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KILLER SUMMER HEAT:
PARIS AGREEMENT COMPLIANCE COULD AVERT HUNDREDS 
OF THOUSANDS OF NEEDLESS DEATHS IN AMERICA’S CITIES 

Climate change, propelled by pollution from the production and use of fossil fuels, is driving 
global temperatures higher and higher. This heat comes with consequences that often can 
be deadly. A new analysis commissioned by NRDC shows that the number of dangerously 
hot summer days will increase drastically in our largest urban areas. This increase could 
potentially lead summertime deaths to jump by almost 2,100 percent by the 2090s compared  
to the 1975 to 2010 average.

If we continue to emit climate-changing pollution at our current rate, our largest urban areas 
like New York, Philadelphia, and St. Louis will see many more summertime deaths. Across 
45 of the largest urban areas in the United States, excess deaths on dangerously hot summer 
days could climb from a historical annual average of about 1,360 from 1975 to 2010 to 13,860 
by the mid-2040s. That’s the equivalent of about 150 deaths per summer day. By the 2090s, 
the number of excess deaths on dangerous summer days could shoot up to an annual average 
of 29,850; or nearly 325 deaths per day. That’s comparable to the number of all U.S. deaths 
from prostate cancer in 2014 (28,344), and nearly double the number of homicides (15,872) in 
that same year.1 New York, Philadelphia, Chicago, Boston, and Baltimore could see the largest 
increases.

The United States can limit this damage by fully honoring its international promises to address 
climate change. The groundbreaking 2015 Paris Agreement is the first international agreement 
to include commitments from both developed and developing countries to tackle climate 
change.2 If the world limits global warming as described in the Paris Agreement, the largest 
urban areas in the United States could reduce the annual number of excess deaths on summer 
days. To be specific, they could see about 2,480 fewer deaths in the 2040s and about 12,820 
fewer in the 2090s. However, the Paris Agreement alone is not enough to fully protect human 
health from dangerous heat. To most effectively minimize our health risks, the United States 
and the world should make even steeper cuts to climate-changing pollution.
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DANGEROUS HEAT: THE DEADLY SIDE OF SUMMER
Summer is a time for backyard parties, beach trips, and lazy 
naps in the shade. But it also can bring extreme heat, which 
kills an average of 1,300 Americans annually and sends 
more than 65,000 to emergency rooms with heat-related 
illnesses.3 Although children, pregnant women, older adults, 
and people with chronic diseases are most vulnerable, 
anyone who exerts themselves (whether through work or 
play) can fall victim to heat-related health problems when 
temperatures soar to dangerous levels. 

And summer, as we know it, is getting hotter because of 
man-made climate change, which is largely driven by carbon 
pollution from the production and use of fossil fuels.4 The 
year 2016 was the world’s hottest on record, falling in line 
behind 2014 and 2015 as the third record-breaking year in 
a row (Table 1).5 Last year was also the second hottest in 
the continental United States, and the summer of 2016 was 
record-hot for California and Connecticut and above average 
in every other state except Hawaii.6 

TABLE 1: GLOBALLY, 11 OF THE 12 HOTTEST YEARS ON RECORD 
HAVE OCCURRED SINCE 2003. DATA: NATIONAL OCEANIC AND 
ATMOSPHERIC ADMINISTRATION.7

RANK (1 = HOTTEST YEAR ON 
RECORD, 1880-2016)

YEAR

1 2016

2 2015

3 2014

4 2010

5 2013

6 2005

7 2009

8 1998

9 2012

10 (tie) 2003

10 (tie) 2006

10 (tie) 2007

Even small rises in average temperature can greatly 
increase the threat of heat-related illnesses and deaths.8 
One national study of extreme heat from 1987 to 2005 found 
the risk of death climbed nearly 2.5 percent for every one 
degree Fahrenheit increase in average heatwave intensity.9 
Furthermore, heatwaves often bring unsafe air days with 
high levels of smog and other unhealthy air pollution, 
compounding the health threat.10 

Estimates of future heat-related deaths as the climate 
changes vary widely between studies, depending on the 
climate model, heatwave definition, analytical technique, 
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Complying with the groundbreaking 2015 Paris Agreement, 
however, can help limit global warming and reduce deaths on

 dangerously hot summer days in the country’s largest urban areas. 

