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Foreword

When we think about the health impacts of climate change,
we often think of our lungs, our hearts, or the spread of
infectious diseases. Rarely do we think about the organ
that allows us to learn, remember, create, care for one
another, and adapt to an uncertain future: the brain.

Yet our brains are constantly shaped by the environments
in which we live. The air we breathe, the food and water we
consume, the temperatures we experience, the disasters we
endure, and the communities in which we grow all influence
brain development, cognitive function, mental wellbeing,
neurological health, and healthy aging. As climate change
reshapes these environments, it is also reshaping brain
health in ways we are only beginning to understand.

As a neuroscientist, 1 found it striking that despite a
rapidly growing body of research linking climate-related
environmental exposures to brain health, this evidence
remained scattered across disciplines, diseases, and
environmental risk factors. Neurologists, psychiatrists,
psychologists, environmental scientists, epidemiologists,
pediatricians, public health experts, and policymakers were
often asking different questions, speaking different scientific
languages, and working in parallel rather thantogether. There
was no common framework, no shared research agenda, and
no roadmap for translating this knowledge into action.

The International Neuro Climate Working Group (NCWG) was
created to help change that. From the very beginning, our
vision has extended beyond building a scientific network. We
wanted to build a global community capable of connecting
science with policy, lived experience, education, and action.
We believed that understanding climate change's impacts on
the brain required not only interdisciplinary collaboration, but
also meaningful partnership with those living through these
changes every day. This is why this report brings together
scientific evidence alongside lived experience narratives,
youth perspectives, expert insights, and case studies
from around the world. It is also why we have prioritized
perspectives from low- and middle-income countries and
communities disproportionately affected by climate change,
recognizing that the greatest burdens are often borne by
those who have contributed least to the crisis.

This report reflects more than two years of collaborative work
by an international interdisciplinary Expert Committee and
many contributors across the broader NCWG community. It
synthesizeswhatwe know, identifieswhatwestillneedtolearn,
and offers practical pathways forward through the Neuro
Climate Framework, the Neuro Climate Research Agenda, and
the Neuro Climate Action Roadmap. Our goal is not simply
to document the problem, but to help accelerate solutions.

Perhaps the most hopeful message to emerge from this
work is that protecting brain health and protecting the
planet are deeply aligned. Many of the actions that reduce
greenhouse gas emissions and strengthen climate resilience,
cleaner air, greener and cooler cities, healthier food and
water systems, resilient healthcare, and more equitable
communities, also protect and promote brain health. To
invest in brain health is to invest in our collective capacity to
innovate, cooperate, and respond to the challenges ahead.

We hope this report serves as a resource for researchers,

healthcare professionals, educators, policymakers,
community leaders, and all those working toward a
healthier, more resilient future. Most importantly, we hope
it helps ensure that brain health offers a foundational lens
through which we understand, address, and ultimately

overcome one of the defining challenges of our time.

Burcin Ikiz, PhD

Founder and Chair,
International Neuro
Climate Working Group
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About Us

About the International Neuro Climate Working Group

The International Neuro Climate Working Group (NCWG) is the first
global interdisciplinary action tank dedicated to advancing research,
policy, and action at the intersection of climate change and brain
health. Founded in 2024, the NCWG has grown into a global community
of more than 500 scientists, clinicians, public health professionals,
policymakers, educators, designers, architects, youth leaders,
advocates, and people with lived experience from over 60 countries.

United by the shared goal of protecting and promoting brain health on
a changing planet, the NCWG serves as a platform for collaboration,
knowledge exchange, capacity building, and collective action. Through
research, education, policy engagement, and community partnerships,
the NCWG works to translate scientific evidence into practical solutions
that improve health, strengthen resilience, and reduce inequities
worldwide.

About the Report

This report was developed by an interdisciplinary Expert Committee
convened by the NCWG. Over more than two years, it underwent
multiple rounds of writing, expert review, revision, and consensus-
building, while also drawing on contributions from the broader
NCWG community, invited experts, and an international call for case
studies, lived experience narratives, youth perspectives, and expert
insights. Several components of this report have also undergone,
or are undergoing, independent peer review through publication
as scientific reviews and policy commentaries in academic journals.

The report synthesizes the current scientific evidence on how climate-
related environmental exposures affect neurological health, mental
health, cognition, neurodevelopment, and healthy brain aging. In addition
to presenting the Neuro Climate Framework, itidentifies priority directions
for future research through the Neuro Climate Research Agenda and
outlines stakeholder-specific recommendations through the Neuro
Climate Action Roadmap, providing practical guidance for researchers,
policymakers, healthcare professionals, educators, communities,
individuals, and international organizations.

IMPACT OF CLIMATE AND ENVIRONMENTAL CHANGE ON BRAIN HEALTH
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Executive Summary

Brain health is a missing dimension of the climate crisis.

Climate change is one of the defining public health challenges of the twenty-first century. While its impacts
on cardiovascular, respiratory, and infectious diseases are well recognized, a rapidly expanding body of
evidence demonstrates that climate change and environmental degradation also affect neurological health,
cognition, mental health, neurodevelopment, and healthy brain aging across the lifespan. These impacts
extend beyond health, influencing education, productivity, wellbeing, resilience, and economic prosperity.

This report synthesizes the current scientific evidence on how climate-related environmental exposures affect
brain health and translates that evidence into practical guidance for researchers, policymakers, advocates,
and community members. Developed by an international interdisciplinary Expert Committee convened by the
International Neuro Climate Working Group (NCWG), the report combines scientific evidence with lived experience
narratives, international case studies, youth perspectives, and expert insights to provide an integrated roadmap
for protecting brain health in a changing climate.

Climate change affects brain health through six major environmental exposures:
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Extreme heat impairs cognition, sleep, mental wellbeing, and neurological function while
increasing risks of heat-related neurological illness.

Air pollution contributes to neurodevelopmental disorders, stroke, dementia,
neurodegenerative diseases, cognitive decline, and adverse mental health outcomes.

Extreme weather events affect brain health through injury, trauma, displacement,
disruption of healthcare, chronic stress, and long-term neurological and psychological
consequences.

Food insecurity and malnutrition impair brain development, cognition, and mental
wellbeing.

Water and soil contamination increase exposure to neurotoxic contaminants that affect
neurological development and function.

Vector-borne diseases can spur acute and chronic neurological complications.

IMPACT OF CLIMATE AND ENVIRONMENTAL CHANGE ON BRAIN HEALTH



Executive Summary

Brain health impacts accumulate across the
lifespan and across generations.

Climate-related environmental exposures influence
brain health before birth and through older adulthood.
Prenatal and early childhood exposures can alter
brain development with lifelong consequences, while
repeated exposures throughout life may contribute to
cumulative neurological injury, cognitive decline, and
increased risk of neurodegenerative disease. Climate
change therefore has the potential to influence brain
health both within and across generations through
biological, psychological, and social pathways.

Climate change disproportionately affects
vulnerable populations.

Although climate change affects everyone,itsimpactsare
not distributed equally. Social and economic disruptions
associated with climate change amplify brain-health risks
through poverty, displacement, educational disruption,
and reduced access to healthcare. Children, pregnant
women, older adults, people living with neurological and
mental health conditions, Indigenous peoples, displaced
populations, outdoor workers, and communities
experiencing  environmental and  socioeconomic
disadvantage often face the greatest exposures while
possessing the fewest resources to adapt.

A Call to Action

What is new in this report?

This report provides the first integrated roadmap for
understandingandaddressing climate change and brain
health through three complementary contributions:

~® The Neuro Climate Framework
® illustrating the interconnected biological,
I. .' psychological, and social pathways
e~ linking climate change and brain health.

The Neuro Climate Research Agenda
identifying priorities for the next
generation of interdisciplinary, globally
representative, and solutions-oriented
research.

The Neuro Climate Action Roadmap
outlining practical recommendations for
policymakers, healthcare professionals,
() educators, communities, individuals,
people with lived experience, and
international organizations.

Many of the interventions needed to address climate change—including cleaner air, greener and cooler
cities, resilient food and water systems, healthy schools, climate-resilient healthcare, and equitable
community investments—also protect and promote brain health. Integrating brain health into climate
research, policymaking, healthcare, and community action represents an opportunity to reduce disease
burden, strengthen resilience, improve quality of life, and support healthier, more sustainable societies. For
these reasons, protecting brain health must become a central objective of climate action.

IMPACT OF CLIMATE AND ENVIRONMENTAL CHANGE ON BRAIN HEALTH 6



At a Glance

Major climate-related environmental exposures

Across Early-life exposures and repeated climate-related hazards can have
generations lifelong and intergenerational consequences

Across the

. From prenatal brain development to healthy brain agin
lifespan P P / In9

626'000 Estimated dementia deaths attributable to air pollution globally in 2023’

Every 1°C above local baseline is associated with roughly a 2.2% rise

0
202 /0 in mental-health-related mortality?

Across 160 countries, not a single national adaptation policy
addresses children’s mental health?

Dementia cases may be preventable or delayed through addressing
modifiable risk factors, including environmental exposures such as air

pollution*
3 *  Neuro Climate Framework
* Neuro Climate Research Agenda

Major contributions « Neuro Climate Action Roadmap
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Key Terms

Blood-brain barrier: A layer of tightly packed cells that controls what can pass between the blood and the brain,
allowing needed substances through while helping block harmful ones.

Brain health: A multidimensional concept encompassing the structure and function of the brain across the
lifespan. Throughout this report, brain health is used as an umbrella term to include neurological health, mental
health, cognition, memory, neurodevelopment, behavior, and healthy brain aging, recognizing that these domains
are interconnected and influenced by biological, psychological, social, and environmental factors.

Climate-related environmental exposures: Environmental conditions influenced directly or indirectly by
climate change, including extreme heat, air pollution, extreme weather events, food insecurity, water and soil
contamination, and vector-borne diseases.

Climate resilience: The ability of individuals, communities, institutions, and systems to anticipate, adapt to,
respond to, and recover from climate-related challenges while maintaining health and wellbeing.

Co-benefits: Positive outcomes arising from a single intervention across multiple sectors. Many climate actions
provide co-benefits by simultaneously reducing greenhouse gas emissions, protecting brain health, improving
physical health, strengthening resilience, and promoting health equity.

Intergenerational: Occurring or having effects across generations, including when the experiences,
environments, or health of one generation influence the health and well-being of subsequent generations.

Lived experience: Knowledge and perspectives gained through direct personal experience of climate-related
environmental change and its impacts on brain health. Throughout this report, lived experience is recognized as
an essential source of knowledge that complements scientific evidence and informs research, policy, and practice.

Mental health: A state of emotional, psychological, and social wellbeing that enables individuals to cope with life's
challenges, build relationships, and contribute to society. Mental health is one important component of overall
brain health.

Neurodegeneration: The progressive loss of nerve cells and brain tissue, which can lead to a decline in brain
function over time.

Neurological health: The healthy structure and function of the brain, spinal cord, and peripheral nervous system,
including the prevention and management of neurological disorders such as stroke, dementia, neurodegenerative
disease, epilepsy, migraine, and multiple sclerosis.

Oxidative stress: A condition that occurs when there are too many unstable molecules called free radicals in the
body and not enough antioxidants to remove them, which can damage cells and tissues.

