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Abstract

Human behaviour lies at the heart of the climate crisis. Not only is it the primary cause
of global climate change and environmental degradation, but also key to responding and
adapting to them. Tackling the climate crisis thus requires a complete understanding of
human behaviour. So far, however, environmental policies have largely been guided by the
canonical economic model of human behaviour, based on the idea of ‘homo economicus’,
neglecting important behavioural aspects of the relationship between human behaviour and
the environment.

This thesis examines some of the complex interrelations between human behaviour and
the environment through a behavioural environmental economics lens, drawing on recent
insights from behavioural economics and psychology. The first part of this thesis (Chapters
1 and 2) focuses on the impact of environmental stressors on human behaviour, attitudes
and beliefs. The second part (Chapters 3 and 4) examines the impact of policy interventions
to foster more environmentally sustainable behaviour. All chapters adopt an experimen-
tal or quasi-experimental approach to provide causal insights and formulate robust policy
recommendations.

Chapter 1 develops and tests a novel experimental design, that exploits natural discontinuities
in air pollution episodes in Beijing, China to experimentally isolate the causal effect of acute air
pollution on social decision-making and economic preferences. Chapter 2 utilises data from a
natural experiment to estimate the causal effect of extreme weather events on climate change
attitudes and pro-environmental behaviours. Chapter 3 uses an online ‘message framing’
experiment to explore whether appealing to ‘warm glow’ motives can encourage voluntary
pro-environmental behaviour, relative to other common climate change communication
strategies. Chapter 4 presents the results of a large-scale field experiment conducted at five
university cafeterias, exploring whether carbon footprint labels can promote more sustainable
food choices.
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Introduction

Climate change is the most pressing global challenge facing humanity in the 21st Century.

The latest assessment of climate science from the Intergovernmental Panel on Climate Change

(IPCC), synthesising work from over 14,000 peer-reviewed studies, establishes the �unequiv-

ocal� in�uence that humans have had on the warming of the atmosphere, ocean and land

(IPCC, 2021). However, human impact on the environment reaches far beyond global warming.

Since the industrial revolution, environmental degradation and the emissions of dangerous

pollutants into the atmosphere have accelerated at an unprecedented rate, contributing to

the decline of societal health and the destruction of biodiversity (Ceballos et al., 2015; Lee &

Greenstone, 2021). Humanity's footprint on the planet is now so evident that some scientists

have proposed the onset of a new geological epoch - the Anthropocene (Crutzen, 2002; Waters

et al., 2016).

Undoubtedly, the growing academic knowledge base and the increasingly tangible impacts of

climate change have shifted climate change mitigation and adaptation to the top of the policy

agenda in many countries across the globe. Moreover, it is increasingly being recognised

that human society is vitally dependent on healthy natural or semi-natural ecosystems (Díaz

et al., 2015). The tangible health and mortality impacts of air pollution have stimulated ambi-

tious policy initiatives to curb polluting activities (Greenstone et al., 2021). However, further

transformational changes in society are necessary to achieve rapid global decarbonisation

and stabilise the climate (Otto et al., 2020; Perlaviciute et al., 2021). At the core of this trans-

formational challenge lies the interrelation between human behaviour and the environment.

While the impact of environmental change on society is increasingly well understood, crucial

questions remain unanswered with respect to reducing society's impact on the environment.

A long tradition of research in the �eld of environmental and resource economics has empha-

sised the role of market failures as the root cause of many of today's environmental challenges

(Arrow, 1969). Environmental market failure � a departure from a Pareto e�cient market
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system � can be grouped into the taxonomy of externalities, nonrival goods, non-excludable

bene�ts and costs, nonconvexities, and asymmetric information (Shogren & Taylor, 2008).

The social ine�ciencies arising from environmental market failures thus warrant government

intervention via environmental policy. Traditional environmental policy tools include Pigou-

vian taxes and subsidies, tradeable permit systems or command-and-control regulation. The

view that market-based policy interventions can solve market failures is �rmly embedded in

the neoclassic economic paradigm of rational, self-interested behaviour and stable preferences.

However, the neoclassic model of �homo economicus� does not take into account important

aspects of human behaviour and its interaction with the environment.

The rapidly emerging �eld of behavioural environmental economics extends the traditional

neoclassical framework by integrating more realistic models of human behaviour, including

bounded rationality, bounded willpower, and bounded self-control (Mullainathan & Thaler,

2000). The behavioural economic approach, in�uenced most notably by the ground-breaking

work on behavioural anomalies (Kahneman, 1979; Tversky & Kahneman, 1974), departures

from self-interest (Fehr & Fischbacher, 2003; Fehr & Schmidt, 1999) and libertarian paternalism

(Thaler & Sunstein, 2003) is increasingly recognised as the �new normal� economic approach

and has laid the foundations for the emerging �eld of Behavioural Public Policy (Oliver, 2013;

Reisch, 2021). In this regard, several recent reviews have advocated for the incorporation

of behavioural-economic approaches into environmental policy (Croson & Treich, 2014;

Kesternich et al., 2017; Shogren & Taylor, 2008). Shogren and Taylor (2008) argue that robust

environmental policy interventions must take into consideration �behavioural failures� (i.e.,

behavioural biases and heuristics) which exist simultaneously and interact with traditional

�market failures�.

