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USER GUIDELINES AND RECOMMENDATIONS 
 
What is this compendium?: This compendium is an informal collection of contextualized extreme heat 

statistics from 100 key sources spanning economic, health, social, and environmental impacts, extreme 

heat solutions and governance, trends, and more. The compendium is an introductory resource and 

reference guide on heat risk, adaptation, and mitigation. It is intended for use as a starting point for 

further inquiry and is non-comprehensive in its scope.  

 

Who is it for? This compendium may be particularly useful for researchers, city practitioners, public 

health officials, and others who are seeking to quickly identify research on heat-related risks and 

opportunities.  

 

What are the criteria for research to be included? This compendium was originally developed as an 

informal document to track studies that the Arsht-Rock team considered useful sources of evidence 

and/or context in making the case for its work on extreme heat. It does not reflect the full depth or 

breadth of high-quality research that has been published on heat-related topics, and contains sources 

published between November 2008 and August 2023. 

 

Please keep in mind:  

• While statistics included in the compendium are contextualized to assist users in identifying key 

findings relevant to their work, complete documentation of cited works should be referenced 

and sought out when further context is necessary.  

• While many statistics reported are discussed in a global context, we recognize the geographic 

limitations of this compendium due to inclusion of English-language publications and geographic 

focus areas of Arsht-Rock. 

• As a living, informal document, updates to the compendium are ongoing and will periodically be 

uploaded to the Heat Action Platform. Information compiled in the compendium is not 

comprehensive. 

• The compendium itself is not a peer reviewed publication. Many of the resources cited in the 

compendium are peer-reviewed. However, the compendium also includes articles, government 

websites, reports, and anecdotal evidence. 
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Economic Impact 
 

Heat vs. Other Extreme Weather 
Under current climate conditions, the cost of heat on lost labor productivity in the United States is at 

least $100 billion annually.2 This is $35-$40 billion more, per year, than the loss and damages from the 

record breaking 2020 Atlantic hurricane season, including physical damages, lost economic activity, and 

health impacts.2 

 

Heat Related Mortality 
The monetized value of global heat-related mortality (in people 65 years or older) was 0.27% of gross 

world product in 2018, and 0.28% of gross world product in 2019, a 6.7% increase.14 Europe in 2020, as 

in 2019, continues to be the region with highest recorded heat-related mortality, “facing costs 
equivalent to the combined average incomes of 6.1 million of its citizens” and 0.66% of regional GDP.14 

While the costs of heat-related mortality in Europe were lower in 2019 than in 2018, due to fewer 

estimated heat-related deaths, heat-related mortality costs were higher in 2019 than in 2018 in other 

regions, particularly in South-East Asia.14 

 

Labor and Productivity 
United States 

Under current climate conditions, the cost of labor productivity in the United States lost to heat is at 

least $100 billion annually.2 These losses could double to $200 billion by 2030 and quintuple to $500 

billion by 2050 without meaningful greenhouse gas emissions reductions or adaptation to extreme 

heat.2  

 

Outdoor workers 
“The income losses due to extreme heat would add to the economic burden on households already 
stretched thin. For example, the nation’s 7.6 million construction and extraction workers—one-third of 

whom are Hispanic/Latino—would on average risk losing nearly $1,900 in income annually by 

midcentury as a result of extreme heat if no action is taken on climate change; approximately one 

quarter of these workers would risk losing $3,000 or more each year... If we don’t take action on climate 
change, extreme heat would cause tens of millions of outdoor workers in the US to risk losing a 

collective $55.4 billion in earnings each year by midcentury.”83,94 

 

Globally 

The big picture 
Multiple studies have demonstrated that heat waves induce economic losses from reduced labor 

productivity globally,2,8,5,9,13,14 with greater losses of earnings in low and medium Human Development 

Index (HDI) countries due to reduced labor capacity.14 See page 23, indicator 4.1.3, of the Lancet 
Countdown 2022 report for heat related GDP loss across HDI groups, as a share of GDP by sector of 
employment.90 “Climate hazards, such as storms, flooding, wildfires, and heat waves can affect 
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countries’ wealth through direct damage to their physical capital stock and potential income flow--for 

example, heat waves can reduce labor productivity. Stock losses may result in using resources to rebuild, 

diverting investments away from innovation toward reconstruction activities. Over time, these missed 

productivity gains are likely to reduce the potential level of future incomes.”84 

 

Losses in 2018-2021 
In 2021, 470 billion hours of potential work (an average of 139 hours per person) were lost globally due 

to heat exposure—a 37% increase from the period 1990–99.90 Comparatively, in 2020 “295 billion hours 
of potential work [or 88 work hours per employed person], were lost [globally] due to extreme heat 

exposure,”14  and in 2019, 302 billion hours of potential work were lost to extreme heat exposure, which 

is 103 billion more hours than that lost in 2000.13 “The global potential loss of earnings was US$669 

billion in 2021, equivalent to 0.72% of gross world product in 2021.”90 Additionally,“82% of all [heat-

related potential hours of work] losses in countries with a low HDI occur[ed] in the agricultural sector 

[and] the average relative earnings lost in countries in the low HDI group [are] equivalent to 5.6% of the 

national gross domestic product.”90 

 

Projected losses 
With 1.3°C of warming, 2.2% of total working hours are expected to be lost as a result of high heat 

globally, this “a productivity loss equivalent to 80 million full-time jobs. The loss in monetary terms is 

then expected to total US$2,400 billion [2.4 trillion] in purchasing power parity terms (PPP). Lower-

middle- and low-income countries would be the worst affected, losing 4 and 1.5 per cent of their GDP in 

2030, respectively.” 11 Other estimates are aligned with this projection, considered an underestimate as 

it assumes that the global mean temperature will not exceed 1.5°C by the end of the century, and 

agricultural and construction work will occur under shade cover.11  

 

For instance, “The International Labour Organization (ILO) projects – based on a global temperature rise 

of 1.5°C by the end of this century – that in 2030, the equivalent of 80 million full-time jobs could be lost 

worldwide due to heat stress, resulting in global economic losses of US$2.3 trillion (ILO 2019).15 The 

impact will be unequally distributed around the world: low-income countries (which have fewer 

resources to adapt to excessive heat), especially in the hot regions of southern Asia and western Africa, 

are likely to be the worst hit, losing around 5 per cent of working hours due to excessive heat (Kjellstrom 

et al. 2019)”15 “As heatwaves become more frequent, the ILO estimates that 2.5 million Latin American 

and Caribbean jobs could be lost to heat stress alone by 2030, affecting particularly outdoor workers in 

construction, agriculture, and street vendors.”63  

 

Country/Region Specific Losses 
In 2020 India, Bangladesh, and Pakistan had losses 2.5-3 times the world average, “equivalent to 216–
261 hours lost per employed person in 2020.”14 India suffered the greatest total loss of potential work 

hours to heat 2019, and Cambodia had the highest per-capita loss of potential work hours to heat of any 

country in 2019.13 Like in 2020, agricultural workers in many countries experienced the greatest losses in 

2019.13,14 During the 2013-2014 heatwave, the Australian workforce is estimated to have lost 6.2 billion 

USD, or 0.33 to 0.47% of Australia’s GDP.9  

Economic Impact 
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European Union Losses 
HEAT-SHIELD’s report details regional and sector specific vulnerability to occupational heat-stress – 

industry specific observations, recommendations and guidance for effective mitigation, and case studies 

and lessons from countries in the European Union.   

 

Country Specific Projections 
Physiological models of heat exposure suggest that “productivity may decrease by 11–27% by 2080 in 

hot regions such as Asia and the Caribbean, and globally by up to 20% in hot months by 2050.”9 Loss of 

earnings could also exacerbate the health impacts of heat by amplifying the socioeconomic factors 

which contribute to good health.14   

 

India and global implications 
“Loss of productivity due to extreme heat […] could cost the Indian economy $450 billion by 2030.”82 A 

study examining the impact of temperature on productivity and labor supply in India’s manufacturing 
sector found that “In hotter years countries tend to produce lower economic output, an effect that is 
especially marked in developing countries,” but present globally [;] productivity drops by as much as 4 
percent per degree when temperatures rise above 27° Celsius (80° Fahrenheit) in workplaces requiring 

manual labor [;] a 1-degree increase in the ten-day temperature average raises the probability that a 

worker will be absent by as much as 5 percent [; and] when the average daily high over the year rises by 

1 degree, output falls by about 3 percent. This decline is large enough to explain the entire reduction in 

India’s economic output in hot years.”5  

 

The study concludes that because “human physiology is the same [globally], the effects of temperature 
on labor productivity are likely to be of widespread importance.”5 While “richer countries may be able 
to adapt by adopting climate control technology, the study suggests this approach will not entirely 

address the effects of heat on worker productivity and the economy. In poor countries, air conditioning 

(A/C) may be too expensive for small manufacturing plants to adopt.”5 

 

Gender 
Heat affects labor capacity across all genders.14 In high-income countries, like the USA, workers in the 

construction sector experienced the greatest burdens of heat in 2019.13 Men are 80% of total employees 

in the construction sector.14 “Women in rural areas, [especially] indigenous women in rural areas, who 

are dependent on local natural resources for their livelihood, would be particularly affected by the 

impacts of climate change on labor capacity.”14 In slum communities, women are particularly susceptible 

to income loss as a result of extreme heat given “the majority of women work from home, in jobs like 
textile manufacturing or food preparation, and are forced to slow down when conditions become 

severe.”82  

 

Including unpaid work in estimates of heat-related labor losses increases estimates by 260% for women, 

compared to 76% for men.91 Compounded with the 20 percent wage gap experienced by women on 

average, heat-related income losses among women are estimated to be $120 billion across India, 

Nigeria, and the United States alone.91 “Without action to mitigate or adapt to climate change, time 

losses in paid work experienced by women are projected to increase by 18 to 44 percent by 2050.”91 
 

Economic Impact 
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Health Costs 

Gender: Women 

One study found that an additional day of exposure to extreme heat for pregnant women results in over 

2,000 excess hospitalizations costing over 23 million dollars, not including other costs associated with 

lower pregnancy health including lost wages and health incidents that do not lead to hospitalization.35 

 

The Context of Cities 
The importance of cities  

 A seminal 2017 paper by Estrada, Botzen, and Tol examines the economic costs of climate change for 

the 1,692 largest cities globally. 8  “The city scale is especially relevant for climate policy. Although cities 
cover around 1% of the Earth’s surface, they produce about 80% of gross world product, consume about 

78% of the world’s energy and produce more than 60% of all CO2 emissions. Moreover, 54% of the 
world’s population live in cities, and this is expected to grow to about 66% by 2050.”8  

 

Relative warming of cities 

“Between 1950 and 2015, 27% of [the 1,692 largest cities in the world] and 65% of the urban population 
warmed more than the world average (about 0.6 °C).”8 During this period, “about 60% of the urban 
population experienced warming twice as large as the world.”8   

 

Projections of city warming and cost 

About 20% of the most populated cities “could experience a total warming higher than 4°C in 2050 and 
about 25% could warm more than 7°C by [2100].”8  Under an RCP4.5 and RCP8.5 scenario, the median 

city could lose 1.4% and 1.7% of GDP in 2050 and 2.3% and 5.6% of GDP in 2100, respectively, when 

considering both global climate change and the urban heat island effect.8 Under a business-as-usual 

scenario, the worst off cities could lose 10.9% of GDP to heat-related losses by 2100.8,15 If the urban heat 

island effect is not controlled, it could more than offset the impacts avoided by global mitigation efforts 

in large cities.8 Furthermore, if local action to reduce the impacts of the urban heat island effect is not 

taken, mitigation of global climate change will be significantly less effective in reducing climate impacts.8 

As a result of the urban heat island effect, cities face climate change costs that are more than twice as 

high as the rest of the world.15 

 

Agriculture and Food Security 
See Wider Social Impacts > Food Security, for connections between reduced crop yields, food insecurity, 
and disproportionate gender impacts. 
 

Global crop yields 

“Wheat, rice, maize, and soybean provide two-thirds of human caloric intake. Without CO2 fertilization, 

effective adaptation, and genetic improvement, each one-degree-Celsius increase in global mean 

temperature would, on average, reduce global yields of wheat by 6.0%, rice by 3.2%, maize by 7.4%, and 

soybean by 3.1%,” with some regions, particularly those that are already hot, suffering greater losses 
than others.7 “In parallel with drought, warm temperatures are affecting the yield potential of the 

Economic Impact 



 10 

world’s major staple crops— [relative to 1981-2010, 2020 saw a] 6.0% reduction for maize; 3.0% for 

winter wheat; 5.4% for soybean; and 1.8% for rice—exposing the rising risk of food insecurity”14 

 

Agricultural workers 

Both the 2020 and 2021 Lancet Countdown reports found that workers in the agricultural sector are 

burdened with greatest number of work hours lost to extreme heat, particularly in low Human 

Development Index (HDI) countries.13,14   

 

Heat Mitigation via A/C and Other Cooling 
For further discussion of A/C’s challenges, drawbacks, and importance see Solutions > Active Cooling: Air 
Conditioning (A/C).  For a discussion of social factors, growing A/C consumption, and inequitable access, 
go to Trends > Heat, Energy, and Cooling Inequity > A/C cooling   
 

A/C Costs/Negatives 

With rising temperatures, increased demand for thermal comfort, and increased economic access to 

cooling, the use of air conditioning, often through the least expensive and less-energy-efficient entry-

level units, is only projected to grow.3,14,15 To meet anticipated space cooling needs, US$1.7 trillion 

would need to be invested in global power generation capacity alone, not including costs associated 

with fuel, transmission, distribution, and infrastructure.15 “The economic consequences to manage the 

grid impacts and additional capacity are severe and underestimated.”15 “ Household spending to achieve 

space cooling already accounts for 5-15 per cent of the median income in many parts of the world, 

making cooling unaffordable for much of the population.”15  

 

The cooling unit a family purchases locks-in the fraction of income allocated to air conditioning. “For 
example, a study based on the [United States] city of Phoenix, Arizona estimates an excess cost of air 

conditioning (operation and repair) of $436 million due to the seasonal 3°C heat island effect (Miner et 
al. 2016).”15 These costs are often invisible to consumers, and do not account for air conditioning 

exacerbating the urban heat island effect, and the resulting productivity losses and health impacts.15 

While Phoenix is a relatively low-density UHI, in cities that are higher-density UHIs, the economic 

impacts can be even more severe.15 

 

Efficient Cooling Savings/Positives 

“Coordinated international action on energy-efficient, climate-friendly cooling could avoid as much as 

460 billion tons of greenhouse gas emissions – roughly equal to eight years of global emissions at 2018 

levels – over the next four decades and avoid $3.5 billion of the renewable energy build-out by 2030 

(UNEP and IEA 2020). While these estimates are for cooling across all sectors, the major share is 

attributable to keeping our cities and communities cool.”15  

 

Cool Surfaces Savings/Positives 

 A global 1% net increase in the albedo of rooftops and pavements would be equivalent to offsetting 44 

Gt of CO2 emissions30 (10.4 Gt of CO2 more than was emitted in 2019, a peak CO2 emissions year)29. 