The Neuro Climate Framework: A conceptual framework describing how climate-related environmental

exposures influence brain health through interconnected biological, psychological, and social-structural pathways,
providing an integrated approach to research, policy, and action.

IMPACT OF CLIMATE AND ENVIRONMENTAL CHANGE ON BRAIN HEALTH
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Introduction

Climate change represents one of the most significant
global health challenges of the 21st century. While its
effects on some bodily systems, such as cardiovascular,
respiratory, and immune function, are well recognized,
growing evidence points to parallel and often
underappreciated consequences for the brain, including
both neurological and mental health domains. As rising
global temperatures intensify the severity and frequency
of extreme weather events, their direct and indirect
impacts on brain health are exacerbated.?

Brain health, which encompasses neurological function,
mental health, cognitive abilities, and psychosocial
behavior, servesasthe foundation forhuman productivity,
social relationships, creativity, wellbeing, and overall
quality of life. Emerging evidence reveals concerning
risks to brain health from climate-related stressors, but
the field lacks comprehensive understanding of these
relationships, highlighting a need for systematic research
approaches and a coordinated research agenda to
address these critical knowledge gaps.

In recent years, the evidence linking climate change and
environmental degradation to brain health has expanded
rapidly. Studies have documented associations between
climate-related environmental exposures and a broad
range of brain health outcomes, including neurological
disease,** mental health conditions,>®’ and the effects
of environmental exposures such as air pollution®
and heat?® Integrating evidence across exposures,
outcomes, disciplines, and stages of the life course can
help illuminate cumulative and interacting risks, identify
shared biological mechanisms, reveal opportunities for
prevention and resilience, and inform more coordinated
research, policymaking, and practice. Throughout this
report, we seek to provide an integrated overview of the
current evidence, highlight cross-cutting themes and
knowledge gaps, and identify opportunities for collective
action to protect and promote brain health in a changing
climate.

IMPACT OF CLIMATE AND ENVIRONMENTAL CHANGE ON BRAIN HEALTH 10
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The present report has been prepared by an
interdisciplinary expert committee of the International
Neuro Climate Working Group (NCWG), a global
network of over 500 scientists, clinicians, public health
professionals, and policy experts working at the
intersection of climate change and brain health. With this
work, we offer a uniquely integrated perspective on the
effects of climate change across neurological, mental, and
cognitive domains of brain health. Our goal is to create a
foundational resource for a broad range of stakeholders,
including scientists, clinicians, public health leaders, and
policymakers, and to highlight urgent research priorities
that can guide future inquiry and action. We have
intentionally selected studies with robust methodologies,
including meta-analyses, longitudinal cohorts, and other
evidence syntheses where available, to highlight the
most rigorous and policy-relevant evidence, rather than
attempting to be exhaustive.

Building on this evidence base, we then turn from
characterizing risks to charting a response, outlining
priorities for research, surveillance, and policy
development. In particular, we emphasize the need to

“Climate change is an ongoing, deep
emotional and psychological crisis; one that

translate existing scientific knowledge into actionable is defining our sense of safety, connection,
guidance through targeted investments, cross-sectoral work, home, and future in unprecedented
collaboration, and equitable approaches that prioritize ways compared to past generations. It is

vulnerable populations and low- and middle-income ever-present in our lives. Young people (and

countries (LMICs), where compounded exposures and eve/yqne) deserve gredten /lteracy‘around
how climate change affects our minds and

limited adaptive capacity magnify risk. Such an approach bodies. Many of us are moving through

is aligned with the NCWG goals of integrating brain health these experiences without language or
into the global climate and health agenda, enhancing understanding. Access to awareness is

understanding of relevant risk factors, reducing health helpful and a right.”
disparities exacerbated by environmental exposures, and
catalyzing both adaptive and mitigatory policy responses.

, . . N o Muskan Lamba
We first synthesize evidence concerning six major climate-

and environmental-change-related threats to brain S\?‘Ckhaiﬂéh”d &GﬁoEtTM o
. X . orkin roup, Globa enta
health (Figure 1). We then draw these findings together ¥, Health %ction Eetwork&

in an integrative model of biological, psychological, and NCdWG Youth Council Member,
. . . . India

social-structural pathways and identify policy levers

across municipal, national, and multilateral governance.
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Six climate change-related factors affecting brain health

Extreme weather events

= i Air pollution \

Soil énd water BB (Wi Vector-borne diseases . Il q

. contamination \ -mrm‘ | ;'ley
L g

Outcome domains

@® Neurodevelopmental M Neurodegenerative Mental health @ Intergenerational 4 Other neurological

Factors Domains Brain health outcomes
M Eycessive Higher stroke and dementia admissions; worse symptoms
e heat . B * in epilepsy, multiple sclerosis, migraine; impaired cognition;
ea increased suicide risk, psychiatric visits, and aggression

Extreme Altered neurodevelopment after prenatal exposure; acute and
weather events . . chronic stress responses lead to post-traumatic stress disorder,
depression, anxiety, substance abuse, and suicidality

Al Particulate matter and nitrogen oxides cause inflammation
Ir . [ | . * and neuronal injury, linked to dementia, cognitive decline,

m pollution depression, anxiety, and psychosis

Maternal-fetal and childhood undernutrition disrupt brain

Food o )
. . development; psychological distress and increased symptoms of
ﬁ Insecurity . . depression and anxiety

©

Heavy metals disrupt synaptic transmission and neurotransmitter

‘ Soil and water . ] . * balance; pesticides impair neurodevelopment and cause

contamination behavioral change

Meningitis, encephalitis, congenital microcephaly, and Guillain-

% Vector-borne . . * Barré syndrome; neurocognitive deficits and mental health

diseases disorders in affected populations

Figure 1. Climate change affects our brain health directly and through secondary effects on cognition and behavior. Climate change and
related environmental factors affect brain health through direct and indirect pathways, influencing neurological function, cognition, and
mental health across the lifespan.
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Exposure to Excessive Heat

Climate change is raising average global temperatures and increasing the frequency, intensity, and
duration of heat waves. Extreme heat poses threats to overall brain health and function (Figure 2).
In 2024, heat-related fatalities among individuals over 65 years of age rose by 63% compared to the
average per year in the 1990s.”® As climate change progresses, heat-related morbidity and mortality

are expected to rise further. Significant temperature fluctuations strain the body’s thermoregulatory
abilities, affecting multiple physiological systems, including the nervous system.> Hyperthermia, failure
of thermoregulatory processes, typically at body core temperatures exceeding 40° C, can lead to heat

stroke, circulatory collapse, seizures, and other life-threatening outcomes.'




Exposure to Excessive Heat

Extreme heat exacerbates symptoms in individuals with
existing neurological disorders and is associated with
higher hospital admissions, with evidence of increased
risk of stroke, migraines, Alzheimer’s disease, epilepsy,
and worsened multiple sclerosis symptoms.>® Modeling
studies predict an increase in neurodegenerative
diseases like Alzheimer's, other dementias, and
Parkinson’s as planetary warming continues.’ Extreme
heat disrupts sleep cycles and circadian rhythms, which
can affect neurological conditions such as epilepsy and
stroke.” Temperature extremes also pose developmental
consequences. For example, one recent study found that
prenatal and early-childhood exposure to both unusually
cold and hot ambient temperatures is linked to slower
microstructural maturation of children’'s brain white
matter, especially among those in socioeconomically
disadvantaged neighborhoods.’

Higher ambient temperatures and heatwaves are
significantly linked to worsened mental health outcomes
for individuals and populations,” such as increased
rates of depression, anxiety, and suicide, with meta-
analysis indicating that every 1°C rise is associated
with an approximately 2.2 -percent increase in mental
health-related mortality? and additional studies showing
increased associations between temperature variability
and heightened risk of suicide.”® Extreme heat has been
linked to an increase in acute presentations of psychiatric
disorders and increased emergency department
visits for substance use disorders, anxiety, stress-
related and somatoform disorders, mood disorders,
schizophrenia, schizotypal and delusional disorders,
self-harm, and childhood-onset behavioral disorders.>™
Importantly, some psychiatric medications can impair
thermoregulation, making individuals more sensitive to
heat-related illness.?®

Effects of excessive heat on brain health

Worsening of
symptoms

5

Change in drug
interactions

Increased risk
of developing
neurological disease

In extreme heat, the nervous system loses the ability to thermoregulate, placing strain on organ systems, including the nervous
system. Cellular proteins and membranes of neurons may be affected, changing dynamics of firing and communication, and
ultimately having negative effects on brain physiology, neural function, as well as cognitive and mental functioning.

Excessive heat can worsen symptoms of existing neurological and mental health disorders (e.g., epilepsy, dementia,
schizophrenia) and also increase risk for other health problems (e.g., stroke).

— Cognitive impacts —

Memory
problems

Poor attention
and focus

Worsened executive
function

— Mental health impacts —

'}i\" Heightened

stress levels

Worsened psychiatric
symptoms

Increased risk of
suicide

Figure 2. Exposure to extreme heat can disrupt brain function and worsen symptoms of existing neurological and mental conditions. Extreme heat
can disrupt brain function by impairing thermoregulation, altering neural activity, and triggering neuroinflammatory responses, which can exacerbate
existing neurological and psychiatric conditions and impair cognition and behavior.
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Exposure to Excessive Heat

Heat can also disrupt the gut microbiome, which
is associated with neurodegenerative diseases,?"??
highlighting an additional indirect link between climate
change and neurological disease. Moreover, heat
stress may independently disrupt gut barrier integrity,
driving endotoxaemia and systemic inflammation that
compounds the neuroinflammatory burden already
present in populations with impaired renal clearance of
gut-derived uremic neurotoxins. This is a pathway with
particular relevance for the rapidly growing number of
people with chronic kidney disease in climate-vulnerable
regions.??

Prolonged exposure to high temperatures can impair
cognitive  functions, including selective attention,
executive function, and overall mental acuity.?*?
Evidence from 58 countries suggests heat exposure
has a direct effect on the rate of learning.?® The effects
of excessive heat on cognition and executive function
are widespread across various sectors. For instance,
judges issue harsher verdicts?” and in workplaces, higher
temperatures correlate with decreased productivity.? In
addition to impairing cognitive functions, extreme heat
exposure has been associated with behavioral changes
such as increased impulsivity, aggression, and violent
crime. 2930

The neurobiological and physiological mechanisms
linking immediate impacts of heat to mental health
outcomes(e.g. increased risk of suicide during heatwaves)
are unknown. To understand the underlying physiology
of heat effects on brain function, studies have relied
on animal models, with evidence suggesting that high
temperatures disrupt neural-circuit activity, resulting in
seizure-like states.'*

In addition, heat exposure triggers neuroinflammatory
responses and complex cellular changes, including
oxidative stress and mitochondrial dysfunction, all
of which are linked to neurodegeneration at long
timescales.?® Further evidence from animal research
suggests that during hyperthermia, the integrity of the
blood-brain barrier, which separates the brain from the
bloodstream, is weakened,** potentially making the brain
more susceptible to toxin exposure and inflammation.

