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Executive Summary
Background
Assembly Bill 209 (Chapter 251, Statutes of 2022), Section 31, 

(AB 209) requires the Department of Housing and Community 

Development (HCD) to develop policy recommendation(s) 

that are designed to ensure that residential dwelling units 

can maintain a recommended maximum safe indoor 

air temperature. These recommendations consider state 

climate goals, the extreme heat plan, regional temperature 

differences, and various methods for reducing indoor 

air temperatures, including, but not limited to, technical 

feasibility, building and site electrical system limitations, 

cost barriers, electric utility capacity limitations, state and 

federal statutory requirements, and other relevant factors. 

HCD contracted with the UC Berkeley Center for the Built 

Environment (CBE) to support the development of these policy 

recommendations. As specified in AB 209, HCD consulted 

with stakeholders including, but not limited to, the State Air 

Resources Board, the State Energy Resources Conservation 

and Development Commission, the Office of Planning and 

Research, the California Building Standards Commission, 

the Office of the State Fire Marshal, the State Department of 

Public Health, local building officials, local code enforcement 

officers, and community-based organizations, including those 

working in the areas of housing and health, tenant rights, and 

environmental justice.

In addition to input from stakeholders, the policy 

recommendations were developed using an extensive 

literature review on the impact of high indoor air temperatures 

on human health. Although there is not a definitive body of 

research to explicitly determine the maximum safe indoor 

air temperature for all residential dwelling units in all possible 

conditions, the policy recommendations are consistent with 

the research and standards that are currently available. The 

policy recommendations also include other measures such 

as incentives and investment, equity, and other areas of 

research that should be explored.

These policy recommendations are aligned with many of the 

goals identified in the 2022 California Extreme Heat Action 

Plan (EHAP). 

Policy Recommendations: Recommended Maximum Safe Indoor Air Temperature | 2025 Report to the Legislature 
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Policy Recommendations
Maximum Safe Indoor  
Air Temperature 
The state should consider a general maximum safe indoor 

air temperature of 82 degrees Fahrenheit (27.8 degrees 

Celsius) for residential dwelling units. Statewide methods 

to implement this policy recommendation may include 

building standards for newly constructed residential 

dwelling units and/or incentive programs for retrofitting 

existing residential dwelling units, or manufactured homes/

mobilehomes (collectively “MH”).

Additional Considerations
 � When air movement is provided by fans or other 

mechanical means within residential dwelling units, 

additional consideration may be provided when 

establishing a maximum safe indoor air temperature.

 � While the proposed maximum safe indoor air temperature 

is meant to apply to a broad range of the population, 

including most elderly adults, some people have a higher 

risk of health impacts from heat. Conditions that are 

associated with higher heat susceptibility include, but 

are not limited to, cardiovascular disease, respiratory 

disease, kidney disease, and poor thermoregulation. 

There is not sufficient information to establish maximum 

safe temperatures for specific health conditions and State 

policy should acknowledge that individuals who require 

lower temperatures should not be inhibited from making 

accommodations to meet their needs.

California Department of Housing and Community Development 
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Strategies Based on Unit Type
Newly constructed residential dwelling units

 � Consider establishing authority and direction to HCD to 

research and propose for adoption building standards 

that require that newly constructed residential dwelling 

units to be designed and constructed to be able to 

maintain a maximum indoor air temperature of 82 

degrees Fahrenheit (27.8 degrees Celsius).

 � Consider incentivizing programs for passive and low 

energy cooling strategies focusing on the use of cool 

roofs, cool walls, window shading, building shading and 

landscaping. Evaluate the use of modeling predictions 

of future weather data that will better represent the 

conditions during the lifetime of residential dwelling units 

rather than historical weather data.

Existing residential dwelling units and MH

 � Consider incentive programs to encourage broader 

adoption and use of fans or whole house ventilation 

systems as an effective, energy-efficient, and resilient 

means of keeping people cool.

 � Consider incentive programs to encourage the use of 

room evaporative coolers in climate zones that would 

support evaporative cooling.

 � Consider incentive programs to encourage the use of air 

conditioning, with current heat pump technology, where 

feasible and cost effective.

 � Increase the heatwave resilience of the existing California 

residential dwelling units by incentivizing weatherization 

and passive and low energy cooling retrofit strategies 

identified in this report.

Newly constructed manufactured homes

 � The U.S. Department of Housing and Urban Development 

(HUD) has preemptive authority for the design and 

construction of newly constructed manufactured homes. 

However, the policy recommendations may suggest 

the submittal of a petition to HUD’s Manufactured 

Housing Consensus Committee to consider the policy 

recommendations herein, as they may apply to newly 

constructed manufactured homes produced on or after 

a future date. 
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Introduction 
Heat is the leading weather-related cause of death 

in the United States and heatwaves are increasing in 

frequency, duration, and intensity across the country. 

The California Department of Public Health (CDPH) 

reported 395 excess deaths in California during a 10-day 

heatwave in September 2022 (CDPH, 2023). A study of the 

July 2006 California heatwave found there were 16,166 

excess emergency department visits and 1,182 excess 

hospitalizations statewide (Knowlton et al., 2009). The 

California Fourth Climate Change Assessment estimates 

that by 2050, heatwave events in the Central Valley could 

last 2 weeks longer than presently experienced (CDPH, 

2018). The same report estimates that urban heat-related 

deaths could double or triple by the same date.

California residential building standards, based on 

international/uniform model codes, and state regulations 

in Title 25 of the California Code of Regulations, have 

long specified that newly constructed residential dwelling 

units must be able to maintain a minimum indoor air 

temperature, yet there is no requirement with respect to 

a maximum indoor air temperature. The purpose of this 

report is to identify a recommended maximum safe indoor 

air temperature for California residential dwelling units 

and identify strategies for maintaining dwelling indoor air 

temperatures at or below a safe temperature. 

While there is considerable literature on the effects of heat 

on health, there are various approaches used to establish 

a maximum safe indoor air temperature. As is true for many 

environmental hazards, there are gaps in our understanding 

and there are a significant number of factors that impact 

how heat might affect any given person. People adapt to 

heat through changes in their physiology and behavior. It is 

also important to note that there are both short-term and 

long-term impacts of heat health. All these factors add to 

the complexity of determining what maximum indoor air 

temperatures are safe.

There can be significant economic and environmental 

costs associated with keeping residential dwelling units 

cool, particularly when achieved with mechanical air 

conditioning. These costs arise from the energy used to 

operate existing buildings, and in the specification of more 

expensive equipment and building envelope features in 

the design of more efficient new buildings. These policy 

recommendations seek to strike a balance between the 

benefits of keeping residential dwelling units cool and the 

costs of doing so. Because there is not sufficient science 

on the relationship between exposure to high indoor air 

temperatures and health to develop a rigorous cost-benefit 

analysis, the approach is to recommend a maximum safe 

indoor air temperature that is reasonably well supported by 

existing literature.

In addition to recommending a maximum safe indoor air 

temperature, this document compiles a set of strategies 

that can help keep California residential dwelling units 

at or below that temperature. These include a range 

of mechanical and passive cooling strategies that are 

appropriate for California and have been demonstrated to 

be effective.

The California Energy Commission (CEC) reports that, as of 

2021, 65 local jurisdictions (representing just over 10 percent 

of all jurisdictions) had adopted policies to promote or 

require building electrification (CEC, 2021). Electrification of 

The California Green Building Standards Code | 2024 Report to the Legislature Policy Recommendations: Recommended Maximum Safe Indoor Air Temperature | 2025 Report to the Legislature 
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California dwelling units includes increased use of electric 

heat pump appliances to replace gas furnaces and water 

heaters for space and water heating. Over time, this has 

the potential to substantially decrease the risk of residential 

overheating, assuming that the electric grid remains stable, 

and residents are able to afford to operate and maintain 

cooling equipment given that California utility rates are 

expected to continue to rise in the future (CPUC, 2021). 

California is aiming to: “Maximize efficiency and electrify 

energy use across sectors to the greatest extent possible. 

Provide affordable, accessible, and reliable carbon-free 

electricity for a highly electrified economy. Decarbonize 

activities that cannot be electrified by using clean fuels, 

efficiency, conservation, and better land use planning 

and infrastructure” (CCST, 2023). The California Council on 

Science and Technology determined 8  key challenges for 

California’s energy transformation (CCST, 2023); relevant to 

this report are the challenges related to electrification (1) 

and grid reliability (3).

The primary tradeoffs that should be considered when 

establishing a maximum safe indoor air temperature for 

California residential dwelling units include human health, 

economic, and environmental impacts. Exposure to high 

indoor air temperatures can pose health risks across all 

populations. While conditions that cause acute heat stress at 

the individual level for healthy individuals have been studied 

extensively, the impacts of more moderate conditions on 

the health of large populations are not well understood. 

This knowledge gap poses a fundamental challenge 

to establishing maximum safe indoor air temperature 

guidelines. A lower maximum indoor air temperature may 

provide increased health benefits at increased capital, 

energy costs, and environmental impacts. This report 

provides rationale for a maximum safe indoor air temperature 

for California, but the recommendation is not based on a 

formal health risk assessment because of the lack of sufficient 

data to support such an analysis. As the understanding of 

the relationship between indoor air temperature and health 

improves over time the recommended maximum safe 

temperature limits should be reevaluated.

New Construction versus Existing 
Residential Dwelling Units
HCD estimates that there were 14.3 million residential 

dwelling units in California as of 2021, and during the period 

of 2020 through 2023, an average of 100,000 new dwelling 

units were completed each year. New residential dwelling 

units are generally significantly more energy efficient and 

over 92 percent of residential dwelling units built after 2012 

have mechanical cooling of some type (CEC RASS, 2019). 

While this report includes a recommended maximum safe 

indoor air temperature for all residential dwelling units, 

the majority of the recommendations address the more 

significant risks associated with existing residential dwelling 

units and MH stock, particularly important in cases of 

substandard dwelling units that may contribute to heat 

vulnerability where people may be more likely to experience 

heat exposure.
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Manufactured Homes and 
Mobilehomes
MH represent approximately 2 percent of total California 

residential dwelling units (CEC RASS, 2019). While HUD’s federal 

manufactured home construction and safety standards 

largely preempt California’s ability to regulate the design 

and construction of new manufactured homes, most of the 

policies recommended in this report should be considered 

broadly, including as they may be applied to MH. 

Regional Temperature Differences
Temperature variations across the state are significant. The 

CEC defines 16 distinct climate zones for the purposes of 

California Energy Code compliance. Table 1 shows the 99th 

percentile temperatures for the months of May through 

October for each of these 16 zones. The difference between 

the coolest zone (Zone 1, Arcata) to the warmest zone (Zone 

15, Palm Springs) averages over 40 degrees Fahrenheit. 

These large differences mean that the overheating risk for 

residential dwelling units can be very different from one 

location to another. The analysis of overheating risk and 

cooling energy use takes these regional variations into 

account. Some of the policy recommendations are also 

dependent on aspects of regional climate differences. 

These regional differences in temperature also mean that 

individuals living in different parts of the state may have 

different levels of acclimatization to heat. In general, 

people living in warmer regions may be more resilient to 

heat because of physiological, behavioral, and physical 

environment adaptations. These adaptations are not 

sufficiently well understood, particularly among different 

subgroups of the population, to justify localized maximum 

safe indoor air temperature recommendations for different 

regions of the state. 
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ZONE CITY MAY JUN JUL AUG SEP OCT

1 Arcata 59 68 63 73 72 68
2 Santa Rosa 89 96 91 97 91 97
3 Oakland 83 81 81 84 80 88
4 San Jose 90 98 93 98 90 95
5 Santa Maria 81 82 78 76 85 92
6 Torrance 78 83 81 80 82 88
7 San Diego 78 77 79 79 82 86
8 Fullerton 89 91 89 90 95 97
9 Burbank 91 97 91 94 98 100
10 Riverside 93 100 98 98 101 101
11 Red Bluff 99 110 103 108 99 96
12 Sacramento 95 105 100 101 95 95
13 Fresno 98 107 103 106 100 98
14 Palmdale 95 107 102 102 99 96
15 Palm Springs 108 117 112 110 107 108
16 Blue Canyon 77 87 80 88 81 80

Table 1:  99th percentile outdoor dry bulb temperatures for May through June for CA climate zones.
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California Extreme Heat Action Plan (EHAP)
The 2022 California EHAP outlines a set of strategic actions to address extreme heat.  These actions are organized into 4 

tracks with a total of 13 goals. The recommended policies in this document are aligned with many of the actions in the EHAP 

including the following:

Action Track A:  

Build Public Awareness and Notification
Goal 1: Build public awareness about extreme heat through targeted communications campaigns

Goal 3: Improve accuracy and accessibility of heat modeling and data to inform decision-makers

Action Track B:  

Strengthen Community Services and Response
Goal 1: Invest in social resilience

Action Track C: 

Increase Resilience of our Built Environment
Goal 1:Protect critical infrastructure

Goal 2: Support heat resilient and cooler communities through relevant regulations and codes

Goal 3: Invest in cool buildings and surfaces

Goal 4: Utilize science-based frameworks and tools

Action Track D:  

Utilize Nature-based Solutions
Goal 1: Promote nature-based solutions to reduce extreme heat risks
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AB 209 requires HCD to consult with specific state agency 

and non-governmental stakeholders to support the 

development of the policy recommendation(s). The 

goal was to garner participation from stakeholders in 

the development of policy recommendations, and to 

collaborate on research relevant to the scope of AB 209.

