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Abstract

Background Heat waves pose a severe and growing health risk in Canada, with an
estimated 17 million people likely to experience extreme heat in the coming decades. These
risks are heightened in urban areas, where the urban heat island effect exacerbates dangerous
temperatures. Extreme heat events are increasingly frequent, intense, and widespread,
with record-breaking heat waves affecting almost every region globally. Despite increasing
awareness, many of the dangers associated with extreme heat are only now being fully
realized. This work addresses data gaps related to indoor heat vulnerability needed to
create safe indoor conditions. Education and early warnings are critical to protecting
the population, especially vulnerable groups. Extreme heat is a climate justice issue,
disproportionately affecting marginalized groups with fewer resources to cope.

Methods This study used smart thermostats (ecobee) to collect real-time indoor
temperature data, developing a hyperlocal alert system for indoor heat risks. First, we
analyzed ecobee’s ”Donate Your Data” dataset to identify homes without air conditioning
and to explore indoor and outdoor temperature differences during the 2018 Quebec heat
wave. Next, a scoping review assessed the use of IoT or similar devices, focusing on climate-
related impacts. Canadians were surveyed through Google Opinion Rewards to evaluate
their understanding of heat waves and preferences for receiving heat-related information.
Online discourse about heat waves was analyzed using Latent Dirichlet Allocation (LDA)
topic modelling on tweets from Twitter (now X), via natural language processing (NLP),
and manually using an inductive approach to observe emerging narratives and themes.
Finally, in the summer of 2022, a full-scale deployment of smart thermostats was conducted
in community housing without air conditioning in collaboration with housing and public
health organizations. Indoor temperature data was collected from 70 British Columbia
and Ottawa homes, with results shared via daily emails and an elastic dashboard. Three
surveys captured details on building types, resident behaviours, and heat-related habits.

Results The scoping review found that using IoT and low-cost sensors for indoor heat
monitoring is an emerging field that could strengthen early warning systems and heat
response efforts. The survey results showed that most Canadians preferred to receive heat
wave information online, with income correlating to the usage of mobile devices. Older
demographics still preferred traditional media like TV, radio, and newspapers. Online
discussions centred around activities, personal experiences, advice, and warnings related
to heat waves. Emerging trends of climate denial were present in both survey and tweet
samples. Indoor temperature data revealed that homes frequently exceeded emerging
threshold recommendations of 26°C and 31°C, with some homes recording temperatures as
high as 38°C on non-heat wave days. Participants in British Columbia were better prepared
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and had higher heat safety awareness than other regions. This is the first Canadian study to
explore the use of IoT smart thermostats in near-real-time indoor temperature monitoring
to protect vulnerable populations from extreme heat. Significant differences were observed
between indoor and outdoor temperatures (P < 0:001).

Discussion and Conclusion This work shows the potential of IoT devices and social
media to improve real-time monitoring and inform evidence-based public health interventions
for extreme heat. The widespread adoption of smart thermostats in Canadian homes and
the prevalence of social media provide valuable opportunities to address existing data and
knowledge gaps. However, the persistence of climate misinformation and denial challenges
public health communication efforts. Indoor heat is a public health and equity issue related
to poverty, substandard housing, urban planning, and energy access. These interconnected
issues must be considered in policy frameworks to protect vulnerable populations. Low-cost
sensors and solutions, such as natural ventilation mobile alerts, could support the response
to heat health by addressing a data gap. Rapidly analyzing these areas is important as
digital spaces evolve to support public health communication. Policymakers must take
immediate action to prevent unsafe indoor conditions and protect marginalized communities
from the growing threat of extreme heat.
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Chapter 1

Introduction

To love a place is not enough. We must �nd ways to heal it. We need acts of restoration,
not only for polluted waters and degraded lands, but also for our relationship to the world.