Blood-brain barrier dysfunction has been implicated
in neurodegenerative diseases and contributes to
pathology in a range of neurological conditions,
highlighting a potential risk connecting heat exposure to
development of neurological dysfunction, though more
research is needed to investigate this link. High ambient
temperature also tends to disrupt functional connectivity
patterns in the brain, potentially offering a system-level
explanation of cognitive and behavioral changes, such as
poor decision-making and impulsivity, observed during
hyperthermia.**

“As a climate epidemiologist studying the
effects of extreme heat on mental and
brain health, the cutting edge of our field
is currently exploring the mechanisms
which drive the links between depression,
anxiety, suicidal ideation, and cognitive
decline, potentially via disruptions to HPA
axis regulation, the epigenome, and the
permeability of the blood brain barrier.”

Robbie Parks, PhD

Assistant Professor,
Environmental Health Sciences

Columbia University, USA
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Exposure to Excessive Heat

Chronic Heat: Mental and Brain Suffering in
Mauritania and the Sahel

Case study from Mauritania, Sahel, West Africa

Extreme and continuous heat in the Sahel exceeds human
adaptation thresholds. It lasts all year round, with no nighttime
respite, and increases the vulnerability of populations. As a
Mauritanian psychiatrist, I observe the impact of continuous
extreme heat on the mental and brain health of populations in
Mauritania and the Sahel on a daily basis, particularly the most
vulnerable.

It is a suffering hidden behind smiles and apparent resilience.

The migratory aspect is visible: villages emptied of their vital force

because their land has become foreign to them. Only elders remain.

Deaths, where burial becomes a problem for lack of able bodies. I
also see the emergence of inter-community conflicts, because the
common enemy, heat and scarcity of resources, remains invisible.

In the Sahel and in Mauritania, heat worsens inequalities in brain
health. Without access to coolness, the poorest tire out faster.
Psychosocial support alone is no longer enough. Ignoring this link
means letting an entire region age and suffer in silence.

As a solution, I propose applied research studies on heat and brain
suffering in the Sahel, raising awareness among populations and
decision-makers about the medical aspect of thermal suffering,
and taking action on the ground.: heat-adapted housing, training
for health workers, and moving beyond the psychosocial threshold
to integrate medical understanding.

- Moktar Sissako, MD

“As a researcher and consultant, I see the built environment
as our first line of defense against the health impacts of
climate change. As someone living with epilepsy, that line
of defense is currently failing. When urban heat islands
spike, so does the physiological stress on the brain, lowering
seizure thresholds and compromising neurological safety.
By bridging the gap between environments (architectural
and climatic) and brain health, we move beyond sustainable
buildings toward environments that actively protect
cognitive resilience and neurological stability.”

Did She Swim in Cold Water as a Child?

Case study from Northeastern United States

Episodes of extreme heat have been noted to be increasingly
prevalent. For my mom, Elsie, extreme heat was more than an
abstract concept. Instead, it was a preventable environmental
hazard that I believe hastened her decline.

Elsie was the eldest daughter of an Indigenous woman. My
grandmother did her best to expose her children to her culture,
teaching them to live in harmony with nature, including having

her children spend as much time as possible in the frigid Atlantic
Ocean waters off the coast of the Northeastern United States
during the hot summer months. Decades later, when Elsie was
diagnosed with Alzheimer’s Disease, she lost many memories of
her recent life. What she didn’t lose was the drive to return to the
nature that nurtured her as a child. During periods of extreme heat
exacerbated by her inability to afford the extra energy costs for

air conditioning, Elsie’s cognition drastically declined. She lost her
capacity to care for all daily care needs. The next summer, during
another period of extreme heat, she exhibited another notable
decline, almost never recognizing her children or grandchildren
anymore. During one particularly hot day, one of the nurses at the
facility at which she now lives asked me, “Did she swim in cold water
as a child?” Elsie had screamed at the staff that she needed to get
to the ocean to cool down. Despite efforts to use cool cloths or cold
drinking water to calm Elsie down on very hot days, nothing seems
to work.

It’s not only instances of extreme heat that are increasingly
prevalent. Instances of dementia are, too. I have observed the
harm of extreme heat on the overall well-being of individuals like
my mom, whose deteriorating cognitive capacities are stressed
by environmental factors like extreme heat. For individuals like
Elsie, whose cultural values incorporated regular environmental
exposure as part of a wellness regimen, the detrimental impact of
extreme heat may result in additional harm, one not necessarily
measured by traditional health metrics.

For people like Elsie, and countless others whose aging minds are
impacted by dementia, they - and those involved in their care -
should not have to be additionally harmed by preventable changes
in the environment. The cold waters of my mother’s youth - and
the comparatively cooler summer temperatures - should still be

a reality. But, in order for that to happen, we need to do what my
grandmother and mother did - remember that each of us is part
of the environment, and care for it so that it - like us - remains
healthy for years to come.

- Anonymous

Jessie Buckle

Inclusive Research and
Design Specialist & PhD
Candidate in Architectural
Design

University College London,
United Kingdom
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Extreme Weather Events

The connection between extreme weather, climatic
variation, and neurological disorders is a growing
concern in the context of climate change. Extreme
weather phenomena can trigger acute stress, trauma
responses, fatigue, and sleep disruptions due to home
displacement, food insecurity or contamination, and
the rise of water- or vector-borne infections. Following
extreme weather events such as increased rainfall and
flooding, an increased incidence of water-borne diseases
like leptospirosis, shigellosis, and hepatitis A can lead to
severe neurological complications.®® Moreover, extreme
weather events can hinder access to essential medical
care, disrupt healthcare systems, and interrupt the
continuity of care for individuals with neurodegenerative
disorders and other medical conditions, exacerbating
symptoms and accelerating disease progression. This
impact is particularly severe for those with limited
resources to mitigate the effects of the events, such as
those living in low- and middle-income countries.>=#

Extreme weather events intensified by climate change
cause substantial physical and psychological distress by
increasing exposure to trauma and compounding acute
stress.®

As climate change increases the frequency of extreme
weather events, individuals are increasingly likely to
experience multiple disaster exposures, with significant
implications for mental health.?® Secondary stressors
include financial burden, displacement, community
disruption, property damage; and losses in education,
healthcare, food and water security, and social networks.
Events like floods and typhoons are strongly associated
with poor mental health, with evidence showing long-term
mental disorders in survivors.“® Experiencing climate-
change-related disasters and their disruptive effects on
the lives of residents can lead to mental health conditions
like depression, anxiety, and PTSD.*'" Extreme weather
can also worsen pre-existing mental health conditions,
particularly for those who sustain physical or property
damage.”? Forced displacement, infrastructure loss,
livelihood disruption, and prolonged recovery periods can
contribute to a pervasive sense of despair, with vulnerable
populations, including children, the elderly, low-income,
and racial minorities, facing higher risk.*

IMPACT OF CLIMATE AND ENVIRONMENTAL CHANGE ON BRAIN HEALTH 18



Emerging evidence suggests experiences with extreme
weather events can also lead to impairments in cognitive
function. For example, extreme weather event exposure
has been associated with deficits in working memory,*
cognitive processing, mental flexibility, and sustained
attention.*> One recent study showed that experiencing
a wildfire is associated with diminished cognitive
performance, particularly with respect to interference
processing, i.e. distractibility, and heightened stimulus-
evoked fronto-parietal activity 6 to 12 months after the
disaster,*® highlighting that these negative effects are not
short-lived.

Neurobiological processes can be altered by extreme
weather events. Recent research indicates that extreme
weather events may spur structural alterations in the
brains of individuals exposed in utero, specifically in
the amygdala, caudate, and hippocampus, leading to
longer-term behavioral phenotypes.*” Extreme weather
exposure during pregnancy has been associated with
alterations in placental gene expression related to
neuroinflammation, which in turn are linked to changes
in infant temperament.*® Adult PTSD that has developed
as a result of exposure to climate-related disasters also
appears to have a somewhat unigue neurobiological
signature as compared to PTSD from other causes (e.qg.,
in war veterans).* This disparity might suggest that
treatments need to be tailored based on the origin of
the underlying trauma; however, research in this area is
limited.>

IMPACT OF CLIMATE AND ENVIRONMENTAL CHANGE ON BRAIN HEALTH

Extreme Weather Events

“In Malaysia, climate-related changes,
including monsoons, flooding, and prolonged
dry seasons, are already disrupting food
systems, fisheries, livestock care, and access
to clean drinking water. These cascading
impacts are contributing to malnutrition as
well as rising rates of obesity, hypertension,
and diabetes, which in turn increase the
risk of stroke, cognitive impairment, and
mental illness. Efforts are now underway
to better understand these links and
implement preventive strategies, starting
with strengthening food security and water
sustainability.”

Prof. Jafri Abdullah, MD

Professor of Neurosurgery &
Chairman, Brain Behaviour
Cluster

Universiti Sains Malaysia,
\EIEVSE]
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Extreme Weather Events

What a Flood Leaves Behind

Case study from Nigeria

Recurrent seasonal flooding in flood-prone communities across Nigeria destroys homes, displaces families, disrupts healthcare, and
contaminates water sources, creating conditions that amplify outbreaks of waterborne diseases such as cholera. For children and caregivers,
the consequences can extend beyond the immediate emergency, disrupting routines, safety, and emotional well-being.

During a flood season, a four-year-old boy was brought to our community health post by his grandmother because his mother was wading
through knee-deep water with what remained of their belongings.

The flood had displaced the family and contaminated the water around their community. The boy developed cholera and had been vomiting
for a day, becoming severely dehydrated. Then his small body suddenly went rigid. His arms locked, his eyes rolled back, and he started seizing.

He did survive after urgent treatment, but the grandmother stayed with me. She sat outside for hours, waiting for news. When someone finally
came to update her, she did not cry. Her hands simply would not stop shaking.

She had already buried a grandchild during the previous outbreak, three years earlier. So for her, this was not just another rainy season. It was
another flood, another displacement, another outbreak and another fear of losing someone she loved.

The effects of a flood can continue long after the water recedes. When flooding forces a family from home, the loss is more than physical.
Children can lose routines, familiar surroundings, and a sense of security, while caregivers carry the responsibility of keeping families safe amid
uncertainty. There is also the risk of repeated exposure to illness. Repeated displacement and health emergencies can compound psychological
distress, particularly where mental-health services are already scarce. Climate resilience must therefore consider the emotional aftermath of
displacement alongside disease prevention.

Solutions don't have to be complicated. It starts with things like clearing blocked gutters before the rains start or keeping rehydration salts
stocked at community health posts. This can stop cases like this from reaching crisis points. When families are displaced, mental-health
support should travel with them to give children and caregivers access to psychosocial support and help bridge gaps where specialists are
scarce.

- Miracle Adesina

Chronic and Daily: Canadian Wildfire Season and Migraine

Case study from Northwest Territories, Canada

In July 2026, dozens of active wildfires contributed to devastating air quality in
Yellowknife. The air quality index exceeded 200 and the PM2.5 concentration was more
than 60 times the World Health Organization annual PM2.5 guideline value.