Moreover, a recent increase in the use of experiments in environmental economic research has

been critical in advancing our understanding of human behaviour in relation to environmental

policy (Bouma, 2021). While lab and choice experiments can provide important foundations

for policy evaluation, Randomised Controlled Trials (RCTs) have become the primary method

for causal identi�cation and promise greater external validity when applied in �eld settings

(List & Price, 2016). Taken together, recent advances in behavioural environmental economics

have seen a renewed focus on empirically valid models of human behaviour which imply

a holistic view of how people think and behave within socio-ecological decision contexts.

Moreover, behavioural environmental economics has embraced an evidence-based economic

approach, based on the method of experimentation, to bring causal (behavioural) insights to

current academic and policy disputes regarding environmental issues.
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Within this context, the overarching objective of this thesis is to examine some of the com-

plex interrelations between human behaviour and the environment through a behavioural

environmental economics lens. The research presented contributes to the academic and

policy debates in speci�c under-explored research areas. The thesis is split into two parts:

Part 1 strengthens our understanding of the impacts associated with climate change and

environmental degradation on human behaviour, attitudes and beliefs. Part 2 experimentally

explores multiple behaviour change strategies to encourage pro-environmental behaviour

and thereby adds to our understanding of how behaviours can be in�uenced to lessen the

anthropogenic impact on the environment. The �ndings from both parts have important

implications for evidence-based transformational policies to accelerate a transition towards a

more sustainable future.

The research presented in this thesis takes an interdisciplinary approach by combining

methodologies from behavioural and experimental economics, environmental psychology,

and empirical microeconomics. Each chapter adds a unique methodological dimension �

utilising experimental and quasi-experimental techniques � building on work de�ning a new

era of applied economic research which has been recognised with multiple recent Nobel

Memorial Prizes.1 A common feature across all four chapters is the use of random or quasi-

random assignment, allowing a causal interpretation of the research �ndings. Moreover,

an important aim of this thesis is to attain high standards for research transparency and

reproducibility (Christensen & Miguel, 2018). The experimental studies are therefore based

on carefully developed pre-analysis plans, two of which were pre-registered on open-science

platforms prior to data collection. The thesis consists of four empirical chapters, split into

two parts, which are summarised below.

Part 1: Environmental stressors - implications for human

behaviour

The �rst part of this thesis focuses on the impact of climate change and environmental

degradation on human behaviour. It is founded in the important recognition that human

decision-making, preferences, and beliefs are context-dependent, in�uenced, in part, by the

socio-ecological decision contexts. Speci�cally, the chapters in the �rst part explore the

role of air pollution and extreme weather events in shaping human behaviour, preferences

1Speci�cally, the research draws on contributions by Abhijit Banerjee, Esther Du�o and Michael Kremer
who brought the �eld-experimental approach to applied economic research, Richard H. Thaler, a pioneer in
behavioural economics, and most recently Joshua D. Angrist and Guido W. Imbens whose methodological
contributions provide the foundation for parts of the analysis presented in this thesis.
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and beliefs. Both topics have received considerable interdisciplinary interest. In economics,

the research places within a broader literature which primarily employs quasi-experimental

methods to study the impact of environmental stressors on a range of economic and social

outcomes (Burke et al., 2016; Carleton & Hsiang, 2016; Dell et al., 2014; Kolstad & Moore, 2020).

In environmental psychology and behavioural science, there has been a particular interest

in the relationship between personal experience of climate change (e.g., via environmental

stressors), risk perceptions and engagement with climate change (van der Linden, 2014,

2015b). The research presented in the �rst part contributes to our empirically grounded

understanding of how human behaviour responds to environmental stressors and makes

important methodological contributions. A detailed summary of the motivations and main

contributions are provided below.

Chapter 1: The causal e�ect of air pollution on anti-social behaviour

Air pollution poses the greatest global threat to human health and well-being. According to

the World Health Organisation (WHO), in 2019, more than 90% of the world's population

lived in areas in which air pollution concentrations exceeded thresholds considered as safe

(WHO, 2021). While the physiological health impacts of long-run air pollution exposure

are well studied (e.g. Pope et al., 2020; Schraufnagel et al., 2019), an emerging literature

in economics examines the �hidden impacts� of air pollution (Zivin & Neidell, 2018). This

literature has provided evidence that exposure to air pollution is associated with a myriad of

psychological, economic and social impacts (Lu et al., 2020). Amongst these, less is known

about how air pollution exposure a�ects anti-social behaviour. Yet, understanding what

determines and undermines social behaviour has important implications for how to address

major societal challenges, such as climate change or public health crises (Van Lange &

Rand, 2022). In addition, a long-standing challenge in this �eld of research has been the

identi�cation of causal relationships. While RCTs would provide the strongest form of causal

evidence, randomly exposing people to extreme levels of air pollution (vs. no pollution) in an

experimental setting would be practically challenging and ethically questionable. Most of the

existing research has therefore relied on quasi-experimental designs and proxy measures of

anti-social behaviour (e.g., crime statistics).