Dr. Robin Wall Kimmerer

1.1 It is getting hotter

Climate change is the greatest threat to human health and life in the 21st Century
[Romanello et al., 2021, Watts et al., 2015, Whitman et al., 1997]. The cost of industrial
progress has pushed our planet's systems to the brink of collapse [Warren and Lulham, 2021,
Intergovernmental Panel on Climate Change, 2023], Canada is warming two times faster
than the global average, and areas in the north are warming four times quicker
[Lulham et al., 2023, Canadian Nurses Association et al., 2023]. 2023 was the hottest year
on record, posting a global average temperature 1:5� C above pre-industrial levels of warm-
ing [Copernicus, 2024]. The warming is here, and the answer to the question of how
much hotter it will become on Earth will depend on our collective actions to curb green-
house gases (GHGs) emissions today [Powis et al., 2023, Masson-Delmotte et al., 2018,
Intergovernmental Panel on Climate Change, 2023].

Experts estimate that 17 million Canadians will face extreme heat in the com-
ing decades. Heat waves are forecasted to contribute to 1.6 million fatalities by
2050 and place a$7.1 trillion burden on systems globally due to lost productivity
[Eyquem and Feltmate, 2022, World Economic Forum, 2024]. These exposed populations
are concentrated along the southern border in densely populated urban centres, where the
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built environments exacerbated the Urban Heat Island (UHI) e�ect [Voelkel et al., 2016,
Health Canada, 2009, Health Canada, 2020]. However, the impacts of a warming cli-
mate are already here, especially in the country's far north, where travel and land-
based subsistence depend on colder temperatures [Lulham et al., 2023, Bush et al., 2019].
The shifting temperatures around the globe, Figure 1.1, are creating an increased de-
mand for energy and cooling, along with thermal stress challenging power grid systems
[Jay et al., 2021, Joshi et al., 2022, Masson-Delmotte et al., 2018].

Figure 1.1: Projected shift in climate trends where the mean and variance increase from a
normal temperature distribution. Source: [IPCC, 2001].

Record-breaking heat waves, which have been increasing in frequency, intensity, and
severity, have a�ected nearly every area of the globe [The Lancet, 2021]. Research demon-
strates that the high number of excess deaths due to heat waves is a result of systemic issues
including age and related to poverty, class, isolation, mental health, disability, access to re-
sources, a lack of preparedness, and general knowledge of safety during an extreme heat event
[Ebi et al., 2021b, Kovats and Koppe, 2005, Turek-Hankins et al., 2021, Hass et al., 2021].
Protecting those most at risk during a heat wave requires a coordinated intersectional
approach, ensuring various government bodies and local organizations work together. This
need has created a new role within communities, called a Chief Heat O�cer (CHO). CHO
positions are being established worldwide, including in Athens, Dhaka, Freetown, Melbourne,
Miami, Phoenix, and Santiago [Arsht-Rock, 2024]. Their role is to unify the municipal/city's
governmental response to extreme heat, liaising with all necessary stakeholders due to the
intersectional nature of extreme heat.

A study by Zhao et al. estimated that 489,000 heat-related deaths occurred globally
between 2000-2019 [Zhao et al., 2021a], and many more will be claimed as global tem-
peratures continue to rise [Lancet Countdown, 2023]. Zhao et al. found that more than
half of excess deaths occurred in Asia, identifying key areas of concern among low-lying
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and crowded coastal cities in Eastern and Southern Asia, while eastern Europe had the
highest heat-related excess death rate [Zhao et al., 2021a]. Eastern and southern Asia have
been shaped by historical colonial exploitation that entrenched economic disparities and
environmental vulnerabilities, and Eastern Europe is grappling with post-Soviet economic
transitions and geopolitical tensions, faces mounting challenges from extreme heat and
climate impacts, necessitating targeted investments in climate resilience and public health
infrastructure to address these compounded vulnerabilities [IMF, 2024, World Bank, 2024].

