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Don’t Sweat It: Designing for 
Extreme Heat and Resilience
Course Description: Extreme heat, wildfires, smoke, drought, and 
floods are increasingly frequent and severe, posing growing health 
risks—especially to disadvantaged communities. Schools and 
multifamily housing are particularly vulnerable to overheating, 
impacting health, learning, and equity. This session, aligned with 
LEED v5 and Passive House standards, explores integrated design 
and enclosure strategies to reduce peak cooling loads, enhance 
passive survivability, and boost climate resilience. It also covers 
health risks from wildfire smoke and effective protective measures. 
Case studies from diverse U.S. climates show how advanced 
enclosure design and thermal modeling using historical and future 
weather data can improve comfort and safety during extreme 
events—even when multiple hazards occur at once.



Learning Objectives / Level
1) Summarize the metrics used to evaluate passive survivability.

2) Describe the difference between future climate projection 
averages and future peak temperature events.

3) Implement what are the necessary components needed to 
design a high-performance building enclosure.

4) Explain how meeting LEED v5 BD+C credit Reduce Peak 
Thermal Loads, option 4 Peak Thermal Load Reductions makes 
buildings more grid-friendly and improves passive survivability.

Learning Level: Intermediate

Rating System: LEED v5 BD+C
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Climate Change and Health Risks

Increased 
frequency and 

intensity of 
wildfires. 

More extreme 
heat events 
from hotter, 

drier summers.

Compounding 
health impacts 

from wildfire 
smoke and heat.



Health Impacts of Climate Change

https://www.epa.gov/wildfire-smoke-course/why-wildfire-smoke-health-concern 

https://www.epa.gov/wildfire-smoke-course/health-effects-attributed-wildfire-smoke 

• Coughing

• Wheezing

• Itchy, watery eyes

• Itchy, sore throat

• Headaches

• Irritated respiratory 
tract

• Reduced lung 
function

• COPD aggravation

• Asthma attacks

• Heart & lung disease 
complications

• Reduced immune 
responses

• Pneumonia 
complications

• Increased + ER 
hospital visits

• Stroke

• Heart attack

• Cognitive decline

• Mental health decline

• Decreased cognitive 
function

• Sleep disturbance

• Cardiovascular and 

respiratory issues 

• Stroke

• Death

Wildfire Smoke Exposure Extreme Heat
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At-Risk Populations of Wildfire Smoke 
Exposure & Extreme Heat

Sensitive Groups

• Babies and children (<18 yrs old)

• Older adults (>65 yrs old)

• People with chronic health problems 

• Heart or lung disease

• Diabetes

• Pregnant people

• Outdoor workers

• People living outside

• All of us really, even pets!  
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Why is Wildfire Smoke Harmful? 

• Particulate Matter

• PM10 & PM2.5 

• Ozone

• Nitrogen Oxides: NOX 

• Sulfur Dioxide: SO2

•  VOCs

• Carbon Dioxide: CO2

• And more…

Image sources: https://healthybuildings.hsph.harvard.edu/protecting-your-health-from-wildfire-smoke-spotlight-on-filters/

https://www.visualcapitalist.com/visualizing-relative-size-of-particles/ 

Smoke  Contains
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What is the 
Air Quality 

Index or 
AQI?

• Tool to communicate 
levels of air pollution 
related to health 
concerns.

• Translates PM2.5 
levels into a more 
understandable 
measurement. 



Why is 
Extreme 
Heat 
Harmful?

(CBC)



What is the 
Heat Index?

• Translates temperatures into a more 
understandable measurement. 

• Tool to communicate air temperature 
levels and relative humidity.



Preventing Negative Health Effects 
of Wildfire Smoke & Extreme Heat

• Cleaning indoor air

• Air conditioning 

• Building with climate 
resiliency in mind
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Future Climate Projections

Future Typical Meteorological Year (fTMY) Weather Files1
 

developed by Oak Ridge National Laboratory

o DOE Funded, last update March 12, 2024

o Typifies hourly weather conditions for every US county (dry bulb 

temp, dew point, wind velocity, solar radiation, etc) for 10-year 

periods from 1980 to 2099

o Future weather data generated from six IPCC Global Climate 

Models, projected using IPCC climate scenario SSP 5-8.5 

(Shared Socioeconomic Pathway (SSP) 5 and Representative 

Concentration Pathway (RCP) 8.5)

1. FTMY files for West & MidWest: https://zenodo.org/records/10815135

FTMY files for East & South: https://zenodo.org/records/10815041 

https://zenodo.org/records/10815135
https://zenodo.org/records/10815041


Seven Representative US Locations

Seattle
Missoula

Los Angeles

Miami

International 

Falls

Chicago

Houston



Hours Throughout Year that Outdoor Heat Index is in Caution 

Through Extreme Danger Zone Across Seven US Locations



Projected Max Hourly Outdoor Heat Index – Miami (1A)
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Projected Max Hourly Outdoor Heat Index – Houston (2A)
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Projected Max Hourly Outdoor Heat Index – Los Angeles (3B)
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Projected Max Hourly Outdoor Heat Index – Seattle (4C)
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Projected Max Hourly Outdoor Heat Index – Chicago (5A)
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Projected Max Hourly Outdoor Heat Index – Missoula (6B)
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Projected Max Hourly Outdoor Heat Index – International Falls (7)
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Research Questions

• How uncomfortable is a typical 

apartment unit (without a/c) during a 

Seattle summer under…
o historical weather conditions?

o projected climate conditions?

• What intervention to the building 

envelope can help improve comfort 

(without a/c) in a typical apartment 

unit in Seattle during projected climate 

conditions?



Methodology



Typical Apartment Unit

• How uncomfortable is a typical 

apartment unit (without a/c) during 

a Seattle summer under…
o historical weather conditions?

o projected climate conditions?

• What intervention to the building 

envelope can help improve comfort 

(without a/c) in a typical apartment 

unit in Seattle during projected 

climate conditions?



Weather Files
• How uncomfortable is a typical apartment 

unit (without a/c) during a Seattle summer 

under…
o historical weather conditions?

o projected climate conditions?

• What intervention to the building envelope 

can help improve comfort (without a/c) in a 

typical apartment unit in Seattle during 

projected climate conditions?



Building Envelope
• How uncomfortable is a typical apartment unit (without a/c) during a Seattle 

summer under…
o historical weather conditions?

o projected climate conditions?

• What intervention to the building envelope can help improve comfort (without 

a/c) in a typical apartment unit in Seattle during projected climate conditions?



Exterior Shading Devices



Infiltration



Opaque Assemblies



Glazing Assemblies



Ventilation Strategy



Impact of Climate & Ventilation



Impact of Envelope



Study Findings
• Very dangerous conditions in 2050!

o A typical west-facing apartment unit in Seattle will have 80 - 2,232 hours 

in the extreme caution heat-index zone

• Air-conditioning may be required, but has many disadvantages:

o Cost of running may be a barrier

o Relatively low adoption currently, will need to be a retrofit solution

• Natural ventilation the most effective passive cooling strategy

o Future study: Study how different types of window openings and fan 

movement improves comfort in Seattle senior housing unit

o Investigate retrofit, low energy mechanical options for brining outdoor air 

inside

• Solar shading effective when used with natural ventilation
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