To address these shortcomings, the �rst chapter develops a novel experimental design, which

combines elements of a lab-in-the-�eld experiment with online data collection procedures,
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to experimentally examine the causal e�ect of acute air pollution on anti-social behaviour.2

It improves on previous research by measuring anti-social behaviour using a set of well-

established incentivised economic games, speci�cally selected to study fundamental aspects

of social decision-making, independent of contextual factors. The experimental design ran-

domly assigns participants to be surveyed on high and low-pollution days, exploiting rapidly

occurring natural discontinuities in air pollution episodes. Data were collected in real-time

using social media channels (i.e., WeChat Messenger) to contact participants during high and

low pollution episodes. The methodology thus builds on the `Experience Sampling Method'

used in subjective well-being research (Fujiwara et al., 2017; MacKerron & Mourato, 2013)

but additionally introduces experimental identi�cation using a strati�ed randomisation pro-

cedure. Furthermore, it extends this literature by utilising popular social media channels

to collect data. In sum, the research presented in Chapter 1 pushes the boundaries on how

experimentation can be used to study the impact of external environmental stressors (Almås

et al., 2019; Dean, 2019) and is the �rst to focus on air pollution.

Chapter 2: Does �ood and heatwave experience shape climate opinion?

Causal evidence from �ooding and heatwaves in England and Wales.

Although the planet is unambiguously warming, the psychological distance of climate change

and the uncertainty around future costs have often served to justify political inaction and delay

mitigation initiatives (Spence et al., 2012). However, in recent years, climate change impacts

are becoming increasingly evident at the local level, manifested by changes in the frequency

and intensity of extreme weather events (IPCC, 2021). Therefore, it has become a priority

of applied social science research to understand how personal experiences with extreme

weather events shape mitigation and adaptation decisions at the individual level (Howe, 2021;

Sisco, 2021). More speci�cally, it has been hypothesised that personally experiencing extreme

weather events will reduce the psychological distance of climate change and lead people to

update their beliefs via experiential learning.

The interdisciplinary interest in this topic, extending across economics, psychology and

sociology, has produced a large body of evidence, drawing on a range of methodologies

which has provided largely inconsistent results (Howe, 2021). The bulk of this literature has

primarily relied on inferior correlational research designs using data at spatially aggregated

scales (e.g., at the state level). The lack of methodological quality limits the internal and

2Gneezy and Imas (2017, p.439) de�ne a lab-in-the-�eld experiment as a method that �combines elements of
both lab and �eld experiments in using standardised, validated paradigms from the lab in targeting relevant
populations in naturalistic settings�.
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external validity of the existing body of evidence. While the majority of studies establish

whether a signi�cant e�ect on beliefs or behaviour can be identi�ed, little is known as to when

and how personal experience changes beliefs and behaviour (Brügger et al., 2021). Moreover,

there is limited research on how individual-level pro-environmental behaviour is a�ected by

extreme weather events, which is crucial to our understanding of adaptive processes.

Chapter 2 exploits geo-referenced panel data on climate change attitudes as well as natural

variation in �ood and heatwave exposure to estimate the causal e�ect of extreme weather

events on climate change attitudes and environmental behaviours. The study utilises climate

change opinion data from the `secure access' version of the UK Household Longitudinal Survey

(UKHLS), which provides geo-referenced location information for each survey participant

(University of Essex, Institute for Social and Economic Research [University of Essex], 2020).3

In doing so, it allows a spatially precise identi�cation of �ooding and heatwave exposure using

Geographic Information Systems (GIS). Moreover, the study signi�cantly improves on previous

research by utilising a generalised di�erence-in-di�erences methodology combined with a

propensity score matching approach to minimise potential selection bias from residential

sorting. Chapter 2 is the most methodological rigorous analysis to date, and one of the �rst to

provide causal insights into when and how personal experience with extreme weather events

in�uences climate change attitudes and behaviour.

Part 2: Policy interventions for pro-environmental be-

haviour

The second part of this thesis examines policy interventions aimed at reducing environmental

externalities from human behaviour. Understanding how to encourage wide-scale persistent

behaviour change remains a major priority for research and policy (Steg, 2018). Individual

behaviour can be in�uenced through a range of policy instruments including conventional

measures (such as taxes and regulation), education and information provision as well as

behavioural interventions. The chapters in Part 2 focus on the latter two strategies. In recent

years, behavioural interventions have received much attention as an environmental policy

tool, as they promise to be relatively inexpensive, easy to implement and less intrusive than

conventional policy measures (Carlsson et al., 2021; Gravert & Olsson, 2021). Nevertheless,

information provision continues to play an important role in mobilising sustainable consumer

behaviour (Thøgersen, 2021). The research presented in Part 2 draws on experimental methods

to provide causal insights into the e�cacy of di�erent behaviour-change strategies and is

3Access was granted following specialised training and accreditation as an ESRC Accredited Researcher.
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situated within the broader applied impact evaluation literature focussing on environmental

policy instruments (Byerly et al., 2018). It adds to the interdisciplinary literature examining the

e�cacy of behavioural interventions to encourage voluntary pro-environmental behaviour

(Velez & Moros, 2021) and contributes to the growing body of work on sustainable consumer

behaviour (Thøgersen, 2021). A detailed summary of the motivations and main contributions

are provided below.