This emissions offset, at $25/ton of CO2, is worth about US$1,100 billion.30 If a building’s rooftop albedo 
is increased from 10-20% to 60%, cooling costs go down by over 20%, and the potential savings in net 

annual energy bills in the United States from such a change exceed $1 billion per year.30 

Economic Impact 
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Health 
 

Heat-Related Mortality vs. Other Weather Hazards 
Overview 

Heat is the deadliest weather-related hazard,3,16,17,19  and “heat stress is the leading cause of weather-

related death.”19 From 2015-2019, heatwaves were the deadliest metrological hazard globally.16 “In an 
average year, heat is the world’s deadliest natural disaster, but its effects are often not as visible as the 
physical destruction of typhoons, tornadoes, or other disasters.”3 “Globally, future increases in heat-

related deaths are expected to outweigh those related to cold by the end of the century.”62 

 

Global comparisons 

 In the United States, extreme heat is the number-one weather related cause of death.17 Between 2018 

and 2019 India and Brazil suffered the largest absolute increases in heat-related mortalities.14 Europe 

was the region most affected by extreme heat, “with almost 108 000 deaths attributable to heat 

exposure in 2019.”14 Further, the warming observed in Europe since 2015 was associated with 18,547 

additional summer heat-related deaths for every +1°C increase in temperature.89 

 

Estimated deaths among people over the age of 65 attributable to heat exposure 

In 2019, 72,000 deaths in China, 20,500 deaths in the United States, 12,400 deaths in Japan, and 46,600 

deaths in India. 14 In 2019, over 130,000 people over the age of 65 in China, Japan, and India are 

estimated to have died from heat exposure.14  “Heat-related mortality for people over 65 increased by 

approximately 68% between 2000-2004 and 2017-2021.90 

 

2020 and 2019 comparisons, hurricane vs heat-related death (mortality)  

Approximately 430 people died from hurricanes in the 2020 Atlantic hurricane season.32 

The below comparisons use numbers referenced in the footnotes to arrive at the multiplier but were 
calculated by Arsht-Rock.  
 

1. In 2019 heat killed over 350 times as many people in China, the United States, Japan, and India 

alone as did hurricanes in the entire 2020 Atlantic hurricane season. 14,32 

2. One study finds that there are between 304,216 and 732,518 annual heat-related excess deaths 

around the world, with a median of 489,075.31 Assuming the median number for 2020 would 
mean heat killed over 1,100 times as many people as hurricanes in the 2020 Atlantic hurricane 
season. (In an average year, heat kills 1100 times as many people globally as the record-
breaking 2020 Atlantic hurricane season.) 31,32 

3. Just in Arizona, there were 522 heat related deaths in 2020.14 Just in Arizona, heat killed 1.2 
times as many people as hurricanes killed around the world during the 2020 Atlantic season. 

4. In the June 2021 heatwave, there were 803 officially reported heat-related deaths 

in Washington State, Oregon, and British Columbia, and almost 1,200 suspected excess heat-
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related deaths.1,20,21,22 In these three regions alone, over three weeks, heat killed 2.8 times as 
many people as the 2020 Atlantic hurricane season.1,20,21,22,32 

5. Heat-related deaths in people older than 65 years reached a record high of an estimated 

345,000 deaths in 2019, which is 80.6% more deaths than recorded on average in 2000-2005.14 

Heat killed over 800 times as many people in 2019 as the 2020 Atlantic hurricane season, only 
accounting for heat-related deaths in people over the age of 65.14,32  

6. In Europe there were 108,000 deaths attributable to heat exposure in 2019.14 Just in Europe, 
heat in 2019 killed over 250 times as many people as hurricanes in the entire 2020 Atlantic 
hurricane season.14,32 

 

Heat-Related Death (Mortality) 
Actual Mortality  

Global mortality  
 A key study finds that there are 489,075 annual heat-related excess deaths around the world (95% CI 

304,216 -- 732,518).31 They estimate that non-optimal temperatures kill 5 million people per year, just 

under 10% of all deaths. Of that 10% excess mortality, 8.5% is caused by cold and 0.91% is from 

heat. Thus, heat accounts for about 10% of those deaths, or approximately half a million people per 

year.31  

 

Pacific Northwest + British Columbia 2021 mortality 
 In the June 2021 heatwave that struck the Pacific Northwest and British Columbia, regions that are 

historically cooler and less prepared for high temperatures, there were 803 officially reported heat-

related deaths in Washington State, Oregon, and British Columbia, and almost 1,200 suspected excess 

heat-related deaths.1,20,21,22 

 

Low intensity heat in regions with hot, humid summers mortality  
“Low-intensity heatwaves can increase all-cause non-accidental [mortality], cardiovascular-, respiratory- 

and diabetes-related mortality, in regions experiencing hot, humid summers.”59 Heat-related mortality 

and risks of occupational heat stress in small island states are projected to increase with higher 

temperatures.62 

 

Mortality Projections 

Global mortality projections 
A 2014 World Health Organization global projection estimates that by 2030 there will be 92,207 

additional heat-related deaths annually and that by 2050 there will be 255,486 additional heat-related 

deaths annually, if no adaptation measures are taken.15 “The situation is further compounded by the 
rising potential for major electric grid failures during extreme weather, which, when coinciding with 

heatwave conditions, can expose large populations to severe heat stress both outside and within 

buildings (Stone et al. 2021).”15   
 

United States mortality projections 
Heat stroke-related deaths are expected to more than double by the 2050s in the United States, 

reaching approximately 5,000 annual deaths.18 [likely undercount] “Factors like poorly designed 

infrastructure, limited access to air conditioning (A/C), and a lack of acclimatization can lead to heat-

Health 
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related harms occurring at lower-than-expected temperatures in historically cooler parts of [the United 

States].”1  

 

European Union (EU) mortality projections 
Without climate mitigation and adaptation, by 2100 extreme heat could kill 30 times more people than 

it does today (2019-2021) in the European Union alone.33 One study found that in the absence of 

adaptation to future summer warming, the expected heat-related mortality burden in Europe would be 

68,116 deaths on average every summer by the year 2030, 94,363 deaths by 2040 and 120,610 deaths 

by 2050.”89 

 

Heat-Related Illness (Morbidity) 
For infants and children see:  Health > Vulnerable Groups > Infants and Children 
For pregnant women and fetal health see: Health > Vulnerable Groups > Gender: Pregnant Women 
 

Overall 

Heat-related deaths and injuries are underreported and poorly registered globally. “Although heat-

related morbidities are poorly registered worldwide, studies show a marked increase in the risk of death 

and hospitalization from [chronic noncommunicable diseases] when patients are exposed to excessive 

heat.”19 “Heat affects health in many ways, and warmer temperatures increase the risk for a diverse 
range of health risks. For example:  

• An increased risk of hospitalization for heart disease.  

• Heat exhaustion, which can lead to heat stroke if not treated, can cause critical illness, brain 

injury, and even death. 

• Worsening asthma and chronic obstructive pulmonary disease (COPD) as heat increases the 

production of ground-level ozone.  

• Dehydration, which can lead to kidney injury and blood pressure problems. Some kidney 

damage can become irreversible with repeated or untreated injury. 

• Violence, crime, and suicide may increase with temperature, adding to the rates of depression 

and anxiety already associated with climate change.”68 

“Some medications increase the risk of heat-related illness. These include diuretic medicines (sometimes 

called “water pills”), antihistamine medicines (including many allergy medicines), and many 
antipsychotic medicines used to treat a variety of psychiatric and neurologic illnesses.”68  

 

United States (US) adults 

• NOAA and NIHHIS produce seasonal Climate and Health Outlook: Extreme Heat reports in an 

effort to inform of how “health may be affected in the next 30 and 90 days by climate events 

and provide resources to take proactive action.” “In June [2022], 132 counties across 13 states 

are projected to have more than 5 extremely hot days.” “In these 132 counties, the total 
population at risk is 21,729,969 people.” “For June–August 2022, the North American Multi-

Model Ensemble (NMME) predicts that the average temperature will be 1.8 to 3.6°F (1 to 2°C) 

above-normal for most of the continental United States. However, the U.S. Central and Western 

regions may experience a higher 90-day average that is 3.6 to 5.4°F (2 to 3°C) above the normal 

average temperature for this time period.”68 

Health 
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• Among “all commercial and Medicare Advantage beneficiaries (74.2 million) aged 18 years and 

older between May and September 2010 to 2019 […] days of extreme heat—defined as the 95th 

centile of the local warm season (May through September)—were associated with a 7.8% excess 
relative risk of emergency department visits for any cause, 66.3% for heat related illness, 30.4% 

for renal disease, and 7.9% for mental disorders. Days of extreme heat were associated with an 

excess absolute risk of emergency department visits for heat related illness of 24.3 per 100,000 

people at risk per day. Heat was not associated with a higher risk of emergency department 

visits for cardiovascular or respiratory diseases. Associations were more pronounced among 

men and in counties in the northeast of the US or with a continental climate. Among both 

younger and older adults, days of extreme heat are associated with a higher risk of emergency 

department visits for any cause, heat related illness, renal disease, and mental disorders. These 

results suggest that the adverse health effects of extreme heat are not limited to older adults 

and carry important implications for the health of adults across the age spectrum.”58  

• A study of California health data revealed that from 2005 to 2015, the rates of emergency 

department visits for heat-related illnesses increased by 67% for African Americans, 63% for 

Hispanic people, 53% for Asian Americans, compared to 27% for White people.81 

 

Covid-19 and heat-related impact interactions, United States  

Race and Income related vulnerability  
A study assessing the impact of COVID-19 pandemic on the heat vulnerability of over 3000 American 

adults across the country surveyed between July-September 2020 found that while “over a quarter of 
the US population experienced heat-related symptoms during the summer of 2020”, among all socio-

economic groups those who were “most vulnerable were women, those in low-income households, 

unemployed or on furlough, and people who identify as Hispanic or Latino or as other non-white census 

categories (including Asian, American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, 

and multi-racial US residents)”76 “Key factors that contributed to increased heat risk and decreased 
coping capacity during the time of COVID-19 were (a) limited or reduced household resources, 

preventing access to cooling and (b) pandemic-related social isolation, reducing social capital and access 

to available community resources”76  

 

Among surveyed individuals, “the ability to cool homes effectively proved to be difficult for millions of 
US residents, especially those who have low incomes and those who reported losing income, jobs or 

being placed on furlough since the beginning of the pandemic.”76 “Communities faced greater heat risks 
during the pandemic as “healthcare seeking behavior was initially altered as early messages discouraged 

people from seeking medical attention unless they were acutely ill because of concern that health-care 

facilities would be overburdened (Lange et al 2020).”76 

 

Exposure, Energy Insecurity, Cooling Access 
The covid-19 pandemic further exacerbated heat-related exposure, with job losses fueling energy 

insecurity thereby restricting access to cooling infrastructure amongst vulnerable groups.80 “Black and 
Hispanic households have been particularly affected, as they have been more likely to experience 

energy insecurity in the home —receiving disconnection notices or having utility services 

disconnected— during the pandemic, compared to their White counterparts.”80. At a community level, 

reliance on public spaces to provide cooling shelters for those in need was challenged by social 

distancing measures as traditional sources of cooling such as libraries may have been inaccessible in 

many cities due to COVID-19 closures.”76 

Health Health 

https://www.wemjournal.org/article/S1080-6032(18)30166-2/fulltext
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Low intensity heat in regions with hot, humid summers 

 A review of studies examining low intensity heat wave events in regions with hot, humid summers 

found that low intensity heat events had a small but statistically significant impact on both mortality and 

morbidity, which can be important at a population level,59 and contribute to the cumulative impacts of 

heat. The findings “point to the importance of population-based and health system-related 

interventions to reduce the health impact of low-intensity heat events, with particular attention to the 

elderly, young children and those with chronic conditions. [The] findings also suggest that, even in warm 

climates where populations and infrastructure are adapted to heat, there is a need for additional heat 

adaptation measures, particularly in the context of a warming climate.”59 

 

Mental Health, Sleep, Suicide Rates   
Overall 

In addition to the multiple other threats heat poses to health, heat exposure is linked to poor sleep 

quality, worse mental health, higher mental-health related hospital admission rates, and higher suicide 

rates.1,14 “Violence, crime, and suicide may increase with temperature, adding to the rates of depression 

and anxiety already associated with climate change.”68 

 

