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How Climate Change Impacts Health

• Heat: Heat Stress, Heat Stroke

2024 2024

NASA LandSat Map of Phoenix 
Surface Temperatures, July 10, 2024
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120 ºF on 
Thursday, 
July 11

(Fifth 
Straight 
Day of 
>115 ºF)

National Weather Service 4-Level 
”Heat Risk” Metric: July 12, 2024

Thursday, July 11: Global 
Temperature Anomalies

Heat Wave of June 16-24, 2024, as it 
Reached the Eastern United States
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During the Heat Waves of June 
16-24, 2024, 
5 Billion People Experienced 
Extreme Heat

Climate Change Made this Heat 
Wave 35 Times More Likely to Have 
Occurred

61,672 Europeans Died During  
the 2022 Summer Heat Waves
 Could Top 120,000 Deaths by 2050

[Ballester et al., Nature Medicine, 2023]

Mild Heat Illnesses
Heat Rash
Swelling of Hands and Feet
Heat Syncope (Fainting)

Heat Exhaustion
Headache
Nausea
Vomiting 
Dizziness

Heat Stroke
Core body Temps Above 104 ºF
Confusion
Seizures and Other Mental Status Changes
Brain Damage
Muscle Breakdown
Kidney Failure

Health Hazards of Extreme Heat

Potential Actions Needed (Minutes Matter):
Cool Patients as Fast As Possible

Cold Water or Ice Bath
Hydrate Quickly and Restore Electrolytes

 IV Fluids
Cardiopulmonary Bypass

Children at High Risk
Sweat Less
Hydrate Less

Older People at High Risk
More likely to have chronic medical conditions such as diabetes, kidney 

disease and heart failure 
 Interfere with the body’s ability to regulate temperature and 
balance fluids

Treatments like blood pressure medications that keep the heart rate down 
or diuretics that clear fluid out of the body
 Impair the body’s ability to compensate for extreme heat

People with depression or dementia may also not realize they’re thirsty 
and forget to drink water

Better Public Messaging:
NOAA, CDC, NIH
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Better Public Messaging
Weather.Gov/Heat

U.S. Heat-
Related 
Mortalities

2202 Deaths 
in 2023

U.S. Heat-
Related 
Mortalities

2202 Deaths 
in 2023

U.S. Heat-
Related 
Mortalities

Projected
to Increase 
5x by 2050
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U.S. Heat-Related Emergency 
Department Visits: July 9, 2024

Heat Risk                                     Heat Alerts

National Weather Service: 
June, 2017

(NOAA, Arizona Department of Health Services)

July 11, 2024: >1,100,000 People 
in Houston Without Electricity
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300% Increase in 
Emergency Room Visits

July 11, 2024: >1,100,000 People 
in Houston Without Electricity

Be Prepared for Sustained Electrical Grid Power Failures

July 11, 2024

“How Blackouts during 
Heat Waves Amplify 
Mortality and Morbidity 
Risk”

Simulated an Electrical 
Blackout During a 5-Day 
Heat Wave in Phoenix, 
Arizona

Major U.S. Electrical Grid Failures

[Stone et al., Environ. Sci. Tech., 2023]

“How Blackouts during 
Heat Waves Amplify 
Mortality and Morbidity 
Risk”

Simulated an Electrical 
Blackout During a 5-Day 
Heat Wave in Phoenix, 
Arizona
 ~1% of the City Died 

(~13,000)

Major U.S. Electrical Grid Failures

[Stone et al., Environ. Sci. Tech., 2023]

“How Blackouts during 
Heat Waves Amplify 
Mortality and Morbidity 
Risk”

Simulated an Electrical 
Blackout During a 5-Day 
Heat Wave in Phoenix, 
Arizona
 ~1% of the City Died 

(~13,000)
 ~50% Required 

Emergency Medical 
Care (~817,000)

Major U.S. Electrical Grid Failures

[Stone et al., Environ. Sci. Tech., 2023]
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Many Regions are Susceptible to Extreme Weather 
Events that Can Impact Electricity Power Stability

[Spatiotemporal patterns of individual and multiple simultaneous severe weather 
events co-occurring with power outages in the United States, 2018–2020; Do et 
al., PLOS Climate, 2025]

