high levels of air pollution has resulted in substantial public health burdens,
including increased incidences of respiratory and cardiovascular diseases. These health
challenges, in turn, affect labour productivity and force individuals, particularly those

nearing retirement, to reconsider their labour market participation (Graff Zivin and
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Neidell, 2013). Recent research also highlights air pollution’s role in reducing cognitive

performance, further exacerbating economic losses (Zhang et al., 2018).

Migration plays a pivotal role in this context. For urban migrants, air pollution in
destination cities has become a critical determinant of migration flows, as individuals
weigh the economic opportunities of urban areas against the health risks posed by poor
air quality. Studies have shown that relative PMs 5 concentration between destination
and origin cities significantly affects migration decisions, with higher pollution levels
at destinations deterring inflows (Cai et al., 2016; Chen et al., 2022) Meanwhile, rural
communities face challenges in maintaining sustainable practices as migration removes
key members of households, disrupting traditional environmental behaviours. However,
return migration can mitigate some of these disruptions by introducing urban-acquired
knowledge and norms back to rural areas, fostering improvements in urbanisation (Zhu
et al., 2021).

At the same time, China is undergoing one of the largest internal migration movements in
history. With over 292 million rural-to-urban migrants as of 2021, migration has become a
defining feature of China’s socioeconomic landscape (National Bureau of Statistics, 2022).
Migrants not only contribute to urban economies but also alter social structures in their
home communities. However, the benefits of migration are often unevenly distributed.
Migrants face significant hurdles in accessing social services due to the dualistic hukou
system, which restricts entitlements to education, healthcare, and housing based on one’s
household registration status. This system creates disparities in how environmental and

socioeconomic factors affect urban and rural populations (Fan, 2007).

Also, China’s ageing population presents significant socioeconomic challenges, with
individuals aged 60 and above accounting for 18.9% of the population in 2021, a figure
expected to rise to nearly 30% by 2050 (National Bureau of Statistics, 2022). This
demographic shift, coupled with chronic exposure to air pollution, is placing increasing
strain on the labour force and public health systems. Studies show that pollutants like
PMs 5 and NO exacerbate respiratory and cardiovascular conditions, disproportionately
affecting older workers and accelerating decisions to retire earlier than planned (Li and Li,
2022; Zhang et al., 2018). Such health shocks not only reduce labour market participation
but also impose rising healthcare costs, intensifying the economic dependency ratio and
challenging the sustainability of pension systems. For example, a study on China’s
urban workers found that worsening pollution led to earlier retirement, particularly in
rural areas where access to healthcare is limited (Chen et al., 2023). Addressing these
interlinked pressures requires integrated policies that improve air quality while supporting
ageing-related welfare systems to mitigate deepening inequalities and ensure economic
stability.

Together, these transitions reflect China’s struggle to balance economic growth, environ-

mental protection, and social equity. Air pollution, migration, and demographic change



1.1. Background and Motivation 5

are not isolated phenomena but interconnected challenges that require integrated policy
responses. The following sections will explore these dynamics in greater depth, focusing
on how air pollution affects migration flows, reshapes environmental behaviours in rural

areas, and alters retirement decisions in an ageing society.

1.1.3 Unique Institutional Context: Why China Matters

China offers a distinctive and analytically rich context to examine the intersection
between environmental stressors, migration dynamics, and ageing-related behaviours.
Its institutional architecture—particularly the household registration (hukou) system, a
fragmented pension regime, and the world’s largest internal migration—distinguishes it

sharply from many developed and developing countries.

The hukou system classifies individuals as rural or urban residents based on their place of
birth registration rather than actual residence, fundamentally shaping access to education,
healthcare, housing, and pension entitlements. As of 2022, approximately 65% of the
population retained rural hukou status (National Bureau of Statistics of China, 2023).
Migrants from rural areas typically remain ineligible for full urban welfare benefits, even
after years of urban employment. Consequently, migration decisions are driven not only
by economic incentives, but also by institutional exclusion and uneven access to social

protection.

China’s pension system reinforces this duality. The Urban Employee Basic Pension
Scheme (UEBPS) covered around 480 million contributors in 2022, offering a replacement
rate exceeding 40% for urban formal-sector workers (MOHRSS, 2023). In contrast, rural
and informal workers are enrolled in a flat-rate pension programme with an average
monthly benefit of approximately ¥180 (about US$25) (Li and Gustafsson, 2021). Similar
structural divides exist in other developing countries. In India, fewer than 15% of workers
participate in any formal pension scheme (International Labour Organization, 2021),
while in Indonesia and Bangladesh, coverage remains below 10% and is largely restricted
to public employees (World Bank, 2020).

China’s internal migration scale is likewise unparalleled. As of 2022, an estimated 295
million people—more than 20% of the population—were living outside their hukou
registration area (National Bureau of Statistics of China, 2023). This dwarfs India’s
estimated 140 million internal migrants in 2020, whose movements are often limited by
linguistic, caste, and legal constraints (IIPS, 2020). Indonesia, with around 30 million
annual internal migrants, lacks an equivalent institutional barrier such as the hukou
(UNESCAP, 2019), though informal barriers persist.

Unique China’s internal migration is based on rural-to-urban and urban-to-urban migra-
tion two distinct and equally significant implications for China’s development trajectory

and behavioural transformations. Rural-to-urban flows comprise the bulk of China’s
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internal migration and represent the foundational labour force driving industrialisation
and urban expansion. These migrants often engage in physically demanding, environ-
mentally exposed occupations while remaining excluded from urban welfare provisions.
By contrast, urban-to-urban migration, though smaller in volume, increasingly reflects
the movement of high-skilled workers and professionals across metropolitan regions.
This group is more likely to be formally employed, integrated into social insurance
systems, and responsive to institutional and environmental incentives. As such, they
play a disproportionately large role in shaping urban sustainability practices, knowledge
diffusion, and policy uptake. In one word, the former speaks to structural vulnerability
and welfare exclusion, while the latter relates to the mobilisation of human capital and

the behavioural adaptation capacity of cities.

Environmental behaviours in China also reflect strong spatial and institutional disparities.
Urban areas have pioneered the rollout of green infrastructure and policy mandates,
including waste sorting, air quality monitoring, and electric vehicle subsidies. A 2021
national survey found that 75% of urban residents reported regular waste separation,
compared to just 34% in rural areas (China Environmental Awareness Index, 2021).
Comparable gaps are evident in other developing countries: in India, only 28% of urban
residents engage in waste sorting, and fewer than 10% do so in rural areas (Pew Research
Center, 2018); in Indonesia, less than 20% of households consistently separate waste
(World Bank, 2019).

One distinguishing feature of China’s environmental governance is its centralised, top-
down approach. National initiatives—such as the plastic ban, emissions trading pilots,
and nationwide waste-sorting mandates—have been implemented with relatively swift
enforcement. In contrast, India and Indonesia exhibit more decentralised governance,
resulting in fragmented implementation and regionally heterogeneous outcomes. While
all face rising environmental stress, China’s institutional capacity to steer collective

behavioural change is arguably stronger.

Taken together, these demographic, institutional, and environmental conditions make
China a compelling empirical setting to study how migration intersects with welfare
systems and environmental behaviour. At the same time, comparison with other large
developing countries highlights both the uniqueness and transferability of China’s experi-
ence. This thesis thus contributes not only to the understanding of individual responses
under environmental and institutional constraints in China, but also offers broader lessons
for countries undergoing similar transitions in population mobility, welfare provision, and

sustainability governance.
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1.1.4 From the Chinese Context to Global Relevance

While the institutional and demographic context of China is unique, the underlying
behavioural mechanisms identified in this thesis have broad relevance. The central
pathways explored—how environmental stressors shape migration decisions, influence
household behaviour, and alter retirement expectations—are applicable across settings,

even if their magnitude or mediating factors differ.

First, the health consequences of air pollution are universal. Numerous studies across
diverse countries have linked pollution exposure to declines in cognitive performance,
physical health, and life expectancy. The behavioural responses—whether to migrate,
alter consumption patterns, or exit the labour market early — are therefore likely to be

observed wherever pollution levels exceed safe thresholds.

Second, China’s institutional configuration allows for the examination of these mechanisms
under extreme variation. The country’s large rural-urban divide, segmented welfare
system, and substantial pollution disparities create a “stress test” environment in which
responses to environmental and social pressures are more visible. Insights drawn from
such a setting can inform policy design in countries experiencing growing urbanisation,

rising environmental concerns, or institutional inequality—even if at a smaller scale.

Third, the empirical strategies and conceptual frameworks adopted in this study—such
as differential migration models, retirement response to health shocks, and the role of
social remittances—can be replicated or adapted in other contexts. The mechanisms are
sufficiently general to allow for testing in countries with different welfare states, environ-
mental conditions, or demographic pressures. Doing so would enrich our understanding of

how global challenges like pollution and ageing intersect in diverse policy environments.

In this way, the Chinese case serves not only as a country-specific investigation but also
as a lens through which broader socio-environmental dynamics can be understood and
studied globally.
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1.2 Literature Review and Research Gap

The interplay between migration, air pollution, and socioeconomic behaviours has gained
increasing attention in recent years, yet significant gaps remain in understanding their
nuanced relationships. This thesis addresses these gaps by exploring three interconnected
themes: the impact of migration on green behaviours, the role of air pollution in internal
migration flows, and the influence of pollution on retirement planning. In doing so, it

contributes to the broader literature on environmental and socioeconomic dynamics.

1.2.1 Migration and Green Behaviours

The relationship between migration and environmental behaviours is a relatively under-
explored field. Traditional migration research has largely focused on the economic and
social effects of migration, particularly financial remittances, which have been shown to
enhance education, healthcare, and living standards in origin communities (Abramitzky
et al., 2012; Rapoport and Docquier, 2006). More recently, attention has shifted to social
remittances, a term coined by Stigler (1961) to describe the transfer of norms, values,
and practices from host to origin regions. Social remittances influence various domains,
such as political preferences, entrepreneurship, and gender roles are transmitted through
communication, financial support, and return migration (Giulietti et al., 2013; Levitt
and Lamba-Nieves, 2011; Tuccio and Wahba, 2018).

However, environmental behaviours have received relatively little attention in the social
remittance literature. While studies in green economics often focus on narrow topics,
such as energy consumption (Alem et al., 2016) or pollution mitigation policies (Wu et al.,
2021a), the mechanisms through which migration shapes environmental awareness and
practices remain poorly understood. The socio-economic divide between urban and rural
areas in China provides a unique context for exploring this dynamic. Urban environments,
characterised by superior infrastructure, such as public waste management systems and
sanitation services, create opportunities for migrants to adopt green behaviours that may

be transmitted back to rural households.

Previous research has highlighted how migration can foster entrepreneurship (Giulietti
et al., 2013), improve health knowledge (Hildebrandt et al., 2005), and influence political
norms (Tuccio et al., 2019). Yet, its role in promoting sustainability remains largely
unexplored. In Chapter 2, this thesis addresses this gap by examining how rural-to-
urban migration in China impacts green behaviours among left-behind households. It
explores the dual effect of migration—both disrupting traditional routines and introducing
urban-acquired practices—offering new insights into how social remittances can drive

environmental behavioural change in developing contexts.
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1.2.2 Air Pollution and Migration Flows

Air pollution is a growing concern in urbanising economies, influencing migration decisions
through its impact on physical and mental well-being. Existing research highlights how
environmental quality is a critical factor in migration intentions, particularly for urban
residents exposed to high levels of pollution. The Rosen-Roback hedonic framework
(Rosen, 1979; Roback, 1982) offers a theoretical foundation for understanding how
amenities, including air quality, influence migration by balancing economic benefits and
environmental costs. However, this framework often assumes perfect information and
rational decision-making, which may not hold in developing economies where pollution

data is incomplete or inaccessible (Gao et al., 2023).

Empirical studies have shown that air pollution negatively affects migrants’ well-being
and drives decisions to relocate (Cai and Wang, 2007; Chen et al., 2022). For instance,
Lai et al. (2021) find that high-skilled workers are particularly sensitive to pollution and
prefer cleaner environments when choosing migration destinations. Similarly, Sun et al.
(2019) document how urban pollution encourages low-income migrants to leave their
current cities. However, most research focuses on net migration flows or single-city factors,
neglecting the relative pollution levels between origin and destination cities. Furthermore,
structural barriers such as China’s hukou system restrict mobility, particularly for rural

migrants, compounding the effects of environmental disparities.

In Chapter 3, this thesis addresses these gaps by employing a differential-based gravity
model to analyse bidirectional migration flows. By using the ratio of destination-origin
PMs 5 concentrations as a proxy for pollution gaps, it disentangles the push and pull
dynamics of pollution in migration decisions. The focus on urban-to-urban migration
extends the literature, which has historically prioritised rural-to-urban flows, providing
new insights into how pollution influences mobility among high-skilled workers and urban

populations.

1.2.3 Air Pollution and Retirement Planning

The economic and health impacts of air pollution are well-documented, with studies linking
exposure to pollutants such as PMs 5 and NO2 to respiratory diseases, cardiovascular
problems, and cognitive decline (Burnett et al., 2014; Chen et al., 2020). Vulnerable
populations, such as older adults and low-income groups, are disproportionately affected
due to declining health and limited access to healthcare services (Boyce, 2013; Shi et al.,
2016). These health shocks often lead to productivity losses, absenteeism, and increased
healthcare costs, as demonstrated by Chang et al. (2019) and Neidell (2023).

Despite this robust body of research, the implications of air pollution for retirement

planning remain underexplored. Health deterioration caused by pollution may compel
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individuals to exit the labour market early, as highlighted by Maestas and Zissimopoulos
(2010). However, financial insecurity often delays retirement, creating a paradox where
individuals are simultaneously driven to leave and forced to stay in the workforce (Shen
et al., 2021). This tension is particularly acute in China, where a rapidly ageing population
and strained pension systems exacerbate the challenges of balancing health and financial

considerations in retirement decisions.

In Chapter 4, this thesis examines the dynamic effects of pollution shocks on retirement
age expectations, providing empirical evidence on how pollution influences labour market
exits. It explores how sudden increases in pollution accelerate adjustments to retirement
planning, highlighting the dual pressures of health deterioration and financial insecurity.
By linking environmental health to labour economics, this research contributes to a

deeper understanding of how pollution shapes life-course decisions in ageing societies.

1.2.4 Significance and Contribution

This thesis bridges multiple disciplines—including migration studies, environmental
economics, and labour economics—to provide a holistic perspective on how air pollution
interacts with migration and socioeconomic behaviours. Through its three key themes,
this research addresses critical gaps in the literature and offers significant theoretical and

practical contributions.

First, the study expands the concept of social remittances by incorporating environmental
behaviours, an area often overlooked in migration literature. While previous research has
extensively examined financial remittances and the socio-political effects of migration,
little attention has been paid to how migration influences environmental practices. This
thesis demonstrates how rural-to-urban migration in China facilitates the transfer of
green norms — such as recycling and waste management, from urban to rural households.
Urban environments, with their superior infrastructure and stricter regulations, expose
migrants to sustainability practices that are later communicated or adopted by left-
behind families. By quantitatively analysing this process, the study not only broadens
the scope of social remittances but also highlights migration’s potential role in bridging
the urban-rural sustainability divide. This finding offers a valuable contribution to the
fields of migration studies and green economics, particularly in the context of developing

economies where rural areas often lack environmental awareness and infrastructure.

Second, the thesis provides new insights into the role of air pollution in shaping internal
migration flows, focusing specifically on urban-to-urban migration. Unlike most existing
studies, which emphasise rural-to-urban migration or net migration flows, this research
captures the bidirectional nature of urban migration by employing a differential-based
gravity model. Using relative PMy 5 levels between origin and destination cities as

a proxy for pollution gaps, it reveals how environmental quality acts as both a push
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and pull factor in mobility decisions. High-skilled workers, in particular, are shown to
prioritise health and environmental conditions when choosing where to live and work,
underscoring the importance of pollution reduction in retaining talent. By integrating
the often-neglected role of environmental disparities into migration decision-making, this
study extends traditional migration theories and provides actionable insights for urban

planners and policymakers seeking to improve city competitiveness and quality of life.

Finally, the thesis explores the complex interplay between pollution, health, and retirement
planning, addressing a significant gap in the literature on long-term socioeconomic impacts
of air pollution. While the health consequences of pollution are well-documented, their
implications for retirement decisions have received limited attention. This research
shows how pollution-induced health shocks can accelerate early retirement, particularly
among vulnerable populations such as older adults and low-income groups. At the same
time, financial insecurity often forces individuals to delay retirement, creating a paradox
with profound implications for labour market dynamics and social welfare systems. By
examining these dual pressures in the context of an ageing society like China, the study
contributes to labour economics and offers valuable perspectives on the sustainability of

pension systems in regions facing severe environmental and demographic challenges.

The significance of this thesis lies not only in its theoretical advancements but also
in its practical implications. Academically, it bridges gaps between migration studies,
environmental and labour economics, and the emerging discourse on sustainability,
providing a comprehensive framework for understanding how environmental stressors
shape human behaviours and societal outcomes. Its contributions extend existing theories
by incorporating environmental dimensions into the study of migration and retirement,

thereby enriching the interdisciplinary understanding of these complex phenomena.

Practically, the findings offer evidence-based strategies for addressing some of the most
pressing challenges in environmental governance, urban planning, and social welfare. By
demonstrating how migration can act as a channel for environmental awareness, the
research highlights the potential of leveraging urbanisation to promote sustainability
in rural areas. The analysis of air pollution’s impact on migration flows emphasises
the need for policies aimed at reducing pollution to attract and retain talent in ur-
ban centres, enhancing their economic and social competitiveness. Additionally, the
study’s insights into pollution-driven retirement adjustments underscore the importance
of aligning labour and pension policies with environmental realities, ensuring the resilience

of social welfare systems in the face of ageing populations and environmental degradation.

Overall, this thesis advances the discourse on sustainable development by linking en-
vironmental stressors to migration and socioeconomic behaviours in novel ways. Its

integrated approach not only deepens theoretical understanding but also provides a
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practical foundation for policies aimed at fostering sustainability, reducing inequalities,

and promoting resilience in rapidly transforming societies.
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1.3 Research Objectives and Questions

Building on the pressing challenges highlighted in the background and motivation, this
thesis aims to deepen our understanding of how air pollution interacts with migration
and socioeconomic behaviours, particularly within the context of China. The research
focuses on three interconnected areas: the environmental impacts of migration, air
pollution’s influence on migration flows, and pollution’s effects on retirement decisions.
These objectives are motivated by gaps in the existing literature and the need to address

pressing policy challenges related to sustainability, urbanisation, and aging populations.

1.3.1 Research Objectives

This thesis seeks to explore the intricate interactions between air pollution, migration,
and socioeconomic behaviours, focusing on their dynamic relationships within the Chinese
context. These themes are deeply interconnected, as environmental stressors influence
individual decisions, such as migration and retirement, while migration itself drives
changes in social and environmental behaviours. By addressing these interdependencies,
this research provides a holistic perspective on how air pollution shapes human behaviour
and social outcomes, with implications for sustainability, urbanisation, and social welfare.
The three objectives of the thesis are distinct but closely linked, reflecting these overlap-

ping dynamics and structuring the empirical analyses presented in subsequent chapters.

(1) To explore the impact of rural-to-urban migration on green behaviours in

left-behind and return-migrant households

The first objective of Chapter 2 is to analyse how rural-to-urban migration shapes the
environmental behaviours of rural households, with explicit attention to two distinct
groups: (i) households with current migrants (left-behind households) and (ii) households
with return migrants. Migration is not merely an economic decision; it is also a social
process that can disrupt or transform household practices through changes in labour

availability, household composition, and exposure to external norms.

For left-behind households, the analysis assesses whether the absence of working-age
members due to out-migration reduces engagement in pro-environmental behaviours such
as waste sorting, recycling, and land management. The expected mechanism is that
labour loss and altered intra-household dynamics may weaken the capacity or incentives

for green practices.

For households with return migrants, the focus shifts to whether returnees bring back
urban-acquired environmental norms—shaped by greater exposure to green infrastruc-

ture, environmental regulations, and pro-sustainability social norms—and diffuse these
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behaviours within their origin communities. Return migration may therefore serve as
a channel for the transmission of “environmental social remittances,” enhancing local

sustainability practices.

By applying instrumental variable strategies to address potential selection bias in mi-
gration, the chapter provides causal evidence on the contrasting effects of outward and
return migration. This dual perspective underscores the nuanced role of migration in
rural sustainability: while out-migration can erode environmental engagement, return

migration has the potential to strengthen it.

(2) To examine how air pollution shapes internal urban-to-urban migration

flows in China

The second objective examines the role of air pollution in shaping internal urban-to-
urban migration flows. Air pollution acts as both a push factor, driving individuals
away from highly polluted cities, and a pull factor, attracting migrants to cleaner
environments. This dual dynamic creates a feedback loop, where migration patterns
influenced by environmental disparities can either exacerbate or mitigate urban challenges.
For instance, cities with high pollution levels may experience a loss of skilled workers,
undermining their economic competitiveness. In contrast, cleaner cities may attract
large influxes of migrants, leading to population pressures that strain infrastructure and

threaten environmental sustainability.

This research focuses on the relative pollution levels between origin and destination
cities, emphasising the importance of environmental quality comparisons in shaping
urban mobility. Chapter 3 explores how this "relative pollution strength" influences
migrants’ destination choices, moving beyond a narrow one-sided focusing on conditions
at either the origin or the destination. By analysing these dynamics, the study reveals
how pollution influences destination preferences, underscores the role of green information

in migration decisions, and connects this objective to the first.

This approach provides valuable insights into how migrants respond to differing norms
and informational shocks compared to their places of origin. Furthermore, it clarifies the
mechanisms by which green social remittances are generated, linking urban migration

behaviour to broader environmental transformations in origin regions.

(3) To investigate the long-term effects of air pollution on retirement planning.

The third objective examines how long-term pollution exposure and short-term pollution
shocks influence retirement planning, particularly among older individuals in an ageing
society. Chronic exposure to pollutants such as PMy 5 accelerates health deterioration,

often leading to earlier-than-expected exits from the labour market. However, financial
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constraints, exacerbated by inadequate pension systems, can delay retirement decisions,

creating a paradoxical interaction between health and economic pressures.

Chapter 4 investigates individuals’ responses to pollution in terms of retirement ex-
pectations. By analysing the reactions of those nearing retirement age and retirees
to varying air pollution levels, this study constructs a comprehensive picture of how
ageing populations make labour supply decisions under environmental stress. Given the
heterogeneity between rural and urban regions, both groups are examined, with a focus
on the inequalities faced by rural labourers in dealing with pollution. Furthermore, the
role of macro-level factors, such as social capital and infrastructure development, as well
as micro-level channels like family ties, is explored in shaping both reactions to and

defences against pollution-induced health deterioration.

This research generalises the effects of pollution on migrants to encompass all residents,
revealing how air pollution influences labour supply and urbanisation while highlighting
the inequality and vulnerability of rural areas. These concerns extend beyond domestic
rural-urban or urban-urban migration patterns, emphasising the broader implications for

sustainability in developing countries.

1.3.2 Summary of Research Questions

To achieve the objectives outlined above, this thesis seeks to answer the following research
questions. These questions are designed to capture the complex and dynamic interplay
between air pollution, migration, and socioeconomic behaviours, while also addressing

the gaps identified in the existing literature:

Q1. How does rural-to-urban migration influence the environmental be-
haviours of left-behind and return-migrant households, and through what

mechanisms are these behaviours transmitted?

This question investigates the environmental effects of rural-to-urban migration across
two household types: left-behind households with current migrants, and households with
return migrants. The aim is to identify whether out-migration diminishes engagement in
green behaviours due to labour loss and household restructuring, and whether return
migration promotes such behaviours by transferring environmental norms acquired in

urban settings.

The analysis explores several mechanisms of behavioural transmission, including the
accumulation of social capital, exposure to advanced urban green infrastructure, and
the use of communication technologies to maintain information flows. Comparing the

impacts of current versus return migration allows for a clear understanding of migration’s
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dual role in rural environmental sustainability—acting as a disruptor when human and

social capital are depleted, and as a catalyst when they are replenished through return.

Q2. How do relative pollution levels between origin and destination cities

shape internal urban-to-urban migration flows in China?

This question examines the role of "relative pollution strength" in migration decisions,
focusing on how migrants weigh environmental quality when choosing destinations. It
investigates whether pollution acts as a push factor in polluted cities or as a pull factor in
cleaner cities, and how these dynamics influence skilled and unskilled labour differently.
The study also considers how information availability about environmental conditions
mediates these choices, linking the migration decision-making process to broader trans-
formations in environmental awareness and urban development. By exploring these
pathways, the research clarifies how urban-to-urban migration reinforces or disrupts

environmental and economic disparities between regions.

Q3. How do long-term pollution exposure and short-term pollution shocks

influence retirement planning, particularly in ageing societies?

This question addresses the paradox of pollution’s dual effect on retirement: the health
risks that accelerate early labour market exits and the financial pressures that delay
retirement. It examines how individuals nearing retirement respond to varying levels
of pollution, with particular attention to differences between rural and urban residents.
The research also investigates the macro-level factors (such as pension systems and
urban infrastructure) and micro-level channels (such as family networks and access to
healthcare) that mediate these decisions. The analysis sheds light on the broader implica-

tions of pollution-induced health shocks for labour supply, urbanisation, and social equity.

These research questions not only align with the specific objectives of this thesis but
also highlight the interconnections between chapters. The first question addresses the
behavioural shifts initiated by migration, particularly the diffusion of environmental
practices from urban to rural areas. The second builds on this foundation, exploring
how environmental disparities influence mobility decisions, which in turn shape the
socioeconomic and environmental landscapes of both origin and destination cities. The
third question extends the analysis to life-course decisions, examining how air pollution
impacts retirement planning and, by extension, labour market dynamics and social
security systems. Overall, these questions provide a comprehensive framework for under-
standing the interactions between environmental stressors, migration, and socioeconomic
behaviours in a rapidly transforming society like China. Beyond the Chinese context,

the findings have global relevance, offering insights into how environmental and social
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policies can address shared challenges of sustainability, urbanisation, and demographic

change in other developing and industrialised economies.

1.3.3 Integrated View and Feedback Loops

Regarding all empirical research questions in this thesis. Figure 1.1 illustrates the core
feedback loops that connect pollution exposure to key socioeconomic behaviours explored
in this thesis. At the centre, pollution acts as a foundational environmental stressor,

exerting influence through three primary pathways: norms, health, and income.

Migration Retirement

Left behind Labour Supply

FIGURE 1.1: Interconnections Between Pollution, Migration, and Socioeco-
nomic Dynamics

Pollution affects environmental norms by shaping public awareness and behavioural
expectations, particularly through exposure to cleaner infrastructure or stricter environ-
mental regulation in urban areas. These altered norms are often transmitted back to
rural households through migration, especially via returnees, facilitating the adoption of

greener practices in left-behind communities.

Simultaneously, pollution degrades health and reduces earning capacity. These effects
influence migration decisions, as households seek to escape unhealthy environments
or access better healthcare and jobs elsewhere. For those left behind, the departure

of working-age members can disrupt established environmental routines and resource
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management. Yet, the same migration also generates opportunities for norm diffusion,

creating a dynamic tension between disruption and transformation.

The health and income consequences of pollution also influence retirement planning,
especially among older individuals. Poor health can accelerate early exit from the labour
force, while insufficient income or weak pension access may delay retirement. This creates
a paradox: pollution simultaneously pushes people out of work for health reasons while
pulling them back in due to financial necessity. The result is a strain on both individual

well-being and broader labour supply dynamics.

These interconnected processes form feedback loops. For example, migration reshapes
household structure and labour allocation, which in turn affects green behaviour and
retirement decisions. Likewise, changes in labour supply or retirement timing can
influence family migration strategies. These multi-directional relationships reinforce the
central thesis of this study: that pollution is not merely an environmental issue but a

systemic force that interacts with mobility, behaviour, and demographic change.
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1.4 Data and Methodology

This section outlines the methodological framework and data sources employed in this
thesis, which comprises three distinct yet interconnected empirical studies. Given the
interconnected nature of these topics, the research integrates micro-level panel data with
macro-level environmental and socioeconomic indicators to capture both individual and
aggregate-level dynamics. Each study addresses specific research questions related to
the impact of pollution on migration, green behaviours, and retirement planning. The
methodologies adopted reflect the nature of the research questions, combining econometric

modelling, causal inference techniques, and robustness checks to ensure empirical rigour.

1.4.1 Research Design

The research is structured into three empirical studies, each addressing a distinct but
interconnected dimension of the interactions between pollution, migration, and socioeco-
nomic behaviours. The design reflects the diverse pathways through which environmental
stressors affect human behaviour and incorporates methods capable of capturing these

complexities.

(1) Migration and Green Behaviours (Chapter 2):

This study focuses on how rural-to-urban migration reshapes environmental behaviours
among left-behind households through the diffusion of social remittances—mon-material
transfers of norms, values, and practices. It applies linear probability models (LPM) and
fixed-effects and migration network as instrumental variables (IV) to identify whether
migrants’ exposure to better environmental infrastructure in urban areas influences the
green behaviours of origin households. By distinguishing between current migration and
return migration, the analysis uncovers differences in the transmission of sustainable

practices.

(2) Pollution and Migration Flows (Chapter 3):

The second study investigates how differences in pollution levels between origin and
destination cities shape migration flows. It adopts a differential gravity model with
instrumental variable - thermal inversion, which captures the relative pollution gaps
driving migration decisions. This model accounts for push-and-pull factors, allowing
the analysis to disentangle the role of environmental quality from economic motivations.
In particular, it highlights how highly polluted cities lose skilled workers, exacerbating

urban inequality.
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(3) Pollution and Retirement Planning (Chapter 4):

The third study evaluates the impact of long-term pollution exposure and sudden pollution
shocks on retirement planning. It employs panel fixed-effects models and instrumental
variable (IV) approaches to address endogeneity, using thermal inversion days as an
exogenous instrument for pollution. The analysis reveals how pollution-induced health
deterioration influences retirement expectations, highlighting the tension between health-
driven exits and economic constraints that delay retirement. Together, these three studies
provide a holistic view of how environmental stressors shape migration patterns, green
behaviours, and labour market decisions. They also reinforce the broader argument that
pollution-induced socioeconomic effects are interconnected and cumulative, demanding

integrated policy responses.
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1.4.2 Data Sources

Empirical Study 1: Migration and Green Behaviours

o Micro Survey Dataset: China Labour-force Dynamics Survey (CLDS)

The CLDS is a biennial panel dataset designed to capture labour market activities,
household dynamics, and social behaviours. It provides extensive information on

economic conditions, migration patterns, and environmental practices.

— Scope and Coverage

*+ Waves: 2014 and 2016.
* Sample Size: Over 15,000 households and 23,000 individuals covering

both urban and rural regions.
— Key Variables

+ Environmental Practices: Waste sorting and recycling willingness.

* Rural-to-urban Migration Status: Includes current and return mi-

gration.

* Economic and Social Indicators: Household and village characteris-

tics.
— Relevance

x Investigates the impact of migration on green behaviours among left-
behind households.

* Focuses on the diffusion of social remittances, highlighting how urban-

acquired environmental norms are transmitted to rural areas.

e City-Level Data

Environmental infrastructure indicators, such as public sanitation services and
waste management facilities, were sourced from the National Bureau of Statistics
and China Statistical Yearbooks.

Empirical Study 2: Pollution and Migration Flows

o Primary Dataset: China Migrants Dynamic Survey (CMDS)

The CMDS is a nationally representative cross-sectional survey focused on migration

patterns, labour mobility, and settlement decisions.

— Scope and Coverage

* Year: 2017 wave.

* Sample Size: Over 170,000 migrants, capturing urban-to-urban and

rural-to-urban migration.
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— Key Variables

Migration Patterns: Aggregated migration flows based on origin-destination

relationships.
— Relevance

* Analyses how pollution gaps between origin and destination cities influence

migration decisions.

* Examines push-and-pull dynamics driven by environmental disparities.

¢ Pollution Data

PMs 5 concentrations sourced from NASA’s satellite data, providing high-resolution

pollution measures across Chinese cities.
Thermal inversion days as an instrumental variable (IV) to address endogeneity
and ensure causal identification.
e City-Level Controls
— Climate Variables: Temperature and rainfall from the China Meteorological
Administration.

— Economic Indicators: GDP per capita, industrial composition, unemploy-
ment rates, population density, average wage, and housing prices, sourced

from the National Bureau of Statistics.

Empirical Study 3: Pollution and Retirement Planning

o Primary Dataset: China Health and Retirement Longitudinal Study (CHARLS)

The CHARLS is a nationally representative panel dataset designed to study the
economic and health conditions of middle-aged and older adults (aged 45 and

above).

— Scope and Coverage

* Waves: 2011, 2013, 2015, 2018, and 2020.

x Sample Size: Over 17,000 respondents across 450 communities.
— Key Variables

*+ Retirement Planning: Expected retirement age.

x Health Indicators: Chronic illnesses, disabilities, and self-assessed
health status.

x Demographics: Education, income, marital status, and family composi-

tion.

— Relevance
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*x Evaluates the effect of pollution exposure on retirement expectations and

labour market behaviour.

x Tracks long-term trends and short-term shocks using panel data.
— Pollution Data

x PMoy 5 concentrations sourced from Washington University in St. Louis,

providing historical pollution trends.

* Thermal inversion days as an instrumental variable (IV) to address endo-

geneity and ensure causal identification.
— Macro Data

* GDP, unemployment rates, and health services, sourced from the National

Bureau of Statistics.