Mental health + medication vulnerability 

Because heat can alter human behavior, health service delivery, and brain functioning, individuals with 

mental health issues who are prescribed medications that limit the body’s ability to cool itself are 
especially vulnerable to high heat.19 “Many antipsychotic medicines used to treat a variety of psychiatric 

and neurologic illnesses [increase the risk of heat-related illness.”68 Linked are common psychiatric 

medications that can impair the body’s normal ability to cool itself.68 

 

Global mental health and sentiments  

To capture correlations between heat and people’s sentiments (a proxy for mental health), the Lancet 
Countdown report examined sentiments during heatwave days expressed on Twitter. They found that 

exposure to a local heatwave significantly reduced positive expressions and increased negative 

expressions, “with a 155% increase in negative expressions on Twitter during heatwaves in 2020 from 

the 2015–19 average.”14   

 

Vulnerable Groups  
Pre-Existing Conditions 

Overall 
Exposure to high temperatures exacerbates and increases mortality rates in 90% of the existing global 

causes of death, including ischemic heart disease, stroke, COPD, lower respiratory infections, 

Alzheimer’s disease and other dementias, lung cancers, diabetes mellitus, road injury and diarrheal 
disease.”19 
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Chronic conditions 
People with chronic health conditions are particularly at risk from exposure to extreme heat and heat 

stress.14,19,33 “Many physical and mental health conditions increase vulnerability to adverse 
temperatures through a direct effect on the body’s physiology or through the effect of certain 
medications.  Heat stress “can exacerbate underlying illnesses including cardiovascular disease, 

diabetes, psychological distress, asthma, and increase the risk of accidents and infectious disease.”19 

 

Disability 
For people with physical and mental disabilities, “Reduced mobility and dependency on others and a 

reduced ability to understand or act on measures to cool themselves may increase risk” of heat-related 

illness or death.19 

 

The Elderly 

Overall 
Individuals over the age of 65 are particularly at risk from extreme heat and heat stress.1,14,19,33,34 

Individuals over 65 years of age, particularly those with chronic medical conditions, are more vulnerable 

“to psychological stress, exacerbated illness, and an increased risk of death from exposure to hot 
weather.”19 

 

“Physiological risk factors for heat-related deaths include chronic health conditions such as 

cardiovascular, pulmonary and mental illnesses, polypharmacy, and lower fitness levels. Socio-economic 

and behavioral factors that increase the risk of dying during a heat wave include living alone; being 

unable to care for oneself; having a lack of mobility; living on the top floor; lack of air conditioning; and 

reluctance to change behavior during a heat wave (Vandentorren et al. 2006; Bouchama et al. 2007; 

Hansen et al. 2011). Having multiple risk factors, the elderly have been reported to be a major risk group 

for heat-related mortality in several reviews (Bouchama et al. 2007; Kovats and Hajat 2008; Basu 2009; 

Åström et al. 2011; Kenney et al. 2014).”75 

 

Gender 
A review of 13 peer-reviewed papers on the health impacts of heatwaves on elderly humans aged over 

65 in Europe between January 1st 2000 to December 31st 2016 found that “the majority of these papers 
(8) provide data that support the hypothesis that elderly women are more vulnerable during heatwaves 

than men.”75 “most studies seem to indicate that the differences in risk between men and women 
cannot be fully explained by age.”75 “postmenopausal changes in estrogen levels may partly explain why 
especially elderly women experience worse health outcomes during a heat wave [as decreased estrogen 

levels can impact cardiovascular fitness and heat dissipation], although still a lot remains to be unknown 

about the precise role of estrogen during heat stress.”75  

 

Several socio-cultural factors may also influence women’s heightened heat vulnerability such as elderly 
women being more active around the house than men, poorer financial status limiting access to housing 

or air-conditioning, race/ethnicity influencing access to medical care, among other explanations. 

However, these “complex interactions still have to be further analyzed.”75 
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Global increased exposure 
Globally, adults over the age of 65 experienced 3.1 billion more person-days of heatwave exposure 

annually in 2012-2021 than in 1986-2005.90 

 

United States increased exposure 
“In 2020, adults over the age of 65 experienced a total of nearly 300 million more days of heatwave 
exposure in the U.S. compared to the 1986-2005 average baseline, making it the second highest year of 

exposure recorded since 1986”1 

 

Air pollution and heat 
Growing evidence suggests that when air pollution levels are high, heatwaves are more deadly, 

especially for the elderly. 19 

 

Gender: Women 

“Heat is already a major global public health risk, and women are particularly vulnerable due to factors 

including their physiological differences, particularly during pregnancy, lower access to healthcare 

services, and greater vulnerability to gender-based violence. By 2050, even with the limited data 

currently available for heat morbidity and mortality, extreme heat could claim the lives of 204,000 

women annually across India, Nigeria, and the United States in hot years. Furthermore, heat creates a 

double burden for women, who are not only more physically susceptible to its effects than men but who 

also more frequently shoulder additional paid and unpaid care responsibilities associated with heat-

related illness.”91 In one study on heat-related mortality in Europe during summer 2022, there were 56% 

more heat deaths estimated for women compared to men.89 

 

Pregnant women overall risk 
Pregnant women have an increased risk of death or injury from exposure to excess heat,19,34,92,98 and are 

more vulnerable “to psychological stress and exacerbated illness,” from exposure to hot weather.19 

Pregnant women […] are not able to regulate body temperature as efficiently as non-pregnant 

individuals due to the physiological changes they undergo during gestation.73 Heat exposure can alter 

blood flow in the placenta, which can weaken the placenta and lead to complications.73 And high heat 

can lead to other pregnancy complications, such as hypertension, preeclampsia and prolonged 

premature rupture of membranes.”73 

 

Pregnancy and birth outcomes overall risk 

• Extreme heat adversely impacts birth outcomes through effects including “changes in length of 
gestation, birth weight, still birth, and neonatal stress.”19  

• “Pregnant women […] are not able to regulate body temperature as efficiently as non-pregnant 

individuals due to the physiological changes they undergo during gestation. Heat exposure can 

alter blood flow in the placenta, which can weaken the placenta and lead to complications. And 

high heat can lead to other pregnancy complications, such as hypertension, preeclampsia and 

prolonged premature rupture of membranes.”73 

• “Emerging epidemiological evidence indicates that increased temperatures may be associated 
with multiple birth outcomes such as increased risk of low birthweight, stillbirth and preterm 
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birth.”70 The association between heat exposure during pregnancy and risk of pre-term birth can 

be explained through several biological mechanisms. Possible biological pathways include 

increased secretion of hormones (e.g., oxytocin, prostaglandin, antidiuretic hormone) under 

heat stress, decreased uterine activity, and heat-related dehydration, which could reduce 

maternal fluid level, uterine blood flow and induce preterm birth.”71  

• However, with the right combination of cooling infrastructure and social welfare policies in 

place, the impact of heat exposure on pre-term birth could be minimized.70 For example, despite 

most medical research suggesting a positive association between extreme heat exposure and 

pre-term birth, a study of 550,000+ child births between 2014 and 2019 in Sweden found no 

statistically significant relationship between the two variables.70 The authors suggest the lack of 

a statistically robust relationship could be explained by the high quality and accessibility of ante-

natal care combined with the above average standard of housing in Sweden which is both well 

insulated as well as includes cooling infrastructure such as AC’s and fans.70 

• “A lack of globally consistent definitions and criteria for heat exposure limits researcher and 

practitioner ability to provide guidance on which heat conditions are dangerous for pregnant 

individuals and neonates” however, “midwives and other health care providers are critical in 
modifying patient response to elevated heat and can advise on reducing and mediating heat 

risks to pregnant individuals and neonates.”92 

 

United States heat exposure and hospitalization (racial disparities) 
Exposure to temperatures of 90°F or above in historically cooler counties of the United States increases 

the likelihood of an emergency or urgent hospitalization during pregnancy by 5.1%35 An additional day of 

extreme heat exposure during pregnancy raises the likelihood that a mother in the United States is 

hospitalized for emergency and urgent reasons by 2.2%, with black women hospitalized at higher rates 

(see Wider Social Impacts > Racial Inequality).35 Exposure to extreme heat during the second or third 

trimester of pregnancy increases the likelihood of hospitalization by 4.8%.36  

 

United States heat exposure and delivery outcomes (racial disparities) 

• Heat exposure during pregnancy leads to worse health outcomes at delivery— an additional day 

of extreme heat exposure during the first trimester raises the likelihood of a complication at 

childbirth by 1%, and exposure in the third trimester raises the likelihood of a hypertension 

diagnosis at childbirth (a life-threatening complication) by 2.9%.36  

• One study of spring-fall pregnancies between 1999-2006 in California found that “high ambient 
temperature was significantly associated with preterm birth for all mothers, regardless of 

maternal racial/ethnic group, maternal age, maternal education, or sex of the infant,” and that a 
10°F increase in weekly average temperature was associated with an 8.6% increase in preterm 

delivery, with younger mothers, black mothers, and Asian mothers experiencing higher 

associations.37 Contrary to previous research, the study found that extreme heat had statistically 

significant associations with pre-term delivery independent of air pollutant levels.37 

• Exposure to extreme heat is associated with an increase in the risk of stillbirth for pregnant 

women, with a U.S. study published in the Environmental Health journal assessing pregnant 

mothers across 6 U.S. states—California, Florida, Georgia, Kansas, New Jersey and Oregon—
from 1990 until 2017 finding that across all 6 states over the studied time period “four 
consecutive hot days during the previous week was associated with a 3% increase in stillbirth 

risk, and a 1 °C average increase over the threshold [county specific 97.5th percentile 

temperature] was associated with a 10% increase in stillbirth risk.”69  
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• A study of 540,000+ births between peak heat months of May-September 2003-2014 in North 

Carolina estimated that “higher heat exposure during the last week before delivery was 

significantly associated with higher risk of preterm birth.”71 Further, the authors noted that “the 
highest association between heat exposure during the last week of gestation and the risk of pre-

term birth was found in mothers living in areas with low greenness and low socio-economic 

status”71 Notably, despite utilizing 3 different definitions for heatwaves (≥ 2 consecutive days 
with daily individual-level mean temperature at or above the 95th, 97th, or 99th percentile 

warm season mean temperature), the study did not find any statistically significant association 

between exposure to heatwaves during last week of gestation and pre-term birth. The authors 

suggest this could be explained by the use of early warning systems, adaptation strategies like 

AC, or pregnant women taking more protective measures during heatwaves than times of 

moderate temperature.71 

• Heat exposure at night versus the day had differential impacts on birth outcomes in a study of 

pregnant mothers in North Carolina between 2011-2015 found that “extreme heat at night 
generally posed a greater hazard than extreme heat in the day.72 In the Mountain counties, the 

risk of a woman experiencing preterm labor jumped by 6% when overnight low temperatures 

reached the range of 74-75°Fahrenheit”73 Across both day and nighttime and geographic 

regions, rising temperatures were associated with higher risk of pre-term birth.72 

• A study of 2.7 million inpatient records of pregnant mothers and infants in 3 U.S. States with 

varying climates—Washington, New York, and Arizona—estimated that “each additional day 
with heat that is at least 3 [standard deviations]—or substantially higher than the historic 

county-month average—during the second trimester of pregnancy increases the likelihood that 

a newborn is diagnosed with dehydration by .008 percentage points.” The researchers noted 
that this finding is particularly stark given dehydration is one of the leading causes of morbidity 

and mortality in children.73 
 

Infants and Children 

Overall 
Young children are especially vulnerable to physiological stress, exacerbated illness, and increased risk 

of death from exposure to high temperatures and heatwaves, including higher risk of sudden death 

among infants and children under the age of 5 and increased diarrheal diseases.1,14,19,34,36, 57,98 Infants 

and children are more vulnerable to “to psychological stress exacerbated illness, and an increased risk of 
death from exposure to hot weather.”19 “Newborns are also highly susceptible to heat-related morbidity 

and mortality, such as that caused by malarial febrile seizures.” 19 Even on days that are not extremely 

hot, a significant proportion of illness was attributable to heat in a study of 3.8 million U.S. pediatric 

emergency department visits.57  

 

Why are children more at risk? 
Children can be particularly at risk from extreme heat “because they are often dependent on adults and 
others to make the decisions about their exposure and wellbeing. They may not recognize risks, have 

access to water, can be locked in dangerously hot cars, or may not recognize that they are hot and know 

to take cooling measures.” 19 They also have physiologic differences in thermoregulatory capacity.57  
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Emergency Department Visits  
“Temperatures above the minimum morbidity temperature [days that are not necessarily extremely 

hot] accounted for an estimated 11.8% of warm season emergency department visits for any cause and 

31.0% of emergency department visits for heat-related illnesses” in a sample of 3.8 million emergency 
department visits of children under the age of 18 in 47 U.S. children’s hospitals.57 Extreme heat was 

associated with a relative risk of all-cause emergency department visits of 1.17 relative to hospital-

specific minimum morbidity temperature.57 For heat-related illness, associations were more 

pronounced; the relative risk of emergency department visits from dehydration and electrolyte 

disorders was 1.83, 1.35 for bacterial enteritis, and 1.30 for ear inflammations/infections.57  

 

Increased exposure 
Between 2012-2021, children younger than 1 year of age were affected by 600 million more person-days 

of heatwave exposure annually compared to the 1986-2005 average.90 Compared to the 1986-2005 

average baseline, “infants under one year experienced a total of nearly 22 million more days of 
heatwave exposure in 2020.”1 

 

Exposure during gestation effects 
An additional day with extreme heat exposure “during the second trimester increases the likelihood of a 
newborn being diagnosed with dehydration by 31%” and “increases the probability that the infant is 

readmitted to the hospital within the first year of life by 3.4%.”36 

 

Inequality 
“Days of extreme heat were more strongly associated with emergency department visits for all causes 
among children who belonged to minority racial groups (relative risk=1.21) vs. White children (relative 

risk =1.12) and in children with public health insurance or other/unknown insurance than in children 

with private insurance” in a study of 3.8 million emergency department visits of children under the age 
of 18 in the U.S.57 

 

Malnutrition  
Heat exposure exacerbates infant malnutrition.74 A study of 5 west African countries—Benin, Burkina 

Faso, Cote d’Ivoire, Ghana and Togo—estimates that a “2°C rise in temperature increases the prevalence 
of stunting by 7.4 percentage points [among infants aged 3-36 months]”74 Heat exposure was found to 

be associated with reduced protein consumption among infants in the 5 west African countries; this 

relationship could be explained by decreased milk or egg production as a result of increased livestock 

mortality, reduced agricultural income impacting food availability in the household, or reduced food 

consumption due to illness during extended exposure to extreme heat.74 “Extreme heat may also stunt 
child growth through reduced agricultural production as well as through increasing the risk of infectious 

disease (because microbes tend to thrive in warm environments) or through direct, physiological effects 

on child health.”74 
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Urban Residents 

Overall 
Populations in urban environments are particularly at risk from extreme heat and heat stress.1,14,19 “Due 
to the urban heat island effect, populations in urban environments often face magnif[ied] exposures to 

heat stress, on top of other conditions of vulnerability such as poor housing in informal urban 

settlements.”19  People living, working, or studying in buildings (including homes, hospitals, schools, and 

prisons) that are not suitable for extreme heat are also at greater risk of heat injury.19 

 

Air pollution + heat effects 
The combined effect of heat and air pollution puts people exposed to high levels of air pollution at 

greater risk,19 and urban residents are more often exposed to higher levels of air pollution than rural 

residents. 