Anomalous Heat                                Anomalous Cold

Tropical Cyclone                            Anomalous Precipitation

Wildfire                                                 Snowfall

Global Temperature Anomalies in 2024, 
Relative to 1991-2020

Global Temperatures: 1967-2024 Global Temperature Increase 
Tracks the Increase in 
Atmospheric Carbon Dioxide
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Global Temperature Increase 
Tracks the Increase in 
Atmospheric Carbon Dioxide

Carbon Dioxide Emissions by Type

Amount

Year

38 Billion Metric Tons

Carbon Dioxide Emissions by Type

Amount

Year

38 Billion Metric Tons

“Pre-Industrial”

Carbon Dioxide Emissions by Type

Amount

Year

38 Billion Metric Tons

“Pre-Industrial”

IPCC AR6 (Assessment Report #6 of the Intergovernmental 
Panel on Climate Change)

Future Global Temps Depend on Us:
 Pathway SSP1-2.6: Rapid CO2 Cutback

 Pathway SSP5-8.5: “Business as Usual”

(”Shared Socioeconomic Pathways”)

How Climate Change Impacts Health

• Temperature Changes: Fires, Spread of Parasites
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2023 Canadian Fire Smoke Transport

Increase in Western U.S. Land 
Burned Due to Climate Change

[4th U.S. National Climate Assessment, 2018]

Wildfire Risk (FEMA – Federal 
Emergency Management 
Administration)
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[Climate.gov, 2015] Expansion of Reported 
Cases of Lyme Disease

Predicted Expansion of Asian 
Tiger Mosquito (Dengue Fever, 
West Nile Fever, Yellow Fever) 

IPCC AR6

Spread of Aedes Aegypti 
Mosquito by 2100 
(Yellow Fever, Dengue Fever, 
Zika, Chickungunya)

= Rapid Reduction in 
Greenhouse Gases

= “Business as Usual” 
Greenhouse Gases

2x Increase in 
Southern U.S. 

4x Increase in 
Southern U.S. 

Lengthening of the Ragweed 
Pollen Season
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Northward Shift in Annual Bird Migration Patterns Sudden Shift in Annual Bird Migration Patterns 
Due to Climate Change

[Madsen et al., 
Current 
Biology, 2023]

How Climate Change Impacts Health

• Water Distribution Changes: Droughts, Floods, Water-borne 
Diseases, Fungal Infections

Weather-Related Morbidity/Mortality

• Increases in the incidence and intensity of 
extreme weather events such as hurricanes, 
floods, droughts, wildfires

Hurricane Beryl, Houston, TX, July 9, 2024 

NOAA

1990 - 2020

NOAA

1990 - 2020
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Flooding of Sewage Treatment Plant 
(Atlanta, GA), Sep 23, 2009

Seasonality of Illnesses Associated 
with Foodborne Pathogens

“Every 1ºC 
Increase in Global 
Temperatures 
Leads to a 7% 
Increase in 
Diarrhea”

[Mellor et al., 2016]

Waterborne Diseases

• Increased Red Tides of Algal Blooms

“Red Tide” 

(La Jolla, 
CA)

Waterborne Diseases

• Increased Exposure to Freshwater 
Algal Blooms

Silverwood Lake (San Bernardino County, CA)
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How Climate Change Impacts Health

• Agricultural Failures : Famines

Projected Drought 
Increase by Mid-
21st Century

Northward Shift In Plant Zones Crop Nutrition Decreases with 
Elevated CO2

Crop Yields Decline Under 
Higher Temperatures

Crop Yields Decline Under 
Higher Temperatures

Expect to see increasing rates of 
malnutrition
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How Climate Change Impacts Health

• Human Migrations: Spread of Diseases, Conflict, and Warfare

[Zhang et al., 2007]
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Human Displacements Due to 
Extreme Weather

IPCC AR6

Hurricane Katrina Diaspora
(800,000 People Displaced)

How Climate Change Impacts Health

• Sea-Level Rise: Coastal Flooding
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Sea Level Rise Coastal 
Communities are 
Collapsing due to 
Sea-level Rise, 
Coastal Flooding, 
and Salt-Water 
Inclusion 