The interplay of capitalism, inequality, and governance profoundly in
uences climate-
related mortality. Decades of pro�t-driven extraction have destabilized the planet, and
unequal resource distribution heightens vulnerabilities to climate hazards [Guerrero, 2018].
The countries of the Global North, including Canada, experience extreme heat, where access
to air conditioning (air conditioning (AC))can protect one from mortality; high numbers of
fatalities indicate that vulnerable groups require additional support and programs to prevent
heat-related illness [Gross, 2022, Beugin et al., 2023]. Action by the wealthiest countries
is urgently needed to provide equitable �nancial support to the most a�ected nations,
facilitate transitions to clean and renewable energy, and promote equity-focused policies
alongside robust public systems [Ogunbode et al., 2024, World Health Organization, 2023].
Challenging the capitalist patriarchal systems to �ght gross inequities requires data and
shifting policies across all levels of government and organizations. Protecting those most
vulnerable to extreme heat is dependent on strong policies, such as safe working conditions,
curbing of GHGs, programs and services for those without access to safe indoor spaces, and
indoor air temperature regulations [Eyquem and Feltmate, 2022].

The dangers of being indoors in unair-conditioned environments during extreme
heat events are being explored in several ways: by epidemiologists, who have at-
tributed heat-related illnesses and deaths to very high or extreme indoor temperatures
[Quinn and Shaman, 2017, Hajat et al., 2006, BC CDC, 2022, BCCS Death Panel, 2022],
by physiologists who are testing the capacity and limits of the human body's thermoreg-
ulation [Kenny et al., 2016, Meade et al., 2020], and by engineers, urban planners, and
architects who have explored impacts of natural elements, outdoor spaces, design ele-
ments, building materials, and maintaining thermal comfort in hot and cool environ-
ments [Humphreys et al., 2011, Vanos et al., 2016, Siu et al., 2023, Andargie et al., 2019,
Stopps and Touchie, 2020]. Simultaneously, meteorologists and data scientists have been
forecasting and predicting extreme temperatures using data from environmental or outdoor
meteorological weather stations and using machine learning and Arti�cial Intelligence (AI)
[Luber and McGeehin, 2008, Hassani et al., 2019, Tseng et al., 2023]. However, there is a
signi�cant gap in our understanding of the indoor temperatures experienced during extreme
heat events and a general lack of studies and data on indoor temperatures.
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Despite the amount of research conducted abroad and within Canada
[Horton et al., 2016, Campbell et al., 2018, Conti et al., 2022], 17 million Canadians are at
risk from extreme heat, driven by gaps in data, policies, and actions that perpetuate unsafe
indoor conditions, especially in urban metropolitan areas with higher proportions of renter
households and infrequent extreme heat events [Eyquem and Feltmate, 2022, Quick, 2024].
Additionally, given that six in ten Canadians took action to protect themselves and their
families from the impacts of climate change, there is still a proportion who may not know
how to protect themselves best or who are unable to do so due to health or �nancial barriers
[Health Canada, 2022, Intact Centre on Climate Adaptation, 2023]. Serving Canada's
diverse population requires thoughtful planning and organization to ensure no one is
left behind [ENBL, 2023, Government of Canada, 2022]. The issue of extreme heat is
undeniably a climate justice issue, where the impacts are most heavily felt by those on the
margins of society with the least resources, and despite the barriers, demonstrate signi�cant
adaptive capacity and climate resilience [Berry and Schnitter, 2022, Mazumdar, 2020].

This thesis will explore and address the need for data on indoor temperatures in Canada
and the social media discourse of Canadians regarding and during heat waves. It will
leverage smart home technologies to create a hyperlocal mesh network of indoor temperature
sensors that can be utilized in real-time to provide timely responses during extreme heat
events. The �ndings will help to inform the development of policies and education and
support the Canadian government's e�orts to eliminate heat-related deaths by 2040.