AB 209 requires HCD to consult with specific 
state agency and non-governmental 

stakeholders to support the development of 
the policy recommendation(s). The goal was 

to garner participation from stakeholders in the 
development of policy recommendations,  
and to collaborate on research relevant  

to the scope of AB 209.

The AB 209 stakeholders, include, but are not limited to, 

the State Air Resources Board, the State Energy Resources 

Conservation and Development Commission, the Office of 

Planning and Research, the California Building Standards 

Commission, the Office of the State Fire Marshal, the 

State Department of Public Health, local building officials, 

local code enforcement officers, and community-based 

organizations, including those working in the areas of 

housing and health, tenant rights, and environmental justice. 

HCD facilitated four AB 209 meetings to obtain input and 

held a stakeholder comment period for feedback on the 

draft content for the policy recommendations. 

Stakeholder Feedback
Below is a summary of the general feedback HCD received 

from stakeholders:

 � Several stakeholders expressed the importance 

of including MH in the development of policy 

recommendations.

 � Stakeholders asked that existing residential dwelling units 

be considered as well as newly constructed residential 

dwelling units.

 � As an option, stakeholders were supportive of passive 

cooling approaches that were less energy intensive and 

less costly to operate when compared to mechanical air 

conditioning.

 � Clarify that the proposed maximum safe indoor air 

temperature should apply to existing dwelling units as well 

as newly constructed residential dwelling units.

 � Include more discussion on the relationship between 

hotter temperatures and increased air pollution.

 � Add more information about hydration, limiting outdoor 

activities to the coolest hours, and heat warning systems.

 � Add more explanations and examples about behavioral 

and psychological adaptations.

 � Change “vulnerable population” to “heat-vulnerable 

populations”.

 � Add more information about the effects of heat on 

mental health, increases in interpersonal violence, 

AB 209 Stakeholders

California Department of Housing and Community Development 
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the impact of medication and alcohol on heat stress, 

and the limitations and challenges for people with 

physical disabilities in seeking cooler environments during 

heatwaves.

 � Add a definition of “extreme heat events” and 

whether “heatwave” and “extreme heat event” are 

interchangeable terms.

 � Take into consideration the limitations associated with 

natural ventilation/night cooling.

 � Concern that fans are not effective and may in fact be 

dangerous to health when outdoor temperatures are high.

 � Consider different thresholds for different regions of 

California.

Note: There were several suggestions that were outside 

the scope of AB 209, which are not included in the policy 

recommendations.

Policy Recommendations: Recommended Maximum Safe Indoor Air Temperature | 2025 Report to the Legislature 
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Research and Supporting 
Information
Maximum Safe Indoor Air Temperature 
Justification Summary 
The proposed maximum safe indoor air temperature is 

consistent with applicable research and standards identified 

herein.

ASHRAE Standard 55-2023, Thermal Environmental Conditions 

for Human Occupancy (ASHRAE 55, 2023): This widely used 

standard defines in detail the environmental conditions 

required for human thermal comfort. The proposed 

maximum safe indoor air temperatures represent the upper 

range of comfort for a person wearing summer clothing 

at typical metabolic rates within residential buildings. 

Although thermal comfort is not a direct measure of health, 

it indicates a state of low heat stress on the body which is 

unlikely to significantly contribute to health-related illness.

Laboratory research: A recent study (Meade et al., 2024) 

on the physiological effects on elderly subjects in Canada 

from an 8-hour exposure to a range of thermal conditions 

found no significant impacts at 79 degrees Fahrenheit and 

significant impacts at 88 degrees Fahrenheit and above. No 

conditions between 79 degrees Fahrenheit and 88 degrees 

Fahrenheit were evaluated. The study recommends an upper 

limit of 79 degrees Fahrenheit, but includes the observation 

that “it is likely that [79 degrees Fahrenheit] is overprotective 

for individuals living in warmer areas (e.g., tropical or hot, dry 

climates), and enforcing this limit in those regions could have 

negative consequences because of current economic and 

environmental costs of mechanical cooling.”

Sleep and health: Sleep quality has direct and important 

impacts on health. A UK study resulted in a recommendation 

of 82.4 degrees Fahrenheit (28 degrees Celsius) as an 

8-hour average night-time indoor air temperature threshold 

for most healthy persons and 78.8 degrees Fahrenheit (26 

degrees Celsius) for special needs, sick and ill persons (K. J. 

Lomas & Li, 2023). These threshold temperatures assume that 

the indoor air is still, without air movement present to cool 

the occupant.

Susceptible Populations
While the proposed maximum safe indoor air temperatures 

are meant to apply to a broad range of the population, 

including most elderly adults, some people have a higher risk 

of health impacts from heat. Conditions that are associated 

with higher heat susceptibility include, but are not limited 

to, cardiovascular disease, respiratory disease, kidney 

disease, and poor thermoregulation. There is not sufficient 

information to establish maximum safe temperatures for 

specific conditions and State policy should acknowledge 

that individuals who require lower temperatures should not be 

inhibited from making accommodations to meet their needs.

California Department of Housing and Community Development 
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Heat waves and  
Future California Climate
Global Warming and Heat Waves
The year 2023 was the warmest year since record-keeping 

began in 1850 (Rohde, 2024). If the current rate of global 

warming persists over the next decade, it could lead 

to irreversible impacts on natural and human systems, 

including sea level rise and extreme weather events such 

as heatwaves (IPCC, 2022; Zachariah et al., 2023). The 

term heatwave is defined by the IPCC as “a period of 

abnormally hot weather, often defined with reference to 

a relative temperature threshold, lasting from two days to 

months” (IPCC Annex II, 2022). Based on (Ostro et al., 2009), 

any prolonged period of high temperatures usually lasting 

at least 3 consecutive days, especially accompanied by 

high nighttime temperatures, may be deemed a heatwave. 

A modest increase in average temperature and/or 

temperature variability can lead to relatively large changes 

in the frequency of extreme heat events. Based on the 

Centers for Disease Control and Prevention (CDC), most 

definitions for extreme heat events refer to an extended 

period of time (several days or more) with unusually hot  

weather conditions that potentially can harm human 

health. The U.S. Environmental Protection Agency defines 

extreme heat events as “periods of summertime weather 

that are substantially hotter and/or more humid than 

typical for a given location at that time of year” (United 

States Environmental Protection Agency, 2006). The terms 

heatwave and extreme heat event are interchangeable. 

Heatwaves are the primary cause of weather-related 

mortality (Luber & McGeehin, 2008), contributing to 

approximately 1,000 deaths annually in the US (Khatana et 

al., 2022; Sarofim et al., 2016). Based on the new estimation 

from CDC (2024), approximately 1,220 people in the United 

States are killed by extreme heat every year. From 2010 

to 2019, California heatwaves have caused at least 599 

deaths and could be up to 3900 deaths based on a recent 

estimation analysis (Phillips et al., 2021) of heatwaves 

occurred in inland counties (Ostro et al., 2009; Trent, 

2006). Future extreme heat events could kill up to 11,300 

Californians annually by 2050. 

California Department of Housing and Community Development 
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Future California Climate
In California, temperature records align with global warming 

trends, showing a 2.5 degrees Fahrenheit (1.4 degrees 

Celsius) increase in annual average air temperature 

compared to 1880 (California Department of Water 

Resources, 2015; Pathak et al., 2018; Witherow, 2022). By 

the end of the 21st century the average temperature in 

California could remain at pre-industrial levels if greenhouse 

gas emissions are substantially reduced; if emissions continue 

to rise, the temperature increase could reach 8.1 degrees 

Fahrenheit (4.5 degrees Celsius) (Cayan et al., 2008; Kunkel, 

2022). These projections are based on climate models that 

focus on annual average temperature changes.  

However, average annual temperature rise does not 

fully capture the extent of heat stress because summer 

temperatures are rising faster than winter temperatures 

(California Department of Water Resources, 2015; Witherow, 

2022). In addition, nighttime temperatures are rising faster 

than daytime temperatures, which reduces nighttime relief 

during heatwaves (Bumbaco et al., 2013; Gershunov et al., 

2009; Guirguis et al., 2014).

California Department of Housing and Community Development 
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The impact of global warming is not uniform across 

California due to its complex topography and large 

latitudinal extent (LaDochy et al., 2007). Since 1950, the 

number of daytime heatwaves has increased the fastest in 

Southern California (Tamrazian et al., 2008), but the number 

of nighttime heatwaves has increased the fastest in Northern 

California (Witherow, 2022). Although inland and urban 

regions are warming faster than coastal and rural areas 

(Pathak et al., 2018), coastal regions face greater adverse 

health impacts from rising temperatures due since they 

are less acclimatized and air conditioning is less common 

(Gershunov & Guirguis, 2012).
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The facility shall cool rooms to a comfortable range, 

between 78 degrees F (26 degrees C) and 85 degrees F 

(30 degrees C), or in areas of extreme heat to 30 degrees F 

less than the outside temperature.”degrees F less than the 

outside temperature.

While facilities certified after October 1, 1990, are required 

to maintain an air temperature range of 71-81°F, there 

may be brief periods of time where that temperature falls 

outside of that range only during rare, brief periods of 

unseasonable weather. This interpretation would apply in 

cases where it does not adversely affect resident health and 

safety, and facility staff took appropriate steps to ensure 

resident comfort. This would enable facilities in areas of the 

country with relatively cold or hot climates to avoid the 

expense of installing equipment that would only be needed 

infrequently.

Occupants of healthcare or long-term care facilities are 

generally considered more susceptible to heat than the 

general population due to age and/or underlying health 

conditions.

Several states, including California, Texas, Georgia, and 

Washington, have set state-level regulations for the highest 

temperatures allowed in healthcare facilities. California 

Title 22, Division 6, Chapter 8 (Residential Care Facilities 

For The Chronically Ill) Section 87303(b)(2) includes the 

following requirement:

Minimum indoor air temperature thresholds are well-

established in the existing state, national, and international 

standards and codes (World Health Organization, 2018). 

Maximum indoor air temperature standards are much less 

common (although there is currently considerable activity 

on this topic in many parts of the U.S. and internationally) 

and those that do exist vary greatly and their scientific basis 

is not well documented. The World Health Organization 

(WHO 2018) makes only a conditional recommendation 

that “strategies to protect populations from excess heat 

should be developed and implemented”, with no specific 

temperature guidelines provided.

U.S. Standards and Codes
Care facilities
Although currently there are no U.S. federal standards that 

directly address the maximum indoor safe air temperatures 

for residential dwelling units, Section 483 of Title 42 of the 

U.S. Code of Federal Regulations (42 CFR 483.10(i)(6)) 

specifies that long term care facilities must maintain indoor 

air temperatures between 71- and 81-degrees Fahrenheit. 

In the document State Operations Manual Appendix PP - 

Guidance to Surveyors for Long Term Care Facilities, further 

guidance is provided:

Review of Existing Temperature 
Standards and Codes 
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Table 2: Maximum Indoor Air Temperatures for Selected U.S. Local Codes

STATE CITY MAXIMUM INDOOR AIR TEMPERATURE

TX El Paso 90 °F (32.2 °C) (City of El Paso, 2023)
TX Dallas 85 °F (28.4 °C) (City of Dallas, 2024)
NV Clark County 85 °F (28.4 °C) (Clark County, 2024)
AZ Tempe 82 °F (27.8 °C) (City of Tempe, 2024)
AZ Phoenix 82 °F (27.8 °C) (City of Phoenix, 2023)
AZ Tucson 82 °F (27.8 °C) (City of Tucson, 2024)
TX Houston 80 °F (26.7 °C) (City of Houston, 2022)
CA Palm Springs 80 °F (26.7 °C) (City of Palm Springs, 2023)
LA New Orleans 80 °F (26.7 °C) (City of New Orleans, 2024)
MD Montgomery 80 °F (26.7 °C) (Montgomery County, 2024)
OR Portland 78 °F (25.6 °C) (City of Portland, 2024)

For additional information see Appendix A.

the indoor air room temperature below the established 

thresholds. Additionally, some cities/counties provide 

alternative maximum temperature thresholds for buildings 

that adopt specific cooling systems. For example, in 

Phoenix, residential buildings are required to maintain 

the indoor air temperature below 86 degrees Fahrenheit 

(30.0 degrees Celsius) with evaporative cooling systems, or 

below 82 degrees Fahrenheit (28.0 degrees Celsius) with air 

conditioning systems (City of Phoenix, 2023). Evaporative 

cooling systems, which rely on water evaporation, may 

not achieve temperatures as low as those possible with air 

conditioning systems. However, they are both effective and 

energy-efficient in dry climates, offering a more affordable 

alternative to air conditioning systems.

Local Codes for Residential 
Dwelling Units
At the city and county level in many states, numerous 

codes define indoor air maximum temperatures for 

residential dwelling units, summarized in Table 2, organized 

from highest to lowest. Local standards may be more 

restrictive than the applicable statewide building standards. 

Some local standards enable renters to require landlords to 

install cooling equipment if indoor air temperatures exceed 

these thresholds.