[Fouad et al., Geophys. 
Res. Lett., 2025]]

“Salinity in 
Drinking Water 
and the Risk of 
(Pre)Eclampsia 
and Gestational 
Hypertension 
in Coastal 
Bangladesh”

[Khan et al., PLoS One 
2014]

Risks of Flooding: Affecting 
~100 Million People by 2030

Sunny-Day Flooding: Increasingly Common 
in Coastal Communities
Worsens Impacts of Hurricane Flooding

Household Mold After Flooding
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Hurricane Helene: 
September 2024

Hurricane Milton: October 2024
Went from Tropical Storm to 
Category 5 in 1 Day

Hurricane Milton: October 2024
Went from Tropical Storm to Category 5 

in 1 Day

Gulf of Mexico Sea Surface Excess Energy 
Anomalies Through October 2024

Florida Water Temperatures Exceeded 100℉
on July 24, 2023  
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2023-2024: 28/27 U.S. Climate/Weather Billion-
Dollar Disasters (Largest Ever) 

[https://www.ncei.noaa.gov/access/billions/]

Meters

IPCC Forecasts: SEA LEVEL RISE accelerates, 
increasing impacts of coastal storms 

Meters

IPCC Forecasts: SEA LEVEL RISE accelerates, 
increasing impacts of coastal storms 

IPCC Forecasts: SEA LEVEL RISE 
accelerates, increasing impacts of 
coastal storms 

Global mean sea level change by 2300 
relative to 1900

Sea level rise greater than 15 meters
cannot be ruled out with high emissions

2300

Global mean sea level change by 2300 
relative to 1900

Sea level rise greater than 15 meters
cannot be ruled out with high emissions

IPCC Forecasts: SEA LEVEL RISE 
accelerates, increasing impacts of 
coastal storms 

2300

Thwaites Glacier: Increasingly At-Risk of 
Collapse
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Now Flowing up to 1 Kilometer per Year and 
Thinning by Meters per Year

[Financial Times]

Thwaites Glacier is Normally Stably Grounded 
on the Sea Floor

BBC

Thinning and Sub-Glacial Melting by Warm 
Currents is Putting it at Risk of Losing its 
Grounding

BBC

2002 
Break-up 
of the the 
Larsen B 
Ice Shelf, 
in West 
Antarctica 
Peninsula

Sea Surface Temperature Anomalies (Through 2024)

Pacific Niño 3.4

Sea Surface Temperature Anomalies (Through 2024)

Pacific Niño 3.4

Global (60S – 60N)
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Sea Surface Temperature Anomalies (Through 2024)

Pacific Niño 3.4

Global (60S – 60N)
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New York City with a 100-foot Sea-Level Rise
The last time there 
were 400 ppm CO2

in the atmosphere, 
sea levels were 75-
100 feet higher 

(25-30 meters) 

Delayed only because it takes 
a lot of energy to melt glaciers 

The last time there 
were 400 ppm CO2

in the atmosphere, 
sea levels were 75-
100 feet higher 

(25-30 meters) 
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Above Sea Level
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1.6 Billion People
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North America with a 230-foot Sea-Level Rise 
(the last time there were >750 ppm CO2 in the 
Atmosphere)

North America with a 230-foot Sea-Level Rise 
(the last time there were >750 ppm CO2 in the 
Atmosphere)

North America with a 230-foot Sea-Level Rise 
(the last time there were >750 ppm CO2 in the 
Atmosphere)

How Climate Change Impacts Health

• Mental Health Disease: Stress, Depression, Loss

Mental Health and Stress-Related 
Disorders

• Geographic displacement of populations

• Damage to property

• Loss of loved ones

• Chronic stress

[Hickman et al., 
SSRN, 2021]

84% of 
Young 
People are 
Moderately 
to Extremely 
Worried 
About 
Climate 
Change
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Most American Say There is “Solid 
Evidence” of Global Warming
But Almost no change Since 2008
Only 7% of Americans had an Earth Science 

Course in High School

2011
2013

New Science Standards for Most 
States Require Substantial High 
School Climate Science

Middle School: Grade-Banded Standards, 6-8

1 year of Life Science

1 year of Physical Science (Chemistry & Physics)