1.2 The Internet of Things

The Internet of Things (Internet of Things (IoT)) refers to a network of interconnected
physical devices, embedded with sensors and software, that collect, transmit, and act
on data via the Internet [Madakam et al., 2015]. These devices range from smart ther-
mostats and wearable health monitors to industrial sensors and autonomous vehicles
[Maraveas et al., 2022, Abdul-Qawy et al., 2015] The bene�ts of IoT are extensive, o�ering
e�ciency improvements, cost savings, and enhanced decision-making across industries
[Brous et al., 2020]. For instance, IoT enables smart homes that reduce energy consump-
tion, predictive equipment maintenance in manufacturing, and supply chain optimization
in logistics [Hossein Motlagh et al., 2020]. It contributes to societal advancements, such as
personalized healthcare, improved urban planning through smart cities, and resource e�-
ciency for environmental sustainability [Verdejo Espinosa et al., 2021]. However, IoT faces
several challenges. Data privacy and security risks are signi�cant, as interconnected devices
can be vulnerable to hacking and data breaches. Other issues include device interoperability,
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system scalability, and the environmental impact of manufacturing and electronic waste
[Mukhopadhyay and Suryadevara, 2014]. Current trends in IoT include the integration of
AI for smarter devices, the use of edge computing for faster data processing, and Blockchain
for securing IoT ecosystems [Bibri et al., 2023]. Looking to the future, IoT promises to
transform industries and daily life with applications like autonomous transportation, preci-
sion agriculture, and advanced healthcare systems [Ni�zeti�c et al., 2020 ]. However, its success
will depend on the ability to overcome infrastructure gaps, regulatory concerns, and ethical
dilemmas surrounding surveillance and data use [Mittelstadt, 2017, Bibri et al., 2024]. IoT
can unlock its full potential to drive innovation and sustainability by addressing these
challenges.

1.3 My motivation

My �rst memory of a heat wave was in 2003 in Toronto, Canada, when the city su�ered
a major brownout due to a power grid software bug. As a child, I was delighted by the
sudden abundance of ice cream we had to consume before it melted. Growing up, AC it
was a rare treat, reserved for a couple of unbearably hot days each summer. During the
hottest summer days, we would escape to the cool comfort of our half-�nished basement,
sleeping and playing there to escape the heat. I am familiar with feeling uncomfortable for
extended periods, losing sleep, and experiencing overheating laptops, all challenges many
Canadians and people worldwide face.

Since then, the e�ects of the climate crisis have only become more noticeable in Canada.
As an individual who loves the outdoors, I have felt these changes acutely, especially during
the winters, with a decline in the ability to partake in winter activities such as skating and
skiing. My dormitory at the University of Waterloo was also unbearably hot in September
and May, with windows that could barely open and no AC.

On December 20, 2013, a severe ice storm swept through Toronto, leaving thousands
without power, including my household [BBC News, 2013]. Over �ve days, our home was
plunged into freezing conditions, with indoor temperatures dropping to the low single digits
while outdoor temperatures remained below freezing. Despite the power being restored at
a nearby shopping mall the following day, our neighbourhood remained dark and cold. I
worked in retail at the mall during the holiday break, so each day, I went to my minimum-
wage job at the fully functioning shopping centre bustling with holiday shoppers. For four
days, every eight-hour shift, I would return home and sleep buried under multiple blankets.

Fortunately, we managed to get through the freezing conditions and had power by
noon on December 25. As the storm's aftermath unfolded, the stark contrast between

5



the relentless drive of holiday consumerism and the vulnerability of those a�ected by the
storm became painfully clear. Tragically, 27 individuals lost their lives to carbon monoxide
poisoning as they attempted to stay warm. Other homes were without power until December
29 [Casaletto, 2023].

Following the 2018 deadly heat wave in Montreal, Quebec [Litwin, 2018], the idea of
using smart home thermostats to monitor heat waves was born. Since then, much of the
country has experienced extreme heat and record-breaking temperatures. While it may
seem obvious to many that indoor temperatures are typically warmer than outdoors, it
has largely been under-recorded. For example, within the British Columbia (BC) Heat
Dome Death report [BCCS Death Panel, 2022], there is no o�cial record of the indoor
temperatures; the conditions were subjectively described as \hot" or \very hot." This is
part of the challenge of tackling extreme heat and will be discussed further.