As a chronic daily migraine patient, the pain I experience is tied directly to my
environment. As climate change renders wildfires more frequent and severe, I find
myself bracing for impact during seasons I could previously thrive. While temporarily
living in Yellowknife in July 2026, I was debilitated by wildfire smoke. My sleep was
interrupted by choking fits due to the poor air quality. I woke up each morning with
irritation in my eyes, nose, and throat. The smoke gave me a throbbing migraine
before even getting out of bed in the morning. I would exhaust my daily medication
limit before noon, finding no relief. For weeks, I was ineffective at work and absent
from social gatherings because my pain was unbearable. The changing climate has
also robbed me of my coping mechanisms: I can no longer find solace in nature or
participate in light exercise outside.

As a young person, I deserve to feel optimistic about my future. Instead, I fear a future
where climate change disables me completely. I worry that as the air quality plummets,
my migraines will become so severe that I can no longer live an enjoyable life. Beyond
me, migraine patients may experience major gaps in health equity and become unable
to fully participate in society. Given that migraine is among the most common causes
of missed work in Canada, the workforce may be dramatically altered. In remote and
Northern regions of Canada, such as Yellowknife, health disparities will be especially
dramatic due to the limited number of healthcare professionals and treatment options
available within the territory.

- Shannon Bird
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Extreme Weather Events

Box 1. Wildfires as a Neuro-Climatic Syndemic

Wildfires exemplify the convergence of multiple climate-related stressors, heat exposure, toxic air
pollution, displacement, and exposure to trauma, creating a “syndemic” of interrelated physiological and
psychological harms.'*" Following one of the largest wildfires in California, researchers found significant
impacts on mental health,’® and over 7 million Californians affected by wildfires from 2011 to 2018 saw
increased prescriptionsforantidepressants, anxiolytics,and mood stabilizers.'*2Beyond these psychiatric
effects, recent evidence also points to enduring cognitive consequences: Individuals exposed to wildfires
demonstrate reductions in interference processing, the ability to filter out distraction, and sustained
impairments in executive function more than a year after the disaster.'*® Studies investigating wildfire
particulate matter exposure have illustrated increased risk of dementia and cerebrovascular disease and
reductions in cognitive function."** However, such studies have focused solely on PM2.5 and investigated
limited neurological outcomes. A significant gap remains in understanding how the combined and
interacting stressors associated with wildfires collectively affect neurological function,'** underscoring
the urgent need for integrated research on this topic. Several potential mechanisms of harm are ripe
for investigation, including thermal stress compromising the blood-brain barrier, PM2.5 and heavy
metals inducing oxidative damage, and chronic psychosocial stress altering neuroendocrine regulation.

As the evidence base continues to grow, the urgency of climate-related brain health risks demands
proactive strategies. Integrating brain health into disaster risk reduction frameworks is essential. Such
efforts include mapping vulnerable populations (e.g., individuals with dementia, epilepsy, or severe
mental illness), ensuring continuity-of-care plans for those reliant on medication or assistive devices,
and developing early-warning systems that include neurocognitive and psychosocial risk indicators.
Training healthcare and emergency personnelto recognize neurological vulnerabilitiesand incorporating
air-quality alerts and evacuation support for high-risk groups can further enhance resilience. In the
immediate response phase, integrating brain health monitoring for pregnant women, children, and
people with pre-existing neurological or psychiatric conditions into emergency protocols—alongside
neurocognitive screening programs and mental health first aid—can reduce acute harms. During
the recovery phase, mobile clinics, insurance coverage for post-disaster cognitive assessments, and
community-based interventions can support early detection and rehabilitation. In the long term, urban
planning that incorporates green infrastructure, wildfire buffers, and air-filtration systems can reduce
chronic exposure, while incorporating brain health indicators into disaster-impact assessments can
ensure neurological and mental health outcomes are systematically tracked.

“Our research has quantitatively shown that wildfires drive

community wide climate trauma - nearly a third of the Jyoti Mishra, PhD

impacted community can experience symptoms of PTSD, - g Associate Professor in Psychiatry
anxiety and depression, alongside cognitive impacts on ‘ % ; University of California San
attention and decision-making. There needs to be greater Diego
awareness of these impacts so we can continue to strengthen

. .. S Co-Director, UC Climate
vital mental health supports for affected communities. Resilience Initiative, USA
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Air Pollution

Air pollution is the number one risk factor for health loss worldwide® and the second leading risk
factor for death, linked to 7.9 million premature deaths annually." Air pollution and climate change
form a reinforcing cycle: many pollutants worsen climate change, and climatic factors such as heat and

wildfire smoke degrade air quality, thereby amplifying health and environmental impacts.>? Air pollution
impacts brain health across the life course (Figure 3). It is also a risk factor for cognitive decline and
neurodegenerative diseases, with most recent estimates suggesting that more than 1 in 4 dementia
deaths are attributable to air pollution.’




Air Pollution

Long-term exposure to pollutants, such as ultrafine
particles, particulate matter less than 2.5 um in diameter
(PM2.5), nitrogen oxides, and polycyclic aromatic
hydrocarbons, significantly harms the central nervous
system.>® In-utero exposure to air pollution has been
associated with neural tube defects and changes in
brain structure and function.®** In older adults, PM2.5
exposure accelerates brain aging and increases dementia
risk, particularly in countries with high socioeconomic
inequality.>® Air pollution also raises stroke risk, with a
13-percent increase in ischemic stroke per 10 pg/m?
PM2.5.57 Other pollutants, such as carbon monoxide and
sulfurdioxide, further correlate with stroke hospitalizations
and mortality.>® One large U.S. study showed that long-
term PM2.5 exposure is linked to higher hospitalizations
for Parkinson's disease and Alzheimer's disease, with
dementia risk rising 3 percent per 1 ug/m? increase in
PM2.5.%

Both outdoor and indoor pollutants from sources like
cooking, vehicles, industry, and wildfires have been linked
to adverse mental health outcomes. In a most recent
example, PM2.5 pollution caused by lake desiccation
was also linked to psychiatric outcomes such as major
depressive episodes.®® These effects are not equally
distributed across the lifespan, with research indicating
that the most detrimental effects are seen in children
and older adults.™®? Prenatal PM2.5 exposure is linked
to later psychotic and depressive symptoms in youth®
and early exposure to PM2.5, ozone, or heavy metals is
associated with neurodevelopmental disorders.>36465
Repeated exposure to pollutants such as PM2.5, nitrogen
dioxide, and sulfur dioxide can also increase the risk of
schizophrenia, depression, anxiety, and suicide,®¢” and
even low-level PM2.5 exposure correlates with higher
depression and anxiety prevalence.®®

Effects of air pollutants on brain health

Some air pollutants contribute to global
warming, which in turn can intensify air
pollution.

structure and
function

and cognitive
functions

Fine particles from air pollution can
irritate the lungs causing systemic
effects on the brain and penetrate the
blood-brain barrier.

—>

—» This can lead to inflammation
and neurodegeneration.

Impact across the lifespan
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Figure 3. Exposure to air pollution can have long-lasting impacts on brain health throughout the lifespan and across generations. Long-term exposure
to air pollution contributes to neuroinflammation, oxidative stress, and structural brain changes, increasing the risk of cognitive decline, mental health
disorders, and neurodegenerative disease across the lifespan and into future generations.
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Air Pollution

Air pollution can also worsen mental health in people
living with pre-existing mental health conditions.®*%° Air
pollution has also been associated with impaired cognitive
function, executive control, decision-making and memory
performance.’®’2

Airpollutants contributetoneurologicaldisorders primarily
through oxidative stress and neuroinflammation.”
Several pollutants, including PM2.5, can cross the blood-
brain barrier, activating immune responses in astrocytes,
microglia, and neurons, ultimately leading to neurotoxic
effects.’#’> PM2.5 exposure is associated with changes
in white matter microstructure and subcortical brain
volume.”® Ultrafine particles smaller than PM2.5 can also
bypass the blood-brain barrier, carrying neurotoxins
with them.”””® Evidence also links PM exposure to
epigenetic changes in neurons, some of which may have
intergenerational implications.”>#°

Historically, technical limitations in air pollution monitoring
have hindered studies on long-term brain health impacts.
However, advancements in remote sensing and satellite
technology now allow for detailed tracking of exposure,

“As a neurologist, what concerns me most
is the risk of ischemic heart disease, stroke,

improving research precision and accuracy.t'® Because and dementia caused by air pollution from

air pollution exposure often correlates with socioeconomic the burning of fossil fuels. Many physicians
factors like population density and poverty, rigorous study and patients are unaware of this association.
designs are essential to control for these variables. The risk can be reduced by reducing time

on busy roadways, choosing a residence
away from those roadways, and advocating
societal change away from fossil fuels.”

Larry Junck, MD

Professor Emeritus of
Neurology

University of Michigan, USA
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Food Insecurity and
Malnutrition

Climate change affects food systems through extreme weather and climate events (e.g. floods and
droughts), ocean acidification, soil degradation, and elevated atmospheric carbon dioxide, which
decreases the nutritional value of food crops.23 Estimates from 2024 suggest that 2.33 billion people

experienced moderate or severe food insecurity and over 3.1 billion could not afford a healthy diet that
year.84 Limited access to diverse and nutritious food sources, or growing dependence on food sources
with neurotoxic potential, can have severe consequences for brain health.%>-87




Food Insecurity and Malnutrition

The link between nutritional status and brain
development is particularly poignant during critical
developmental periods. Malnutrition during these
times can cause long-lasting cognitive deficits. Essential
nutrients such as iron, iodine, and essential fatty acids
play crucial roles in brain development and function,
and deficiencies in these nutrients can lead to significant
impairments. For example, iron deficiency is associated
with delayed cognitive development and behavioral
issues,® while iodine deficiency can lead to brain
damage and irreversible cognitive decline®® Due to
the vulnerability of the developing brain to nutritional
deficits, malnutrition during the first 1,000 days of life
can trigger lasting impacts, including impaired brain
structural and functional development and subsequent “As climate change disrupts food systems
motor, behavioral, and cognitive problems® These and saps the nutritional value of our crops,
developmental risks may begin before birth, as maternal food insecurity deepens and diets lose the
food insecurity during pregnancy has been associated nutrients that areiSieS NI

. . ) child’s cognitive future. This damage often
with adverse outcomes in offspring.°’ Beyond these early begins before birth, when maternal food

developmental effects, food insecurity has also been insecurity during pregnancy can already
associated with an increased likelihood of depressive set a child on a harder developmental path,
symptoms and poorer cognitive function.?2 Additionally, and it deepens during the first 1,000 days of

life, the very window when a child’s brain is

food insecurity in low-income families could intensify being built
eing built.

the socioeconomic disparities in brain development,

perpetuating a cycle of inequality and disadvantage.” We know from decades of research that

early malnutrition can leave lasting
According to  projections, the availability of effects on cognition, learning, and lifetime
docosahexaenoic acid (DHA), an essential omega-3 opportunity. Those effects fall hardest on
long-chain  polyunsaturated fatty acid critical for children in low-income communities who

vertebrate brain function, could significantly decrease BT e Stee barr{ers 40 Gjoe) nutrition,
due to dlimate ch fich ot decline.s¢ compounding inequality across generations.

ue to climate change as fish popuiations decline. If we're serious about protecting the next
By 2100, it is estimated that 96 percent of the global generation’s minds, we have to treat

population may not have adequate access to DHA. climate action and food security as brain
This decline will disproportionately affect vulnerable development policy.”
groups, particularly fetuses and infants, with the most

severe impacts anticipated in inland regions of Africa.’* 1
Lisa Patel, MD, MESc, FAAP

One proposed modulating factor between malnutrition M- ~% glifical Associate Professor of
] . ; ] . ) i Pediatrics, Stanford Children’s
and brain health is the microbiome-gut-brain axis,* as s Health
it has been shown to influence neurological function, . . .
g = y Executive Director, Medical Society
psychopathology, and cognition.®® In cases of severe B e liliry on Climate and Health
malnutrition, the infant's gut microbiome composition at the Center for Climate Change

Communication at George Mason
University

and the biochemicals exchanged through the gut-brain
axis differ from those in healthy infants.®’
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Food Insecurity and Malnutrition

Uncertainty Has Become the Season

Case study from Cukurova, Adana, Turkiye

From the Hittites and Assyrians to the Romans and present day Tirkiye, Cukurova has, for thousands of years, been one of the
Mediterranean’s most fertile agricultural plains. These lands have nourished far more than crops; they have sustained cultures,
identities, and ways of life passed down across generations even across civilizations. Today, however, Cukurova is experiencing
the impacts of climate change with increasing intensity. Some years bring prolonged droughts and relentless heat; others,
unusually severe rainfall that upends the rhythms of cultivation.