Integration of Macro-Level Environmental and Economic Data

To complement the household surveys, this thesis integrates macro-level indicators from

multiple sources to control for structural differences across cities and regions.

Pollution Indicators

o NASA Satellite Data (Chapter 3): City-level PMy 5 measurements to analyse

pollution-driven migration flows.

o Washington University Data (Chapter 4): Historical PMy 5 data to track long-term

exposure for retirement planning.

Instrumental Variables

o Thermal Inversion Days (Chapters 3 and 4) to address adverse causality between

air pollution and economic development.

o Migration Network (Chapter 2) to address the selection bias of current migration

and return migration.

Climate and Geography

o Rainfall, temperature, and altitude data from the China Meteorological Adminis-

tration.



24 Chapter 1. Introduction

Economic Indicators

e GDP per capita, unemployment rates, and industrial composition from the National

Bureau of Statistics.

o Infrastructure data covering hospitals, sanitation systems, and green facilities.

Data Integration and Preparation

The datasets are merged using geographical identifiers (e.g., province and city codes)
to establish a multi-level panel structure that links individual behaviours with regional

trends.

Panel Structure

o Tracks longitudinal changes for retirement planning and green behaviours while

examining cross-sectional migration patterns.

Scaling and Standardisation

e Variables such as PMjy 5 are log-transformed to account for non-linear effects, while

migration and retirement outcomes are standardised for comparability.

Causal Inference Tools

o Fixed effects models, instrumental variables, and robustness checks (e.g., lagged

variables) are applied to ensure reliability.

Overall Contribution

By integrating micro-level panel data with macro-level environmental and economic
indicators, this thesis constructs a multi-dimensional empirical framework to explore the
socioeconomic impacts of pollution. Table 1.1 summarises the data source and structure.
Each chapter leverages a carefully selected dataset—CLDS for green behaviours, CMDS
for migration decisions, and CHARLS for retirement planning—ensuring that the analysis

is both comprehensive and policy-relevant.
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TABLE 1.1: Summary of Data Sources

Study

Dataset

Key Features

Migration and Green
Behaviours

Focus: Impact of mi-
gration on green be-
haviours, diffusion of ur-
ban norms to rural areas

o National-
representative
China Labour-
force  Dynamics
Survey (CLDS)

e China City Statis-
tical Yearbook

Repeated cross-section
based on 2014 and 2016

23,000 individuals, ur-
ban and rural

Variables: Waste sort-
ing, recycling willing-
ness, rural-to-urban mi-
gration, household and
village characteristics

Pollution and Migra-
tion Flows

Focus: Pollution gaps
between cities driving
migration;  push-and-
pull dynamics

e National-
representative
China  Migrants
Dynamic Survey
(CMDS)

« NASA’s MODIS,
MISR, and SeaW-
iFS

e China City Statis-
tical Yearbook

Cross-Section Data of
2017

170,000 migrants

Variables: Aggregated
migration flows, PMas 5
pollution, climate vari-
ables, economic indica-
tors

Pollution and Retire-
ment Planning
Focus: Impact of long-
term pollution exposure
on retirement planning

e National-
representative
China Health and
Retirement Lon-
gitudinal ~ Study
(CHARLS)

o Satellite-derived
PMsy 5 data from
WashU

e China City Statis-
tical Yearbook

e Climate data from
the China Meteo-
rological Adminis-
tration

Panel Data based on
2011, 2013, 2015, 2018
and 2020 waves

17,000 respondents, aged
45+

Variables: Expected re-
tirement age, PMy 5 pol-
lution, individual, house-
hold, and city-level indi-
cators

Note: This table summarises the data source and structure, providing sample size, key
variables and scopes.
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1.4.3 Empirical Strategy
(1) Analytical Framework

The thesis applies a multi-level analytical framework that links individual behaviours
and macroeconomic trends to environmental stressors. It utilises panel data econometrics
to capture both cross-sectional variations and within-unit changes over time, offering

insights into behavioural responses and policy implications.

Each chapter uses tailored models:

1. Chapter 2: Investigates how rural-to-urban migration influences the adoption
of green behaviours among left-behind households. It applies Linear Probability
Models (LPM) and Fixed Effects Regressions to estimate the effects of migration

status on environmental practices.

2. Chapter 3: Examines how pollution gaps drive urban-to-urban migration decisions.
It employs a differential-based gravity model to analyse migration flows based on

relative environmental quality between origin and destination cities.

3. Chapter 4: Explores how pollution shocks affect retirement expectations. Using
Panel Fixed Effects Models and Instrumental Variable (IV) approaches, it isolates

the causal effects of long-term pollution exposure on retirement planning.

This framework provides flexibility to address endogeneity, unobserved heterogeneity,

and dynamic adjustments, ensuring robust and credible results.

(2) Empirical Specification
Migration and Green Behaviours (Chapter 2)

To examine whether migration transmits environmental practices to left-behind house-

holds, this chapter uses the following fixed-effects regression model:

Yie = a+ BMigration; + 6 X + s + €3¢ (1.1)
where:

o Y, represents the green behaviours (e.g., waste sorting and recycling) of household

¢ at time t.

e Migration; is a dummy variable for whether the household has a migrant member.
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o X includes household controls (e.g., income, education, family size).

e 1; accounts for individual fixed effects, and ¢;; is the error term.

Key Hypothesis: Exposure to urban infrastructure and practices facilitates the trans-
mission of social remittances, leading to the adoption of sustainable behaviours in rural

areas.

Pollution and Migration Flows (Chapter 3)

To evaluate how pollution disparities influence migration flows, this chapter uses a

differential-based gravity model:

PMys;

M;; :a+ﬁPM25»
«9J7

+7Zij + € (1.2)
where:

e M;; represents migration flows from origin city 7 to destination city j.

PMs 5.
2 Mi‘zi is the pollution gap ratio between destination and origin.

 Z;j includes economic controls (e.g., GDP, wages, infrastructure).

Key Hypothesis: Cities with higher relative pollution act as push factors, while cleaner

cities attract migrants, creating environmental inequality between regions.

Pollution and Retirement Planning (Chapter 4)

To examine the effects of pollution exposure on retirement expectations, this chapter

applies the following panel fixed-effects model:

Rit = a+ BPMasi +vZit + i + 0 + €t (1.3)

where:

R;; denotes the expected retirement age of individual 7 at time ¢.

PMs 5, represents pollution levels at the city level.

Zii includes health, income, and demographic controls.

u; and 0 control for individual and time fixed effects, respectively.
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Key Hypothesis: Higher pollution levels accelerate retirement decisions due to deterio-

rating health, while financial insecurity may delay retirement.

(3) Identification Strategies

To ensure causal inference, this thesis employs several identification strategies across the

three empirical chapters:

o Endogeneity Problems and Solutions

The empirical analyses in this thesis face potential endogeneity issues arising from
three primary sources: omitted variable bias, measurement error, and reverse
causality. Addressing these problems is critical to establishing credible causal

relationships.

— Omitted Variable Bias: In all three chapters, the outcome variables may
be confounded by unobservable household and city characteristics, such as
environmental awareness or preferences or city economic and social capital
stock, which are correlated with both migration decisions and environmental
practices. Hence, the models controlled for different fixed effects at the
province, year, city, and household levels for time-invariant and time-variant

unobserved heterogeneity at the regional or household level.

— Selection Bias: Migration decision is often threatened by selection problems,
since it is not randomly assigned. Migration decision and behaviour are easily
influenced by economic, environmental and social factors. To address it, the
regional out-migration rate and return migration rate, so-called migration

network, is applied to split the selection bias.

— Measurement Error: Pollution measures used in Chapters 3 and 4, such
as PMs 5 concentrations, may suffer from reporting inaccuracies or spatial
aggregation errors. To mitigate these concerns, high-resolution satellite data
from NASA and Washington University is employed, ensuring consistent

measurement across locations and time.

— Reverse Causality: In Chapter 3, the relationship between pollution and
migration flows may suffer from reverse causality, as migration patterns them-
selves can influence pollution levels through increased urbanisation. Similarly,
in Chapter 4, To address this, the study uses the relative pollution gap be-
tween origin and destination cities, treating it as an exogenous variable in a

differential-based gravity model.

In Chapter 4, pollution exposure may be endogenous to retirement expectations

if individuals select locations based on anticipated health effects. To handle this,
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thermal inversion days are used as an instrumental variable for PMs 5, exploiting

natural variations in pollution unrelated to human activity.

« Robustness Check and Complementary Analyses:

A range of strategies is employed to validate and deepen the findings:

— Robustness Checks: The core results are re-estimated using alternative
pollution measures, different instrumental variables, and varying index thresh-
olds. In addition, a Heckman selection model is employed to assess potential
sample selection bias. To account for possible macro-level confounders, policy

changes during the study period are also incorporated into the analysis.

— Heterogeneity Analyses: Subsample analyses are used explicitly to assess
heterogeneity. These analyses compare rural versus urban households, gender
groups, and education levels to examine how institutional and demographic

contexts condition the behavioural effects of pollution and migration.

— Complementary Analyses: Models incorporating lagged PMy 5 values are
estimated to investigate delayed and cumulative effects of pollution exposure.
This approach identifies whether behavioural responses emerge immediately or

persist over time, distinguishing longer-term impacts from short-term shocks.

Together, these strategies enhance the credibility of the empirical results by addressing
omitted variable bias, reverse causality, and measurement errors, providing a solid

foundation for causal inference across all three chapters.
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1.5 Structure of the Thesis

The thesis is organised into five chapters:

Chapter 1: Introduction

Outlines the research background, motivations, and key questions, and introduces the

Chinese institutional context.

Chapter 2: Migration and Green Behaviours

Examines how rural-to-urban migration affects environmental practices in origin house-

holds, distinguishing between current-migrant and return-migrant households.

Chapter 3: Pollution and Migration Flows

Investigates whether air pollution influences inter-city migration flows in China, using a

gravity modelling approach.

Chapter 4: Pollution and Retirement Planning

Analyses how pollution exposure affects expected retirement age and labour supply

among older adults, with emphasis on vulnerable groups.

Chapter 5: Conclusion

Summarises key findings, discusses policy implications, and proposes avenues for future

research.
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Chapter 2

Green Remittances: How does
Migration shape Green

Behaviours in Rural China

Abstract

This paper investigates the impact of internal rural-to-urban migration on the green
behaviour of left-behind families in China, using willingness to recycle and fixed-place
garbage disposal practices as indicators. The study examines the distinct effects of
current migration and return migration, addressing selection bias, heterogeneity, and
socio-economic gaps between urban and rural areas. The findings reveal that current
migration significantly reduces recycling and fixed garbage placement probabilities by
71.9% and 21.8%, respectively, as the absence of household members disrupts routines. In
contrast, return migration increases these behaviours by 79.0% and 46.3%, with returnees
transferring urban-acquired norms to their families. Mechanism analysis highlights that
better green infrastructure and social capital in destination cities amplify these positive
effects, suggesting social remittance channels alongside financial remittances. This paper
also found that younger, male-headed families with higher education and financial stabil-
ity benefit most from return migration, while older families are more negatively affected
by current migration. These findings underscore the importance of family capital in
adopting sustainable practices and the challenges faced by vulnerable groups. This study
is the first to apply social remittance theory to internal migration in China, offering

insights into how migration shapes rural environmental behaviours.

Keywords: Rural-to-Urban Migration, Social Remittance, Green Behaviour
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2.1 Introduction

The concept of a Green Economy is central to sustainable development, particularly in
developing countries where rural-to-urban migration plays a pivotal role in economic
growth. However, the impact of migration on green behaviours, such as recycling and
waste disposal — remains underexplored. This paper seeks to address this gap by
examining how migration, particularly current migration and return migration, influences
the green behaviours of left-behind families in China. Specifically, it investigates whether
migration acts as a channel for the diffusion of environmental norms and practices through

knowledge spillovers.

Labour migration is often associated with financial remittances, which improve the
living standards of left-behind families by supporting education, healthcare, and other
necessities. Beyond financial transfers, migration also facilitates the movement of social
remittances, including advanced skills, knowledge, and behavioural norms from urban
to rural areas. When migrants are exposed to urban environments, their habits and
preferences are shaped by new circumstances. Upon returning home, these "new norms"
may diffuse to left-behind family members, potentially altering household behaviours.
However, this process can have positive or negative effects, depending on the nature
of the norms transmitted. Empirical evidence on these spillovers is limited, given the
challenges of direct data collection and identification problems in microeconomic studies.
This paper addresses these challenges by examining the impact of migration on green
behaviours such as recycling willingness and fixed trash placement, using methods that

control for double selection into current and return migration.

China provides an ideal context for this study due to its unique socio-economic conditions
and large-scale internal migration. Over the past four decades, rapid urbanisation has
dramatically reshaped China’s social and economic landscape. The urbanisation rate
surged from 18% in 1978 to 60.6% in 2019 (National Bureau of Statistics, 2020). As
of 2021, China had 292.51 million migrant workers, with 171.72 million originating
from rural areas (National Bureau of Statistics, 2021). This large-scale rural-to-urban
migration has given rise to split-household families, where left-behind members often
include children and elderly relatives. China’s hukou system, which restricts labour
mobility by tying social benefits to one’s registered residence, further reinforces the
prevalence of left-behind families, as migrants face challenges in permanently settling in

urban areas.

China’s case offers unique insights compared to international migration. First, the
temporary nature of labour migration under hukou restrictions increases the likelihood
of return migration, emphasising the role of urban exposure in shaping left-behind
households’ behaviours. Second, advancements in infrastructure, such as internet access
and logistics systems, facilitate communication between migrants and their families,

reinforcing the channels for norm diffusion. Finally, existing studies on migration in
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China primarily focus on financial remittances, health, and education, with limited

attention to the transmission of environmental norms or green behaviours.

Using data from the China Labour-Force Dynamics Survey (CLDS), which covers 29
provinces and 159 cities, this paper quantitatively examines how migration affects green
behaviours among left-behind families. The study focuses on recycling willingness (e.g.,
classifying daily waste) and fixed trash placement (e.g., using public rubbish bins).
Controlling for double selection into current and return migration, the findings reveal
a dual effect: current migration disrupts green behaviours due to the absence of key
family members, around 71.9% reduction in recycling probability, while return migration
fosters positive changes by transmitting environmental norms acquired in urban areas,
approximately 79.0% increase. Furthermore, the study explores the mechanisms of norm
diffusion, showing that exposure to better urban green and information infrastructure
and higher social capital can improve the green awareness of left-behind families. Also,
according to the heterogeneity analysis, I found that the male-led, with younger family
members, higher education, and more sustainable financial left-behind families are easier
to accept environmental norms and minimise the serious effects caused by the absence of

family members.

This paper contributes to the literature in two keyways. First, it is one of the first studies
to quantitatively analyse the impact of migration on green behaviours, a green dimension
largely neglected in the current literature. While prior studies have explored migration’s
effects on political preferences, welfare, and gender norms (Frey and Meier, 2004; Giulietti
et al., 2013; Hildebrandt et al., 2005; Nikolova and Graham, 2015), few have examined
environmental behaviours, particularly in the context of social remittances. Existing
research on green economics often relies on qualitative approaches (Moran-Taylor and
Taylor, 2010; Taylor et al., 2011) or focuses on narrow topics like fuel consumption
(Alem et al., 2016; Wu et al., 2021b). This study fills this gap by examining green
behaviours at the household level in a large-scale internal migration setting. Second,
this paper expands the scope of social remittance literature, which has predominantly
focused on international migration and its impact on political and social norms (Nikolova
et al., 2017; Tuccio and Wahba, 2018; Wahba, 2015). By focusing on rural-to-urban
migration in China, the study provides a new perspective on how internal migration

shapes environmental behaviours in developing countries.

The structure of this paper is as follows: Section 2.2 reviews the relevant literature on
migration and social remittances, highlighting gaps that this paper aims to address.
Section 2.3 describes the data source, variable definitions, and descriptive statistics.
Section 7?7 outlines the econometric model and identification strategy employed to
address endogeneity and ensure robust estimates. Section 2.5 presents the empirical
results and provides a detailed analysis of the findings. Section 2.6 provides the robustness

check to the main results. Finally, Section 2.7 concludes the whole paper.
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2.2 Literature Review

A substantial body of literature examines the determinants of migration and its effects
on left-behind individuals, origin communities, and host regions. Migrants often leave
their hometowns to improve their well-being and that of their families, primarily through
remittances that enhance education, healthcare, and living standards (Abramitzky et al.,
2012; Nikolova and Graham, 2015). While the economic effects of remittances have been
a primary focus of early research, recent attention has turned to the social effects of
migration. Existing remittance studies typically distinguish between two types: financial

remittances and social remittances.

Financial remittances are among the most visible and extensively studied consequences
of migration, illustrating its economic impact on origin countries. Significant progress
has been made in understanding the drivers and consequences of financial remittances at
both microeconomic and macroeconomic levels. Rapoport and Docquier (2006) provides
a comprehensive review of the literature in this area. Within the context of migration
and the left-behind, much of the research focuses on the effects of financial remittances
on education, health, and well-being. For instance, Lee (2011) analyses the impact of
migration on the health and education of left-behind children, while Yi et al. (2019)
examine its effects on the health of elderly left-behind individuals in China. These studies
highlight financial remittances as a critical channel through which migration affects
left-behind households.

In addition to financial remittances, migration also produces non-financial impacts, such
as shifts in social norms, political preferences, and attitudes. Social remittances, a
concept introduced by Levitt (1998), refer to the transmission of cultural and social ideas,
behaviours, and norms from host to origin regions through migration. This diffusion
process encompasses normative structures, systems of practices, and social capital (Levitt,
1998; Levitt and Lamba-Nieves, 2011). Social remittances have been shown to influence
societal norms positively, fostering entrepreneurship, gender equality, political preferences,
and even environmental protection (Giulietti et al., 2013; Ljunge, 2012; Lopez-Feldman
and Chavez, 2017; Tuccio and Wahba, 2018).

Although the concept of social remittances was first introduced by Levitt (1998), its
systematic analysis gained momentum with studies like Spilimbergo (2009), which brought
more attention to this area. Compared to sociologists, economists are particularly
interested in identifying causal relationships and addressing selection bias. Economists
aim to determine not only whether migration changes behaviours or norms but also
whether these changes are directly driven by migration. This distinction underpins the

theoretical framework of this study.

Unlike financial remittances, which are easily measured and tracked by organisations

like the World Bank and the IMF, social remittances are challenging to quantify. Most
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empirical studies rely on household surveys or field experiments, yet many social be-
haviours and norms remain complex to capture (Levitt, 1998; Levitt and Lamba-Nieves,
2011). While substantial evidence confirms the existence of social remittances, critical
questions remain unanswered. These include how social remittances are formed, how they
diffuse between origin and host regions, and how they transform within host communities
(Tuccio and Wahba, 2020).

The impacts of migration on left-behind families are diverse, encompassing education,
well-being, entrepreneurship, and social norms. For example, Giulietti et al. (2013)
use data from rural China to show that return migration promotes self-employment
among left-behind families and their communities. Hildebrandt et al. (2005) examine
health knowledge spillovers in Mexico, finding that migration improves young mothers’
health knowledge through indirect channels. In the domain of social norms,Wahba (2015)
demonstrates that migration from Morocco to democratic European countries positively
influences political preferences and social norms. However, Tuccio and Wahba (2018)
find that return migration from conservative countries can reinforce traditional gender

norms, illustrating that social remittances are not always positive.

Nikolova et al. (2017) identify two primary mechanisms through which social remittances
are transmitted: (1) the absence effect, where the migration of socially proactive in-
dividuals weakens community networks and reduces pro-social behaviours among the
left-behind Frey and Meier (2004); and (2) the diffusion effect, where migrants acquire
language skills, cultural knowledge, and social norms in host regions and transfer these
back to origin communities through communication, financial support, or physical visits
(Levitt and Lamba-Nieves, 2011). This study builds on these mechanisms to explore how

social remittances influence green behaviours among left-behind households.

The relationship between migration and green behaviours or environmental protection
remains underexplored, creating a significant research gap that this paper aims to
address. Existing literature on migration and the environment predominantly focuses on
environmental migration or the health impacts of pollution on left-behind populations
(Afifi, 2011). In China, the socio-economic divide between urban and rural areas provides
a unique opportunity to study the transfer of green norms. Urban environments, with
their superior infrastructure—including public rubbish bins, garbage collection stations,
and sanitation workers—offer a stark contrast to rural conditions, potentially influencing

the behaviours of rural-to-urban migrants.

The mechanism through which migration affects green behaviours is rooted in urban reg-
ulations and social norms. Chai et al. (2022) examine the influence of the China National
Civilised City Award (NCCA), a programme designed to improve urban sustainability.
They find that local governments’ efforts to win the NCCA title significantly enhance
urban infrastructure and environmental standards, creating a conducive environment

for migrants to adopt green practices. Migrants exposed to such conditions are likely
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to transfer these norms to their left-behind families through channels such as financial

support, communication, and life experiences.
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2.3 Data

The data used in this paper is sourced from the China Labour Force Dynamics Survey
(CLDS). Established in 2012 by Sun Yat-Sen University, the CLDS aims to conduct a
biennial follow-up survey to observe changes and interactions between social structures,
families, and the labour force in both urban and rural settings. The survey collects data
across three dimensions: individual labour force, households, and communities (cities and
villages). Spanning 29 provinces (excluding Hong Kong, Taiwan, Tibet, and Hainan), the
survey provides comprehensive interdisciplinary data on topics such as education, work,
migration, health, social participation, economic activities, grassroots organisations, and

green behaviours.

To ensure representativeness, the CLDS employs a multistage cluster, stratified, and
probability-proportional-to-size sampling approach, with survey weights adjusted to align
with the distribution of the labour force population. These methodological strengths
make the dataset particularly suitable for studying the relationship between migration
and green behaviours. In 2014, the survey incorporated additional questions on green
behaviours and environmental attitudes, offering unique opportunities to explore how

labour migration influences family-level recycling behaviours.

This paper utilises data from the 2014 and 2016 waves of the China Labour-force Dynamics
Survey (CLDS), constructing a repeated cross-sectional framework at the individual,
household, and community levels. Since questions on environmental behaviours were not
uniformly administered across all respondents, and because practices such as recycling and
designated garbage disposal were compulsory in certain cities, the sample was restricted

to ensure comparability and internal validity.

The initial dataset contains approximately 15,000 households. To obtain a clean and
consistent analytic sample, several restrictions were applied. First, observations with
missing values on key variables—such as migration status or recycling willingness—or
with erroneous entries or extreme outliers (identified using standard deviation thresholds
for continuous variables) were excluded. Second, households located in cities where local
regulations during the survey period mandated both recycling and fixed trash placement
were removed, as these policy requirements could mechanically inflate reported green
behaviours and confound behavioural comparisons across locations; this policy-related

exclusion affects less than 2% of the initial sample.

In addition, households reporting both current and return migrants were excluded to
avoid conflating the effects of these two distinct migration types. After applying these
criteria, the final estimation sample consists of 8,126 households, divided into three
mutually exclusive categories: 3,679 non-migrant households (control group), 3,444

current migrant households, and 1,003 return migrant households (treatment groups).
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These restrictions ensure that the estimation sample is free from measurement errors,
unaffected by location-specific mandatory policies, and representative of household
characteristics relevant to the study’s objectives, thereby providing a consistent basis for

estimating the impact of migration on environmental behaviours.

2.3.1 Dependent Variable

A key strength of the CLDS dataset lies in its inclusion of green behaviour-related
variables. Since few field surveys or censuses capture data on environmental behaviours,
this paper uses the questions “Are the households willing to recycle?” and "Are you willing
to put your garbage in a fixed placement for disposal?" to generate the outcome variable.
By using recycling willingness as a proxy for green behaviour, the study introduces an

innovative approach to measuring family-level environmental awareness and action.

2.3.2 Migration Status

Using the detailed household and individual-level data provided by the CLDS, I cate-
gorised families based on the migration status of their members. Each individual’s status
was examined to determine whether they were living with the household or absent, and if
absent, the reason for their absence. Families with at least one member currently absent
for work or business were classified as current-migration families, while those with at least
one member who had left the household for work for at least six months but had since
returned were categorised as return-migration families. Families without any migration
experience were identified as non-migration families. This classification provides a clear
framework to distinguish between ongoing, past, and no migration experiences, enabling

a comprehensive analysis of their impact on green behaviours at the family level.

2.3.3 Control variables

For covariates, current literature on explaining the factors affecting green life is mainly
based on the Theory of Reasoned Action (TRA) and the Theory of Planned Behaviour
(TPB) (Ramayah et al., 2012). Both theories split the motivation for green life into
two aspects: internal factors involving self-attitude to green life and environment, and
subjective norms affected by publicity, and external factors such as personal characteristics,
and objective factors related to family, residence and even governance. Accordingly,
apart from personal characteristics, I also add family-level characteristics, particularly in
income, family size, the socioeconomic factors of the family head, and village-level factors,
like the location, infrastructure condition and wealth (Otoma et al., 2013; Ojeda-Benitez
et al., 2008; Xu et al., 2016) .



2.3. Data 39

Table 2.1 shows the definition of variables, and Table 2.2 presents the summary statistics
for the overall sample as well as subsamples defined by household migration status:

non-migration, current migration, and return migration. Several key patterns emerge.

First, environmental behaviours vary significantly across groups. Households with return
migrants report higher rates of recycling (86.1%) and fixed garbage disposal (96.2%)
than both non-migrant and current migrant households. In contrast, current migrant
households show lower environmental engagement, suggesting a potential disruption

effect associated with ongoing migration.

Second, demographic and socioeconomic characteristics differ markedly across groups.
Return migrant households tend to be younger (mean age 48.1), better educated (e.g.,
54.2% with secondary education), and have higher annual incomes (45.8k RMB), compared
to non-migrant households. They also exhibit larger family sizes (4.5 members on average),

possibly reflecting multigenerational living arrangements or return of younger migrants.

Third, current migrant households are more likely to reside in lower-income villages
(mean village income 7.8k RMB), and have less access to environmental infrastructure,
as proxied by the number of recycling sites (30.4%). Meanwhile, non-migrant households

are disproportionately located in suburban areas of metropolitan regions (11.5%).

These descriptive patterns suggest substantial heterogeneity in green behaviours and
socioeconomic conditions across migration groups, supporting the hypothesis that mi-
gration status is closely associated with both household behaviour and environmental

exposure.
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TABLE 2.1: Description of Variables

Variable Description
Dependent Variable
Recycling Are the households willing to do recycling? (Yes=1, No=0)

Fixed Disposal

Interest Variable

Current Migration Household
Return Migration Household
Household Characteristics
Family Size

Annual Income

Near Recycling Sites
Individual Characteristics
Male

Age

Marital Status

Employ status

Education level

Party

Village Characteristics
Village average income

Own School

Suburb of metropolis

Are the households willing to accept the fixed placement of garbage? (Yes=1, No=0)

The family with at least one current migrant. (Yes=1, otherwise=0).
The family with at least one return migrant. (Yes=1, otherwise=0).

The number of family members
Annual income of family in each year (103 CNY)
House is near the garbage bins or stations (Yes=1, No=0)

Gender of family head (Male=1, Female=0)

The age of family head

Married=1, otherwise=0

Employed=1, otherwise=0

Illiteracy / Basic / Secondary / Post-secondary education

Is the family head a member of the political party? (Yes=1, No=0)

The average income in village (10> CNY)
There is a primary school in the local administrative area. (Yes=1, No=0)
The village is in the Suburb of metropolis (Yes=1, No=0)

Chapter 2. Green Remittances: How does Migration shape Green Behaviours in Rural
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Note: Interest variable: The family with current migration and with return migration. Both variables are mutually exclusive, which means the
sample does not involve any family with current and return migration at the same time.
Source: CLDS
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2.4 Methodology

2.4.1 Baseline Specification

The baseline models are estimated using the Linear Probability Model (LPM) within a
2SLS framework because the coefficients are directly interpretable as percentage point
changes in the outcome probability, facilitate the inclusion of multiple high-dimensional
fixed effects, and allow for straightforward implementation of weak-instrument diagnostics.
While IV-Probit models better reflect the bounded nature of probabilities, they are
computationally more demanding in the presence of high-dimensional fixed effects and
their coefficients are not directly interpretable without transformation. For robustness, I
estimate IV-Probit models and report the corresponding Average Partial Effects (APEs)
in Section 2.6 Robustness Check, which are consistent in sign and significance with the
LPM estimates.

At the same time, standard errors are clustered at the household level to account for
potential intra-household correlation in environmental behaviours and migration status.
Since the analysis relies on repeated cross-sectional data, and the key explanatory
variables—such as current and return migration—are defined at the household level,
this clustering strategy ensures statistically robust inference and mitigates the risk of

underestimating standard errors.

Although clustering at a higher level (e.g., village) was considered, the relatively small
number of observations per village (typically 30-50) and the household-specific nature
of the treatment variables make household-level clustering a more appropriate and

conservative choice in this context.

The model of migration effect on left-behind family 4 in village j is specified as:

Yiji=c;;+BM;; +~vX;;+¢€ (2.1)

where

CM;; if current migration = 1, otherwise 0,
hj =
RM; ; if return migration = 1, otherwise 0.

« Y, ; represents recycling (whether the family supports daily garbage recycling) and
fixed disposal (whether the family uses fixed places for garbage disposal). Both
variables are binary, with 1 indicating “yes” and 0 “no,” serving as proxies for green

behaviour among left-behind families.

e M represents the migration status, with two mutually exclusive binary indicators:

current migration (CM), indicating that at least one family member is a current
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migrant (1 if yes, 0 otherwise), and return migration (RM), indicating that at least
one family member has returned after working away for six months or longer (1 if

yes, 0 otherwise). Non-migrant households are the reference group.

X is a vector of covariates at the individual, household, and village levels. At the
individual level, the family head’s characteristics—including age, gender, education,
employment status, political party membership, and marital status—are considered,
as they typically represent the most influential role in the household. Household-
level covariates include annual income (a proxy for wealth) and family size (labour
capital). Village-level variables capture the broader context, including the presence
of a community primary school (1 if yes, 0 otherwise), location (whether the
village is suburban, serving as a proxy for infrastructure), and whether there are
garbage bins or carts in the village, as well as average village income (a measure of

community wealth).
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2.4.2 Identification Strategy

This study confronts two key identification challenges: reverse causality and selection bias.
Reverse causality is less of a concern in this context, as environmental behaviours—such
as recycling or waste sorting—are unlikely to influence migration decisions in China,
where migration is primarily driven by economic incentives and structural disparities

(Roback, 1982).

In contrast, selection bias poses a more significant threat to causal inference. Migration
decisions are inherently non-random, shaped by a complex array of household and
community-level characteristics. For example, households with greater financial or
social resources may be more likely to send migrants, which would bias OLS estimates
of migration’s impact on environmental behaviours. In the case of return migration,
additional selection concerns arise, as returnees may self-select based on unobserved
individual preferences or macroeconomic shocks such as layoffs or urban policy changes
(Li and Li, 2022; Deschenes et al., 2020).

To address these challenges, I employ two instrumental variables derived from city-level
migration trends. For current migration, I use the change in outmigration rates from
2005 to 2015, capturing the strength of existing migration networks that lower the costs
of moving. For return migration, I adopt a similar strategy using the change in return
migration rates over the same period. These instruments reflect long-standing social ties
that influence migration behaviour, following the approach of Lai et al. (2021), but are

plausibly exogenous to current household environmental practices.

To enhance the credibility of the exclusion restriction, I also include village-level infras-
tructure indicators, such as the availability of waste collection facilities and public bins,
to control for potential confounding factors. This setup ensures that the instruments
capture variation in migration exposure while remaining uncorrelated with unobserved

determinants of green behaviour, thereby supporting a robust identification strategy.

It is important to note that this study constructs migration network variables at the
city level, rather than the village level, for two key reasons. First, the China Labour-
force Dynamics Survey (CLDS) does not provide detailed village identifiers; the precise
village address of each respondent is unavailable. As a result, village-level migration
rates cannot be reliably calculated. Second, due to institutional constraints such as
the hukou system, within-city migration (e.g., from one village or neighbourhood to
another) is considerably easier and more frequent than cross-city migration. Relying on
within-city movements would overstate the strength of migration networks and introduce
measurement error into the instrumental variables. To mitigate this, the paper uses 1%
samples of the China Census from 2010 and 2015 to compute cross-city outmigration
and return migration rates, which serve as proxies for village-level migration trends while

maintaining consistency and plausibility in measurement.
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The identification of migration and return migration in the 1% China Census relies on
two core questions: (1) “What is your hukou registration location?” and (2) “Where
did you live five years ago?”. Individuals whose current place of residence differs from
their hukou location are classified as current migrants. Conversely, return migrants are
defined as those whose current residence matches their hukou location but who lived in a

different place five years prior.

Using individual-level responses, I first assign a migration status to each person in the
sample according to these definitions. I then aggregate the number of current and return
migrants by city, dividing by the total city population in the corresponding year to obtain
city-level outmigration and return migration rates. These rates are calculated separately
for the 2005 and 2015 Census waves. Comparing the two waves yields the change in
migration intensity over time, which serves as a proxy for the strength of current and

return migration networks.

