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Abstract

Advancing a Social Determinants Approach to Climate Change and Health

Naomi Beyeler

Climate change is a global crisis harming the health of communities around the world.
We have known about the causes and risks of climate change since at least the 1960s, and
about the health harms of climate change since the 1990s. Yet our collective inability to
envision and enact alternative energy and economic systems has locked in a level of global
temperature rise with devastating consequences. At current levels of warming, communities
around the world are already experiencing a wide range of harmful impacts to mental and
physical health and wellbeing; impacts which will grow as climate change continues unabated.
As a result of systemic forms of social injustice — including those of economics, race, and gender
— climate change is deepening health inequities within and between countries.

Gaps in the literature hinder our ability to comprehend and effectively communicate the
scale of the challenge, to identify and implement effective programs and policies to protect
health in the face of climate change, and to overcome deeply entrenched political barriers to
action. In this dissertation, | focus on one gap in particular: the paucity of research at the global
level exploring the intersection of climate change and the social determinants of health. Using
Nancy Krieger’s Ecosocial Theory of Disease Distribution as a conceptual guide, | develop three
empirical case studies, each of which focuses on a distinct pathway through which climate

change and the social determinants of health intersect to drive adverse health outcomes.



Chapter One offers a brief overview of the current state of the climate change and
health literature and describes how a social determinants approach can respond to existing
research gaps. Chapter Two utilizes a historical case study to document the engagement of the
fossil fuel industry in the science of climate change and health, newly emergent in the 1990s. It
identifies how the industry sought to influence the public health narrative on climate change
and opens a critical new area of research for understanding and navigating political barriers to
climate action. Chapter Three quantitatively assesses the relationship between drought — an
environmental phenomenon becoming increasingly common and severe because of climate
change —and women’s empowerment — a social determinant of women’s and children’s health.
Drawing on analysis of household surveys in twenty-four countries in sub-Saharan Africa, this
paper finds that drought is associated with a small but significant decline in women’s
empowerment, and thus expands a currently understudied area in the literature on climate
change and women’s health. Chapter Four presents qualitative analysis of how climate change
impacts mental health in a uniquely vulnerable population of smallholder farmers living with
HIV in western Kenya. This chapter finds that mental health is predominantly mediated by
profound changes in economic and social systems, and thus proposes a new conceptual
framework for understanding the social determinants pathways through which climate change
shapes emotional health.

Finally, Chapter Five draws conclusions from these three studies: proposing directions
for future research and highlighting how a social determinants approach to global health
sciences research on climate change can inform more effective community and policy

interventions to reduce climate change’s health harms.
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Chapter One

Introduction

Introduction

Climate change is a global crisis harming the health and wellbeing of communities
around the world — and disproportionately impacting those communities and populations that
are vulnerable. We have known about the causes and risks of climate change since at least the
1960s, and about the health harms of climate change since the 1990s. Yet through our
collective inability to envision and enact alternative energy and economic systems, we have
likely locked in at least 2°C of global temperature rise, with devastating consequences for
health. A recent explosion of health research on climate change has contributed to the creation
of dozens of health organizations that strive to address this emergency. However, significant
roadblocks to this work still exist: funding for climate and health research and programs is
sparse, climate change has not been widely integrated into the health policy conversations, and

the health voice is largely absent in climate policy discussions.

Critical gaps in the literature hinder our ability to comprehend and effectively
communicate the scale of the challenge, to identify and implement effective programs and
policies to protect health in the face of climate change, and to overcome deeply entrenched
political barriers to action. In this dissertation, | focus on one gap in particular: the paucity of

research at the global level exploring the underlying causes of the climate health inequities that



are a focus of interest within the health community. However, though several social
determinants of health frameworks underpin a broad body of research that addresses the
social, economic, and political drivers of health, commonly referenced climate and health
frameworks do not fully integrate these same drivers. This dissertation explores how the
explicit incorporation of a social determinants approach into global climate and health sciences
research can expand our understanding of the complex pathways through which climate
change impacts health, and thus increase the number of potential opportunities to protect
health from climate change. Furthermore, this social determinants approach offers an
important perspective on advancing new avenues of health sciences research that could

support policy engagement at the intersection of climate and health.

| begin Chapter One with a brief overview of the current state of climate change, and of
current health impacts and research, and describe how a social determinants approach could
respond to existing research gaps. | then present three empirical case studies, each of which
focuses on a distinct pathway through which climate change and the social determinants of
health intersect to drive adverse health outcomes. Chapter Two examines the commercial
determinants of health, using analysis of fossil fuel industry documents to understand how
health fits into the industry’s broader efforts to prolong climate inaction. In the subsequent
chapters, | address the consequences of this inaction. Chapter Three probes the intersection of
climate and gender through analysis of the impact of drought on women’s empowerment in
sub-Saharan Africa. Chapter Four explores the social and economic pathways through which

climate change affects mental health in a vulnerable community in Kenya. Chapter Five draws



on the findings from this dissertation, illustrating how a research approach explicitly grounded
in the social determinants of health may open new arenas for health sciences research, as well
as recommending future research directions that can inform community and policy
interventions to reduce the health harms of climate change. | conclude with brief thoughts on
the role of global health sciences research in translating evidence into policy in the context of

the emerging climate change and health movement.

Current state of climate change and health

The impacts of climate change are apparent in every corner of the world. Our continued
collective dependence on fossil fuels has led to accelerating climate change — what scientists
call the greatest threat to health of the 21% century (1,2). At current levels of warming — roughly
1.1°C above pre-industrial levels (3) — communities around the world are already experiencing a
wide range of significant impacts, including those connected to mental and physical health and
wellbeing (4,5). Rising temperatures, more extreme heat waves, worsening storms, more
severe droughts, accelerating sea level rise, and worsening air quality all cause direct and
immediate harms — including heat-related illnesses, cardiovascular and respiratory diseases,
adverse maternal and child health outcomes, some cancers, infectious diseases, food insecurity,

poor mental health outcomes, and premature death (5-14).

In the 2015 Paris Climate Agreement, the global community committed to limit
temperature rise to well below 2°C, with the ultimate goal of remaining below 1.5°C above pre-

industrial levels (15). Those commitments were in line with scientific estimates of temperature



thresholds that, if not exceeded, will preclude the most severe health and social impacts of
climate change. Though scientific models outline pathways through which achieving the 1.5°C
target may technically be feasible (16,17), inertia in our political and economic systems and a
lack of political will for transformative action has realistically foreclosed this possibility.
Indicators in nearly every sector show we are off track to reach the goals of the Paris
Agreement (18-23) and that even if all countries were to meet their emissions targets, the
planet would still warm by an estimated 2.4°C to 2.8°C (18,19). This level of warming will
fundamentally remake our ecological systems, resulting in cascading impacts on our health. At
these temperatures we will experience increasingly common and severe heatwaves, droughts,
extreme precipitation events, and sea level rise (16) and likely pass irreversible tipping points,
such as the collapse of the Greenland ice sheet (24). These changes may render uninhabitable
the places where millions of people live and may thus bring to pass a tremendous increase in
climate-related illness and death. For instance, one study suggests that without significant
reductions in greenhouse gas emissions, temperature-related deaths alone could surpass 80

million by 2100 (25).

Climate health impacts are intertwined with the social determinants of health. As a
result of systemic forms of social injustice — those of economics, race, and gender, to name but
a few — climate change and fossil fuel-related air pollution disproportionately impact certain
regions and communities, deepening health inequities within and between countries (26-29).
Within countries, communities of color, low-wealth communities, and marginalized peoples are

the most exposed to climate risks and the least able to adapt to climate impacts, thus bearing



the heaviest climate-related health burdens (30). At a global level, the impacts of climate
change — and thus its health effects — are greatest in the low- and middle-income countries
least responsible for historic greenhouse gas emissions (31,32). Climate change is also causing
widespread economic, social, ecological, and health system disruptions, in turn driving
increases in poverty, migration, conflict, and violence, each of which in their turn increase a
wide range of adverse health outcomes (4,33—-36). One example of this chain effect is that of
economic growth. Climate change is slowing economic growth most acutely in lower-income
countries, resulting in growing economic inequity (37). The African Development Bank
estimates that climate change could reduce regional GDP by as much as 15% by 2050 (38).
Globally, climate change could return tens of millions of people to extreme poverty by 2030
(39). The health impacts of these widespread disruptions, though mostly unquantified, are

likely to be severe.

The shape and magnitude of future risks and impacts remain open to change by our
action. The available evidence paints a dire picture of what the future holds for communities
around the world, and a daunting one of the scale of effort needed to protect human wellbeing
as the climate continues to change. As the result of decades during which we knew the risks yet
failed to act, we are now left with an imperative: simultaneously advance transformative
adaptation, that continues to expand people’s ability to withstand climate threats, and
transformative mitigation, that gives us the best possible chance of maintaining our climate

within livable bounds and avoiding the most severe health consequences.



The causes of climate change are well-established. Our energy, transportation, land use,
food and agriculture, industry, and building systems produce greenhouse gas emissions that
trap heat in the earth’s atmosphere, leading to not only global temperature rise but also a wide
range of climatic changes affecting the biosphere — from ocean acidification to biodiversity loss.
The solutions to climate change are also well-known. They include, most fundamentally, the
reduction of greenhouse gas emissions: transitioning from burning fossil fuels to using clean
energy across all systems that contribute to climate change (18). Fossil fuel-driven growth over
the past centuries has underpinned the tremendous global health gains made in recent history
and expanding energy access remains critical to enable the achievement of the health,
economic, and other goals of the global community. Thus, as we undertake this transition we
must look seriously at pathways to a just energy transition in low- and middle-income countries

that enable energy access, development, and good health.

Our likelihood of failing to meet the 1.5°C goal of the Paris Agreement also cannot be an
excuse for abandoning the most strenuous efforts to reduce greenhouse gas emissions and to
mitigate global temperature rise and accompanying climatic changes. Rather, limiting climate
change as much as possible is imperative. Every dimension of health and wellbeing is projected
to decline as temperatures rise (40,41); thus, every marginal increase in warming is meaningful
from a health perspective. The locking in of increasingly severe future health and climate risks
(4) demands that we devote much greater attention to bolstering the health and climate
resilience of the most impacted communities. Current adaptation efforts fall far short of what is

needed to manage current levels of climate change (1,42,43). Yet mitigation remains essential,



because as climate change accelerates, the effectiveness of known adaptation strategies
declines (44). Indeed, there are levels of climate change beyond which adaptation will likely

become impossible (45).

While there remain unanswered questions about what the future will look like, from
both a climate and a health perspective, the timeline on which action must be taken to avoid
catastrophic impacts requires that we move much more quickly to develop and implement
climate solutions that can protect health. The choices we make in the coming few years will

determine our health for many years to come.