Tuna’s family has lived and farmed these lands for more than a century, in the shadow of the ancient city of Anavarza, one of
the great cities of ancient Cilicia, whose ruins have borne witness to centuries of the region’s history. Here, their identity has
been shaped by the soil itself. His childhood holidays were marked by the rhythms of harvest. Today, as a psychiatrist working
on climate change and mental health, he returns to these same landscapes with different eyes. He no longer sees only the
changing rivers, trees, and seasons; he also witnesses the traces these transformations leave on people’s inner worlds, on their
daily lives, and on their hopes for the future.

In this region, conversations have always found their way back to the land to the harvest, the weather, and the seasons. There
was once a quiet confidence woven into those conversations. People knew which wind foretold rain, when the clouds would
break, and which crops would flourish in each season. In recent years, however, those conversations have come to revolve
around a single word: uncertainty. No one knows how the weather will unfold, whether the harvest will arrive on time, which
crops will survive, whether hard work will be rewarded, or perhaps most painfully whether future generations will be able to
continue their lives on these lands.

This uncertainty touches everyone, but it does not do so equally. Women carry not only the work of cultivation but also much
of the responsibility for caring for children, supporting older family members, and holding together the emotional fabric of
everyday life. Children may not yet have the words to describe climate change, but they absorb their parents’ anxieties, the
disruptions to daily routines, and the quiet unease surrounding the future. It is not only the environmental climate that is
changing; the emotional climate in which women strive to sustain balance and children grow up is changing as well.

Yet the stories shared across Cukurova speak not only of vulnerability. They also reveal a remarkable resilience built over
generations. Families continue to cultivate the land. Neighbours continue to support one another. Communities continue

searching for ways to adapt to an uncertain future while holding on to the values that have long sustained them.

- Tuna Eker, MD; Selin Tanyeri Kayahan, MD
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Water and Soil Contamination

Rising global temperatures and changes in precipitation
patterns lead to more frequent floods and droughts,
contributing to the increased contamination of water
sources.Suchcontaminationincludessurgesinpathogens,
various pesticides, and microplastics in water supplies,
which are hazardous to brain health.® Soil contamination,
intensified by climate change, also poses a significant
threat to brain health.?®> Warmer temperatures can lead
to increased pest populations, prompting farmers to use
more pesticides.®® These chemicals, especially during more
frequent and severe storms, floods, and other extreme
weather events, can flow into water bodies and permeate
soils. This cascade results in these chemicals entering
the food chain and posing significant health risks.?1°

Among the contaminants, heavy metals like lead
and mercury are especially concerning due to their
neurotoxic effects. Lead has been shown to cause
neurodevelopmental delays and cognitive impairments
in children, while mercury exposure can lead to severe
neurological and behavioral disorders due to its impacts
on the central nervous system.'®? Additionally, climate
change acts on soil quality and composition, potentially
increasing the bioavailability of other toxic substances like
arsenic.’® These materials can leach into groundwater
and accumulate in food crops, further jeopardizing brain
health.

Additionally,  climate-change-driven  warming  and
contamination of water increase the incidence of harmful
algal blooms, which produce neurotoxins such as (3-N-
Methylamino-L-alanine (BMAA) and domoic acid.'04%
For instance, domoic acid has been shown to cause
neurological symptoms, such as seizures, limbic system
degeneration, and memory impairment.’® Rising
temperatures also enhance the solubility and mobility of
toxins, further complicating the scenario by increasing the
spread and impact of these neurotoxins.’”” Furthermore,
microplastics in water may act as carriers for other
toxic substances, including heavy metals and organic
pollutants, leading to their bioaccumulation in marine and
terrestrial ecosystems,'® with recent evidence illustrating
microplastic accumulation in the human brain.’® All these
factors lead to increased and sustained exposure to
harmful contaminants, intensifying their neurological risks.

Increased rainfall and flooding can wash pesticides and
industrial chemicalsintowaterbodies. Organophosphates,

in particular, are potent neurotoxicants that inhibit
acetylcholinesterase, an enzyme essential for breaking
down the excitatory neurotransmitter acetylcholine in
the brain. Such inhibition leads to overstimulation of
nerve cells, which can cause neurodevelopmental and
neurobehavioral issues and cognitive impairments.’°
Exposure to organophosphates has also been shown
to increase the risk of developing neurodegenerative
diseases.”"" In coastal regions, rising sea levels cause
saltwater intrusion into freshwater aquifers, increasing
water contamination risks and underscoring the urgent
need for comprehensive public health strategies to
mitigate climate-driven water and soil contamination.'?

Childhood exposure to certain environmental toxicants
such as lead and organophosphate pesticides has been
linked to increased rates of mental health conditions
such as anxiety, depression, and mood disorders in
adolescence and adulthood.”*""* The mechanisms behind
these effects include the disruption of neurotransmitter
systems that regulate mood and cognition, as well as the
direct neurotoxic effects that alter brain function. The
cumulative and synergistic effects of various waterborne
and soil-based contaminants call for a broad approach
to health assessments and interventions, especially
considering vulnerable populations like pregnant women,
whose developing fetuses are highly sensitive, and young
children, whose brains are still undergoing critical periods
of neurodevelopment.

“Climate change has enormous potential to
undermine development gains and livelihood
options for today’s children. Children on the
front lines of climate change often live in
communities hit hardest by pollution, so-called
sacrifice zones. To protect brain development
of the next generation from climate change
and pollution, bold action is needed at a much
larger scale on air quality, food safety, water

and sanitation, sustainable production, and
waste management.”

Kam Sripada, PhD
Associate Professor

Norwegian University of Science
and Technology, Norway
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Vector-borne Diseases

Zoonotic diseases, including vector-borne diseases (VBDs), are increasing in frequency and distribution
as a direct result of climate change, with significant evidence linking changing environmental conditions,
such as temperature, humidity, and precipitation patterns, to rising outbreaks globally."®




Vector-borne Diseases

Climate change influences the life cycles and transmission
dynamics of pathogens and vectors, affecting survival
rates, distribution, and interactions between hosts
and vectors.""™  For example, Aedes mosquitoes,
primary vectors for diseases such as dengue, Zika,
and yellow fever, have expanded their range due to
warmer global temperatures, with the most significant
impacts in tropical and subtropical regions, though
recent expansions have also been observed in parts
of Europe and North America.""” Climate change also
prompts shifts in human behavior, such as altered
settlement patterns, outdoor activity, and occupational
exposure, which can increase contact with disease-
carrying vectors, further threatening brain health.'®

VBDs can directly target the brain, as seen in Japanese
encephalitis and tick-borne encephalitis, or cause
neurological complications as a secondary effect of the
pathogenic infection, as in the case of yellow fever. For
instance, Dengue, the fastest-spreading tropical infection,
is known to cause neurological complications, including
encephalitis and encephalopathy, in between 0.5 and
21% of hospitalized patients."™ Chikungunya, a mosquito-
borne virus, can cause severe neurological complications,
including encephalitis, myelopathy, neuropathy, and
Guillain-Barré  syndrome.  Long-term  neurological
sequelae include cognitive impairments. Zika virus is
associated with severe neurodevelopmental conditions,
including microcephaly and cortical thinning, as well as
neurological outcomes in adults like meningoencephalitis
and Guillain-Barré syndrome.’® West Nile virus poses
a growing risk, particularly to vulnerable populations
such as infants and the elderly, with severe encephalitis
outbreaks observed globally.’?" Cerebral malaria, caused
by Plasmodium falciparum, leads to severe neurological
effects, including epilepsy and cognitive deficits,’?? with
shifting climate patterns expectedtoalteritsdistribution.?
Similarly, rising temperatures are increasing the spread
of tick-borne diseases like Lyme disease, which can spur
neurological complications such as neuroborreliosis,’?*
as well as deleterious impacts on mental health,'® with
evidence suggesting long-term deficits in cognitive
function in some cases."®
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Socioeconomic and Demographic Factors

Several demographic groups face disproportionate
risks from climate change's impact on brain health,”"13"
including pregnant women, children, older adults, people
with pre-existing health conditions, disabled populations,
and low-income and Indigenous communities. Children
and fetuses, for example, are particularly susceptible to
air pollution, extreme heat, and nutritional deficits due
to their developing bodies and brains,'¥*3* while the
elderly face increased risks from their reduced ability
to regulate heat and typically smaller social support
networks.'® Between 2016 and 2023, extreme weather
events displaced 62.1 million children, underscoring the
profound challenges climate change and the downstream
events pose for youth.'%

Systemic inequities place marginalized communities
at the epicenter of climate-related brain health risks,
with limited healthcare access, heightened exposure to
extreme temperatures, resource scarcity, and insufficient
adaptive resources compounding their vulnerability.’371%
The evidence provided in this report emphasizes the need
for public health strategies that address immediate brain
healthrisksandinvestinlong-termresilience and equitable
outcomes. Recent evidence suggests that addressing
the social determinants of mental health can yield not
only substantial health improvements but also notable
economic benefits,"? offering a compelling rationale
for investing in equitable interventions that enhance
resilience among the most vulnerable populations.

Additionally, individuals who have suffered from early life
trauma, such as adverse childhood experiences, are more
likely to develop trauma-related disorders from exposure
to climate change-related extreme events.'®

“In my work with developing communities,
particularly in rural and coastal areas, I see
how climate change disrupts young people’s

connection to land, culture, and livelihood,
which deeply affects their mental health and

sense of identity.

When environments change or are
damaged, it can create anxiety, grief, and
uncertainty about the future, especially
where support services are already limited.
Understanding these impacts matters
because climate policy must account for
psychological well-being, not just physical
and economic recovery.”

Chris Wainwright

Associate Lecturer and PhD
Candidate in Public Health

Griffith University, Australia

“Brain health is deeply intertwined with the
environments people live in. The exposome
framework helps reveal how climate,
pollution, and social inequality shape brain
aging and dementia risk across populations.
This approach is particularly critical for
Latin America and the Global South, where
environmental and social exposures are both
intense and understudied.”