Chapter 3: Turning up the heat: Encouraging pro-environmental be-

haviour through warm glow

Many people are intrinsically motivated to act pro-environmentally (Steg, 2016). On the one

hand, intrinsic motivation may stem from the personal desire to act morally (i.e., in line with

one's values) and in turn avoid negative moral emotions such as guilt and shame. On the other

hand, behaviours may be intrinsically motivated because helping the environment makes

people feel good about themselves. In the economics literature, the emotional reward from

pro-social behaviour has been termed `warm glow', which is the focus of Chapter 3. While the

importance of intrinsic motivation is well-established, many existing policy approaches for

sustainable behaviour change have relied on providing external incentives, such as �nancial

rewards or social recognition. Although such extrinsic motivators may be successful in the

short-term, they usually fall short of achieving persistent behaviour change (van der Linden,

2015a). Therefore, it remains an important priority to understand how intrinsic motivations

can be harnessed to achieve long-run behaviour change and guide habit formation.

Chapter 3 proposes that directly appealing to `warm glow motives' may be a promising

approach to harness intrinsic motivation towards the environment. It presents one of the �rst

attempts to experimentally manipulate and measure warm glow experiences in the context

of pro-environmental behaviour. To do so, it utilises a large-scale online `message framing'

experiment which randomly assigned participants to receive either a `warm glow' appeal

or a message informed by other typical communication strategies, including guilt framing,

social norm messaging and the provision of basic information. It improves on previous

lab-based research by introducing a novel real-e�ort task to measure incentive-compatible

pro-environmental behaviour in an online experimental setting. It capitalises on the strengths

of a controlled experimental setting to measure anticipated and experienced emotions, which

are explored as potential mechanisms. The research presented in Chapter 3 is one of the �rst

explorations into environmental warm glow as an intrinsic motivator of voluntary climate

action, and identi�es priorities for future research.
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Chapter 4: Do carbon footprint labels promote climatarian diets? Evi-

dence from a large-scale �eld experiment

Emissions from the food system are responsible for up to a third of global greenhouse gas

emissions (Crippa et al., 2021), with a disproportionally large share arising from animal-

based foods (Xu et al., 2021). Reducing consumption of high-carbon impact foods, thus,

presents one of the single most impactful pro-environmental behaviours that consumers can

pursue (Reisch, 2021). In recent years, more and more people actively follow diets that aim to

reduce their carbon footprint from food consumption, so called `climatarian diets'. However,

consumers often lack knowledge of the carbon footprint of di�erent types of food and tend to

underestimate their environmental impact (Camilleri et al., 2019). Carbon footprint labels

present a viable policy tool to address the market failure of information asymmetry and lack

of full information on the environmental externalities associated with food production and

consumption (Asioli et al., 2020). While carbon footprint labels have shown their potential

to reduce emissions in other domains (e.g., on energy appliances), robust evidence on their

ability to shape food choices is largely lacking today. The existing literature has primarily

employed stated preference techniques or relied on other hypothetical food choice contexts.

Chapter 4 presents the results of a large-scale �eld experiment conducted at �ve university

cafeterias to test whether carbon footprint labelling can encourage more sustainable food

choices. Prior to the implementation, carbon footprints were calculated for 500 unique

cafeteria main meals and a carbon footprint label was developed and pre-tested in collaboration

with industry and catering stakeholders, as well as professional graphic designers. The

experiment was conducted over a period of six months and tracked the food choices of over

2,600 individuals, resulting in a large dataset of 85,000 individual purchase decisions. It

extends previous research by utilising a di�erences-in-di�erences approach to account for

potential time-confounding factors, which allows a causal interpretation of the �ndings. A

supplementary analysis links individual-level food choices with exit survey data, collected

after the intervention, to explore attitudes towards the labels and potential mechanisms

driving changes in behaviour. In sum, the research presented in Chapter 4 is the �rst large-

scale assessment of carbon footprint labels on food and one of the �rst to provide tentative

insights into potential mechanisms. Its �ndings may directly inform the concurrent policy

debate on sustainable food policy (Reisch et al., 2021).
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Synthesis and thesis structure

Taken together, the four empirical chapters presented in this thesis aim to provide causal

insights into some of the complex relationships between human behaviour and the environ-

ment. A common starting point for each of the four distinct, yet connected, chapters is the

recognition that environmental policy must be guided by empirically valid models of human

behaviour, informed by recent developments in behavioural economics and psychology. The

�rst part of the thesis takes into account that human behaviour is actively shaped by the

socio-ecological contexts in which decisions are made (Biggs et al., 2021). Chapters 1 and 2

thus explore how exposure to environmental stressors in�uences behaviour along multiple

dimensions. The second part of the thesis acknowledges that decision-making is actively

in�uenced by the behaviour of others and driven by internal emotions (Lerner et al., 2015;

Nyborg, 2018). To that end, Chapters 3 and 4 draw on experimental methods to test several

environmental policy instruments, which either seek to harness intrinsic and extrinsic mo-

tivators, or correct information asymmetries to allow consumers to make more sustainable

choices.