Research gaps

Critical research gaps exist in this field of study, hindering our ability to take effective
action. Research on climate and health began to emerge in the mid-1990s, and has exploded in
the past decade (5). By one estimate, over 15,000 articles were published on the topic from
2013 to 2019 (46). Yet the growth of research on climate change and health has featured
inequitable attention paid to disease areas and regions of the world. In addition, the
methodological approaches used have been limited. Recent reviews have identified gaps in the
literature, including but not limited to:

e Health areas: Research focuses on a narrow subset of health outcomes, such as
heat-related and infectious diseases and illnesses linked to air pollution (46). A

recent review found that over one quarter of studies focused on heat, while only



around two percent of studies examined mental health, or maternal and child
health (47).

e Regions: Research is located predominantly in high- and upper-middle-income
countries (46,48,49), and not in those countries experiencing the greatest impacts
of climate change on health.

e Risk factors: Research focuses mainly on isolating the impact of climate change on
health, instead of analyzing climate-health impacts in the context of other drivers of
ill health. One review found that a large majority of articles published in the
academic literature focused on discrete health impacts while less than ten percent
of articles examined social vulnerability as a mediating factor of climate-related

health outcomes (46).

Critically, across all domains of health research on climate change, relatively little is
currently known about climate mitigation, adaptation, and health sector solutions, at all levels
of action, that would best protect health and health equity. We have done much more to
catalogue the extent of the problem than to expand the evidence base on health-protective
strategies. Cataloguing the extent of the problem is certainly a critical first step in climate and
health research. Given the scale and urgency of the problem, however, we must move quickly
towards a focus on solutions. The necessity of this shift in focus presents a dilemma: namely,
that gaps in our current approach to this area of research may hinder our ability to develop
solution-focused evidence. | identify three constraints in the current approach — constraints

which could be remedied by an expanded thinking about research integrating the social



determinants of health. This expansion, in turn, could help build the case for action and provide
the evidence base to allow more effective engagement of health scientists in shaping healthy

climate policy.

First, current efforts focus predominantly on discrete rather than cumulative impacts.
Though the impacts of climate change are varied and broad, much of the literature looks at
single outcomes or exposures and does not capture aggregate health risks for communities
vulnerable to multiple and intersecting climate health risks. Examining one climate exposure,
such as heat, or one health endpoint, such as birth outcomes, risks not only obscuring the
magnitude of the impact, but also failing to understand how risks compound and what
solutions are available in response to them. Global health endeavors, such as the Global Burden
of Disease, which seek to attribute population health outcomes to different causal risk factors,
may also underplay the importance of climate change in their approach: breaking climate-
related risk factors into many different categories (e.g., air pollution, high temperatures), and
not including climate in measures of other leading health risk factors (e.g., malnutrition) despite

well-documented impacts of climate change on these health risks (5,50).

Second, present efforts focus more on health outcomes (the “what”) than on the
pathways through which climate change drives poor health and on how these pathways vary
across populations (the “how and why”). Understanding impact without understanding how
and why health outcomes occur may be insufficient to guide effective intervention. Particularly

in the global health literature, there exists a comparative lack of focus on how climate change



intersects with the social determinants of health to amplify existing health inequities and create
new health risks. One example of this underdeveloped aspect of the literature is gender
(51,52). Thus, despite evidence on the increased risks of negative health outcomes faced by
women (4,53,54), comparatively little is known about the pathways through which climate
impacts gender inequity or by which gender inequity shapes climate vulnerability. Even in
studies that acknowledge social determinants as important, the focus remains on counts rather
than mechanisms. For example, though a recent World Health Organization (WHO) review of
the climate and health literature noted the lack of research on gender, it concluded there was a
need for more gender-disaggregated data rather than for increased investigation into how
climate change and climate-related health risks and responses operate within, and are shaped
by, systems of gender and gender inequity (47). Expanding our understanding of how multiple
social determinants pathways interact — for instance gender and economic inequity — is also

critical, given that these factors intersect to create unique challenges for different populations.

A third, and related, gap in the literature is the lack of attention paid to the structural
drivers of climate exposure and vulnerability. This approach largely takes the social and
economic contexts as a given — a background reality within which to improve health — rather
than meaningfully exploring them as drivers of climate-health vulnerability and as locations for
intervention. One significant example is the sparse analysis of the political drivers of climate
inaction. A lack of political will, greatly fostered by the fossil fuel industry, is a major barrier to
climate action globally (18,55,56). A large body of research documents the fossil fuel industry’s

decades-long strategy of scientific influence, denial, political lobbying, and public relations

10



efforts to successfully delay and block national and international climate policy (57-65). Global
health researchers have produced a significant literature on the commercial determinants of
health (66—69), turning attention to the role of the tobacco and sugar industries — among
others — in shaping health policy and producing ill health. This research has opened new
avenues for health action and policy change. However, no research to date has evaluated the
fossil fuel industry’s practices in relation to health. This gap is meaningful, as understanding
how industry engages with the science of climate change and health, and with the health
narrative around climate change, could help shape opportunities and strategies for health

engagement in climate policymaking.

Collectively, prevailing research approaches may inhibit the efforts of the climate and
health research community both to identify effective solutions and to communicate the
problem in ways that will generate the necessary level of investment and attention. These
research gaps are of concern because they limit our ability to adequately measure and convey
the magnitude of the impact climate change has on health. For example, a widely cited WHO
report estimates that climate-sensitive diseases will result in an additional 250,000 deaths each
year from 2030 to 2050 (70). This is a very small number in relation to other leading causes of ill
health. However, since it captures only a small slice of climate-related health endpoints, it is
thus likely a significant undercounting of the true health costs. More recent quantification
efforts, such as the Lancet Countdown, similarly offer a partial accounting of indicators on a

relatively narrow set of health endpoints (5). These efforts and others like them may have
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important implications for generating, or constraining, the level of political and financial

attention granted to the topic of climate change.

These approaches also limit our understanding of how best to intervene in the context
of complex and compounding social, economic, and climate risks. This is a critical gap because
much of the work in the years ahead will need to focus on implementation. Tremendous
innovation in recent years means that we have available a much wider range of mitigation
technologies, yet lack evidence needed to spur their widespread adoption and use.
Understanding pathways can help to bridge such implementation gaps. Focusing on discrete
health endpoints, without greater consideration of the social, economic, political, and
commercial determinants of health, also elevates individual clinical and organizational health
systems solutions because it suggests that treating health outcomes is sufficient. However,
these approaches risk being overwhelmed as climate change accelerates. Further, they fail to
address the underlying causes of vulnerability. This approach also contributes to an emphasis
on relatively narrow adaptation measures over greater attention to protecting health through
efforts to reduce climate pollution and slow climate change. For instance, a significant focus in
the discussion of heat health harms is on cooling centers — despite limited evidence of
effectiveness and concerns about equity — rather than on more structural factors like urban
greening or mitigation measures that will slow temperature rise. Similarly, while air
conditioning can be a lifesaving adaptation, it is not accessible for many of the most vulnerable,
and contributes to localized air pollution, heat islands, and climate change (71). It should be

noted that adaptive capacity is shaped by the strength of social, economic, and health systems,

12



and that incremental measures can contribute to maladaptation (44). A broader research
approach might help to identify more transformative adaptation strategies that overcome

existing inequities in and constraints to community adaptive capacity.

A social determinants approach to climate change and health

A social determinants perspective can help to address these research limitations. Over
the past three decades, public health scientists have theorized a number of frameworks on the
social determinants of health (72—77). These are useful for guiding health research that
explores the effects of structural factors and systemic inequities on health, and thus can help
extend climate change and health research beyond its current focus. These frameworks vary in
their attention to different social factors (78). Some leading social determinants models do not
explicitly include the environmental determinants of health (77). Furthermore, the commercial
determinants of health, and the role of industry in shaping health outcomes and inequities, are
also missing from many common social determinants models (79). Since these environmental
and commercial determinants are critical dimensions for the study of climate and health, their
absence poses limitations. Nancy Krieger’s “ecosocial theory of disease distribution” is thus one
particularly useful social determinants framework, because it explicitly addresses the
intersection of environmental and social factors and because it includes a focus on the role of

institutional forces in shaping health.

Ecosocial theory centers the processes and pathways through which people embody the

social, political, and environmental contexts in which they live, and how these in turn shape

13



population health inequities (78,80,81). In reference to the environmental context, Krieger
specifically focuses on the “ecosystems that enable life to exist on our planet”; thus, while not
developed in relation to climate change, ecosocial theory is relevant for its study (81). The
interdependence of ecological and social systems forms the core of ecosocial theory: how
systems of social power and inequity generate health outcomes through shaping vulnerability
and response to intersecting health risk factors over the course of a person’s life, across
historical generations, and at levels ranging from the individual to the global (82). Figure 1.1

shows Krieger’s conceptual model of ecosocial theory (81).

Embodiment
Pathways of embodiment

e Cumulative interplay of
exposure, susceptibility &
resistance Levels: societal &
Accountability & agenc ecosystem
Racial/ethnic Global -
injustice Process_es.
) production
National exchange
) consumption
Population Regional reproduction
distribution
of health Area
Gender & Household
Historical context & sexuality y
ininsti Individual
generation Injustice
\_} | Lifecourse |
| In utero Childhood Adulthood |

Figure 1.1. Nancy Krieger’s Ecosocial Theory of Disease Distribution (81).

Ecosocial theory includes four main conceptual elements each of which can advance
research in the above-mentioned gaps (78,81):
e Embodiment: The ways in which our social and environmental is expressed biologically

in our bodies.
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e Pathways of embodiment: The processes by which our social and environmental
context shapes our health.

e Cumulative interplay of exposure, susceptibility, and resistance: How structural factors
shape our vulnerability and response to different risks, and how these compound to
impact health.

e Agency and accountability: How institutions create and preserve systems of inequity.

Applying these concepts is useful for understanding the multi-dimensional relationships
between climate change and the social determinants of health, the ways in which these
elements interact to drive exposure, vulnerability, and adaptation to multiple health risks, and
the systems that drive climate change, perpetuate health inequity, and constrain political

action. Thus, Krieger’s ecosocial theory can help respond to existing gaps in the literature.

Selection of papers and structure of the dissertation

Each of the papers in this dissertation focuses on a critical gap in the literature and
applies an ecosocial perspective to analyze the distinct pathways through which climate change
and social determinants of health work together to drive adverse health outcomes. Drawing on
the theory’s attention to how social and political systems of power operate at multiple levels to
shape health, this dissertation uses different methodological approaches to explore the

relationship between climate change and health as it is shaped by social determinants.
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Ecosocial theory aims to explore the nature of health inequities across the spectrum,
from the biological to the social. The papers in this dissertation are not designed to provide a
full exploration of one climate-related health outcome across this full range. | have not, for
example, explored the complex way climate affects health over the life course, nor have |
explored the expression of climate health risks at the biological level. Rather, each of my three
papers addresses a topical gap in the current literature and explores that gap through one of
Krieger’s conceptual domains. Given the complexity of the topic at hand, and for the efficacy of
future work in the field, a diversity of methodological approaches will be necessary to fully
understand climate health impacts and to develop effective responses to them. Thus, in
selecting papers for this dissertation, | additionally identified topics and data sets that would

provide me opportunities to gain experience in several different research methodologies.