Agustin Ibaiez, PhD

Scientific Director, Latin American
Brain Health Institute

Universidad Adolfo Ibafiez, Santiago,
Chile

Professor in Global Brain Health,
Global Brain Health Institute Trinity
College, Dublin, Ireland
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Socioeconomic and Demographic Factors

Healing Young Minds by Healing Country

Case study from Brisbane, Australia

Across the communities in Australia where Yiliyapinya works, extreme heat, floods and changing seasons are
adding pressure to sleep, housing, schooling, family life and access to support. Climate change is also felt as grief
when Country, cultural places and familiar seasonal patterns are altered.

Working alongside Aboriginal and Torres Strait Islander peoples, we see that climate stress never arrives on its
own. It lands in the brain, in the body, in our relationships and in our sense of belonging. After a hot, sleepless
night or a flood that upends a household, there is less room for attention, for steady emotions, for hope. However,
we also see strength, and it moves both ways between the generations. When Elders, families and young people
share stories, seasonal knowledge and ways of reading Country, climate knowledge becomes living evidence, and
part of who our young people are. Yarning, movement and time on Country sit comfortably beside brain literacy.
Together they shift the question from ‘What is wrong with me?’ to ‘What happened to me - and what can my brain
do now?’ In that shift, story gives back pride, relationship builds safety, and healing becomes something we do
together.

This matters because climate adaptation cannot stop at infrastructure, emergency plans or physical health.
We also need to protect the conditions that allow people to feel safe, connected and hopeful. For First Nations
communities, Country, culture and relationships are not optional extras, they are part of the health system.

We can build resilience through Indigenous-led, place-based climate and brain health responses: safe and

cool community spaces, brain literacy in culturally meaningful language; On-Country ranger programs;
intergenerational storytelling and seasonal knowledge exchange, and long-term partnerships that respect
cultural authority, Indigenous data sovereignty, and local definitions of thriving. Healing Country and healing the
brain are not separate tasks, they are the same relational work.

- Sheryl Batchelor

“When people think about the impacts
of climate change, brain health is not
something that comes to their mind.

Boryana Todorova

Postdoctoral Researcher

Bringing the focus to the damage done to in Psychology and NCWG
the very thing that makes us human is a Research Coordinator
powerful way to make an abstract crisis feel
personal and immediate.”

University of Vienna, Austria
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Beyond Climate Change: Planet in Crisis

Everything is Connected

Brain health is shaped by far more than climate change
alone. A growing body of evidence demonstrates how our
brains respond to the degradation of Earth’s natural cycles
and life-support systems. Planetary Health examines the
many ways in which the health of planet and people are
intertwined. Air, water, and soil pollution; land-use change
and biodiversity loss; and unsustainable consumption of
scarce resources, including freshwater and arable land,
are pushing our planet beyond its safe operating limits
with cascading consequences for human health.

But the relationship between brain and planetary health
is bidirectional. Environmental disruption can affect how
we think, feel, learn, and function, while healthy brains
underpin our capacity to understand complex challenges,
make sound decisions, cooperate, innovate, and take
collective action. Protecting brain health is also part of our

“By understanding the interconnected
impacts of environmental harm,
we can identify solutions that cross
sectors, disciplines, and borders to
support brain health and build a
future where all can flourish.”

Jessica Kronstadt

Program Director of the
Planetary Health Alliance

Just as the Earth's systems are deeply interconnected, so too are the ways these disruptions affect our mental and
neurological health, and our ability to respond to them. The complexity of the brain, it turns out, reflects the complexity

of the world it inhabits.’*®

The Interdependence of Brain and Planetary Health

HEALTH OF THE PLANET IMPACTS

Extreme Heat
Air Pollution
Environmental Toxins

Food Insecurity
Extreme Weather Events

BRAIN HEALTH /_\ /\ PLANETARY HEALTH

e Cognitive Function
e Emotional Regulation

A healthy planet ¢ Decision Making

BRAIN HEALTH IMPACTS

is necessary for
healthy brains
and healthy
brains are
necessary for a
healthy
planet

¥

Determine how societies

and individuals respond to
climate change and are
essential for humanity’s
ability to solve the
planetary crisis

¥

Impact brain development,
cognitive function, mental
health, and risk of
neurological disease

Figure 4. The Interdependence of Brain and Planetary Health. This conceptual model illustrates the bidirectional relationship between brain health
and change to the health of the planet: environmental stressors impact brain health (left), while human cognition and behavior contribute to Planetary
Health (right).
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Framework for Research and Policy Integration

The evidence base points to three conclusions with direct
implications for policy. First, climate-related threats to
brain health rarely occur in isolation: Heat, pollution, food
and water insecurity, displacement, and psychological
stress frequently coincide and may compound. Second,
their effects arise through interconnected biological,
psychological, and social-structural pathways. Third,
current responsibility for addressing these pathways is
distributed across environmental regulation, healthcare,

Brain health spans neurology, psychiatry, psychology,
neuroscience, neurodevelopment, and public mental
health (and intersects with other disciplines). These
domains are frequently governed by separate
institutions with siloed budgets, and this fragmentation
helps explain why the policy gap persists. The integrative
model we propose (Figure 5) maps three interconnected
pathways through which climate change affects the
brain. Each pathway motivates policy levers that cut

across multiple institutional portfolios. A central design

mental health services, social policy, urban planning,
challenge is coordination across those portfolios.

education, labor, and disaster preparedness. Yet
sector-specific responses are unlikely to be sufficient.
We therefore introduce an integrative model linking
the wunderlying evidence to distinct policy levers.

Integrative Model of Climate-related Brain Health Impacts
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Psychosocial support - Mental health in disaster response
Frontline-led governance - LMIC investment
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-

Figure 5. An integrative model of climate-related brain health impacts. Three interconnected pathways link climate-related environmental
exposures to brain health outcomes across the life-course. Each pathway implies policy levers that cut across multiple institutional portfolios
(environmental regulation, public health, mental health, social policy, urban planning, education, and labor), so whole-of-government coordination
is required. Solid arrows indicate convergent effects on brain health; dashed arrows indicate bidirectional interactions among pathways. The dotted
ring marks the conditions that operate across all three pathways: whole-of-government policy coordination and intergenerational propagation of

effects through nutritional, developmental, and psychosocial channels.
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The biological pathway encompasses the direct
physiological mechanisms by which environmental
exposures damage the brain, including neuro-
inflammation, oxidative stress, vascular injury, blood-
brain barrier disruption, and nutritional deficiency.
These mechanisms operate from prenatal development
through late-life neurodegeneration. Reducing such
harms requires climate mitigation (particularly fossil fuel
transition), stringent air quality standards, urban heat
mitigation, climate-resilient food and water systems, and
clinical pathways such as screening, adapted prescribing,
andbrain-health-integratedchronicdiseasemanagement.

The psychological pathway captures the acute and
chronicstressresponses that climate instability produces,
from disaster-related trauma and displacement to
the sustained distress of persistent eco-anxiety. The
corresponding interventions, such as mental health
services integrated into disaster preparedness and
community-based programs that strengthen social
cohesion, fall under health and social service agencies
that rarely coordinate with environmental regulators.

The social-structural pathway reflects how poverty,
discrimination, and geographic vulnerability amplify both
biological and psychological burdens while constraining
adaptive capacity. Addressing this pathway requires
directing resources where the burden is greatest via
environmental justice frameworks in planning, targeted
investmentinunderserved communities, and governance
that centers frontline populations in decision-making.

Figure 5 depicts the interactions among these pathways,
illustrating why interventions that target only one of them
fall short. Consider, for example, a child growing up in a
low-income neighborhood in a warming coastal city. They
breathe higher concentrations of polluted air (biological),
live in a household under economic stress with limited
access to green space, cooling infrastructure, or quality
healthcare (social-structural), and face anincreased risk of
anxiety and trauma due to exposure to a natural disaster
(psychological). Interventions that target only one
pathway—reducing ambient pollutant concentrations
without addressing the social determinants that shape

exposure, for example, or scaling mental health services
without reducing the environmental stressors that
generate demand—will remain structurally insufficient.
Recognizing these interactions reframes the policy
challenge: from whether to integrate brain health into the
climate-health response to how to design strategies that
address the convergence of biological, psychological,
and structural harms, and which government institutions
must coordinate to do so.

Translating this understanding into meaningful progress
will require coordinated investment and efforts across
multiple fronts: from the research infrastructure needed
to close critical knowledge gaps, to the surveillance
systems that can track population-level risks, to the
policy frameworks that can turn evidence into sustained,
equitable action. Several priorities emerge, which we
outline in the next section.

“As a student bridging neuroscience and
urbanism while working as a consultant on
state-level climate resilience strategies in
Brazil, I've observed that frameworks often
address socioeconomic vulnerabilities while
leaving brain health as an invisible variable.
This oversight ignores a cycle where climate-
driven neurological stressors undermine the
cognitive resilience and collective decision-
making required for long-term adaptation.
Protecting the ‘neurological landscape’

of our communities is not just a health
mandate, but a strategic necessity for a truly
resilient future.”

Bianca Goncalves
Flores

Senior Strategy Specialist

Deloitte, Brazil
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Box 2. Future Research Priorities: Building the Neuro Climate Research Agenda

Despite rapid advances in our understanding of climate change and brain health, substantial knowledge
gapsremain.Addressingthese gapswillrequire coordinatedinvestmentininterdisciplinary,international,
and solutions-oriented research that integrates neuroscience, epidemiology, environmental science,
public health, engineering, implementation science, economics, and community engagement. The next
generation of neuro climate research should move beyond documenting associations to identifying
mechanisms, evaluating interventions, and generating evidence that can directly inform policy and

practice.

( Priority Research Areas)

Understanding multiple and
interacting environmental
exposures

Most existing studies examine a single
environmental exposure, despite the reality
that people are simultaneously exposed to
multiple climate-related stressors. Future
research should investigate the cumulative
and synergistic effects of combinations such as
extreme heat and air pollution, wildfire smoke
and psychological trauma, food insecurity and
environmental contamination, and repeated
climate disasters across the life course.

Adopting a life-course and
intergenerational perspective

Climate-related environmental exposures
affect the brain differently across stages
of development and aging. Longitudinal
studies following individuals from

the prenatal period through older
adulthood are needed to understand
sensitive developmental windows,
cumulative exposures, resilience, and
intergenerational transmission of risk.

Advancing mechanistic
neuroscience

Although epidemiological evidence has
expanded rapidly, considerably less is known
about the biological pathways linking climate-
related exposures to brain health outcomes.
Future studies should integrate epidemiology
with neuroimaging, biomarkers, multi-omics,
and neurobiology to better understand
mechanisms such as neuroinflammation,
oxidative stress, vascular injury, blood-brain
barrier dysfunction, mitochondrial dysfunction,
altered brain connectivity, and epigenetic
changes.