In most city/county, both active and passive cooling 

systems are considered acceptable strategies to maintain 
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Exposure Time
Although the length of time that a person is exposed to heat 

significantly impacts possible negative health consequences, 

this relationship is not well established. Some standards 

specify maximum lengths of time that a temperature can be 

exceeded. Others combine time and temperature using the 

concept of degree-hours, where exposure to a temperature 

2 degrees above a threshold for 1 hour is considered 

equivalent to a 2 exposure at a temperature 1 degree 

above the threshold. Other standards, like Title 42 Section 

483 mentioned above, acknowledge that temperatures can 

occasionally be above a specified threshold without specific 

quantitative guidance.
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Heat and Human Physiology
The goal of this work is to establish health-based policy 

recommendations for the maximum safe indoor air 

temperature of California residential dwelling units. 

Understanding the underlying physiology of how humans are 

affected by heat is an important component of developing 

the policy recommendations.

Humans have evolved sophisticated mechanisms to 

maintain a nearly constant core body temperature over 

a wide range of environmental conditions. To maintain 

a constant core temperature, internal metabolic heat 

production needs to be in balance with heat loss to the 

environment. In cold environments, thermoregulation 

responses include reducing blood flow to the skin and 

to the extremities (vasoconstriction) and shivering. In hot 

environments, humans increase blood flow to the skin and 

extremities (vasodilation) and, when this is insufficient to 

maintain core temperature, increase their sweat production 

to lose more heat through evaporation. In a “neutral” 

thermal environment blood vessels dilate or constrict to 

adjust blood flow and the associated heat loss from the skin, 

sweating is minimal and does not result in wet skin, and no 

shivering takes place. In such an environment the thermal 

stress on the body is at a minimum and the thermoregulatory 

system can easily maintain a constant core temperature 

(homeostasis). Such conditions result in subjective sensations 

of thermal comfort.

Although air temperature is often used as a proxy to 

describe thermal environments, physiologists and building 

scientists use four environmental and two personal factors 

to more fully characterize how an environment affects the 

body’s heat balance. The environmental factors are air 

temperature, mean radiant temperature, air speed, and 

humidity. The personal factors are activity (as it impacts 

metabolic rate) and clothing.

Air temperature and air speed affect human body heat 

loss to the surrounding air (referred to as convection). The 

heat loss is proportional to the temperature difference 

between the body’s surface and the surrounding air 

temperature, and also to the air speed near the body. 

The colder the ambient temperature and the higher the 

air speed, the greater the heat loss. When the ambient 

temperature is higher than the body’s surface temperature, 

the body instead gains heat by the same mechanisms. This 

convective gain is in most situations greatly exceeded by 

the simultaneous heat loss caused by sweat evaporation 

from the skin, which takes place even without the skin being 

perceived as wet. The use of air movement to keep people 

cool in hot weather goes back thousands of years, and 

electric fans are widely used in residential buildings because 

of their ability to maintain thermal comfort using far less 

energy than mechanical air conditioning systems.

In an indoor environment, mean radiant temperature (MRT) 

can be thought of, as a first approximation, as the average 

temperature of the surfaces surrounding a person. Humans 

exchange heat with surrounding surfaces through longwave 

radiation, which is driven primarily by the temperature 

difference between the body’s surface and surrounding 

surfaces, the view factors to those surfaces, and the surface 

thermal properties. Sitting next to a cold window or in front 

of a warm fire are examples where radiation can play an 
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Table 3. Impacts of humidity levels in  
residential dwelling units with and without 

mechanical air movement.

INDOOR RELATIVE 
HUMIDITY

WITHOUT AIR 
MOVEMENT

(DEGREES FAHRENHEIT)

WITH AIR MOVEMENT
(DEGREES FAHRENHEIT)

below 60% 82 86
60% - 69% 81 85
70% - 79% 80 84
80% - 89% 79 83
90% or above 78 82

Note: Temperatures shown represent equivalent thermal heat 
loads based on Standard Effective Temperature (SET) defined 
in ASHRAE Standard 55-2023, Thermal Environmental Condi-
tions for Human Occupancy (ASHRAE 55, 2023).

important role. In typical residential environments when 

cooling is needed, MRT is very close to the air temperature 

when walls and windows are insulated and shaded. 

Exceptions include sitting next to large glass surfaces or 

upper story apartments with poorly insulated roofs or west-

facing walls, in which ceiling or wall temperatures can 

become hot from solar gain.

Humidity in the air acts to reduce the rate at which sweat 

evaporates from the skin. Sweating is initiated either at high 

ambient temperatures, high activity levels, or both. When 

the air humidity is high, the reduced cooling effectiveness of 

sweating increases the thermal load on the body for a given 

air temperature or activity level.

Although high humidity levels during warm weather are 

unusual in California, if indoor relative humidity is above 60 

percent, the maximum safe indoor air temperature is lower, 

as shown in Table 3, in next column. Some climate models 

predict that coastal humidity may rise due to climate 

change (Pierce et al., 2018).
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Activity level and clothing will directly impact heat balance 

(for example, higher activity level results in higher internal 

heat production, and more clothing reduces heat loss to the 

environment) and therefore how a person perceives their 

thermal environment. In residential buildings people tend to 

have more flexibility in their clothing selection and can more 

easily adapt to heat.

Several indices have been developed to combine two or 

more of these environmental factors into a single number. 

Some of these indices are primarily intended to gauge 

the effect of outdoor weather; heat index and humidex 

combine air temperature and humidity, wind chill factor 

combines air temperature and air speed, and wet-bulb 

globe temperature (WBGT) combines all four environmental 

factors with the addition of solar radiation.

For indoor conditions, comfort engineers use SET which 

is based on a model of human response to the thermal 

environment. It is presented in the ASHRAE thermal 

comfort standard (ASHRAE 55, 2023). SET is defined as: “the 

temperature of a hypothetical isothermal environment at 

50 percent relative humidity, average air speed less than 

0.1 m/s (20 fpm), and dry-bulb air temperature equal to 

mean radiant temperature, in which the total heat loss 

from the skin of an imaginary occupant wearing clothing, 

standardized for the activity concerned, is the same as that 

from a person in the actual environment with actual clothing 

and activity level”.

SET can be used to compare the heat load on the body 

between two sets of environmental conditions with different 

air temperature, mean radiant temperature, air speed, 

and/or humidity. Such combined environmental conditions 

surrounding the body can be described more simply as 

‘ambient’ temperatures.

In excessively hot or hot and humid environments, heat 

loss from the body can be reduced below the level of 

heat production on the body. Over the duration of heat 

exposure, the cumulative imbalance between heat 

production and heat dissipation leads to an increase in 

body core temperature (Cramer & Jay, 2016; Ravanelli et 

al., 2015).

As the thermoregulatory system responds to a warm 

ambient environment, physiological changes take place in 

the body including: (a) Elevated heart rate. (b) Increased 

blood flow. (c) Increased sweating and moisture loss. (d) 

Elevated core temperature.

These changes, in the extreme, can lead to immediate 

health risks including heat cramps, heat exhaustion, 

heatstroke and dehydration. In turn, these effects can lead 

to heart, respiratory and organ complications.
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Heat and Health Effects
There is conclusive evidence of links between high outdoor 

temperatures and human health. Outdoor temperature 

data is widely available and large-scale studies have been 

conducted that correlate outdoor temperatures and their 

duration to regional data on health, hospital admissions 

and death (Basu, 2009; Basu & Samet, 2002b; World Health 

Organization, 2018). Indoor air temperature data, on the 

other hand, is not typically available and there is significantly 

less research relating indoor air temperatures to health.

High temperatures have been estimated to have caused 

489,075 global deaths annually throughout the 2000-2019 

period (Zhao et al., 2021). This is likely an underestimate due 

to limitations in reporting and case attribution. Both mortality 

(deaths) and morbidity (illness) are expected to rise with 

the increase in global temperatures, estimated as 3.3 to 

5.7 degrees Celsius by the year 2100 (Kiarsi et al., 2023). The 

effects of high temperatures are most pronounced during 

heatwaves, periods of peak temperature within a climate’s 

natural variability. The length and severity of these peak 

events is also being influenced by changes occurring in the 

climate.

Heat Strain
Heat strain is the condition where the body cannot dissipate 

sufficient heat to maintain normal core body temperature 

and can lead to several heat-related disorders.

Heat Exhaustion
Extended periods of heat stress may result in heat 

exhaustion, with possible symptoms of dizziness and 

weakness, syncope, intense thirst, gastrointestinal symptoms, 

and dehydration (Gauer & Meyers, 2019; Hess et al., 

2023). Heat exhaustion is typically associated with core 

temperatures between 101 and 104 degrees Fahrenheit 

(Hanna & Tait, 2015).

Heatstroke
If core temperature rises above 104 degrees Fahrenheit, 

heatstroke is likely to occur. Symptoms consist of inhibited 

perspiration, rapid pulse, altered mental state and potential 

loss of consciousness. Chronic health outcomes in relation 

to multiple organ system damage include cognitive 

impairment, acute renal failure, rhabdomyolysis, liver 

dysfunction with hepatic enzyme elevation, disseminated 

intravascular coagulation, and acid-base disturbances 

(Glazer, 2005; Sutton, 1909).

Heatstroke can be divided into classic and exertional forms. 

Classic heatstroke is caused by environmental exposure 

that results in core body temperature above 104 degrees 

Fahrenheit. This condition primarily occurs in the elderly 

and those with chronic illness and can develop slowly 

over several days. Exertional heatstroke is a condition 

that primarily affects younger individuals who are actively 

exercising and core temperature increases due to a 

combination of high heat generation and environmental 

conditions (Glazer, 2005).
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Heat and Pre-Existing  
Health Conditions
Heat-related mortality and morbidity can generally be 

attributed to increased bodily strain and dehydration as 

the body expends additional energy to maintain core 

temperature. Those with pre-existing conditions such as 

cardiovascular disease, kidney disease, respiratory disease, 

diabetes, and hypertension have a higher risk for adverse 

outcomes. Such conditions are modulated by other risk 

factors such as sex, age, smoking status, activity levels, 

medication usage, and socioeconomic status. Heat has 

also been associated with elevated deaths from ischemic 

heart disease, stroke, COPD, lower respiratory conditions, 

dementias, diabetes mellitus and diarrheal disease.

Several physiological factors influence an individual’s 

susceptibility to heat-related health issues:

Ability to sweat: A diminished ability to sweat (anhidrosis) 

can lead to reduced heat dissipation and ability to adapt 

to temperature variations (Inoue & Shibasaki, 1996). 

Although the number of sweat glands responsive to thermal 

stimuli remains constant with age, the output per gland in 

response to changes in body temperature or certain stimuli 

decreases in older individuals (Inoue & Shibasaki, 1996). 

Nerve damage, including from diabetes or alcoholism, can 

contribute to this condition.

Vasodilation and blood flow: The body dissipates heat 

through the skin via cutaneous vasodilation, where blood 

vessels in the skin expand, allowing more blood to flow near 

the surface and release heat to the environment (Chen et 

al., 2024; Inoue & Shibasaki, 1996). Changes in skin properties 

related to aging tend to decrease skin blood flow.

Respiration: Heat causes increased respiratory rate and 

bronchodilation which can exacerbate symptoms like 

shortness of breath and asthma.

Sensitivity and nervous system: The brain and nervous system 

are crucial to human thermophysiology and regulation. 

The hypothalamus detects changes in the body´s thermal 

state from changes in blood temperature and by peripheral 

inputs from thermosensitive receptors located in the skin and 

in the muscles (Nagashima, 2006). Various inflammatory and 

neurodegenerative conditions that interfere with the flow of 

information from the peripheral to central nervous system, 

specifically hypothalamic dysfunction, and/or motor control 

such as multiple sclerosis, stroke, Parkinson disease, and 

peripheral neuropathy can reduce the ability to respond to 

changes in temperature (Steinmetz, 2024).

Cardiovascular Disease
For individuals with preexisting cardiovascular conditions 

such as hypertension or heart failure, the physiological 

response to heat places additional strain on the heart and 

can lead to both acute and chronic illness (Ebi et al., 2021). 

The association between cardiovascular mortality and 

temperature forms a U-shaped curve where the incidence 

of mortality increases at low and high ambient temperatures 

(Arnold et al., 2022).

Heat-related cardiovascular hospitalizations appear to 

be dependent on location, climate, and socioeconomic 

status (C. Liu et al., 2015). Increased ambient temperatures 

in California have been associated with increased risk of 

hospitalization for cardiovascular disease, ischemic heart 

disease and ischemic stroke (Holmes et al., 2016).



22Policy Recommendations: Recommended Maximum Safe Indoor Air Temperature | 2025 Report to the Legislature 

California Department of Housing and Community Development 

Respiratory Disease
Respiratory diseases can be exacerbated by heat stress 

(Tham et al., 2020). The physiological mechanisms underlying 

this vulnerability stem from the body’s effort to cool itself 

through increased respiration and pulmonary vasodilation. 

For individuals with preexisting respiratory conditions such as 

chronic obstructive pulmonary disease (COPD) or asthma, 

this response can be detrimental. The increased respiratory 

rate and bronchodilation can exacerbate symptoms like 

shortness of breath and wheezing. Respiratory diseases, 

specifically COPD, have been cited as a leading cause of 

death in relation to heat exposure as a result of inflammatory 

mechanisms and dehydration (McCormack et al., 2016). 