Chapter Two utilizes a historical case study, developed through analysis of internal- and
external-facing industry documents, to examine the engagement of the fossil fuel industry in
the science of climate change and health, newly emergent in the 1990s. This chapter applies
document analysis methods widely utilized in the commercial determinants of health literature
to explore how health fits into the fossil fuel industry’s broader efforts to delay climate action.
Focusing on ecosocial theory’s concept of “agency and accountability”, this analysis turns
attention to the institutional and political factors driving climate decision making — factors
which shape the nature of climate risk and the availability of opportunities for response.
Topically, this chapter addresses a particular gap in the extant literature regarding the fossil fuel

industry’s strategies relating to health and health sciences. It additionally responds to a gap in
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the climate change and health literature specifically regarding the institutional and political
drivers of climate health outcomes. It brings together two strands of literature — on the fossil
fuel industry and on the commercial determinants of health — to open new avenues of research

with particular relevance for understanding and navigating political barriers to climate action.

Chapters Three and Four then explore the health consequences of delayed climate
action. These chapters offer case studies from sub-Saharan Africa, addressing a regional gap in
the literature. Chapter Three quantitatively assesses the relationship between drought — an
environmental phenomenon becoming increasingly common and severe because of climate
change (33) — and women’s empowerment — a social determinant of women’s and children’s
health. This chapter addresses the gap in the literature on how gender operates to shape
women'’s differential vulnerability to climate change. In terms of the ecosocial concept of
“pathways of embodiment”: the availability of data on drought and women’s empowerment
offered the opportunity to explore one specific feasible pathway. Drawing on statistical analysis
of cross-sectional, nationally-representative, household surveys of over 147,000 women in
twenty-four countries in sub-Saharan Africa, this chapter identifies women’s empowerment as
a potentially important but understudied determinant of climate impacts on women’s and
children’s health. This paper elevates the importance of studying the pathways through which

climate impacts health in order to target efforts to the most relevant pathways.

Chapter Four explores how climate change impacts mental health in a uniquely

vulnerable population of smallholder farmers living with HIV in western Kenya. The chapter
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applies qualitative methods to explore the ecosocial concept of “cumulative interplay” between
multiple climate and social risks —and how people respond and adapt to them — to understand
the complex pathways and structural drivers of emotional wellbeing. A rapidly expanding
literature documenting the mental health outcomes associated with climate change (4,14) has
been accompanied by new concepts of eco-anxiety and ecological grief (83—85). Yet, despite
extensive knowledge of the social determinants of mental health (86) there is comparatively
little exploration within the climate change and mental health literature that integrates this
systems perspective (87). This chapter puts these two bodies of literature in dialogue to explore
the social and economic determinants of mental health and to investigate how these
determinants are shaped by climate change. Conceptually, it advances the emergent literature
on climate change and mental health by developing the social determinants and policy
pathways relevant for mental health and considering the limitations of adaptation from a
mental health perspective. It also points to the critical need to study multiple social

determinants in concert, by highlighting the intersection of gender and economic determinants.

Chapter Five draws from these three cases to advance understanding of the social,
economic, and political determinants pathways through which climate change impacts health.
It also offers recommendations utilizing an ecosocial perspective in order to open new areas of
interest for future global health sciences research — with the overarching goal of developing
community and policy interventions that, by addressing the social determinants of health and

climate change, can work to reduce climate change’s health harms.
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Conclusion

Climate change is a rapidly evolving challenge to the health and wellbeing of people
around the world. An expansion of current research approaches is required to advance an
evidence base that can most effectively enable the scale and speed of action necessitated by
climate change. One domain for this expansion of research is the fuller integration of the social

determinants of health, which can deepen understanding of barriers and pathways to action.

As evidence of the health harms of climate change and health benefits of climate action
has grown, health sector involvement in climate has increased. A recent survey of health
professionals found that nearly 70% reported it was extremely or very important to them that
their organization take action on climate change (88). Every part of the health sector has a role
to play in promoting health in the era of climate change. Public health systems can advance
surveillance and early warning systems and work with communities to implement resilience
measures. Clinical health systems can reduce their own emissions and enhance their ability to
treat those facing climate-related health impacts. Health professionals can educate their
patients and communities and can use their role as trusted messengers to advocate for health-
protective climate policies. Indeed, emerging evidence indicates that a health message, coupled
with continued trust of the U.S. public in health professionals, has the power to break through

public and policy debates and catalyze climate action (89-93).

Health sciences research can provide foundational support for each of these endeavors,

advancing the evidence base needed to inform effective climate action across all sectors and at
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all levels. However, current gaps in the literature serve as a barrier to developing such policy-
oriented research. This dissertation describes how a social determinants approach to climate
change and health research can address present research gaps, and uses three studies to

document the social and economic pathways by which climate change affects health.

On a personal level, as the mother of three young children, | am frightened by the
science of climate change and its implications for the health and wellbeing of today’s young
people and future generations. Children born today will experience more extreme climate
events and associated climate harm than children born in prior generations, with the greatest
increases in lifetime exposure to climate threats in low-wealth countries (94). Prior to beginning
my work in the area of climate change, my experience in global health science largely pertained
to the translation of research evidence to global health policy in the areas of health systems
and finance. Moving forward, it is critical that climate and health researchers consider how they
can best support communities and decision makers in advocating for and implementing the
ambitious mitigation measures needed in the face of the climate emergency. It is my sincere
hope that this dissertation — by encouraging consideration of a climate and health research
approach rooted in the social determinants of health — can help guide the development of the

evidence needed to accelerate this work.
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Chapter Two

The Role of the Fossil Fuel Industry in Shaping the Narrative on Climate Change and

Health: A Case Study of the Global Climate Coalition, 1995 to 1998

Introduction

Climate change is causing wide-ranging health harms (1): increasing incidence of chronic
and infectious disease (2—4), worsening mental health (5,6), disrupting health systems (7), and
deepening poverty, migration, and other social determinants of health (8,9). While known and
feasible solutions exist to reduce greenhouse gas emissions and protect human health (10,11),
political and social barriers have so far hindered the necessary urgent action (11-13). Key

among these barriers is the power of the fossil fuel industry (14).

Industry influence in political, regulatory, and scientific activities is well-known as a
shaper of public health policies and outcomes (15-19), with evidence documenting the role of
the tobacco, food (20), beverage (21,22), sugar (23,24), lead (25), chemical (26), and other
industries in promoting health-harming products and policies (27). These industries employ
parallel strategies to shape policymaking, including, for instance, lobbying and making political
contributions, engaging in scientific debates, funding public relations campaigns, and building
alliances with public health organizations (28—30). A primary tactic used across industries is

“information management” — producing research that supports industry positions, spreading
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disinformation, suppressing public health evidence, and challenging the credibility of public

health science and scientists (29).

Like other industries, the fossil fuel industry has successfully contributed to the
obstruction of policy action on climate change domestically (31-33) and internationally (14),
through direct lobbying and political engagement (34-36), by countering climate science
(37,38), and by conducting misinformation campaigns (39-47). Yet, while there is extensive
evidence of the fossil fuel industry’s efforts to shape the climate change debate more broadly,
no studies to date have explored the industry’s efforts to influence health sciences research or
public health narratives on climate change. This is an important perspective from which to
study the fossil fuel industry given the potential for health evidence to affect public and

policymaker views on climate change regulations.

The fossil fuel industry was aware of the climate impacts of fossil fuel combustion as
early as the 1950s (48,49), and, by the 1970s, had largely accepted prevailing scientific
consensus on climate change — while publicly denying it (50,51). It was not until the late 1980s,
however, that climate change rose to prominence on the policy agenda, spurring a well-
organized (52,53) countermovement (33,37,54) of corporations, trade associations,
conservative foundations and think tanks, industry front groups, and lobbying and public

relations firms (55,56).
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For this study, we analyzed internal industry documents in the UCSF Fossil Fuel Industry
Documents Archive (57) to trace how a leading industry organization of the time, the Global
Climate Coalition (GCC), engaged with the emergent evidence on the health impacts of climate
change during the years from 1995 to 1998. In 1995, a set of high-profile international reports
established for the first time the link between climate change and health (58,59). That same
year, international negotiations were launched under the United Nations Framework
Convention on Climate Change (UNFCCC), towards the establishment of mandatory carbon
emissions reduction targets. This critical period culminated in the U.S. failure to ratify the
international climate treaty known as the Kyoto Protocol (60,61), which established for the first
time legally-binding emissions reduction targets for industrialized countries. Ratification failure
marked the start of a decade of climate inaction within the U.S. This paper explores why, how,
and with what messages industry engaged in the science of climate change and health, during
that science’s initial emergence in climate policy discussions in the mid-1990s, and finds that
the fossil fuel industry sought to advance a narrative that used pro-public health arguments.
The findings of this study reflect a small part of larger efforts undertaken by the fossil fuel

industry at the time to counter the Kyoto Protocol.

Methods

This study draws on an analysis of publicly available internal and external-facing industry
documents housed in the University of California San Francisco (UCSF) Fossil Fuel Industry
Documents Archive, itself part of the UCSF Industry Documents Library (57). The archive

includes 1,161 documents, collected largely through lawsuits and freedom of information
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requests. These documents comprise internal memos, meeting notes, emails and other
personal communication, and financial reports, as well as policy briefs, reports, and public

relations materials published by fossil fuel companies and industry trade associations.

Industry document analysis has become a key methodology for studying many health-
harming industries (62—64); we thus utilized search and qualitative analytic methods standard
in the literature (65). We first conducted a complete review of all the documents within the
fossil fuel archive, examining these documents in their entirety to assess the scope of thematic
topics and industry actors present. Through this analysis, we identified the Global Climate
Coalition as the principal industry actor engaged in responding to the emergence of health
science on climate change in the period under study. We then conducted broad searches across
all industry documents archives housed at UCSF, including those specific to fossil fuels, food,
tobacco, and chemicals. These cross-industry searches were necessary because many industry-
affiliated actors were involved in efforts across multiple industries; thus, relevant
documentation of those efforts existed in multiple archives. We initiated searches for
organizations identified as significant to the fossil fuel industry’s involvement in health science
and communication, limiting our searches to the period 1994 to 1999. Our initial search terms
included: Global Climate Coalition, Science and Technology Assessment Committee, American
Council on Science and Health, Exxon Biomedical Sciences, American Institute of Automobile
Manufacturers, Western Fuels Association, Competitive Enterprise Institute, and Edison Electric
Institute. These searches generated over 8,000 documents, which were in turn screened to

identify documents that discussed specifically the timeline of events and GCC activities related
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to health, or that discussed health sciences research and communication. These documents

were reviewed in detail.