 

Informal Settlements, Slums, Marginalized groups  

Overall 
“Policy failures continue to disproportionately expose specific groups to extreme heat, such as outdoor 
workers, incarcerated persons, people of color, historically redlined communities, and those living below 

the poverty line”1 in addition to those who are marginalized or under-resourced and that have little 

access to cooling or health care, further magnifying health and social inequities.14 

 

Women (India)  
A survey of women in slum communities in India identified socio-cultural factors as the main 

contributors exacerbating heat-risks faced by women.77 As a result of not having access to a toilet within 

their homes, “to avoid having to urinate during long days inside [during heatwaves], [women] may drink 

no water at all. In a heat wave, this significantly increases the risks of dehydration and death.”77 “Indoor 
cooking presents another hazard exacerbated by heat waves. Most of the windowless shacks that pass 

as households don’t have a separate kitchen. Cow dung cakes, or wood dust commonly used as fuel 
cause the indoors to be hot and smoke-filled. This makeshift cookstove exposure compounds the 

environmental summer heat.”77 Additionally, “Women’s clothes become a heat trap. A six-yard-long sari 

wrapped several times around the body with an inner petticoat and blouse is not comfortable to wear in 

the heat. It leaves little room for air circulation. Core body temperatures of the Indian women measured 

tend to be 1-2 degrees Celsius higher during summer noon times.”77 

 

Nairobi, Kenya 
“Temperature, humidity and heat index differ in several informal settlements, including in Kibera, the 

largest slum neighborhood in Africa, […] temperature and a thermal comfort index known colloquially as 

the heat index regularly exceed measurements at the Dagoretti observation station by [up to 3] degrees 

Celsius. These temperatures are within the range of temperatures previously associated with mortality 

increases of several percent in youth and elderly populations in informal settlements.”60 “Negative 

health effects have been seen in children and the elderly in Kibera at temperature thresholds as low as 

the 75th percentile [of the long-term temperature record], found to be 20°C, as measured at the Moi 

Airbase weather station in Nairobi. Mortality in age groups 0-4 and 50+ increased by 1% for every 1°C 

increase in mean daily temperature above 20°C.”60 
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Dhaka, Bangladesh 
A comprehensive 2021 FbF heat wave feasibility study led by the German Red Cross (GRC), the 

Bangladesh Red Crescent Society (BDRCS), the Red Cross Red Crescent Climate Centre (RCCC), 

the International Federation of Red Cross and Red Crescent Societies (IFRC), and the Bangladesh 

Meteorological Department (BMD) analyzed [historical] forecast data, studied the impact of heat waves 

on the city, identified the available sources of forecast and proposed thresholds, triggers and early 

actions for piloting anticipatory action.61 

 

Outdoor Workers, Indoor Workers Exposed to Heat 

Possible risks 
Outdoor and manual workers (whether indoor or outdoor) exposed to high temperatures are especially 

vulnerable to physiological stress, exacerbated illness, and increased risk of heat-related death.19,34  

 

“Workplace heat stress is a well-known occupational health hazard. Indoor and outdoor workers 

exposed to hot and humid conditions are at risk of heat-related illnesses, and long-term exposures can 

exacerbate underlying health conditions. Core temperature elevation and dehydration cause physical 

fatigue, irritability, lethargy, impaired judgment, vigilance decrement, and loss of dexterity, coordination 

and concentration, which can compromise occupational safety and lead to increased accidents.”19 

 

“Noncitizen and Latino migrant workers make up 50% and 75% of agricultural workers in the United 

States, respectively, [and] are about 20 times more likely to die from heat-related illnesses compared to 

other US-based workers.”80 

 

Outdoor Exercise 

High temperatures can make people want to exercise less, exercise less often, and for shorter periods of 

time.14 Over the last 40 years “the number of hours in which temperatures were too high for safe 
outdoor exercise” have increased, and people in low HDI countries lost an average of 3.7 hours of safe 

exercise per day in 2020 to heat.14 “Physical exercise provides mental health benefits and reduces the 
risk of cardiovascular disease, diabetes, cancer, cognitive decline, and all-cause mortality.”14 As higher 

temperatures reduce people’s desire and ability to exercise safely outdoors, as even limited physical 

activity in high temperatures can pose a health risk,14,34 the compounded risk of heat and lower exercise 

rates threatens the health of groups that are already highly vulnerable, like those with poorer mental 

health, chronic health conditions, and the elderly. 

 

 

Wider Social Impacts 
 

Gender: Women and Girls 
For a discussion of health impacts of heat on women and girls, see Health > Vulnerable Groups > 

Gender: Pregnant Women and Infants and Children.  
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Women-led Solutions  

Housing and Cool Roofs 
Mahila Housing SEWA Trust (MHT) works with women in Ahmedabad, India to “to organize and 

empower women in poor communities to improve their habitat.”  
 

Negative Impacts of Heat on Women and Girls  

“Preliminary analysis shows the accentuation of gender inequities as a result of weather events, 

including drought episodes driving spikes in child marriage for girls in almost all Asian countries 

analyzed” by the Lancet Countdown 2021 report.14   

 

Racial Inequality 
United States 

Race-based housing and heat 
People of color are more likely to live in poorer, hotter neighborhoods as a result of discriminatory race-

based housing practices and policies42 and be disadvantaged in access to cooling and heat health, 

resulting in a disproportionate risk of heat illness and death.39  

“In all but six of the 175 largest urbanized areas in the continental US, people of color endure much 
greater heat impacts in summer.”78 Even though low-income levels and race were closely tied factors to 

an individuals’ heat exposure due to an overlap in residential patterns of settlement, “in around half the 
cities, the average person of color faced higher summertime heat than people living below the poverty 

line” likely due to 20th century residential redlining.78 Black individuals in America are “exposed to an 
extra 3.12°C of heating, on average, living in urban neighborhoods, compared to an extra 1.47°C for 

white people”78 

 

Historical policies of redlining have been identified as a key contributor to Black communities’ 
heightened heat exposure with a study of 108 urban areas in the U.S. finding consistently higher 

temperatures in formerly redlined areas across 94% of the cities surveyed.79 Potential explanations for 

the higher concentration of surface urban heat island effects in these areas could be (a) the construction 

of public buildings (e.g. universities, public housing) out of cinder block and brick due to the low 

cost/value of the land, (b) construction of highways using heat-retaining, low cost, or (c) the lack of 

investment in tree canopy cover due to historic dis-investment.79 

 

Cooling access 
The cost of electricity, exacerbated by inequitable polices, is an additional barrier to access to 

mechanical cooling, such as air conditioners;1 “in the U.S., energy cost disparities are higher for Black 

and Latinx households compared to non-Hispanic white households, and a lack of access to affordable, 

renewable energy puts Black households at disproportionate risk” of heat stress.1 “Additionally, 
inequitable access to weatherized, energy efficient homes limits adaptability for low-income 

communities and people of color.”1  

 

Gender: Pregnant women 
Pregnant black women in the United States have more than double the risk of hospitalization from 

exposure to extreme temperatures than white women.35,41 One study found that an additional day of 

Wider Social Impacts 
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exposure to extreme heat during pregnancy increases the likelihood of prenatal hospitalization by 5% 

for non-Hispanic black mothers, but for non-Hispanic white mothers, the risk was 2.4%.35 Each additional 

day of extreme heat exposure during pregnancy is associated with an increase in Black women’s 
likelihood of hospitalization during pregnancy.73 

 

Learning Outcomes and Racial and Socioeconomic Inequality 
Global 

Cumulative learning and human capital accumulation 
There is evidence suggesting that heat-exposure on learning days causally influences cumulative 

learning rather than only momentary reductions in cognition or cognitive capacity globally, with heat 

driving lower standardized test scores in younger students, students in hotter climates, and racial and 

ethnic minorities within the Unites States.45 This is a “seemingly universal physiological channel through 
which heat affects human capital accumulation […] the universal physiological burden of heat reduces 
students’ capacity to learn and teachers’ capacity to teach, independent of intelligence or disposition. 
Hotter climates may thus interfere with economic development by reducing the human capital stock of 

nations, which implies that investments [and policies] aimed at protecting students from heat exposure 

may confer important economic benefits, particularly in hotter, poorer countries.”45  

 

Heat and human capital literature evolution (racial inequality) 
This research provides a more policy-relevant explanation of the observed associations between heat 

and human capital than older literature that is in some cases racially charged and argues that genetic or 

cultural factors are a driving factor of human capital differences between hotter and cooler countries.45  

 

Social cost of carbon 
The findings also suggests that current estimates of the social costs of carbon may be understated, as 

the costs of carbon are often modeled as non-accumulating reduction in GDP as opposed to direct, 

cumulative impacts on human capital.45 
 

Global impact of heat on rate of learning 
“The rate of learning decreases with an increase in the number of hot school days”, whereas heat during 
non-school days (summer vacation and weekends )has little effect, suggesting “that heat directly 
interferes with learning time.” 45  “[…] climatic differences may contribute to differences in educational 
achievement both across countries and within countries by socioeconomic status”45 “Both across and 
within countries, people living in hotter climates complete less formal schooling, score lower on 

standardized tests and exhibit worse economic outcomes than those living in cooler climates.”45  

 

Global, cumulative impacts of heat on education disparities 
“Even small marginal effects of heat on learning could result in large educational disparities over time. 
Students in Indonesia and Thailand, for instance, experience over 200 days above 26.7 °C (80 °F) per 

school year, compared with approximately 40 such days in the United States and South Korea. Causal 

estimates of the returns to schooling suggest that small changes in educational achievement can result 

in persistent differences in lifetime earnings potential”45 Students in school during hotter periods score 

worse on standardized tests than peers in the same country schooled in cooler periods, as “each 
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additional day above 26.7°C (80°F) during the 3 years preceding an exam lowered scores by 0.18% of a 

standard deviation.”45  

 

Socioeconomic disparities 
Both across the 58 countries studied and within the United States, “the marginal damage associated 
with hotter temperature appears to be larger for lower-income populations.”45 “Learning impacts of a 
hotter climate could result in large real consequences, especially given that students in many tropical 

economies regularly experience more than 100 such days per school year. Put differently, greater heat 

exposure during the school year may lead students in Brazil to learn 6% less than their South Korean 

counterparts per year, which, over time, might explain around one-third of the difference in their PISA 

performance.”45   

 

United States  

Overall 
“US analyses suggest that, even with relatively high levels of air conditioning, a school year with 30 

additional days above 26.7 °C reduces learning by approximately 2.1% of a standard deviation. This is 

large enough to offset the gains of reducing class sizes by approximately 3–4%, or to offset improving 

teacher quality by 20% of a standard deviation.”45 

 

United States socioeconomic and racial disparities in school  
For lower-income students, the effect of the same temperature event appears to be nearly three times 

larger.”45 “In the United States, heat’s effects appear to be larger for racial or ethnic minorities and 
students in lower-income school districts, who probably have less access to potentially compensatory 

resources.”45 “hot temperature affects disadvantaged students much more than advantaged ones. Heat 

has substantially larger impacts on the achievement of students in lower-income school districts [ in the 

United States, where each additional hot school day lowers achievement by 0.12%] and little 

[discernable] impact in higher-income districts.”45 “Each hot school day lowers the achievement of Black 
and Hispanic students by 0.10–0.12% of a standard deviation but has no statistically significant impact 

on non-Hispanic white students […] One week above 80 °F for the average Black or Hispanic student 

reduces learning by an amount equivalent to reducing teacher value added by 5–6% of a standard 

deviation.”45  

 

United States heat impacts on younger students 
“The effect of hot school days is also larger for younger students than for older students. Each additional 

such day lowers the achievement of third to fifth graders by 0.08–0.13% of a standard deviation but has 

a statistically insignificant impact on those in grades six to eight.”45 

 

Socio-Economic and Income Inequity 
Global  

Health services 
“Health services need robust plans in order to manage the potential disruption and increased demand 
during and following temperature extremes; their ability to respond influences population 

vulnerability.” 19  
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Social isolation and poverty 
“People who are socially isolated are more at risk from temperature extremes because they are less able 

to access community support and may also have additional health issues or other vulnerabilities.”19 The 

poor are also more vulnerable to “to psychological stress exacerbated illness, and an increased risk of 
death from exposure to hot weather.”19 
 