Within 45 of the U.S. urban areas with a population of one million 
or more, implementation of the Paris Agreement could

 reduce total summertime deaths by about 12,820 per year 
from 2091 to 2100, amounting to more than 

128,000 fewer excess deaths over the period. 
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and underlying assumptions. In general, however, the U.S. 
Global Change Research Program has concluded with high 
confidence that, “A warmer future is projected to lead to 
increases in future mortality on the order of thousands to 
tens of thousands of additional premature deaths per year 
across the United States by the end of this century.”11

Note that cold-related illnesses and deaths are expected to 
decline as the world warms. Most national-scale studies of 
the United States, however, find that the increase in heat-
related deaths will outweigh that decrease.12 

THE PARIS AGREEMENT: CREATING A HEALTHIER 
CLIMATE FUTURE
In December 2015, representatives from more than 190 
countries gathered in Paris for the 21st session of the 
Conference of the Parties, under an international treaty 
called the United Nations Framework Convention on 
Climate Change (UNFCCC).20 The result was the historic 
Paris Agreement, the first international agreement to 
include commitments from both developed and developing 
countries to tackle climate change.21  

The Paris Agreement entered into force on November 4, 
2016, less than a year after it was adopted.22 As Patricia 
Espinosa, the executive secretary of the UNFCCC 
remarked at the time, “The speed at which countries have 
made the Paris Agreement’s entry into force possible 
is unprecedented in recent experience of international 
agreements and is a powerful confirmation of the 
importance nations attach to combating climate change 
and realizing the multitude of opportunities inherent in the 
Paris Agreement.”

The Paris Agreement aims to keep global warming from 
crossing a dangerous threshold of 2 degrees Celsius  
(3.6 degrees Fahrenheit) above pre-industrial levels, and 
to pursue efforts to achieve a safer limit of 1.5 degrees 
Celsius (2.7 degrees Fahrenheit).23 To reach the 2 degree 
Celsius goal, countries will need to expand their current 
commitments through regularly updated climate action 
plans.24 And because greenhouse gases stay in the 
atmosphere for decades to millennia, the world is already 
locked into some warming.25 Even if we stopped emitting 
climate-changing pollution immediately, the world would 
continue to warm another 0.25 to 0.5 degrees Celsius 
(0.45 to 0.9 degrees Fahrenheit) over a 10-year period, 
intensifying climate-related threats to our health.26

However, the Trump administration is leading the United 
States in entirely the wrong direction when it comes to 
climate action. The administration has vowed to expand 
the extraction and use of coal and other dirty fossil 
fuels and threatened to slash clean energy and energy-

EXTREME HEAT IS BAD FOR OUR HEALTH 
 
Periodic heat disasters are stark reminders that heat-related health threats should be taken seriously. For example, the record-breaking 2006 
heatwave in California accounted for an estimated $5.3 billion in lost lives and health costs.13 Excess mortality was widespread across the state 
during this event, across every gender, age group, race, and ethnicity.14

Excessive heat puts stress on our hearts and lungs and can cause health outcomes ranging from minor skin rashes to deadly heatstrokes.  
The more serious conditions directly caused by heat include:15

n	 	painful heat cramps, which can require medical attention if they don’t resolve after an hour of rest and rehydration in a cool place. 
n	 	heat exhaustion, which can cause weakness, anxiety, dizziness, headaches, and even fainting. Heat exhaustion can be a sign of impending 

heatstroke.
n	 	heatstroke, which is a medical emergency caused by a rapid rise in body temperature above 104 degrees Fahrenheit. Heatstroke injures the 

central nervous system and is deadly if left untreated.