This approach provides a consistent and comparable measure of cross-city migration
dynamics, capturing both the scale and the directional shifts of mobility flows over a

five-year interval. The construction algorithm is summarised as follows:

The first stage regression equations for current migration and return migration groups

are specified as:

CMZ'J"C =0; + \z. + TXi’j + €5 (2.2)
RM; j.c = pi + ¢sc + wXij + €ijc, (2.3)
where CM; ; . and RM; ; . represent the current and return migration status of household
i in village j of city c¢. z. is the change in outmigration in origin city ¢ from 2005 to
2015, and s, is the change in return migration in origin city ¢ from 2005 to 2015. Both

instrumental variables are calculated in logarithmic differences from Census 2005 and
2015:

2z = log(outmigration rate. 515) — log(outmigration rate, 5005), (2.4)

sc = log(return ratec2015) — log(return ratec2005)- (2.5)

The outmigration rate and return migration rate are computed based on the 1% China

Census data. Specifically:

e The outmigration rate for city c is defined as the ratio of the number of current

migrants whose hukou is registered in city ¢ to the number of non-migrant residents



Chapter 2. Green Remittances: How does Migration shape Green Behaviours in Rural
46 China

currently living in city c:

Number of current migrants with hukou in city ¢

Outmigration Rate, = (2.6)

Number of non-migrant residents in city ¢

e The return migration rate for city c is defined as the ratio of the number of
return migrants—individuals whose current address matches their hukou in city c
but who lived elsewhere five years ago—to the number of non-migrant residents in
city c:

Number of return migrants in city ¢

Return Migration Rate, = 2.7
& ¢ Number of non-migrant residents in city ¢ (2.7)

To ensure the instrumental variables effectively address selection bias, Figure 2.1 presents
the distribution of the most recent migration years for current migrants and return
migrants in the raw sample. Over 75% of migrants are concentrated in the post-2000
period, reflecting the significant migration boom after 1995. This trend aligns with
the rise of labour networks that underpin the instrumental variables, ensuring robust

coverage of migration dynamics.

The timeframe also coincides with China’s increasing emphasis on environmental protec-
tion, which became a national priority following its accession to the WTO in 2001. For
instance, policies such as the Environmental Law amendment in 2014 and the expansion
of recycling infrastructure reflect this shift (Sun et al., 2019). Before 2000, environmental
awareness and recycling behaviours were largely neglected at both the governmental and
household levels. Thus, migration trends from 2000 to 2015 are not only representative
of labour networks but also align with the initial development of green awareness and
infrastructure. This ensures the instrumental variables effectively capture the key period

for analysing the impact of migration on green behaviours.
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FIGURE 2.1: Migration Frequency in the Sample
Note: This Figure shows current and return migration frequency in the Sample from
1960 to 2018
Source: CLDS; Census
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2.5 Empirical Results

2.5.1 Baseline Results - Pooled OLS and 2SLS

Following Equation 2.1, I first estimate pooled OLS models for the recycling outcomes of
households with current migrants and those with return migrants. Table 2.3 presents
the pooled OLS and 2SLS results for the impact of current and return migration on two
measures of green behaviour—recycling willingness and fixed trash placement — using

household-level clustering of standard errors.

The Pooled OLS results (Panel A, Columns 1-4) suggest that current migration is
associated with a 4.3 percentage point decrease in recycling probability and a 2.2
percentage point decrease in fixed trash placement probability, both statistically significant
at the 1% level.

In contrast, return migration shows a positive effect, increasing recycling willingness by
4.8 percentage points and fixed trash placement by 2.6 percentage points, both significant
at conventional levels. These findings suggest that return migrants are more likely to
engage in green behaviours, potentially due to greater environmental awareness or social

norm internalisation.

However, since migration decisions may be influenced by unobserved household charac-
teristics correlated with pro-environmental behaviours, these estimates may suffer from

endogeneity bias..

The 2SLS results (Table 2.4) address endogeneity concerns by using city-level out-
migration and return-migration rates as instruments. The first-stage F-statistics exceed

conventional thresholds, confirming the relevance and strength of the instruments.

The second-stage estimates reveal substantially larger effects than the OLS results.
Specifically, current migration reduces recycling probability by 71.9 percentage points
and fixed trash placement by 21.8 percentage points, both statistically significant at the
1% level. These results indicate a severe disruption to green behaviours when household
members migrate away, likely due to reduced available household labour and time for

environmentally responsible tasks.

In contrast, return migration increases recycling probability by 79.0 percentage points
and fixed trash placement probability by 46.3 percentage points, again statistically signif-
icant. These large effects suggest that returnees contribute positively to environmental
behaviours, potentially by bringing back pro-environmental norms, experiences, and

resources acquired in urban settings.

The considerable gap between the OLS and 2SLS estimates highlights potential biases in

the naive estimates. OLS appears to underestimate the negative effect of current migration
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and understate the positive effect of return migration, likely due to unobserved household
characteristics correlated with both migration decisions and environmental behaviours.
These findings support the interpretation that out-migration weakens green household
practices due to the higher time and effort costs in the absence of migrants, while
returnees help fill this gap by re-engaging in daily tasks and promoting environmentally

friendly routines.

Interestingly, the magnitude difference between the OLS and 2SLS estimates—ranging
from 10 to 20 times—is considerably larger than what is typically reported in studies on
migration and behavioural outcomes, where IV corrections generally increase coeflficient
estimates by a factor of 3 to 7 (Giulietti et al., 2013; Tuccio et al., 2019) . Several
interrelated factors may account for this pronounced divergence. First, the 2SLS strategy
identifies a local average treatment effect (LATE), capturing the impact of migration
among households whose migration decisions are influenced by exogenous variation in
city-level migration trends between 2005 and 2015. These marginal households may
be particularly sensitive to institutional or environmental factors, resulting in stronger

behavioural responses than the average household captured in the OLS estimates.

Second, although the dependent variables—recycling and fixed garbage placement—are
binary, they are not rare in this sample, with mean rates of 0.80 and 0.92, respectively.
In the context of a linear probability model, this creates a setting where treatment effects
can appear disproportionately large, especially when the treatment shifts the probability
of an already common behaviour near its upper bound. Third, measurement error in
self-reported migration status and omitted variables such as environmental preferences
likely attenuate OLS estimates, biasing them toward zero. In contrast, the 2SLS approach
corrects for these sources of endogeneity, leading to substantially larger and arguably
more accurate effect sizes. Taken together, these factors—treatment effect heterogeneity,
outcome scale effects in LPM, and endogeneity correction—help explain the unusually

large gap between the OLS and 2SLS estimates in this context.

The contrasting effects can be explained by the dynamics of migration. Current migra-
tion disrupts household routines and reallocates labour, making it harder for left-behind
families to maintain green behaviours. Additionally, left-behind households may prioritise
economic survival over environmental practices, compounding the negative effects. In
contrast, return migration introduces positive spillovers through exposure to better envi-
ronmental norms, financial resource transfers, and social influence in origin communities.
These findings align with migration theories emphasising the role of norm diffusion and

resource flows (Tuccio and Wahba, 2020).
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TABLE 2.3: Baseline Reuslts - Pooled OLS

Groups Current Migration Return Migration
Dependent Variable Recycling Fixed Garbage Placement Recycling Fixed Garbage Placement

(1) (2) (3) (4)

Current Migration -0.043%** -0.022%**
(0.012) (0.008)

Return Migration 0.048%%* 0.0267**
(0.014) (0.007)

Covariates Included Yes Yes Yes Yes

Fixed Province Yes Yes Yes Yes

Fixed Year Yes Yes Yes Yes

Fixed Year x Province Yes Yes Yes Yes

N 7122 7122 4681 4681

R2 0.059 0.075 0.073 0.086

Note: This table reports OLS results of regression on current migration and return migration. Columns 1 and 2 are the current migration group;
columns 3 and 4 are the return migration group.

4. Clustering standard errors at the household level is in the parenthesis. *** ** * represent the level of significance at 1%, 5%, 10%.

Source: CLDS 2014, 2016



o1

2.5. Empirical Results

GT0Z-C00g SNsud)) ‘910g Pue F10g SATD ‘224n08

%01 ‘%G ‘YT Ye 20URDYIUSIS JO [0AS] o) JUASaIdol .y ‘4 .y "SOSAUIuaIRd S} Ul OIR [9AJ] P[OYISNOY 9} IR SIOLIS

plepue)s SULIO)SND [OAS[-P[OYRSNOY "G'g PUR g SuoIjenby SuImo[[0] SULIO] 9oULISJIP WHLIe30] oY) A Poje[no[ed SI SIYJ, “ejep A0AINS SNSUD oY}
WOIJ B)ep S U0 Paseq ‘GT()Z PUB GOOZ Usemiaq o £310 UISLIO Ul $9)el UOIIRISIW-UINGSI PUR UOIJRISIW-INO JO 3URYD S} dIB SO[(eLIeA [BRJUSWIILIISU]
‘dnoi38 uorjeISiwr winjal oy} aIe  pur ¢ suwn[od pue dnois uorjersiua

JUSIIND S} 91 g PUR | SUWN[OD ‘SHNSSI 98L)S-0M) M ‘UOIJRISIU WINJSI PUR JUSIIND UO UOISSAIZaI JO s)nsal §TS7 S110dal o[qey SIYT, 270N

189% 189% GGlLL GGlIL N
SOX SOX SO SOX QOUIAOIJ X IeOX POXI]
SOX SOX SO SOX IeOX POXI
SOX SOX SOX SOX QOUIAOIJ POXI]
SOX SOX SOX SOX POPN[OU] SO}BLIBAO))
(¢L1°0) (282°0)
+x%xE£97°0 s5x06L°0 UOIRISIUI TINYOY
(1L0°0) (0LT°0)
xxx81G 0" $xx01L 0 uor)eISIUI LI
abp1g puooiag
¢I'cl ¢I'ct QL' TV QL TV 1893-4
(¢10°0) ($10°0)
***Nmoc %%*Nmoo ojel Qoﬁdpmwauﬁ.ﬂz@m
(€10°0) (€10°0)
+xxG80°0 +xxGS0°0 9JeI UOT)RISIU-IN()

abvys 1su4tq

(¥)

(€)

JUOUIODR] J 9FR(IRY) POXI SUIDADSY

(¢)

JUOWOOR]J 9FR(IRY) POXIg

(1)

SUIOAY

dnoir) uorRISIN WINISY

dnoir) UorRISI JUSLIN))

o[qerre) juepuada(]
sdnoix)

STISZ - SHNS9Y 2urPseq g d1dv],



Chapter 2. Green Remittances: How does Migration shape Green Behaviours in Rural
52 China

2.5.2 Joint Effect of Current and Return Migration

To jointly estimate the effects of current and return migration on green behaviours, we
combine the two treatment indicators into a single specification. Both are entered as
mutually exclusive dummy variables, with households without migrants serving as the
reference group. This approach improves comparability across groups and reduces model
complexity. The model is estimated using both OLS and Two-Stage Least Squares 2SLS,
where the change in city-level outmigration and return migration rates from 2005 to
2015 serve as instrumental variables for current and return migration, respectively. The

specification is as follows:

Yij = aij+ POM;j+vRM;j+AXij +¢i (2.8)

Where CM and RM are mutually exclusive dummy variables that document the migration

status of current or return migration.

Compared to Table 2.4, which estimates subgroup-specific models separately for current
and return migration and does not allow for direct comparison between the two effects
due to differing sample compositions and reference groups, Table 2.5 presents a joint
regression that includes both migration variables in a single model. By pooling all
households and using non-migrant families as the common reference group, the joint
specification enables a direct comparison of the relative strength and direction of current
and return migration effects. Moreover, it reduces the risk of omitted variable bias that

may arise from estimating separate models on split samples.

Interestingly, the joint 2SLS estimates reported in Table 2.5 reveal that both the negative
impact of current migration and the positive impact of return migration on green
behaviours are substantially larger in magnitude than those found in the separate
subgroup regressions (Table 2.4). Specifically, current migration is associated with a
reduction of 113.9 percentage points in the probability of recycling in the joint model,
compared to 71.9 percentage points in the separate model. Similarly, return migration
increases the likelihood of recycling by 295.5 percentage points in the joint model, as

opposed to 79.0 percentage points in the separate case.

Given that this is a Linear Probability Model, these large coefficients do not reflect literal
probabilities exceeding 100%, but instead indicate strong marginal effects. The inflated
magnitudes in the joint model likely result from improved identification due to a shared
reference group (households without any migration experience) and the simultaneous
estimation of both migration effects, which helps mitigate omitted variable bias that
may arise in disjoint subsample specifications. This approach provides a clearer contrast
between the two types of migration and their opposing associations with environmental

behaviours.
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In sum, the joint estimation framework improves comparability across migration types
by using a unified reference group and model structure. The results suggest that current
and return migration have significantly divergent effects on green behaviours, with the
magnitude of these effects becoming more pronounced when estimated simultaneously.
This highlights the importance of accounting for multiple migration pathways within a
common analytical framework to capture their distinct and contrasting roles in shaping

environmental outcomes.
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TABLE 2.5: Joint Effect of Current and Return Migration

OLS 2SLS
First stage Second stage
Dependent variable Recycling Fixed Garbage Placement Current Migration Return Migration Recycling Fixed Garbage Placement
(1) (2) (3) (4) (5) (6)
Out-migration rate 0.054***
(0.012)
Return-migration rate 0.051***
(0.014)
F-test 57.4 14.8
Current Migraiton -0.041%%* -0.024%%* -1.139%%* -0.355%**
(0.012) (0.008) (0.197) (0.106)
Return Migration 0.052%** 0.0317%** 2.955%%* 1.399**
(0.014) (0.008) (0.945) (0.608)
Covariates Included Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes
Fixed Cohort Yes Yes Yes Yes
Fixed Year x Province Yes Yes Yes Yes
R? 0.059 0.073
N 8124 8124 8124 8124

Note: This table reports OLS and 2SLS results of regression on current and return migration, with two-stage results; Household-level clustering
standard errors at the household level are in the parentheses. *** *** represent the level of significance at 1%, 5%, 10%.
Source: CLDS 2014 and 2016; Census 2005-2015
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2.5.3 Recovery Potential in Rural China

A better understanding of the composition and economic value of rural domestic waste
helps contextualise the behavioural impact of migration. According to Han et al. (2019),
rural areas in China generate an average of 0.521 kg of household waste per capita per day.
While this is lower than the rural average in developed countries, it still accumulates into
substantial volumes given China’s vast rural population. This waste is largely composed
of organic (39.05%) and inert components, with significant amounts of nutrients such as
nitrogen (1.02%), phosphorus (0.50%), and potassium (1.42%), indicating high potential

for agricultural reuse and composting.

Despite these properties, the proportion of recyclable waste remains modest, and infras-
tructure for waste sorting and recovery is limited in many rural areas. Nevertheless, the
economic value of improved recycling remains notable. Official data show that in 2016,
the recycling volume of ten major categories of recoverable waste reached 246 million
tonnes in China, with an estimated market value of 515 billion yuan (Xiao et al., 2018).

This implies an average value of approximately 2,093 yuan per tonne of recyclable waste.

Applying this benchmark, even small changes in rural recycling behaviour can yield
meaningful returns. Based on our findings, current migration reduces the probability
of proper recycling by 71.9%. Assuming a rural household of three people produces
around 570 kg of domestic waste per year (0.521 kg x 365 x 3), a 71.9% behavioural
loss corresponds to a waste of roughly 410 kg annually. Valued at 2,093 yuan per tonne,
this results in an estimated annual economic loss of 859 yuan per household due to

disrupted recycling practices from current migration.

Conversely, return migration improves recycling probability by 79.0%, which would
translate into a potential gain of around 943 yuan per household annually, based on
the same assumptions. These back-of-the-envelope calculations underscore the tangible
economic benefits associated with sustaining or improving green behaviours in rural

households, especially those affected by migration.

In sum, the reduction in recycling observed among left-behind families is not only a
behavioural setback but also represents forgone economic value and environmental ef-
ficiency. The positive impact of return migration—via social remittances and urban
exposure—suggests that targeted policy support can amplify such gains in rural sustain-

ability efforts.

2.5.4 Channel Analysis

This section explores how macro-level indicators, including information infrastructure,
social capital, and green infrastructure, interact with migration status to influence re-

cycling willingness among left-behind families. The inclusion of interaction terms in
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the analysis provides nuanced insights into how external structural factors amplify or

mitigate the effects of migration on environmental behaviour.

In this section, the interaction related to the difference between destination and origin is
added to check the possible channel affecting the left-behind family:

Recyclingi,j,C = e+ BM; .+ 0Channel; . +vM; ;. x Channel; . + 6X; j + € j .
(2.9)

Where,

o The interaction term M; ;. x Channel; . captures the potential influence of the

difference between destination and origin.
o M; ;. represents the dummy variables of interest (CM and RM),

e M, ;. is instrumented by the migration network as the same as Equations 2.2 and

2.3. Interaction M; ; . x Channel; . is also instrumented by IV x Channel; .

o Channel; . denotes the macro indicator differential between the destination and
origin by the ratio of the capital city of the Hukou province to home cities. This is
because CLDS does not provide exact migrants’ destinations, and then the capital
city of hukou provinces is used to approximate the destination. This substitution
is justified by the fact that the individual survey in CLDS recorded that 75% of
migrants work within the province, indicating that within-province rural-to-urban
migration dominates the sample. Moreover, according to the Chinese Rural Labour
Report (National Bureau of Statistics, 2021), 58.8% of rural labour migration
occurs within provinces, with eastern provinces having over 80% internal migration.
Thus, provincial capital cities, which represent the highest levels of economic and
environmental infrastructure, serve as reasonable proxies for migration destinations.

Table 2.6 shows the channel analysis.

Information Infrastructure

The interaction between current migration and the scale of telecommunications (Column
1) yields a significant positive coefficient (0.013, p < 0.1), suggesting that information
infrastructure mitigates the disruptive effects of migration on recycling behaviour. En-
hanced access to communication technologies helps left-behind families stay informed
about urban recycling norms, reducing the negative impact of migrant absence. This

aligns with the theoretical framework of information asymmetry reduction Stigler (1961),
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as the improved flow of environmental knowledge strengthens behavioural continuity in
left-behind households.

For return migration, the interaction term with telecommunications infrastructure (0.015,
Column 2) is positive but insignificant. While return migrants benefit from urban
information networks, their influence on recycling behaviour appears more reliant on
direct social engagement and reintegration upon returning to rural areas. Notably, this
contrasts with findings on social capital, which suggest that indirect influences, such as

role models and norm carriers, are more impactful.

Social Capital

The interaction between current migration and social capital, proxied by the number
of college students (Column 3), is significant and positive (0.014, p < 0.05). This
indicates that higher human capital buffers the disruptive effects of migration, as college
students in destinations often act as role models or carriers of urban norms. This finding
complements the information infrastructure results, as it reinforces the idea that indirect
mechanisms—whether through communication technologies or social networks—help

sustain green behaviours in left-behind families.

However, the interaction with return migration (0.013, p < 0.1, Column 4) is weakly
negative and significant. A plausible explanation for this counterintuitive result lies in
the destination-origin mismatch hypothesis, where return migrants struggle to reconcile
advanced environmental norms from highly educated destinations with the less developed
social and cultural settings of their rural origins. This mismatch may undermine the
adoption of recycling behaviours, especially when returnees’ expectations exceed the
practical realities of their home communities. This tension parallels findings in green

infrastructure, where similar mismatches exacerbate behavioural challenges.

Green Infrastructure

The interaction between current migration and disparities in sewage disposal rates in
destinations (Column 5) is negative but insignificant (-0.727). This suggests that green
infrastructure differences do not directly mediate the effects of current migration on
recycling willingness. However, this result contrasts with findings on social capital and
information infrastructure, where indirect influences help sustain behaviours despite

structural disparities.

For return migration, the interaction (-0.802, p < 0.01, Column 6) is significant and
negative. This result supports the hypothesis of a crowding-out effect, where exposure
to advanced green infrastructure in destinations diminishes individual responsibility for

recycling upon return to less developed origins. Interestingly, this finding complements
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the social capital results: while highly educated destinations provide a human capital
buffer for current migrants, they may inadvertently undermine the recycling practices of
return migrants when destination-origin disparities are stark. These results collectively

highlight the nuanced role of structural and social factors in shaping recycling behaviour.

The findings across these subsections reveal both intersections and contradictions. Infor-
mation infrastructure and social capital both mitigate the negative effects of migration,
suggesting that indirect mechanisms—whether technological or human capital-based—
help sustain recycling behaviours. However, both mechanisms falter when structural
mismatches, such as disparities in green infrastructure or destination-origin social norms,

come into play.

For return migration, these mismatches are particularly pronounced, as evidenced by
the weakly negative effect of social capital and the significant negative interaction with
green infrastructure. Together, these results suggest that while indirect influences (e.g.,
college students and telecommunications) buffer the effects of migration, their efficacy
is contingent on structural alignment between destinations and origins. Policymakers
should focus on bridging these gaps by enhancing rural green infrastructure and fostering

the contextual transferability of urban norms.

In addition to recycling, the analysis also examines fixed garbage placement as a comple-
mentary measure of green behaviour (in Table 2.7). While the recycling-related channels
show stronger and more consistent patterns, the results for fixed garbage placement
offer additional insights. Notably, the mitigating role of information infrastructure is
weaker in this domain, as shown by the insignificant or negative interaction effects. This
suggests that fixed disposal behaviours—Ilikely governed more by local enforcement or
habitual compliance—may be less sensitive to informational or social cues than voluntary

recycling.

However, green infrastructure disparities still exert influence: the interaction between
return migration and sewage disposal rate remains significantly negative, indicating that
returnees may feel disillusioned or less motivated to comply with local waste placement
norms after exposure to superior systems in urban destinations. These findings imply that
institutional and infrastructural quality play a critical role in sustaining pro-environmental
practices beyond attitudinal willingness, especially for habitual or regulated behaviours

such as waste sorting and placement.
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TABLE 2.7: Channel Analysis II

Dependent Variable Fixed Garbage Placement
Channels Information Infrastructure Social Capital Green Infrastructure
1) ) B @ ) (©)
Current Migration -0.308%** -0.382%#* 0.211
(0.090) (0.148) (0.416)
Return Migration 0.443%* 0.337 0.748%*
(0.211) (0.431) (0.372)
Current Migration x Scale of Telecommunications -0.02
(0.004)
Return MigrationxScale of Telecommunications -0.002
(0.006)
Current Migrationx No. of College Students 0.001
(0.003)
Return MigrationxNo. of College Students 0.002
(0.005)
Current Migrationx Sewage Disposal Rate -0.408
(0.391)
Return Migration x Sewage Disposal Rate -0.210
(0.179)
Covariates Included Yes Yes Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes Yes Yes
Fixed Year x Province Yes Yes Yes Yes Yes Yes
N 6589 4285 6455 4170 6589 4285

Note: This table represents the channel analysis based on Equation 2.9 and 2SLS. Channels are information infrastructure, social capital and
green infrastructure are captured by the provincial capital city to origin city ratio of scale of telecommunications, the number of college students
and sewage disposal rate.

Interaction terms are used to capture the joint effect of channels and are also instrumented by IV x Channel; ..

Migration Status is instrumented by the current/return migration trend.

Household-level clustering standard errors are in the parenthesis. *** ** * represent the level of significance at 1%, 5%, 10%.

Source: CLDS 2014, 216; China City Yearbook, Census 2005-2015.
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2.5.5 Heterogeneity Analysis
2.5.5.1 Heterogeneity Analysis in Recycling

Table 2.8 presents the heterogeneity analysis of current migration on the recycling
willingness of left-behind families, with results disaggregated by gender, age, education,
and income in Columns (1) to (9). Figure 2.2 shows all results of heterogeneity in

recycling and fixed garbage placement.

In Columns (1) and (2), the results show a significant negative effect of current migration
on male-led households, with a reduction of around 78.0% at a 1% significance level, but
no significant impact on female-led households. This aligns with studies suggesting that
men, often the primary economic decision-makers, prioritize income-generating activities
over environmental considerations (Shen et al., 2021). In contrast, women may maintain

household routines, including recycling, despite disruptions caused by migration.

For different age subgroups, young families (aged 16-40) experience the largest but
insignificant negative impact of current migration on recycling willingness, possibly
reflecting the economic pressures and social adjustments they face during a key life stage.
On the other hand, younger families may also adapt faster to urban environmental norms
when one family member migrates. Middle-aged families (40-60) in Column (4) exhibit
significant negative effects, with a 1% significant 53.3% reduction in willingness, while
older families (60-80) face the strongest negative effect, approximately double that of
the younger group (Column 5). This result implies that stronger reliance on habits and
weakened community ties may diminish recycling efforts due to migration (Frey and
Meier, 2004).

For different education levels, the adverse effect of current migration is not significantly
pronounced for families with low education, but for those with higher education, the
effect is more significant (-53.3%, Column 7). This finding supports the hypothesis
that education fosters environmental awareness, enabling families to sustain recycling

behaviours despite migration-induced disruptions (Nikolova and Graham, 2015).

While migration significantly and negatively impacts the recycling willingness of left-
behind families, high-income families face stronger negative effects (89.7%, Column 9) than
low-income families (-57.0%, Column 8). This result suggests that high-income households
experience greater lifestyle adjustments during migration, which may deprioritize recycling
efforts. This aligns with the research of Moran-Taylor and Taylor (2010), linking income

shocks to reduced pro-social behaviours, including environmental practices.

Similarly, Table 2.9 reveals heterogeneity analysis of return migration across the same
demographic and socio-economic groups. The effect of return migration is positive and
significant for male-led families but insignificant for female-led families. Male heads often

have broader social networks and community influence, which can amplify the adoption
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of recycling practices. Return migrants in these families might leverage these networks to
promote environmental norms or participate in community recycling initiatives (Taylor

et al., 2011).

Return migration positively and significantly influences the recycling willingness of
younger families (31.6%, Column 3) and middle-aged families (51.1%, Column 4). By
contrast, the effect on older families is not significant, potentially reflecting the influence

of long-standing habits and experiences.

In terms of education levels, return migration significantly enhances recycling willingness
among higher-educated families (38.5%, Column 7), supporting the view that education
facilitates the internalization of environmental norms. Compared to the insignificant effect
on the low-educated group, the results imply barriers to the transmission of environmental

behaviours in this group.

Additionally, compared to low-income families (Column 8), high-income families (Column
9) show a significant positive effect of return migration, with a 1% significant 89.1%
increase in recycling willingness. This is consistent with the hypothesis that economic

stability supports pro-environmental investments (Wu et al., 2021b).

These findings highlight the complex relationship between migration and environmental
behaviour in left-behind families, emphasizing the importance of subgroup characteristics.
Regardless of whether families experience current migration or return migration, factors
such as female leadership, higher educational levels, younger family members, and better
financial situations play a positive role in transforming norms and offsetting the negative

impacts caused by a lack of family labour.
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TABLE 2.9: Heterogeneity Analysis of Return Migration

Dependent Variable Recycling
Subgroup Gender Age Education Income
Male  Female [16,40]  (40,60] (60,80] Low schooling High schooling Low High
(1) (2) (3) (4) (5) (6) (7) (8) (9)
return 0.485*  4.000 0.316** 0.511* -3.324 8.568 0.375** 2.383  0.434**
(0.253)  (4.059) (0.151) (0.275) (4.330) (29.002) (0.160) (2.245) (0.182)
Covariates Included Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Year xProvince Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 4005 676 920 2332 1425 2322 2356 2175 2505

fokk Kok k
) b}

Note: This table reports the heterogeneity analysis of the return migration group by socioeconomic characteristics.
Household-level clustering standard errors are in the parenthesis.
Source: CLDS 2014, 2016; Census 2005-2015

represent the level of significance at 1%, 5%, 10%.
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2.5.5.2 Heterogeneity Analysis in Fixed Garbage Placement

In addition to recycling, Tables 2.10 and 2.11 report heterogeneity analyses for fixed
garbage placement—a more habitual and rule-based form of green behaviour. Several

patterns emerge that contrast with the recycling results.

First, the negative impact of current migration is consistently observed across subgroups,
particularly among female-headed households and middle-aged individuals (40-60), with
stronger effects among the low-educated and low-income groups. This suggests that
fixed waste placement is more vulnerable to institutional detachment or a loss of routine,
especially in vulnerable households. Compared to recycling, this behaviour appears to
rely more on community norms and enforcement, which can deteriorate in the absence of

key household members.

Second, the effect of return migration on fixed garbage placement is generally positive
and significant for middle-aged, high-educated, and high-income households, mirroring
patterns found in recycling. However, for female-headed households and those with low
education or income, the coefficients are large and unstable, sometimes exceeding the
LPM’s realistic bounds. This reflects both statistical noise and potential behavioural
mismatch: for example, returnees may attempt to transfer urban practices that clash with

rural realities, leading to heterogeneity in response depending on household adaptability.

Overall, the heterogeneity findings suggest that while return migration may encourage
both recycling and fixed waste placement, its effectiveness is conditional on socioeco-
nomic resilience and infrastructural compatibility. In contrast, the disruptive effect of
current migration appears more widespread in fixed garbage placement, pointing to the
importance of institutional continuity and household stability in sustaining habitual

green practices.
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TABLE 2.10: Heterogeneity Analysis of Current Migration

Dependent Variable Fixed Garbage Placement
Subgroup Gender Age Education Income
Male  Female [16,40]  (40,60]  (60,80] Low schooling High schooling Low High
(1) (2) (3) (4) (5) (6) (7) (8) (9)
Current Migration -0.199**  -0.376* 0.367  -0.340***  -0.228 -0.365** -0.152%** -0.201%*%  -0.277***
(0.081)  (0.216) (0.650) (0.098) (0.172) (0.181) (0.080) (0.131) (0.119)
Covariates Included Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed YearxProvince Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 6008 1113 952 3762 2405 3697 3422 3782 3338

Note: This table reports the heterogeneity analysis of the current migration group by socioeconomic characteristics.
Household-level clustering standard errors are in the parenthesis. *** *** represent the level of significance at 1%, 5%, 10%.
Source: CLDS 2014, 2016; Census 2005-2015
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Heterogeneity of Migration Effects on Green Behaviours

Model
Current-Fixed
Current-Recycling

4 Return-Fixed
Return-Recycling

Coefficient Estimate

FIGURE 2.2: Heterogeneity Analysis of Current Migration
Note: This Figure shows the all heterogeneity analysis of current migration and return

migration based on Tables 2.8, 2.9,2.10 and 2.11.
Source: CLDS; Census
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TABLE 2.11: Heterogeneity Analysis of Return Migration

Dependent Variable

Fixed Garbage Placement

Subgroup Gender Age Education Income
Male  Female [16,40]  (40,60] (60,80] Low schooling High schooling Low High
(1) (2) (3) (4) (5) (6) (7) (8) (9)
return 0.391**  0.779 0.079  0.318* -1.864 31.099 0.177** 1.369  0.269**
(0.179)  (0.881) (0.079) (0.164) (2.433) (673.901) (0.085) (1.656)  (0.109)
Covariates Included Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Year xProvince Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 4005 676 920 2332 1425 2322 2356 2175 2505

Note: This table reports the heterogeneity analysis of the return migration group by socioeconomic characteristics.

Household-level clustering standard errors are in the parenthesis.

Source: CLDS 2014, 2016; Census 2005-2015

fokk Kok k
) b}

represent the level of significance at 1%, 5%, 10%.
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2.6 Robustness Check

2.6.1 Reduced Sample

The marginal effects reported in Table 2.13 are Average Partial Effects (APESs) from the
IV-Probit model. These represent the average change in the probability of engaging in
green behaviours—such as recycling or fixed garbage disposal—associated with changes
in migration status, holding other covariates constant. APEs are expressed on the

probability scale and are therefore directly interpretable.

The APEs are smaller in magnitude than the 2SLS coefficients in Table 2.4, which is
expected given the differences between the model types. The Linear Probability Model
(LPM) assumes constant marginal effects across the distribution and does not constrain
predicted probabilities within [0,1], which can overstate effect sizes when the dependent
variable has a high mean (here, 0.80 for recycling and 0.92 for fixed garbage disposal).
In contrast, the IV-Probit model accounts for the bounded and non-linear nature of

probabilities, producing more conservative—yet arguably more realistic—estimates.

The consistency in sign and statistical significance across LPM and IV-Probit results

strengthens confidence in the robustness of the main findings.

TABLE 2.12: Robustness Check - Reduced Sample

Groups Current Migration Group Return Migration Group
Dependent Variable  Recycling Fixed Disposal Recycling Fixed Disposal
(1) (2) (3) (4)

Current Migration -0.649%** -0.199**

(0.181) (0.079)
Return Migration 0.857*** 0.489%***

(0.304) (0.178)

Covariates included Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes
K-P Wald F statistic 34.66 34.66 12.30 12.30
N 6253 6253 4121 4121

Note: This table reports the robustness check based on the reduced sample excluding
the repeated households. All results are consistent with Table 2.4.

Household-level clustering standard errors are in the parentheses. *** *** represent the
level of significance at 1%, 5%, 10%.

Source: CLDS 2014, 2016; Census 2005-2015



Chapter 2. Green Remittances: How does Migration shape Green Behaviours in Rural
70 China

2.6.2 Alternative Specification

The reported marginal effects in Table 2.13 correspond to Average Partial Effects (APEs)
derived from the IV-Probit model. These reflect the average change in the probability of
engaging in green behaviours, such as recycling or using fixed garbage disposal—associated
with changes in migration status, while holding other covariates constant. Compared
to the latent-index coefficients from the IV-Probit estimation, APEs provide a more

interpretable effect size on the actual probability scale.

It is worth noting that the APEs are smaller in magnitude than the 2SLS estimates
reported in Table 2.4, which is expected due to differences in the underlying model
structure. The Linear Probability Model (LPM) assumes a constant marginal effect
across the entire distribution and does not impose bounds on the predicted probabilities.
As a result, it may overstate effect sizes, especially when the dependent variable is already
concentrated near the upper bound, as is the case here with recycling (mean = 0.80) and
fixed garbage disposal (mean = 0.92). By contrast, the IV-Probit model accommodates
the non-linear probability structure and the bounded nature of the outcome, thereby

yielding more conservative, yet arguably more realistic, marginal effects.