We used Bates numbers to identify additional related materials, and snowball
techniques (65) to search for other relevant individuals, organizations, events, and reports as
references to them emerged through document review. We triangulated the archived
documents through online searches for publicly available documents, including newspaper
articles, industry newsletters, congressional testimony, grey literature, conference proceedings,
and government reports using NexisUni, ProQuest, and Google. We additionally searched the
webpages of the GCC, its members, and affiliated organizations from that period using the
Wayback Machine (archive.org). This paper cites 35 industry documents. Searches were

conducted from January to September 2022.

In our analysis, we first constructed a timeline, organizing the GCC’s activities
chronologically and comparing its internal activities and communications to events happening
in the climate science and policy arenas. We used GCC meeting notes, memos, and reports to
categorize the types of strategies the GCC sought to deploy in relation to health. Subsequently,
we conducted a thematic analysis of newsletters and briefs published by the GCC and its
member organizations, reports commissioned by the GCC and its members, slide presentations
made by GCC members, and publications and congressional testimony by GCC members and
affiliated organizations to assess the narrative frames used by multiple industry stakeholders

when discussing health as connected to climate change, during the period of the case study.
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Results
The Global Climate Coalition

The Global Climate Coalition (GCC) was a principal industry organization leading
coordination and engagement in climate policy in the mid-1990s (33,34,54,55,66). The GCC was
founded in 1989 by the National Association of Manufacturers to organize industry
participation in climate science and policy discussions, following U.S. Senate hearings on
climate change and the creation of the Intergovernmental Panel on Climate Change (IPCC)
(34,66). The GCC described itself as “the leading voice for industry on the global climate change
issue” with the mission to “contribute to a balanced debate on global climate change by
sponsoring independent research and studies that examine the potential impact of proposed
global climate change policies on the economy” (67). Founded with 16 members in 1989, the
GCC’s annual membership ranged from 50 to 70 members throughout the mid-1990s,
predominantly industry trade associations and companies from the oil and gas, utility, coal,
steel, rail, chemical, and automobile sectors (34). At one point, the GCC reported that its

members represented over 230,000 companies (68).

Although oil and gas companies did not make up a majority of GCC members, the largest
of these companies in the U.S. were members of the GCC. Furthermore, the majority of U.S. oil
and gas companies were represented in the GCC through the participation of trade
associations, such as the American Petroleum Institute on the GCC’s Board of Directors (34).

Fossil fuel industry members in this period included ARCO, BP, Chevron, Exxon, Mobil, Shell,
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Texaco, as well as the American Petroleum Institute, the U.S. Chamber of Commerce, and

numerous chemical, automobile, mining, and utility companies (Table S1.1).

With an annual operating budget of over $1 million in the mid and late 1990s (34,69,70)
the GCC participated in domestic and international climate science and policy debates (34) in
numerous ways, including: leading and commissioning research on climate science and the
economic impacts of climate policy (71), undertaking direct political lobbying (34,66),
participating in scientific dialogues such as the IPCC processes (66,72,73), undertaking
campaigns questioning the legitimacy of the IPCC and affiliated scientists (34,38), funding public
relations campaigns to reduce public support for climate policy (66,74,75), and coordinating
with other industry coalitions (34,54). These strategies are similar to those widely adopted by

other industries to block regulatory efforts (29).

Opposition to mandatory emissions reductions formed a principal policy position of the
GCC. After lobbying to block the passage of a proposed U.S. carbon tax, and to influence the
1993 U.S. Climate Action Plan to rely solely on voluntary emissions reductions (76), the GCC
turned its focus in 1995 towards the emergent negotiations under the UNFCCC to establish
legally binding carbon emissions reduction targets for industrialized countries — and the Clinton
Administration’s support for these efforts. In the summer of 1995, GCC’s Executive Director
John Shlaes responded to these international negotiations, saying, “it is now apparent...that

climate change will be...a major initiative for the Clinton Administration” (77).
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The emergence of health in climate dialogues

In September 1995 the National Academy of Sciences held a national conference on
climate change and health at the request of Vice President Al Gore. Participants noted
“significant risks to human health” and that “the lack of complete data should not be used as an
excuse for inaction” (78). In December 1995 the IPCC published a report establishing, for the
first time, that “climate change is likely to have wide-ranging and mostly adverse impacts on
human health, with significant loss of life” (58). GCC member Edison Electric Institute referred
to the IPCC report as “a watershed event” and “a reason to argue for a protocol” under the

UNFCCC (79).

GCC meeting notes from February 1996 include discussion of meetings held between
GCC representatives and Clinton Administration officials, in which they noted “a more
concentrated focus” on climate by the Administration “due to extreme events and the IPCC
findings” (80). These meeting minutes reported Administration officials saying, “the U.S. needs
an insurance policy approach” and “should adopt preventive measures per Cold War” including
“non-voluntary programs” — concluding that this reflected “a shift in the Administration” and
“that the Administration will become aggressive” (80). GCC members also noted that federal
officials would “push publicly the likelihood of vector-borne disease increases with small

changes in temperature and other health related issues” (80).

In July 1996, the U.S. publicly announced support for legally binding emissions

reductions under the UNFCCC (81). GCC Chairman of the Board William O’Keefe responded with
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a fundraising appeal, noting that this announcement made “it imperative that the GCC increase
the scope of its activities” (82). In September 1996, Exxon scientists presented to the GCC that
while the health impacts of climate change “remain speculative,” those impacts “[provide] a
potentially emotional issue”, and that “advocates state...lack of scientific certainty can’t justify
postponing preventive action” (83). The GCC also circulated federal and WHO reports on
climate and health to STAC committee members, highlighting a British Medical Journal editorial
which “showed that this prominent medical journal viewed climate change impacts on health

as a major concern” (72).

In a November 1996 document outlining its 1997 strategy, the GCC raised concerns that
federal efforts to pass climate policy could “go beyond the beltway” to generate public support
for climate action at the state and local level (84). The strategy perceived the Clinton
Administration as willing to pursue climate policy “ahead of” analysis on the economic impacts
of these policies and to “drop caveats” about scientific uncertainty in its public communication
(84). The document noted that the Clinton Administration was “likely to play the health card —
an unfounded argument that climate change will cause an increase in diseases and will
otherwise effect the health of US citizens,” and that this could “garner support for ratification
of a treaty or protocol that includes legally binding targets (and associated costs and lifestyle

changes)” (84).

In January 1997 GCC Executive Director John Shlaes stated “the health issue is increasing

in importance with the climate change issue...The GCC has got to be prepared to respond to the
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issue this year” (73, emphasis added). During this period, the health community was also
beginning to engage publicly in calls for climate action. An industry-led communication plan
from this period reported it would be difficult “to oppose the [Kyoto] treaty solely on economic
grounds” (85), while a report from affiliated think tank Competitive Enterprise Institute (CEl)
stated that “to sink the Kyoto Protocol, opponents must be prepared...to explain why curbing

energy use will harm the health and safety of U.S. citizens” (86).

The GCC’s Science and Technology Assessment Committee

The GCC’s Science and Technology Assessment Committee (STAC) was one of the GCC's
operating committees and based on the documents reviewed appears to be the committee that
led the organization’s efforts on health. The STAC tracked emergent science on the health
impacts of climate change as early as 1995 (87,88). Based on analysis of available GCC STAC
meeting notes from 1996 and 1997, we identified several strategies pursued by the STAC in
response to this health science. One such strategy proposed the recruitment of health experts
to serve as spokespeople on the health impacts of climate change. Based on meeting minutes,
we found that in early 1996, the STAC looked to identify “a medical person or persons that
could assist the GCC with the health effects issue”, ideally “someone with a medical degree and
some reputation (e.g., C. Everett Koop)” (88). The STAC sought experts who could “serve as a
[sic] outside third-party spokesman for the GCC” and GCC members “volunteered medical
experts” (80). However, based on available documents we are unable to confirm if such experts

were identified or if they were engaged by the GCC.
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The STAC also tracked health science. For example, GCC meeting minutes from February
1996 note that Exxon scientists were developing a white paper on climate change and health to
understand “strengths, weaknesses and data gaps; and key players and universities in [the]
health science arena world-wide” (80). (We were unable to locate this paper). In September
1996, the STAC discussed how to “increase involvement” in health science topics (72). Exxon
representatives present at this meeting “advocated critical evaluation of models and ongoing
studies to put climate change health hazards in perspective” and “promoted encouragement of
scientific work in this area” (72). At the close of this meeting, the STAC decided on a statement
noting that the STAC “is concerned with the lack of balance in the peer reviewed literature on

the health effects of climate change” (72).

Finally, the STAC commissioned research on the health impacts of climate change. In
1997, the committee funded the American Council on Science and Health (ACSH) to produce a
report on climate and health (73,89). (Please see the following section for discussion of key
messages in this report). The ACSH was a pro-industry research organization that worked for
multiple industries. Its funders in 1997 included the American Petroleum Institute, the Global
Climate Coalition, Exxon Corporation, Mobil Oil Corporation, and the Shell Oil Company
Foundation, alongside food, beverage, chemical, and pharmaceutical companies (90). An earlier
funding report from Mobile Foundation, Inc., in 1993, described ACSH as having “an effective
public outreach program in understandable lay terms” and “high credibility and recognition in
the media and the scientific community, as evidenced by wide publication of their positions in

the press and in scientific journals” (91).
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Scientific narratives about climate and health

Through analysis of meeting notes from the GCC STAC, we determined that, in addition
to the overarching role of the GCC, the work of the following organizations was central to the
fossil fuel industry’s efforts concerning health science on climate change: American Council on
Science and Health, Competitive Enterprise Institute, Edison Electric Institute, Exxon, Mobil, and
Western Fuels Association. During the mid-1990s, these organizations published newsletters,
briefs, and reports on the health impacts of climate change, and additionally discussed the
science of climate change and health in internal communications, presentations, and
congressional testimony. Our analysis of these materials identified four main messages
regarding the connection between climate change and health. Each of these messages drew on,
and aligned with, the GCC’s and the industry’s more general communications on climate change
during this period. Furthermore, these four main messages aligned with the public health

community’s own active debates on the most effective strategies to improve population health.

First, the materials reviewed included a common theme of scientific uncertainty.
Uncertainty was a primary message utilized by the GCC, as well as industry broadly, to counter
belief in the existence and severity of climate change (39,40,51,92,93). The GCC extended this
message of uncertainty to studies on climate and health. A 1996 GCC brief on climate change
and health stated, “according to the IPCC, confidence in regional climate forecasts ‘remains
low’. Therefore, confidence in health impact projections based on these models must also be
low”. The brief concluded that “attempting to link global climate change and adverse health

impacts requires a long and very tenuous stretch” and that “concern” about climate health
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impacts “rests on a number of unproved assumptions” (94). A 1996 presentation made to the
GCC by GCC STAC member Exxon likewise outlined modeling uncertainties, noting “climate-
induced changes in public health [are] extremely difficult to quantify” (83). A 1996 presentation
by GCC member Edison Electric Institute stated that “quantifying the potential impacts is
difficult due to varying circumstances such as nutrition, wealth, access to quality health

services” (79).