Expanding research in low- and
middle-income countries and
climate-vulnerable populations

Many of the populations experiencing

the greatest climate-related risks remain
substantially underrepresented in brain
health research. Future investments should
support research led by investigators in
low- and middle-income countries and
prioritize vulnerable populations, including
children, older adults, Indigenous peoples,
displaced populations, outdoor workers, and
communities disproportionately affected by
environmental injustice.
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( Priority Research Areas)

Co-designing research with Moving from documenting harms

communities to evaluating solutions
People experiencing the impacts of While considerable evidence now documents
climate change should be partners in the health impacts of climate change, far
research rather than simply research fewer studies evaluate interventions that can
participants. Community engagement, protect brain health. Future research should
citizen science, Indigenous knowledge assess the effectiveness of climate adaptation
systems, and lived experience and mitigation strategies, including urban
perspectives should be incorporated greening, cooling interventions, air filtration,
throughout the research process, from climate-resilient schools and healthcare
defining priorities and designing studies facilities, early warning systems, disaster
to interpreting findings and disseminating preparedness, community resilience programs,
results. and policies that reduce environmental

exposures.

Standardizing brain-health measurement across settings

A major barrier is the lack of standardized, comparable brain-health data across countries.
Researchers should work toward harmonized definitions, core outcome sets, and common
measurement protocols for neurological, cognitive, and mental health outcomes. These data can
then be linked with existing environmental and socioeconomic datasets to enable cross-country
comparisons, improve estimates of population-level risk, and generate evidence that is more readily
usable for climate-health monitoring and policy.

Quantifying economic impacts Understanding resilience and

and policy co-benefits protective factors
The economic burden of climate-related Much of the existing literature focuses on
neurological, cognitive, and mental health disease and vulnerability. Greater attention
outcomes remains poorly understood. should be given to factors that promote
Future studies should quantify healthcare resilience, including healthy urban design,
costs, productivity losses, caregiving access to nature, social connectedness, physical
burden, educational impacts, and the activity, nutrition, education, cultural practices,
economic benefits of interventions that and other environmental and psychosocial
simultaneously improve climate resilience resources that strengthen brain health in the
and brain health. face of climate change.

Addressing these priorities will require a new generation of neuro climate research that
is interdisciplinary, collaborative, globally inclusive, and solution-oriented, integrating
mechanistic and population science to generate evidence that can be translated into
equitable policy and practice.
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Brain Health: The Blind Spot in Climate Policy

The Gaps in Climate Policy

Despite the available evidence, brain health remains
largely absent from climate mitigation and adaptation
frameworks. This omission represents a critical blind
spot, and addressing it requires embedding brain
health across policy and governance at all levels.

The gap is visible even for mental health, the subdomain
with the most policy traction. Only 3 percent of nationally
determined contributions (NDCs) include adaptation
provisions for mental health, versus 25 percent
that reference injury and mortality from extreme
weather events, and fewer still specify protective
actions.#14 A 2025 review of national adaptation
plans found that roughly 58 percent do not mention
mental health at all, with existing coverage typically
superficial.'*® Across 160 countries, not a single national
adaptation plan addresses children’s mental health.?
Three-quarters of heat-health action plans mention
mental health, but only about a third acknowledge its
specific impacts and roughly a fifth include targeted
interventions.™  Neurological outcomes, including
neurodevelopmental harm, short-term cognitive and
emotional impairment, and longer-term cognitive decline
and dementia, are further still from the policy agenda.

Even before accounting for climate-related harms, the
global welfare loss from mental ill-health is valued at
approximately $5 trillion annually, a burden that could
account for between 4 and 8 percent of regional GDP.'*®
Climate change adds to this baseline. A 2026 analysis
across 34 countries found that aggregated exposome
models explained up to 15.5 times more variance in
brain aging than individual exposures, with the physical
exposome associated primarily with accelerated
structuralagingandthe social exposome withaccelerated
functional aging.” Heat-related reductions in labor
capacity alone cost $1.09 trillion in potential income
worldwide in 2024, a figure that is likely due in part to
cognitive impairment. Major economic assessments of
climate-attributable health costs, including the World
Bank's most recent global estimate, explicitly exclude
mental health.'>?

Policy architecture for climate-health action can be
found for many health outcomes and at many levels of
governance. However, this architecture is often siloed,

and no current systems exist that directly address brain
health. Here, we propose a multi-level policy framework
for closing this gap.

Embedding brain health in climate policy

The policy landscape is not starting from zero, though
the implementation gap remains wide. Figure 6 maps
where and how brain health can be embedded across
governance levels and through which pathway (biological,
psychological, or social-structural) each measure acts.
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Embedding Brain Health in Climate Policy
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Figure 6. Embedding brain health in climate policy. Concrete policy actions arranged by the exposure-outcome pathway they primarily engage
(vertical axis) and the governance scale at which they operate (horizontal axis), with surveillance and monitoring as a cross-cutting layer. Axes are
drawn as continuous spectra, as pathways blend into one another and governance opportunities may overlap. Most actions engage more than one

pathway and scale; placement indicates the primary fit.

Municipal and subnational. The building blocks of
brain-health-protective policy are local: clean air zones,
heat-mitigating green infrastructure and trees, equitable
cooling access, and social infrastructure that strengthens
community cohesion. Environmental exposures drive
neuroinflammation and elevate neurodegenerative and
mental health risk, with spatial disparities concentrating
hazards in low-income communities.’'53 Heat-health and
air-quality warning systems should identify neurological
and psychiatric risk explicitly, support continuity of
medication and care, and trigger targeted outreach to
people with dementia, epilepsy, severe mentalillness, and
other conditions that increase vulnerability. Psychological
first aid should be built into municipal emergency
response. Community engagement efforts should

refine and localize practical guidance on recognizing
heat-related cognitive or behavioral deterioration,
medication-related risks, hydration, cooling, and when to
seek medical assistance. Equity must be codified at this
scale: Measures developed without input from frontline
residents risk reinforcing the structural inequities that
amplify climate-related brain health harms, as when
green gentrification displaces the residents a newly
cooled neighborhood was meant to protect.

National. A small but significant number of countries
have begun closing this policy gap. China's National
Climate Change Health Adaptation Action Plan (2024~
2030), endorsed by 13 ministries, includes provisions
to strengthen psychological intervention services for
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affected populations under its health-security action
task.'™ Australia’s National Health and Climate Strategy
(2023) and New Zealand’'s Health National Adaptation
Plan (2024) both include mental health provisions.
Globally, however, most countries that have updated
NDCs or NAPs since 2023 continue to omit brain health.
What national action should contain is reasonably clear.
With respect to exposure, air quality standards and
emissions reduction targets should be calibrated against
neurological and psychiatric endpoints (in addition to
cardiovascular and respiratory measures), and brain
health metrics should be written into national climate
vulnerability and adaptation assessments, where they
are currently absent. Health systems require brain-
health screening for climate-exposed populations and
clinical pathways adapted to heat, wildfire smoke, and
displacement (including medication review for drugs that
impair thermoregulation). National implementation also
requires workforce preparedness, with climate-related
brain-health risks incorporated into the curricula and
continuing professional education of healthcare, mental-
health, aged-care, disability-support, and emergency
personnel. Crisis mental health intervention should be
a planned component of national disaster response,
and adaptation commitments should carry measurable
mental health targets.

These omissions should be corrected, not least because
the co-benefits of national action can be substantial.
Analysis of China’s earlier Air Pollution Action Plan
estimated it prevented roughly 46,000 suicides (95% CI
13,000 to 79,000) between 2013 and 2017.% Realizing
comparable returns elsewhere depends on evidence
that does not yet exist for most of the world, because
longitudinal cohorts linking environmental exposures
to brain health remain concentrated in high-income
countries. National funding decisions are therefore equity
decisions—and should include investment targeted
to the communities carrying the heaviest cumulative
exposure burden, as well as sustained support for
research capacity led by LMICs.

Multilateral and global. International commitments
are advancing but remain largely declarative. The COP28
Declaration on Climate and Health (2023), endorsed
by 150 signatories, was the first climate declaration on
climate and health agreed at a UN climate conference,
and it explicitly commits to addressing mental health
and psychosocial wellbeing. The UN Political Declaration
on NCDs and Mental Health (2025), adopted with 175
votes in favor, named air pollution among the modifiable
risk factors for noncommunicable diseases, committed
states to address the environmental determinants of
both, and set 2030 targets. The Belém Health Action
Plan, launched at COP30 in November 2025, devotes a
subsection to mental health, asking Parties to build the
evidence base and the tracking indicators for climate-
related mental health impacts. Also at COP30, the Global
Goal on Adaptation (GGA) indicator framework added an
indicator on access to mental health and psychosocial
support for climate-vulnerable populations. The Pan-
European Commission on Climate and Health, in its May
2026 Call to Action, went further, urging governments
to build mental health and psychosocial support into
national adaptation plans and heat-health action plans
as “a core component of climate resilience.” These
declarations establish promising normative precedent,
but they lack the operational specificity needed to drive
implementation.
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What would specificity look like?

Three opportunities sit squarely within current UNFCCC
processes. Thefirstisoperationalization and measurement
of the GGA mental health indicator, which will determine
whether it serves as an accountability instrument or
remains symbolic. The second is follow-up on the Belém
Health Action Plan, particularly its recommendations
regarding mental health and psychosocial support. The
third is the representation of brain health within Loss
and Damage discussions and the Fund for Responding
to Loss and Damage; the UNFCCC's current guidance on
non-economic losses names health among them without
disaggregating neurological or cognitive dimensions.
Beyond the UNFCCC, the World Bank's Climate and
Health Vulnerability and Adaptation Assessments and
the World Health Organization's Vulnerability and
Adaptation Assessments should incorporate brain health
metrics explicitly. Working Group 1II of the IPCC's Seventh
Assessment Report will include a dedicated health chapter,
as in ARG, and brain health evidence largely absent from
the previous cycle is now available for inclusion. Its
publication date is still under negotiation, and the second
Global Stocktake concludes in November 2028.

Surveillance and monitoring

Measurement cuts across every level of governance.
Without standardized indicators, brain health remains
difficult to track, compare, or prioritize within climate
policy. The Lancet Countdown, for example, despite
tracking 57 indicators, still lacks a dedicated brain-health
outcome measure, relying on a mental-health-adjacent
sentiment proxy derived from social media data.”
Progress on a brain-health-specific indicator depends on
upstream investment in data collection infrastructure,
itself a persistent gap in climate-health research funding.
Embedding a measurement program within the GGA
indicator workstream offers one operational channel;
sustained funding for cohort studies and exposure-
registry linkage represents another.

Investment follows measurement. The absence of brain
health from climate-economic models creates a vicious
cycle: Without data on climate-attributable cognitive and
psychological harms, the economic case for investment
cannot be made, and without investment, the data cannot
be generated. The returns are likely to be significant.
In the European Union, stronger air quality measures

reduced PM2.5-attributable premature deaths by 57
percent between 2005 and 2023, meeting the Zero
Pollution Action Plan’s 2030 target of at least 55 percent
seven years early.’*® The brain-health share of that benefit
has never been counted.
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A Roadmap for Action: Protecting Brain Health in a Changing Climate

The evidence presented throughout this report demonstrates that protecting brain health in a changing
climate requires coordinated action across governments, healthcare systems, researchers, educators,
communities, individuals, and international organizations. While important knowledge gaps remain,
many opportunities already exist to reduce climate-related risks, strengthen resilience, and promote
healthier brains across the lifespan. The actions below build on the evidence and policy priorities
outlined throughout this report.