Access to cooling (mechanical (A/C) and nature based), energy poverty 
“Those with few economic resources may not have access to air conditioning or transportation to access 

cooling and may live in inadequate housing conditions making indoor temperatures excessively hot.”19 

“Energy poverty is one of the factors driving extreme heat vulnerability, with unemployed, low-income, 

African American and Hispanic/Latino residents disproportionately lacking thermal comfort in their 

homes (Hayden et al 2011, 2017, Baniassadi et al 2020, Bednar and Reames 2020).”76 “Impoverished 
districts and populations are usually the most vulnerable to heat, placing the negative impacts of excess 

warming disproportionately on those who are least likely to be able to afford or access thermal 

comfort.”15 For instance, the urban poor in 24 cities  expected to reach average summertime highs of at 

least 35°C (95°F) by 2050 in India remain the most vulnerable to heat  (Vijayawada 2018).15 “In the 
United States, immigrant workers––typically minimum-wage employees––are three times more likely to 

die from heat exposure than the average American (Fleming et al. 2018).”15 Additionally, people living in 

areas with less vegetation often have less wealth and a 5% higher risk of dying from heat-related causes, 

highlighting the correlation between green space, wealth, and heat-health risk  (Schinasi, Benmarhnia 

and De Roos 2018).15 

 

United States 

United States low-income housing  
See additionally Racial Inequality > United States > Race-based housing and heat  

 

Low-income neighborhoods are significantly hotter than middle- and high-income neighborhoods in the 

United States.39 People living in areas with poorly prepared or equipped health services, less access to 

cooling technology or infrastructure, the homeless, and low-wage earners are particularly susceptible to 

heat illness and death. 19,33 For example, during Arizona’s record-breaking heatwave in 2020, more than 

half of the individuals who died from heat related causes in Maricopa County were without housing, and 

Black and Indigenous people had the highest rates of deaths.1 “There is an increased likelihood that 

those who are poor and communities of color are more likely living in areas with fewer trees and poorer 

air quality” thereby resulting in greater heat exposure.79 

 

Food Security 
See Economic Impact > Agriculture and Food Security section for a connection to heat’s 
economic and other impacts on food sources.  
 

Increased warming’s impact on land-based food security 

“Food insecurity is increasing and has affected 2 billion people in 2019.”14 Increased warming will likely 

further exacerbate food insecurity, and will continue to disproportionally affect those already facing 

undernutrition.14 Higher temperatures lead to shorter growing seasons and crop yields in the absence of 
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adaptation, and with higher temperatures crop yields are continuing to decline, “adding additional 
pressure to already strained food systems around the world.”14 Globally, every 1°C of temperature 

increase was associated with a 1.4% increase in the likelihood of severe food insecurity in 2014 and a 

1.64% increase in food insecurity likelihood in 2019.14 The rate of agricultural productivity improvements 

has declined by 30-33% in the Caribbean, with heat affecting both airable land area and livestock 

productivity, which could further increase the food security gender gap.62 Latin America and the 

Caribbean face the largest gender gap in terms of food security globally.62 “Livestock is an important 
protein source in some small islands and is particularly vulnerable to changes in temperature through 

heat stress. Even with breeding practices that increase animal resilience to heat, an integrated approach 

to heat-stress adaptation will still be needed.”62 

 

Marine food sources 

About 3.3 billion people worldwide depend on marine food for their nutrition and livelihood, particularly 

costal populations in low-medium HDI countries, small island developing states, and indigenous 

people.14 In 2018-2020, the territorial waters of 95 countries showed increases in average sea surface 

temperature when compared with 2003-05 temperatures, “reflecting an increasing threat to their 
marine food productivity and marine food security.”14 

 

Gender: women and food insecurity 

Rural women are disproportionately affected by food insecurity “due to socially defined gender roles 

and less empowerment than men.”14 Food insecurity also “reinforce[s] their disadvantaged position 
through reduced educational attainment, income, and socioeconomic status.”14 

 

Violence and Crime 
Crime rates 

Heat exposure is linked with worsened mental health and increased crime.1,3 Rates of violent 

crime increase as temperatures rise, particularly in low-income neighborhoods, "primarily because hot 

weather increases mental stress and the number of people outside."3  Within countries, heat can 

aggravate “differences in urban quality of life between neighborhoods through [its] effect on crime,” 
and can particularly negatively impact individuals with mental illness, those living in sub-standard 

housing, and those who have limited access to cooling. 3 

 

Homicide rates and inequality 

A study of 57 countries found that on average, “each degree Celsius increase in annual temperatures is 
associated with a nearly 6% average increase in homicides.”4 Economic factors and pressures remain an 

important predictor of increased homicides, but the study also revealed that heat worsens crime rates 

unequally. While there were "no apparent effects in former Soviet countries, far stronger effects [were] 

found in Africa. Such variation indicates that climate change may acutely increase violence in areas that 

already are affected by higher levels of homicides and other social dislocations." 4 
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Wider Environmental Impacts 
 

Marine Heatwaves 
Biodiversity 

Marine heatwaves have been associated with “shifts in species ranges and local extinctions (Southward 
and Crisp, 1954; Garrabou et al., 2009; Wernberg et al., 2016)” along with “mass habitat loss (Wernberg 
et al., 2016), coral bleaching (Hughes et al., 2017), and mass seabird mortality (Jones et al., 2018).”47 

 

Economic Impact 

Marine heatwaves have been associated with “economic impacts on aquaculture (Oliver et al., 2017) 

and seafood industries through declines in important fishery species (Mills et al., 2013; Caputi et al., 

2016; Hobday et al., 2016).”47 The biological impacts of marine heat waves “disrupt dependent human 

systems (Mills et al., 2013; Frölicher and Laufkötter, 2018).”47 

 

Trends 

Analysis of historical data (Zhang et al., 2007; Oliver et al., 2018) show trends in MHW intensity and 

frequency as a result of anthropogenic climate change.47 

 

Loss of Biodiversity 
Extreme heat events drive species extinction 

Examining 538 plant and animal species, one study found that locations with local extinctions had larger 

and faster changes in their hottest yearly temperatures, or the maximum temperature reached locally, 

and significantly smaller changes in mean annual temperatures, suggesting that extreme heat events are 

important in causing species extinction.43  

 

Heatwaves disrupt ecosystems and drive species loss and die-off 

A 2018 analysis of a massive 2011 heatwave in Western Australia found that marine and land-based 

ecosystems were significantly disrupted following the heatwave. The effects spanned over 300,000 

square kilometers, about the size of California, and included species death and altered distributions, tree 

and terrestrial plant die-off, coral bleaching, seagrass and kelp loss [with 36% of seagrass meadows in 

Shark Bay damaged], a [60% population decline] for an endangered bird species, “plummeting breeding 
success in marine penguins, and outbreaks of terrestrial wood-boring insects.”44 Shrub and tree die-off 

was particularly high, with a 19% mortality rate after the heatwave, greatly exceeding usual forest die-

off.44  

 

 



 29 

Solutions 
 

Nature Based and Passive Cooling 
Green Infrastructure 

Benefits 
One of the most attractive and effective means of cooling cities is increasing vegetation. Access to urban 

green space cools locally and sequesters carbon, and there is growing evidence that urban green space 

aids human physical and mental health by “reducing exposure to air pollution, relieving stress, and 
increasing social interaction and physical activity, with overall improved general health outcomes and 

lower mortality risk.”14 

 

Return on investment 
“Globally, investing $100 million annually in street trees would give 77 million people a 1°C reduction in 
maximum temperatures on hot days (McDonald et al. 2016; McDonald et al. 2020).”15 Further, one 

report found that the maximum possible tree planting […] would reduce high temperature-related 

mortality by 2.4 percent to 5.6 percent, saving between 200 and 700 lives annually” among study 
cities.”95 

 

How green infrastructure cools 
“Tree canopies and vegetation can lower surface and air temperatures in urban areas through a 

combination of shading and evapotranspiration, helping to reduce peak summer temperatures by 1° to 

5°C (US EPA 2021).”15 US EPA 2021: “trees and vegetation lower surface and air temperatures by 
providing shade and through evapotranspiration. Shaded surfaces, for example, may be 20–45°F (11–
25°C) cooler than the peak temperatures of unshaded materials. Evapotranspiration, alone or in 

combination with shading, can help reduce peak summer temperatures by 2–9°F (1–5°C).”56 

 

Green infrastructure use increases 
Optimistically, urban greening has increased since 2010; globally in 2020, "27% of urban centers were 

classified as being moderately green or above (an increase from 14% in 2010).”14  

 

Global socioeconomic disparities in green infrastructure access and use 
Disparities between high and low HDI groups are still existent, as only 17% of urban centers in low HDI 

countries were at least moderately green, while 39% of urban centers in very high HDI countries were at 

least moderately green.14  

 

A word of caution, important considerations 
“Urban green spaces should be carefully designed and managed to conserve biodiversity, ensure they do 
not provide habitats and breeding sites for vectors of human diseases, or contribute to social 

inequities.”14 
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Blue Infrastructure 

How blue infrastructure works 
Bodies of water can act as heat sinks, cooling the surrounding air, and helping to reduce local and 

ambient temperature.15 “The cooling effect increases as the area of water increases, allowing cooling up 
to one kilometer away.”15  

 

Case study, Seoul, South Korea 
 “In Seoul, an effort to restore the Cheonggyecheon stream that runs through the city replaced 5.8 
kilometers of elevated expressway that covered the stream with a mixed-use waterfront corridor. […] 
The project increased green space (and made existing blue space usable), wind speed, biodiversity, 

pedestrian use, public transit use, tourism, property values and business growth. It decreased 

temperature 3.3°C to 5.9°C compared to a parallel road a few blocks away, as well as reducing air 

pollution, noise and car traffic (Wicht, Wicht and Osińska-Skotak 2017; Landscape Performance Series 

n.d.).”15  

 

Case study, step wells in India 
“In India, step wells provide cooling at different levels plus shaded spaces for recreation. A descending 
staircase from ground level allows access to the well, even as the water level fluctuates (Zagyi 2013).”15 

 

A word of caution, important considerations 
“An important caution about water is that standing water can increase vector-borne diseases by 

providing breeding grounds for vectors like mosquitoes. Holistic measures such as integrated vector 

management are critical, and they are largely compatible with cooling goals. Flowing water is less 

hospitable for breeding, so restoring natural bodies of water and adding aeration in constructed ones 

can mitigate disease risk (Eder et al. 2018; WHO n.d.b).”15 

 

Passive Cooling  
Urban Form and Planning 

Overall 
“Passive cooling strategies have been proven to achieve a reduction in cooling loads of more than 25 per 
cent, even in very hot climates (ESMAP 2020b)”15   

 

Land-use Planning 
“Land-use planning and design control is generally the biggest lever for a developing city to proactively 

plan for mitigating future challenges related to the urban heat island effect. Appropriate changes to land 

use and design controls that prioritize green space and green infrastructure, and promote water-

sensitive urban design, will help change the way that buildings and communities are constructed and 

designed. Land use and building design controls must be adjusted at several different scales – at the city, 

district and neighborhood level – in order to maximize effectiveness and ensure that the density and 

form of new development is appropriate for future climate conditions.”15   

 

Solutions 



 31 

Cool and Reflective Surfaces 

How reflective surfaces work 
Reflective urban surfaces reduce the quantity of heat that radiates from the earth’s surface and gets 
trapped in the air because they have a higher solar reflectance, or albedo, than non-reflective surfaces.15 

The fraction of sunlight reflected back into space is determined by solar reflectance/albedo.15  

 

Reflective rooftops 
“when sunlight hits a dark-colored roof, 38 per cent of its energy heats the atmosphere, 52 per cent 

heats the city air, and only 5 per cent is reflected back; in comparison, when sunlight hits a light-colored 

reflective roof, 10 per cent heats the atmosphere, 8 per cent heats the city air, and 80 per cent is 

reflected (Global Cool Cities Alliance 2012).”15 A 2009 analysis found that increasing the albedo of roofs 

by 25% and pavements by 15% would result in urban areas’ net albedo increasing by 1%.30 This 1% 

increase in net albedo, on a global basis, would be “equivalent to offsetting about 44 [gigatons] of CO2 
emissions” in one fell swoop.30 This is greater than the world-wide CO2 emissions for 2019 (over 33.6 

gigatons of CO2)29 and the projected world-wide CO2 emissions for 2025 (37 gigatons of CO2).15    

 

Case studies: Birmingham and West Midlands region, United Kingdom (UK) 
A series of studies examined the effect of cool roofs on mortality in Birmingham and the West Midlands 

region.14 The initial urban heat island effect in the region was on average around 3°C during summer and 

up to 9°C during heatwaves. The excess heat resulting from the urban heat island was estimated to 

contribute to approximately 40% of heat-related deaths during summer seasons and up to 50% during 

heatwaves; the most underserved populations groups were particularly exposed to urban heat.14 Cool 

roofs had an overwhelmingly positive effect in both warm and cold temperatures. They could reduce 

maximum daytime air temperatures by 0.5°C on average and up to 3°C during heatwaves.14 This cooling 

has the potential to reduce heat-related mortality due to the UHI effect  by 18% during a summer 

season and 25% during a heatwave.14 

 

Permeable Surfaces 

Overall 
“Permeable surfaces in urban areas facilitates evaporative cooling and also reduces the need for storm 

run-off infrastructure. This can be achieved by using porous or permeable paved surfaces and by 

increasing vegetated cover.”15 “While permeable pavements have been used for stormwater 
management, they also contribute to cooling as the moisture they contain evaporates and reduces air 

temperature.”15   

 

Cooling potential 
“It seems that these technologies have a role to play in stormwater management, but their cooling 
applications may be more limited, e.g., flood-prone parking lots or off-street walking paths. Otherwise, 

green infrastructure and shading structures can provide desired cooling benefits.”15 

 

A word of caution, important considerations 
“Permeable pavements work in low-traffic areas where stormwater management would be helpful. It is 

important to make sure permeable pavements are sited so they do not pick up high pollutant loads or 
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release the water they collect directly into natural water bodies. Permeable pavements do not provide 

cooling benefits when they are dry.  