Together, the consistency in the sign and significance across LPM and IV-Probit models

provides additional confidence in the robustness of the main findings.

TABLE 2.13: Heterogeneity Analysis of Return Migration

Groups Current Migration Group Return Migration Group
Dependent Variable Recycling Fixed Disposal Recycling Fixed Disposal
(1) (2) (3) (4)
Current Migration -1.707FF* -2.052%%*
(0.240) (0.167)
Marginal Effect -0.222 -0.137
Return Migration 2.052%%%* 2.157*%*
(0.318) (0.360)
Marginal Effect 2.300 2.917
Covariates Included Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes
Fixed Year xProvince Yes Yes Yes Yes
N 7122 7122 4681 4681

Note: This table reports the robustness check for the specification by alternative
methods, IV-Probit. All results are still consistent with Table 2.4.
Household-level clustering standard errors are in the parentheses. *** ***
level of significance at 1%, 5%, 10%.

Source: CLDS 2014, 2016; Census 2005-2015

represent the
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2.7 Conclusion

This paper investigates the impact of migration on the green behaviour of left-behind
families in China, focusing on internal rural-to-urban migration. Using two indices —
willingness to recycle and fixed-place garbage disposal practices—the study examines
the distinct effects of current migration and return migration on green behaviours. It
incorporates selection bias adjustments, heterogeneity analysis, and interaction terms to

explore mechanisms and socio-economic gaps between urban and rural areas.

The findings reveal significant differences in the effects of migration types. Current
migration negatively impacts green behaviour by 71.9% and 21.8% reduction in recycling
and fixed trash placement probability, as the absence of household members disrupts
daily routines and weakens environmental practices. In contrast, return migration has
a positive effect, around 79.0% and 46.3% increase in both, as returnees bring urban-

acquired norms and practices back to their families.

To uncover the underlying mechanisms, this study examines the interaction between
migration and the socio-economic gap between origin and destination cities. The results
show that better green infrastructure, information networks, and higher social capital
in destination cities amplify the positive effects of migration on recycling willingness.
Migration not only provides financial remittances but also facilitates social remittance
channels, enabling the transfer of urban environmental norms and practices to rural fam-
ilies. However, these benefits are likely to vary depending on the quality of infrastructure
and socio-economic conditions in destination cities, which highlights the uneven potential

for green behaviour transformation.

Heterogeneity analysis reveals that younger, male-headed families with higher educational
levels and sustainable financial situations are better positioned to benefit from the positive
effects of return migration. Enhanced family capital, such as higher education and
financial stability, often plays a pivotal role in adopting and sustaining green practices.
Conversely, families with older members are more vulnerable to the negative effects of

current migration due to challenges in adapting to disrupted routines and responsibilities.

This paper contributes to the literature by being the first to explore the effects of
migration on green behaviour in left-behind families in China, differentiating between
current and return migration. It also pioneers the application of social remittance theory
to the context of China’s internal migration, differing from studies on international
migration. Additionally, this study uniquely addresses the selection bias in return
migration, providing robust insights into how migration influences rural sustainability.
These findings are critical for informing policies aimed at bridging the widening urban-

rural divide and promoting sustainable development.

The findings have several practical implications. First, strengthening green infrastructure

in rural areas could magnify the positive effects of return migration by making it easier for
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left-behind families to adopt environmentally friendly practices. Second, targeted support
for older families impacted by current migration, such as community waste management
services or household support programsc— could mitigate the negative effects of migrant
absence. Third, education and training programs for migrants could include modules on
green behaviours to strengthen the transfer of environmental awareness through social

remittance channels.

This study faces some limitations. The absence of detailed data on migrants’ destinations
restricts the analysis of cross-province migration, potentially underestimating the broader
impacts of migration. While within-province migration accounts for 75% of cases, cross-
province migration often involves larger socio-economic differences and could provide
richer insights into the transformative effects of urban experiences. Additionally, the
reliance on existing longitudinal datasets constrains the range of outcome variables, as
green behaviour data is rarely collected alongside migration surveys. Future research
should integrate more comprehensive migration destination data and expand the scope
of environmental behaviours studied to provide a fuller picture of migration’s impact on

sustainability.

By addressing these challenges, this paper lays a solid foundation for future research and
offers actionable insights into how migration influences rural environmental practices. It
contributes to the broader discourse on sustainable development, social remittances, and

rural modernisation in China.
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Chapter 3

The Role of Air Pollution in

Migration Decision: Evidence

from China

Abstract

This paper examines the effect of air pollution on urban-to-urban migration flows in
China. I utilize comprehensive and unique data, including the destination-to-origin ratio
of PMs 5 concentrations, city-level bidirectional urban migration flows, and city-level
macro data, using a gravity model to analyse the impact of air pollution on migrants’
destination choices. After addressing the endogeneity of air pollution using cumulative
thermal inversion days as an exogenous instrument, my findings suggest that the attrac-
tiveness of destinations with higher comparative air pollution is significantly reduced
for migrants from less polluted origins. Specifically, each doubling of the relative air
pollution concentration between destination and origin cities reduces migration inflows by
approximately 42%. Additionally, I examine the roles of green infrastructure, regulatory
policies, welfare policies, and settlement costs as mechanisms influencing the impact of
pollution on migration decisions. I also find that the effect of air pollution on migration
flows initially intensifies and then diminishes as migration distance increases. Moreover,
there is an asymmetric response to pollution across demographic groups, with older,
middle-educated, married male migrants being more vulnerable to the effects of air

pollution on migration decisions.

Keywords: Air Pollution, Urban-to-Urban Migration, Gravity Model, Environmental

Economics
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3.1 Introduction

3.1.1 Pollution and China

Industrialisation not only encourages the development of many developing countries but
also causes serious pollution in some developing countries, increasing the difficulty of
sustainable development. Meanwhile, the gradually increasing environmental contamina-
tion, like air pollution, threatens public health (Lelieveld et al., 2015). According to the
WHO (2020), air pollution is responsible for nearly seven million premature deaths, with
over four million cases of early death directly caused by ambient air pollution. Moreover,
low- and middle-income countries face a higher level of exposure, particularly in Asia
and Africa. In the face of air pollution, some short-term reactions, like particulate-
filtering facemasks, pharmaceutical purchases, and medical interventions, are applied
to mitigate the negative effects of air pollution (Deschenes et al., 2017; Zhang and Mu,
2018). However, in the long run, urban dwellers may choose to migrate, seeking a better
residential environment (Banzhaf and Walsh, 2008). Therefore, does air pollution matter
in migration? How does air pollution affect decision-making? This paper aims to study
the effect of air pollution on urban-to-urban migration decisions using micro-survey

aggregate data and macroeconomic data.

Compared to past studies on environmental migration caused by natural disasters, recent
research has constructed a framework for understanding the pollution effect on migrants’
behaviour and has verified the negative causal effect of pollution on migration in terms
of health, welfare, and education (Chen et al., 2022; Deschenes et al., 2020; Shao et al.,
2021; Zhang et al., 2022). However, studies on the effect of air pollution on migration
decision-making are still limited due to limited access to reliable information for residents.
While the role of information in decision-making has been emphasised for many years
(Stigler, 1961), pollution information is often intentionally distorted, purposely kept
secret, or not collected (Barwick et al., 2024). Hence, obtaining air pollution information
is particularly difficult in developing countries, although many are suffering from air
pollution. By 2020, among the 20 countries with the worst air quality, only four countries
(Nepal, Saudi Arabia, India, and China) had installed pollution monitoring systems.
Therefore, China provides an interesting case with abundant data to analyse the effect of
air pollution on urban migrations. Particularly, the launching of the 2013 nationwide
program of information disclosure on air pollution provided reliable access to air pollution

information for the public.

In China, after decades of high-speed development, outdoor air quality has gradually and
noticeably deteriorated, raising concerns for public health and economic development
(Ebenstein et al., 2015). According to Forouzanfar et al. (2016), air pollution has been
the fifth leading risk factor for all-cause mortality in China, causing 1.1 million early

deaths in 2015. In response, the government launched a program in 2012 to undertake
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real-time monitoring and automated reporting of air pollution in three phases. From
December 31, 2012, the first wave covered 74 major cities from the Economic Delta,
province-level cities, and national environmental protection exemplary cities. In the
second wave, 116 cities were added by the end of 2013, and the remaining 117 cities were
included by October 2014 in the third wave. This initiative was eventually implemented
across all cities, covering over 98% of the population in China by the end of 2015. The
nationwide coverage and progressive roll-out provide a specific and ideal case to study

the effect of air pollution on labour migration and economic development.

Based on this pollution information disclosure, labour migration could be concerned
about the potential risk of air pollution at individual /household levels, and studies could
check the role of air pollution in an array of health, productivity, economic, and financial
behaviour (Deschenes et al., 2020; Dupuy, 2021; Heyes et al., 2016; Khanna et al., 2021).

3.1.2 Migration Mode in China

China provides an interesting case of migration analysis in terms of unique types of

migration - rural-to-urban and urban-to-urban migration.

In the Chinese context, urban-to-urban and rural-to-urban migration differ markedly
in institutional constraints, migration motivations, and human capital profiles. Rural-
to-urban migrants—typically holding agricultural hukou—face limited access to urban
welfare services and tend to occupy low-skilled, labour-intensive positions (Afridi et al.,
2015). Their migration is largely driven by income differentials and surplus rural labour.
In contrast, urban-to-urban migrants usually possess non-agricultural hukou, higher
educational attainment, and greater integration capacity in urban systems. Their decisions
are more selective and responsive to non-economic factors, including environmental quality,

healthcare, and children’s education opportunities.

It is important to clarify that the terms “rural” and “urban” in the Chinese context do
not simply denote differences in geography or population density, as often assumed in
Western studies. Instead, they reflect a deep-rooted institutional and administrative
hierarchy shaped by China’s hukou system. In particular, “rural” refers to lower-
tier administrative areas—often underdeveloped, infrastructure-poor, and agriculturally
based—where residents typically hold agricultural hukou. Migration from these areas
to urban centres involves not only geographic mobility but also attempts to overcome

systemic barriers to social and economic inclusion.

In contrast, urban-to-urban migration in China generally occurs between prefecture-level
cities or higher-tier urban areas, and migrants involved in such flows often possess non-
agricultural hukou, higher education, and better access to information (Cheng et al.,

2014). This form of migration reflects a qualitatively different decision-making process,
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less constrained by institutional exclusion and more sensitive to environmental amenities

and life quality.

Focusing on urban-to-urban migration serves two analytical purposes. First, it isolates the
role of environmental factors—particularly air pollution—in shaping migration decisions
among individuals with greater autonomy, information access, and selectivity. Second, it
avoids conflating environmentally motivated migration with structural poverty-driven
movements that dominate the rural-to-urban pattern. In the Chinese context, urban-to-
urban migrants often represent skilled labour and human capital flows between similarly
ranked administrative units (e.g., prefecture-level cities) but with differing environmental
and economic endowments. These individuals are more likely to engage in strategic
relocation based on quality-of-life considerations, making them more sensitive to marginal

changes in air quality.

While the findings of this study may not be directly generalisable to rural-to-urban
migration — where institutional constraints and economic necessity often dominate
decision-making, existing research suggests that rural migrants also respond to environ-
mental degradation, particularly when it affects health or agricultural viability (Yue
et al., 2024). However, the strength and nature of this response tend to differ. Compared
to the constrained and reactive nature of rural-to-urban flows, urban-to-urban migration
provides a clearer lens into the marginal valuation of environmental quality in residential
choice and sheds light on how air pollution affects the spatial allocation of human capital

across cities.

In this paper, aiming to study the air quality effect on migration, the 2SLS and PPML
models induced from the gravity model are constructed and controlled for the reverse
causality by the instrumental variable. This paper found each double comparative air
pollution concentration between destination and origin cities could reduce around 42%
migration inflow at the 1% level of significance. On the other hand, this paper tries
to analyse potential mechanisms between air pollution and migration decision-making
through the physical distance, infrastructure, policy, and hedonic value between host and

home cities and the education of migrants. The results found:

1. A U-shape relationship between distance and decision-making is affected, i.e.,
the negative effect of air pollution could be attenuated for longer than 1000km

migration.

2. Positive green or welfare policies could offset the partial negative effect of air
pollution, but a higher level of hedonic price in destinations could push potential

migrants to give up their choice of destinations.

3. The compensating wage and job market made higher-educated groups less sensitive

as low-skilled migrants to air pollution.
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There are four key contributions of this paper.

First, it focuses on the pollution differential between destinations and origins as a proxy
for the information gap perceived by migrants. Prior studies mostly examine net inflows
or outflows at either origin or destination only, overlooking the comparative nature of
migration decisions (Fu et al., 2021; Zhang et al., 2022). By constructing a destination-
to-origin PMs 5 ratio, this paper captures the relative pollution exposure that informs

migrants’ choices, accounting for both push and pull factors.

Second, it is among the first to analyse domestic bidirectional migration flows in relation
to pollution at the macro level. While most existing studies focus on individual migration
intentions (Cai and Wang, 2007; Liu et al., 2018; Thissen et al., 2010), and macro-
level analyses tend to focus on international migration (Di lasio and Wahba, 2024;
Forouzanfar et al., 2016; Kaczan and Orgill-Meyer, 2020; Manning and Taylor, 2014;
Piguet et al., 2011), this study uses aggregated city-to-city flows from the 2017 China
Migrants Dynamic Survey (CMDS) to assess internal urban-to-urban movements, where

pollution information is more salient and accessible.

Third, this paper goes beyond information disclosure mechanisms by exploring macro-level
channels, including welfare policies, environmental regulations, and green infrastructure.
These institutional and structural factors may condition the migration response to

pollution and are often neglected in micro-level studies.

Finally, this is the first study to focus specifically on urban-to-urban migration affected
by air pollution. While rural-to-urban migration has received considerable attention
(Bierkamp et al., 2021; Shao et al., 2021), urban-to-urban flows involve more educated,
skilled workers and play a vital role in human capital allocation. This paper highlights
how environmental quality shapes the mobility of skilled labour within the urban system,

offering new insights into spatial sorting in developing economies.

The structure of this paper is as follows: Section 3.2 is a literature review on migration
and pollution based on the hedonic model and mechanism discussion. Sections 3.3 and
3.4 provide the explanation of data and methodology, particularly for the measurement
of variables and empirical strategy. Section 3.5 shows the basic empirical results. Section

3.6 discusses the heterogeneity of the sample, and Section 3.7 concludes the paper.
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3.2 Literature Review

3.2.1 Modern Migration and Pollution Effect

Migration can be perceived as costly in physical and psychological aspects. Regarding
physical and economic motivation, migrants need to consider the probability of accessi-
bility to a higher-quality and sustainable life at their destinations. On the other hand,
long-distance migration, new community integration, and environment adaptation also
increase the cost of mental health (Bayer et al., 2009; Luechinger, 2010; Piguet et al.,
2011). The potential risk to health caused by pollution is also seen as a cost of migration,
which affects both physical and psychic sides (Chen et al., 2013a; Manning and Taylor,
2014).

Whereas, what is the role of air pollution in modern migration? Past literature has studied
both micro and macro levels and verified the negative effect of pollution on domestic or
international migrants’ well-being, staying willingness, and migration intentions (Cao
et al., 2015; Zhang et al., 2022; Zhao et al., 2021). Moreover, Liu and Yu (2020) find that
an increase in air pollution concentration has short-term positive production effects but
long-term negative influences on personal income. Liu et al. (2020) also find that indoor
air pollution from cooking reduces the capacity to deal with daily life and work. Similarly,
some studies note the significant negative effect of air pollution on individuals’ health,
such as obesity, labour supply, and productivity (Borgschulte et al., 2022; Deschenes
et al., 2020; Fu et al., 2021).

For studies on different groups of migrants, Sun et al. (2019) focus on urban pollution
and low-income migrants, finding that urban pollution drives migrants to leave their
current cities. Lai et al. (2021) study the migration response of high-talent individuals
to air pollution. They discuss the attractiveness of the environment to graduates and
find that PMs 5 concentration pushes graduates away from their college cities, with a
stronger effect on those from elite universities. This paper also examines the effect of air

pollution on different migrant groups.

As for the potential mechanism of air pollution’s effect on migration decisions, past
literature found some determinants of air pollution affecting migration decision-making.
The first factor is physical health concerns. Chen et al. (2022) examine migration
decisions affected by physical health and sensitivity to air pollution based on individuals’
subjective health evaluations. On the other hand, satisfaction with life and work also
affects migration decisions. Wu et al. (2021a) found that pollution lowers residents’
subjective well-being (SWB), while Li et al. (2014) found that pollution increases the
risk of depressive symptoms during long-term urban work. Such declines in life or work
satisfaction could cause migrants to leave (Luechinger, 2010). However, most literature
focuses on micro-level individual reactions to pollution or economic factors, with few

papers discussing the effect of macro public green information on decision-making, such
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as green infrastructure, environmental regulations, and migration policy. This paper also

contributes to this point.

3.2.2 Environment Migration and Hedonic Model

Rosen (1979) and Roback (1982) introduced the Rosen-Roback hedonic model to measure
the values of non-market amenities. In this model, it is assumed that with accurate
information on the whole space, migration decisions reflect the trade-off between income,
housing cost, and amenities. The hedonic price, measured by the geographical differential
in income, housing price, or life quality, is often used to reflect the implicit value of
recovering amenities, such as residential environment, green life, and air quality. In other
words, the hedonic price can be seen as the cost of migration, which directly influences
decision-making and can estimate individuals’ marginal willingness to pay (MWTP) for
clean and high-quality air and environment based on observed migration decisions. For
instance, Chay and Greenstone (2005) applied the hedonic model to address aggregation
problems and reflect pollution costs known to individuals. Similarly, Bayer et al. (2009)
found that high-skilled migration responses to air pollution are more sensitive and have
a higher MWTP. This allows the paper to use migration flow across regions to measure
the effect of air pollution and interpret why migrants could be affected by information

differentials in air pollution between city pairs.

Noticeably, the underlying assumption of the hedonic model is that “perfect information”

and “imperfect information” on pollution could distort migration decisions. Furthermore,
given the “imperfect information,” relocation decisions are often distorted by regulations,
agents, and market failure in developing countries. This phenomenon is particularly
salient in China, where the residents’ registration system, so-called “hukou,” strongly
restricts labor mobility and increases the threshold of migration costs (Kinnan et al.,
2018). At the same time, the discretion of government officials and corruption in land
transactions also distort the housing market and affect migration decisions through the
hedonic path (Chen and Kung, 2019). Hence, the information asymmetry of pollution

between the government and the public biases migration decisions.

For “imperfect” information, Bayer et al. (2009) developed an alternative discrete-choice
approach to overcome distortions and bias caused by high moving costs. Additionally,
Gao et al. (2023) augmented the hedonic model with imperfect information and found
that air-pollution information disclosure induces urban residents to leave. Their work
relaxes the initial assumption and helps this paper construct the framework to study the

function of this "imperfect" information in migration decision-making.
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3.3 Data

3.3.1 Bidirectional Migration Flow

To measure bidirectional migration flows within a gravity model framework, this paper
uses data from the 2017 China Migrants Dynamic Survey (CMDS), conducted by the
National Health Commission. The survey covers all 31 provinces and provides detailed
city-to-city migration histories, allowing for the aggregation of flows between origin and
destination cities. A key advantage of the 2017 wave is its rich detail on individual
migration trajectories, enabling the identification of urban-to-urban migrants who have
resided in the destination for over two years. This temporal filter ensures that the
analysis focuses on long-term migrants, thereby excluding short-term or temporary
movers whose decisions may be less sensitive to persistent environmental conditions.
Moreover, the CMDS dataset features a large and nationally representative sample
— covering approximately 20 million individuals — which enhances the precision and

external validity of the empirical estimates.

3.3.2 Air Pollution

This paper uses PMs 5 to proxy for air pollution level. Firstly, PMs 5 is the major
source of air pollution and is more typically and easily observed. According to China
Environmental State Bulletin (2015), PMg 5 accounted for over 60%-80% of annual days,
by contrast, other indexes, like SOo, CO and NO, are relatively low in China and their
proportions of exceeding the standard are less than 1.5% of annual days. Secondly,
PMs 5 more seriously harms the public health. Compared to PM10, the particle size of
PMs 5 is much smaller, and it can easily penetrate the fine bronchial and alveoli, causing
more serious illness and health issues. Particularly, even in the short-run exposure,
high-density PMs 5 could cause dyspnoea. In the long run, exposure to PMs 5 disorders
of the respiratory system and even lead to lung cancer and significantly increase the
probability of death (Tanaka, 2015; Zhang et al., 2018). Finally, PMs 5 comprehensively
contains fossil fuel combustion and further chemical reactants in the air. Hence, this
paper utilises the city-level PMs 5 concentration to measure air pollution levels in each

city.

Panel A of Figure 2 shows the national level of PMs 5 concentration, and it kept a relatively
stable trend between 2013 and 2017, ensuring no extra exogenous pollution shock.
Considering that migrants need a longer time to respond to air pollution information,
and short-run pollution information could be mitigated by the high cost of migration,
this paper calculated a five-year average PMs 5 density (2013-2017) for 278 cities to cover

the migrant flow in 2017. On the other hand, aiming to capture pollution information
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differentials in migration decision-making, the destination-to-origin ratio of the five-year-
average PMjy 5 concentrate is used as the interest variable, i.e., this ratio is calculated by

PMs 5 concentrate in the destination divided by that in the origin.

The data on PMs 5 concentrate comes from Global Annual PMsy 5 Grids derived from
satellite data by Van Donkelaar et al. (2016). Ground-level PMy 5 is estimated by
combining aerosol optical depth (AOD) retrievals from NASA’s MODIS, MISR, and
SeaWiF'S. Subsequently, use geographically weighted regression (GWR) to calibrate to
global ground-based PMg 5. With the 0.01-degree resolution of the original raster, and a
city-level grid is formed. Furthermore, to capture the differential of air pollution between
origins and destination and then verify the push or pull effect, the ratio of destination-
origin five-year-average PMs 5 density is computed to measure the pull or push power
(the ratio is calculated by destinations’ PMs 5 divided by corresponding origins’ PMs 5).
Compared to the difference in PMs 5 density between destination and origin cities, this
ratio could avoid the negative-value interest variable and ease interpretation. If the ratio
is less than 1 means the pollution is higher in origin, and corresponding migrants are
searching for cleaner citie,s and the pollution is pushing migrants to leave. In terms of
econometric meaning, each additional unit increase in this ratio means the destination

pollution level is double that origin.

3.3.3 City Characteristics

Since this paper is derived from the gravity model (Equation 1) and focuses on bidi-
rectional migration, all the symmetric characteristics of destination and origin cities
are involved. Urban economic development is a crucial factor influencing migration
(Kennan and Walker, 2011), thus the logarithm of GDP per capita, logarithm of urban
wage, and the employment rate are used as proxies. Also, the urban population size
affects migration choice (Zhang and Shunfeng, 2003). Considering the complex and
imbalanced geographical conditions, the population density is used to replace the total
population to proxy for the adsorption effect of population agglomeration. Moreover, the
employment market, welfare and public services are correlated with migration selection
(Kennan and Walker, 2010), thus the share of the second and third industries in urban
GDP is used to proxy for the industrial structure. Furthermore, the spatial pattern
of new employment is influenced by investments and infrastructure. Accordingly, the
number of schools, hospitals, and urban water supply capacity are used. Finally, since
the complex geographical and climate conditions also affect the settlement intention for
individuals (Bardsley and Hugo, 2010), the annual rainfall, sunshine duration, humidity,

and temperature are added to the model.

All these covariates of city-level characteristics are from the China City Statistic Yearbook
conducted by the National Bureau of Statistics. The city yearbook is an abundant

statistical dataset covering 294 cities and involves the population, economy, geographical
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conditions, industrial structure, and infrastructure conditions. The Climate conditions
are from the China Meteorological Administration. Finally, after cleaning and dropping

the missing observation, the dataset includes 288 cities and 25718 city-pairs.

Table 3.1 shows the variable definition as below, and Table 3.2 presents the descriptive
statistics for the key variables used in the migration flow analysis. The migration flow
dataset includes 25,718 city-pair observations, while city-level characteristics are based

on 288 unique cities.

The average migration flow is 7.17 persons per city-pair, with a substantial standard
deviation (50.47) and a maximum flow of 6,577, suggesting a highly skewed distribution.
The log transformation (mean = 1.00, SD = 1.15) helps mitigate this skewness and

facilitates regression analysis.

The mean destination-to-origin PMs 5 ratio is 1.12, indicating that, on average, destination
cities are slightly more polluted than origin cities. However, the wide range (from 0.068
to 14.73) reflects significant variation in pollution exposure across migration links, which

underpins the identification strategy in this chapter.

City characteristics also display considerable heterogeneity. For instance, the second
industry share averages 46.6%, highlighting the continued industrial orientation of many
Chinese cities, while third industry shares remain lower (41.0%), suggesting uneven
economic transformation. Urban unemployment rates are moderate (mean 3.07%), but
city infrastructure indicators vary widely—for example, the number of hospitals ranges
from 9 to over 1,500.

Weather variables, which serve as controls in the migration model, also vary significantly:
the average temperature ranges from -0.35°C to 25°C, and rainfall and humidity differ
substantially across regions. These descriptive patterns highlight the substantial hetero-
geneity across cities and migration links, reinforcing the need for a differential gravity

model that accounts for relative conditions between origin and destination cities.
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TABLE 3.2: Descriptive Statistics

Variable N Mean Std. dev. Min Max
Bidirectional Variable
Migration flow 25,718 7.172 50.47 0 6577
Ln Migration flow 25,718  0.999 1.151 0 8.791
Destination-to-Origin PMs 5 Ratio 25,718 1.116 0.575 0.0679  14.73
Distance 25,718  9.950 4.609 9.49e-08 19.96
City Characteristics
Population Density 288 0.43 0.339 .006 2.5
Ln GDP per capita 288 10.70 0.528 9.3 12
The Second Industry Share 288 46.62 9.570 15 71
The Third Industry Share 288 41.03 8.761 24 80
Ln Urban wage 288 3.96 0.231 1.6 4.7
Ln Housing Price 288 1.61 0.412 0.92 3.8
Urban Unemployment Rate 288 3.07 0.750 0.9 4.7
No. of hospitals 288  217.80 170.078 9 1568
No. of High School 288  209.24 134.220 5 1167
Wastewater Disposal 288 87.13 10.810 36 100
Weather Characteristics
Average Temperature 288 14.80 5.199 -0.35 25
Average Sunshine Duration 288 5.35 1.342 2.9 8.8
Average Rainfall 288 3.32 1.862 0.23 7.5
Average humidity 288 70.82 10.040 41 84

Note: This table reports the descriptive statistics.The Destination-to-Origin PMs 5 Ratio
is obtained by the ratio of destination cities’ five-year-average PMy 5 density to origin
cities’ five-year-average PMs 5 density. PMs 5 data is obtained by ArcGIS. All Cities’
Characteristics lagged for one year.

Source: CMDS 2017, NASA EOSDIS 2013-2017, China City Yearbook 2016, and China
Meteorological Administration.
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3.4 Methodology

3.4.1 Empirical Specification

The gravity model is commonly applied in studies on international trade and migration
to analyse the effects of distance and key regional factors on flows between origin
and destination areas. By incorporating characteristics from both regions, the model
effectively examines potential “push” and “pull” factors. Vanderkamp (1977) reviewed the
gravity model’s application to migration decisions, addressing challenges in interpreting

migration behaviour and demonstrating its utility in understanding migration dynamics.

This study builds on the gravity model framework to analyse how pollution differentials
influence migration decisions, specifically examining the impact of pollution as a “push”

factor in origin cities and a “pull” factor in destination cities:

PaP)

B

Moy = k04
distanceo’d

)

(3.1)

where:

o M, q denotes the migration flow from origin city o to destination city d,
e P represents population size,

« distance, 4 indicates the distance between the two cities,

e k, a, and (8 are parameters representing the influence of each factor.

From Equation (3.1), a linear form of the model can be derived (see the detailed process
in Appendix A.1):

PM
In(M,q) = Bo+ b1 25d 4 3, In(distance, 4)
PMz.s, (3.2)

+ B3In(P,) + Baln(Py) + X85 + X, B6 + €od

where:
e In(M, q) represents the logarithm of the migration flow from origin to destination,
and to account for zero migration flows, In(M, 4+ 1) is used,

e P denotes population density, and X is a matrix of city-level covariates, such as

economic, infrastructure, and geographical characteristics.
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The primary explanatory variable, PMsy 5, is the five-year average PMs 5 concentration
(2013-2017), serving as a proxy for air pollution levels. This study uses the destination-
to-origin PMy 5 ratio to capture pollution differentials, representing pollution as a “push”

or “pull” force in migration decisions.

Given the focus on urban-to-urban migration and the fact that all migrants in the
sample have already resided in their destination cities for more than two years, short-
term exposure measures, such as a 12-month air pollution window, are not considered
appropriate. Furthermore, in the Chinese context, the high institutional and financial
costs of migration, stemming from the hukou system and related barriers to full settlement,
imply that relocation decisions are rarely made in response to short-term environmental
fluctuations. Rather, they are shaped by more sustained environmental conditions.
The use of a 5-year exposure window thus better captures the medium-run air quality
differential that households likely consider when making long-term relocation decisions.
Moreover, the lagged nature of migration decisions, often tied to job mobility, school
enrollment, or property investment, supports this longer horizon. While short-term
effects are not the focus here, they are explicitly examined in the following chapter (see
Chapter 4.4). There, I conduct a complementary analysis of short-term air pollution
shocks and find that although their influence is statistically significant, the magnitude
of the effect is limited, underscoring the importance of long-run exposure in shaping

urban-to-urban migration flows.

Standard errors in Equation (3.2) are clustered at the destination city level to account
for potential within-destination correlation in unobserved determinants of migration
flows. Since city-level policies, environmental conditions, and unobserved amenities may
affect all inflows to the same destination in a similar way, ignoring such intra-destination
correlation could lead to underestimated standard errors and inflated significance levels.
This clustering choice is particularly relevant when the outcome variable—the logarithm
of migration flow—is observed across multiple origins for each destination city. Clustering
at the destination level addresses heteroscedasticity and serial correlation across these

grouped observations.

This approach follows the logic of common practice in gravity models and migration
regressions, where one of the two nodes (either origin or destination) is selected for
clustering to reflect the grouping structure in the error term (Santos Silva and Tenreyro,
2006). As this study focuses on the environmental and policy determinants of attractive-
ness at the destination, clustering by destination is the most theoretically consistent and

empirically conservative strategy.
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3.4.2 Identification Strategy

This study focuses on identifying the causal effect of pollution on migration flows,

addressing several potential identification challenges:

1. Omitted Variable Bias: The gravity model includes several covariates to capture
essential characteristics of origin and destination cities; however, the air pollution
variable may still be endogenous. Factors like economic activities and industrial
structures could influence both pollution levels and migration attractiveness. In-
cluding these city-level characteristics in the model helps reduce, but does not

entirely eliminate, potential omitted variable bias.

2. Reverse Causality: Migration itself may influence local pollution levels, espe-
cially in cities experiencing large inflows of migrants. Urban migration increases
pressure on infrastructure and the environment, potentially exacerbating pollution
in destination cities. Additionally, developed cities with higher income and job
opportunities often experience higher pollution due to economic activities, creating
a potential feedback loop between migration and pollution. This study mitigates
reverse causality by using province-pair fixed effects, which control for unobserved
regional factors such as shared cultural, historical, and economic ties. Province-level
fixed effects are also more appropriate than city-pair effects, as they avoid the
risk of overfitting and noise absorption that might arise from city-specific effects.
Within-province consistency in policy and socio-economic factors further supports
the use of province-pair fixed effects. Additionally, migration restrictions under the
hukou system primarily apply across provinces, adding a practical justification for

using province pairs.

3. Measurement Error: While PMs 5 is used as a proxy for general pollution
exposure, actual individual exposure varies significantly due to factors like personal
habits, indoor ventilation, and work environments (EPA; 2009). Furthermore, daily
PMs 5 values average across the day, and nighttime levels are typically lower due
to reduced human activity. This averaging may underestimate actual exposure,

particularly during peak activity hours.

To address endogeneity issues, this study uses thermal inversion as an instrumental
variable, a meteorological phenomenon often applied in studies of air pollution’s impact
on health and productivity (Deschenes et al., 2020; Van Donkelaar et al., 2016; Arceo
et al., 2016). Thermal inversion occurs when a layer of warm air traps pollutants near the
ground, preventing them from dispersing and exacerbating pollution levels. Chen et al.
(2022) used five-year average thermal inversion data as an instrument for air pollution in

migration studies.
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Since the main explanatory variable here is the five-year destination-to-origin PMs 5
ratio, this study computes the five-year average of accumulated thermal inversion days

to align with the pollution variable. The calculation process is as follows:

e Step 1: Split each day into four 6-hour periods to observe both daytime and
nighttime temperature variations, capturing the influence of peak human activity

hours on pollution.

e Step 2: Code each day as 1 if thermal inversion is observed during any of the four

periods; otherwise, code it as 0.

e Step 3: Sum the thermal inversion days for each year and compute the five-year

average to obtain the destination-to-origin ratio.

Figure 3.1 shows the correlation between the log-transformed thermal inversion days and
the PMs 5 ratio, indicating a significant relationship between the instrumental variable

and the primary explanatory variable.