An overlapping theme discussed in Chapters 2, 3 and 4 is that of pro-environmental behaviour

(PEB). The focus on PEB addresses the urgent need for research to systematically identify

�e�ective and acceptable ways to encourage people across the world to consistently engage in

climate mitigation actions so that their collective e�orts will limit climate change to 1.5°C�

(Steg, 2018, p.761). To that end, Chapters 3 and 4 test intervention strategies speci�cally aimed

at stimulating PEB, whereas Chapter 2 explores whether personally experiencing the impacts

of climate change may in itself encourage the uptake of PEB. Moreover, Chapter 1 focuses

on the stability of social behaviour under environmental stress, which arguably serves as an

important precondition for collective action on climate change.

In addition to overlapping themes, this thesis also draws on multiple overlapping method-

ologies from the behavioural environmental economics toolkit (Bouma, 2021). Chapters 1, 3

and 4 utilise controlled experimentation to uncover causal relationships and develop robust

policy recommendations. Chapter 2 exploits data from a natural experiment. �Controlled�

experiments, conducted in laboratory or �eld settings, �represent the most convincing method

of creating the counterfactual, since they directly construct a control group via randomization�

(Harrison & List, 2004, p.1014). Each chapter capitalizes on the relative strengths of di�erent

experimental techniques � online, lab-in-the-�eld, �eld, and natural experiment � to match

the respective research context.
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Not only does this thesis utilise state-of-the-art methods, but it also seeks to advance how

experimentation can be used to study human behaviour. To that end, Chapter 1 combines

elements of a lab-in-the-�eld experiment (i.e., targeting relevant populations in naturalistic

settings) with online data collection via social media channels to collect data at pre-speci�ed

times. The approach outlined in Chapter 1 provides a blueprint for future data collection

procedures � in near real-time and based on randomised designs. Developing innovative

approaches to large-scale data collection incorporating experimental design features will play

an important role in addressing concerns regarding the external validity and lack of scalability

of experimental research �ndings (Al-Ubaydli et al., 2021).

Nonetheless, it is important to acknowledge that not all research questions lend themselves

to experimentation in a �eld or lab-in-the-�eld setting. To that end, laboratory experiments

will continue to play an important part in studying human behaviour, which will increasingly

be conducted in �virtual settings� over the internet. To address the apparent need for online

experimentation, Chapter 3 introduces a novel experimental measure of pro-environmental

behaviour which can be implemented in online experiments. Chapter 3 is exemplary of how

online participant pools can be used to conduct large-scale longitudinal online RCTs with

minimal attrition.

Each of the four chapters is written as a stand-alone paper, including an introduction and

literature synthesis speci�c to the topic of the chapter. Moreover, conclusions and policy

recommendations are formulated at the end of each chapter. Each chapter has its own

appendices (labelled in alphabetical order) and bibliography. Appendices contain additional

robustness checks, tables and �gures, and experimental protocols. The thesis can be read in

any order; however, the suggested order corresponds to the conceptual re�ections made in

this introduction.
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Chapter 1

The causal e�ect of air pollution on

anti-social behaviour

1.1 Introduction

Air pollution is a growing global health concern, and its adverse and in many instances lethal

e�ects are widely documented (Arceo et al., 2016; Currie & Neidell, 2005; Kampa & Castanas,

2008; Lelieveld et al., 2015; Pope et al., 2020; Pope et al., 1995; Schlenker & Walker, 2016). In

addition to acute harm, usually manifested by respiratory or cardiac symptoms, air pollution

potentially harms every organ in the body, including the brain (Schraufnagel et al., 2019).

An emerging literature in economics shows that air pollution is associated with a range

of economic and behavioural outcomes (Zivin & Neidell, 2018). For instance, air pollution

has been found to adversely impact human capital formation, including worker and �rm

productivity and educational outcomes (T. Chang et al., 2016; T. Y. Chang et al., 2019; Currie

et al., 2009; Ebenstein et al., 2019; He et al., 2019; Heyes et al., 2019; Zivin & Neidell, 2018, 2012).

Another area of concern is that air pollution appears to cause more aggressive and violent

behaviour. Numerous studies have shown that higher daily air pollution levels are positively

associated with observed criminal activity, suggesting a direct link between pollution exposure

and anti-social behaviour (Bondy et al., 2020; Burkhardt et al., 2019; Herrnstadt et al., 2021;

Lu et al., 2020, 2018; Zou, 2021). Exploring this relationship is the central focus of this chapter,

whereby we address two shortcomings of the existing literature.