1 year of Earth and Space Science

High School: Grade-Banded Standards, 9-12

1 year of Life Science

1 year of Physical Science (Chemistry & Physics)

1 year of Earth and Space Science

NGSS Science Standards

Middle School: Grade-Banded Standards, 6-8

1 year of Life Science

1 year of Physical Science (Chemistry & Physics)

1 year of Earth and Space Science

High School: Grade-Banded Standards, 9-12

1 year of Life Science

1 year of Physical Science (Chemistry & Physics)

1 year of Earth and Space Science

NGSS Science Standards

Physical Science	 Life Science	 Earth and Space Science	
PS1  Matter and Its Interactions	

PS1A Structure and Properties of 
matter	
PS1B Chemical Reactions	
PS1C Nuclear Processes	

PS2 Motion and Stability: Forces and 
Interactions	

PS2A Forces and Motion	
PS2B Types of Interactions	
PS2C Stability and Instability in 
Physical Systems	

PS3 Energy	
PS3A Definitions of Energy	
PS3B Conservation of Energy and 
Energy Transfer	
PS3C Relationship Between 
Energy and Forces	
PS3D Energy and Chemical 
Processes in Everyday Life	

PS4 Waves and Their Applications in 
Technologies for Information Transfer 

PS4A Wave Properties 

PS4B Electromagnetic Radiation	
PS4C Information Technologies 
and Instrumentation	

LS1 From Molecules to Organisms: 
Structures and Processes	

LS1A Structure and Function	
LS1B Growth and Development of 
Organisms	
LS1C Organization for Matter and 
Energy Flow in Organisms	
LS1D Information Processing	

LS2 Ecosystems: Interactions, Energy, and 
Dynamics	

LS2A Interdependent Relationships in 
Ecosystems	
LS2B Cycles of Matter and Energy 
Transfer in Ecosystems	
LS2C Ecosystem Dynamics, 
Functioning, and Resilience	
LS2D Social Interactions and Group 
Behavior	

LS3 Heredity: Inheritance and Variation of 
Traits	

LS3A Inheritance of Traits	
LS3B Variation of Traits	

LS4 Biological Evolution: Unity and Diversity	
LS4A Evidence of Common Ancestry	
LS4B Natural Selection	
LS4C Adaptation	
LS4D Biodiversity and Humans	

ESS1 Earth’s Place in the Universe	
ESS1A The Universe and Its 
Stars	
ESS1B Earth and the Solar 
System	
ESS1C The History of Planet 
Earth	

ESS2 Earth’s Systems	
ESS2A Earth Materials and 
Systems	
ESS2B Plate Tectonics and 
Large-Scale System 
Interactions	
ESS2C The Roles of Water in 
Earth’s Surface Processes	
ESS2D Weather and Climate	
ESS2E Biogeology	

ESS3 Earth and Human Activity	
ESS3A Natural Resources	
ESS3B Natural Hazards	
ESS3C Human Impacts on 
Earth Systems	
ESS3D Global Climate Change	

 

NRC Framework: The Core Ideas of Science
California H.S. Integrated 3-Course Model

Chemistry in the Earth System: Integrating Chemistry 
and Earth and Space Science
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Total:  >75% of U.S. School Students

NGSS 
Adopting
States:
Arkansas
California
Connecticut
Delaware
Dist. of Col. 
Hawaii
Illinois
Iowa
Kansas
Kentucky
Maine
Maryland
Michigan
Nevada
N. Hampshire
New Jersey
New Mexico
Oregon
Rhode Isl.
Vermont
Washington 

Next Generation Science:
State-wise Adoption

NGSS Adapting: Alabama, Alaska, Arizona, Colorado, Georgia, Idaho, Indiana, Louisiana, Massachusetts, 
Minnesota, Mississippi, Missouri, Montana, Nebraska, New York, North Dakota, Oklahoma, Pennsylvania, 
South Carolina, South Dakota, Tennessee, Utah, West Virginia, Wisconsin, Wyoming

“Civilization is a Race Between 
Education and Catastrophe”

--H.G. Wells

MWYSESSION@WUSTL.EDU

“Civilization is a Race Between 
Education and Catastrophe”

--H.G. Wells

MWYSESSION@WUSTL.EDU
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