In this period, there remained debate among health scientists about the potential
impact of climate change. The GCC highlighted this debate, quoting prominent health
organizations and scientists in its newsletters to focus attention on uncertainty in this nascent
area of research. For example, articles from the GCC’s newsletter Climate Watch in 1995 and
1996 stated, “a recent warning that ‘global warming’ may be the cause of a resurgence in
infectious diseases has been questioned by many parts of the scientific community” and quoted
“skeptical” scientists from the U.S. CDC and NIH (87,95). Exxon scientists in their 1996

nm

presentation commented that there were “few ‘experts’” and “many ‘advocates’ with a
consistent message” and concluded that a “balanced view [is] not evident in peer-reviewed
journals, [or] public media” (83). A main recommendation of the GCC at the time — the need for
more research on climate change (96) — extended to calling for more research on health
impacts. For example, in September 1996, the STAC at its meeting developed a statement on
climate and health research, noting that “a strong need exists to encourage balanced quality

studies in this area” (72) and the 1997 ACSH report recommended “increased investment...in

research concerning the potential health effects of projected climate change” (97).
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Second, the materials evaluated included a focus on the health impacts of economic
disruption that might be caused by climate action. This message connected health to one of the
GCC’s and industry’s primary arguments against climate action: namely, that it would result in
significant costs to individual consumers and national economies (71). A 1997 memo by the CEl
— a conservative think tank funded by GCC members — cautioned: “economic assessments can
be useful, but only if advanced in the context of ‘wealthier is healthier, richer is safer’
arguments emphasizing the connection between livelihoods, living standards, and lives” (86).
Drawing on public health research on the connection between wealth and health, the GCC and
other industry-funded organizations extended this messaging to raise concerns about the
adverse health consequences of these economic impacts. A 1996 article written by an industry-
affiliated researcher at Stanford in the newsletter of GCC member Western Fuels Association
(WFA) stated: “as any economist will tell you, being richer is healthier; being poor shortens a
person’s life”, and estimated that “12,000 Americans would die prematurely each year” due to
proposed climate policies (98). A CEl report stated that “the most serious concern about a
global warming policy is that actions to restrain CO; emissions could cause thousands of deaths
per year” (99). Similar messages were used by CEl representatives in Congressional briefings on

the Kyoto Protocol during this period (100,101).

This framing included attention to the indirect impacts of economic disruption on health
systems. The ACSH report concluded that “policies that weaken economies tend to weaken
public health programs” and thus “implementation of such policies would (a) increase the risk

of premature death and (b) exacerbate any adverse health effects of future climate change”
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(97). The 1996 GCC brief stated: “Economic growth and development generate resources that
enable societies to improve living standards, which include better access to health care facilities

and disease prevention” (94).

A third message we identified was that climate change was less significant than other
factors in causing ill health. In their 1996 presentation to the STAC, Exxon scientists
recommended that the industry “promote [the] concept of relative risk...significance of climate
impacts vs. other disease factors” (83). Reports by major global health institutions in the mid-
1990s, such as the World Health Organization’s World Health Reports and the Global Burden of
Disease studies, made passing reference, or no reference at all, to climate change — and did not
identify climate as of major concern to the global health agenda (102-105). The GCC and ACSH
cited these reports and studies in statements turning attention to other causes of poor health.
The GCC’s 1996 brief on health called climate change a “marginal” factor in shaping health and
suggested that “more critical issues exist” such as “inadequate public health” care (94).
Likewise, in its 1997 report, the ACSH noted: “nearly all of the potential adverse health effects
of projected climate change are significant, real-life problems that have long persisted under
stable climatic conditions” and suggested that factors such as poverty, malnutrition, and
conflict were more significant factors for health (97). A related theme reflected in the public
relations materials of GCC member WFA was that climate change could benefit health.
However, this was not as prevalent as other messages and was found only in documents
associated with WFA. WFA funded a communications organization, called the Greening Earth

Society, which produced films on the benefits of climate change to agriculture and food

47



production (106,107). Thomas Gale Moore, a researcher at Stanford’s Hoover Institution —
affiliated with WFA and CEl — published academic work showing that rising temperatures would

reduce mortality (108,109).

Finally, the fourth message we identified was that efforts to mitigate climate change
would not be the preferred response to climate change from a health perspective. The 1997
ACSH report concluded that “from the standpoint of public health, stringently limiting such
emissions at present would not be prudent”; rather, “the optimal approach to dealing with the
prospect of adverse climate-change-related health effects would be largely adaptational” (97).
This message highlighted tradeoffs in the allocation of limited resources, concluding that direct
health investments would be a better use of resources than investing in climate mitigation. A
1995 article in the GCC’s newsletter stated: “scarce human and capital resources should be
directed toward preventing and mitigating the effects of current and potential health crises
rather than focusing on the marginal impact (if any) resulting from man-made greenhouse gas
emissions” (95). Another GCC newsletter article noted that investments in health “would yield
substantially higher benefits than investments in emission reductions" (110); similarly an article
in a 1996 newsletter of GCC member WFA stated that “just a fraction” of the costs “to slow the
production of greenhouse gases” if “spent to improve health conditions — would do more to
eliminate sickness in poor countries than any amount of industry restriction could” (111). On
this note, the 1997 ACSH report asked: “Should we invest now in efforts to decrease
atmospheric GHG concentrations in the hope of limiting the future incidence of malaria? Or

should we invest in efforts to control the mosquito population, prevent malarial infection, and
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eliminate the disease?” (97). The 1996 GCC brief concluded that “the most prudent and

effective course of action to protect public health is to improve basic health services” (94).

The GCC’s dissolution

The GCC’s activities and messaging on climate change and health formed one small part
of a much larger campaign of lobbying, scientific engagement, and public relations: all
undertaken by the GCC and its member organizations, in concert with efforts by other
stakeholders — including, for example, the conservative movement and labor organizations —in

order to block U.S. ratification of the Kyoto Protocol (33,34,112).

The 1997 Kyoto Protocol established the first legally binding greenhouse gas emissions
reductions targets for industrialized countries. Throughout the period leading up to Kyoto, the
GCC lobbied U.S. and international policymakers: in ways that ranged from weekly meetings
with Congressional representatives (34) to sending delegations to each of the international
negotiations under the UNFCCC (66). In July 1997, the U.S. Senate unanimously passed Senate
Resolution 98 — the Byrd-Hagel Amendment — which stated that the U.S. would not sign any
international climate treaty that included mandatory reductions in greenhouse gas emissions,
or that would harm the U.S. economy. The GCC worked to generate support for the
Amendment, which effectively precluded U.S. participation in the Kyoto Protocol (34). The
Clinton Administration signed the Protocol in 1998 but never submitted it to the U.S. Senate for
ratification. In 2001, President George W. Bush withdrew the U.S. signature to Kyoto, and

indicated the U.S. would not pursue any emissions reductions.
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There are many stakeholders and many factors that contributed to the ultimate failure
of the Kyoto Protocol in the U.S. Likewise, the health messages used by industry stakeholders at
the time were a comparatively small focus of much broader communications campaigns.
Nonetheless, the fossil fuel industry and the conservative movement with which industry was
affiliated are considered to have played critical roles in this policy decision (54,113), and the
specific health messages used aligned with the broader themes adopted by the fossil fuel
industry. Talking points from a June 2001 meeting between the GCC and representatives of the
U.S. State Department noted that President Bush “rejected Kyoto, in part, based on input from

you” (114). The GCC was dissolved in 2001 (34).

Discussion

The fossil fuel industry is one actor involved in shaping energy policy in the U.S. and
globally — an actor working alongside many other stakeholders, including local and national
governments, consumers, media, and advocacy organizations. The passage or failure of any
climate policy is multi-causal. Reviews of stalled efforts to pass meaningful climate legislation
point to numerous factors including ineffective governance regimes, consumer demand for
fossil fuels, public opinion and polarization of climate politics, and the fragmentation of the pro-
climate movement (11,14,31). However, the power and tactics of the fossil fuel industry have
played a meaningful and critical role in delaying and countering climate policy action through
the present day. Thus, greater understanding of the strategies employed by the fossil fuel

industry can advance understanding of how best to engage industry and to overcome inaction.

50



There is a significant literature on the strategies and messaging used by the fossil fuel
industry to delay and counter climate policy (37,40,48,54,115-117), yet, to our knowledge, no
prior study has examined how the fossil fuel industry engaged the evidence on climate change
and health. In this study, we analyzed one collection of industry documents discussing its
response, in the mid-to-late 1990s, to emerging evidence on the health impacts of climate
change as well as to the rise of climate change on the policy agenda. This response was led by
the Global Climate Coalition (GCC) and the Coalition’s Science and Technology Assessment
Committee (STAC). The GCC was the largest industry coalition at the time, with dozens of
members from the oil and gas, utility, coal, chemical, automobile, and other sectors collectively
reported by the GCC to represent over 230,000 companies. Leading fossil fuel companies, trade
associations, and sponsored think tanks, were involved in the GCC’s efforts to track and

respond to the rising inclusion of health science in climate policy dialogues.

The GCC, along with other organizations, used a range of strategies to challenge the
Administration’s climate efforts during this period (34), consistent with the tactics used by
other industries to avoid regulation (17,28). Our analysis shows that as connections to health
rose in importance on the climate policy agenda, the GCC extended many of these same
strategies to include those connections. This suggests that health was perceived by industry and
policymakers as an effective frame for discussing climate change. We found that the Clinton
Administration’s commitment to addressing climate change occurred at a time when the health
impacts of climate change were becoming increasingly well known. In 1995 the IPCC warned of

“wide-ranging...adverse impacts” of climate change on health (58); likewise, in this period a
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number of reports, articles, and editorials making similar arguments were published by leading
health organizations and medical journals. At this time, the GCC perceived that climate would
be a “major initiative” for the Clinton Administration, which was signaling increasingly
“aggressive” action on climate through the international Kyoto Protocol process. Exxon
scientists recognized health was a “potentially emotional issue” (83) and the GCC noted that
the Administration would “play the health card” to “garner support” for legally binding
emissions reductions targets (84). The GCC and affiliated industry organizations commissioned
research on climate change and health and sought to identify medical and health experts not

affiliated with industry to serve as trusted messengers on the topic of climate and health.

Our study identified four main messages adopted by the fossil fuel industry regarding
health. Each of these mirrored the fossil fuel industry’s broader narratives on climate change —
namely that the science was uncertain and lacked consensus, that economic costs of climate
action would be high, that urgent action was not needed, and that non-regulatory solutions
would be more effective (39,43,92) — and linked them to discussions happening within the
global public health community. For instance, publications by the GCC and its partners
guestioned the certainty of emergent climate and health science, focused on the health and
equity implications of economic disruption, minimized the comparative importance of climate
to overall health outcomes, and recommended that investing in public health systems would

protect health more effectively than investing in climate mitigation strategies.
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These messages are particularly powerful because they draw on legitimate questions
that were, and still are, actively researched and debated within the global health community —
including, but not limited to: what are the leading drivers of health, how should we allocate
limited health resources to maximize human wellbeing, and what should be the balance of
attention to strengthening health care delivery compared to primary prevention? In the 1990s
the broader health community had not yet recognized climate change as a major global health
concern, which buttressed the uncertainty message adopted by industry, even though there
was emerging consensus within the still-small health community engaged in climate research

that climate impacts on health would be very significant.