Firstly, while some studies have documented a signi�cant relationship between pollution

and measures of pro and anti-social behaviour, a long-standing challenge has been to isolate
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potential mechanisms. Both physiological and psychological pathways may be at play. Recent

advances in neurotoxicology suggest a direct translocation pathway: due to their small size,

ultra�ne particulate matter smaller than 2.5µm (PM2.5) are able to directly enter the brain via

the nasal mucosa or by crossing the blood-brain-barrier (Boda et al., 2020; Kilian & Kitazawa,

2018; Power et al., 2016; Thomson, 2019). This in turn can trigger oxidative stress and systemic

in�ammation in the brain, which raises stress hormone levels (Costa et al., 2014; H. Li et al.,

2017). If these direct physiological channels are at play, one may plausibly expect to observe a

positive relationship between air pollution and anti-social behaviour, yet there may be other,

indirect and potentially interrelated pathways that explain the relationship. One possible

explanation is that air pollution impacts cognitive ability, thus resulting in suboptimal choices

(Archsmith et al., 2018; S. Chen, Guo, et al., 2018; Lai et al., 2021; Shehab & Pope, 2019; Ste�en

et al., 2019; Zhang et al., 2018). Others have suggested that air pollution may change the

way people think about the future by temporarily increasing the discount rate applied to

intertemporal trade-o�s (Bondy et al., 2020). Increased discounting, potentially linked to

elevated stress hormone levels, would imply that individuals place greater relative value on

short-term gains and underestimate the potential of future punishment, which is consistent

with an increase in criminal behaviour. However, exposure to air pollution may also increase

risk aversion (Chew et al., 2021; Heyes et al., 2016), which in turn should lead to less criminal

activity (Bondy et al., 2020). The psychological literature posits that air pollution might a�ect

decision-making because of its negative e�ect on emotional well-being, state anxiety and

mental health (S. Chen, Oliva, et al., 2018; Khan et al., 2019; Y. Li et al., 2019; Lu et al., 2020;

Sass et al., 2017; Zeng et al., 2019; Zhang et al., 2017). It has also been argued that elevated

pollution levels may increase sleeplessness, which in turn might be linked to changes in

decision-making (Heyes & Zhu, 2019).

A second challenge in the existing literature exploring the impact of pollution on social

behaviour is the identi�cation of a causal e�ect. The vast majority of previous literature has

relied on ex-post analyses employing quasi-experimental research designs such as panel re-

gression or instrumental variable analysis (Lu et al., 2020). While quasi-experimental methods

allow for a causal interpretation of the results, the �ndings are sensitive to assumptions of

identi�cation and sources of variations and therefore, may not achieve the same degree of

internal validity as results obtained from a controlled experimental setting.

In contrast to the quasi-experimental setting, lab experiments allow exogenous manipulation

of the degree of air pollution to which participants are exposed. While similar studies have

been conducted with respect to other environmental stressors, including thermal stress (Almås

et al., 2019) and noise pollution (Dean, 2019), exposing individuals to high levels of air pollution
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would entail serious ethical concerns and potential health impacts. Nonetheless, attempts

have been made to experimentally manipulate the level of air pollution exposure, for instance

by burning candles in the study space (Shehab & Pope, 2019), by priming participants with

vivid imagery of clean versus polluted cities (Lu et al., 2018), by providing sham air puri�ers

for student dorm rooms (H. Li et al., 2017) or by exposing individuals to diesel exhaust (Crüts

et al., 2008). However, the prior two cannot guarantee su�ciently large variation in exposure

(or perceived exposure) to air pollution and the latter two are ethically questionable.

More recently, emerging research has linked air pollution measurements with behavioural

outcomes obtained from �natural laboratory settings� matching individuals' experimental

data from the lab (or similar controlled settings) to the air quality of the survey day (Bedi et al.,

2021; Chew et al., 2021). This allows for both stronger identi�cation of exogenous changes

of pollution to individual behaviour � without the aforementioned ethical concerns � and

direct investigation into transmission channels. The closest study to ours is Chew et al. (2021)

who use data from a set of incentivised laboratory experiments measuring economic and

social decision-making, which were collected during and after an extreme pollution episode

in 2012. However, none of the existing �natural laboratory experiments� were speci�cally

designed and pre-registered for the purpose of assessing the impact of air pollution on (anti-

)social behaviour and other outcomes. To that end, subjects' exposure to air pollution was

not randomised, but rather depended on self-selection into experimental time slots, which

gives rise to potential endogenous sorting on anticipation of air pollution. In this regard, the

existing "natural laboratory" research also falls into the quasi-experimental identi�cation

strategy.

In this study, our goal is to advance economic experimental research of the e�ects of air

pollution on social behaviour by introducing a novel experimental design that addresses

both the aforementioned challenges.1 Firstly, alongside the primary outcomes of interest

(anti-social behaviour and norm-enforcement), we measured a range of secondary outcomes,

which may constitute potential mechanisms. We used incentivised experimental tasks to

measure cognitive ability, risk and time preferences. We also used a range of veri�ed scales and

self-report questions to assess depression, momentary emotions, and self-control depletion.