Increases in maximal daily indoor air temperature have been 

associated with worsening of COPD symptoms and with 

increases in the frequency of inhaler use (McCormack et 

al., 2016). Through the investigation of threshold relationships 

between temperature and heat-related hospital admissions, 

researchers found that outdoor temperatures above 89.1 

degrees Fahrenheit (31.7 degrees Celsius) were correlated 

with increased respiratory hospital admissions (Lin et al., 2009).

Diabetes
Diabetes is another condition that can be exacerbated by 

heat exposure (Tham et al., 2020). Heat can accelerate the 

absorption of insulin in individuals with diabetes, potentially 

leading to hypoglycemia (Rönnemaa & Koivisto, 1988). In 

addition, people with type 2 diabetes mellitus have lower 

skin blood flow and sweating responses that compromise the 

body’s ability to dissipate high heat exposures (Uejio et al., 

2022). Diabetes emergency calls have been associated with 

high outdoor temperature (Holmes et al., 2016).

Kidney Disease
Kidneys play a major role in thermoregulatory functions. 

These functions include blood pressure regulation and 

the maintenance of fluids and essential body chemicals. 

Prolonged dehydration and reduced blood flow contribute 

to the risk of acute or chronic kidney disease (CKD) where 

the effects are generally acute (de Lorenzo & Liaño, 2017; 

J. Liu et al., 2021). Heatwaves increase the likelihood of 

developing kidney failure, which includes acute kidney 

injury (AKI) or CKD, and other outcomes such as acute renal 

failure, kidney stones, renal colic, abnormal kidney function, 

and kidney tumors (J. Liu et al., 2021).

Obesity
Obese individuals have a lower ratio of body surface area 

to body mass which reduces the amount of heat they can 

dissipate from their skin relative to the metabolic heat they 

generate. Fat tissue is also a better thermal insulator than 

muscle tissue which can reduce heat transfer from the body 

core to the skin. Obese individuals are also at greater risk 

of cardiovascular events during heatwaves (Meade et al., 

2020). Obese older adults were twice as likely to die during 

the 2003 European heatwave compared to their non-obese 

counterparts (Vandentorren et al., 2006). Heatstroke has 

been observed to occur at a rate 3.5 times higher in obese 

or overweight individuals compared to those of normal 

weight (Henschel, 1967).
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Physical Disabilities
Physical disabilities significantly impact an individual’s 

susceptibility to indoor heat, primarily due to alterations in 

thermoregulatory perception and response mechanisms. 

Individuals with physical disabilities may experience 

reduced thermal perception, vaso-control of body skin 

temperature, and sweating efficiency (Hill et al., 2000). 

Medications required for treating physical disabilities can 

affect thermoregulatory responses. One’s heat-vulnerability 

during heat extremes is also associated with being confined 

to bed, living alone, being unable to care for oneself, and 

not leaving the residence to cool down body temperature. 

Additionally using technical aids, such as wheelchairs, may 

affect an individuals’ ability to independently manage 

thermal discomfort.

Medications and Alcohol
Drug use can change the body’s ability to redirect blood 

flow to the skin to cool the body or to increase sweating, thus 

increasing the risk of dehydration or decreasing sweating, 

in turn making it harder for the body to cool off since the 

cutaneous vasodilation and evaporative cooling are the 

two primary ways for the body to lose heat. Havenith (2005) 

states that the “use of drugs such as alcohol may predispose 

subjects to heat illness by changes in physiological effector 

mechanisms and by changes in behavior. Many drugs affect 

the body fluid balance, vasoconstrictor/dilator activity 

and on cardiac function. These include alcohol, diuretics, 

anti-cholinergic drugs, vasodilators, antihistamines, muscle 

relaxants, atropine, tranquilizers and sedatives, beta-blockers 

and amphetamines.

Cognitive Disabilities
For those with cognitive disabilities, difficulties in 

comprehending the severity of heat stress, recognizing signs 

of overheating, such as early dehydration, or effectively 

communicating their discomfort place them at heightened 

risk (Ormandy & Ezratty, 2012). Furthermore, these individuals 

might have limited mobility, making it challenging to seek 

relief in cooler environments during heatwaves. 

People with dementia are considered susceptible to heat 

due to several factors related to the pathology of their 

condition and its impact on thermoregulation and thermal 

perception. Research has also found significant variation 

in both tympanic and rectal temperatures in older adults 

with dementia, with dementia being significantly related 

to lower body temperatures. This variation indicates that 

individuals with dementia may have different thermal needs 

and sensitivities. Individuals with dementia often dress 

inappropriately for the temperature (Van Hoof et al., 2010). 

There is evidence that agitation of residents with dementia 

can increase with higher indoor air temperature (Tham 

et al., 2020), and that enhancing thermal comfort can 

significantly decrease agitation and behavioral disturbances 

(Tartarini et al., 2017).

Elderly
Aging impacts the skin’s vasodilatory response and 

cutaneous blood flow, reduces sweat gland effectiveness, 

cardiac fitness and thermal sensitivity. These changes 

compromise the ability to regulate body temperature and to 

accurately detect temperature variations (Chen et al., 2024; 

Inoue & Shibasaki, 1996). The elderly population frequently 

has other health conditions such as cardiovascular or 
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respiratory diseases which impact their susceptibility to heat 

as described above. Limited mobility among older adults 

may hinder their ability to seek cooler environments during 

extreme heat events (Basu & Samet, 2002a; Ormandy & 

Ezratty, 2012; Tham et al., 2020). Additionally, factors such as 

difficulties in operating windows and blinds contribute to their 

increased vulnerability (K. Lomas, 2021). A study of elderly 

people (average age 80.9 years) found that gait speed, 

chair-rise rate and balance were negatively impacted above 

27.9C (Lindemann et al., 2017)

Pregnancy
Adverse pregnancy outcomes have been widely studied 

in relation to high ambient temperatures, including low 

birthweight, stillbirth, preeclampsia, and congenital 

abnormalities (Rekha et al., 2023). The physiological 

mechanisms related to high ambient temperatures 

can affect placental blood flow, increasing the risk of 

hypertensive crises and stillbirth (Rekha et al., 2023; Shashar 

et al., 2020). Maternal sweating and arginine vasopressin-

mediated renal fluid reabsorption as thermoregulatory 

mechanisms in response to overheating have also been 

associated with preterm labor (Syed et al., 2022). Long-

term, repeated exposure to high temperatures can result in 

several adverse pregnancy outcomes. Cumulative exposure 

of 5 to 15 days to outdoor temperatures above 86 degrees 

Fahrenheit (30 degrees Celsius) has been associated with 

infant congenital heart defects (Lin et al., 2018).

Infants and Young Children
Underdeveloped thermoregulatory systems, high metabolic 

rates and limited ability to dissipate heat make infants and 

young children susceptible to overheating. The inability 

to communicate discomfort further complicates their 

vulnerability (Basu & Ostro, 2008). Epidemiologic studies 

have shown that infants and children aged five or younger 

are at increased risk of mortality from high indoor air 

temperatures (Basu & Ostro, 2008; Tham et al., 2020). A study 

focusing on infant deaths in California during the warm 

season also found an increased risk of infant mortality as 

ambient temperature increased (Basu et al. 2015).

Other Impacts of Heat
Impacts on Cognitive Function 
and Accidents
When core temperatures reach 101.8 degrees Fahrenheit 

(38.8 degrees Celsius), the capacity for physical work 

diminishes, mental activity is impaired and accident risk 

increases (Walter & Carraretto, 2016). A study in China 

found that math test scores on a day with average 

temperatures above 89.6 degrees Fahrenheit (32 degrees 

Celsius) were slightly lower than scores on days with average 

temperatures between 71.6- and 75.2-degrees Fahrenheit. 

This effect was more pronounced in regions that are typically 

cooler (X. Zhang et al., 2023).

Heat is hypothesized to directly increase feelings of hostility 

and indirectly increase aggressive thoughts and is mediated 

by affect (B. G. Anderson & Bell, 2009). Higher temperatures 

have been associated with more penalties for aggressive 

behavior in professional football (Craig et al., 2016), pitchers 

hitting batters in professional baseball (Krenzer & Splan, 

2018), and horn honking at cars not moving at green lights 

(Kenrick & MacFARLANE, 1986).
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Impacts on Mental Health
Psychological distress can promote negative mental health 

and behavioral outcomes. When analyzing self-reported 

major depressive disorder in over 20,000 participants 

across 106 countries, Mason and colleagues found a 

strong relationship between higher body temperature 

and depression symptom severity (Mason et al., 2024). 

When assessing hospital admissions attributed to mental, 

behavioral, and cognitive disorders in South Australia, there 

was a reported 7.3% increase in admissions when outdoor 

ambient temperatures were above a threshold of 80.1 

degrees Fahrenheit (26.7 degrees Celsius), with a statistically 

significant effect noted in organic illnesses, dementia, mood 

affective disorders, neurotic, stress related, somatoform 

disorders, disorders of psychological development, and 

senility (Hansen et al., 2008).

To date, studies investigating the relationship between 

high temperatures and violence are preliminary. Some 

suggest that hot weather induces interpersonal violence 

by increasing discomfort, frustration, impulsivity, and 

aggression, and that changes in ambient temperature 

can alter people’s routine activities (e.g., outdoor events 

and social contacts), leading to increased interpersonal 

conflicts(Mahendran et al., 2021). Physiologically, 

heat can disrupt sleep and impair the function of vital 

neurotransmitters and hormones. Additionally, incidents 

of alcohol, cocaine, and drug overdoses increase as 

temperature increases. These factors link the climate crisis to 

a mental health crisis.

Among mental illnesses, schizophrenia has been identified as 

heat sensitive by different authors, who highlight an increase 

in the core symptoms of people with a schizophrenia 

diagnosis associated with high indoor air temperatures 

(Naughton et al., 2002). Additionally, it has been stated that 

in some cases there is an increase in summer admissions 

of schizophrenia patients to psychiatric facilities (Shiloh 

et al., 2007) and in deaths due to schizophrenia and 

schizotypal and delusional disorders (Hansen et al., 2008). 

The findings from Shiloh et al. suggest that the primary 

psychotic symptoms associated with schizophrenia, such as 

delusions and hallucinations, are influenced by temperature 

fluctuations. These symptoms may intensify under the stress 

of excessive environmental heat or potentially diminish in 

cooler conditions.

Impacts on Sleep
Sleep is one of the three key pillars of health (alongside 

exercise and nutrition) and is known to be affected by 

heat exposure (He et al., 2022; Romanello et al., 2022).

Unusually warm night-time temperatures have been linked 

to an increased frequency of nights with insufficient sleep 

(Obradovich et al., 2017). Cumulative heat exposure and its 

impact on sleep will be exacerbated by climate change, as 

night-time temperatures are warming faster than daytime 

temperatures in many parts of the world (Cox et al., 2020).

Insufficient sleep is a recognized risk factor for numerous 

adverse physical and mental outcomes. Multiple 

undesirable health outcomes are associated with insufficient 

sleep (Luyster et al., 2012).They include reduced cognitive 

performance, diminished productivity, compromised 

immune function, adverse cardiovascular outcomes, 

depression, anger, and suicidal behavior (Minor et al., 

2022). A review by Itani (Itani et al., 2017) highlighted nine 

major health outcomes linked to short sleep duration: 
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hypertension, cardiovascular disease, stroke, diabetes 

mellitus, coronary heart disease, obesity, dyslipidemia, 

depression, and mortality. Other studies have found a 

causal link between lack of sleep and Alzheimer’s and 

cancer (Walker, 2017). Sleep loss not only degrades mental 

health but also reduces workplace productivity, increases 

absenteeism, and elevates the risk of accidents (Hillman 

et al., 2018). Therefore, insufficient sleep undermines 

independent living and places an increased burden on the 

health and social care system (K. J. Lomas & Li, 2023).

Temperature and Sleep Quality
Many factors affect sleep quality, including physiological, 

psychological, and environmental conditions. Among the 

key environmental factors, temperature and noise have 

been identified as the most influential (N. Zhang et al., 

2019). In hot weather, the thermal environment during sleep 

becomes crucial because a lack of night-time relief from 

heat is considered a significant factor contributing to heat-

related mortality (Murage et al., 2017; Sheridan & Kalkstein, 

2004). Based on an association between high morning 

temperatures and deaths to heat exposure, Anderson (M. 

Anderson et al., 2013) stated that small diurnal temperature 

variations (meaning little drop in temperature at night) 

contribute to mortality. During the Chicago heatwave of 

1995, with approximately 700 excess deaths, there were 

exceptionally high minimum temperatures that persisted for 

several days. These high minimum temperatures inhibited 

the normal recovery from heat stress during the nighttime 

hours (Kenney et al., 2014).

In the UK, an overheating criterion has been proposed 

based on the mean night-time bedroom temperature, 

with thresholds ranging between 78.8 and 84.2 degrees 

Fahrenheit (26 and 29 degrees Celsius), depending on 

bedding and comfort expectation (K. J. Lomas & Li, 2023). 