 

Cost and maintenance 
Permeable pavements have a cost premium and require regular maintenance. The Energy Sector 

Management Assistance Program recommends that “cities...work with the private sector and others to 
demonstrate the local performance and capacity of permeable pavements and to send a signal to the 

market” (ESMAP 2020a). 
 

Energy Efficient and Thermally Efficient Buildings 

Key Principles  
“Key principles of passive cooling that help reduce mechanical cooling loads in buildings include: 
climate-appropriate building orientation; appropriate materials and design features in the building 

envelope – including insulation, windows and shading – to minimize heat gain due to thermal 

transmittance; natural ventilation (where temperature, humidity and air quality allow); and thermal 

mass to stabilize interior temperatures. […] Passive design strategies should be utilized and optimized 

based on the climate condition for a region.”15 “Some passive cooling strategies that are particularly 
suited to existing buildings include installing high-performance windows, adding insulation, adding 

shading devices and implementing cool roofs.”15 

 

Active Cooling: Air Conditioning (A/C)  
For a discussion of social factors, growing A/C consumption, and inequitable access, go to 
Trends > Heat, Energy and Cooling Inequity > A/C Cooling. For the economic impact of cooling 
on households, local, national, and global economies see Economic Impact > Heat Mitigation via 
A/C and Other Cooling.  
 

Overall 

While A/C is offers protection from life-threatening exposure to extreme heat and is an important 

cooling strategy, as a primary health protective strategy from extreme heat, it is insufficient and risks 

exacerbating the problem it aims to solve by contributing to climate change, the intensification of the 

urban heat island effect, contributing to peak electricity demand, associated greenhouse gas emissions, 

and urban air pollution.1,14,15,90 “More air conditioning alone – as is the market default response – to 

combat oppressive city heat is not a sustainable solution. It only makes matters worse for the city as a 

collective whole. Instead, the urban cooling challenge has to be addressed sustainably and systemically – 

with parallel efforts to minimize sensible heat in cities, facilitate natural cooling to the fullest extent 

possible, and serve mechanical cooling requirements with the lowest possible environmental 

footprint.”15 In summary, “A/C is a vital but flawed health protection, as it contributes to [greenhouse 

gas] emissions and air pollution.”1   

 

Benefits 

Effect on mortality 
“Indoor cooling is an effective strategy for preventing heat related mortality.”14 In 2019, air conditioning 

prevented an estimated 195,400 heat related deaths globally among those over the age of 65,14 and 

Solutions 



 33 

averted an estimated 48,000 heat related deaths in the United States among people over the age of 65.1 

In 2019 “air conditioning averted an estimated 69,500 deaths in China (where 72,000 deaths attributable 

to heat exposure are estimated to have occurred in 2019 and 65% of households had air conditioning), 

47,800 in the [United States] (where 20,500 deaths are estimated to have occurred and 92% of 

households had air conditioning), 30,400 in Japan (where 12,400 deaths are estimated to have occurred 

and 93% of households had air conditioning), but only 2,400 in India (where 46,600 deaths are 

estimated to have occurred and 6% of households had air conditioning). These figures show the power 

of indoor cooling to prevent death and the inequities in access to indoor cooling across countries.”14 

 

Drawbacks 

Greenhouse gas emissions 
“Space cooling is one of the fastest growing causes of greenhouse gas emissions, further intensifying 

urban heat.”15 “Between 2000 and 2019, the global proportion of households with air conditioning rose 
57% and CO2 emissions from air conditioning use rose 61%”14 If today’s cooling practices continue and 
remain largely dependent on fossil fuel-powered grids, “ the projected increase in global electricity 
consumption for space cooling will result in 18 per cent of the total increase in global carbon dioxide 

(CO2) emissions between 2016 and 2050 (IEA 2018). Peak loads, which are often disproportionately 

served by fossil fuel-based generation, further exacerbate the power sector emissions associated with 

cooling. Despite the grid’s declining emissions intensity due to ongoing clean energy efforts, an analysis 
by the International Energy Agency shows that the global annual indirect emissions associated with 

space cooling will almost double, from 1,135 million tons in 2016 to 2,070 million tons in 20502. This 

doubling does not even take into account the direct emissions originating from many common 

refrigerants used in air-conditioning systems. […the estimated] cumulative emissions for air conditioning 
our residential buildings alone (not factoring in the commercial buildings) could result in up to 0.5°C of 

global warming by 2100 (Sachar, Campbell and Kalanki 2018).”15 

 

Fossil-fuel dependency, air pollution, mortality 
Because the energy for A/C is currently largely derived from burning fossil fuels, globally, in 2019, “an 
estimated 21,000 deaths were attributable to exposure to PM2·5 from fossil-fuel powered electricity 

used for air conditioning,”14 and “the use of A/C contributed to an estimated 500 additional deaths [in 
the United States] from air pollution exposure and worsened climate change by emitting over 260 

megatons of carbon dioxide.”1  Furthermore, A/C leaks hydrofluorocarbons, that act as potent 

greenhouse gases and contribute to urban air pollution.14  

 

Challenges 

Energy use and grid infrastructure 
The energy demands necessary to meet increased A/C projections are staggering, and the “rising use of 
air conditioners results in additions to grid infrastructure as well as increased greenhouse gas emissions 

and waste heat expelled into the environment. This further exacerbates the urban heat island effect, 

perpetuating a vicious cycle where mechanical cooling is further warming our cities – necessitating even 

more cooling – and disproportionately impacting those who lack adequate financial resources to 

procure mechanical cooling solutions.”15  

 

Around the world, A/C can be unreliable due to power outages1,15 which it can contribute to by 

significantly increasing peak electricity demand, thus raising the risk of electrical grid failure.15 
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Additionally, when high heat coincides with other natural disasters that can lead to electrical grid 

failures, A/C and mechanical cooling methods become useless without power, and risk of heat injury 

rises.15  To meet anticipated cooling needs, “under a business-as-usual scenario, the energy requirement 

for space cooling is predicted to jump 300 per cent – from 2,020 terawatt-hours (TWh) in 2016 to 6,200 

TWh in 2050. This is almost equivalent to the electricity consumption of the United States and 

Europe/Japan combined.”15  

 

Additionally, as temperatures rise, more electricity is needed to power cooling equipment and offset 

reduced electrical efficiency.3,15 By 2050, cooling is expected to account for over 40% of peak electrical 

load in developing economies such as India and Indonesia3, and “it is estimated that “by 2050, space 
cooling will account for an estimated 30-50 per cent of the peak electricity load in many countries 

(versus a global average of around 15 per cent today), with the biggest increase occurring in India 

(International Energy Agency [IEA] 2018).”15 In some of the local grids serving large metropolitan areas 

around the world, it is anticipated that by 2050 the cooling load will exceed 50 percent of the total peak 

demand.15 

 

In historically cooler regions of the United States, 30-56% of households lack air conditioning.1 Even 

when buildings have A/C, heat-related injury and death is still possible. In 2020, over 80% of people who 

died a heat-related death indoors in the United States “had an A/C unit present within their building, but 

two-thirds of the units were not functioning, and one-third were not running.”1 “1.12 billion people 
among the rural and urban poor are considered to be at high risk due to a lack of access to cooling” 
where high risk indicates “no access to electricity, income below poverty line, poor ventilations and 

construction, no access to refrigeration for food, farmers lack access to cold chains, and vaccines 

exposed to high temperature.”97  

 

Additionally, “2.9 billion lower-middle-income people are at medium risk of a lack of access to cooling, 

[which is] an increase of approximately 11 million people [since 2022]”—medium risk indicates “access 
to electricity, lower income levels, ability to run a fan, buildings constructed to lower standards, food is 

refrigerated, farmers only have access to intermittently reliable cold chains, and vaccines may have 

exposure to occasional high temperatures.”97 Mozambique, Nigeria, Sudan, India, Bangladesh, Pakistan, 

Brazil, Indonesia, and China are included in the Chilling Prospects 2023 analysis’s ‘Critical 9’ based on 
proportion of people at high risk.97 

 

Increased use and need for thermal comfort 
“Increased purchasing power will provide increased access to cooling; as a result, many lower- and 

middle-income families around the world will be able to purchase their first air conditioner to combat 

the rising temperatures. Such purchases will not only have significant implications for growing energy 

demand and associated greenhouse gas emissions but will also add dramatically to the waste (rejected) 

heat in urban areas, further compounding the problem.”15 

 

Opportunities for Better Active Cooling 

Replacing today’s space cooling equipment stock (1.6 billion residential and commercial air-conditioning 

units) with already commercially available, higher-efficiency air conditioning units, in conjunction with 

cost effective building improvements, would reduce today’s space cooling energy use by about 58% or 

1,177 terawatt hours.15 It would also eliminate “more than half (540 million tons CO2) of the current 
total indirect emissions (1,135 million tons CO2) from space cooling operations” (RMI) and result in 
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substantially lower use of refrigerants, reducing their direct emissions (ESMAP 2020b).15 There is a wide 

range of solutions for increasing the energy efficiency of cooling and electrical systems (pg. 20-21) that 

would lead to greater health and productivity, power system, environmental, and economic benefits 

(pg. 22-23).15 

 

Financing and Investment  
Women-led credit and loans  

Home cooling  
The women-led credit cooperative Mahila Housing SEWA Trust is providing loans to low-income women 

to upgrade their tin roofs to cool modular roofs that have been found to reduce indoor temperatures by 

7-9°F during the summers.82 “Made from recycled coconut husks and paper waste, removable and 
waterproof ModRoofs are safer replacements for leak-prone roofs made with asbestos or corrugated 

tin—building materials common across India’s slums.”82 “In addition to providing loans to more than 500 
women for the installation of ModRoofs, MHT, together with NRDC, promotes a more cost-effective and 

scalable cool roof strategy of painting existing roofs with solar-reflective paint.”82 “Women in these 
communities play critical roles in building climate resilience by monitoring weather forecasts, working 

closely with government officials, and educating their neighbors about the dangers of extreme heat.”82 

 

Adaptation Finance Gap  

Latin America and Caribbean  
A lack of financing is a fundamental limit to adaptation in small Caribbean islands States. Latin America 

and Caribbean States received just 7% of public adaptation finance and grants according to data from 

OECD (2020).62 Overall, Latin America and the Caribbean, for the period 2015–2016, obtained 22% of 

climate finance from multilateral climate funds but most (76%) went to mitigation projects, according to 

UNFCCC.62 “Latin America and the Caribbean, for the period 2015–2016, obtained 22% of climate 

finance from multilateral climate funds. 76% went to mitigation projects with the remaining 24% going 

to adaptation, according to UNFCCC.”62 

 

Financial Flows 

Latin America and Caribbean  
“In the Caribbean, 38% of flows were concessional loans and 62% were grants; the situation in the 

Atlantic and Indian Oceans is starkly different—nearly 75% of the flows were in the form of concessional 

loans and grants accounted for the remaining 25%. This raises questions about fairness and justice for 

small islands having to finance adaptation to climate impacts to which they have made a negligible 

contribution. Direct budget support was rare, signaling the importance of works such as Rambarran 

(2018) that support cross-regional lesson-learning by, for example, showcasing the experience of 

Seychelles with successfully devising innovative financing mechanisms for supporting adaptation and 

conservation goals, and reducing its public debt.”62 “Latin America & Caribbean has the highest 

proportion of non-concessional debt (48%).62 
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Insurance and Reinsurance  
Addressing the Protection Gap 

“In what is known as the protection gap, some 70% of global losses from natural catastrophes are not 

insured, equating to $1.3 trillion over the past 10 years. In 2017 alone, uninsured losses for weather-

related disasters were estimated to be around $180 billion.”86 

 

Insurance can provide a “flow of capital to support communities and infrastructure to recover from 

disasters. Without adequate insurance, the burden of paying for losses falls largely on individual citizens, 

governments or aid organizations, with significant impact upon already straining government budgets, 

and economic and social hardship for those affected [...] Countries with high insurance cover recover 

faster from disasters, and increasingly, governments are recognizing the role and benefits of insurance 

in transferring risk from disasters.” Additionally, “insurance contributes to the wider understanding of 
climate-change risks and helps promote measures that individuals and communities can use to improve 

their protection from climate-change-driven disasters.”85 “Insurance is just one piece of the larger 

climate adaptation finance strategy.  

 

Some recommendations to maximize the benefits of insurance for climate adaptation include investing 

in open-source models that provide long-term views of climate risk and links to insurance solutions. 