By making the case for public health investments in public health systems, industry
communications worked to shift attention away from the question of whether the global
community should take seriously the issue of climate change, directing it instead to the
guestion of how scarce public health resources should be spent. Global health efforts like the
Global Burden of Disease were emerging, at the time, to rank leading causes of ill health and
compare the cost-effectiveness of health solutions (104). These efforts measured cost-
effectiveness in terms that valued near- over long-term health gains (as reflected, for example,
in the choice of discount rates), prioritizing investment in public health interventions with
immediate health returns such as infectious disease control and vaccination campaigns, rather
than solutions with longer-run benefits such as chronic disease prevention. In this prevailing

approach to the prioritization in health resource allocation, climate change would not rank as
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important, given the perceived long-term nature of its impacts at that time.! While valuing
intertemporal tradeoffs in health investment resource allocation is an important area of
inquiry, industry messaging regarding health sought to deflect attention from the broader
debates about climate change. In this way, industry was able to ground their arguments in
legitimate, leading global health science, to strengthen their case for solutions that would not

threaten their business model.

Additionally, industry’s arguments about potential economic costs of mitigation and the
importance of poverty and economic insecurity for health have validity. However, their
arguments did not address the huge economic implications of unmitigated climate change.
While the modeling of those costs was not as fully developed as today, the potential scale of
those costs was appreciated. The same IPCC that first addressed the health concerns of climate
change identified its potential economic impacts (119). Yet broadly, these costs were not

included in the industry discussion of the costs of mitigation.

1The relative value of investments in health programs and in climate programs with short- or long-run benefits is
determined by the discount rate used. The higher the discount rate, the less value will be given to interventions
that primarily benefit health in the future versus interventions that result in immediate health returns. Thus,
industry’s stated preferences to prioritize adaptation over mitigation and to prioritize public health over climate
change aligned with the prevailing thinking within the global health sciences community at the time that assigned
greater value to interventions with more near-term health returns (i.e., applying higher discount rates). In the
current policy environment, discount rates continue to matter both in health and climate decision making. For
instance, discount rates affect the social cost of carbon that is a common metric applied in cost effectiveness
analysis of proposed climate policies. A full discussion of discount rates and the social cost of carbon is beyond the
scope of this paper; however several points may be of interest: (1) Recent updates to social cost of carbon
calculations and applications of these to climate policymaking suggest the use of a discount rate of 2%, which
contributes (alongside other updates to the economic and climate projections) to a significant increase in the
assessed social cost of carbon (118). (2) These efforts may still significantly underestimate the health costs
associated with climate change and the health benefits of climate mitigation. For example, updated estimates on
the social cost of carbon include only heat-related mortality in their accounting for health costs, do not account for
the direct costs of fossil fuel production on near-term health outcomes such as air pollution related mortality, and
do not account for the avoided health care costs that would be achieved through climate mitigation.
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This study suggests several avenues for future research. First, further analysis is needed
of the role of industry in producing and disseminating health science research related to climate
change, including both industry-led science and industry funding for, or engagement in, outside
research. As early as the 1950s and 1960s, industry stakeholders including the American
Petroleum Institute were funding scientific and public opinion research on air pollution
(49,120). Recent research on the fossil fuel industry has found that industry-led research on
climate change offered largely accurate predictions of the climate impacts we are currently
experiencing (121), and that industry science on, and understanding of, climate change ran
ahead of their communications on the issue. A deeper understanding of what the fossil fuel
industry knew regarding climate change and health —and when — could contribute to the
growing literature on scientific influence and misinformation. Second, additional research could
explore how the fossil fuel industry uses health narratives in its communications, and how
these narratives have evolved over time as the science on climate and health has grown —
including how industry is currently responding to renewed scientific and policy attention to
climate and health. Finally, public and policymaker opinion on climate change is shaped by a
broad range of actors beyond industry. Additional research into the health-related research and
communications activities of other stakeholders within the climate countermovement as well
as research into if —and if so, how — industry narratives influence media and policy narratives

on climate change could begin to elucidate the impact of industry’s engagement on health.
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Limitations

This study draws principally from the documents housed in the UCSF Fossil Fuel Industry
Documents Archive. The documents publicly available at the present time, from the GCC and its
member and affiliated organizations during the study period, are limited, and represent only a
small fraction of the materials regarding industry actions. They therefore provide an incomplete
view into the research, lobbying, and communications strategies undertaken by industry in
relation to the science on the health impacts of climate change. For instance, while we know
based on meeting agendas that the 1997 ACSH health study and other health communications
activities were discussed in additional GCC STAC meetings (122), the notes and materials from
these meetings are not currently available for public review. We similarly found references to
the desired or proposed activities the STAC sought to undertake, such as the recruitment of
health professional spokespersons, but, based on the current archive, we cannot ascertain if
these strategies were implemented, or what their results may have been. We were additionally
unable to locate all industry-produced reports on the health impacts of climate change
referenced in the available documents. To compensate for the limited availability of industry
documents from this period, we used other materials from internet and literature searches to
supplement key findings; however, our set of documents for analysis remains partial. Finally,
we did not conduct key informant interviews with industry or health actors to gain a first-hand
account of activities undertaken in this period. Thus, while we were able to assess the
narratives used by some industry stakeholders to discuss health and climate in the public

sphere, we were unable to draw a clear line from these health messages to any specific policy
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outcome, or to evaluate the relative contribution of these health messages to the broader

successes of the GCC’s and industry’s overall communications campaigns.

Public health implications

This study shows that the fossil fuel industry monitored evidence on climate change and
health from its early emergence. We show that industry sought not only to influence the
evidence on climate change and health, but also to shape the narrative around this evidence,
during this same time period. To do so, the GCC leveraged inherent tensions within the public
health community about the relative importance of climate change and other fundamental
causes of poor health, and of the value of climate change mitigation in protecting health. This
history remains relevant today because it provides insight into how industry can use health
evidence and pro-public health language not only to draw attention away from the need for
mitigation but also to justify delayed climate action. While adaptation and investments in public
health remain essential tools for protecting health from climate change, it is also critical to
understand how these narratives can be adopted by industry, and to ensure that this use does
not detract from the pressing need to reduce greenhouse gas emissions rapidly and

substantially (11,123).

In the 1990s there was an opportunity for policy action to limit greenhouse gas
emissions. This opportunity was not realized in part due to industry opposition. Health is once
again rising on the global climate change agenda and there is growing health sector advocacy

and engagement on issues of climate change policy (124-127). However, the fossil fuel industry
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continues to actively engage in both domestic (31) and international (128) climate policy
dialogues. A reflection on the missed opportunity of attention to the health impacts of climate
change in the 1990s provides useful lessons for today’s growing climate and health movement:

lessons that may offer ways to effectively counter industry opposition to climate action.
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Chapter Three

The Association between Drought and Women’s Empowerment: An Analysis of

National Survey Data from 24 Countries in sub-Saharan Africa from 2011 - 2020.

Introduction

Climate change and climate-related extreme weather events adversely impact human
health (1). Climate change has already increased drought in sub-Saharan Africa, and across
many parts of the region climate change is projected to further increase the frequency and
duration of drought (2). Drought impacts health through many pathways (3,4), including, but
not limited to, malnutrition (5,6), and poor child health (7-11), HIV health (12-15), and mental
health (16) outcomes. Drought impacts the drivers of poor health: increasing the risk of conflict
and migration, and increasing water, food, economic, and energy insecurity (2,17,18). Nearly

half of all deaths from natural disasters in Africa are directly due to drought (2).

Gender shapes vulnerability to climate risks, as well as the ability to respond to and
mitigate the risks of climate events (19-21). Women are more vulnerable to climate change
than men and as a result face unique and greater health impacts from climate risks such as
drought, including higher rates of mortality from extreme weather events (17,22-25). Drought
impacts women’s health directly: Extreme heat and reduced precipitation, two climatic factors
associated with drought, are associated with poor reproductive and maternal health outcomes
(26,27). Drought is associated with intimate partner violence towards women (28) and with

early marriage (29). Drought also affects health indirectly by increasing economic and food
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insecurity. Women have less access to resources that can buffer against these economic
impacts and support climate adaptation, such as land ownership, access to climate information
and adaptation programs, economic security, and mobility. Therefore, women may be less able

to adapt to climate change, furthering their vulnerability (29-32).

There remain gaps in the understanding of the pathways through which drought
impacts health — particularly women’s health. One possible and unexplored pathway is
women’s empowerment. Empowerment is the process through which people gain fuller control
and power over their life. Greater women’s empowerment is associated with improved health
outcomes for both women and their children (33), including for example increased food
security (34), higher contraceptive use (35), improved maternal (36) and child health outcomes
(37-39), reduced infant and under-five mortality (40), and improved early childhood cognitive

development and learning (41).

The factors that shape women’s empowerment can vary across the life course of an
individual, and across country and cultural contexts (42). However, empowerment is broadly
conceptualized to include: the real and perceived ability to define one’s life goals and to make
decisions regarding them, the real and perceived availability of decision options and access to
social and economic resources to fulfill these decisions made, and the extent to which one is
able to achieve both one’s self-determined goals and, more broadly, realize achievements in
the political, social, and economic arenas (43—46). Educational attainment, economic

independence and security, employment, and political and social representation and
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participation are known determinants of women’s empowerment (47-51) that could be
adversely impacted by drought. Thus, drought may reduce women’s empowerment and in turn

affect women’s and children’s health.

In the context of climate change, women’s empowerment is often discussed as a climate
solution that can, for instance, increase utilization of family planning and therefore reduce
population growth (52). However, to our knowledge, no literature explores the influence of
climate impacts such as drought on women’s empowerment. Indeed, gender remains an
underdeveloped focus of the climate change literature (53,54). In this study, given the known
relationship of women’s empowerment to health, we analyzed cross-sectional survey data
from twenty-four sub-Saharan African countries to explore the relationship between drought

and measures of women’s empowerment.

Methods
Data sources and measures

Drought. Climate Hazards Group InfraRed Precipitation with Station (CHIRPS) data was
used to measure drought. CHIRPS consists of 0.05-decimal-degree resolution raster rainfall
estimates in millimeters, developed through a combination of weather station and satellite
imagery data. For each survey date and enumeration area, cumulative precipitation was
calculated for the twelve months prior to the survey date. This measure of cumulative
precipitation was ranked in relation to the annual precipitation of the prior 29 years and this

ranking converted into a percentile. We then created a binary drought indicator, in which
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drought was defined as cumulative precipitation for the twelve months prior to the survey
being less than the 15 percentile of historical rainfall. The classification of drought as the
deviation of rainfall from long-term trends is a common methodology in the literature on
drought and health. The 15 percentile threshold for drought was derived from a 2014 study by
Burke et. al., which found that annual rainfall below the 15t percentile of historical rainfall was
a significant threshold correlated with declines in agricultural and economic productivity, and
thus an effective measure of a significant shock (15). Subsequently, this binary categorization of
drought and the 15% percentile cut-off has been used in studies on the relationship between
drought and various health outcomes including HIV, intimate partner violence, and

immunization (9,10,13,28).