This dissertation was written in a home without central AC. A daily routine was
developed and optimized to cope with the heat over the past four summers. It went like
this:

1. Wake up and check the weather: temperature and humidity, and forecast for the day
and night,

2. Close the windows and close the blackout curtains once the sun hits them (usually 8
AM),

3. Generate as little heat indoors as possible (limit appliance use, no baking),

4. Check the weather in the evening: temperature and humidity, and forecast for the
night and next day,

5. Open the windows and circulate the indoor air with fans (usually 10 PM),

6. If nighttime temperatures are 20� C or higher, then cool bedroom with window AC
before bed.

This strategy requires foresight, consideration of electricity prices (Time of Use or TOU
rates), and adjusting activities in the home, such as no cooking on the gas stove, running
appliances that generate heat, or long hot showers. During the week of June 17 - 24, 2024,
these strategies were barely enough to keep my second-
oor o�ce from reaching 28� C, see
Figure 1.2a and 1.2b. A 5,000 BTU/h window air conditioning unit was needed to sleep
and helped to reduce the temperatures during the day. I also had the privilege of working
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from home. Such a routine would be challenging with a di�erent work schedule or not being
home at certain times to optimize the cooling down of the home in the evening.

(a) Screenshot of the June 18, 2024 weather
forecast for Waterloo, Ontario.

(b) O�ce temperature captured by an
Aranet4 HOME sensor.

Figure 1.2: Indoor temperatures from o�ce during the heat wave in Southwestern Ontario
the week of June 17 - 24, 2024.

I acknowledge my privilege of having a home, an o�ce, energy security, and knowledge
to protect myself from extreme heat. For readers from the global south or who have lived
experiences with higher temperatures in the 40� C and beyond, such as those experienced in
Bangladesh [Ng, 2024], I urge understanding and consideration of the complex and nuanced
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local experiences highlighted in this work. Although the temperatures discussed here may
appear modest compared to extreme heat levels in other regions, the risks and impacts are
no less serious. I hope this research contributes meaningfully to e�orts to protect those
enduring extreme heat across the globe.

1.4 Structure of the thesis

This thesis is structured as follows.

ˆ Chapter 1 - In this chapter, I brie
y discuss the warming planet and explain my
motivations behind this work and the structure of this thesis.

ˆ Chapter 2 - This chapter delves deeper into extreme heat and its impacts across all
levels of society. I summarize how protective factors, awareness, and preparation are
essential and how they can be attained through regulations in places of work and daily
living. Then, I discuss various solutions in
uencing indoor heat and the challenges,
theories, and methodologies.

ˆ Chapter 3 - Herein, I explain the rationale for this work, the objectives of the thesis
papers and the research questions.

ˆ Chapter 4 - In Chapter 4, the validation of the ecobee thermostat as a tool to measure
indoor temperatures is presented using the ecobee (Donate Your Data (DYD)) dataset
from the Montreal 2018 heat wave season.

ˆ Chapter 5 - This chapter discusses the scoping review of the technologies used to
study indoor heat.

ˆ Chapter 6 - I discuss the survey results on Canadians' perceptions of extreme heat
and the social media discourse on Twitter about heat waves.

ˆ Chapter 7 - Here, I present the �ndings from our indoor temperature studies in
Ottawa and British Columbia in partnership with Ottawa Community Housing and
BC Housing, supported by Vancouver Coastal Health, Fraser Health, and Ottawa
Public Health. This pilot study was the �rst in Canada to employ automated real-time
indoor temperature alerts delivered to stakeholders.
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ˆ Chapter 8 - I discuss the future of this work and areas that may be expanded upon,
including work currently ongoing at the Ubiquitous Technology Lab (UbiLab), at
the University of Waterloo to predict indoor temperatures. I also discuss the limita-
tions and recommendations and provide suggestions for future indoor temperature
monitoring.

ˆ Chapter 9 - In the �nal chapter, I discuss the contributions of this work to the �eld,
and conclude with �nal re
ections.
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Chapter 2

Background

Our lovely blue planet, the Earth, is the only home we know. Venus is too hot. Mars is too
cold. But the Earth is just right, a heaven for humans.

Dr. Carl Sagan

2.1 Literature review

2.1.1 De�ning heat and heat waves

Heat, the thermal energy transferred between objects of di�ering temperatures, is invisible.
Due to its transient nature, it leaves the crime scene without a trace. Nicknamed the \silent
killer," heat waves are disastrous events that cannot be captured on video or in photographs
like a tsunami, a tornado, or a wild�re can [Goodell, 2023]. Instead, it is portrayed more
positively in the media through images of the sun, people lounging at a local pool or beach,
or children joyfully playing in splash pads [O'Neill et al., 2023]. Its more sinister side is
elusive and often fails to capture the public's attention, as the symptoms of heat that can
be captured are less dramatic than those of other extreme climatic events.