Secondly, our pre-registered study was speci�cally designed to exploit naturally occurring

discontinuity in pollution and measure social and economic preferences on both high and

low-pollution days in Beijing, China during the winter of 2019. Based on a set of criteria,

1Ethical approval for the experiment was granted by the Department of Land Economy Ethical Research
Committee. The study was pre-registered at the AEA RCT Registry, October 2019. https://doi.org/10.1257/rct.48
56-1.3000000000000003.
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we proactively selected high and low-pollution days on which our survey was administered

via WeChat to a sample of 632 university students. Our randomised online experiment, thus,

allows for greater experimental control, a higher degree of identi�cation and utilises a set

of well-established incentivised economic games to measure a range of social and economic

preferences.

Our experiment makes multiple contributions to several strands of economic literature.

From a methodological standpoint, we contribute to an emerging literature which utilises

controlled experimental settings to explore the impact of environmental stressors on economic

behavioural measurers (Almås et al., 2019; Bedi et al., 2021; Chew et al., 2021; Dean, 2019). We

extend this literature by introducing a novel experimental design that combines elements of a

lab-in-the-�eld experiment with online data collection procedures via social media channels

(Gneezy & Imas, 2017). The experimental design exploits naturally occurring discontinuities in

air pollution to mimic an experimental setting in which air pollution exposure is exogenously

manipulated. Individuals were randomly assigned to either low or high-pollution exposure,

which provides clean experimental variation and hence allows us to identify a causal e�ect.

Our novel methodology, thus, speaks to the broader empirical literature that aims to isolate

the e�ects of air pollution on social and economic decision-making (Lu, 2019; Zivin & Neidell,

2018).

In addition to methodological advancements, the �ndings from this study contribute to the

literature on how anti-social and unethical behaviour is impacted by environmental stressors

such as extreme weather events and air pollution (Bondy et al., 2020; Burkhardt et al., 2019;

Goin et al., 2017; Gong et al., 2020; Heilmann et al., 2021; Herrnstadt et al., 2021; Lu et al.,

2020, 2018). While much of the previous research has relied on gross proxy measures of social

behaviour (e.g. criminal activity), we utilise a set of well-established incentive-compatible

economic games to obtain cleaner measures of social behaviour and standard economic

preferences. The anti-social behaviour games used in our study are speci�cally designed to

rule out alternative motives for anti-social behaviour and thus allow us to study fundamental

aspects of decision-making, independent of contextual factors. In addition, our �ndings

contribute to our understanding of whether the e�ects of air pollution on economic and

behavioural outcomes are of psychological or physiological nature (R. Fehr et al., 2017; Gong

et al., 2020). Finally, we explore whether providing air-pollution warnings or alerts can change

behaviour, thus contributing to the literature examining the e�cacy of providing air quality

information (Saberian et al., 2017; Sexton & Timothy, 2016).
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Our results indicate that exposure to acute air pollution has no statistically signi�cant e�ect

on anti-social behaviour or economic preferences in the risk and time dimension. Moreover,

we �nd that individuals who received an additional pollution alert do not change their

behaviour relative to the control group. However, we do observe that these individuals

exhibit signi�cantly less anti-social behaviour compared to the high pollution group which

received no alert message (and for which anti-social behaviour slightly increased, on average).

With respect to cognition and health outcomes, we �nd that acute exposure to air pollution

signi�cantly decreases self-reported positive a�ect and increases the likelihood of reporting

physical health symptoms. Our �ndings suggest that air pollution appears to have an acute

impact on psychological and physiological well-being, though not enough to induce anti-

social behaviour as measured by our experimental games. However, a supplementary analysis

provides indicative evidence that anti-social behaviour increases, and altruism decreases for

individuals who perceived the pollution episode to be extremely severe.

The chapter is structured as follows: Section 1.2 outlines the research design and describes

the experimental procedures, Section 1.3 lays out the estimation strategy, Section 1.4 presents

the results and Section 1.5 discusses the implications of our �ndings.

1.2 Research design

1.2.1 Recruitment and randomisation

Recruitment took place in October 2019 on the campus of Renmin University in Beijing

and through online social-media channels, targeting university students from any discipline

currently enrolled in either undergraduate or postgraduate degrees at any university located

in Beijing. After providing informed consent, participants completed an initial baseline survey,

for which they were rewarded 10 Yuan. The primary objective of the baseline survey was to

build a subject pool for our experiment and capture basic socio-demographic information

and speci�c baseline preferences. Participants were noti�ed that they would be recontacted

later in the semester to complete a second survey. Moreover, to incentivise participation,

participants were informed that if they completed both surveys, they would be eligible to

participate in a prize draw of 100 Yuan to be awarded to ten students.

In total, 793 participants completed the baseline survey. Of these, 45 respondents were

excluded as their university was not located in Beijing, they were currently not in Beijing (e.g.,

on exchange) or they could not be re-contacted via WeChat by our research assistants. The

remaining 748 students were then randomly assigned to either a low pollution control group
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or one of two high pollution treatment groups using a strati�ed sample and re-randomisation

procedure.