[ .___( For Policymakers j

Integrate brain health into climate adaptation, mitigation, disaster preparedness, and public health
strategies, recognizing neurological, cognitive, mental, and neurodevelopmental health as essential
components of climate resilience.

Include defined and measurable brain health provisions in nationally determined contributions, national
adaptation plans, and heat-health action plans, specifying protective actions and the indicators by which
progress will be tracked.

Identify and prioritize populations at greatest risk of climate-related brain health impacts—including
children, pregnant women, older adults, people living with neurological and mental health conditions,
Indigenous Peoples, displaced populations, outdoor workers, and communities experiencing environmental
and socioeconomic disadvantage.

Reduce harmful environmental exposures through cleaner air, urban heat mitigation, climate-resilient
food and water systems, sustainable transportation, healthier built environments, and expanded access to
green infrastructure.

Embed brain health considerations across sectors, including health, environment, urban planning,
housing, education, labor, transportation, and emergency preparedness, to support coordinated, whole-
of-government approaches.

Strengthen climate-resilient healthcare and social support systems through surveillance, continuity-
of-care planning, early warning systems, and sustained neurological and mental health support before,
during, and long after climate-related disasters.

Build climate-related brain health into professional education and workforce development, so
that healthcare, mental-health, publichealth, aged-care, disability-support, and emergency personnel
are trained to recognize the neurological, cognitive, and psychiatric risks associated with heat, pollution,
disasters, food insecurity, and infectious disease, including medication-related vulnerabilities and continuity-
of-care planning.
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[ -_A For Policymakers j

Develop standardized brain health indicators and surveillance systems to monitor climate-related
neurological, cognitive, and mental health outcomes, identify populations at greatest risk, and evaluate
the effectiveness and co-benefits of climate adaptation and mitigation policies, including within the cost-
effectiveness and cost-benefit analyses used to appraise them.

Invest in equitable adaptation, implementation, and interdisciplinary research, particularly in low-
and middle-income countries and communities experiencing the greatest climate-related burdens.

[ ﬁ For Healthcare Professionals j

Recognize climate-related environmental exposures as important determinants of brain health across
the lifespan.

Identify patients at increased risk from extreme heat, air pollution, environmental contaminants, food
insecurity, infectious diseases, and climate-related disasters.

Incorporate environmental exposure history and climate-related risks into clinical assessment where
appropriate.

Develop continuity-of-care plans for individuals living with neurological and mental health conditions
before climate-related emergencies.

Provide ongoing neurological, cognitive, and mental health assessment and support following
climate-related disasters, recognizing that many impacts may emerge or persist long after the acute event.

Educate patients and caregivers on strategies to reduce environmental risks and strengthen resilience.

[ g For Researchers j

Advance the research priorities outlined in this report through interdisciplinary, collaborative, and globally
representative research.

Foster collaborations across neuroscience, environmental science, climate science, public health,
engineering, economics, and policy to accelerate discovery and translation.

Partner with patients, caregivers, youth, Indigenous communities, and people with lived experience
throughout the research process.
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[ @ For Researchers ]

Translate scientific discoveries into clinical guidance, public health practice, educational resources, and
evidence-informed policy.

Share data, methods, and resources to strengthen international collaboration and accelerate scientific
progress.

Mentor and support the next generation of neuro climate researchers, particularly in low- and middle-
income countries and climate-vulnerable regions.

Create learning environments that protect children from extreme heat, poor air quality, and other
environmental hazards.

Incorporate climate resilience into school planning, including cooling strategies, clean indoor air,
emergency preparedness, and continuity of learning during climate-related disruptions.

Equip teachers and school staff to recognize heat-related cognitive, emotional, and behavioural changes
in students, and to know when and how to escalate concerns to families and health services.

Recognize and support the cognitive, neurological, and mental health needs of students affected by
climate-related disasters through both immediate and long-term educational and psychosocial support.

Promote climate and brain health literacy to help young people understand environmental risks while
fostering resilience, hope, agency, and opportunities for collective action.

Steward and activate local environments: community gardens, tree planting and maintenance, greening
of vacant and neglected lots, and opening cooled, filtered-air spaces in libraries, places of worship, schools,
and community centers during heat waves and smoke events.

Strengthen community preparedness before, during, and after climate-related disasters, with particular
attention to individuals living with neurological and mental health conditions.

Develop long-term community support systems that promote neurological recovery, mental wellbeing,

social connectedness, and resilience throughout disaster recovery, not only during the immediate
emergency response.
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Support education and public awareness on climate and brain health, delivered through community
members, community health workers, and trusted local organizations, whose reach matters most where
formal neurological and mental health services are limited.

Advocate for equitable environmental policies and public investments— including policies that reduce
fossil fuel emissions and investments in green space, cooling infrastructure, safe housing, and clean indoor
air—that reduce harmful exposures and strengthen community wellbeing, and hold decision-makers to
those commitments once made.

[ ‘@ For Individuals and Families j

Stay informed about heat, air quality, and extreme weather alerts, and reduce exposure during periods of
elevated environmental risk whenever possible.

Prioritize hydration, sleep, nutrition, physical activity, and social connection, all of which support brain
health and resilience.

Seek medical care if neurological, cognitive, or mental health symptoms worsen following environmental
exposures or climate-related disasters.

Check on and support family members, neighbors, and others who may be particularly vulnerable during
extreme weather events and throughout disaster recovery.

Participate in community initiatives and support policies that promote healthier, more resilient
environments, recognizing that meaningful change depends on both individual and collective action.

[ 8 For People with Lived Experience j

Share lived experiences, including those of children, youth, caregivers, and frontline communities, to help
shape research priorities, healthcare, education, and policy.

Participate as partners in research, advisory groups, advocacy efforts, and community engagement
initiatives from project design through implementation and dissemination.
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[ e For People with Lived Experience J

Help identify practical solutions and priorities that reflect the needs of affected individuals and
communities.

Contribute to peer support, community recovery, and public awareness efforts that strengthen resilience
after climate-related disasters.

Integrate brain health into global climate, health, and sustainable development agendas.

} For International Organizations and Funders j

Ensure neurological and cognitive harms are disaggregated within Loss and Damage and non-economic
loss frameworks, and support the operationalization of mental health and psychosocial support indicators
within adaptation frameworks.

Increase investment in interdisciplinary, implementation-focused, and solution-oriented research.

Strengthen research capacity and scientific leadership in low- and middle-income countries.

Support development of harmonized brain health indicators for climate surveillance and international
reporting.

Foster international collaboration, open data sharing, and coordinated action across science, policy,
healthcare, education, and communities.

Protecting brain health is a shared responsibility. From governments and healthcare systems to schools,
communities, researchers, and individuals, every sector has a role to play in reducing climate-related risks,
strengthening resilience, and ensuring that future generations can thrive on a healthier planet.
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Conclusion

The evidence presented throughout this report demonstrates
thatclimatechangeandenvironmentaldegradation affectbrain
health across the lifespan, influencing neurological disease,
mental health, cognition, neurodevelopment, and healthy
brain aging through interconnected biological, psychological,
and social pathways. Together, the scientific evidence, lived
experiences, and expert perspectives presented in this report
underscore that brain health is a fundamental dimension of
the climate crisis with profound implications for individuals,
communities, and societies.

At the same time, this report offers a message of opportunity.
The Neuro Climate Framework highlights pathways
through which climate change affects the brain, while the
research agenda identifies priorities for advancing scientific
understanding and the action roadmap outlines practical
steps that governments, healthcare systems, researchers,
educators, communities, and individuals can take today.

Many of the actions that reduce greenhouse gas emissions
and strengthen climate resilience, including cleaner air,
greener and cooler cities, healthier food and water systems,
resilient healthcare systems, and more equitable communities,
also promote healthier brains. Protecting brain health should
therefore become a central objective of climate action.

Healthy brains depend on healthy environments. At the same
time, healthy brains are among humanity’s greatest assets for
addressing the climate crisis, enabling learning, innovation,
resilience, compassion, and collective action. Protecting brain
health is therefore not only an outcome of climate action,
but also one of its foundations. By protecting our planet,
we help create the conditions for healthier brains, stronger
communities, and a more resilient future for present and
future generations.
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Resources

Additional reports, books, educational resources, and curated scientific literature are available through the
International Neuro Climate Working Group Resources Library.

Foundational Reports

WHO Risk Reduction of Cognitive Decline and Dementia Guidelines (2nd edition, 2026)

State of Global Air 2025 Report (Health Effects Institute, Institute for Health Metrics and Evaluation, and NCD
Alliance)

Lancet Countdown on Health and Climate Change 2025 Report

Mental Health and Our Changing Climate: Children and Youth Report (2023) (American Psychological
Association & ecoAmerica)

Recommended Books

Aldern, Clayton Page. (2024). The Weight of Nature: How a Changing Climate Changes Our Brains. Dutton.
Berman, Marc. (2025). Nature and the Mind: The Science of How Nature Improves Cognitive, Physical, and Social
Well-Being. S&S/Simon Element.

Doherty, Thomas. (2025). Surviving Climate Anxiety: A Guide to Coping, Healing, and Thriving. Little, Brown
Spark.

Kihn, Simone (Editor). (2024). Environmental Neuroscience. Springer.

Perera, Frederica. (2022). Children’s Health and the Peril of Climate Change. Oxford University Press.

Scientific Literature and Educational Resources

NCWG Key Scientific Studies - Curated collection of key scientific studies on climate change, environmental
exposures, and brain health

WHO Air Pollution and Health Training Toolkit for Health Workers

UNICEF Health Tomorrows Video Series

The CliCBrain Project: Climate, Cities and Brain health

Organizations

International Neuro Climate Working Group

World Health Organization

Planetary Health Alliance

Global Consortium on Climate and Health Education
Climate Cares Centre

Climate Mental Health Network

Global Mental Health Action Network

Climate Psychiatry Alliance
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https://neuroclimate.org/resources
https://www.who.int/publications/i/item/9789240123557
https://www.stateofglobalair.org/resources/report/state-global-air-report-2025
https://lancetcountdown.org/2025-report/
https://www.apa.org/pubs/reports/climate-change-mental-health-children-2023
https://www.penguinrandomhouse.com/books/717097/the-weight-of-nature-by-clayton-page-aldern/
https://www.simonandschuster.com/books/Nature-and-the-Mind/Marc-Berman/9781668058770
https://www.simonandschuster.com/books/Nature-and-the-Mind/Marc-Berman/9781668058770
https://www.hachettebookgroup.com/titles/dr-thomas-doherty/surviving-climate-anxiety/9781668648735/
https://link.springer.com/book/10.1007/978-3-031-64699-7
https://global.oup.com/academic/product/childrens-health-and-the-peril-of-climate-change-9780197588161?cc=br&lang=en&
https://neuroclimate.org/resources
https://www.who.int/tools/air-pollution-and-health-training-toolkit-for-health-workers
https://ceh.unicef.org/events-and-resources/healthy-tomorrows
https://cordis.europa.eu/project/id/101236426
https://neuroclimate.org/
https://www.who.int/
https://planetaryhealthalliance.org/
https://www.publichealth.columbia.edu/research/programs/global-consortium-climate-health-education
https://www.imperial.ac.uk/climate-cares/
https://www.climatementalhealth.net/
https://gmhan.org/
https://www.climatepsychiatry.org/
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