Women’s empowerment. Women’s empowerment was assessed using the women’s
empowerment indicators within the Demographic and Health Surveys (DHS). DHS are cross-
sectional household-based surveys that are nationally representative. The surveys utilize a two-
stage stratified cluster sampling method, by which country enumeration areas (EA) are first
randomly sampled and subsequently households within each selected EA are randomly
sampled. Within the sampled households, all women ages 15 to 49 years are invited to
complete a questionnaire, including a module on women’s empowerment. Our analysis
included all DHS surveys in sub-Saharan Africa that included geolocated information on each EA
and which occurred during or after 2011, the year in which drought exposure data begins,

through 2020 (Table S2.1 lists included countries and survey years).
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We defined women’s empowerment using standard definitions that were pre-specified
by the DHS program. The DHS women’s empowerment module includes two binary outcomes
representing different dimensions of empowerment at the individual level: an indicator of
women’s decision-making role within the household and an indicator of women’s attitude
towards wife-beating. Empowerment in decision-making is defined as a woman making
decisions alone or jointly with her husband for all of three specific decision domains: women’s
health care, large household purchases, and visits to family or relatives. Empowerment in
attitudes towards wife-beating is defined as a woman disagreeing with all of five specific
justifications for wife-beating: burning food, arguing with husband, going out without telling

husband, neglecting the children, and refusing sex with husband.

Empowerment is multidimensional, complex to measure, and can be measured at
multiple levels from the individual to the societal (36,55,56). The DHS indicators are limited and
do not capture the full range of domains conceptualized in the theoretical literature as relevant
for empowerment. Definitions of empowerment can also vary widely by cultural context (46);
and universal empowerment measures such as the DHS, for example, may embody the cultural
norms and preferences of those who developed the indicators in a way that does not reflect the
definitions and expressions of empowerment appropriate to each country context. Despite
these limitations, the DHS offers the advantage of enabling cross-country analysis. In addition,
the DHS indicators reflect domains widely considered critical elements of empowerment (46)
and, in the case of household decision-making, that have been found relevant for making

international comparisons (57). The DHS is widely used in the study of empowerment and the
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empowerment measures are widely used in the health literature. Systematic reviews of the
relationship between empowerment and contraceptive use, fertility, and various maternal and
child health outcomes found DHS indicators of empowerment to be commonly applied
(36,38,39,58,59). These measures have also been widely applied in sub-Saharan Africa: to study
the relationship between empowerment and fertility preferences (60,61), contraceptive use
(62), women’s health (33), use of maternal and child health services (63—66), and various child

health outcomes (41,67,68).

Covariates. We included the following sociodemographic variables demonstrated to be
associated with women’s empowerment (44,47,48,69), as controls in our regression models:
respondent’s age (categorical indicator with age groups 15 — 19, 20 — 29, 30 — 39, and 40 — 49
years), respondent’s literacy (binary indicator of literate or not literate), respondent’s
employment status (binary indicator of employment in the twelve months prior to the survey),
rural residence, number of children (categorical indicator with groups 0, 1 — 2, 3 -5, and more
than 5), and wealth quintile (defined by DHS and estimated through principal component

analysis) (70).

Statistical analysis

We estimated a series of multivariable logistic regression models to assess the
association between drought and women’s empowerment outcomes, in which the binary
empowerment outcome variable was regressed on the binary drought explanatory variable. We

ran the model both without the covariates (unadjusted models) and with the covariates
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described above (adjusted models). We included survey-level fixed effects in both the adjusted
and unadjusted models to control for country-level factors that may shape empowerment such
as economic factors and social and cultural norms. We included robust standard errors

clustered at the EA level. We reported main results as marginal risk differences, calculated used

Stata’s margins command.

We assessed effect modification by respondents’ employment, economic status, and
rural residence, to examine if the association between drought and empowerment varied by
population. Effect modifications were estimated in separate regressions by interacting the
binary modifier variables (rural/urban, employed/not employed, and poor/not poor, where
poor is defined as the lowest wealth quintile) with the binary drought variable. Results are
reported as marginal risk differences for the interactions and were derived using the dydx
option in Stata’s margins command. We assessed statistical comparison of the margins for the

modifiers using the pwcompare option. Analyses were conducted in Stata version 13.

Results

The participant sample included 147,502 currently married women ages 15 —-49 in 28
surveys across 24 countries in sub-Saharan Africa (Table 3.1). All respondents were married.
The large majority (94%) had at least one child. The majority of respondents (69%) lived in rural
areas. Nearly three quarters of respondents (72%) were employed at the time of the survey,
while less than half of respondents (42%) were literate. Roughly half of the women were

empowered: 44% of women made all three specific types of household decisions alone or
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together with their husband, and 50% of women disagreed with all five specific reasons
justifying wife-beating. The experience of drought varied widely in each country, as shown in
Figure 3.1. Over three quarters of respondents in Namibia (78%) experienced drought
conditions, while fewer than 1% of respondents in Burundi, Céte D’Ivoire, and Uganda

experienced drought conditions in the twelve months prior to the survey.
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Table 3.1. Descriptive statistics of currently married women ages 15 - 49 years (n = 147,502)

Covariate or Outcome

Number (percent)

Wealth category

Poorest 31,158 (21.12)
Poorer 29,839 (20.23)
Middle 29,122 (19.74)
Richer 29,433 (19.95)
Richest 27,950 (18.95)
Age category (years)
15-19 9,408 (6.38)
20-29 58,207 (39.46)
30-39 59,405 (40.27)
40-49 20,480 (13.89)
Literate 60,124 (42.12)
Employed 106,194 (71.99)
Number of births
0 8,382 (5.68)
1-2 46,505 (31.53)
3-4 44,538 (30.19)
5+ 48,077 (32.59)
Rural 101,736 (68.97)

Empowerment outcomes

Make all three specific decisions alone or with husband

65,277 (44.25)

Decisions about own health care
Decisions about large household purchases
Decisions about visits to family or relatives

86,333 (58.53)
86,169 (58.42)
95,790 (64.94)

Disagree with all specific reasons justifying wife-beating

73,641 (49.93)

Going out without telling husband
Neglecting the children

Arguing with husband

Refusing sex with husband
Burning food

95,746 (64.92)
91,575 (62.08)
96,083 (65.14)
106,027 (71.88)
120,860 (81.94)
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Figure 3.1. Percent of respondents experiencing drought in prior twelve months.

Association between drought and empowerment

The associations between drought and women’s empowerment are shown in Table 3.2.
Overall, women experiencing drought conditions were less empowered than those women not
experiencing drought. In analyses adjusting for respondent’s age, literacy, employment status,
rural residence, number of children, and wealth, women who were living in drought reported
less control over household decision-making by two percentage points as compared to women
who did not experience drought (marginal risk difference —2.01; 95% Cl —3.2, —0.97; p<0.001).
Assessing the association between drought and women’s control over specific domains of
decision-making, we found that women experiencing drought reported less control over
decisions about healthcare (marginal risk difference —2.1; 95% Cl —3.2, —0.99; p<0.001) and

large household purchases (marginal risk difference —3.2; 95% Cl —4.4, —1.97; p<0.001), while
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we found no significant association between drought and decisions about visiting family or

relatives (marginal risk difference 0.3; 95% CI —0.95, 1.47; p=0.67).

ages 15-49 (n = 147,502)

Table 3.2. Associations between drought and women's empowerment among married women

Outcome

Unadjusted

Adjusted

Woman has a say in decision-making

-2.5%*% (.3.7,-1.3)

-2.0%** (-3.2, -0.97)

Healthcare decisions

-2.1%** (-3.2, -0.91)

-2.1%** (-3.2, -0.99)

Large household purchases

-3.1%%* (-4.4, -1.87)

-3.2%%* (-4.4, -1.97)

Visit family or relatives

0.3 (-0.96, 1.57)

0.3 (-0.95, 1.47)

Woman disagrees with reasons for wife-beating

-2.9%** (-4.2, -1.6)

-2.9%*%* (-4.2,-1.7)

Burning food, not justified

-2.0%* (-3.3,-0.7)

-2.1%%* (-3.4, -0.9)

Arguing with husband, not justified

-2.2%%* (-3.4, -1.0)

-2.2%%%* (-3.4, -1.0)

Going out without notifying husband, not justified

-2.3%%* (-3.6, -1.0)

-2.6%%* (-3.9, -1.3)

Neglecting the children, not justified

-3.2%** (4.5, -1.9)

-3.3%%* (4.6, -2.0)

Refusing sex with husband, not justified

2.3*** (1.0, 3.5)

2.5%%* (1.2, 3.7)

**p<0.01; *p<0.05.

Marginal risk differences are estimated in percentage points from logistic regression models with 95%
confidence intervals. The unadjusted model includes survey-level fixed effects. The adjusted model
includes calendar month, wealth quintile, age category, literacy, parity, household size, rural residence,
and employment status. Standard errors are clustered at the EA level. Level of significance: ***p<0.001;

Drought was negatively associated with women’s empowerment in terms of the

reported attitude towards wife-beating, with women experiencing drought conditions reporting

higher agreement with reasons justifying wife-beating as compared to women not living in

drought. In the adjusted analysis, women experiencing drought had a nearly three-percentage-

point lower disagreement with all specific justifications of wife-beating (marginal risk difference

—2.9; 95% Cl —4.2, -1.7; p<0.001). We assessed the association between drought and each of

the specific justifications for wife-beating that make up the empowerment variable on attitudes

towards violence. We found that women living in drought expressed greater agreement with
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four of the five specific justifications: burning food (marginal risk difference —2.1; 95% Cl -3.4, —
0.9; p<0.001), arguing with husband (marginal risk difference —2.2; 95% Cl —3.4, —1.0; p<0.001),
going out without notifying husband (marginal risk difference —2.6; 95% Cl —3.9, —1.3; p<0.001),
and neglecting the children (marginal risk difference —3.3; 95% Cl 4.6, —2.0; p<0.001). We
found a reverse association for one justification, refusing sex with husband, such that women
living in drought conditions were less likely to report agreement with that justification for wife-
beating than women not experiencing drought (marginal risk difference 2.5; 95% Cl 1.2, 3.7;
p<0.001). The adjusted and unadjusted results were comparable for both empowerment
outcomes. Odds ratios for all results are reported in Table S3.2. We additionally assessed the
association between drought and women’s empowerment in each of the 24 countries

individually and found a high degree of heterogeneity across countries, shown in Figure 3.2.
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Figure 3.2. Country-specific associations between drought and women’s empowerment.
Adjusted associations between drought and (A) women’s reported control over decision making and (B) women’s
reported disagreement with justifications for wife-beating. Models control for respondent age, wealth, literacy,
rural residence, employment status, household size, and parity. Associations are presented as marginal risk
differences (percentage points) and 95% confidence intervals. Standard errors are clustered at EA level.