To confirm the exogeneity of thermal inversion, Figure 3.2 illustrates annual national
thermal inversion days alongside migration flows from 1980 to 2020, showing no apparent
association. Additionally, Figure 3.3 examines the relationship between thermal inversion
and GDP at both the national level and in major economic cities (Beijing, Tianjin,
Shanghai, Chongging). In all cases, no significant correlation is observed, supporting the

exclusive restriction is not violated.



3.4.  Methodology 89

6 8 10
| 1 1

4
|

Destination-Origin PM2.5 Ratio
2
|

0
1

-6 -4 -2 0 2 4
Logarithm of thermal inversions accumulated days

° City 95% ClI
Fitted values

FIGURE 3.1: The Correlation between destination-origin PMs 5 ratio and
destination-origin ratio of Thermal Inversion Accumulated Days
Note: This figure shows the relationship between the PMsy 5 ratio and the logarithm of
thermal inversions accumulated days for each destination and origin pair in the sample.
Source: CMDS 2017, NASA EOSDIS 2013-2017
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Migration Frequency vs. Thermal Inversion Days
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Note: This figure shows the time trend of migrants’ frequency in the sample and national
average thermal inversion accumulated days by year. The strong correlation between the
thermal inversion days and migrants’ frequency is not evident, i.e., the thermal inversion
days are relatively exogenous to the mitigation
Source: CMDS 2017, NASA EOSDIS 2013-2017
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3.5 Empirical Results

3.5.1 Baseline Results

Table 3.3 presents the baseline OLS results, analysing the effect of air pollution differ-
entials—measured as the relative PMs 5 concentration between destination and origin
cities—on migration flows. Column (1) controls for fixed effects at the destination city
level, while Column (2) controls for fixed effects at the origin city level. Column (3)
includes fixed effects for both destinations and origins, capturing unobserved characteris-
tics specific to each location. The results suggest that higher pollution at the destination
has a “push” effect, reducing migration flows. Specifically, each doubling in the pollution

—0.446 __ 1)

differential corresponds to a 35.98% (= e decrease in migration flows.

To account for potential cultural and historical ties between provinces, such as shared
borders, local dialects, and similar geographic conditions, Column (4) introduces province-
pair fixed effects, which control for unobserved regional connections that may influence
migration patterns. The results remain robust, showing a similar effect: a doubling in

—0.07 _ 1)

pollution differential is associated with a 7.02% (= e reduction in migration

flows, though the coefficient on air pollution is slightly reduced.

Given the nature of the data — a cross-sectional, bidirectional migration flow dataset
with many zero-valued observations — the OLS model with log transformation, In(
Migration flow+1), may lead to inconsistent estimates, as log transformations may
bias estimates when zero outcomes are prevalent (Chen and Roth, 2023; Santos Silva
and Tenreyro, 2022). To address this, a Poisson pseudo-maximum likelihood (PPML)
estimator is applied as a robustness check. PPML accommodates zero migration flows
without transformation, providing consistent estimates of migration elasticities. Since
city-level fixed effects would offset city-specific covariates, province-level fixed effects are
instead used to account for unobserved factors specific to each destination and origin

province.
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TABLE 3.3: Baseline Results of OLS

Dependent variable Ln (Migration Flow+1)
(1) (2) 3) (4)
Destination-origin ratio of PMg s -0.139%**  _0.137*%* -0.446*** -0.0728**
(0.0267)  (0.0605)  (0.108)  (0.0292)

Covarites Included Yes Yes Yes Yes
Destination City Fixed Effect Yes No Yes No
Origin City Fixed Effect No Yes Yes No
Province-pair Fixed Effect No No No Yes
adj.R? 0.404 0.393 0.451 0.476
N 25717 25717 25717 25717

Note: This table reports the air pollution effect on cross-city migration flow between
origin and destination cities based on OLS. The dependent variable is the logarithm of
the number of cross-city migration flows plus one.

All control variables lagged one year and included bidirectional cities from origins to
destinations.

Robust standard errors clustered at destination-city and are shown in parentheses.

krx kK and * representative the level of significance at 1%, 5% and 10%.

Source: CMDS 2017, NASA EOSDIS 2016, China City Yearbook 2016, and China
Meteorological Data Sharing Service System (CMDSSS).
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Table 3.4 reports the PPML results for the effect of air pollution on migration flows.
Columns (1) and (2) apply fixed effects at the destination and origin province levels,
respectively. Column (3) includes separate fixed effects for both provinces, and Column
(4) applies province-pair fixed effects. The results confirm the robustness of the OLS
findings: each doubling in the pollution differential leads to a 23.27% (= =965 — 1)
reduction in migration flows at a 5% significance level. When province-pair fixed effects
are applied, the effect of air pollution is slightly smaller, reducing migration flows by

approximately 2.64% (: e—0.0264 _ 1)‘

TABLE 3.4: Baseline PPML Results (Robustness Check to OLS)

Dependent variable Ln Migration Flow
0 ® O
Destination-origin ratio of PMay 5 -0.238*%  -0.298***  _0.265** -0.0268
(0.144)  (0.0963)  (0.114)  (0.0440)

Pseudo R? 0.333 0.325 0.349 0.644
N 25717 25717 25717 25716
Destination Provinces Fixed Effect Yes No Yes No
Origin Provinces Fixed Effect No Yes Yes No
Province-pair Fixed Effect No No No Yes

Note: This table reports the air pollution effect on cross-city migration flow between
origin and destination cities based on PPML. The dependent variable is the logarithm of
the number of cross-city migration flows.

All control variables lagged one year and included bidirectional cities from origins to
destinations.

Robust Standard errors clustered at destination-city and are shown in parentheses.
**% ** and * representative the level of significance at 1%, 5% and 10%.

Source: CMDS 2017, NASA EOSDIS 2013-2017, China City Yearbook 2016, and China
Meteorological Administration.
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3.5.2 2SLS and IV-PPML Results

To address potential reverse causality, accumulated thermal inversion days are used as an
instrumental variable for pollution, as discussed in Section 4.2. Controlling for historical
and cultural ties through province-pair fixed effects, Table 3.6 presents the 2SLS and
IV-PPML results. Column (1) shows the baseline OLS results for comparison, while
Columns (2) and (3) report the 2SLS results, with the first stage in Column (2) and
the second stage in Column (3). The Kleibergen—Paap rk Wald F-statistic is 128.529,
exceeding the critical value of 16.38, indicating a strong instrumental variable. Compared
to the OLS results, the effect of air pollution on migration flows becomes more negative
in the 2SLS model—approximately six times larger, suggesting an upward bias in OLS
estimates. This bias likely arises because migration inflows tend to increase pollution in

destination areas, while outflows decrease pollution in origin areas.

This finding aligns with prior literature (Chen et al., 2022; Khanna et al., 2021), which
suggests that endogenous pollution variables may correlate with factors such as wages, job
opportunities, and infrastructure that attract migration. Additionally, reverse causality
may result in an overestimated pollution differential (destination-to-origin PMg 5 ratio)
as migration inflows worsen pollution in destination cities while outflows reduce it in

origin cities.

Column (4) presents the IV-PPML model results, with standardised coefficients on the
right. Similar to PPML, IV-PPML uses a Poisson pseudo-maximum likelihood approach
to handle models with endogenous variables (Silva and Tenreyro, 2006). The IV-PPML
results are consistent with the 2SLS findings, indicating a strong negative effect of air
pollution on migration: each doubling in pollution between destination and origin cities

reduces migration by approximately 42%.

In summary, the OLS, PPML, and 2SLS/TV-PPML results consistently indicate that air
pollution significantly reduces migration flows, underscoring pollution’s role as a “push”

factor in migration decisions.
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TABLE 3.5: 2SLS and IV-PPML Results

2SLS IVPPML
First Stage Second stage Standardised
Dependent variable PMs 5 Ratio Ln (Migration Flow+1) Ln Migration Flow Coefficients
2) (3) (4)
Destination-origin ratio of PMs 5 -0.465%** -0.545** -0.420**
(0.111) (0.275)

Destination-origin ratio of Thermal Inversion Days 0.147%*

(0.013)
Covariates Included Yes Yes Yes Yes
Province-pair Fixed Effect Yes Yes Yes Yes
Kleibergen—Paap rk Wald F statistic 128.529
N 25512 25512

Note: This table reports the air pollution effect on cross-city migration flow between origin and destination cities based on 2SLS and IV-PPML.
Column (1) is the OLS results as baseline, and columns (2) and (3) are the first and second stages of the 2SLS results. Column 4 is IV-PPML
results with standardised coefficients. All control variables lagged one year and included bidirectional cities from origins to destinations.

The province-pair effect is fixed. Standard errors clustered at destination city and are shown in parentheses. *** ** and * representative the
level of significance at 1%, 5% and 10%.

Source: CMDS 2017, NASA EOSDIS 2013-2017, China City Yearbook 2016, and China Meteorological Administration.
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3.5.3 Channel Analysis
3.5.3.1 Channels of Air Pollution’s Impact on Migration

Existing literature largely focuses on micro-level factors in migration decisions, such
as individual health concerns, life satisfaction, and job opportunities in destination
cities. However, the role of macroeconomic channels remains underexplored. This paper
addresses this gap by examining how various macroeconomic indicators mediate the

impact of air pollution on migration flows.

Guided by hedonic theory and the methods of Fu et al. (2021); Khanna et al. (2021); Wu
et al. (2021a), I select a range of indicators representing amenities or costs in destination
cities, including green infrastructure, environmental regulation strength, social welfare
accessibility, and settlement costs. These proxies capture the potential mechanisms

through which air pollution may affect migration flows.

The following model incorporates these channels:

PMa 54
In (M, ) =
n (M, q) 70+71PM2.50

PM
+ 2 channel; + 73 ( 2:5d

h 1 X!
PM, 5, X channe d) -+ 0.d + eo.d

(3.3)

where channel; denotes macroeconomic factors in destination cities, specifically green
infrastructure, environmental regulation strength, social welfare accessibility, and set-
PMa.s4

tlement costs. The interaction term PML ot X channely captures the joint effect of air

pollution and each macro factor on migration flows.

For channels, firstly, green infrastructure, represented by the harmless treatment rate
of domestic waste, serves as a proxy for sustainable amenities and waste management
capacity in destination cities. Also, since the wastewater is not likely associated with
air pollution, the wastewater-related indicator can be seen as exogenous to green infras-
tructure. This variable captures the quality of urban green infrastructure, which can

influence migration decisions by mitigating some negative impacts of air pollution.

Secondly, environmental regulation strength is proxied through the government’s annual
work reports for each destination. This approach captures the extent of regulatory focus
on environmental issues and public awareness of such concerns. While past literature has
widely applied different methods to measure the environmental regulation strength, e.g.,
Sanchez-Vargas et al. (2013) used the investment in the technical reduction of pollution
and Kheder and Zugravu (2012) used the Z — score to obtain the standardised value
of the environment, because of the limited number of NGOs in China, this paper relies
on the frequency of environment-related keywords in government reports as a proxy for

environmental regulation strength.
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As for the social welfare channel, the hukou threshold index is applied as a proxy for the
probability of integrating and enjoying social welfare in destination cities. Hukou, the
Chinese unique residents’ registered system, restricts the migrants’ welfare, such as local
health insurance, education, and property management. Hence, acquiring the destinations’
hukou determines if migrants can acquire the same level of welfare as residents. Following
Zhang et al. (2019), this index is calculated and quantified by the government reports,
policy text, local socioeconomic characteristics, registered information and relative hukou
management. This index could show the difficulty of acquiring the destinations’ hukou

and imply the potential channels of migration cost in terms of social welfare.

Additionally, housing prices in destination cities serve as a proxy for settlement costs,
capturing the trade-off between the cost of living and access to urban amenities. This
variable represents the hedonic price of amenities, which may either attract or deter

migrants depending on the perceived benefits relative to environmental quality.

Table 3.6 presents the results for each macroeconomic channel, with columns (1) through
(4) examining the effects of green infrastructure, environmental regulation, social welfare,
and settlement costs, respectively. All models are estimated using 2SLS, and interaction

terms are also instrumented.

In Table 3.6, the results in column (1) indicate that green infrastructure positively
influences migration flows, with a significant negative interaction term suggesting a
substitutive relationship between air pollution and green amenities. This implies that
high-quality green infrastructure in destination cities can partially offset the adverse

effects of air pollution on migration.

For environmental regulation in column (2), stricter regulations appear (higher frequency
of related keywords) to mitigate the negative impact of air pollution on migration, as
indicated by the significant interaction term coefficients. This finding suggests that
effective regulatory frameworks can alleviate migrant concerns about pollution and

attract more migrants to regions with robust environmental policies.

In columns (3) and (4), the hukou threshold and housing prices both negatively impact
migration flows, with positive coeflicients of interaction terms. This indicates that
social welfare restrictions and high settlement costs discourage migration inflows and
complement the deterrent effect of air pollution. Notably, highly urbanised cities like
Beijing and Shanghai impose stricter policies that limit long-term migration, particularly
where pollution is a concern. Thus, social welfare barriers and high settlement costs are

closely linked with air pollution as factors reducing migration flows.

Overall, these results suggest that while green infrastructure and strong environmental
regulation can offset the negative effects of air pollution on migration, social welfare

restrictions and high settlement costs exacerbate them. This analysis highlights the
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importance of considering both micro and macro channels when examining the effects of

environmental factors on migration flows.
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3.5.3.2 The Role of Distance in Pollution-Driven Migration

In environmental migration, the primary perceived benefits include escaping air pollution
and protecting health. Migrants typically weigh the risks and benefits of moving to
destinations with different pollution levels from their origins, and this consideration is
influenced by migration distance and information on pollution in the destination city. On
one hand, geographical distance directly impacts migration costs, with longer distances
leading to higher expenses. On the other hand, greater distances weaken migrants’
immediate perception of pollution in the destination, making environmental information

about distant cities more uncertain compared to nearby ones.

This section analyses the role of distance in the relationship between air pollution and
migration decisions. Migration distances in the sample range from 0 to 2000 km and
follow a normal distribution. For analysis purposes, the distance range is divided into six
intervals, each with a step length of 330 km. Table 3.7 presents regression results for the
effect of air pollution on migration flows across these distance intervals, with Columns

(1) to (6) representing different subgroups by migration distance.

The results indicate a U-shaped effect of air pollution on migration flows as distance
increases. This means that at shorter distances, the negative effect of pollution on
migration flow is more significant, but it diminishes beyond a certain distance. Figure
3.4 visualises the main regression results from Table 3.7, focusing on the effect of air
pollution. When migration distance is between 660 and 990 km, this effect reaches its

—0.683 _ 1), statistically

peak, reducing migration flows by approximately 49.49% (= e
significant at the 1% level. Notably, when the migration distance exceeds 1650 km, the

effect of air pollution remains negative but is no longer statistically significant.

These findings suggest that within 1000 km, distance amplifies the impact of air pollution
on migration decisions, but this influence weakens beyond 1000 km. Migrants appear
more sensitive to air pollution within a 1000-kilometre radius. Two possible explanations
support this observation. First, perceived benefits related to lower pollution levels
are more accessible within this distance, which also approximates the average distance
between major economic hubs in China (e.g., Beijing to Shanghai, or Shanghai to
Guangzhou). As distance increases, obtaining reliable information on the destination
becomes more difficult, with pollution information likely attenuated over long distances
Coombs (1978). Thus, beyond 1000 km, the clarity of pollution information decreases,

affecting migrants’ decision-making.

Second, economic factors, particularly migration costs, may overshadow the impact of
air pollution at longer distances. Economic considerations remain the primary driver of
migration decisions in China, and migration costs increase significantly with distance. For
families deciding on long-distance moves, higher migration costs may prioritise economic

opportunities, such as increased income or job prospects, over potential environmental
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risks. This helps explain why the effect of air pollution is negligible and statistically

insignificant in Column (6).

The Eeffect of Air Pollution on Migration by Distance
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FIGURE 3.4: The Effect of Air Pollution on Migration Flow by Distance
Note: This figure shows the regression results of Table 3.7. Based on the distance between

origins and destinations, the subsamples include six different intervals with a unit length
of 330km

Source: CMDS 2017, NASA EOSDIS 2016, China City Yearbook 2016, and China
Meteorological Data Sharing Service System (CMDSSS).
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3.5.4 Heterogeneity Analysis
Education

Do highly educated migrants exhibit a stronger aversion to air pollution? Does greater
knowledge lead to “greener” choices? Research suggests that individuals with higher
education are generally more sensitive to air pollution, tend to avoid highly polluted
areas, and prefer cities with better air quality (Chen et al., 2022; Sun et al., 2019; Lai
et al., 2021). However, other studies indicate that high-pollution cities often offer higher
compensating wages, which may lessen the environmental concerns of highly educated
individuals (Khanna et al., 2021; Wang et al., 2021). Additionally, high-income migrants
often afford protective technologies, such as air purifiers or short-term travel, to mitigate
pollution exposure (Chen et al., 2021; Gao et al., 2023; Ito and Zhang, 2020). This
section examines whether the highly educated are more responsive to air pollution in

migration decisions.

Migration flow is categorised by education level into four groups: primary (Grade 1 to
6), secondary (Grade 7 to 12), college (Bachelor), and postgraduate (Master and PhD).
Table 3.8 presents the impact of air pollution on these groups. Column (1) represents
individuals with primary education (grades 1 to 6), Column (2) includes those with
secondary education (grades 7 to 12), Column (3) comprises college-educated individuals,
and Column (4) represents those with postgraduate degrees (master’s and doctoral). The

results are also shown in Figure 3.5

Results indicate that individuals with secondary education show the strongest aversion
to air pollution, with migration decreasing by 54.5%. In contrast, the highly educated
group shows a smaller reduction in migration at 27.8%, half the effect observed in the
low-education group. This finding aligns with studies by Zhang et al. (2017) and Liu
and Yu (2020). Compared to those with lower education, highly educated migrants often
receive higher income, including compensating wages, and face lower migration costs,
which may reduce their sensitivity to pollution (Bayer et al., 2009). Particularly, due to
the unbalanced development and different industry structures, the highly polluted cities

often have a high-quality job market which is more sticky for urban-to-urban migrants.

Highly educated migrants likely possess more knowledge about pollution prevention,
particularly this paper focuses on urban-to-urban migrants. Their higher income and
better working conditions, including air-conditioned and air-purifier environments, allow
them to minimise pollution exposure, thus making pollution a less significant factor
in their migration decisions. On the other hand, between highly educated groups, the
principle "better knowledge more sensitive" still holds (postgraduates -27.8% vs graduates
-15.6%)
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TABLE 3.8: Effect of Air Pollution on the Migrants Flow by Education

Dependent Variable Ln (Migration Flow+1)
Subsample Primary Secondary Graduate Post-graduate
(1) 2) (3) (4)

Destination-origin ratio of PMy 5 -0.328***  _0.545%**  _(.156*** -0.278**
(0.0734) (0.0880) (0.0739) (0.111)

Covariates Included Yes Yes Yes Yes

Province-pair Fixed Effect Yes Yes Yes Yes

K-P F-test 100.56 107.71 103.63 87.27

N 7613 17129 9148 1013

Note: This table reports the air pollution effect on migration flow by different education
levels. The overall sample is split into four groups. Column (1) is the group of migrants
with primary or parenthesestion (grade 1 to 6), column (2) is the migrants with secondary
education (grade 7 to 12); column (3) is the migrant group with a college degree (grade 10
to 12); and column (4) is migrants with master and over degrees. The province pairs are
fixed to absorb the unobserved cultural and historical connection between destinations
and origins.

All control variables lagged one year and included bidirectional cities from origins to
destinations. Robust Standard errors clustered at destination-city and are shown in
parenthesis.

*xx ** and * representative the level of significance at 1%, 5% and 10%.

Source: CMDS 2017, NASA EOSDIS 2016, China City Yearbook 2016, and China
Meteorological Data Sharing Service System (CMDSSS).
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The Eeffect of Air Pollution on Migration by Education
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FI1GURE 3.5: The Effect of Air Pollution on Migration Flow by Education
Note: This figure is the regression results of Table 3.8, showing the effect of air pollution
on migration in different educated groups. The whole sample is split into four different
education levels, and the point is the coefficients of air pollution and the line documents
the 95% confidence interval.

Source: CMDS 2017, NASA EOSDIS 2016, China City Yearbook 2016, and China
Meteorological Data Sharing Service System (CMDSSS).



3.5. Empirical Results 107

Age

To explore how different age groups respond to air pollution, Table 3.9 presents migration
behaviours across age groups. Columns (1) to (4) cover migrants aged 15 to 75, with each
column representing a 15-year interval. Results indicate that as age increases, migration
flow decreases more dramatically, suggesting that older migrants are more concerned
with air pollution than younger ones. This finding is consistent with Guo et al. (2022),
who notes that older individuals are more sensitive to health risks posed by pollution.
Interestingly, Column (4) shows that although older groups have a relatively weaker
aversion to pollution, they still exhibit a significantly higher aversion than the youngest

group (ages 15-30). The results are also shown in Figure 3.6.

One potential explanation for the weaker migration response among less educated and
older migrants is their overrepresentation in pollution-intensive sectors such as manu-
facturing, construction, and logistics (Fan, 2002). These industries often locate in more
polluted areas, and the workers have limited job mobility across sectors or regions (Meng,
2012). Additionally, these groups may have lower income, weaker information access, and
stronger social ties to their original residence, which jointly constrain their relocation
options. As such, although they may suffer greater health risks from air pollution,
economic necessity and job immobility often outweigh environmental considerations in
their migration decisions. This occupational and structural constraint helps explain why

their aversion to pollution is less strongly reflected in migration flows.
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TABLE 3.9: Effect of Air Pollution on the Migrants Flow by Age Cohorts

Dependent Variable Ln (Migration Flow+1)
Subsamples Age 15-29 Age 30-44 Age 45-59 Age 59-75
0 @) (3) (4)
Destination-origin ratio of PMg 5 -0.195%**  -0.424%**  _0.412%**  _(0.373%**
(0.0814)  (0.0803)  (0.0800)  (0.0962)

Covariates Included Yes Yes Yes Yes
Province-pair Fixed Effect Yes Yes Yes Yes
K-P F-test 113.12 105.47 111.98 69.36
N 13284 14717 8641 3149

Note: This table reports the air pollution effect on migration flow by different age groups.
The range of age in the sample is split into four intervals, each 15 years counts as a group.
Column (1) is age “15-29”; column (2) is “30-44; column (3) is “45-59”; and column (4)
is “59-75”. The province pairs are fixed to absorb the unobserved cultural and historical
connection between destinations and origins.

All control variables lagged one year and included bidirectional cities from origins to
destinations.

Robust standard errors clustered at destination-city and are shown in parentheses.

kxx k% and * representative the level of significance at 1%, 5% and 10%.

Source: CMDS 2017, NASA EOSDIS 2016, China City Yearbook 2016, and China
Meteorological Data Sharing Service System (CMDSSS).
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The Eeffect of Air Pollution on Migration by Age
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FI1GURE 3.6: The Effect of Air Pollution on Migration Flow by Age
Note: This figure is the regression results of Table 3.9, showing the effect of air pollution

on migration in different age groups. The whole sample is split into four different age
groups. The point is the coefficients of air pollution, and the line documents the 95%
confidence interval.

Source: CMDS 2017, NASA EOSDIS 2016, China City Yearbook 2016, and China
Meteorological Data Sharing Service System (CMDSSS).
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Gender Marital Status, and Cross-Province

This study also examines how marital status and gender influence migration decisions in
response to air pollution. Table 3.10 presents the impact of air pollution on different
groups by marital status (single in Column (1), non-single in Column (2)) and by gender
(male in Column (3), female in Column (4)). Notably, non-single migrants demonstrate
a stronger aversion to pollution compared to singles, with each unit increase in the
destination-to-origin air pollution ratio reducing migration by an insignificant 10.9% for

singles and by significant 41.5% for married individuals.

This difference likely stems from age and family responsibilities. Single migrants are
typically younger and may have less life and work experience, which makes them less
sensitive to pollution. In contrast, married migrants often consider the health of their
families as well as their own, leading to greater sensitivity to air pollution (see Figure
3.7).

Interestingly, I did not find a significant difference in environmental attitudes between
males and females. This insignificant result (t-test = -1.46) challenges traditional
arguments that males exhibit greater concern for environmental issues (Chang et al.,
2011). Both genders demonstrated similar aversion to air pollution, with a reduction
of -36.4% among males and -34.8% among females. A plausible explanation lies in the
composition of my research sample—urban migrants, who are typically more highly

educated and experience greater gender equality in urban settings.
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TABLE 3.10: Effect of Air Pollution on the Migrants Flow by Gender and
Marital Status

Dependent Variable Ln (Migration Flow+1)
Subsample Marital Gender
Single Married Male Female
(1) (2) (3) (4)
Destination-origin ratio of PMgs  -0.109  -0.499*** -0.364%*%*  _(0.348%**
(0.0762)  (0.0920) (0.0798)  (0.0791)
Covariates Included Yes Yes Yes Yes
Province-pair Fixed Effect Yes Yes Yes Yes
K-P F-test 122.94 110.14 112.43 113.04
N 9197 18645 17228 16287
Coefficients Difference t-Test T.44%%% -1.46

Note: This table reports the effects of air pollution on males and females with different
marital statuses. Columns (1) and (2) are the single group; columns (2) and (3) are the
married group. The coefficients difference test tests the coefficients of air pollution across
different groups.

All control variables lagged one year and included bidirectional cities from origins to
destinations.

The province pairs are fixed to absorb the unobserved cultural and historical connection
between destinations and origins.

Robust standard errors clustered at destination-city and are shown in parentheses. ***
** and * representative the level of significance at 1%, 5% and 10%.

Source: CMDS 2017, NASA EOSDIS 2016, China City Yearbook 2016, and China
Meteorological Data Sharing Service System (CMDSSS).
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The Effect of Air Pollution on Marital Status and Genders
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FiGURE 3.7: The Effect of Air Pollution on Migration Flow by Marital and
Gender
Note: This figure is the regression results of Table 3.10, showing the effect of air pollution
on migration by marital status and gender. Point is the coefficient of air pollution and
the line documents the 95% confidence interval.
Source: CMDS 2017, NASA EOSDIS 2016, China City Yearbook 2016, and China
Meteorological Data Sharing Service System (CMDSSS).
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To further examine gender differences by marital status, we analysed subgroups based
on both gender and marital status. Table 3.11 and Figure 3.8 present the impact of air
pollution on males and females, with Columns (1) and (2) representing single individuals
and Columns (3) and (4) representing married individuals. Among singles, males did not
exhibit a significantly stronger aversion to pollution than females (t-test = -1.08). This
finding aligns with the results in Table 3.10, which show that younger, single migrants
are less likely to be affected by pollution.

In contrast, within the married group, males display a slightly stronger response to
pollution. However, the difference between males and females remains statistically
insignificant (t-test = -1.63). This suggests that marriage and family life may enhance
individuals’ sensitivity to pollution, which is consistent with 3.10.

TABLE 3.11: Effect of Air Pollution on the Migrants Flow by Marital Status
across Gender

Dependent Variable Ln (Migration Flow+1)
Subsample Single Married
Male Female Male Female
DIC) (3) (4)
Destination-origin ratio of PMy s  -0.103  -0.0254 -0.375%*%*  _(.353***
(0.0722) (0.0811) (0.0766) (0.0743)
Covariates Included Yes Yes Yes Yes
Province-pair Fixed Effect Yes Yes Yes Yes
K-P F-test 131.00 119.00 115.03 115.51
N 6850 5773 16302 16232
Coefficients difference t-test -1.08 -1.63

Note: This table reports the air pollution effect on migration flow by marital situation
and gender. All control variables lagged one year and included bidirectional cities from
origins to destinations. Column (1) is a single group; column (2) is a married group;
column (3) is the male group; and column (4) is the female group.

The province pairs are fixed to absorb the unobserved cultural and historical connection
between destinations and origins.

The coefficients difference test tests the coefficients of air pollution across different groups.
Robust standard errors clustered at destination-city and are shown in parentheses. ***
** and * representative the level of significance at 1%, 5% and 10%.

Source: CMDS 2017, NASA EOSDIS 2016, China City Yearbook 2016, and China
Meteorological Data Sharing Service System (CMDSSS).
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The Effect of Air Pollution on Migration by Genders across Marital Status
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FicURrE 3.8: The Effect of Air Pollution on Migration Flow by Marital Status
across Gender
Note: This figure is the regression results of Table 3.11, showing the effect of air pollution
on migration by marital status across genders. Point is the coefficient of air pollution,
and the line documents the 95% confidence interval.
Source: CMDS 2017, NASA EOSDIS 2016, China City Yearbook 2016, and China
Meteorological Data Sharing Service System (CMDSSS).
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On the other hand, cross-province migration in China entails additional costs and
challenges. For cross-province migrants, moving outside their hukou province imposes
restrictions on accessing social benefits such as education, healthcare, and insurance.
Table 3.12 divides the sample into cross-province migration (Columns (1) to (3)) and
within-province migration (Columns (4) to (6)), further analysing gender differences

within these groups (also see Figure 3.9).

The results in Table 3.12 indicate that cross-province migrants exhibit a significant
aversion to pollution, whereas within-province migrants do not. Cross-province migration
entails higher costs due to greater distances, cultural and dialect differences, and hukou-
based restrictions on social benefits, which likely increases concern about pollution
exposure in new areas. Consistent with earlier findings, female migrants show relatively

lower sensitivity to pollution, reinforcing the gender difference observed in Table 3.11.

Overall, marital status and the added complexities of cross-province migration significantly
influence pollution-related migration decisions. While married, older, higher-educated,
and cross-province migrants demonstrate the strongest aversion to pollution, there is
no significant evidence of differing aversion to air pollution between male and female

migrants.
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TABLE 3.12: Effect of Air Pollution on the Migrants Flow by Administrative
Boundary and Gender

Dependent Variable Ln (Migration Flow+1)
Subsample Cross Province Within Province
Overall Male Female Overall Male  Female
(1) (2) (3) 4 6 (6
Destination-origin ratio of PMag 5 -0.483%**%  -0.356***  -(.343*** 1.268 0.848 1.375
(0.0899) (0.0734) (0.0706) (1.000) (0.926) (0.959)
Covariates Included Yes Yes Yes Yes Yes Yes
Province-pair Fixed Effect Yes Yes Yes Yes Yes Yes
N 17232 14749 14568 2589 2403 2444
Coefficients difference test -0.54 -0.22

Note: This table reports the air pollution effect on migration flow by migration routine
(if migrating across the province) and gender. Columns (1), (2) and (3) are migration
across the province; columns (4), (5) and (6) are migration within the province.

The province pairs are fixed to absorb the unobserved cultural and historical connection
between destinations and origins. All control variables lagged one year and included
bidirectional cities from origins to destinations.

Robust standard errors clustered at destination-city and are shown in parentheses. ***
** and * representative the level of significance at 1%, 5% and 10%.

Source: CMDS 2017, NASA EOSDIS 2016, China City Yearbook 2016, and China
Meteorological Data Sharing Service System (CMDSSS).
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The Effect of Air Pollution on Migraiton by Cross-Province
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FIGURE 3.9: Heterogeneity Analysis
Note: This figure is the regression results of Table 3.12, showing the effect of air pollution
on migration by marital status and gender. Point is the coefficient of air pollution and
the line documents the 95% confidence interval.
Source: CMDS 2017, NASA EOSDIS 2016, China City Yearbook 2016, and China
Meteorological Data Sharing Service System (CMDSSS).
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3.5.5 Economic Cost of Air Pollution-Induced Migration Deterrence

To assess the direct economic cost of air pollution on migration decisions, I estimate the
net benefit a potential migrant may forgo due to increased pollution exposure in the

destination city. This calculation integrates three main components:

1. Wage differentials: The difference between the minimum wage in the destination

and origin cities.

2. Housing cost differentials: Estimated as 2.5% of the annual housing price

difference, following the rental-price ratio established by Tombe and Zhu (2019).

3. Migration cost: A one-time distance-based cost estimated at ¥0.4 per kilometre,

based on average intercity transport costs from He and Ding (2019).

Formally, the one-year net benefit from migration is computed as:

Net Benefit; = Wagegos — Wage,; —0.025 x (HP ges — HPori) — 0.4 x Distanceoyi des (3.4)

Based on individual-level city-pair data and estimated parameters, I compute that the
average net income gain forgone due to air-pollution-induced migration deterrence is
approximately ¥10,179 per person per year. This quantification underscores the
substantial economic cost of air pollution in distorting labour mobility and hindering
environmentally sensitive migration flows. Assuming an annual volume of 100,000
potential urban-to-urban migrants, a 42% reduction in migration flows—estimated from

the gravity model—translates into a total annual economic loss of:

100,000 x 10,179 x 0.42 = ¥427.5 million

This figure highlights the sizable welfare loss associated with pollution-driven misallocation

of human capital in the urban labour market.
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3.6 Robustness Check

This paper examines the robustness of the instrumental variable and the overall sample.
Table 3.13 presents robustness check results for both the 2SLS and IVPPML models.
Columns (1) to (3) use instrumental variables based on an alternative measure—the five-
year average of the destination-to-origin thermal inversion strength ratio (2013-2017)—to
validate the main results. These results remain consistent and significant, aligning closely

with those in Table 3.4, thus confirming the reliability of the primary findings.

Additionally, Columns (4) and (5) use the logarithm of migration flows greater than
zero as the dependent variable to test the robustness of the specification. Excluding
all zero migration flows between cities reduces the sample size to 14,925. However, the
results remain robust and statistically significant, supporting the strength of the original

findings.

To further test the robustness of the air pollution effect, alternative pollution measures
replace the PMs 5 concentration. Table 3.14 reports results using different air quality
indicators—Air Quality Index (AQI), PM10 (particulate matter with a diameter of
0.01 mm or smaller), sulfur dioxide (SO2), and nitrogen dioxide (NOg2). All results
remain consistent with those obtained using PMj 5, reinforcing the main conclusions on

pollution-driven migration.