The allowable exceedance of the chosen threshold is limited 

to seven nights between May and September. Using the three 

adaptation categories provided in the TM59 standard and 

analyzing the exceedance hours, the authors recommend 

adopting thresholds based on population types: 78.8 degrees 

Fahrenheit (26 degrees Celsius) for special needs populations 

(sick and ill people), 80.6 degrees Fahrenheit (27 degrees 

Celsius) for people with disabilities, children, and elderly 

people, 82.4 degrees Fahrenheit (28 degrees Celsius) for most 

healthy people, and 84.2 degrees Fahrenheit (29 degrees 

Celsius) for robust and healthy young people.

Table 4. Suggested night-time temperature 
threshold in a proposed UK standard  
(K. J. Lomas & Li, 2023) (based on still  

air conditions).

MEAN 
NIGHT-TIME 

TEMPERATURE 
THRESHOLD

BEDROOM COMFORT EXPECTATION

78.8 °F (26 °C) Very high expectation (e.g., special needs, 
sick and ill persons)

80.6 °F (27 °C) High expectation (e.g., disabled, children and 
elderly persons)

82.4 °F (28 °C) Medium expectation (e.g., most healthy 
persons)

84.2 °F (29 °C) Moderate expectation (e.g., robust, young 
healthy persons)

>84.2 °F (>29 °C) Unacceptable for any persons
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Heat Combined with  
Poor Air Quality
Atmospheric pollution can impact the risk of heat exposure. 

While most studies have considered air temperature and 

air pollutants separately, more recent evidence has shown 

the amplifying effect of both exposures simultaneously on 

health impacts. One study, for example, using daily average 

exposure of heat and daily weighted concentrations of air 

pollutants across neighborhoods in Rotterdam, Netherlands, 

found a significant effect modification between maximum 

temperature and air quality metrics on natural-cause 

mortality (Willers et al., 2016).

These findings align with results from similar studies 

conducted in Italy and Germany (Breitner et al., 2014; 

Scortichini et al., 2018). A Slovenia study also found that 

worse cardiovascular symptoms with higher heat burden 

and CO2 concentration (Fink et al., 2017). A study in Jiangsu, 

China, provides a comprehensive picture of the interactions 

between high extreme temperatures and PM2.5 pollution 

on total mortalities (Zhou et al., 2023). The interactions 

were stronger in respiratory than cardiovascular mortalities. 

Researchers note that such risks can vary between 

neighborhoods due to local differences in both heat and air 

pollution (Willers et al., 2016).

Fine particulate matter (PM2.5) and tropospheric ozone 

are significant pollutants causing cardiovascular and 

respiratory diseases, and the relationship is influenced 

by heat. PM2.5 alone was responsible for 3.15 million 

premature deaths worldwide in 2010 and 52,000 in the 

United States (Giannadaki et al., 2016). Numerous recent 

multi-city studies report the mortality effects of ozone (Bell 

et al., 2004). Volatile organic compounds (VOCs) are 

precursors to both pollutants. PM2.5 is a secondary organic 

aerosol that forms through the oxidation of VOCs. Ozone 

is formed from photochemical reactions involving nitrogen 

dioxide (NO 2) and volatile organic compounds (VOCs) 

in the presence of sunlight, particularly ultraviolet light. 

Particularly relevant to this report is that these reactions 

increase with air temperatures (Pfannerstill et al., 2024). 

The percentage of days when PM2.5 exceeds a threshold 

level of 12 µg/m³ increases from less than 10 percent at 68 

degrees Fahrenheit (20 degrees Celsius) to more than 40 

percent at 68 degrees Fahrenheit (30 degrees Celsius). The 

temperature dependence of ozone is very strong. The ozone 

exceedances of the 70 ppb unhealth threshold defined by 

standards increase from 0 percent at 86 degrees Fahrenheit 

(20 degrees Celsius) to more than 70 percent at 68 degrees 

Fahrenheit (30 degrees Celsius) (Nussbaumer & Cohen, 2020, 

2021). Sunny, hot afternoons are ideal for ozone formation, 

especially since hotter air tends to be more stagnant. Most 

tropospheric ozone originates from vehicle exhaust and 

emissions from factories, power plants, and refineries.

Poor air quality can also limit the use of natural ventilation 

to provide cooling when outside temperatures are below 

indoor air temperatures. This is particularly true during 

periods of heavy wildfire smoke.

Social equity factors Individuals with low socioeconomic 

status may be particularly subject to the adverse effects of 

extreme heat. These populations often face a combination of 

socioeconomic and environmental factors that amplify their 

personal susceptibility or circumstantial vulnerability to heat-

related health risks (Basu et al., 2015; Basu & Ostro, 2008).
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Lower quality dwelling units. Individuals with low 

socioeconomic status are more likely to reside in 

substandard dwelling units, which usually lacks adequate 

insulation or ventilation, exacerbating indoor air 

temperatures during heatwaves.

Limited access to cooling. One significant reason for this is 

that limited financial resources can further impede access to 

more effective cooling strategies.

Social isolation. Research has found that individuals living 

alone faced a doubled risk of death during heatwaves 

compared to those living with others (Semenza et al., 1996). 

The concerns for individuals who live alone during heat 

emergencies, particularly the elderly, is underscored when 

they have limited social networks and potentially debilitating 

health conditions (Naughton et al., 2002). This demographic 

faces challenges in accessing timely assistance during 

extreme heat events. Researchers have emphasized the 

importance of social support networks and access to cooling 

resources in mitigating the impact of high temperatures on 

heat-susceptible populations, particularly those living alone 

(Basu & Samet, 2002a).

Lack of access to health care. Additionally, it has been 

emphasized by researchers that disparities in healthcare 

access and quality may limit their ability 

to receive timely medical care for heat-

related illnesses (Basu et al., 2015).

Higher outdoor temperatures in urban 
areas. Urban heat island effects can 

cause higher temperatures for urban 

populations. These areas have fewer 

green spaces and more concrete 

surfaces, which absorb and radiate 

heat, elevating overall temperatures 

(Basu & Samet, 2002b). The National 

Integrated Heat Health Information 

System provides temperature data 

comparing disadvantaged versus non-

disadvantaged census tracts. Data for 

South Los Angeles shows that afternoon 

temperatures in disadvantaged tracts 

are 2 degrees Fahrenheit warmer 

compared to non-disadvantaged tracts 

(www.heat.gov/pages/heat-equity).

Heat.gov serves as the premier source of information regarding heat and health for the nation. This portal 
seeks to improve federal, state, and local information and capacity to reduce the health, economic, and 
infrastructural impacts of extreme heat.

Heat.gov is the webportal for the National Integrated Heat Health Information System (NIHHIS).
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Adaptation To Heat
Many authors agree that there are three levels of 

adaptative ability: behavioral, psychological, and 

physiological (Brager & de Dear, 1998; Pallubinsky et al., 

2023; Rahif et al., 2021). Behavioral adjustments can be 

personal (e.g., adjusting clothing, activity, posture, eating/

drinking cold food or beverages, moving to a different 

location, etc.), or environmental (e.g., opening/closing 

windows or shades, turning on fans, etc.). Psychological 

adaptation recognizes that comfort and acceptability are 

subjective and depends on a variety of contextual factors, 

including whether conditions match one’s expectations. 

This, in turn, can be influenced by whether one has personal 

control over thermal conditions, how constant versus 

variable one’s past thermal experiences are, and whether 

the indoor climate is controlled entirely by mechanical 

heating or cooling or if the building is conditioned with 

passive strategies, making the indoor climate be more 

aligned with the natural rhythms of the outdoor climate.

The most important physiological adaptations are 

cardiovascular and sweating. Heat acclimation is 

characterized by increased perspiration due to the number 

and distribution of active sweat glands, increased peripheral 

blood flow, and lowered heart rate, each physiologically 

favorable outcomes with respect to heat (Syed et al., 

2022). Significant beneficial adaptation occurs within the 

first few days of repeated heat exposure and reaches a 

plateau after 7-14 days, varying with the type of exposure 

(Pallubinsky et al., 2023). Following exposure to heat, 

the physiological adaptation does not last a long time, 

reducing after a few days or weeks after a reduction in heat 

exposure (Lee et al., 2014). In healthy adults, seasonal heat 

acclimatization is well documented to affect the resting 

core temperature, resting heart rate, sweat rate, and skin 

temperature (Brown et al., 2022). In a review, out of 16 

studies, 11 studies reported a reduction in core temperature 

and an increase in sweating rate at the end of the warm 

season compared to early in the season.

In the context of climate change, there are signs that 

there may be physiological adaptation to heat occurring 

in the broad population (Lee et al., 2014). This effect is 

not well understood and will need more study to better 

understand the impact across different climates and 

populations. People living in hotter climates tend to cope 

better with extreme heat. The maximum temperature 

threshold associated with increased emergency room visits 

and admission rates is higher in regions with hotter weather 

(Kenny et al., 2019). The duration of the exposure is also 

important; successive days of exposure can lower the 

threshold for heat-related mortality. The physiological factors 

affecting heat-related mortality and morbidity include sex, 

age, and fitness.
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Strategies For Avoiding Indoor 
Overheating
Strategies to avoid indoor overheating and maintain 

temperatures below the recommended maximum can be 

categorized into three levels: building, urban, and personal. 

These strategies are detailed in the following sections. Many 

of these strategies can and should be used in combination 

with other strategies. 

In this section, the strategies are described functionally 

and critically assessed. Given the vast array of building 

design and construction (envelope, interiors, electrical, 

and mechanical) and the large variations in usage, site 

conditions, climates, availability of market-ready solutions, 

electrical panel load capacity, and social and economic 

issues, there is no one-size-fits-all solution to avoid indoor 

overheating. The effectiveness of any given solution 

depends on the specific context.

The following passive and active strategies may only 

apply to newly constructed residential dwelling units, 

existing residential dwelling units, or manufactured homes/

mobilehomes, or a combination thereof. The method 

to apply these strategies will likely vary between policy/

legislation, incentive programs, building standards, or other 

vehicles of implementation.

Building Strategies
There are several building-level strategies that can be 

adopted to mitigate indoor overheating by making buildings 

more resilient to extreme heat. In this section, two types 

of strategies are described: passive and active strategies. 

Passive strategies include those that control indoor thermal 

conditions by improving the performance of the building, 

for example the envelope, without the need for external 

energy. Since these strategies do not require energy, 

they are very effective even during power outages for all 

buildings and occupants, or in situations of energy poverty. 

In 2010, World Economic Forum defined energy poverty as 

the lack of access to sustainable modern energy services 

and products. Therefore, passive strategies can effectively 

improve the heat resilience of homes in underserved and 

heat-vulnerable communities (Sun et al., 2021). Active 

strategies involve using energy to control the indoor thermal 

environment, such as through mechanical ventilation or 

cooling. This section discusses the applicability of these 

strategies to new buildings, existing buildings, and MH.

Passive Strategies
Window ventilation and night cooling. Opening windows 

to enhance natural ventilation/cooling, potentially in 

multiple places in a household to enable cross-ventilation 

(from one side to the other of the home), is an effective 

strategy to dissipate heat accumulated during the day. 

Natural ventilation also increases air velocity indoors thereby 

enhancing convective heat loss from the occupant skin 

and related evaporative heat losses. Airflow between 

outdoors and indoors can be wind-driven and/or buoyancy-

driven (driven by the difference in outdoor and indoor air 
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temperature) and it can be enhanced with the use of fans 

(including whole house fans mentioned below).

Natural ventilation effectiveness depends on building 

characteristics and the outdoor thermal conditions. If 

the outdoor temperature is higher than indoors, there is 

no benefit in increasing air flow from outdoors to indoors. 

Temperature sensors are affordable and can be installed 

to inform occupants on when to open and close windows. 

The lowest temperatures happen at night toward the 

early morning, and this is usually the best time to have 

the windows open. Night cooling decreases indoor air 

temperature during the night hours but also during the 

day. Thanks to the building’s thermal mass and the starting 

of the day with lower indoor air temperatures. To enable 

natural ventilation, it is important to provide occupants 

with easy access to operable windows, vents and skylights.

The applicability of night cooling is constrained by several 

factors that limit its effectiveness and applicability in various 

contexts. When outside air is polluted (episodically like 

with wildfires, or frequently as when a window is close to 

a freeway) it is safer to close the windows and vents and 

use air filtration (centralized or portable). There could be 

other limitations to the use of night cooling such as noise 

pollution, the risk of insect ingress as mosquitoes and 

security risks related to crime. There is also evidence that 

nighttime temperatures are increasing more than daytime 

temperatures, which could reduce the effectiveness of night 

ventilation in the future.

Window ventilation and night cooling can be applied to 

new and existing single and multifamily units and MH. Some 

multifamily layouts, including point access blocks and single-

loaded corridors, encourage natural ventilation more than 

other designs (Eliason, 2021).

Shading to reduce solar heat gain. This strategy aims to 

reduce heat gain from solar radiation transmitted through 

transparent parts of the building envelope, for example, 

windows and skylights. Windows are the primary source 

of daylight and access to outdoor views thanks to their 

transparency (Ko et al., 2022). They are fundamental for 

occupant well-being. However, they also significantly impact 

indoor overheating, since the incoming solar radiation is also 

thermal energy, which can raise indoor air temperatures 

and significantly impact thermal comfort (Arens et al., 2015). 

This is the reason why windows are usually integrated with 

shading devices or high-performance glazing technologies 

that are specifically designed for controlling solar radiation. 