Unfortunately, it is notoriously difficult for researchers and health professionals to assess and effectively communicate the full health burden 
of extreme heat.16 This is in part because heat is often a contributing factor to death, rather than a direct cause, and therefore might not be 
mentioned on a death certificate.17 For example, heat can:18

n	 	dangerously dehydrate people who take diuretics for high blood pressure, glaucoma, or other conditions;
n	 	trigger hyperventilation for people with chronic obstructive pulmonary disease, leading to respiratory failure; and
n	 	increase the risk of heart attacks and strokes in people with atherosclerosis or other cardiovascular disease.19

On June 1, 2017, President Trump 
announced that the United States  

would withdraw from the Paris Agreement 
—against the wishes of 69 percent  
of American voters and more than  

1,100 companies with major operations  
in the United States.
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efficiency programs.27 On June 1, 2017, President Trump 
announced that the United States would withdraw from 
the Paris Agreement—against the wishes of 69 percent of 
American voters and more than 1,100 companies with major 
operations in the United States.28 These actions jeopardize 
global climate action and the health and well-being of people 
around the world. According to one 2017 study, delaying 
U.S. implementation of the Paris Agreement by just eight 
years could render it impossible for the world to meet the 2 
degree Celsius goal.29 

Our study shows that full implementation of the Paris 
Agreement will help limit global warming and could reduce 
excess American deaths each summer. Even with full 
compliance, however, deaths during dangerous summer 
days will increase. Our results, therefore, also affirm that 
the world must go much further than the Paris Agreement 
to fully protect human health. Meanwhile, cities and states 
need to continue to strengthen their heat protection and 
response capabilities in anticipation of more dangerous 
summer days, regardless of how the Paris Agreement 
progresses.

PROJECTING SUMMERTIME DEATHS  
IN A WARMING WORLD
Our analysis relies on a weather classification system called 
Spatial Synoptic Classification, which researchers have 
used since at least 1996 to study relationships between 
dangerous weather and human health.30 

We first used Spatial Synoptic Classification to estimate 
the historical number of dangerous June, July, and August 
days in the country’s 51 largest urban areas—those with 
metropolitan area populations greater than one million.31 
(The U.S. Census Bureau defines a metropolitan area as a 

large principal city and adjacent communities with a “high 
degree of economic and social integration.”32) We define 
“dangerous summer days” as the location-specific number of 
days with weather most commonly associated with negative 
health outcomes. 

For each urban area, we analyzed the relationship between 
dangerous summer days and “excess deaths”—the total 
number of deaths above the daily standardized summertime 
average for that area. We then used that relationship and 
climate model simulations to project the number of future 
deaths under two scenarios:

n	 	A no-action scenario, which assumes continued heavy 
dependence on fossil fuels.33 Under this scenario, the 
world would be approximately 4.1 to 4.8 degrees Celsius 
(7.4 to 8.6 degrees Fahrenheit) warmer in 2100 than it 
was in the late 19th century (1850 to 1900).34 

n	 	An intermediate scenario, which assumes expansion 
of clean energy and would result in the world being 
approximately 2.3 to 2.9 degrees Celsius (4.1 to 5.2 
degrees Fahrenheit) warmer in 2100 compared with the 
late 19th century.35 We call this the Paris Agreement 
scenario, because it is roughly equivalent to that 
resulting from full implementation of current national 
commitments under the agreement.36

This analysis is only intended to examine the health threats 
associated with the direct and indirect ways heat affects the 
human body. It does not include health threats associated 
with the effects of rising temperatures on extreme weather 
and wildfire patterns, plants that produce allergenic 
pollen, disease-carrying mosquitos and ticks, or other 
environmental hazards.37 

Please see the Appendix for more details about our 
methods, including study limitations.

DEFINING DANGEROUS HEAT
 
The National Weather Service defines a “heatwave” as, “A period of abnormally and uncomfortably hot and unusually humid weather.”38  
But what does that mean in terms of actual temperature? Well, it depends.