Overall, the robustness checks across both instrumental variables and alternative pollution

measures confirm the stability and reliability of the study’s main results.
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TABLE 3.13: Robustness Check: Alternative IV Measurement and Non-zero Sample

Robustness Check Different IV Measurement Reduced Sample
2SLS IVPPML 2SLS
First stage  Second Stage First stage  Second Stage
Dependent variable PMs 5 Ratio Ln (Flow+1) Flow PM; 5 Ratio Ln Flow
(1) (2) (3) (4) (5)
Destination-origin ratio of PMs 5 -0.449%** -0.497* -0.443%**
(0.119) (0.264) (0.135)
Ratio of Thermal Inversion Strength 0.260*** 0.244%**
(0.025) (0.033)
Covariates Included Yes Yes Yes Yes Yes
Province-pair Fixed Effect Yes Yes No Yes Yes
Kleibergen—Paap rk Wald F statistic 106.44 56.54
N 25512 25512 14925 14925

Note: This table reports the robustness check for Table 2.4 and instrumental variables. Columns (1) and (2) are two-stage results of 2SLS.
Column (3) is IV-PPML results with standardised coefficients. Columns (4) and (5) are two-stage results of 2SLS based on the non-zero migration
flow subsample. All regressions applied the alternative instrumental variable - the average destination-origin ratio of thermal inversion strength
covered the past five years (2013-2017)

All control variables are lagged one year and include bidirectional cities.

The province-pair effect is fixed. Standard errors clustered at destination city and are shown in parentheses.

*ak ¥k and * representative the level of significance at 1%, 5% and 10%.

Source: CMDS 2017, NASA EOSDIS 2013-2017, China City Yearbook 2016, and China Meteorological Administration.
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TABLE 3.14: Robustness Check: Alternative Air Pollutants

Dependent Variable Ln (Migration Flow+1)
(1) @) 3) (4)
Destination-origin ratio of AQI ~ -0.700***
(0.164)
Destination-origin ratio of PM10 -0.622%**
(0.146)
Destination-origin ratio of SOs -0.227+%*
(0.0580)
Destination-origin ratio of NOo -0.805%**
(0.226)
Covariates Included Yes Yes Yes Yes
Province-pair Fixed Effect Yes Yes Yes Yes
K-P rk Wald F statistic 115.70 112.11 157.06 52.90
N 25512 25512 25512 25512

Note: This table reports a robustness check for alternative air pollution proxies based
on 2SLS. Columns (1), (2,) (3,) and (4) used destination-origin ratios of AQI, PM10,
S0 and NOo, respectively.

All control variables are lagged one year and include bidirectional cities.

The province-pair effect is fixed. Standard errors clustered at destination city and are
shown in parentheses.

*xx ** and * representative the level of significance at 1%, 5% and 10%.

Source: CMDS 2017, NASA EOSDIS 2013-2017, China City Yearbook 2016, and China
Meteorological Administration.
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3.7 Conclusion

This study investigates the impact of air pollution on urban-to-urban migration in China,
using bidirectional migration flow data from the China Migration Data Survey (CMDS)
and the National Bureau of Statistics. The findings reveal that higher pollution levels in
destination cities reduce migration inflows, with each doubling of the PMs 5 concentration

ratio between destinations and origins decreasing migration by approximately 42%.

In addition to quantifying the pollution effect on migration, this study explores the
channels that influence migration decisions in response to air pollution. The results show
that strict environmental regulations and high-quality infrastructure in destination cities
can mitigate the adverse effects of pollution, whereas higher living costs and restrictive
hukou policies exacerbate them. Interestingly, the study identifies a U-shaped relationship
between pollution impact and migration distance, with pollution sensitivity declining for
distances over 1,000 km. Demographic analysis reveals that older, less-educated, married,

and cross-province migrants are less likely to choose highly polluted destinations.

These findings suggest important policy implications. Proactive environmental regulations
and investments in green urban infrastructure could promote migration to cleaner cities,
supporting sustainable urban development. Additionally, as air quality plays a significant
role in attracting skilled migrants, improving air quality should be a priority for cities
aiming to retain and attract talent. Finally, more flexible hukou policies could help
reduce the negative impacts of pollution on migration and encourage the settlement of
high-skilled workers, promoting human capital accumulation and long-term economic

growth.

However, this study has certain limitations. The analysis relies on data from 2017,
preventing an exploration of time trends. Additionally, the absence of prior migration
histories may lead to an underestimation of pollution’s long-term effects. Future research
could incorporate longitudinal data to observe trends over time and explore the cumulative

effects of pollution on migration patterns.

Overall, this study highlights air pollution as a significant factor in urban migration
decisions, providing insights for policymakers on how environmental quality, infrastructure,

and regulatory flexibility can enhance urban resilience and sustainable development.
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Chapter 4

“Breathing Easy, Retiring Early?”
Effects of Air Pollution on
Retirement Age Expectations:

Evidence from China

Abstract

This study investigates the impact of air pollution on retirement expectations in China,
using panel data from the China Health and Retirement Longitudinal Study (CHARLS)
and city-level PM2.5 concentration. Findings indicate that each 1% increase (0.12-1.04
ng/m?) in PM2.5 concentration reduces the expected retirement age by 5.11 months, with
more pronounced effects in rural areas compared to urban regions (9.03 months vs. 4.45
months). Also, the dynamic study of pollution shock implies that the sudden increase in
pollution could dramatically aggregate the individuals’ adjustment to retirement expecta-
tions. The study also explores the mechanisms through which pollution affects retirement
expectations, revealing that family financial support, green infrastructure, and knowledge
capital mitigate pollution’s negative impact, while social welfare and insurance systems
enable earlier retirement by enhancing financial security. A heterogeneity analysis shows
that vulnerable groups—such as females, older adults, individuals with lower education
levels, rural hukou holders, agricultural workers, and low-income earners—are particularly

sensitive to pollution in terms of retirement planning.

Keywords: Air Pollution, PM2.5, Retirement Expectation, Aging Group, Health Eco-

nomics, Environmental Economics
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4.1 Introduction

4.1.1 Air Pollution and China

Rapid industrialisation and urbanisation, especially in developing economies, have led
to deteriorating air quality. Air pollution has emerged as one of the most pressing
environmental and public health challenges of the 21st century. Compared to soil and
river pollution, air pollution exerts a more severe negative influence on individuals to
communities because of its ability to spread and disperse widely (Feng et al., 2020).
According to the estimation of the World Health Organisation, approximately 200,000
people die from air pollution-related diseases annually (Khuda, 2020) and related economic
losses are around 60—270 million (Hossain et al., 2019). These alarming figures highlight
not only the immediate threat to human health but also the far-reaching economic

consequences for societies grappling with the burden of environmental degradation.

In China, the issue of air pollution is particularly acute due to rapid economic development.
China has been facing quite serious air pollution problem for a long time, particularly, in
some megacities, such as Beijing, Shanghai and Guangzhou (Li and Li, 2022). In 2015,
air pollution in 96% of Chinese cities exceeded WHO air quality guidelines over four
times higher than the safe level on average (Khanna et al., 2021). Since 2013, the Chinese
government has implemented a national program to monitor and report air pollution,

though the effectiveness of these controls remains inconsistent (Zeng et al., 2019).

Since the detrimental effects of prolonged exposure to air pollution on respiratory and
cardiovascular health, chronic exposure to pollutants such as particulate matter (PMg.5)
and nitrogen dioxide (NO3) has been linked to an increased risk of cardiovascular and
respiratory diseases, which in turn impair workers’ physical and cognitive capacities
(Zivin and Neidell, 2012). Then, beyond these immediate health and economic influ-
ence, the cumulative impact of these health issues can reduce labour productivity and
increase absenteeism, placing strain on both individual well-being and broader economic
systems (Neidell, 2023). Furthermore, the pervasive impact of air pollution extends into
multiple dimensions of human life, including outdoor activities, cognitive functioning,
and long-term well-being (Khanna et al., 2021; Shen and Sun, 2023; Zhang et al., 2017),
shaping broader socio-economic behaviours, including work decisions, retirement timing,
and healthcare usage (Graff Zivin and Neidell, 2013). This creates a feedback loop where
deteriorating health leads to lower labour force participation, exacerbating economic
inequality and reducing household income, especially among older adults nearing retire-

ment.
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4.1.2 Retirement and Pension System in China

China’s retirement and pension system is characterised by rigid statutory thresholds,
fragmented institutional coverage, and wide disparities between formal regulations and
actual labour market practices. The statutory retirement age—60 for men, 55 for female
white-collar workers, and 50 for female blue-collar workers—has remained unchanged
since the 1950s (Fang and Feng, 2018b). However, actual retirement behaviour is
far more complex and heterogeneous, shaped by individual health conditions, family

responsibilities, income adequacy, and sector-specific employment arrangements.

For instance, many urban residents in the informal sector or self-employed workers
continue to work beyond the official retirement age due to insufficient pension benefits,
while some civil servants retire early with generous entitlements. In rural areas, where
formal employment is rare, retirement is often a gradual and informal transition rather

than a clear-cut exit from the labour force (Feng et al., 2019).

China’s pension system consists primarily of two pillars: (1) the Urban Employees’ Basic
Pension (UEBP), which is contribution-based and covers formal urban workers; and
(2) the Resident-based Basic Pension Scheme, a flat-rate, non-contributory programme
targeting rural and informal urban residents. The coverage and generosity of these
schemes differ substantially. According to Ministry of Human Resources and Social
Security of the People’s Republic of China (2021), by the end of 2020, around 500 million
people were covered by the urban employee scheme, while 460 million were covered by
the resident scheme. However, the average monthly benefit under the resident scheme
was less than ¥170 RMB (approximately $25 USD), compared to over ¥3000 RMB in

major urban pension systems.

Further complicating retirement planning is the limited portability of pension benefits
across regions due to the hukou-based administration and local fiscal disparities. Migrant
workers often face interrupted contribution records and cannot easily consolidate their

pension accounts when moving between cities (Liu and Sun, 2016).

These structural challenges result in significant variation in both retirement timing and
expectations, particularly among individuals in non-standard employment or with weaker
institutional attachment. Thus, the statutory retirement age is a poor proxy for actual
labour supply decisions. Instead, this study focuses on expected retirement age, which
better captures individual preferences and perceived capacity to remain in the workforce

under various economic, health, and environmental conditions.
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This paper examines the impact of long-run exposure to air pollution on retirement
expectations, revealing that each 1% increase in PMs 5 concentration (approximately 0.12
to 1.04 pg/m?) reduces the expected retirement age by an average of 5.11 months. This
negative effect is more pronounced in rural regions, where it results in an approximate
reduction of 9 months, compared to 4.45 months in urban areas. At the same time,
this paper checks individuals’ responses to dynamic pollution shocks, and the results
illustrate that sudden pollution increases could lead to further adjustments and shorten
retirement expectations, particularly in urban areas where pollution fluctuations are

more noticeable.

This paper also checked the effect of short-run air pollution shocks on retirement expec-
tation adjustment. The results of shocks in 2-year to 5-year time windows show that
pollution-induced retirement adjustments are gradual rather than immediate, and their

effects vary significantly across different socioeconomic groups.

Additionally, this paper explores the potential channels through which air pollution
affects retirement expectations. The findings indicate that a lighter household burden,
higher levels of green infrastructure, and social capital through knowledge spillover can
help mitigate the negative impact of air pollution on retirement expectations. In contrast,
a stronger social welfare and insurance system may enhance financial security, enabling

individuals to retire earlier.

Finally, this paper investigates heterogeneity based on demographic and socioeconomic
characteristics, finding that women, older individuals, those with lower levels of education,
rural hukou holders, workers in the agricultural sector, individuals without pensions, and
low-income individuals are more sensitive to the effects of air pollution on retirement
expectations. This paper contributes to the literature by examining the causal relationship
between air pollution and expected retirement age using panel data of CHARLS 2011-
2020 from China and check the dynamic shock of air pollution’s effect on individuals’

adjustment of retirement expectations.

This paper contributes to three aspects. Firstly, this is the first paper studying the effect
on retirement expectations of people nearing retirement. While there is a robust body of
research on the immediate health and economic effects of air pollution, significant gaps
remain, particularly concerning its impact on retirement behaviour (Bound et al., 2010).
Few studies directly examine how air pollution—an environmental health shock—affects
retirement age expectations. Most research has focused on productivity losses, absen-
teeism, or healthcare costs, rather than the long-term decision to retire (Khanna et al.,
2021; Neidell, 2023).

Second, this paper is the first to investigate the effect of dynamic air pollution shocks on
individuals’ adjustments to their retirement expectations. The findings provide robust
empirical evidence that improvements in air quality can extend labour supply in the

long term. By integrating environmental and economic perspectives, this research offers
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valuable insights into how environmental stressors may reshape retirement decisions,
with implications for public health, labour policy, and the sustainability of social security

systems.

Third, this study contributes to the literature by jointly examining the short-run (2-year)
and medium-run (5-year) effects of air pollution on retirement expectations, providing a
dynamic perspective on behavioural and structural responses. While previous studies
often focus on immediate or long-term exposure, our approach reveals how individuals
adjust retirement planning over time, highlighting both short-term reactions to environ-

mental shocks and persistent effects driven by cumulative pollution exposure.

This paper is organised into six sections. Section 4.2 reviews the existing literature.
Sections 4.3 and 4.4 present the data sources, data structure, descriptive statistics,
and the methodology. In Section 4.5, I examine both the macro and micro channels
through which air pollution affects individuals nearing retirement, as well as conduct a

heterogeneity analysis. Section 4.7 provides robustness checks for the main findings.
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4.2 Literature Review

Air pollution, particularly in the form of fine particulate matter (PMga5) and nitrogen
dioxide (NO2), has been extensively studied for its deleterious effects on human health.
Long-term exposure to air pollutants has been linked to increased risks of respiratory dis-
eases, cardiovascular problems, and premature mortality (Apte et al., 2015). Studies such
as those by Burnett et al. (2014) have quantified the global burden of disease attributable
to ambient air pollution, estimating millions of premature deaths annually. This body of
research indicates that air pollution is one of the most significant environmental health

risks globally, especially in rapidly industrializing regions like China.

Importantly, these health effects are not evenly distributed across populations. Vulnerable
groups, such as the elderly, individuals with pre-existing health conditions, and those
in lower-income brackets, experience more severe impacts. Older adults, in particular,
face higher susceptibility to pollution-related illnesses due to declining immune systems
and pre-existing health conditions (Shi et al., 2016). Lower-income populations are also
disproportionately affected as they tend to live in areas with higher pollution exposure

and have less access to healthcare services (Boyce, 2013).

Beyond its health consequences, air pollution has wide-ranging economic effects, particu-
larly in terms of labour productivity, absenteeism, and economic growth. A study by
Chang et al. (2019) demonstrated that high pollution levels significantly reduce worker
productivity, especially in outdoor jobs such as construction and agriculture. The authors
found that increasing PMa 5 concentration by 10 g/m? decreases worker productivity by

about 6%, which underscores the significant economic costs of pollution.

Similarly, Chen et al. (2020) explored how pollution affects cognitive performance, finding
that prolonged exposure to air pollutants impairs cognitive function, particularly in older
adults. This can hinder productivity in cognitive-intensive industries and exacerbate
economic inequality, especially in developing economies like China. Furthermore, Neidell
(2023) highlighted how pollution-induced health issues contribute to increased absen-
teeism, presenteeism (when employees are at work but underperform due to illness), and
healthcare costs. These factors cumulatively lead to lower overall economic output and

increased inequality as marginalised groups bear the brunt of these effects.

The relationship between air pollution and retirement decisions is complex and, at
times, contradictory. On one hand, the adverse health effects of long-term pollution
exposure often lead individuals to consider early retirement. Research by Maestas and
Zissimopoulos (2010) indicated that health shocks, such as those caused by chronic
respiratory or cardiovascular conditions — are significant predictors of early retirement.
This is particularly relevant for older workers, who may be more susceptible to pollution-

induced health deterioration.
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On the other hand, the economic strain caused by pollution-related illnesses may compel
individuals to delay retirement. Shen et al. (2021) noted that in regions with high
pollution, workers might feel compelled to prolong their working lives to compensate
for lost earnings or higher medical expenses. This creates a paradox: while health
deterioration suggests earlier retirement, financial necessity encourages individuals to
continue working despite declining health. Such conflicting incentives are particularly
pronounced in developing countries like China, where pension systems may not provide
sufficient income security for early retirees (Fang and Feng, 2018a). Thus, pollution creates
opposing forces in retirement decisions. On the one hand, deteriorating health encourages
early retirement, while on the other hand, financial insecurity pushes individuals to
delay it. Few studies have explored these dual effects of air pollution on retirement,

representing a significant gap in the literature.

The public health implications of air pollution in China have been extensively documented.
For instance, Huang et al. (2019) found that prolonged exposure to high pollution levels
in urban China has significantly reduced life expectancy, particularly in northern regions.
Ebenstein et al. (2017) also noted that Chinese residents in more polluted areas suffer
from higher rates of chronic illnesses and earlier mortality compared to those in cleaner

regions.

China’s ageing population adds another layer of complexity to the study of air pollution
and retirement. As the country faces increasing pressure to reform its pension system,
pollution-induced health issues among older workers could exacerbate financial strain
on the government. Chen et al. (2023) argued that pollution-driven early retirements,
combined with a rapidly ageing population, are likely to pose significant challenges to the
sustainability of China’s pension system. Therefore, understanding how pollution affects

retirement decisions is crucial for both labour policy and social security planning.
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4.3 Data

The individual and household data for this study are drawn from the China Health
and Retirement Longitudinal Study (CHARLS), a nationally representative longitudinal
survey focusing on Chinese adults aged 45 and above. CHARLS employs a four-stage,
stratified, random sampling method to ensure that the data are representative of the
Chinese population. CHARLS was initiated in 2011 and has conducted multiple biennial
waves of data collection, with its most recent wave providing data through 2020, covering
over 150 counties and 450 rural and urban committees with detailed demographic and
socioeconomic variables. The survey has been widely studied in a bunch of topics, such
as health status, physiological function, economic status, family structure, employment,
and subjective recognition. including those that are vital for controlling confounding
factors in the analysis. Therefore, CHARLS provides a suitable sample to study the
people nearing retirement age and retirees. Based on this survey, this paper constructed
a unique micro panel dataset to study the causality between air pollution and retirement

decisions.

4.3.1 Retirement Expectation Data

In the CHARLS 2011 to 2020, there is a longitudinal question:

“At what age do you plan to stop working? Stopping work in this context shall refer
to having stopped all income-related activities, unpaid family business, and having no

intention of engaging in anything more serious than small pastime work.”

This question covers different job types, including agricultural and non-agricultural
jobs, providing sufficient representativeness of data. The survey records the response of
individuals aged 45 and above to this question, and the answer is used as the dependent
variable to capture the expected age of retirement and the dynamic change in retirement

expectation.

In the Chinese context, the statutory retirement age is a weak proxy for actual labour force
participation due to both institutional constraints and behavioural diversity. First, the
official retirement ages—60 for men, 55 for female cadres, and 50 for female workers—are
low by global standards. As a result, many individuals continue working after retirement,
especially in the informal sector. In the CHARLS Sample, only 48% of individuals
aged 45 and above report some form of post-retirement economic activity, such as self-

employment, casual labour, or helping with family businesses.

Second, the retirement age is primarily binding in the public sector and among employees
in large state-owned enterprises. In the private sector and informal economy, where
nearly half of China’s urban employment now resides, retirement norms are more flexible.

Workers in these sectors often retire later than the statutory age or continue working
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without formal retirement at all. This sectoral discrepancy renders the official retirement

age less informative as an indicator of labour supply.

Third, for public-sector employees, retirement is mandatory once the statutory age is
reached, regardless of health status or personal willingness to remain employed. This
institutional rigidity makes actual retirement age an administratively imposed outcome

rather than a reflection of individuals’ preferences or constraints.

In contrast, expected retirement age serves as a forward-looking, subjective indicator
that better captures individuals’ labour supply intentions. It incorporates personal
assessments of work capacity, financial need, health risk, and job satisfaction. This
approach is particularly relevant in China’s dual-track labour market. Recent survey
evidence supports this view: a 2024 1ZA study finds that the average expected retirement
age among urban workers is 59.87 years — 61.03 for men and 57.17 for women, all above
statutory thresholds. Moreover, 50.6% of respondents reported plans to delay retirement,
and 15.9% intended to postpone retirement by at least five years due to financial or

family pressures (Liu et al., 2024).

This measure is especially relevant in China’s context of fragmented pension coverage. By
the end of 2020, the Urban Employees’ Basic Pension (UEBP) covered 500 million people,
while the Resident-based Basic Pension covered another 460 million—but the latter
provides only minimal income, and pension portability remains limited across regions
and sectors (Ministry of Human Resources and Social Security of the People’s Republic
of China, 2021). These institutional frictions make long-term retirement planning more

uncertain, especially for migrants and informal workers.

Therefore, this chapter uses expected retirement age as a more reliable measure of retire-
ment behaviour. It is particularly suitable for capturing the effect of air pollution, which
can alter perceptions of health risks and influence work-life planning, especially among

mobile or vulnerable populations not fully protected by formal retirement structures.

4.3.2 Air Pollution Data

To capture air pollution exposure, this study uses satellite-derived PMs 5 concentration
data provided by Washington University in St. Louis. PMs 5 — particulate matter
with a diameter of 2.5 micrometres or less — is widely regarded as one of the most
harmful air pollutants due to its ability to penetrate deep into the lungs and enter the
bloodstream, increasing the risk of respiratory and cardiovascular diseases (Brook et al.,
2010). It also serves as a key proxy for overall air quality, as it originates from various
anthropogenic sources such as industrial processes, vehicle emissions, and fossil fuel
combustion. Long-term exposure to PMs 5 has been linked to elevated risks of mortality
and chronic health conditions (Pope III and Dockery, 2006), making it particularly

relevant for studying long-term outcomes like retirement expectations.
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The PMjy 5 dataset integrates satellite observations (MODIS, VIIRS, MISR, SeaWiF'S)
processed using retrieval algorithms (Dark Target, Deep Blue, MAIAC), atmospheric
simulations from the GEOS-Chem model, and calibration with ground-based monitors
and AERONET data. A final statistical fusion yields high-resolution estimates of annual
PMs 5 concentrations at the city level across China, capturing both spatial and temporal

variation.

In this study, pollution exposure is assigned at the city level, where each individual
within the same city-year is assigned the same log PMs 5 value, regardless of their urban
or rural hukou status. This approach is consistent with the spatial resolution of the
pollution data and standard practice in the literature using satellite-based or city-level
administrative exposure measures. While this limits the ability to observe intra-city
variation, the city-wide average reflects integrated exposure across the full municipal
jurisdiction, including both urban districts and surrounding rural subregions. Given the
spatial resolution and integrated nature of the pollution data, this assignment approach
minimises systematic bias in estimated exposure between rural and urban residents

within the same city.

It is crucial to note that China’s urban-rural classification differs significantly from that
in Western contexts. In China, the distinction between rural and urban areas is primarily
based on administrative boundaries and household registration (hukou), not geographical
remoteness. Most rural residents live within the same administrative cities as urban
dwellers, often in close proximity to industrial clusters and traffic networks. Therefore,
rural and urban populations are typically exposed to similar environmental conditions
within a given city. The use of city-wide PMs 5 averages, rather than imposing differential

assignments, provides a consistent and policy-relevant measure of exposure.

Although this study does not model spatial heterogeneity in pollution within cities,
it focuses on behavioural and institutional heterogeneity in response to a common
environmental shock. In particular, the model allows for differential effects across urban
and rural resident groups that may vary significantly in terms of economic vulnerability,
healthcare access, and adaptive capacity, even when facing the same level of ambient

pollution.

4.3.3 Control Variables

In this paper, covariates cover individual, household, city characteristics and climate
data. For individuals and households, variables are from CHARLS, including age, gender,
education levels, job type, marital and health status, individual and household socioeco-
nomic characteristics, family structure and pension coverage. City characteristics, from
the China Yearbook, include the city’s economic development, employment market and

infrastructure levels, such as GDP per capita, unemployment rate, and the number of
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hospitals and industry wastewater discharges. Also, since weather is associated with
air pollution, the climate variables from the China Meteorological Administration are

included.

Table 4.1 reports the description of the variable, and Table 4.2 presents descriptive statis-
tics for the full sample and by urban-rural subsamples. The total sample includes 6,197
individuals aged 45 and above, with 2,582 urban and 3,615 rural residents. Significant

urban-—rural differences are observed across most variables.

On average, rural respondents report a substantially higher expected retirement age (65.7
years) than urban respondents (61.4 years), a gap of over four years that is statistically
significant at the 1% level. This may reflect limited pension coverage and financial

insecurity in rural areas, pushing individuals to plan for later retirement.

Individual-level characteristics also differ meaningfully across the two groups. Rural
residents are older (58.6 vs. 54.8), have more children (2.46 vs. 1.77), are less likely
to hold pensions (45.7% vs. 50.3%), and are more likely to engage in agricultural
work. Educational and health indicators (e.g., chronic illness) also vary, highlighting

socioeconomic disparities.

City-level variables show considerable heterogeneity but more moderate urban—rural gaps.
Rural respondents are associated with lower GDP per capita, lower average wages, and
weaker environmental infrastructure (e.g., lower wastewater discharge volumes), but only

minor differences in temperature or population density.

The average log air pollution level is 3.79. Since pollution exposure is measured at
the city level, all individuals within a city share the same PMs 5 value, regardless of
their urban or rural status. Therefore, no within-city variation in exposure exists across
urban and rural groups in this dataset. However, their behavioural responses to the
same pollution level may still differ, given disparities in health infrastructure, pension
access, and socioeconomic vulnerability. This modelling strategy enables us to isolate the
differential effects of a common environmental shock under different institutional and
socioeconomic conditions, a relevant dimension for policy targeting and cross-country

comparison.

These descriptive patterns underscore the importance of accounting for urban—rural
heterogeneity in the analysis of retirement expectations and pollution exposure. The
observed differences in socioeconomic characteristics and institutional access also support

the relevance of subgroup analysis in the empirical sections that follow.
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TABLE 4.1: Description of Variables

Variable

Description

Dependent variable
Expected retirement age
Interest variable

Ln Air Pollution
Control variables

- Individual level
Age

Male

Education level
Marital status

Rural region

The number of children
Chronic illness

Health insurance
Pension

Family size

Family expenditure
Agriculture work

- City level

Ln GDP per capita
Population density
Second industry share
Third industry share
The number of hospitals

Wastewater disposal capacity

- Weather Controls
Rainfall
Average temperature

At what age does individual plan to stop working?

Logarithm of the past five-year average PM2.5 before the survey year

The age of individual

The gender of individual (male=1, female=0)

Illiteracy / primary school/ Junior and Senior middle school /over college
Weather individual is married (Yes=1, No=0)

Weather individual work and lived in rural regions (Yes=1, No=0)
The number of alive children

Weather the individual has chronic illness (Yes=1, No=0)

Weather the individual has health insurance (Yes=1, No=0)
Weather the individual has pension (Yes=1, No=0)

The number of family members living together

The average expenditure of all family members per month (kRM B)
Whether the individual worked in agriculture (Yes=1, No=0)

Logarithm of GDP per capita

Population density (108 /km?)

The share of the second industry in GDP (%)

The share of the third industry in GDP (%)
Number of hospitals (k)

The capacity of wastewater disposal (106kg /year)

Annual average rainfall (mm)
Annual average temperature (°C)

Note: This table shows the description of all variables.
Source: CHARLS 2010, 2012, 2014, 2018, and 2020; CFPS 2014, 2016, and 2018;
China City Yearbook 1980-2020; WshU
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TABLE 4.2: Descriptive Statistics

Sample Overall Sample Urban Rural Rural vs. Urban

(1) (2) (3) (4)
Variable Mean SD Min Max Mean Mean t-test
Expected retirement age  63.87 6.748 50 100  61.36  65.66 -26.643***
Ln air pollution 3.79 0.358 2.7 4.5 3.797  3.791 0.703
Male 0.65 0.478 0 1 0.631  0.659 -2.238%%*
Age 57.00 7.363 45 80 54.80  58.58 -21.191%**
Age2/100 33.03 8.723 20 64 30.43  34.89 -21.244%**
Marital status 0.94 0.234 0 1 0.953 0.934 3.283%%*
Hukou 0.71 0.452 0 1 0.437  0.913 -43.867***
Agricultural work 1.41 0.492 1 2 1.707  1.198 45.643%**
No. of children 2.17 1.126 0 10 1.774  2.461 -25.541%**
Chronic illness 0.72 0.449 0 1 0.699 0.737 -3.289%**
Health insurance 0.97 0.181 0 1 0.963  0.968 -0.996
Own pension 0.48 0.499 0 1 0.503  0.457 3.563***
Family size 3.10 1.471 1 11 3.126  3.080 1.246
Family expenditure 1.43 2.237 0.012 84 1.852  1.135 11.404%**
Ln GDP per capita 10.61 0.566 8.6 12 10.75  10.51 16.87T7+**
Second industry share 45.82 9.430 12 72 45.85  45.79 0.244
Third industry share 40.77 9.000 20 72 42.27  39.70 10.990***
Ln urban wage 10.82 0.357 9.8 12 10.84 10.80 5.155***
Unemployment rate 3.11 0.748 1.2 4.5 3.093 3.123 -1.536
Ln population density 5.84 0.970 2.3 7.7 5.856  5.820 1.467
No. of hospitals 202.80  150.986 29 1175 205.9  200.6 1.364
Wastewater discharge 6615.11 8078.544 132 96501 7753 5802 9.349%**
Average Rainfall 0.96 0.475 0.15 2.5 0.975 0.948 2.141**
Average Temperature 14.05 4.675 -1.2 24 14.04 14.05 -0.0880
N 6197 2582 3615

Note: This table reports the descriptive statistics of all variables. Column (1) is the
overall sample, including mean, standard deviation, minimum and maximum
observations. Columns (2) and (3) are urban and rural subsamples respectively. Column
(4) is the t-test for the urban-rural difference.
Source: CHARLS 2010, 2012, 2014, 2018, and 2020; China City Yearbook 1980-2020;

NASA; WshU 2022
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4.4 Methodology

4.4.1 Empirical Specification

This study employs two models to investigate the impact of air pollution on retirement
expectations: a panel data model for long-term effects and a cross-sectional model for

short-term adjustments to pollution shocks.

4.4.1.1 Long-term Exposure and Expectation

According to CHARLS 2011 to 2020 merging with air pollution data, this paper con-
structed the unbalanced panel data. To examine the effect of air pollution on the expected

retirement age of individual ¢ in city ¢ in year ¢, the model is as below:

Expected Retirement Age; ., = o + 51 1n (Air Pollutioni,m,g,) + Xfm_lﬁ

)

(4.1)

Where:

e In (Air Pollution,;’cm_g)) is the logarithm of the average PMs 5 concentration over
the past five years, i.e., from year t — 5 to ¢t. This approach better captures long-
term effects and reduces measurement error from short-term volatility caused by

single-year outliers.

o X represents individual/household-level covariates, which provide demographic
background, including age, gender, marital status, education levels, rural residence,
and whether the individual has a chronic illness, pension, health insurance, family

size, the number of children, and family expenditure.

e 7 denotes city-level control variables, reflecting the city’s economic and infras-
tructure conditions, such as the logarithm of GDP per capita, population density,
the share of the second and third industries, wastewater discharge capacity, the
number of hospitals or clinics, and climate factors like rainfall and temperature.
All city-level controls are lagged by one year to capture delayed effects and account

for sufficient exposure to the objective group.

* 4, Ue, Vp, age, and A, ; represent fixed effects for individual, city, province, time
trend, age cohort, and province-by-year interactions, respectively. ¢;; is the error

term.
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4.4.1.2 Dynamic Shock and Expectation Adjustment

Furthermore, this paper also examines the impact of dynamic changes in air pollution
on adjustments to retirement expectations. Using data from CHARLS, I construct a
cross-sectional and Panel dataset. First, based on the first difference, I obtained the
difference in air pollution and retirement expectation age between the two rounds of the
longitudinal survey. Second, the change in PMs 5 concentration is used as a proxy for the
shock of air pollution. This approach allows us to examine how individuals’ expectations

dynamically change in response to air pollution shocks.

Unlike Equation 4.1, which examines long-term effects, Equation 4.2 captures both macro
and micro shocks by applying differencing to both individual- and city-level variables.
This approach assumes that city-level changes, such as fluctuations in pollution levels or
economic conditions, serve as external shocks affecting all residents, while individual-level
changes, such as shifts in marital status or employment, reflect personal economic and
social shocks (Ebenstein et al., 2017; Neidell, 2023).

By differencing both levels of variables, this methodology removes time-invariant un-
observed heterogeneity, allowing for a more precise identification of how short-term
economic and environmental fluctuations shape retirement expectations (Wooldridge,
2010). This approach ensures that broad external changes are captured while isolating
individual-level behavioural adjustments, making it well-suited for studies analysing
external shocks and their heterogeneous effects on retirement decisions (Deschénes and
Greenstone, 2011; Graff Zivin and Neidell, 2013).