Additionally, the Centre for Disaster Protection suggests to, “Put climate-risk models at the heart of 

national adaptation strategies […] Develop consistent climate adaptation regulations and standards 

across countries […] Foster insurance innovations that can respond to a changing climate risk landscape 

[…] Strengthen dialogue between policymakers and insurers […and] Promote and invest in risk literacy 

throughout society.”85 

 

Latin America and the Caribbean  

“Solutions to financing barriers are being explored and some small islands have started adopting 

enablers such as insurance and microfinance at both the national and local levels in responding to 

adaptation needs and to facilitate resiliency building.”62 CCRIF is one such actor leading on weather 

catastrophe insurance approaches.64 In most Latin American and Caribbean countries, the public sector 

plays an important role in providing insurance or reinsurance and coexists with private sector companies 

(IPCC, 2022).62 

 

Africa 

Individual and Household Protection Gap 
“[T]here is much scope to increase the contribution of the insurance sector towards improving individual 

and household welfare, building business resilience and developing the demand and supply of capital in 

the economy, thereby promoting the role of the insurance sector in broader economic development.”87 

When considering the insurance household gap, their study found that, “Fifty-one percent (51%) of 

adults across the four countries indicated that they faced a risk-event within the last year, but only 1% 

used insurance and over 20% turned to welfare-reducing strategies, such as selling assets or reducing 

expenditure, to cope with the impact of the shocks. Outside of state-provided health insurance, only 4.1 

million adults – about two percent of the total adult population – in the study countries are covered by 

insurance. Yet 5.3 million adults across the four countries [Ghana, Kenya, Nigeria, Rwanda] are within 
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easy reach as they have a bank account, mobile phone, are formally employed and earn the equivalent 

of USD$5 or more a day.”87 

 

Business Protection Gap 
 “While corporate insurance is the mainstay of the insurance sector in all four countries [Ghana, Kenya, 
Nigeria, Rwanda], SME cover remains low to absent due to distribution challenges in reaching small 

businesses, a lack of a sector value chain appreciation among insurers and a mismatch between the 

product offering and the tailored needs of SMEs. Complex, large corporate risks are often carried 

offshore and, where localization requirements are in place to onshore some of these risks, inefficiencies 

and concerning market practices are observed. The focus has also not shifted from risk transfer to a 

proactive risk management role for corporate insurance in any of the countries. More broadly, disaster 

risk management for resilient cities and communities is not yet entrenched as a major consideration in 

the insurance discourse.”87 

 

“In none of the four study countries [Ghana, Kenya, Nigeria, Rwanda] is the insurance sector large 

enough to play a substantial role in building demand and supply of capital. The combined size of 

insurance assets across all four was less than USD10 billion in 2016, ranging from 0.8% to 7.7% of GDP. A 

reliance on shorter term non-life rather than life insurance for the bulk of premium volumes leads to 

largely short-term assets and liabilities, with limited need for long-term investments. This is exacerbated 

by a limited supply of long-term investment instruments.”87 

 

“All four countries [Ghana, Kenya, Nigeria, Rwanda] face structural innovation constraints. While each 

country’s insurance sector and context are unique, a dearth of good quality data, skills and capacity 
constraints, inefficiencies, cannibalistic competition on the back of compulsory insurance and various 

enabling environment constraints drive alarmingly high-cost structures (with one in three insurers 

across the four countries having expense ratios of over 80%) and a general lack of innovation.”87 

 

 

Governance and Policy  
Policy 
Building codes and energy performance standards 

“Mandatory or voluntary building energy codes are the means to drive passive cooling strategies in 
buildings. Code adoption is commonplace in developed economies such as the European Union and the 

United States, and the cumulative positive outcomes are well acknowledged. For example, the model 

energy codes in the United States are projected to result in cumulative benefits, from 2010 to 2040, of 

841 million metric tons of avoided CO2 emissions and 3,757 TWh of avoided primary energy. These 

savings equate to the annual emissions of 177 million passenger vehicles or 245 coal power plants (US 

DOE, n.d.).”15 Other sources also argue that strong, enforced codes mandating energy-efficient buildings 

and stringent minimum energy performance standards for air conditioners, in addition to a return to 

traditional tropical and subtropical building designs, use of fans in climate zones where they provide 

effective cooling, cool roofs, and increased urban green space are essential.14 In developing countries, 

there is low adoption and implementation of building energy codes, primarily due to a number of 

implementation and enforcement barriers resulting from factors including “institutional challenges, 
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regulatory challenges, lack of enabling mechanisms to create and sustain markets, low stakeholder 

motivation due to split incentives, and lack of awareness and capacities.”15  

 

Enhanced Electrical Grid Resilience 

The “concurrence of electrical grid failure events in time with extreme temperatures [compounds] 

population health risks of extreme weather episodes.”96 A study including three major U.S. cities found 

“the concurrence of a multiday blackout event with heat wave conditions to more than double the 
estimated rate of heat-related mortality across all three cities, and to require medical attention for 

between 3% (Atlanta) and more than 50% (Phoenix) of the total urban population in present and future 

time periods.”96 These results indicate a need for enhanced electrical grid resilience and implementation 

of other strategies such as improved tree canopy cover and high albedo roofing in preparation for 

anticipated electrical grid failure events.96 

 

Green building programs 
Voluntary green building programs, such as US Green Building Council's (USGBC) Leadership in Energy 

and Environmental Design (LEED) Green Building Rating System and BREEAM (Building Research 

Establishment Environmental Assessment Method) promote energy and thermally efficient building 

design.15 

 

Barriers 

“The key barriers to holistic and sustainable urban cooling practices can be distilled into the following 

five: 1) lack of awareness, 2) lack of supportive policies and regulation, 3) financial barriers, 4) limited 

institutional capacities and 5) complexity of the solution set.”15 More detail on pg. 24-28.15 

Implementation of a national health and climate change plan was a challenge for countries from all HDI 

levels in 2020 due to insufficient human resource capacity, COVID-19 related constraints, insufficient 

research, technologies, or tools, and most importantly insufficient financing, with 10 countries reporting 

that they have “no current sources of funding available for the priorities set out in their strategies and 
plans.”14 

 

City Specific 

Overall 
The impacts of global climate change in cities will likely be amplified by the impacts of the urban heat 

island effect, however “local impacts can be limited by city-level adaptation polices, such as cool 

pavements, cool and green roofs and expanding vegetation in cities.”8 

 

Case-study: Cool Communities in Los Angeles 
 “A hypothetical “cool communities” program in Los Angeles projected – two decades ago – that urban 

temperatures could be reduced by around 3°C after planting 10 million trees, reroofing 5 million homes 

and painting one-quarter of the roads; the estimated cost would be $1 billion, giving estimated annual 

benefits of $170 million from reduced air-conditioning costs and $360 million in smog-related health 

savings – that is, a simple payback period of under two years (Rosenfeld et al. 1997). While the 

theoretical knowledge has existed, making this more accessible to cities through adequate capacity-

building and raising stakeholder awareness will support greater implementation.”15 
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Sustainable Cooling 

Overall benefits 
“Sustainable cooling can be an important enabler and significant contributor to cities’ goals to lower 
emissions and reach net zero energy targets cost-effectively. It can also be an important contributor to 

national climate commitments as cities take targeted actions and demonstrate “local” leadership to 
align with national priorities. The multiple co-benefits to cities include the enhanced health, well-being, 

and productivity of citizens; a more attractive environment for economic development; improved 

energy systems; and wider and equitable access to thermal comfort. Last, but not least, the positive 

impacts of local interventions to promote sustainable urban cooling will amplify global efforts to fight 

climate change.”15  

 

Urban cooling whole-system approach 
Because multiple factors contribute to higher heat and rates of warming in cities, urban cooling 

strategies must utilize a whole-system approach, addressing the urban heat island effect, neutralize the 

emissions impact of current and future active and mechanical cooling, and enable access to cooling 

while avoiding further local warming. 15 Three core steps are recommended to keep cities cool, 

sustainably: the first is improving city and district urban planning and infrastructure by emphasizing 

heat-minimizing planning, the use of thermally favorable materials, and nature based cooling practices 

that reduce the urban heat island effect and thus reduce cooling loads and electrical demand in 

buildings.15  

 

The second step is reducing the cooling needs of buildings by increasing energy and thermal efficiency, 

thereby reducing the need for mechanical cooling and the overall energy and emissions footprint of the 

building using passive building design practices.15 Finally, to cool people within buildings, cooling 

equipment should: be optimally fitted for the application (a warehouse requires different cooling 

mechanisms than a small storefront), be highly energy efficient, and minimize the use of high-global-

warming-potential refrigerants. Operations, including “optimal operations and maintenance practices, 
refrigerant management, and demand-side management of cooling energy consumption including 

building automation and user-adaptation, etc. – designed to minimize energy use and emissions from 

the cooling of buildings.”15   

 

City-scale intervention categories 
City interventions to advance sustainable urban cooling would fall within three broad categories: 1) 

Control strategies, such as city-wide legislation, regulation, planning, and standards, directly control and 

steer actions towards sustainable urban cooling. 2) Combination strategies, when cities do not have full 

and direct control, include leading by example through beyond-code efficiency mandates for city-

occupied budlings, can demonstrate benefits and influence broader confidence and adoption. 3) 

Facilitative strategies, such as raising awareness, helping to develop financial instruments to spur 

demand, reducing barriers, and building capacity to meet demand can amplify the impact of the 

previous two methods and re-enforce actions that are often regulated at the national or state level. 15 

Detailed recommendations for cities are on pgs. 30-52. 15 
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Addressing Heat in City Governance and Planning 
In a study examining “175 municipal plans from the 50 most populous cities in the United States,” it was 
found that a majority of the plans reference heat, although few strategies to address heat are 

discussed.93 ‘Extreme heat event (EHE)’ and ‘urban heat island (UHI)’ were the most prevalent in heat 
governance frameworks for addressing heat. While EHE and UHI frameworks establish governance on 

heat that is either rooted in a ‘heat-as-hazard' or a ‘heat-as-land-planning' approach, the two 

frameworks were not correlated with each other.93 

 

Early Warning Systems 
“One of the most promising climate services for the health sector [and a key longer-term adaptation 

option] are heat early warning and alert systems. These have been developed by the national 

meteorological institutes in Peru, Argentina, and Uruguay. A heat alert system was implemented in 

Argentina in 2017 and daily alerts are issued for 57 localities across the country. A stoplight color 

scheme is used to issue alerts, identifying specific groups at risk and actions to be taken to reduce the 

risk. The public dissemination of climate-health warnings via bulletins, websites, and other outlets can 

be an adaptation measure to climate change and weather variability to diminish health risk.”62  

 

“Early warning capabilities in the Caribbean have improved in detection, monitoring, analysis and 

forecasting of severe weather systems but there is a need to strengthen early warning systems for other 

climate-related hazards including heatwaves and a need for effective communication of warning 

messages to populations at risk.”62 

 

“Spending US$800 million on early warning systems in developing countries could reduce climate 

related disaster losses by US$3–16 billion per year.”88 

 

Naming and Categorizing Rationale and Efficacy 
Naming heatwaves 

 

Scarcity of Research 
There is limited research on naming and categorizing of storms and heat waves. A Google Scholar search 

for "naming and categorizing" "heat waves" (and heatwaves) returns three relevant studies, all on 

marine heat waves, one a literature review, and two citing the literature review, all written by the same 

main authors. A search for "categorizing heat waves OR categorizing heatwaves OR ranking heatwaves 

OR ranking heat waves” returns one paper on heat wave categorization for feedlot cattle productivity. 
"naming heat waves OR naming heatwaves" returns no relevant papers, and “naming” “heatwaves” and 
variations returns 900-~2,000 results. On a quick scan of these results many either focus on marine 

heatwaves or appear irrelevant.  

 

Naming and categorizing marine heat waves 
The literature on naming and categorizing marine heatwaves is limited. “While categorization or naming 
is commonly applied to a range of extreme environmental events such as tropical cyclones, earthquakes, 

or atmospheric heatwaves, it is not currently used consistently for [marine heat waves].”47 However, 

scientists are advocating for the naming and categorization of marine heat waves and developing 
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categorization systems to enhance the existing classification, enhance scientific and public awareness, 

provide a consistent way to compare marine heat waves, and explain variation in the biological impact 

of marine heat waves.47  

 

Naming and categorizing natural hazards 
“There is a long tradition of categorizing extreme events according to some intensity measure, and/or to 
name them following certain conventions. Categorization enables comparison of events across different 

regions and facilitates comparison of the different events in a globally consistent framework. Naming 

provides a unique and unambiguous identifier for each event in a certain period, which greatly facilitates 

communication among experts as well as to the general public (Nairn and Fawcett, 2013).”47 “Providing 
names and measurements of intensity has a number of benefits, including clarity when discussing 

historical events, which aids identification and communication with the general public (Nairn and 

Fawcett, 2013).  