When a heat wave occurs, the average temperature in a speci�c geographic area in-
creases beyond normal predicted thresholds [Gachon et al., 2016]. The de�nition of a heat
wave depends on where it occurs; because many factors contribute to its frequency, inten-
sity, and duration, there is no universal de�nition [Kent et al., 2014, Fenner et al., 2019,
Di Napoli et al., 2019, Puvvula et al., 2022]. The topographical land features, weather
patterns, and built environment create the setting for a UHI [Health Canada, 2009,
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Health Canada, 2020]. In Canada, a heat wave is de�ned as three or more days with
temperatures greater than 29� - 31� C, though this de�nition varies depending on where one
is in the country [Health Canada, 2012, Gachon et al., 2016].

Health authorities in Canada de�ne extreme heat and heat waves based on their
observed health e�ects, and Heat Alert and Response Systems (HARS) thresholds are
triggered when heat events reach levels associated with measurable health impacts
[Public Health Ontario, 2023a, Manitoba Health, Seniors and Long-Term Care, 2024,
BC CDC, 2023, Public Health Ontario, 2023b, Berry et al., 2014]. However, it is impor-
tant to note that many heat-related deaths occur during events that fall below the
threshold of a "heat wave," meaning no alerts are issued. This gap highlights the
need for more proactive and inclusive monitoring and response systems that address
heat risks beyond o�cial thresholds, potentially saving lives by extending protections
to vulnerable populations during less severe but still dangerous heat conditions. This
includes indoor environments without air conditioning (AC). At the time of writing,
extreme heat is not o�cially classi�ed as a natural disaster in Canada, however advocates
including the Intact Centre on Climate Adaptation recommend that classifying it could
enhance response and implementation of appropriate response to the risk [Rabson, 2022].
That said, the National Adaptation Strategy emphasizes the importance of building
climate resilience to address the increasing frequency and severity of extreme heat events
[Environment and Climate Change Canada, 2023]

Heat is quanti�ed in units known as temperature, yet a combination of elements
in
uences how we perceive temperature. However, heat can be gauged by various methods
and scales. Air temperature, wind speed, and sunlight directly impact sweating and
cooling. One method is the Dry Bulb Temperature, comprising of air temperature, and
the Wet Bulb Temperature considers 1) temperature, 2) humidity, 3) wind speed, and
4) sunlight. This is important for understanding the experience of heat stress on the
body, especially when outside or in humid environments. This \feels like" quality is also
calculated under shady conditions to produce the Heat Index [Gachon et al., 2016]. Indices,
like the humidex, are used to measure the combined e�ect of temperature and humidity
[Environment and Climate Change Canada, 2011].

Humidity is the amount of water vapour in the air. While always present, humidity is gen-
erally discussed in terms of relative humidity. However, absolute humidity is responsible for
sweat evaporation and overall heat stress risk [Simpson et al., 2023, Kenny and Jay, 2013,
Cramer et al., 2022]. In Canada, humidity varies greatly from east to west; for example,
British Columbia (BC experiences drier summers, while Ontario (Ontario (ON)) and Quebec
experience more humid conditions during the summer months. Therefore, humidity should
be considered when describing environmental conditions when possible.
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2.1.2 Historical context

Heat waves have become increasingly frequent, longer, and more intense; in other words,
they are becoming more common [Migdal, 2021]. Some of the major heat waves of the
last three decades include Chicago in 1995, Europe in 2003, Russia in 2010, Canada
in 2010, India in 2019, and the Paci�c Northwest in 2021 (see Appendix A for a
list of recent heat waves) [Semenza et al., 1996, Whitman et al., 1997, Stott et al., 2004,
Bustinza et al., 2013]. As the global atmospheric carbon dioxide, methane, and nitrous
oxide levels have risen, the number of weather-related disasters has increased �ve-fold
[IPCC, 2022, Mazdiyasni and AghaKouchak, 2015]. These heat waves have been marked
by signi�cant death tolls, highlighting societal inequities and exposing system-wide gaps
[Masson-Delmotte et al., 2018].