The most effective ways to control undesired thermal gains 

from solar radiation while maintaining access to daylight 

and view are: (i) design and install permanent outside 

shadings elements as screens, louvers, porches, awnings 

to block or reflect solar radiation during the warmest hours 

of the day, thick walls that shade the glass; (ii) design 

and install dynamic façade technologies, for example, 

movable shadings as shutters, venetian blinds, and roller 

shades, which can be adapted either manually or through 

automated controls to reduce solar gains whilst still ensuring 

access to the outdoor views. Shading elements are more 

effective when installed on the exterior and can reduce 

solar energy from entering the building via the glass. 

Dynamic shading devices are ideal in one sense because 

they can adapt to changing indoor or outdoor conditions. 

This can reduce incoming solar radiation during the 

warmest hours of the day or the extreme heat periods, while 

allowing maximum access to daylight and view. However, 

dynamic shadings or glazing require careful operation 

and management to avoid undesired performance. This 
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requires awareness from the occupant on when and how to 

operate the shading or window technologies most effectively. 

In situations where occupants cannot frequently operate 

windows and shadings technology the design and installation 

of systems that are either automated, so their operation relies 

on actuators and sensors, or designed to avoid incoming 

solar radiation in the worst time of the day by using fixed 

exterior shading elements or glazing with low SHGC (below 

0.30). These solutions are more robust to occupant behaviors, 

and they can ensure effective operation and mitigation of 

indoor overheating. Selecting windows with low SHGC or 

adding windows films can substantially reduce cooling loads. 

Windows films are a low cost and effective solution (Sun et 

al., 2021) that can be applied to new and existing single and 

multifamily homes and MH.

Thermal mass. Thermal mass refers to the property of the 

material and the weight of building components to absorb, 

store, and release in time thermal energy. This strategy has 

the overall objective to create a thermal buffer in buildings 

to shift the heat peak load in time. In this way, the heat 

during the day is absorbed by the building envelope or 

structure mass and released later in the night when the 

outdoor temperature is lower. Thermal mass also has the 

benefit of reducing the peaks of indoor air temperatures 

and providing a more stable indoor environment. However, 

thermal mass effectiveness depends on the operation time 

of a building or on other strategies that can be implemented 

in combination, for example, night cooling, to reduce 

the impact of delayed heat release. In a seismic area 

like California, increasing the thermal mass of a building, 

increases the cost of the structural solutions.

There are four main ways heat can be stored in buildings. 

First, heat can be stored as sensible heat, therefore by 

using materials that have high specific heat capacity, for 

example, concrete floors and foundations. Secondly, heat 

can be stored by leveraging on latent heat, for example, by 

using materials that can easily change physical state (from 

solid to fluid and vice versa) with temperature, for example, 

phase change materials. Third, heat can be stored by 

leveraging chemical or thermochemical storage. This latter is 

especially useful in combination with active systems. Fourth, 

part of the building can be underground (for example, 

burrowed into hillside) and the earth play the role of thermal 

mass. These last three strategies are not commonly used in 

residential dwelling units. It is difficult to change the thermal 

mass of a building after construction, so this solution is mainly 

applicable to new buildings.

Cool coatings and materials. This strategy has the main 

objective of reflecting unwanted solar radiation, which 

hits the building envelope thereby increasing the surface 

temperature and the net heat transfer from outdoors 

to indoors through the envelope. By doing so, cooling 

reduction between 2–44 percent, with an average benefit 

of 20 percent, can be achieved (Levinson & Lee, 2023). 

Increase in solar reflectance can then mitigate outdoor 

local overheating by about 0.2 degrees Celsius for each 

10 percent increase of albedo (Santamouris et al., 2012). 

Applying cool coatings on the roof or selecting materials 

that have retro-reflection (redirecting solar radiation towards 

the sky) are the best.

One affordable way of increasing the solar reflectance of 

walls and roofs is by using light colors or white materials that 

can reach high reflectance levels of 0.7-0.85, in comparison 

to a typical solar reflectance of 0.04 for traditional black 

asphalt roofs. A few innovative materials and coatings have 

also been proposed to limit the undesired effects of cool 
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coatings: (i) temperature sensitive high solar reflectance 

coatings, which can change the surface reflectance 

depending on the outdoor temperature and maintain 

high solar gains in winter; (ii) incident-dependent or retro-

reflective coatings, which reflect the solar reflectance 

depending on the angle of incidence or redirect the 

unwanted radiation towards the sky to avoid overheating 

of pedestrians. Databases with information about the solar 

reflectance and the infrared emittance of commercial roof 

products are provided by the EU Project Cool Roofs (http://

coolroofcouncil.eu), and the US Cool Roof Rating Council 

(https://coolroofs.org).

Sky radiative cooling is the strategy where roof surfaces 

are cooled down by the thermal exchange with the sky. 

Particularly during cloudless sky nights, when the sky 

equivalent temperature is very low, building roofs release heat 

to the sky through long-wave (thermal infrared) radiation. 

However, sky radiative cooling can also have detrimental 

impacts on heating demand, and its effectiveness depends 

on sky cloud coverage and wind. To enhance sky radiative 

cooling, the ideal material properties should have a maximum 

reflectivity in the short-wave range (0.25–2.8 µm) to reflect 

solar radiation, while the emissivity should be as close as 

possible to unity in the atmospheric window band (8–13 µm) 

and zero on the rest of the sky band.

SP-4 Improved building envelopes and ductwork. Improving 

the insulation level and reducing air leakage in the building 

envelope and ductwork can reduce heat gain during the 

day and help reduce indoor temperature. Weatherization 

programs for existing buildings focus on sealing cracks or 

holes around doors, windows and pipes; adding insulation 

to roofs and/or walls; replacing broken, leaky or inefficient 

windows; and sealing and insulating duct work. Substandard 

dwelling units with poor envelopes can benefit considerably 

from such improvements.

Green walls. Where allowed by building standards, 

vegetated exterior surfaces can decrease surface 

temperature, shade from solar radiation and therefore 

reduce sensible heat gain from outdoors to indoors. The 

aim of this strategy is to leverage the evaporative cooling 

potential of greenery, thanks to their moisture content, 

the shading effect, and the relatively low solar absorption. 

Green walls and roofs also have a positive impact on 

outdoor thermal comfort, urban heat islands (Alexandri & 

Jones, 2008), and rainwater management thanks to their 

water retention potential. There are two types of vegetated 

solutions: (i) green walls, where the plants in green façades 

are rooted in the ground and use the façade as the 

structure to grow; (ii) living wall/roof systems. In living walls 

and roofs, the plants are rooted in pots or ground systems 

integrated into the façade/roof. Overall, vegetated walls 

require maintenance and irrigation, and typically have 

higher structural requirements; thus, this solution is very 

limited in residential buildings and dry climates in California 

but vines on walls and trellises (green walls) are more 

commonly used options.

Roof insulation, roof ventilation, and radiant barriers. Roof 

insulation reduces the heat transfer from the outside to the 

inside of the building. It is valuable both in summer and 

winter. Roof ventilation increases thermal dissipation through 

the roof, air can circulate through these gaps and remove 

heat through convective heat exchange. The added 

benefit of ventilated gaps is the control of moisture across 

the building envelope, preventing the growth of mold. 

The side effect of ventilated roofs is decreasing thermal 

resistance in the winter season.

http://coolroofcouncil.eu
http://coolroofcouncil.eu
https://coolroofs.org
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A radiant barrier is a type of reflective building material 

installed (usually underside of the roof rafters) in the attic to 

reduce heat transfer between the building and the outside. 

The sun’s radiant heat can penetrate the roof and transfer 

into the attic space, causing the temperature to rise. A 

radiant barrier reflects part of the radiant heat back toward 

the roof, preventing it from entering the attic and reducing 

the heat gain in the living space below. This helps to keep 

the interior of the building cooler and can lower cooling 

costs. Installing a radiant barrier in ceilings can contribute 

to improved energy efficiency, increased comfort, and 

potentially lower utility bills. Roof interventions are usually 

only cost effective in retrofits when coordinated with an 

end-of-life roof replacement.

Overall recommendation in terms of passive strategies. Initial 

actions for mitigating overheating risk are: (i) to effectively 

control solar radiation through shadings, ideally placed 

outside. Windows with low SHGC and the use of window 

films is suggested; (ii) to enhance night cooling by effectively 

opening windows and vents to maximize natural ventilation/

cooling when the outdoor temperature is lower than indoor. 

Natural ventilation can be enhanced with the use of window 

and ceiling fans. If these actions are not sufficient, secondary 

actions may consider the retrofit of the building fabric to 

improve thermal insulation and thermal mass, including the 

use of cool or green surfaces for roof or walls. Again, these 

strategies should be considered in the context of building type 

and if the residential dwelling units are newly constructed or 

are existing residential dwelling units.

Active Strategies
While passive strategies are important to reduce the risk 

of indoor overheating and energy demand, they may not 

be sufficient to protect people under high temperatures, 

especially the heat-susceptible population. For this 

reason, it is important to combine or provide access to 

active cooling strategies in addition to passive strategies 

when they are not sufficient during extreme heat events. 

Low-energy or low-carbon active cooling technologies 

should be preferred to reduce the side effects of indirectly 

contributing to global greenhouse gas emissions. In 

addition, the use of active cooling should be limited 

to situations where thermal conditions are dangerous. 

Nevertheless, active cooling strategies are only valid for 

indoor environments when thermal adaptation and other 

strategies at urban levels are considered for the livability of 

both indoor and outdoor spaces.

Fans for cooling people. This strategy is mostly 

recommended because it is cost-effective and can be 

easily installed and used in residential buildings. Using fans 

alone or in coordination with air conditioning systems to cool 

people offers several significant enhancements compared 

to air conditioning alone, including improved thermal 

comfort, indoor air quality, air distribution, energy savings, 

and initial cost savings” (Raftery et al., 2023).

Whole house fans. When natural ventilation and night 

cooling alone are not sufficient, it is possible to enhance 

their effect with windows fans or whole house fans. Whole 

house fans are usually installed in the attic and move a large 

amount of air. There should be proper vents/openings that 

allow air to flow from outside to inside the home, then to 

the attics and then outside. These fans can be noisy, and 
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they should be operated with the windows open to avoid 

creating too much negative pressure (the indoor pressure is 

lower than the outdoor pressure). They should be operated 

when outdoor temperatures are equal or lower than indoor 

air temperatures. Whole house fans cool the building by 

bringing in cool air and by cooling down the indoor thermal 

mass. This solution is not applicable when the outdoor 

conditions are unfavorable (for example, noise and air 

pollution), similarly to the situations described for “Window 

ventilation and night cooling”. They are cheaper to buy and 

operate than air conditioning. This solution can be applied 

to new and existing residential dwelling units.

Evaporative cooling. In evaporative cooling systems 

also known as evaporative coolers or swamp coolers, 

the air temperature is reduced by extracting latent heat 

through the evaporation of water in contact with the air 

stream. These systems are usually low-cost but require high 

maintenance (C. Zhang et al., 2021). Since these systems 

exploit the evaporation of water, evaporative cooling is 

effective in dry environments, in particular arid climates, 

where air temperature difference of 27degrees Fahrenheit 

(15.0 degrees Celsius) can be achieved (Watt, J., 2012). 

These cooling systems are usually utilized in open or semi-

open spaces, where the growth in absolute humidity levels 

is mitigated by air movements (E. Erell, D. Pearlmutter, Y. 

Etzion, 2008). In residential buildings they are operated with 

the windows or vent slightly open to allow the extra supplied 

air to escape. They are less expensive to buy and operate 

compared to air conditioners. Some evaporative coolers are 

portable and can be easily placed near occupants, they 

can be applied to new and existing single and multifamily 

homes and MH, in particular the portable units.

Air conditioning. Air conditioning with heat pump systems 

are an effective and well proven strategy to reduce indoor 

temperature and humidity. During the twentieth century 

in the United States, heat-related mortality decreased by 

about 75 percent thanks to air conditioning, saving an 

estimated 20,000 lives each year (Barreca et al., 2016). Air 

conditioning is considered a good strategy for protecting 

heat-susceptible populations against the adverse effects of 

extreme weather.

The main negative aspects related to the use of air 

conditioning are the large energy consumption (and 

related installation and operation costs) and the associated 

greenhouse gasses emissions and the strain on the electrical 

grid. Moreover, air conditioning uses refrigerants that usually 

have a large Global Warming Potential. Air conditioning 

strongly relies on electricity and therefore, as a cooling 

strategy, is very sensitive to power outages. In an older unit, 

the dwelling’s electrical panel needs to have adequate 

electrical capacity to cover the increased electrical load. 

When trying this approach for an entire apartment complex, 

updating the capacity of the local electrical grid may be 

necessary, which could be extremely costly, or in some 

cases infeasible depending on the electrical utility provider 

and possible infrastructure limitations. If air conditioners are 

coupled with photovoltaic panels and batteries, they could 

be more resilient to power outages. These air conditioners 

coupling strategies are important for heat-susceptible 

populations in sub-standard dwelling units because they 

would experience higher indoor air temperature during 

power outages, which could be more frequent during 

heatwaves or extreme heat events, due to high peaks in 

energy demand and instability of the electric grid at the 

same time.
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Typical indoor settings between 75-79 degrees Fahrenheit 

(24-26 degrees Celsius) are considered comfortable in air-

conditioned spaces (ASHRAE 55, 2023). Higher temperatures 

are possible when fans are present.