In order to assess the association between drought and empowerment at the

population level, we also calculated the population attributable risk (PAR). This measure

captures to what extent disempowerment can be attributable to drought among the women in

our study population. Looking at the drought and empowerment relationship from this

perspective, we found that for the indicator of empowerment in women’s decision-making, the

PAR is —0.34% (95% Cl —0.57%, --0.17%; p<0.001). For the indicator of empowerment in attitude

towards wife-beating, the PAR is —0.51% (95% CI —0.73%, --0.29%; p<0.001). Thus, at a

population level, drought plays a marginal role in determining women’s empowerment

compared to other factors.
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Effect modification

We assessed effect modification of the association between drought and women’s
employment status, rural residence, and socioeconomic status. Findings on effect modification
are presented in Figure 3.3. For both indicators of women’s empowerment, we found evidence
of effect modification of the association between employment status and women’s
empowerment, such that drought has a stronger negative impact on empowerment among
women who are not currently employed. Women currently employed reported greater control
over household decision-making and reported less agreement with reasons justifying wife-
beating. We additionally found evidence of effect modification of the association between
economic status and women’s empowerment for the indicator of disagreement with
justifications for wife-beating. Among women experiencing drought, women classified as poor
(defined as being in the lowest wealth quintile) experienced a greater negative impact on
empowerment as measured by disagreement with wife-beating than women classified as not
poor. We found no evidence for effect modification of the association between rural residence

and either measure of women’s empowerment.

88



Outcome: Make all three specific decisions alone or with husband

1 1 1

_ 3
£ 5 S
a ‘ a ‘ a <
o IS w
@ )
l 3 £ ;3 Employed g 3
& Urban E ; Not poor
5 -4 g, ¥4
s~ Rural £ - 2
@ S g
c < c Poor
o g 3
£ 4 = £
»: il %
3 = Not employed 2
Interaction p=0.38 X Interaction p<0.001 N Interaction p=0.16
Outcome: Disagree with all specific reasons justifying wife-beating
1 1 1
o 1]
— -1
g -2 g -2 g 2
® &
£ £ -3 ®
< g Employed T
8 1 -4 1 4 Not poor
P 8 v
2 Rural € 5 Q
o Urban 5 g
i -] E 6 T L;
¥ ¥ %
® - -7 o=
Poor
Interaction p=0.94 8 Interaction p<0.001 o Interaction p=0.017

Not employed
Figure 3.3. Effect modification of the relationship between drought and women’s empowerment
by rural residence, employment status, and economic status.
Discussion and conclusion

The findings from our analysis indicate that drought may have a small negative effect on
women’s empowerment. Using nationally representative survey data from 147,502 women in
twenty-four countries in sub-Saharan Africa, we found that women who lived in drought
conditions had lower household decision-making and were more likely to endorse a view that
wife-beating was acceptable. Our findings align with the broader literature on the particularly
harmful impacts of climate change on women’s health (19,21,22,24) by demonstrating an
association between drought, which is a major climate risk, and women’s empowerment, which

is a critical social determinant of women’s and children’s health. The risk differences suggest
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drought can play a small but significant role for women’s empowerment at the individual level,
while at the population level, because few women in our study population are currently
exposed to drought, the contribution of drought to overall women’s empowerment is very
small. Thus, this paper, while contributing methodologically to the study of pathways through
which climate risk factors shape women’s health, is likely more relevant for advancing a

conceptual understanding of climate change and women’s health than for informing policy.

There are a number of potential pathways through which drought could shape women’s
empowerment. Drought reduces household economic and food security and can increase both
transient and persistent poverty such as by disrupting labor, agricultural, and food markets (71).
Such environmentally mediated increases in poverty can reduce women’s agency (72). As
households experience greater economic stress, this may shift household decision-making
dynamics to reduce women’s power and may also increase women’s economic dependence on
their partner thus further reducing empowerment in household decision making. Drought and
economic insecurity can increase women'’s labor time in household and caretaking
responsibilities and can lead women to take on lower-paid and less safe work (72—74), further
reducing economic empowerment, bargaining power within the household, and ability to
pursue education and other activities that enhance empowerment. Women often have less
access to adaptive resources to cope with drought, including less access to financial,
informational, and social services (30) which can deepen their vulnerability during and after

environmental shocks.
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Drought also increases migration and displacement (75-77), but the relationship
between migration and empowerment is complex (78). Migration and displacement could
impact empowerment both for women who migrate and those who do not. Women who are
displaced face economic, educational, health, and security disruptions (71,79,80). Women who
migrate may have greater access to economic opportunities that increase empowerment or
may experience further economic and social risks that reduce empowerment. Women often
have more limited ability to migrate (72) and such immobility can increase risk to climate,
economic and other threats (17,81) which could reduce empowerment. The health impacts of
drought may additionally affect empowerment. For instance, mental health outcomes
experienced by women, or their husbands, could affect attitudes towards violence. Women are
more vulnerable to the adverse health harms of drought, and this could additionally undermine

their status in the household.

While the documented direct impacts of drought on agriculture would suggest that the
impact of drought on women’s empowerment might be higher among rural women (71), we
found no evidence of differential impact of drought on women’s empowerment among urban
and rural women. We likewise found only marginal evidence of interaction between economic
status and drought on women’s empowerment. Both findings were unexpected, given prior
research suggesting that climate change can have profound health, social, and economic
impacts among rural and poor communities (71) and deepen gender inequities for rural women
(24). The lack of evidence for effect modification by economic status could be the result of the

poverty cut off used, which compared women in the lowest wealth quintile to all other women.
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Thus, a significant number of women in the comparator group could be experiencing a
significant level of economic stress. The pathways and mechanisms through which drought
impacts women’s empowerment, and consequently health, across different domains of

socioeconomic vulnerability is an important area for future research.

There are several limitations in this study. The first, and perhaps most important, are
the limitations of the indicators available to measure empowerment in this cross-country study.
Measuring women’s empowerment is challenging (42,46) and the DHS empowerment module
offers a limited set of indicators that capture a small number of empowerment domains (82)
that may not fully capture women’s empowerment (43). Empowerment is a multi-dimensional
concept, and there is a wide range of indicators, measures, and frameworks used to measure
empowerment (83), with different measures finding different associations between
empowerment and health (59,84). Our analysis looked at only two measures of individual
empowerment, and thus is not a comprehensive view of women’s empowerment and does not
consider the broader economic, political, cultural, and social arenas in which empowerment is
shaped and expressed (47). Incomplete or inaccurate measures of empowerment could hinder
our ability to identify drivers of empowerment and appropriate responses to these. Future
research could explore the relationship between drought and additional dimensions of
women’s empowerment, including considering measures of empowerment tailored to different
cultural contexts, and integrating qualitative data to understand the relationship between
empowerment and climate change in drought-affected communities. An additional limitation

regarding the measurement of empowerment is the potential for misclassification through
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women’s self-reported level of empowerment. However, we believe it is unlikely that reporting

bias would vary based on exposure to drought.

Second, the DHS surveys are cross-sectional, which can make it difficult to assign the
directionality of causality. However, in this case it is implausible that a lack of women’s
empowerment causes drought, and there are plausible mechanisms through which drought
could lead to disempowerment. Third, our study was able to measure only the
contemporaneous effects of short-term drought and does not capture the potential long-term
and cumulative outcomes of sustained or repeated drought exposure. These long-term
outcomes could be significant due to further strains on economic and social resilience over
time, and it is therefore possible that the impacts of drought on empowerment could worsen
over time (17,71). Prior research shows that the impacts of drought exposure can last across
the life course (85,86). Alternatively, communities facing persistent drought may adopt better
coping strategies, minimizing the long-term impacts on empowerment. Thus, future research
should seek to understand the ways in which exposure to drought and other slow-onset climate
impacts affect women’s empowerment and health over time. Fourth, there may be unobserved
confounding factors uncontrolled for in our model. While we attempted to control for the main
household factors that may act as confounders, it is possible that other social or family factors
that are correlated with drought could vary systematically within and between households. The
country fixed effects used in the model are only able to control for economic, cultural, social,
and political factors varying across countries that might be correlated with women’s

empowerment and drought. Finally, while we propose potential pathways through which
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drought could shape women’s empowerment, we lacked the data to assess potential mediating

pathways. Future research should explore such mediating factors.

Despite these limitations, our results, based on a nationally representative sample of
over 147,000 women from a wide range of socioeconomic backgrounds, country contexts, and
experiences of drought conditions, point to an important area for understanding the
relationship between climate change and health — particularly for women currently exposed to
climate risk. Women’s empowerment is a well-documented predictor of both women’s and
children’s health (22). We find that drought exposure amplifies this risk for those individuals
who are experiencing drought, and thus, local efforts to bolster empowerment could include
consideration of climate-related factors. However, at the population level, the relative impact
of drought on empowerment appears marginal. Thus, interventions that aim to improve
women’s empowerment should likely focus on other drivers of empowerment — such as
economic development — given the relatively small effect of drought on empowerment and the
comparatively small population currently at risk of drought. Drought is one of many climate
risks that could impact similar pathways towards empowerment. This study does not quantify
the cumulative effect of climate vulnerability on empowerment, which may be larger than

drought alone, and may increase adverse impacts increase over time.

Climate change adaptation strategies pursued at the household, community, and
national levels can reinforce and increase gender inequities when gender is not taken explicitly

into consideration in the design and implementation of these responses (87,88). While the
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effect of drought on empowerment appears small, it nonetheless contributes to a growing
literature on the unique risks faced by women. Community and health system interventions
designed to respond to drought should therefore include a focus on women and meaningfully
integrate women in programs for drought and climate resilience. For instance, drought
resilience and response initiatives could emphasize strategies that bolster women’s
empowerment through access to economic, adaptation, education, and livelihoods resources.
Health systems responses could similarly integrate gender-sensitive responses to support
families and buffer against potential impacts to empowerment or gender-based violence.
Women are also underrepresented in climate policy making at all levels (89); in sub-Saharan
Africa, few countries explicitly integrate gender into climate policy (90). Policies developed to
prepare for, mitigate, and respond to drought, must similarly incorporate efforts to avoid

adverse impacts on gender equality.

This study highlights how the disempowerment of women is a potential and
understudied pathway through which climate change can impact health. It points to possible
new areas for study to understand the pathways through which climate change could affect
women’s health and climate resilience. With drought and other climate threats projected to
increase in the coming years, additional research to understand further the relationship
between climate change, women’s empowerment, and health could assist in identifying
effective strategies for addressing the unique risks faced by women and in determining where

to focus the attention of current efforts to bolster women’s empowerment.
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