The most recent and largest tragedy to occur in Canada a�ected the provinces of British
Columbia and Alberta and the Paci�c Northwest of the United States at the end of June
and early July 2021 [Gardener, 2021, Isai et al., 2021, CBC News, 2021].

Figure 2.1: Map of air temperature anomalies across the United States and Canada on
June 27, 2021. Source: NASA Earth Observatory.
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Subsequent analyses indicated that more than 619 individuals died due to the extreme
heat, and this 100% increase in mortality largely took place indoors in unair-conditioned
homes [BCCS Death Panel, 2022, BC Housing, 2022, Henderson et al., 2022]. The heat
wave set many local temperature records; see Figure 2.1. In Lytton, British Columbia,
the temperatures reached 49:6� C on June 29, 2021, and on June 30, a devastating wild�re
destroyed 90% of the town and killed two individuals [Uguen-Csenge and Lindsay, 2021,
Schmunk, 2021]. The cause of the �re has not been determined. However, some lo-
cals allege it was caused by sparks from nearby train tracks igniting the dry ground
[Follett Hosgood, 2023]. Extreme heat can coincide with other climate extremes (such as
drought and wild�res), leading to deadly outcomes, and as a society, we must be prepared
to handle multiple crises.

In 2018, a heat wave killed 66 individuals in Montreal, Quebec [Litwin, 2018].
Since the extreme heat events in 2010 in Canada and other parts of the
world [Bustinza et al., 2013], there has been an increase in research activi-
ties and spurred policy changes in their wake, largely at the national levels
[Horton et al., 2016, Campbell et al., 2018, Marx et al., 2021, Klingelh•ofer et al., 2023].
Globally, an estimated 5 million people die from extreme heat every year [Zhao et al., 2021a].
Governments have implemented variations of Heat Alert Response Systems (HARS) or
Heat Early Warning Systems (HEWS) or Heat Health Warning Systems (HHWS) or
Harmonized Heat Warning and Information System (HWIS), all to ensure the safety of
citizens from extreme heat [Casanueva et al., 2019, Matzarakis, 2017, Bate-Sprotson, 2023].
Meteorologists have concluded that the 2021 Heat Dome was a once-over-a-thousand
or several thousand-year event and made 150 times more likely due to climate change
[Zhang et al., 2023]. Recent heat events have brought greater awareness including greater
adoption of air conditioning, along with declarations of climate emergencies by municipalities
across the country, implementation climate assessments and HARS programs, and legisla-
tion mandating mechanical cooling (AC) in new builds [Quick and Tjepkema, 2023,
MacDonald et al., 2024, Manitoba Health, Seniors and Long-Term Care, 2024,
Durham Region Health Department, 2024, City of Vancouver, 2022]. Despite repeated
warnings from experts, many Canadian cities have been slow to act on extreme heat,
with Dr. Joanna Eyquem of the Intact Centre on Climate Change noting that, two
years after urging policymakers to take immediate action with the release of the report
" Irreversible Heat," signi�cant progress is still needed to protect Canadians adequately
[Eyquem and Feltmate, 2022, Taylor, 2024].
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2.1.3 Causes and mechanisms of extreme heat

The total amount of atmospheric carbon dioxide has increased by 50% since the begin-
ning of the Industrial Revolution in the 1800s. As a member of the G7, Canada has
contributed signi�cantly to the atmosphere's total GHGs. And it continues to do so today,
which is contributing to the climate crisis we are experiencing today [Nielsen et al., 2021,
The Economoist, 2019, Environment and Climate Change Canada, 2019]. Anthropogenic
climate change, caused by the emission of greenhouse gases through the burning of coal and
oil and gas extraction, has resulted in changes to the composition of the earth's atmosphere
[Christidis and Stott, 2014]. Carbon dioxide is the main greenhouse gas that, along with
other GHGs, absorbs heat from the earth's surface and radiates it in all directions, including
back at the Earth [Intergovernmental Panel on Climate Change, 2018]. The greenhouse
e�ect maintains the earth's surface temperatures above freezing, but human activity has
supercharged it today [Masson-Delmotte et al., 2018].