Hence, I apply repeated cross-section data to examine the effect of dynamic pollution

shocks on individual ¢ in yeart in city c is specified as:

AExpected Retirement Age; ., = (o + S1A In (Air Pollution;) 4 X3

(4.2)
+ AZ,CG + ve+ Tp + eage + €

Where:
o In (Air Pollution;) is the logarithm of the average PMy 5 concentration change over
the past five years.
e X represents individual and family-level covariates.

e AZ denotes the change in city-level covariates over the past five years to capture

macroeconomic shocks.
e 0age controls for differences across age cohorts.

e ¢; is the error term.
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Also, despite the limited sample size in my first-difference model, I still estimate the

fixed effects model based on Equation 4.2 for comparison, as follows:

Expected Retirement Age; ., = fo 4 81 In (Air Pollution; ;) + X; . ;3

/ (4.3)
+Z. 0+ pitvetypt+Ateict

4.4.2 Identification

The identification strategy in this study leverages instrumental variables (IV) to account
for the potential endogeneity between air pollution and retirement expectations. This
suggests that pollution exposure might be endogenous, as individuals may move to less
polluted areas due to declining health or other factors, causing reverse causality. For
the long-run effect of air pollution, thermal inversion is applied. Thermal inversions are
meteorological events that trap pollutants near the ground, leading to exogenous variations
in pollution levels that are independent of human actions or local policies (Deschénes and
Greenstone, 2011). Since these inversions affect pollution but not retirement decisions
directly, they serve as a valid instrument for identifying the causal impact of long-term
pollution exposure on retirement planning. By using this IV approach and lagging
city-level variables to control for confounding factors, the analysis isolates the effect of
pollution on expected retirement age. This approach has been applied successfully in
studies examining environmental impacts on health and economic behaviour (Deschenes
et al., 2020; Lavy et al., 2012), ensuring robust estimation of the causal relationship

between air quality and retirement decisions.

Furthermore, since thermal inversion data is recorded four times per day, its limited
variation primarily captures long-run effects but is relatively insufficient for capturing
short-term fluctuations and dynamic shocks. Therefore, I employ the ventilation coefficient
(VC) as an instrumental variable to address potential reverse causality. The VC measures
ventilation strength; a higher VC facilitates pollutant dispersion, results in cleaner air,

and is widely used as an indicator in pollution studies, as discussed in Section 4.6.

Figure 4.1 presents the exclusion restriction check for both instrumental variables.
Subfigure 1a illustrates the correlation between the IVs and national GDP, while Subfigure
1b shows the relationship between the distribution of retirement timing in the sample
over the year and the IVs. Neither subfigure indicates a strong or significant correlation
between the I'Vs and economic development, nor do they show any significant correlation
between thermal inversion or ventilation coefficient and the distribution of retirement

years.

Another identification threat is the potential selection bias from unbalanced panel data.
In this case, individuals who leave the sample (missing in the following survey waves) may

be due to deteriorating health, migration to different cities, or changes the employment
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status, raising selection bias. Table 4.12 shows the Heckman selection test to correct the
selection bias. The insignificant inverse Mills ratio documents that selection bias is not a

strong and main endogeneity problem.
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GDP per capita, Thermal Inversion Days and Ventilation Coefficient
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FIGURE 4.1: The Time Trend of Thermal Inversions Accumulated Days,
Frequency of Retirement and Economic Development

Note: Subfigure (A) illustrates the relationship between the national average thermal
inversion days, ventilation coefficients, and national GDP per capita over the years. The
lack of a strong correlation between instrumental variables and GDP per capita suggests
that thermal inversion phenomena and ventilation coefficients are largely independent of
economic development.
Subfigure (B) presents the distribution of retirement flows in the sample alongside the
average thermal inversion days and ventilation coefficients. Interestingly, no discernible
pattern emerges to indicate a strong relationship between retirement behaviour and
either thermal inversion days or ventilation coefficients.
Thermal inversion days and ventilation coefficients are normalised in all figures.

Source: CHARLS, NASA, WshU, China City Yearbook.
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4.5 Empirical Results

4.5.1 Long-run Air Pollution Effect

Table 4.3 presents the long-run effect of air pollution on retirement expectations. Columns
(1) to (3) report estimates from the fixed effects model. However, there may still be
concerns about endogeneity, such as reverse causality or unobserved factors influencing
both pollution exposure and retirement decisions. Columns (4) to (6) show 2SLS results
with the instrumental variable - cubic transformation of thermal inversion days to address
this and ensure a valid causal relationship. Both approaches provide results for the
overall sample as well as for urban and rural subsamples. Fixed effects for individuals,
provinces, years, age cohorts, and province-by-year interactions are included to ensure

robust results, controlling for both time-invariant and regional heterogeneity.

The OLS results (columns (1) to (3)) indicate that increasing air pollution is significantly
associated with a reduction in the expected retirement age, supporting the notion that
long-term pollution exposure accelerates retirement planning. Specifically, a 1% increase
in PMs 5 concentration leads to a 0.121-year reduction (approximately 1.45 months) in
expected retirement age for the overall sample, 0.111 years (1.33 months) for urban
residents, and 0.2 years (2.4 months) for rural residents, all significant at the 1% level.
These findings align with prior research and further support the notion that air pollution
plays a critical role in shaping retirement decisions, particularly in rural areas where
health impacts may be more severe and healthcare resources more limited (Chen et al.,
2013b; Ebenstein et al., 2015).

The 2SLS estimates (columns (4) to (6)) suggest an even stronger negative effect of
long-run air pollution exposure on retirement expectations after addressing potential
reverse causality. A 1% increase in air pollution is associated with a reduction of 0.426
years (5.12 months) in expected retirement age for the overall sample, 0.371 years (4.45
months) for urban areas, and a much larger reduction of 0.753 years (9.03 months) for
rural areas, all statistically significant at the 1% level. These findings suggest that while
air pollution significantly reduces expected retirement age across all groups, the effect is
most pronounced in rural areas, likely due to higher exposure levels and lower healthcare

accessibility.

Figure 4.2 illustrates the reductions in expected retirement age associated with varying
levels of air pollution. Subfigure (a) presents fitted lines and patterns for high- and
low-pollution cities, categorised according to the air quality index from the China
Meteorological Administration. The steeper slope for high-pollution cities suggests that
people living in these areas are more sensitive to air pollution in terms of retirement
expectations. Subfigure (b) depicts the reactions of urban and rural residents to air

pollution, showing that rural residents exhibit a more pronounced aversion to air pollution.
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TABLE 4.3: The Effect of Long-run Exposure to Air Pollution on Expected
Retirement Age

Dependent Variable Expected Retirement Age
Method Fixed Effect Fixed Effect + 2SLS
Sample Overall Urban Rural Overall Urban Rural
(1) (2) 3) (4) (5) (6)
In Air Pollution -12.102%*%%  _11.082%**  _20.031*** -42.585%F*  _37.083***  _75.300***
(2.984) (3.014) (5.471) (12.882) (10.384) (21.792)
Fixed Individual Yes Yes Yes Yes Yes Yes
Fixed City Yes Yes Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes Yes Yes
Fixed Cohort Yes Yes Yes Yes Yes Yes
Fixed Year*Province Yes Yes Yes Yes Yes Yes
K-P F-statistic 12.16 19.64 16.99
R2 0.848 0.848 0.829
N 6128 2540 3588 6128 2540 3588

Note: This table reports the long-run air pollution exposure effect based on OLS
baseline results and 2SLS results: the dependent variable is the expected retirement age.
Both Panels report estimates based on log-transformed air pollution levels, where
columns (1) to (3) and (4) to (6) present results for the overall sample, urban subsample,
and rural subsample, respectively.

logarithm of PMy 5 concentration is instrumented by the 5-year average annual thermal
inversion days. The fixed effects models control for individual, province, year, cohort,
and year-province interaction terms to account for unobserved heterogeneity at both the
individual and regional levels.

The city-level clustering robust standard errors are in parentheses; *** ** * represent
the level of significance at 1%, 5% and 10% respectively.

Source: CHARLS 2011-2020, NASA, WshU, China City Yearbook
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FIGURE 4.2: The Predicted Value against Pollution Level

Note: This figure includes two subfigures: Subfigure (a) shows the predicted value
and pollution by high- and low-polluted cities; Subfigure (b) shows the predicted value
and pollution by rural and urban areas. All figures illustrate the relationship between
the predicted retirement effect and air pollution by regions. In (a), the high-polluted
individuals show a higher sensitivity to air pollution than the low-polluted individuals.
The differing slopes of the lines in (b) indicate that air pollution has a greater impact on
rural individuals compared to urban ones.

Source: CHARLS, NASA, WshU, China City Yearbook.
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4.5.2 Short-run Dynamic Pollution Shock Effect

Tables 4.4 and 4.5 present the estimated effects of air pollution on changes in expected
retirement age using Pooled OLS and 2SLS models for both 2-year and 5-year gaps,
with results reported separately for the overall, urban, and rural samples. The Pooled
OLS estimates reveal a significant negative relationship between pollution and expected

retirement age, with the effects strengthening over time.

In the 2-year gap analysis, a 10% increase in air pollution reduces expected retirement age

by 70 064 x 365 = 2.3 days for the overall sample, with a stronger effect in urban areas

=0. 088
(=10

days), significant at the 5% level. The 5-year gap analysis suggests an accumulation of

x 365 = 3.2 days) and an even larger reduction in rural areas (_01'520 x 365 = 4.4

the effect, where a 10% increase in pollution is associated with a _01315 X 365 = 7.8-day

reduction overall, with a particularly strong effect in urban areas ( 01315 x 365 = 11.5

days). These findings indicate that air pollution exerts both immediate and cumulative

pressures on retirement planning.

The 2SLS estimates, which address potential endogeneity using the ventilation coefficient
as an instrument, suggest that Pooled OLS may have underestimated the true impact
of pollution. The IV estimates for the 2-year gap show a substantially larger reduction
in retirement age, with a 10% increase in air pollution leading to an estimated decline
of _01'885 x 365 = 21.4 days overall and an even stronger effect of 1 037 x 365 = 37.9
days in rural areas. The 5-year gap IV estimates remain large, with pollutlon—reducmg
retirement age by _0 619 x 365 = 22.6 days overall, and _1 086 X 365 = 39.6 days in rural

areas. The larger IV coefficients suggest that omitted Varlable bias or measurement

error may have led to downward-biased OLS estimates. The first-stage Kleibergen-Paap
F-statistics, ranging from 10.43 to 20.99, indicate that the instrument is sufficiently

strong, reducing concerns about weak instrument bias.

Taken together, these findings indicate that pollution not only triggers short-term
adjustments in retirement expectations but also exerts an accumulating effect over time,
reinforcing early retirement decisions. The stronger impact in rural areas suggests that
limited access to healthcare and heightened exposure to pollution exacerbate the effect,
necessitating targeted policy interventions. The significant difference between OLS and
IV estimates underscores the importance of addressing endogeneity when evaluating
pollution’s labour market consequences. These results highlight the need for both short-
term pollution control measures and long-term mitigation strategies to alleviate the

economic burden of premature retirement induced by environmental degradation.
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TABLE 4.4: The Short-Run Dynamic Effect of Air Pollution on Expected Retirement
Age - Pooled OLS Results

Dependent Variable Change in Expected Retirement Age
Method 2-year Shock 5-year Shock
Samples Overall Urban Rural Overall Urban Rural
(1) (2) (3) (4) (5) (6)
A In air pollution -0.064* -0.088*% -0.120** -0.121%FF _0.215%F*  _0.176%**
(0.033) (0.051) (0.051) (0.041) (0.064) (0.057)
Covariates Included Yes Yes Yes Yes Yes Yes
Fixed City Yes Yes Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes Yes Yes
Fixed Cohort Yes Yes Yes Yes Yes Yes
Fixed Year x Province Yes Yes Yes Yes Yes Yes
N 2384 1091 1288 1512 680 832
R? 0.097 0.159 0.133 0.112 0.151 0.158

Note: The dependent variable is the change in expected retirement age. The interest
variable is the annual average PMjy 5 concentration difference between different waves.
Robust standard errors clustered at the city level are in parentheses. *** ** and *
indicate significance at the 1%, 5%, and 10% levels, respectively.

Source: CHARLS 2011-2020, NASA, WshU, China City Yearbook.
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TABLE 4.5: The Short-Run Dynamic Effect of Air Pollution on Expected Retirement
Age - 25LS Results

Dependent Variable Change in Expected Retirement Age
Method 2-year Shock 5-year Shock
Samples Overall Urban Rural Overall Urban Rural
(1) 2) (3) (4) (5) (6)
A In air pollution -0.585***  _0.580***  -1.040%** -0.426***  -0.797***  -.0.909***
(0.191)  (0.177)  (0.353) (1.392)  (2.692)  (2.613)
Covariates Included Yes Yes Yes Yes Yes Yes
Fixed City Yes Yes Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes Yes Yes
Fixed Cohort Yes Yes Yes Yes Yes Yes
Fixed Year x Province Yes Yes Yes Yes Yes Yes
K-P F-statistic 15.34 18.48 10.43 20.99 13.75 17.83
N 2384 1091 1288 1512 680 832

Note: The dependent variable is the change in expected retirement age. The interest
variable, the annual average PMs 5 concentration difference between different waves, is
instrumented by the corresponding ventilation coefficient difference. All covariates are
first-differenced. Robust standard errors clustered at the city level are in parentheses.
ok k% and * indicate significance at the 1%, 5%, and 10% levels, respectively.
Source: CHARLS 2011-2020, NASA, WshU, China City Yearbook.
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4.5.3 Channel Analysis

This paper also checks the potential channels influencing the effect of air pollution on
retirement expectations. Specifically, I induce the four channels and their interaction

terms with air pollution. The model is as below:

Expected Retirement Age; ., = o + 51 1n (Air Pollutioni7t7t_5)

(2
+ f Channel . + 5 Channel; . x In (Air Pollution; ;5 )
+ Xi 1B+ Z 0+ i 4 p + Oage + At + i
(4.4)
Where, apart from the same variables as Equation 4.1, Channel is the potential channel
exogenous variable including family network, green infrastructure, social capital (knowl-

edge spillover), and social welfare level:

e To capture the strength of the family network of individuals, I checked if they
could receive money from their children and coded Yes as 1, and No as 0, covering
individuals’ comprehensive network in financial situation, feeding burden and family

ties.

o The wastewater disposal rate captures green infrastructure because the wastewater
disposal rate is not significantly associated with air pollution and precisely reflects
a region’s actual infrastructure level and disposal capacity, which is a long-run and

consistent indicator.

e For social capital, the number of books in public libraries per hundred persons is
used as an indicator. This measure aims to capture the spillover effect of knowledge
(social capital) on residents, particularly regarding pollution awareness and green
lifestyles, by emphasising the role of public libraries as a vital form of social capital.
Libraries offer shared access to educational resources, enhancing community-level
knowledge about environmental issues and sustainable practices. As repositories of
information and interaction hubs, they foster knowledge transfer and social learning,

enabling residents to make informed decisions about eco-friendly behaviours.

This aligns with the concept of social capital discussed in economic literature, where
institutions that promote trust and cooperation contribute to collective well-being
(Ferguson, 2012; Varheim et al., 2008). Moreover, recent research underscores that
knowledge spillovers significantly influence societal outcomes, including environmen-
tal behaviours (Liang and Goetz, 2018). By democratizing access to information,
libraries act as catalysts for building informed, environmentally conscious com-
munities while encouraging greener lifestyles and reducing pollution. Thus, the

indicator of books per hundred persons reflects not only access to knowledge but
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also the broader societal impacts fostered by public libraries as key contributors to

social capital.

e Additionally, although I control the individuals’ insurance status, the insurance
coverage and investment in different regions are due to the government’s financial
status. Hence, the number of insured persons is used to capture the regional

macro-insurance development level and insurance scale.

Table 4.6 represents the channel analysis results based on Equation 4.4. Columns (1) to
(4) are family support, green infrastructure, knowledge spillover and capital and social
welfare, respectively. Since our interest is the role of such channels in air pollution’s
effect on individuals’ retirement expectations, the coeflicients of interaction terms imply

the substitute and complementary relationship between air pollution and channels.

The positive and significant in column (1), indicates that the stronger family network
moderates the negative impact of pollution on retirement age. This finding is consistent
with studies that show financial stability through family or otherwise allows individuals
more freedom to avoid high-pollution or hazardous conditions, with more methods
to avoid negative work and life conditions (Sun et al., 2019). In other words, family
support provides a buffer that diminishes the worries of continuing to work under adverse

environmental conditions.

In column (2), the green infrastructure mitigates the adverse effects of pollution on
the expected retirement age. This finding is consistent with Kumar et al. (2019) — the

high-quality green infrastructure could efficiently reduce the threats of air pollution.

The interaction between knowledge spillover and air pollution in column (3) suggests
that the book numbers in libraries reduce the negative impact of pollution. The libraries,
as one source of social capital, could facilitate awareness and adaptation to pollution
risks, allowing individuals to adopt avoidance strategies that reduce pollution’s impact
on retirement age expectations. This is in line with the concept of knowledge spillover,
where regions with greater access to information resources enable individuals to make

more informed, more objective and useful methods to avoid the health issue (Hawe and
Shiell, 2000; Parker and Kreps, 2005).

However, the negative interaction coefficient indicates that higher standards/scale of
social welfare amplify the negative impact of pollution on retirement age. Individuals
with access to better social support may feel financially secure enough to retire early when
faced with high pollution levels. This phenomenon is consistent with studies highlighting
that social safety nets can enable earlier retirement in response to adverse environmental
conditions, as individuals are less reliant on continued employment for financial stability
(Xie et al., 2023).
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4.5.4 Heterogeneity Analysis

This section explores the heterogeneity in the impact of air pollution on expected
retirement age across demographic and socioeconomic groups, distinguishing between
short-run dynamic shocks and long-run cumulative exposure. The long-run analysis
considers sustained increases in PMj 5, revealing how persistent pollution exacerbates
vulnerabilities over time. The short-run analysis focuses on recent changes in air pollution
(A ln PMg 5 over the past five years), shedding light on individuals’ immediate adjustments

to sudden environmental shocks.

4.5.4.1 Heterogeneity Analysis in the Long-run Exposure to Air Pollution
Demographics— Gender, Age Education

Firstly, this paper checks the heterogeneity by demographic characteristics. Table 4.7
shows the results across gender, age, and education from columns (1) to (6). Since gender
differences are critical in understanding the labour market’s response to environmental
hazards, columns (1) and (2) show the male and female reactions to air pollution. Women
experience a larger reduction in expected retirement age due to a 1% increase in PMg 5
(-0.70 years) compared to men (-0.33 years). While men are typically employed in more
pollution-intensive jobs, women may be more vulnerable to the health effects of pollution

due to differences in biological sensitivity and access to healthcare (Neidell, 2023).

Another crucial factor is age. While the sample focuses on ages over 45, the sensitivity
to air pollution of groups closer to retirement age may be different. Hence, the overall
sample is split into two subsamples based on the 55-age line, the legal retirement age
in China. Younger workers (age < 55) exhibit a sharper decline in expected retirement
age with a 1% increase in PMsg 5 (-0.57 years). Younger individuals are more likely to
anticipate future health declines and adjust their retirement plans accordingly. However,
older workers (age > 55) show an insignificant and smaller reduction (-0.29 years), as

they are closer to retirement and less concerned with long-term health deterioration.

For different education levels, the sample is split into low schooling (primary school and
below) and high schooling (secondary school and above). Workers with lower education
levels experience a more significant reduction in expected retirement age, around 0.62
years in response to a 1% increase in PMs 5. In contrast, individuals with higher education
face a smaller and insignificant decline, around 0.28 years. This difference is likely due
to the probability of exposure to manual labour and outdoor work. The highly educated
group faces safer environments and has greater access to healthcare compared to the less

educated group.
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Socioeconomic— Hukou, Occupation, Pension, and Income

While this paper has split the rural and urban samples, the hukou status is often not
consistent with residential addresses. Since hukou is the most significant threshold
to access health care and other welfare resources, this paper also checks the hukou
status. In Table 4.8 columns (1) and (2), rural hukou holders see a larger and more
significant reduction in expected retirement age of 0.54 years compared to urban residents
(insignificant 0.17 years). Again, the hukou system leads to significant disparities in

access to healthcare and infrastructure between different groups.

Alternatively, occupations are highly associated with exposure to air pollution. Columns
(3) and (4) in Table 4.8 show that agricultural workers are more sensitive to air pollution
(0.57 years reduction) than non-agricultural workers (0.46 years), although both groups’
reactions are 5% significant. In other words, the agricultural worker is more vulnerable

in outdoor work conditions.

For financial status, columns (5) to (6) show the roles of pension and income in retirement
plans. Pension coverage serves as a key buffer against the financial and health shocks
associated with pollution — the individuals owning pensions (contribute and receive)
are not as sensitive as the group without (insignificant -0.04 vs. 1% significant -0.62).
Similarly, as a well-established determinant of health resilience, higher-income individuals
have greater access to healthcare and protective resources. Hence, according to the
average expenditure level, the low-income group shows a higher sensitivity to air pollution
with a 10% significant 0.58 years of reduction, approximately double that high-income
group with 0.33 years. Figure 4.3 shows the heterogeneity analysis based on the above

analysis.



153

4.5. Empirical Results

ooqreax d1sTIRIg A1) euYD ‘NUYSM VSVN ‘0202-110¢ STUVHD 924n0g
"AToA1100dsor ‘90T PU® ‘%G ‘04T 18 S[OAS] 0URIYIUSIS JUoSIdor o ‘Lo ‘4. "SOSOYIUOIRd UI IR SIOLIO PIRPURIS 1SNOI SULIOISNO YT,
"STOAS[ STOOUI PUR ‘SUOIINLIJU0D UoIsuad ‘wo1pednooo MNON SUIPN[OUL ‘SOLI0GI)RD JTUIOU0I0IN0S A( A}QUSG0I019Y o) sjuasaidel a[qe) SIY ], 910N

8¥0€ 080€ avey €8LT [q4ye v0.LE 0991 vory N
SOX SOX SOA SOX SOx Sox SOX Sox 9OUIAOLJ X IBIX POXIq
SOA SOA SOA SOX SOA SOA SOX SOX 11070)) POXIq
SOX SOX SOA SOX SOA SOA SOX SOX IBOX POXI
SOX SOX SOX SOX SOA SOA SOX SO 9OUTAOI] POXI]
SOX SOX SOX SOX SOX SOX SOX SOX £910) poxIg
Sox Sox Sox Sox Sox SOA SOX SOX [BNPIATPU] POXIq
Sox SOA SOA SOx Sox Sox SO SO popNOU] SojRLIRAO))

(esyy1)  (reeog)  (119°02)  (2L80¢) (06L°LT) (668°cz)  (L6c21)  (T9VLT)
%%Omﬂ.mmu V_Amm:wmu ***Nmm.ﬁ©| Y86~ *%Oﬁ@.@aﬁ V_C_Aﬁoﬂw.m\mu 991°L1- V_C_C_AHDOMmF QOSSEOQ Ire ur
(8) (2) (9) (9) () (€) () (1)
y3Stg \Nelg| ON SOx QINYNOLISR-UON OINYMOLISY  UeqIf) [eIny o[duresqng
Rleienlig| UOISUDJ 0} 9NLIJUO)) uoryednoo() NONNH £10897€0) OTIWOU0I0100G
98y JuowaIey pajoadxry o[qeLIeA juopuada(]

awrodu] 7y uolsusd ‘uoryednod() ‘NoNE — IIUWIOUO0IIO0IN0G Aq A OU80I919H 8§ ATAV],



Chapter 4. “Breathing Easy, Retiring Farly?” Effects of Air Pollution on Retirement

154 Age Expectations: Evidence from China
Male | ¥ Point Estimates
1 95% Cl
Female |-+ % + 90% Cl
Age =55+
Age >55

Low schooling

High schooling

Rural | it
Urban |
Agricultural job |
Non-agricultural job o ———
Contribute to Pension: Yes| ]
Contribute to Pension: No | E
Low Income i
High Income I——x—-|i
15 -0 5 0 5

Reduction of Retirement Age Expectation (Months)

FIGURE 4.3: Heterogeneity Analysis of Long-run Exposure to Air Pollution
Note: This figure shows the heterogeneity analysis by demographic (gender, age, and
education), and socioeconomic (hukou, occupation, pension, and income). The plots are
standardized coefficients showing 90% and 95% confidence interval
Source: CHARLS, NASA, WshU, China City Yearbook
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4.5.4.2 Heterogeneity Analysis in the Short-run Shock of Air Pollution

Tables 4.9 and 4.10 present the heterogeneous effects of short-run air pollution shocks on
expected retirement age using two-year and five-year differencing approaches, respectively.
Figures 4.4 and 4.5 are corresponding visualisations of heterogeneity results. The
subsample analysis examines differences across age, education, occupation, pension
contribution status, and income levels. While the general patterns remain consistent,
notable differences arise in the magnitude and significance of estimated effects, suggesting

that responses to pollution shocks vary across demographic and socioeconomic groups.

The results from the two-year differencing model in Table 4.9 indicate that younger
individuals (< 55 years) exhibit a stronger response to pollution shocks compared to
older individuals. A 10% increase in PMs 5 concentration is associated with a 0.163-year
(59.5-day) reduction in expected retirement age (p < 0.1) for younger individuals, while
the estimated effect for those above 55 years is smaller and statistically insignificant. This
suggests that younger workers may adjust their retirement expectations more readily
in response to short-run pollution variations, whereas older workers, who are closer to

actual retirement, may be less responsive to short-term environmental changes.

Education-based heterogeneity is not evident in the two-year model, as neither low nor
high schooling subsamples show significant effects. Similarly, differences based on income
level are minimal, with no statistically significant responses observed in either the low-
income or high-income groups. However, occupational disparities emerge, as agricultural
workers experience a significant reduction in expected retirement age of 0.079 years (28.8
days, p < 0.1), while non-agricultural workers do not exhibit a statistically significant
response. This suggests that pollution-related health impacts may be more immediate
for those engaged in physically demanding outdoor labour. Pension contribution status
also appears to influence responsiveness to pollution, with non-contributors experiencing
a much stronger, though imprecisely estimated, reduction in expected retirement age
(0.310 years, or 113 days). The larger effect for those without pension contributions
could reflect greater financial insecurity, making them more sensitive to pollution-induced

health shocks that accelerate labour market exit.

Extending the time window to five years, the results in Table 4.10 provide a more
stable and precise measure of the impact of air pollution on retirement expectations.
The response among older individuals (> 55 years) becomes more pronounced, with a
0.203-year (74.2-day) reduction in expected retirement age (p < 0.05), while the effect
on younger individuals declines to 0.097 years (35.4 days, p < 0.1). This shift suggests
that while younger individuals react immediately to pollution, older individuals adjust
their retirement expectations more gradually over time. Education-based differences
also become clearer in the five-year model, as less-educated individuals experience a
significant reduction in expected retirement age of 0.072 years (26.3 days, p < 0.05),

while highly educated individuals remain largely unaffected. This aligns with previous
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findings suggesting that higher education enhances adaptability to environmental and
economic shocks, possibly through better health awareness, financial planning, or job

security.

Occupational differences are more pronounced in the five-year model, with non-agricultural
workers showing a larger response (0.074 years ~ 27 days, p < 0.01), which was not
significant in the two-year model. This suggests that while pollution may immediately
affect the health and retirement expectations of agricultural workers, urban workers
experience a more gradual impact, potentially due to cumulative exposure in office-based
environments or differences in healthcare access. The influence of pension contribution
status remains consistent with the two-year results, as non-contributors experience a
stronger reduction in expected retirement age, reinforcing the idea that individuals with

weaker financial security are more vulnerable to environmental health risks.

Income-based heterogeneity becomes more apparent in the five-year model, where high-
income individuals exhibit a stronger response (0.063 years ~ 23 days, p < 0.01), while
low-income individuals show no significant adjustment. This finding contradicts the
common assumption that lower-income workers are more vulnerable to environmental
shocks. A possible explanation is that low-income workers, despite experiencing greater
health burdens, may lack the financial flexibility to adjust their retirement expectations,
whereas higher-income workers, who can afford early retirement, react more strongly to

pollution exposure.

Comparing the two time windows, the five-year differencing approach yields more stable
and significant estimates, particularly among older individuals, less-educated workers,
and non-agricultural occupations. The results suggest that pollution-induced retirement
adjustments are gradual rather than immediate, and their effects vary significantly across
different socioeconomic groups. The stronger response in the five-year model highlights
the importance of considering longer-term adaptation mechanisms when assessing the

economic consequences of environmental hazards.
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FIGURE 4.4: Heterogeneity Analysis of Short-run Shock of Air Pollution
(2-year gap)
Note: This figure shows the heterogeneity analysis of Short-run Shock (2-year Gap) of
Air Pollution. The plots are standardized coefficients showing 90% and 95% confidence
interval

Source: CHARLS, NASA, WshU, China City Yearbook
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FIGURE 4.5: Heterogeneity Analysis of Short-run Shock of Air Pollution
(5-year gap)
Note: This figure shows the heterogeneity analysis of Short-run Shock (5-year gap) of
Air Pollution. The plots are standardized coefficients showing 90% and 95% confidence
interval

Source: CHARLS, NASA, WshU, China City Yearbook
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TABLE 4.10: Heterogeneity of Short-run Dynamic Shock of Air Pollution (5-year Difference)

Dependent variable

Change of Expected Retirement Age

Subsample Age Education Occupation Contribute to Pension Income
<55 >55 Low schooling High schooling Agriculture Non-agriculture Yes No Low High
(1) (2) (3) (4) (5) (6) (7) (8) 9) (10)
In air pollution -0.973*%  -0.290** -0.724** -0.247 -0.385%* -0.743%** -0.325%* -0.955%* -0.276  -0.629%**
(0.553)  (0.135) (0.303) (0.183) (0.182) (0.227) (0.182) (0.380) (0.190) (0.212)
Covariates Included Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Cohort Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Year x Province Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 503 1007 350 877 811 699 1050 460 755 756

Note: This table represents the heterogeneity of the short-term dynamic shock (5-year time window) of air pollution.

The clustering robust standard errors are in parentheses;

kkk o okx ok
’ ’

Source: CHARLS 2011-2020, NASA, WshU, China City Yearbook

represent the level of significance at 1%,5% and 10% respectively.
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4.6 Robustness Check

4.6.1 Exclusive Restriction Check

To ensure the exclusive restriction makes sense, check the relationship between economic
development and thermal inversion, and the correlation between the actual retirement age
distribution of retirees in our sample and thermal inversion. Figure 4.1 shows the check
for exclusive restriction. No matter the economic level, or retirement flow distribution is

not associated with thermal inversion days, and exclusive restriction is not violated.

4.6.2 Short-Run Effect Check

To ensure the robustness of our findings, we employ an individual fixed effects (FE)
model as a robustness check. While our main analysis relies on pooled OLS and 2SLS to
estimate the short-run (2-year) and long-run (5-year) effects of air pollution on retirement
expectations, the inclusion of individual FE helps control for time-invariant unobserved
heterogeneity, such as inherent health conditions, risk preferences, or work motivations.
However, using FE in the main analysis is not ideal due to the significant reduction in
sample size, particularly in an unbalanced panel setting, where individuals may not be
consistently observed across time. Additionally, FE models absorb within-individual
variation, which can over-filter short-term pollution shocks, reducing statistical power.
By applying individual FE as a robustness check rather than a primary specification,
we ensure that our results remain consistent even after accounting for unobserved
heterogeneity, while retaining sufficient variation in the main analysis to capture the
dynamic short-run effects of air pollution. Table 4.11 shows the robustness check results
with fixed effects at the individual level, which is consistent with the Pooled OLS and
2SLS results in Tables 4.4 and 4.5.
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TABLE 4.11: Fixed Effect and 2SLS Results

Dependent Variable Change in Retirement Age
Method Fixed Effect Fixed Effect + 2SLS
Samples Overall Urban  Rural Overall Urban Rural
L @ G (4) 5) ()
A Ln air pollution 0.007  -0.136  -0.026 -0.618**  -1.046** -1.158*
(0.070)  (0.090) (0.158) (0.249) (0.457)  (0.664)
Covariates Included Yes Yes Yes Yes Yes Yes
Fixed Individual Yes Yes Yes Yes Yes Yes
Fixed City Yes Yes Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes Yes Yes
Fixed Cohort Yes Yes Yes Yes Yes Yes
Fixed Year x Province Yes Yes Yes Yes Yes Yes
R? 0.351 0.377 0.469
K-P F statistic 14.04 9.09 7.34
N 1099 555 529 1099 555 529

Note: The dependent variable is the change in expected retirement age between five
years, consistent with Table 4.3.

The interest variable, air pollution, changed over five years (2011-2016, 2015-2020)
The Kleibergen-Paap F-statistics are reported to assess the instrument’s strength, with
values above the general threshold of 10, and most are above 16.38.

The city-level clustering robust standard errors are in parentheses; ***, ** * represent
the level of significance at 1%,5% and 10% respectively.

Source: CHARLS 2011-2020, NASA, WshU, China City Yearbook
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4.6.3 Heckman Selection Test

The analysis is based on an unbalanced panel constructed from CHARLS, covering the
period from 2011 to 2020. Of the 8,015 individual-wave observations in the initial dataset,
only 6,128 are retained in the final regression sample due to non-response or attrition
in specific survey waves. This implies that approximately 24% of the observations are
missing from the outcome equation, primarily due to sample attrition or the inability to

recontact participants across waves.

To assess whether the unbalanced nature of the panel introduces selection bias, I imple-
ment a Heckman two-step selection model. In the first-stage selection equation, a Probit
model estimates the probability that an observation appears in multiple waves, using
demographic characteristics and an owning-home-fixed-phone indicator as explanatory
variables. The "Home With Fixed Phone" variable serves as an exclusion restriction, as it
plausibly affects the likelihood of remaining in the panel but is not expected to influence
retirement expectations directly. The second-stage outcome equation estimates the effect
of air pollution on expected retirement age while incorporating the inverse Mills ratio

derived from the first step to correct for any non-random selection.