 

The familiarity that names provide also builds public awareness regarding these events away from their 

impact region and enhances risk awareness regarding future events. Scientists also benefit from naming 

and categorization, via improved metanalyses (events can be clearly recognized in published literature) 

and in retrospective studies that seek to relate the magnitude of an event to some observed impact.”47 
 

 
 

Table 1. provides an overview of different types of extreme weather events and natural disasters and 

whether they are subject to formal categorization or naming systems. 47 

 

Why wildfires are named  
 “Wildfires need to be named quickly in order to start fighting them efficiently.” Cal Fire's Assistant 
Deputy Director Daniel Berlant explains that “All fires [in the United States] get a name. That allows the 
firefighters that are responding to them to quickly understand where they're going and allows those 

back in our emergency command centers to prioritize our resources and to quickly track them down.”46 

 

Efficacy of storm naming 
Three efficacy studies were identified. A 2021 study of all-season storm naming in Greece finds a 

significant increases in readiness, risk perception, acceptance of storm naming, and access to 

information among the citizens who already had a negative experience of adverse impacts from a 

named storm, using survey data.52 Greece has been naming storms for 4 years according to the study.52 
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The study used 17-question internet-based questionnaire, gathering a nationwide sample of 2088 

respondents.52 Males were overrepresented, accounting for 73% of the respondents, respondents' ages 

were approximately normally distributed, 80% of respondents lived in urban areas and 23% of the 

respondents had been adversely affected by at least one named storm.52 “Overall, results indicate a 
significant impact of the storm naming on the readiness of citizens.”52 

 

The second study (2018) is an experimental study of US college student risk perception using a fake 

NOAA Twitter feed.53 The sampled population was in the Southeastern US but not from a coastal 

region (N= 211).53 Results are mixed but show a modest delayed impact of naming.53 This study could 

also be relevant to the Naming and Categorizing messaging group work.53  

 

The third (2017), also a study of US undergraduates (N=407) in the Northeast finds no effect of 

naming.54 Their findings suggest "that little difference exists between individual perceptions dependent 

on whether a name is used, or the type of name used.54 The results indicate that individuals do not differ 

in levels of perceived severity or susceptibility toward a fictional winter storm dependent on the type of 

name used.54 Similarly, perceptions of the credibility of media organizations do not change dependent 

on the storm name."54  

 

Categorizing 

Overall 
A 2018 study of heat warning systems in the United States found that the only city with a heat warning 

system that saves lives in the United States is Philadelphia,65 which uses a health-based metrics 

categorized warning system66 developed by Dr. Laurence (Larry) Kalkstein. Measuring and categorizing 

extreme events “can also provide advantages for communication and comparison. The best-known 

examples have been the development of magnitude scales for earthquakes (the Richter scale) and 

hurricanes (the Saffir-Simpson scale; Table 1 [above]). Lesser-known magnitude scales have also been 

assigned for other types of extreme events, including for droughts in the United States (Palmer drought 

severity index) and fire risk in Australia (e.g., McArthur Forest Fire Danger Index).”47   
 
 

Trends 
It’s Getting Hotter 
Global 

July 2021 was the hottest month ever recorded on Earth.23 2020 was the hottest year recorded; the 

average global surface temperature was 2.2°F (approximately 1.3°C) higher than the late 19th century 

average15, and the world is now 1.2°C warmer than in the pre-industrial period (1850–1900).14 The last 

seven years, from 2014 to 2020, have been the hottest years since record keeping began 140 years 

ago.14,15 

 

Global Projections  

By 2030 the global temperature is expected to rise by at least 1.3°C. This is almost certainly an 

underestimate,10 as the global mean temperature for 2020 was 1.1-1.3°C above pre-industrial levels, 11 

and Earth’s temperature has risen by 0.08°C per decade since 1880, and by 0.18° C per decade since 
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1981.12 The Caribbean is getting warmer, with an increase in daily minimum air temperature of almost 

0.3°C/decade.62 

 

United States 

The summer of 2021 was the hottest summer on record for the United States, and the hottest summer 

most Americans have lived through.24,25 The summer of 2021 narrowly surpassed the now second 

hottest summer on record: the 1936 Dust Bowl summer.24,25 In NOAA predictions, 2022’s “90-day 

NMME average temperature forecast for June–August is much warmer than [2021’s] temperature 

forecast for the same period. [In the summer of 2021], temperatures were predicted to be 0.9 to 3.6°F 

(0.5 to 2°C) above normal, whereas this summer’s forecast predicts temperatures 1.8 to 5.4°F (1 to 3°C) 
above normal for most of the continental United States.”68  

 

Cities 

Some estimates suggest that, on average, cities around the world could warm by as much as 4°C by 2100 

(Zhao et al. 2021).15   

 

Intensity/Magnitude, Frequency, and Duration of Extreme Heat 
Events 
Globally overall 

Since the 1990s and early 2000s, climate change has further increased the intensity, frequency, and 

duration of heatwaves globally, leaving more people vulnerable to heat-injury and heat-related 

death.1,34  Other estimates find that heatwaves have increased in their frequency and duration in every 

region of the world since the 1950s.27  

 

Global projections 

With climate change, heatwaves and extreme heat are expected to become more frequent and 

intense.33 Marine and terrestrial heat waves are predicted to continue to increase in frequency and 

magnitude, the “land area affected by heat waves is expected to double by 2020 and quadruple by 
2040,” and “marine heat waves now occur 4–5 times more often than in the 1980s.”44 

 

Cities 

Due to the urban heat island effect, cities are heating up at a rate twice that of the global average.15  

“Severe heatwaves could affect 13.8% of the world population, or about 1.09 billion people, at least 
once every five years under 1.5°C of global warming-- a threshold that could be reached as soon as 

2030. Under 2°C of global warming, 36.9% of the world population could be affected by severe 

heatwaves.”55 

 

Europe (European Union (EU)) 

“Heat waves are expected to become more pronounced, especially in Mediterranean economies and 
countries of similar latitude (such as Turkey), while northern European countries have comparatively 

limited exposure to physical climate risks, according to our scenario analysis. Nonetheless, as the 

impacts of chronic hazards, like sea level rise and changing temperature and precipitation patterns, play 
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out over longer timescales, we expect the impacts to become more prevalent after the midcentury, 

absent adaptation.”84 

 

Exposure 
Globally 

With increasing frequency, duration, and magnitude of heatwaves the number of people exposed to 

extreme heat is increasing. According to the WHO, “between 2000 and 2016, the number of people 
exposed to heat waves globally increased by around 125 million. In 2015 alone, 175 million additional 

people were exposed to heat waves compared to average years.”34, 15 “Globally, the last eight years have 
been the warmest on record, and 2022 was the fifth warmest year on record. Several regions of the 

globe saw record-breaking temperatures. In Europe, summer was the warmest on record, at 1.4°C 

above average, and 0.3–0.4°C above the previous warmest summer, in 2021. Most of western Europe 

saw heatwave conditions and temperatures in the United Kingdom reached above 40°C for the first 

time. The average sea surface temperature across Europe’s seas was the warmest on record.”99 Further, 

preliminary analysis by the World Meteorological Organization (WMO), Copernicus Climate Change 

Service (C3S), and Leipzig University in Germany showed that this July [2023] is set to be the hottest 

month ever record on Earth—and likely hottest in about 120,000 years.100 

 

Projections 

Global Projections 
By 2070, one out of every three people globally will live with annual average temperatures of more than 

29°C, in the absence of migration (Xu et al. 2020). Currently, less than 1% of the Earth, mostly in the 

Sahara, has such extreme heat conditions (Xu et al. 2020).15 “Under current conditions (1985 – 2005), 

Latin America and the Caribbean experience 803-million-person days of exposure to extreme heat. This 

number could rise to 45,612 million-person days of exposure to extreme heat under an RCP8.5/SSP3 

scenario in the 2016-2080 timeframe.”62 

 

Europe Projections 
With 1.5°C of warming, more than 100 million Europeans a year would be exposed to intense, one-in-

fifty-years heatwaves. At 2°C of warming, this number increases to 176 million Europeans per year, and 

with 3°C of warming in 2100, nearly 300 million people per year, or more than half of the European 

population, will be exposed to extreme heat and severe heatwaves.33 Even the most ambitious scenario 

of limiting warming to 1.5°C leads to a dramatic rise in heat exposure compared to the 1981-2010 

climate, under which less than 10 million Europeans per year were exposed to a one-in-fifty-years 

heatwave.33 

 

Central, South, and Latin America, Caribbean Projections 
“Caribbean islands--including Aruba, Bahamas, Barbados, and others--and Central American countries--

for example, Nicaragua and Honduras--are significantly more exposed in 2050 than other Latin American 

regional peers (see table 5). Damaging storms, wildfires, sea level rise, and flooding are the main drivers 

of exposure in these countries, though heat waves are also likely to affect the entire population in most 

countries. The impact of these climate hazards could be significant as on average these countries’ 
readiness to adapt to physical climate risks is relatively low in our assessment […] The islands are likely 
to be much more affected by physical risks--like storms and sea level rise--similarly to Pacific islands. We 
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expect that heat waves will also grow in prominence in the southern part of the region, but exposure to 

physical risks could be much lower in countries south of the equator and even Mexico.”84 

 

Africa Projections 
“Heat waves will drive [physical risk] exposure of Sub-Saharan African countries. By 2050, 80% of 

countries in Sub-Saharan Africa are likely to have more than 45 days of heat waves per year, compared 

with less than 15% currently, coupled with more severe and frequent acute physical risks.”84 

 

Lacking Visibility and Awareness 
Health-risks 

Awareness of the health risks posed by heatwaves and exposure to higher temperatures remains 

insufficient, and “health professionals must adjust their planning and interventions to account for 
increasing temperatures and heatwaves. Practical, feasible, and often low-cost interventions at the 

individual, community, organizational, governmental, and societal levels, can save lives.”34 

 

United Kingdom (UK) 

A metanalysis of heatwave visibility and communications in the United Kingdom found that “heatwaves 

remain largely an invisible risk in the UK. Communication over what UK residents should do, the support 

needed to make changes, and their capacity to enact those changes, is often lacking. In turn, there is an 

inherent bias where research focuses too narrowly on the health and building sectors over other critical 

sectors, such as agriculture. An increased amount of action and leadership is therefore necessary from 

the UK government to address this.”38 

 

Urbanization 
Globally, “by 2050, 68% of the world’s growing population will be living in urban areas, up from 55% in 
2018 (UN DESA 2018). A major portion of this growth will be in developing countries in Asia and Africa: 

just three countries – India, China and Nigeria, which are already hot and populous – will account for 

35% of the projected growth in the world’s urban population. If current growth trends continue, urban 
areas could increase in population by 80% between 2018 and 2030 (Mahendra and Seto 2019) and will 

experience dramatic land-use changes such as reduced vegetation and a sharp increase in heat- trapping 

materials and surfaces.”15   

 

Vulnerability 
Vulnerability to heat is increasing globally for countries across all HDI groups.14 

 

Increasing Importance: Adaptation 
“With a world facing an unavoidable temperature rise, even with the most ambitious climate change 

mitigation, accelerated adaptation is essential to reduce the vulnerabilities of populations to climate 

change and protect the health of people around the world.”14 
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Heat-Related Loss Attributable to Climate Change 
Deaths/Mortality  

“More than a third of urban heat-related deaths in the 1990s and early 2000s can be attributed to 

climate change.” 1 Due to climate change, the number of deaths from heat-stroke is increasing.18 

 

Heat, Energy, and Cooling Inequity 
Overall 

“If current trends continue, the existing heat inequity in cities, often reflecting social and racial 
disparities, will only deepen in the coming decades as our cities become warmer, posing a daunting 

challenge for cities to bridge.”15  

 

Energy Poverty 

Globally 
The high cost of air conditioning is amplifying the energy poverty gap globally.14 This has been seen by 

Chief Heat Officers (CHOs) in Athens and Miami-Dade County, Florida. In their city and county, energy 

poverty means that many residents must make painful choices about whether to cool their home or pay 

other expenses even if they have an A/C unit. If people do not have access to cooling or work in high-

heat conditions, cities must do even more to protect them. In Athens, 24% of the population can’t afford 
the electricity to power A/C.26 When energy poverty meets a substantial elderly population and a culture 

of outdoor leisure and work, people become even more vulnerable to heat death and illness. Indeed, 

there were 2,300 excess deaths in three weeks during the summer 2021 heatwave in Greece, which 

reached a peak temperature of 44°C.26 

 

United States 
In 2015, nearly one third (31%) of households in the United States reported struggling to pay energy bills 

or sustain adequate temperature control in their home; about one in five households reporting that 

they reduce for forgo necessities like food and medicine to pay an energy bill; and 11% of households 

surveyed in the U.S. Energy Information Administration’s Residential Energy Consumption Survey 
keeping their home at an unsafe or unhealthy temperature.40 The demographics that experienced the 

most energy insecurity were household residents from minority racial groups, low income individuals or 

families, and households with children. “Households experiencing energy insecurity were also more 
likely to live in homes built before 1990.”40  

 

A/C cooling 

For further discussion of A/C’s challenges, drawbacks, and importance see Solutions > Active 
Cooling: Air Conditioning (A/C).  For the economic impact of cooling on households, local, 
national, and global economies see Economic Impact > Heat Mitigation via A/C and Other 
Cooling.  

 

Cooling access and poverty  
Since 2020 the cooling access gap grew in Africa, Asia, the Middle East, Latin America, and the 

Caribbean, leaving behind the rural and urban poor at highest risk of a lack of cooling.28 In the year 

Trends 



 47 

between 2020 and 2021, the number of people at high risk of a lack of cooling increased by 

approximately 50 million. Among the urban poor, 19 million more people are at risk since 2020.27 They 

increase is partially related to the combined effect of 2020 and 2021 being two of the hottest years on 

record and global poverty levels rising during the COVID-19 pandemic.27 As of 2021, “1.09 billion people 
among the rural and urban poor are at high risk due to a lack of access to cooling” across 54 countries.27  

 

Cooling access improvements 
By 2025, increases in GDP will enable increased access to cooling, and many families around the world 

will be able to purchase their first air conditioner. Already, 2.34 billion lower middle income people in 

developing countries will soon be able to purchase the most affordable, and likely least efficient, air 

conditioner on the market.15,27 This is an important step in thermal comfort equity, but there will be 

significant implications for growing energy demand and associated greenhouse gas emissions along with 

heat generated from space cooling further exacerbating the urban heat island effect in these 

communities.15 The challenge for cities lies in “how to equitably serve the growing demand for cooling 
without multiplying the negative impacts, causing further warming and undermining the energy 

transition.”15 

 

Increase in Disease Transmission & Malaria 
Overall 

Higher temperatures and other environmental conditions are “increasing the suitability for the 
transmission of many water-borne, airborne, food-borne, and vector-borne pathogens” potentially 
negating the advances of “socioeconomic development, public health interventions, and advances in 

medicine [in reducing] the global burden of infectious disease transmission.”14 

 

Global risk increases 

In densely populated highland areas in low HDI countries there was a 39% increase in the number of 

months with environmental conditions suitable for malaria transmission from 1950-59 to 2010-19.14 This 

increase threatens highly disadvantaged populations who were safer from this disease when compared 

to lowland regions.14 “The epidemic potential for dengue virus, Zika virus, and chikungunya virus, which 

currently primarily affect populations in Central America, South America, the Caribbean, Africa, and 

south Asia, increased globally” with the biggest increases in the vectors’ reproductive rates occurring in 
countries with very high HDIs, however people in low HDI regions remain the most vulnerable to these 

viruses.14  Additionally, the environmental suitability for cholera transmission increased substantially in 

all HDI groups, but in the low HDI country group, 98% of the coastline is suitable for cholera 

transmission. 
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