Figure 2.2: Global surface temperature changes in°C relative to 1850{1900. Adapted from
[Intergovernmental Panel on Climate Change, 2023].

The warming e�ect of greenhouse gas emissions has been well-documented since the
1980s. Still, the oil and gas industry and other sectors oppose strong mitigation measures
to safeguard their economic pro�ts, maintain market dominance, and prioritize short-term
�nancial interests over long-term sustainability [Taft, 2024, Drilled, 2023]. This resistance
re
ects a broader systemic issue where capitalist interests|such as protecting pro�tability
and minimizing regulatory burdens|often align across industries, including largely through
market-dominating multinational corporations, highlighting the complexities of balancing
economic priorities with climate action [Supran and Oreskes, 2021]. Today, the e�ects are
being felt around the globe as sea levels rise and extreme weather events threaten our
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societies. They may displace an estimated 140 million climate refugees in the next 30 years
[Intergovernmental Panel on Climate Change, 2023]. Many low-lying island nations in the
Paci�c Ocean are among the �rst communities forced to reckon with the e�ects of rising
sea levels by establishing deals with other nations, such as the Australia-Tuvalu Falepili
Union treaty, to grant homes to displaced Tuvaluans [Hurst and Butler, 2023].

The growing impacts of existential warming are varied due to geography. Northern
parts of Canada are warming at a rate four times the global average, a�ecting Indigenous
communities and their ability to live o� the land due to warmer winters where the ice
does not freeze on their traditional hunting areas [Bush et al., 2019, Rantanen et al., 2022].
Meanwhile, the southern parts of Canada, which are warming at two times the global
average rate, have faced more frequent extreme storms, 
ooding, wild�res and smoke,
and heat waves [Warren and Lulham, 2021, Bush et al., 2019, Bansal et al., 2023]. These
changes to the stability of our planet will have cascading impacts on communities and
require urgent action to build a climate-resilient future.

2.2 Impacts of extreme heat

Climate change pathways indirectly and directly impact health and well-being from the
individual to the societal level [WHO, 2021, McGregor and Vanos, 2018]. As climate-related
hazards occur, vulnerability factors and exposures create negative health outcomes and
challenge our health systems, as shown in Figure 2.3 [WHO, 2021].

Systemic actions to mitigate loss and damage from climate change are essential
to reducing impacts and avoiding welfare loss in a timely and appropriate manner
[Panwar et al., 2023]. Figure 2.4 from the Overseas Development Institute (ODI) and
United Nations O�ce for Disaster Risk Reduction (UNDRR) demonstrates how e�ec-
tive risk management ensures rapid recovery and resilience against climate-related shocks
through strategic �nancial mechanisms. This framework is particularly relevant to extreme
heat and health, highlighting the need for targeted funding and adaptation measures to
protect vulnerable populations and reduce health risks. Additionally, it emphasizes the
necessity of considering the downstream e�ects of our actions, ensuring that strategies align
with global climate goals and do not inadvertently harm communities or ecosystems in
other parts of the world.

15



Figure 2.3: Causal pathways illustrating how climate change impacts health and well-being
through exposure pathways and vulnerability factors.

2.2.1 Individual level impacts

The impacts of extreme heat are deeply personal, a�ecting individuals across all stages
of life, with consequences ranging from heat-related illnesses to mortality. See Appendix
A for a list of heat-related illnesses and symptoms and how to prevent and treat them.
Extreme heat e�ects at the individual level begin pre-birth and continue into old age
[Kovats and Koppe, 2005, Ebi et al., 2021b].

An individual's age and health status a�ect their risk of indoor heat exposure. Being
young or old increases the risk of developing heat-related illnesses due to the body's
developing systems or having weakened systems [Vanos et al., 2023]. Having pre-existing
chronic health conditions and taking certain prescription medications may also a�ect how
the body responds to heat through temperature regulation and sweating.

Another emerging group at risk is pregnant women and the impacts of heat on the
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