Radiant cooling. Radiant cooling involves cooling either 

the floor or ceiling by absorbing heat radiated from the 

surrounding surfaces using cool water running within pipes 

or capillary tubes. When applied to the floor, it is named 

radiant floor cooling, while ceilings are typically cooled using 

radiant panels in residential settings. Radiant cooling is not 

very common in California. Humidity and infiltration need to 

be controlled to avoid surface condensation. In dry climates 

the problem is less concerning. Radiant systems tend to be 

more energy efficient than air conditioning systems and the 

additional thermal mass often allows cooling loads to be 

shifted to off-peak hours, reducing peak electricity demand. 

Radiant cooling is primarily in new construction or major 

retrofits as it can be expensive in retrofit applications.

Ground source cooling. The low and stable temperature 

of the ground below approximately 30 ft (9 m) can 

be exploited to release heat in the ground and cool 

down a working fluid through heat exchangers. In this 

way, this strategy can remove sensible heat from the 

indoor environment through heat exchange with a 

cooler refrigerant, which is usually water (borehole heat 

exchanger) or air (earth to air heat exchanger). Ground-

source cooling is classified as: (i) direct or passive, and (ii) 

indirect or active. The first system relies exclusively on the 

thermal exchange between ground and the working fluid, 

without any additional mechanical cooling. The second 

system uses the ground temperature as part of a traditional 

compression refrigeration cycle, where the ground acts 

as a sink for dissipating heat. Despite ground temperature 

is relatively constant, the heat dissipation potential of the 

ground can be affected by climate change as investigated 

(G. Chiesa, A. Zajch, 2020). Ground-source cooling is most 

effective when difference of temperature between working 

fluid and ground is high, for example, peak load condition 

(C. Zhang et al., 2021). Ground source heat pumps are not 

very common in California (Opinion Dynamics, 2022).

Cool rooms. A cool room is a way to provide a safe place in 

a residential dwelling unit during extreme heat. By focusing 

on keeping a smaller area cool, it can be less expensive 

than trying to cool the entire living space and can make 

it more practical to provide battery backup power. The 

selected space should be a frequently used space, for 

example a living room or a bedroom, and it should be easily 

accessible to all occupants, including people with mobility 

issues. The same concepts described above may apply, just 

at a smaller scale.

Again, these strategies should be considered in the context 

of building type and if the residential dwelling units are 

proposed for new construction or are existing residential 

dwelling units.

Personal Scale
The personal scale approaches to keeping cool during hot 

weather are included here for purposes of including in public 

education and awareness efforts that could reduce health 

impacts of heatwaves.
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Knowledge, awareness, and 
information
Education increases people’s understanding of risk by 

improving their knowledge. As the perception of risk 

increases, adaptive actions increase at both the individual 

and the societal levels (Kiarsi et al., 2023; Yazar et al., 2022). 

People’s behavior can play a key role in mitigating indoor 

overheating while reducing energy consumption. For 

example, simple actions, such as the conscious opening 

of doors and windows or the use of shading devices 

(for example, shutters and curtains) can reduce indoor 

overheating. In addition, other actions, such as adjusting 

the amount of one’s clothing or drinking cold water, can 

mitigate the impact of overheating on human health. These 

adaptive behaviors and mitigation strategies are influenced 

by awareness and knowledge (Van Loenhout & Guha-Sapir, 

2016), the general level of education (Pisello et al., 2017), 

socio-economic status, and household characteristics. 

Several studies have shown the benefits of increasing 

awareness and education. For example, training children 

to adapt drinking habits helps them resist heatwaves and 

overheating (Kalhoff et al., 2023).

It is key to increase awareness of occupants around: 

(i) the risk of overheating; and (ii) what actions can be 

implemented to reduce indoor overheating. This latter 

includes knowledge of (i) strategies at the individual level, 

for example, adjusting clothing, drinking water, reducing 

activity, etc.; (ii) strategies at the household or workplace 

level, for example, increasing night cooling ventilation 

and shading. Shading is very effective since it leverages 

the perceived motivation to pro-actively adapt, leading 

to increased empowerment of how to better adapt 

households to heat (Valois et al., 2020). It has been shown 

that providing instruction and training through health 

networks, liaisons, and key people in the community is 

effective (Kiarsi et al., 2023).

Awareness campaigns and communication activities should 

be tailored to the specific needs of different audiences. 

Heat-susceptible populations are targeted due to the 

severe impact of extreme heat on their health and the 

disadvantages of communication. This includes the elderly, 

children, and caregivers (The Lancet, 2015). For example, 

children need specific communication goals and strategies 

(Mangus & Canares, 2019). It is important to target a 

population with either a language barrier or less exposure 

to information and education (Sheridan, 2007). A recent 

survey reported that one main source of information during 

heatwaves is news (Palinkas et al., 2022). The following 

items provide specific areas that may benefit individuals if 

presented for awareness:

Adaptive Behavior
Reducing clothing level. Removing or optimizing clothing levels 

is well established and widely used strategy to reduce the 

thermal resistance between the body and the environment. 

This increasing heat losses through evaporation, conduction, 

radiation, or convection. It is recommended to wear easy-

to-modify clothing layers that enable adjusting the level of 

clothing in time, with loose, light, and breathable fabrics.

Activity and exposure. Limiting activity levels to keep the 

metabolism and work level low is an effective way to reduce the 

impact of overheating since it limits the amount of internal heat 

produced by the body. This strategy is effective both indoors 

and outdoors. Reducing, eliminating or rescheduling strenuous 
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activities until the coolest time of the day is recommended. 

Breaks in physical activity longer than 5 minutes can lower the 

body temperature. Selecting cool locations and reducing 

exposure to solar radiation is also a very effective strategy for 

limiting the risks of overheating. (Palinkas et al., 2022).

Drinking cold liquids. The CDC provides the following advice 

to prevent dehydration: drink more fluids; don’t wait until 

you’re thirsty; avoid sugary or alcoholic drinks (these types of 

beverages can lead to increased fluid loss). Ingestion of cold/

icy water increases conductive heat transfer between the 

warm body and the cool ingested aliments (Jay et al., 2021). If 

the water is consumed while people are sweating, for example 

during exercise, its effectiveness is reduced (Jay et al., 2021). 

Heavy sweating removes salt and minerals from the body that 

need to be replaced and a sports drink can replace the salt 

and minerals lost from sweating. Individuals with diabetes, high 

blood pressure, or other chronic conditions, as well as those 

on a low-salt diet should consult with a doctor before drinking 

sports beverages or taking salt tablets.

Self-dousing. Applying water to the skin can reduce 

physiological heat strain and thermal discomfort and this 

strategy is very effective when the indoor environment is 

dry, and clothing does not restrain the evaporation of water 

directly from the skin (Morris et al., 2019). However, for dousing 

to be effective needs to be repeated every 5-10 minutes and 

is therefore not always practical. Similar strategies include 

immersing hands and forearms in cold water (Giesbrecht, 

Gordon G., Christopher Jamieson, and Farrell Cahill., 2007); 

immersing feet above the ankles can increase conductive 

heat loss and reduce thermal discomfort (DeGroot et al., 

2013), even if it has not been proved capable of limiting heat 

strain. Noticeably, cold water below 41 degrees Fahrenheit (5 

degrees Celsius) can also induce local thermal discomfort.

Household modifications. There are affordable and practical 

actions that can be taken in dwellings to improve the 

thermal environment and reduce the risk of overheating: 

closing windows, curtains, or blinds during the day; opening 

windows when outdoor temperatures are equal or lower 

than indoor and solar radiation is not a concern, for example, 

during the night; limiting the use of appliances that generate 

heat, such as ovens and stoves (not cooking food), and 

clothes dryers and select energy; operating fans and 

small evaporative coolers. In a literature review, clothing 

adjustment was shown to be the most frequent adaptive 

behavior across various types of indoor environments 

followed by fan usage, opening the windows, and the use of 

air conditioning (Arsad et al., 2023).

Prioritize staying in cooler spaces within the available indoor 
spaces. Indoor spaces have different temperatures and 

people should stay in the cooler areas. Spaces that are in 

proximity of façades, roofs, windows, and higher floors are 

often warmer than other internal spaces. When possible, it 

is recommended to avoid using indoor spaces close to roof 

and façade surfaces in the warmest hours of the day, unless 

natural ventilation can prevent undesired overheating.

Personal Comfort Systems (PCS) for cooling. PCS is a local 

device designed to condition the environment in proximity 

of an occupant according to their personal individual 

requirements (ASHRAE 55, 2023). Examples of PCS for cooling 

include fans (small desktop fans, standing fans, ceiling 

fans) and small misters or evaporative coolers (H. Zhang et 

al., 2015). Since a PCS only conditions the micro-climate 

in proximity to the occupant, their energy consumption is 

generally lower than centralized systems. Use of PCS allows 

higher air conditioning setpoints without compromising 

comfort and enable increased individual control.
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Alternatives to Traditional Cooling
The following subsections describe the suitability results for 

each alternative and traditional cooling technology. Unless 

otherwise noted, the discussion around each technology 

applies to both single-family and multi-family dwelling units. 

Suitability was determined based on two factors: climate 

and cost. Climate suitability for evaporative coolers was 

based on having at least three hours per day with a wet 

bulb temperature suitable to allow evaporative coolers to 

perform effectively.

Ceiling Fans
Ceiling fans are relatively cheap to install and consume 

much less power compared to a window AC or a central 

AC system. Ceiling fans are suitable in all climate zones.

In the California residential segments investigated, the main 

constraints that impact the cost and likelihood of a ceiling 

fan installation are:

 � Ceiling heights

 � Installation requirements and challenges

 � Power availability at ceiling fan location

The installation of ceiling fans should be at least 7 feet above 

the floor (with 8’-9” being optimal), 18 inches from the walls, 

and fan blades at a minimum of 6 inches from the ceiling. 

Optimal fan performance is achieved when the fan is at 

least 12 inches from the ceiling. A 7’-8” ceiling height is the 

minimum ceiling height to install ceiling fan for safety and 

performance. Many California jurisdictions allow for ceilings 

as low as 7’-0” in some residential dwelling units. Although 

rigorous data for dwelling unit ceiling height was not found, it 

was estimated that less than 10% of dwelling units have ceiling 

heights of less than 8 feet.

Structural conditions within ceilings may present an issue 

as ceiling fan retrofits may require a special hanger or 

blocking for safe installation. While this does not present a 

large burden to the cost of installation, it does require the 

contractor to purchase extra material and take additional 

time to properly install the fan.

Additionally, if there is not easily accessible power at the 

desired location of the ceiling fan, this could present a 

significant cost issue as a contractor would need to install 

a new branch circuit to the location of the fan. It was 

assumed that 90% of dwelling units have overhead lighting 

and power available for ceiling fan installation.

Ceiling fan factors that can affect performance, 

satisfaction, or comfort include:

 � Fan diameter affects airflow and comfort. “Hugger 

fans” are fans without down rods made for shorter 

ceilings and can sit closer to the ceiling. However, a 

distance less than 12” from bottom of blades to ceiling 

reduces performance.

 � Fan vibration can also be an issue for occupants as 

inexpensive fans tend to use cheaper materials and are 

not as well-balanced as more expensive fans. Due to the 

vibration, cheaper fans can also present noise issues.

While addressing these performance, satisfaction, or comfort 

issues may affect systems in some cases, none generally 

present significant additional constraints to the suitability of 

this technology to the residential segments.
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Evaporative Coolers
Evaporative coolers reduce air temperature by adding 

moisture to the air through evaporation. Evaporative coolers 

are not suitable for marine climate zones as the humidity 

tends to be too high for the cooler to effectively cool the 

air. Dry climates where the 1% summer design wet-bulb 

temperatures are below 70 degrees Fahrenheit are the best 

climates for evaporative coolers. However, evaporative 

coolers can provide cooling where coincidental wet-bulb 

temperatures are as high as 74 degrees Fahrenheit. A UC 

Davis report found that evaporative coolers are generally 

not suitable in climate zones 1, 3, 5, 6, 7, 8, and 9. [Davis].

The suitability of three types of evaporative coolers was 

considered:

 � Direct room type evaporative coolers

 � Direct type central evaporative coolers

 � Indirect type evaporative coolers

Evaporative cooler types vary in terms of cost, performance, 

and applications for which they are well-suited. All of 

the evaporative cooler styles require a connection to a 

waterline. Smaller, portable evaporative coolers that are 

standalone and do not require a connection to a waterline 

also exist on the market, but they require continuous 

occupant maintenance to refill the water reservoir.

A concern with direct type evaporative coolers is the 

addition of humidity to the space. While this humidity can 

be mitigated through open windows or a makeup air duct, 

there is still a risk of elevated humidity in the space. Having 

an accessible waterline and plumbing it to an evaporative 

cooler could incur significant cost and therefore make 

direct room evaporative coolers unlikely in a multifamily 

retrofit scenario.

Central evaporative coolers are much more expensive than 

room evaporative coolers. The cost of the unit, locating 

and mounting the unit, and associated ductwork required 

to supply air to the dwelling unit would be too high to 

make installation likely for either single family or multifamily 

dwelling units.

Indirect type evaporative coolers tend to not perform as 

well as direct type evaporative coolers as they circulate 

indoor air through a heat exchanger where the evaporative 

cooling takes place. For this reason and the high cost of 

indirect coolers, it is unlikely that indirect evaporative coolers 

will be widely used in multifamily or single family residential 

retrofit applications.