The coefficient on the inverse Mills ratio is statistically insignificant, suggesting that
sample selection bias is not a major concern in this context. Therefore, the results from
the main analysis are unlikely to be driven by systematic differences between those who

remain in the panel and those who do not.

TABLE 4.12: Robustness Check - Heckman Selection Test

Variable First Step Second Step
Selection group Expected retirement age
With Home Fixed Phone 0.0362
(0.062)
Ln Air Pollution -42.509***
(12.877)
Inverse Mills Ratio (X) -0.882
(4.506)
x?(24) = 219.34 Prob >x? = 0.0000
Controls Variable Included Included
N 8015 6128

Note: This table shows the Heckman selection test. The inverse Mills Ratio is
insignificant, i.e., sample selection bias is not a serious issue in the model. In this case,
the individuals selected in the sample are not systematically different from those who
were not, in terms of the factors affecting the outcome.

krx Rk ¥ represents the level of significant at 1%,5% and 10% respectively.

Source: CHARLS 2011-2020, NASA, WshU, China Yearbook
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4.6.4 Instrumental Variable Robustness Check

This paper also examines the robustness of the instrumental variable by using an
alternative. Similar to thermal inversion, the ventilation coefficient (VC) is widely used
in pollution studies. On one hand, VC is highly associated with air pollution as it
determines the concentration of pollutants. For instance, regions with higher VC values
indicate better ventilation, allowing pollutants to disperse more easily and resulting
in cleaner air compared to regions with low VC values. On the other hand, the VC,
derived from altitude and wind speed, is inherently exogenous as it reflects natural
atmospheric conditions. These factors are unlikely to be directly influenced by human
behaviours, economic conditions, or production patterns, ensuring the validity of the

exclusion restriction.

Following the methods of Broner et al. (2012) and the investigation of Lai et al. (2021), I
incorporate the VC as an alternative instrumental variable. The VC, which combines
altitude and wind speed, has been extensively applied in atmospheric research and is

constructed as follows:

VCQt = qut X PBLHC,t (45)

where, VC,; is the ventilation coefficient in city ¢ in year ¢, WS is wind speed, and PBLH
is the planetary boundary layer height.

The data is from the ERA5 atmospheric dataset from the Copernicus Climate Change
Service (C3S) (2017) and calculated by ArcGIS. Figure 4.6 shows the strong positive
correlation between the two instrument variables, and Table 4.13 reports the robustness
check to IV by using VC as the new IV. While the size changes a little, the scale and

significance are consistent with the baseline results in Table 4.3.

I also examined the exclusivity restriction of ventilation coefficients (VC). In Figure
4.1, T investigated the potential correlation between VC and economic or productive
activities and retirement frequency. Additionally, I analysed the relationship between
actual VC and the distribution of retirement flows within the sample. None of these
figures exhibit strong patterns or associations. Therefore, based on the existing literature

and robustness checks, I conclude that the exclusivity restriction holds.
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TABLE 4.13: Robustness Check — Alternative Instrumental Variable
Dependent Variable Expected Retirement Age
2*Sample Overall Sample Urban Rural
IV1 V2 IV1 V2 IV1 V2
Variable (1) (2) (3) (4) (5) (6)
First stage
Thermal Inversion Days  0.009%** 0.015%** 0.009***
(0.0027) (0.0034) (0.0022)
Ventilation Coefficient -0.003*** -0.005%** -0.002%**
(0.0005) (0.0006) (0.0004)
Second Stage
Ln Air Pollution -42.585%**  _26.593*** -37.083%**  _24,2471%** -75.300%**  _36.072**
(12.882) (6.584) (10.384) (5.863) (21.792)  (16.721)
Fixed Individual Yes Yes Yes Yes Yes Yes
Fixed Province Yes Yes Yes Yes Yes Yes
Fixed Year Yes Yes Yes Yes Yes Yes
Fixed Cohort Yes Yes Yes Yes Yes Yes
Fixed Year x Province Yes Yes Yes Yes Yes Yes
K-P F-statistics 12.16 30.73 19.64 74.69 16.99 22.02
N 6128 2540 3588

Note: This table checks the robustness of the instrumental variable.

The interest variable, air pollution, is instrumented using the ventilation coefficient.
ventilation coefficient = wind speed X planet boundary layer height

The Kleibergen-Paap F-statistics are reported to assess the strength of the instrument,

with values above 16.38.

The city-level clustering robust standard errors are in parentheses; *** ** * represent
the level of significance at 1%,5% and 10% respectively.
Source: CHARLS 2011-2020, WshU 2022, China City Yearbook, C3S 2017
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Ventilation Coefficient vs. Accumulative Thermal Inversion Days
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FIGURE 4.6: The correlation between Instrumental Variables
Note: This figure shows the correlation between thermal inversion days and ventilation
coefficient. The red line shows the correlation with 95% confidence interval.
Source: NASA, Copernicus Climate Change Service
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4.6.5 Different Lagged City-level Controls

I use different lagged city-level controls to check the robustness of the results, as shown in
Table 4.14. Including lagged controls helps mitigate the influence of sudden shocks, such
as unexpected policy changes or environmental disasters, that might distort city-level
variables in the same period. Additionally, retirement decisions and behavioural changes
often respond to conditions over time rather than immediately. By incorporating 3-year
and 5-year lagged controls (columns (1) and (2)), the analysis captures these delayed

effects and better reflects how residents process and act upon historical information.

Using lagged variables also avoids simultaneity bias, ensuring that the explanatory
variables precede the outcome and reducing potential endogeneity concerns. This aligns
with the idea that residents rely on accumulated and past knowledge of city-level
conditions, such as infrastructure development or pollution trends, rather than reacting
instantaneously. Importantly, the results remain consistent with the baseline estimates,

demonstrating the robustness of the findings across different temporal frameworks.

TABLE 4.14: Robustness Check — Different Lagged Controls

Dependent variable Expected Retirement Age
Variables (1) (2)
Ln air pollution -41.358%**  _47.017HF*
(12.505) (16.580)
5-year lagged city controls Yes
3-year lagged city controls Yes
Covariates Included Yes Yes
Fixed Individual Yes Yes
Fixed City Yes Yes
Fixed Province Yes Yes
Fixed Year Yes Yes
Fixed Cohort Yes Yes
Fixed Year x Province Yes Yes
K-P F-statistics 34.403 20.068
N 6128 6128

Note: This table shows a robustness check to the main results with different lagged years
of pollution. Columns (1) and (2) are the 5-year and 3-year lagged city-level controls.
All results are consistent with Table 4.3, showing the robustness of the main results.
krx Rk X represents the level of significant at 1%,5% and 10% respectively.

Source: CHARLS 2011-2020, NASA, WshU, China Yearbook
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4.6.6 Information Disclosure Policy Impact

Since information can influence individual optimal decision-making (Stigler, 1961), there
is a concern that the sudden disclosure of air pollution data may lead to exaggerated
perceptions of pollution. The Chinese government implemented a PMy 5 concentration
information disclosure policy in 2012, which could have prompted behavioural overreac-
tions to pollution. To examine potential biases from this policy, I introduce an interaction
term between air pollution and a policy treatment dummy variable, where the dummy
indicates data after 2012 (Yes=1, No=0). This interaction tests whether information

disclosure significantly altered behaviour.

Table 4.15 shows that the effect of air pollution remains consistent with the baseline
estimates, and the interaction term is statistically insignificant. This suggests that
individuals may not have substantially adjusted their behaviour in response to the
disclosed information. However, the lack of significance could reflect structural barriers,
such as limited access to avoidance options or scepticism toward government data, rather
than an absence of awareness. The findings suggest that while the policy increased public
awareness of pollution, it did not lead to behavioural changes substantial enough to
influence retirement expectations.

TABLE 4.15: The Effect of Air Pollution on Expected Retirement Age with
the Effect of Information Disclosure

Variable Expected Retirement Age
Samples Overall Urban Rural
(1) (2) (3)
Ln air pollution -53.947*F**  _309.514%*F*  _88.692***
(15.923) (11.882) (21.402)
Policy Post -2397.920 -2423.529 -2297.145
(4.2x108)  (2.2x10%)  (3.3x10%)
Ln air pollution x Policy Post 8.881 2.555 6.046
(7.969) (4.203) (6.545)
Covariates Included Yes Yes Yes
Fixed Individual Yes Yes Yes
Fixed City Yes Yes Yes
Fixed Province Yes Yes Yes
Fixed Year Yes Yes Yes
Fixed Cohort Yes Yes Yes
Fixed Year x Province Yes Yes Yes
N 6128 2540 3588

Note: This table shows a robustness check of the main results combined with the effect
of air pollution information disclosure. All results are consistent with Table 4.3, and the
insignificant treatment effect shows information disclosure did not significantly affect
individuals’ retirement expectations in this sample.

krx Rk X represents the level of significant at 1%,5% and 10% respectively. City-level
clustering robust standard errors are in the parentheses.

Source: CHARLS 2011-2020, NASA, WshU, China Yearbook
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4.7 Conclusion

This study examines the impact of air pollution on the expected retirement age in China,
constructing panel data from the China Health and Retirement Longitudinal Study
(CHARLS) and city-level PMs 5 concentration data from the University of Washington in
St Louis. The findings demonstrate a significant relationship between increased pollution
levels and a reduction in expected retirement age, highlighting the health and economic
implications of prolonged pollution exposure on labour supply, particularly among older

individuals.

Our results suggest that each 1% increase in PMg 5 concentration (around 0.12-1.04 pg/m?)
correlates with a reduction in expected retirement age, with more pronounced effects in
rural areas where individuals experience heightened vulnerability due to limited access to
healthcare resources. Furthermore, dynamic analysis of pollution shocks illustrates those
sudden increases in pollution lead to further adjustments in retirement expectations,
particularly in urban areas where pollution fluctuations are more noticeable. These
results underscore the role of environmental stressors in retirement decision-making,
contributing to an evolving understanding of how pollution impacts economic behaviour

and retirement planning.

Also, this paper suggests that pollution-induced retirement adjustments are gradual
rather than immediate, and their effects vary significantly across different socioeconomic
groups. The stronger response in the five-year model highlights the importance of con-
sidering longer-term adaptation mechanisms when assessing the economic consequences

of environmental hazards.

Additionally, the channel analysis reveals that certain socioeconomic factors can mitigate
or exacerbate the effects of pollution on retirement expectations. Family financial support,
green infrastructure, and knowledge capital serve as buffers, allowing individuals to main-
tain higher retirement ages despite environmental challenges. Conversely, robust social
welfare and insurance systems provide financial security, facilitating earlier retirement in

polluted areas.

By integrating perspectives from environmental health and labour economics, this study
underscores the critical need for policies that address air quality improvement and support
for vulnerable populations. The findings provide valuable insights for policymakers
aiming to strengthen social security frameworks, improve public health infrastructure,
and encourage sustainable development in regions affected by high pollution levels. Future
research could further explore the interplay between pollution, retirement, and labour
supply, particularly in other developing economies facing similar environmental and

demographic challenges.

Admittedly, there are some limitations to this study. First, data limitations affect the

scope of the analysis. The use of city-level PMy 5 data as a proxy for individual exposure
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may not capture the precise pollution levels each participant experiences, especially in
rural areas where air quality can vary significantly within the same city. Additionally,
the CHARLS dataset provides limited geographic coverage for certain rural and remote
areas, which may impact the generalizability of the findings. Furthermore, self-reported
retirement expectations may differ from actual retirement decisions. Relying on self-
reported expected retirement ages introduces potential biases, as these expectations
may be shaped by personal aspirations, social pressures, or inaccuracies in anticipating
future circumstances. Consequently, actual retirement ages could diverge significantly
from stated expectations. Lastly, this study employs a static analysis of welfare systems,
assuming that welfare and social security provisions remain stable over time. However,
evolving policies and changes in welfare provisions may alter the effects of pollution on
retirement expectations. Future research could incorporate dynamic welfare variables to
account for policy shifts that impact retirement behaviour in response to environmental

factors.

This work adds to the limited literature on the long-term economic impacts of air
pollution, demonstrating the need for comprehensive approaches to labour policy that

consider environmental factors affecting retirement and overall workforce participation.
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Chapter 5

Conclusions

This thesis has examined the intricate relationships between air pollution, migration,
and socioeconomic behaviours, shedding light on how environmental stressors influence
human decision-making and economic outcomes. By combining empirical evidence from
three distinct but interconnected studies, it provides a comprehensive understanding of
the mechanisms through which migration shapes green behaviours, pollution impacts
urban mobility, and environmental factors alter retirement expectations. This concluding
chapter synthesises the key findings, highlights their broader implications, and outlines
directions for future research to address the challenges of sustainable development in

rapidly transforming societies.

5.1 Introduction

This thesis investigates the complex interactions between air pollution, migration, and
socioeconomic behaviours, focusing on their dynamic relationships within China. As
one of the world’s most rapidly industrialising and urbanising countries, China faces
significant challenges related to environmental degradation, demographic transitions, and
labour market adjustments. This study adopts an interdisciplinary approach, drawing
insights from environmental economics, migration studies, and labour economics, to
examine how environmental stressors influence migration decisions, reshape social norms,

and affect retirement expectations.

The research is structured around three key questions: 1. How does rural-to-urban
migration influence environmental behaviours in origin households? 2. What roles do air
pollution disparities play in shaping urban-to-urban migration flows? 3. How do long-run

exposure of air pollution and short-run pollution shock affect retirement expectations?

To address these questions, the thesis employs rigorous empirical methods, leveraging

micro-level survey data and macro-level datasets on pollution and economic indicators. It
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combines fixed-effects regressions, gravity models, and instrumental variable approaches

to establish causal relationships and disentangle complex dynamics.

In this chapter, Section 5.2 reviews the synthesis of key findings. Section 5.3 highlights the
main academic contributions of this thesis. Section 5.4 outlines the corresponding policy
implications. Finally, Section 5.5 discusses current limitations and suggests directions for

future research.
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5.2 Synthesis of Findings

This section provides a comprehensive summary of the key findings from the three
empirical chapters, highlighting their connections, theoretical implications, and policy
relevance. It demonstrates how each chapter contributes to answering the research
questions and advancing the understanding of the interactions between air pollution,

migration, and socioeconomic behaviours.

5.2.1 Migration and Green Behaviours

This chapter investigates the impact of migration on the green behaviours of left-
behind families in China, focusing on internal rural-to-urban migration. Using two
indices—willingness to recycle and fixed-place garbage disposal practices—the study ex-
amines the distinct effects of current migration and return migration on green behaviours.
It incorporates selection bias adjustments, heterogeneity analysis, and interaction terms

to explore mechanisms and socio-economic gaps between urban and rural areas.

The findings reveal significant differences in the effects of migration types. Current
migration negatively impacts green behaviour by 71.9% and 21.8% reduction in recycling
and fixed trash placement probability, as the absence of household members disrupts
daily routines and weakens environmental practices. In contrast, return migration has
a positive effect, around 79.0% and 46.3% increase in both, as returnees bring urban-

acquired norms and practices back to their families.

To uncover the underlying mechanisms, this study examines the interaction between
migration and the socio-economic gap between origin and destination cities. The results
show that better green infrastructure, information networks, and higher social capital
in destination cities amplify the positive effects of migration on recycling willingness.
Migration not only provides financial remittances but also facilitates social remittance
channels, enabling the transfer of urban environmental norms and practices to rural
families. However, these benefits are likely to vary depending on the quality of infras-
tructure and socio-economic conditions in destination cities, which highlights the uneven
potential for green behaviour transformation. Heterogeneity analysis reveals that younger,
male-headed families with higher educational levels and sustainable financial situations
are better positioned to benefit from the positive effects of return migration. Enhanced
family capital, such as higher education and financial stability, often plays a pivotal role
in adopting and sustaining green practices. Conversely, families with older members
are more vulnerable to the negative effects of current migration due to challenges in
adapting to disrupted routines and responsibilities. This heterogeneity suggests that
policies aimed at strengthening household resilience and improving education and income

levels could further enhance the adoption of green practices.
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5.2.2 Pollution and Migration Flows

This chapter investigates the impact of air pollution on urban-to-urban migration in China,
using bidirectional migration flow data from the China Migration Data Survey (CMDS)
and the National Bureau of Statistics. The findings reveal that higher pollution levels in
destination cities reduce migration inflows, with each doubling of the PM2.5 concentration

ratio between destinations and origins decreasing migration by approximately 42%.

In addition to quantifying the pollution effect on migration, this study explores the
channels that influence migration decisions in response to air pollution. The results show
that strict environmental regulations and high-quality infrastructure in destination cities
can mitigate the adverse effects of pollution, whereas higher living costs and restrictive
hukou policies exacerbate them. Interestingly, the study identifies a U-shaped relationship
between pollution impact and migration distance, with pollution sensitivity declining for
distances over 1,000 km. Demographic analysis reveals that older, less-educated, married,

and cross-province migrants are less likely to choose highly polluted destinations.

5.2.3 Pollution and Retirement Planning

This chapter examines the impact of air pollution on the expected retirement age in
China, constructing panel data from the China Health and Retirement Longitudinal Study
(CHARLS) and city-level PM3 5 concentration data from the University of Washington in
St Louis. The findings demonstrate a significant relationship between increased pollution
levels and a reduction in expected retirement age, highlighting the health and economic
implications of prolonged pollution exposure on labour supply, particularly among older

individuals.

Results suggest that each 1% increase in PMs 5 concentration (around 0.12-1.04 pg/m3)
correlates with a reduction in expected retirement age by approximately 5.11 months.
The effects are more pronounced in rural areas, where individuals face higher vulnerability
due to limited healthcare resources, leading to an average reduction of 9.03 months in
retirement age. In contrast, urban areas experience a smaller reduction of about 4.45

months, reflecting better access to infrastructure and services.

Dynamic analysis of pollution shocks illustrates that sudden increases in pollution lead
to further adjustments in retirement expectations. Specifically, a 1% increase in pollution
over five years results in an additional reduction of 1.45 months on average. The short-run
effect is more pronounced in urban areas, with reductions of 2.58 months, compared to
2.11 months in rural areas. These results underscore the role of environmental stressors in
retirement decision-making, contributing to an evolving understanding of how pollution

impacts economic behaviour and retirement planning.
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Channel analysis reveals that socioeconomic factors can mitigate or exacerbate the effects
of pollution on retirement expectations. Family financial support, green infrastructure,
and knowledge capital serve as buffers, allowing individuals to maintain higher retirement
ages despite environmental challenges. Conversely, robust social welfare and insurance

systems provide financial security, facilitating earlier retirement in polluted areas.

This study underscores the critical need for policies that address air quality improve-
ment and support for vulnerable populations. The findings provide valuable insights for
policymakers aiming to strengthen social security frameworks, improve public health
infrastructure, and encourage sustainable development in regions affected by high pol-
lution levels. Future research could further explore the interplay between pollution,
retirement, and labour supply, particularly in other developing economies facing similar

environmental and demographic challenges.
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5.3 Contribution and Significance

This thesis contributes to the broader academic discourse by advancing theoretical frame-
works in migration studies, environmental economics, and labour economics. Through
its interdisciplinary approach, it integrates insights across these domains to address the
complex relationships between air pollution, migration, and socioeconomic behaviours.
The findings not only refine existing theories but also introduce new perspectives to
better understand the role of environmental stressors in shaping human decisions and

behaviours.

1. Contributions to Migration Theory

This research extends social remittance theory by incorporating environmental
behaviours as part of migration outcomes, which has been largely overlooked in
previous studies. While prior research has focused on economic remittances and
cultural transfers, this thesis highlights how migration can facilitate the diffusion of
green behaviours from urban to rural households. Specifically, the identification of
both positive impacts of return migration and negative effects of current migration
provides nuanced insights into how migration influences environmental practices,

depending on context and channels of transmission.

This research extends social remittance theory by incorporating environmental
behaviours as part of migration outcomes, which has been largely overlooked in
previous studies. While prior research has focused on economic remittances and
cultural transfers, this thesis highlights how migration can facilitate the diffusion of
green behaviours from urban to rural households. Specifically, the identification of
both positive impacts of return migration and negative effects of current migration
provides nuanced insights into how migration influences environmental practices,

depending on context and channels of transmission.

Additionally, the thesis breaks new ground by focusing on internal migration in a
developing economy, addressing gaps in migration literature that have traditionally
emphasized international migration. By examining rural-to-urban flows and bidi-
rectional urban migration, it offers a novel perspective on how migration dynamics

within countries shape environmental adaptation and sustainability practices.

2. Contributions to Environmental Economics

This thesis bridges environmental economics with migration and labour studies,
highlighting the role of pollution shocks in influencing mobility and retirement
behaviours. It provides empirical evidence that pollution acts as both a push factor

driving migration and a constraint affecting long-term labour supply decisions.

The research also demonstrates how environmental quality disparities shape mi-

gration patterns, contributing to debates on hedonic valuation models and urban



5.3.

Contribution and Significance 177

resilience. By incorporating dynamic pollution shocks, it expands traditional eco-
nomic models to capture short- and long-term responses to environmental stressors,

offering a richer understanding of adaptation mechanisms in polluted environments.

Furthermore, the integration of green remittance channels into migration theory
advances the discourse on how urban experiences influence rural sustainability,

highlighting the broader role of migration in promoting environmental adaptation.

. Contributions to Labour Economics

The thesis makes substantial contributions to understanding how environmental
stressors, such as air pollution, influence retirement expectations and labour supply
decisions. Prior research has primarily focused on health shocks or economic
incentives as drivers of retirement, neglecting the role of environmental factors. By
demonstrating how pollution accelerates retirement planning, this thesis introduces

environmental stressors as a distinct category affecting life-cycle decisions.

It also explores heterogeneity across urban and rural contexts, revealing that vul-
nerable groups, such as older adults, low-income households, and rural residents,
are disproportionately affected. This emphasis on inequality highlights the distribu-
tional impacts of pollution, adding depth to existing theories on labour economics

and welfare.

. Methodological Contributions

Methodologically, this research advances the use of instrumental variable (IV)
approaches to address endogeneity concerns in migration and pollution studies. By
employing thermal inversion days and migration network rates as instruments, it

provides robust identification strategies that strengthen causal interpretations.

The use of differential gravity models to capture bidirectional migration flows
represents another methodological innovation, enabling a more comprehensive

analysis of migration dynamics based on pollution gaps.

Additionally, the integration of dynamic pollution shock models in retirement
studies provides a framework for analysing short- and long-term responses to
environmental stressors, which can be applied to other contexts and developing

economies.

. Bridging Disciplines

A key contribution of this thesis lies in its interdisciplinary approach, bridging
insights from environmental economics, migration studies, and labour economics.

By linking environmental stressors with migration and labour supply decisions, it
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creates a unified framework for studying socioeconomic adaptation to environmental

changes.

This synthesis offers a more holistic understanding of the interconnected challenges
posed by urbanisation, environmental degradation, and demographic transitions. It
also lays the groundwork for future research that further integrates environmental,

social, and economic dimensions to address sustainability and inequality.
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5.4 Policy Implications

The findings of this thesis provide substantial insights into the socioeconomic and
behavioural impacts of air pollution and migration, offering several policy implications
for environmental governance, sustainable development, and social welfare systems. By
addressing challenges related to pollution, migration dynamics, and retirement planning,
this research informs integrated policies that promote resilience and sustainability in

rapidly urbanising and ageing societies like China.

1. Promoting Environmental Sustainability and Infrastructure Develop-

ment

The results highlight the role of migration in transferring environmental norms
and practices through social remittances. Return migration, in particular, pro-
motes green behaviours in rural households, suggesting that policies supporting
green infrastructure development in rural areas could amplify these positive effects.
Investments in public waste management systems, recycling facilities, and environ-
mental education programs can create enabling environments for the adoption of

sustainable practices.

For urban regions, stricter enforcement of pollution control regulations and ex-
panded investment in green technologies can reduce pollution levels, making cities
more attractive destinations and retaining skilled labour. Strengthening data
transparency through public disclosure of pollution levels can further influence
migration decisions, empowering households to make informed choices based on

environmental quality.

2. Bridging Urban-Rural Socioeconomic Disparities

The findings underscore the persistent inequalities between urban and rural areas,
especially in access to healthcare, social infrastructure, and environmental amenities.
Policies should address these disparities by extending urban-level services to rural
areas. Improving healthcare infrastructure in rural regions can mitigate the adverse
effects of pollution on vulnerable populations, reducing disparities in retirement

planning outcomes.

Targeted support programs for left-behind families, such as subsidies for green
technologies or community waste management initiatives, can counterbalance the
negative effects of migration disruptions. Additionally, migration-related education
programs should focus on strengthening environmental awareness among rural and

urban populations to enhance the transfer of green practices.

3. Strengthening Labour Market Resilience and Social Security Systems
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Pollution-induced health deterioration accelerates retirement planning, particularly
in rural areas with weaker healthcare systems. This finding highlights the need for
labour policies that encourage flexible retirement planning, allowing older individ-
uals to remain economically active while managing health concerns. Expanding
access to employer-based health insurance and retirement savings plans can provide

stronger financial security, reducing the pressure to exit the workforce prematurely.

Additionally, reforms to pension systems should focus on addressing regional in-
equalities and adapting to the needs of ageing populations affected by environmental
stressors. Policymakers should also consider incentives for delayed retirement, such

as enhanced pension benefits or subsidies for older workers in high-risk environments.

. Managing Migration and Urbanisation Pressures

Air pollution emerges as both a push and pull factor in migration decisions,
influencing urbanisation patterns and labour mobility. Policies that improve air
quality in urban centres can enhance cities’ attractiveness for skilled workers while
relieving population pressures on less-developed regions. Flexible migration policies,
including reforms to the hukou system, can support the integration of migrants
into urban labour markets, reducing inequalities and enhancing human capital

accumulation.

Moreover, migration management should incorporate environmental planning to
balance economic development with sustainability. Regional coordination between
cities can create incentives for green urban planning, reducing pollution disparities

and promoting balanced growth across regions.

. Supporting Vulnerable Populations

The heterogeneity analysis highlights how vulnerable groups, such as older adults,
low-income households, and rural migrants—are disproportionately affected by
environmental stressors and migration-related disruptions. Policies should focus on
targeted interventions, such as housing subsidies, community support programs,

and mobile healthcare services, to enhance the resilience of these populations.

Special attention should be given to rural communities that rely heavily on migration
for economic stability. Programs encouraging sustainable agriculture and eco-
friendly industries can help rural areas diversify their economies while reducing

dependence on environmentally damaging practices.
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5.5 Limitations & Directions for Future Research

While this thesis provides new insights into the relationships between air pollution,
migration, and socioeconomic behaviours, it also acknowledges several limitations that
offer avenues for further research. These limitations primarily stem from data constraints,
methodological approaches, and the scope of generalizability, each of which suggests

opportunities to deepen and broaden future inquiry.

1. Data and Measurement Limitations

A key limitation of this research is its reliance on city-level pollution data as a
proxy for individual exposure to environmental stressors. Although this approach
captures broader patterns, it may overlook intra-city variations in pollution levels,
particularly in rural areas where disparities in air quality are more pronounced.
Future studies could integrate remote sensing data or personal monitoring devices

to achieve more granular measurements of pollution exposure.

Additionally, the use of self-reported data for green behaviours and retirement ex-
pectations introduces potential reporting biases. Perceptions about environmental
quality or retirement decisions may reflect aspirations rather than actual behaviours,
which could affect the interpretation of results. Incorporating behavioural experi-

ments or administrative data in future research could help address these biases.

Moreover, the longitudinal datasets employed in this thesis, while robust, are limited
in their ability to capture long-term dynamics and spillover effects. Expanding these
datasets to include multi-year tracking or integrating cross-national comparisons
could provide a more comprehensive understanding of how environmental stressors

shape socioeconomic behaviours over time.

2. Methodological Constraints

The econometric approaches used in this thesis, including instrumental variable
(IV) techniques and dynamic panel models, address endogeneity concerns but rely
on several assumptions. For example, the use of thermal inversion days as an
instrument for pollution depends on its plausibility as an exogenous shock, which
may vary across regions. Future research could test alternative instruments or use
spatial econometric techniques to account for spillover effects between neighbouring
cities.

Additionally, the differential gravity model employed in studying migration flows
provides insights into push and pull factors based on relative pollution levels but
does not fully capture network effects or migration chains that influence mobility
decisions. Incorporating social network data or agent-based simulations could

enhance understanding of these dynamics.
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3. Generalisability of Findings

While this research focuses on China—a rapidly urbanising and developing econ-
omy—it is important to acknowledge that the findings may have limited gener-
alisability to countries with different institutional structures, migration regimes,
or environmental policies. For instance, China’s hukou system imposes unique
constraints on mobility and access to services, which may amplify the observed

effects of pollution and migration in ways that are not applicable in other contexts.

Moreover, the country’s rapid urbanisation and large-scale internal migration,
combined with disparities in green infrastructure and pension systems, shape specific
behavioural responses to pollution shocks, particularly in retirement planning and
the transmission of environmental norms. These structural features differ markedly
from those in many developed economies, where more robust welfare systems and

environmental regulations may alter both exposures and responses.

Additionally, while the datasets used (e.g., CHARLS, CLDS, CMDS) are nationally
representative and well-suited for causal analysis, they are embedded in specific
social and institutional contexts. Self-reported expectations—such as retirement
planning—may also reflect cultural and informational biases that constrain inter-

national comparability.

To address these concerns, future research could extend the empirical framework to
other developing economies facing similar environmental and demographic pressures
or conduct cross-country comparative studies. Such work would help distinguish
context-specific mechanisms from more generalisable patterns, thereby deepening

our understanding of how environmental stressors shape human behaviour globally.

. Extensions and Future Research

Several avenues for future research emerge from this thesis:

e Longitudinal Analysis: Extending the datasets to track individuals over
time can shed light on the cumulative effects of pollution and migration, as

well as life-cycle transitions in green behaviours and retirement planning.

o Spatial and Network Effects: Exploring spatial dependencies and migration
networks could improve understanding of spillover dynamics, particularly
how migration patterns influence environmental and economic outcomes in

neighbouring regions.

¢ Climate Change and Extreme Events: Integrating dimensions such as
climate-induced migration and disaster shocks would expand the scope of
environmental stressors studied, offering insights into adaptation strategies

under different scenarios.

e Gender and Demographic Differences: Investigating how gender, educa-
tion, and generational differences mediate responses to pollution could help

design more targeted policies for vulnerable populations.
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e Policy Evaluations: Future studies could assess the effectiveness of existing
environmental regulations, green infrastructure investments, and pension
reforms to determine how they mitigate the effects of pollution and migration

disruptions.

In summary, this thesis offers valuable insights into the complex interactions between
environmental stressors, migration, and socioeconomic behaviours, providing a foundation
for future research and policymaking. By examining how air pollution shapes migration
flows, influences green behaviours, and affects retirement planning, it highlights the
far-reaching impacts of environmental challenges on individual and societal outcomes.
The findings emphasise the need for integrated policies that address environmental
governance, labour market resilience, and social inequalities to promote sustainable and
inclusive development. While acknowledging certain limitations, this research paves the
way for further exploration of environmental adaptation strategies in diverse contexts,
contributing to the broader discourse on sustainability and socioeconomic transformation

in a rapidly changing world.
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A.1 Deriving the Linear Model from the Gravity Equation

The gravity model is commonly used in studies on international trade and migration,
capturing the effect of distance and regional characteristics on flows between an origin
and a destination. Following this framework, we begin with the basic gravity model

equation for migration flows:

Pyp]
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M,4=k—"%—
dlstanceovd
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where:

e M,  is the migration flow from the origin city o to the destination city d,

e P, and P; denote the population sizes of the origin and destination cities,

o distance, 4 is the distance between the origin and destination cities,

e k is a constant of proportionality,

e «, v, and (3 are parameters capturing the elasticity of migration flow concerning

population sizes and distance.

To linearize this equation, we take the natural logarithm of both sides:

PP
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(A.2)

Applying the properties of logarithms, In(zy) = In(x) + In(y) and In(z%) = aln(z), we

can rewrite the equation as:
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In(M, q) = In(k) + aln(P,) + v1In(P;) — S In(distance, 4) (A.3)

Letting In(k) = By, we get:

In(M,q) = Bo + aln(P,) + v1In(P;) — S In(distance, 4) (A4)

To extend this model for migration-specific analysis, we incorporate additional explanatory

variables:

e The pollution differential between destination and origin, represented as the ratio

PMa.sq
PMas,°

o A set of other city-level characteristics for the destination and origin cities, denoted

by X4 and X,, which include economic, infrastructure, and geographical variables.

The extended model then becomes:

PMbs 54
PMa 5

00

In(M,q) = Bo+ b1 + 2 In(distance, 4) + B3 In(P,) + B4 In(Py) + X485 + Xof6 + €0,d

(A.5)

where:

e (31 represents the effect of the pollution differential on migration flow,

e (2, B3, and B, correspond to the elasticity of migration flow with respect to distance

and population sizes,

e X405 and X, capture the effects of additional destination and origin city charac-

teristics,
e €4 is the error term.

To account for zero migration flows, we use In(M, 4+ 1) in the model, resulting in the

following final linear model:

PMs 54 )
+ B9 In(distance
PMa 5, Patn( o) (A.6)

+ B3 In(Py,) + Baln(Py) + Xafs + Xof6 + €o,d

In(Myq+1) = Bo+ b1

This linearised model (Equation 3.2) is now suitable for regression analysis, where each
parameter represents the effect of a specific factor on migration flows between origin and

destination cities.
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