Participants were strati�ed by gender, university cluster, year of study, Hukou status and

perceived air pollution health tolerance across treatments.2 Within each stratum, every third

student was assigned to a given treatment or control group. Randomisation was re-run until

balance was achieved for a pre-speci�ed set of control variables deemed important for the

study. These included basic demographic and health measures, baseline social preferences

following E. Fehr et al. (2002), cooperation (hypothetical investment in a public goods game)

and perceptions speci�c to air pollution in Beijing, the participant's hometown and at their

current place of residence. A detailed overview of all variables used for balance checks can be

found in Appendix 1.A4.

1.2.2 Manipulating exposure to air pollution and treatments

A persistent challenge to causal identi�cation of pollution e�ects has been the inability to

exogenously manipulate air pollution exposure in a controlled experimental setting. Our study

was speci�cally designed and pre-registered to address this challenge by exploiting naturally

occurring variation in air pollution by carefully selecting high-pollution and low-pollution

episodes for data collection purposes. Natural variation in air pollution is common in Beijing,

especially during the winter-heating period from mid-November to mid-March (Xiao et al.,

2015). In Beijing, pollution episodes generally occur over a series of consecutive days with

light southerly winds, which transport pollution emitted from industrial compounds into the

city. Pollution episodes are often ampli�ed by thermal inversions, which are meteorological

phenomena where abnormal temperature pro�les in the atmosphere trap air pollution near

to the ground (Sager, 2019).3 Pollution episodes generally come to an abrupt end with the

onset of strong winds from north-westerly direction, clearing out the air pollution.

By exploiting this natural discontinuity in air pollution exposure, we are able to survey

both treatment and control groups within a timeframe of several days. In order to select

appropriate days for data collection, the research team closely monitored local pollution and

2Universities were clustered by geographic location within Beijing into North, Central and South. Hukou
status refers to whether the participant's household origin is registered as rural or urban in accordance with
China's family residence registration system. Perceived air pollution health tolerance was measured on a
�ve-point scale (Not at all to very much) based on the question: �Do you think air pollution will a�ect your
health?�.

3Thermal inversions are commonly employed as an instrumental variable to identify causal impacts of air
pollution. See for example Sager (2019) for a recent application and visualisation of thermal inversion as an
instrument for air pollution.



1.2 Research design 23

weather forecasts. The primary criterium was the predicted level of air pollution, guided by

the categorisation of the o�cial Air Quality Index (AQI). Figure 1.1 shows the o�cial AQI

chart divided into six colour-coded categories, where higher AQI values represent higher

levels of air pollution and the greater health concern. The AQI is calculated by combining the

concentration of �ve main pollutants including PM2.5, PM10, sulphur dioxide (SO2), nitrogen

dioxide (NO2), ozone (O3) and carbon monoxide (CO).

Figure 1.1: Air Quality Index (AQI) categories

In our experiment, participants in the high pollution and high alert treatment groups were

invited to complete the survey when air pollution levels were objectively high, with AQI

values exceeding `Very Unhealthy' levels of pollution (AQI > 200). Participants in the control

group (low pollution) were invited to complete the survey when air pollution levels are

objectively low, with AQI values in the `Good' range (AQI < 50).

Moreover, as external weather conditions may confound our primary outcomes, a further

criterium was to select days with comparable weather conditions. Finally, we hypothesised

that students may behave di�erently mid-week as compared to weekends and Fridays, thus

biasing our primary outcomes. We aimed to distribute our experimental surveys only during
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Table 1.1: Experimental treatments

Air Pollution

Alert Low High

No
Low-P

(Control Group)
High-P

(Treatment 1)

Yes -
High-P-Alert
(Treatment 2)

the �rst half of the week. While our experimental design allowed us to control for the

criteria discussed above, other behavioural factors, in particular behavioural adaptation to air

pollution exposure, were beyond our control. We thus included survey questions to capture

potential protective behaviour (mask wearing or reducing outdoor time) and whether the

participant owned an air puri�er.

Finally, all participants were noti�ed 24-hours in advance by direct message to maximise

participation. Moreover, this allowed us to introduce an additional experimental manipulation.

Participants in the high pollution `alert' group received a slightly longer message informing

them about the projected pollution hazard (see Appendix 1.B). This experimental variation

was included as air pollution information can be used as an environmental policy tool to

increase the salience of air quality and thereby alert people to the risk of being exposed to

air pollution (Delmas & Kohli, 2020; Gra� Zivin & Neidell, 2009; Saberian et al., 2017). The

objective of this treatment was to experimentally assess the e�cacy of providing pollution

alerts via direct message on days with objectively high levels of air pollution. Speci�cally, we

sought to understand whether alerts signi�cantly in�uence how pollution is perceived, which

in turn could encourage protective behaviours against exposure or directly impact social and

economic decision-making. See Table 1.1 for a summary of the experimental treatments.

1.2.3 Experimental timeline and conditions

Data were collected on three days in December 2019. In total, we made use of two pollutions

episodes to administer the survey to subjects in the high-pollution treatment groups. The �rst

pollution episode occurred between the 8th � 10 th December. The experimental survey was

distributed to the High-P and High-P-Alert treatment groups at 5pm on Monday, 9th December.

Throughout the survey period, the AQI was above 230, pollution levels considered as very

unhealthy. On 10th December, at approximately 12pm, pollution levels dropped with the onset
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