Factors that can affect performance, satisfaction, and 

comfort include:

 � Water use

 � High mineral content in local water can increase  

water use

 � Frequent maintenance requires easy access to the unit 

 � Proper makeup air is required to maintain appropriate 

humidity levels

While addressing these performance, satisfaction, or 

comfort issues may affect systems in some cases, none 

generally present significant additional constraints to the 

suitability of this technology to the residential segments.
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Traditional Cooling 
Technologies
Central Air Conditioner
Central air conditioners (CAC) work on the principle of 

direct heat exchange (known as DX) with a refrigerant 

system. Liquid refrigerant passes through an indoor coil over 

which a fan blows indoor air. As the air moves over the coil 

it cools as the refrigerant picks up the heat from the air and 

boils off into a vapor. That vapor then moves to the outdoor 

unit where a compressor compresses it thus driving up the 

temperature and pressure. The outdoor fan rejects the 

heat from the refrigerant to the atmosphere and the whole 

process starts over. This is one of the most prevalent cooling 

systems in California. It is suitable in every climate zone.

A CAC retrofit would likely only occur in systems that have 

existing ductwork (i.e., a furnace/fan coil system), because 

retrofitting ductwork into a dwelling unit would add a 

significant cost. Whether or not the existing ductwork is 

suitable for CAC would vary by dwelling unit, and undersized 

existing ductwork could lead to a lack of proper airflow 

getting to the space it is serving or excessive noise. This holds 

true for single and multi-family applications.

Another consideration with CAC installation is appropriate 

clearance around the outdoor unit. Air conditioners require 

two to three feet of clearance around the unit and 5 feet 

above. In single family applications this is generally not an 

issue. In multifamily applications a contractor can generally 

achieve this using ground space or roof space.

Factors that can affect performance, satisfaction, or 

comfort include:

 � Adequately sized equipment, and efficient and 

effective distribution design

 � Undersized ductwork (possible when re-using existing 

furnace ductwork) can lead to excessive noise or 

inefficiency

 � Noise and maintenance

Ductless Mini-split Heat Pumps
The cooling mechanism of ductless mini-split air conditioners 

works on the same DX principle as the CAC. They are 

suitable in every climate zone. One advantage of heat 

pumps is that they can provide both heating and cooling.

In the California residential segments investigated, the main 

installation constraints of ductless mini-splits heat pumps 

are cost and space constraints for clearance needed to 

the sides and above the outdoor unit. Generally, two to 

three feet of clearance around the sides of these units 

are necessary. This usually presents no problem with single 

family dwelling units, and a contractor can achieve this by 

ground or roof space in multi-family dwelling units. However, 

mini-split air conditioners also require a contractor to run 

refrigerant lines from the outdoor unit to each indoor unit 

head, as well as running condensate pumps and drain lines 

out of the space to the outside, which adds cost.
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Factors that can affect performance, satisfaction, or comfort 

include:

 � Concerns about high initial costs and increased 

operation costs

 � Aesthetic concerns

 � For heating, decisions about whether to keep or 

remove an existing furnace.

Window AC
Like central AC and mini-splits, window ACs work on the 

same DX principle. Window ACs are suitable in every climate 

zone. In the California residential segments investigated, the 

main suitability constraints of window ACs are the window 

type. Window ACs generally require a double hung window. 

These dwelling units are not suitable for casement windows.

Factors that can affect performance, satisfaction, or comfort 

include:

 � Ability to seal between the unit and the window to 

prevent leakage

 � Noise
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Conclusion
After consultation with an extensive group of stakeholders, 

HCD has concluded that the state should consider a 

general maximum safe indoor air temperature of 82 degrees 

Fahrenheit (27.8 degrees Celsius) for residential dwelling 

units, with different approaches for newly constructed and 

existing residential dwelling units. This recommendation 

is grounded in a thorough review of relevant technical 

information, literature, studies, and state and local 

standards, and takes into consideration the impact of high 

indoor air temperatures on human health. 

There are unique challenges to enable many existing 

buildings to be able to maintain a maximum indoor air 

temperature including infrastructure limitations, technical 

feasibility, cost of retrofitting, and electrical utility capacity, 

so this report’s recommendations should allow flexibility and 

encourage incentive based approaches. Newly constructed 

residential buildings on the other hand, are already very 

capable of maintaining a safe indoor air temperature, 

as California energy codes require high performance 

building envelopes (including windows, doors, and thermal 

insulation), and the vast majority of new buildings are 

equipped with air conditioning systems.

The recommended maximum safe indoor air temperature 

is consistent with applicable research and standards 

identified herein and a consensus of the participating 

stakeholders Factors identified in this document that support 

the recommended maximum safe indoor air temperature 

include, but are not limited to, heat and human physiology 

and effects, critical reference standards, adaptation; 

related local, state, and international standards; and 

passive, and active cooling strategies. 
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Appendix A: Existing U.S. City 
Code Language
El Paso, Texas. City Code of Ordinances - Title 18 - Chapter 
18.10 - 18.10.060

International Residential Code, 2021 Edition, Section R303.8, 

Required heating, is hereby amended to read as follows: 

R303.10 Required heating and cooling. Interior spaces 

intended for human occupancy shall be provided with active 

or passive space-heating and cooling systems capable of 

maintaining an indoor air temperature between 68 F (20 

C) and 90 F at a point 3 feet above the floor and 2 feet 

from exterior walls in all habitable spaces. The installation 

of portable space heaters shall not be used to achieve 

compliance with this section.

Dallas, Texas. City Code Compliance - Chapter 27 - Section 
27-11 (e)

(1) Air Conditioning: an owner shall provide and maintain 

in operating condition, refrigerated air equipment capable 

of maintaining a room temperature of at least 15 degrees 

cooler than the outside temperature, but in no event higher 

than 85 degrees Fahrenheit in each habitable room. 

Clark, Nevada. County Code Compliance - Title 22 - Chapter 
22.02 - 22.02.067

All dwelling units, as defined in the International Building Code 

(IBC) and International Residential Code (IRC), with a permit 

issuance date for construction or alteration, after February 

3, 2019, shall be equipped with active or passive heating/

cooling systems.

(A) Dwelling units, except one and two-family dwellings, 

shall be designed in a manner such that an interior 

temperature can be maintained between 68 

degrees Fahrenheit and 85 degrees Fahrenheit, 

by the use of active or passive heating or cooling 

systems. A certificate of compliance certifying that 

the design meets the requirements of the section 

and applicable building codes must be sealed and 

signed by a Nevada Registered Design Professional 

and submitted to the Clark County Department of 

Building and Fire Prevention as a part of the permit 

submittal package.

(a) As used in this section, an active heating/

cooling system refers to any heating or cooling 

system that requires a non-naturally occurring 

heating or cooling source in order to adjust the 

temperature in a space.

(b) As used in this section, a passive heating/

cooling system refers to any heating or cooling 

system that does not introduce a non-naturally 

occurring heating or cooling source in order to 

adjust the temperature in a space.

Exemptions: Dwelling units that have active heating and 

cooling systems installed under a permit issued prior to 

February 3, 2019.
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Los Angeles, California. Proposed County Code amendment

The Building Standards Code for unincorporated areas in 

LA County should be amended to require that residential 

buildings possess active or passive cooling strategies 

capable of maintaining temperatures of less than 82 degrees 

Fahrenheit if there is air conditioning or 86 degrees Fahrenheit 

if there is evaporative cooling or no cooling unit present. 

For maximum effectiveness, a new maximum indoor air 

temperature threshold should apply to new and remodeled 

residential buildings immediately, with a phase-in for existing 

construction.

Arizona HB 2146 amends the Arizona Mobile Home Parks 

Residential Landlord And Tenant Act as follows:

A person who owns or operates a mobilehome park shall 

not:

Prohibit a tenant from installing reasonably necessary 

cooling methods to reduce energy costs and prevent 

heat-related illness and death, including temporary 

window-mounted ventilation or air conditioning, wall-

mounted mini-split air conditioners, commercial window 

coverings, shutters, window film, shade awnings, skirting 

or other commercial cooling methods.

Tempe, Arizona. City Code - Chapter 21 - Article II - Division 
2 - Section 21-34

(a) General provision. Every rental housing unit should contain 

safe heating and cooling facilities which are properly installed 

and maintained in sound condition and capable of providing 

adequate heating and cooling, appropriate for the climate, 

to assure a comfortable and healthy living environment.

(c) Cooling requirements. Every rental housing unit shall 

have cooling, under the tenant’s control, capable of safely 

cooling all habitable rooms, bathrooms and flush toilet rooms 

located therein to a temperature no greater than eighty-

eight degrees (88º) Fahrenheit, if cooled by evaporative 

cooling, or eighty-two degrees (82º) Fahrenheit, if cooled by 

air conditioning. Temperature measurements shall be taken 

at a distance three (3) feet above floor level in the center of 

the room. Required cooling shall be provided by permanently 

installed cooling facilities. Except that those air conditioning 

facilities serving more than one rental housing unit shall only 

be required to be designed and operating in conformance 

with manufacturer’s specifications.

Phoenix, Arizona. City Code - Article II § 39-5 (B) (1) (b)

B. Heating, cooling and ventilation systems.

1. Heating, cooling and ventilation systems in any building or 

structure are to be maintained hazard-free, operational and 

in a state of good repair. Heating and cooling systems shall 

be free from hazards associated with ventilation, equipment 

status, mounting, electrical connections and other potential 

defects.

b. Cooling requirements. Every rental housing unit where 

such systems are installed shall have cooling capable of 

safely cooling all habitable rooms, bathrooms and flushing 

toilet rooms to a temperature no greater than 86 degrees 

Fahrenheit, if cooled by evaporative cooling, or 82 degrees 

Fahrenheit, if cooled by air conditioning. Temperature 

measurements shall be taken at a distance three feet above 

the floor in the center of the room. Required cooling shall be 

provided by permanently installed cooling facilities.
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Tucson, Arizona. City Code - Article II - Chapter 16 - Section 
16-11 (b)

(2) Cooling. Every dwelling unit, guest room, and congregate 

residence shall be provided, in all habitable rooms, with either 

mechanical cooling or an alternate cooling method, to assure 

a safe living environment. Cooling facilities shall be installed 

and maintained in a safe condition and in accordance with 

the manufacturer’s recommendations, and shall comply 

with the following: a. Air conditioners shall be capable of 

producing ambient temperatures at or below eighty-two 

(82°) degrees. Measurements shall be taken at a distance of 

three (3) feet above the floor in the center of the room. b. 

Evaporative coolers shall be capable of producing ambient 

temperatures below eighty-six (86°) degrees. Measurements 

shall be taken at a distance of three (3) feet above the 

floor in center of the room. c. Evaporative cooling shall be 

maintained to be free of excessive rust, corrosion or mineral 

deposits that limit proper operation. Any mounting apparatus 

for a cooling facility must be structurally sound. d. Mechanical 

fans or portable evaporative cooling devices may only be 

used on a temporary basis as the sole source of cooling when 

the permanent cooling system is being repaired or replaced.

Houston, Texas. City Code - Chapter 10 - Article IX - Division 4 - 

Section 10-363 - (d) Utility standards. An owner of property shall:

(8) In each habitable space, if screens are not provided 

as required in subsection (e)(2) of this section, provide 

and maintain in good operating condition refrigerated 

air equipment capable of maintaining a maximum inside 

temperature 20 degrees Fahrenheit lower than the outside 

temperature or 80 degrees Fahrenheit, whichever is warmer;

Palm Springs, California. City code - Title 8 - Chapter 8.04 - 
8.04.017 

2) Add new subsection R303.11, Required air conditioning, to 

read as follows: R303.11, Required air conditioning, to read as 

follows: R303.11 Required air conditioning. Every dwelling unit 

shall be provided with air conditioning facilities capable of 

maintaining a room temperature of not more than 80 degrees 

Fahrenheit in all habitable rooms.

New Orleans, Louisiana. City Code - Chapter 26 - Article XIII - 
Division 1 - Sec. 26-656

(f) Each rental housing unit shall have a cooling system in 

good working order that can safely maintain a maximum 

temperature of 80 degrees Fahrenheit in all bedrooms, 

measured at a point three feet above the floor and two feet 

from exterior walls.

Portland, Oregon. City Code - Title 27 - Chapter 27.05 - 27.05.021

Amended by Ordinance No. 187432, effective December 4, 

2015. Every dwelling unit and guest room shall be provided with 

heating facilities capable of maintaining a room temperature 

of 68 degrees Fahrenheit or 20 degrees Celsius at a point 3 feet 

or 91.44 centimeters above the floor in all of the City of Portland 

habitable rooms. The version of the Oregon Energy Efficiency 

Specialty Code adopted by the City in Section 24.10.040 shall 

regulate the design and construction of the exterior envelopes 

and selection of heating, ventilating and air conditioning 

systems and equipment. 

A. The annual degree days is 4,792 for heating and is 300 for 

cooling. The design temperature is 23 degrees Fahrenheit for 

winter and 85 degrees Fahrenheit for summer. 

B. Indoor design temperature shall be 68 degrees Fahrenheit 

for heating and 78 degrees Fahrenheit for cooling.
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