Human sensitivity to heat varies with geography, social and economic factors, and even local cultural norms.39 A 100-degree day in the  
Northern United States can have more severe health consequences than a 100-degree day in the Southeast, where people are accustomed  
to hot days and air-conditioning is common.40 In Chicago 911 calls for heat-related emergencies tend to increase when the temperature gets 
above 95 degrees Fahrenheit, but in Phoenix the threshold is 113 degrees Fahrenheit.41

For the purposes of this study, we define “dangerous summer days” as the sum of two weather types in the Spatial Synoptic Classification:  
dry tropical days and moist tropical days.42 Dry tropical days are usually the hottest and driest days at a given locale. Moist tropical days are 
hot and humid, often with high nighttime temperatures. The exact characteristics of these two weather types vary by location.43 For example, 
average dry tropical days in Phoenix are hotter, drier, and slightly less cloudy than average dry tropical days in Cincinnati. Across locations, 
however, both dry and moist tropical days are consistently more dangerous to human health than other weather types.44
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SUMMERS WILL GET HOTTER—AND DEADLIER— 
IN AMERICA’S LARGEST URBAN AREAS
Our findings suggest that all 51 of America’s urban areas 
with populations of more than one million will experience 
considerably more dangerous summer days in the 2090s 
than they did from 1975 to 2010 (Table 2). Historically, 
dangerous summer days make up less than 25 percent 
of summers in 47 of these urban areas. The urban areas 
with more than 25 percent dangerous days per summer, 

historically, are all in the Western United States: Salt 
Lake City, UT; Las Vegas, NV; Phoenix, AZ; and Riverside, 
CA. Without action to curb climate-changing pollution, 
however, dangerous summer days could make up more 
than 75 percent of summers in 43 of the 51 urban areas by 
the 2090s. In 12 of the urban areas we studied, dangerous 
summer days could make up 98 percent of each summer in 
the 2090s.     

THE URBAN HEAT ISLAND EFFECT
 
City dwellers are particularly vulnerable to heat-related deaths and illnesses because of the heat island effect.45 Urban areas tend to be hotter 
than surrounding suburban and rural areas because they are mostly covered in dry, heat-absorbing building materials like pavement and 
roofing. Daytime surface temperatures can be 18 to 27 degrees Fahrenheit higher in urban areas than in rural areas. The height and spacing of 
buildings (known as “urban geometry”) also can contribute to the heat island effect by blocking the release of heat.    

The heat island effect amplifies the risk of rising temperatures associated with climate change. One recent study of heatwaves from 1961 to 
2010 found that U.S. urban areas are experiencing increasingly long, more intense, and more frequent heatwaves.46 In more than half of the 
urban areas studied, heatwave trends were worsening faster than the national average.

The health burden of the heat island effect does not fall equally across neighborhoods or socioeconomic groups. An analysis of a 22-year data 
set of more than 2.1 million death records from seven U.S. cities showed that significant increases in deaths on extremely hot days occurred 
in just 12 to 44 percent of postal codes in each city.47 Zip codes with higher risk tended to have more children and older adults, more people of 
color, and more people of lower socioeconomic status. 

In New York City, for example, poverty, poor housing quality, and lower rates of access to air-conditioning were associated with more heat-
related deaths from 1997 to 2016.48 Even in warmer regions, lifesaving air-conditioning may not be widely available. One 2015 study, for 
instance, found that less than 50 percent of households in Los Angeles County have air-conditioning.49 Furthermore, only 3 percent of 
households in Los Angeles County are within a 15-minute walk of an official cooling center, putting residents with neither vehicles nor air-
conditioning at higher risk. Commercial establishments are more widely available (accessible by walking for 80 percent of households), but 
generally have limited operating hours and lack services to deal with people who are already suffering from heat-related illnesses. 

TABLE 2:  HISTORICAL AND PROJECTED ANNUAL NUMBERS OF DANGEROUS SUMMER DAYS (JUNE, JULY, AND AUGUST) AND EXCESS DEATHS 
ON DANGEROUS SUMMER DAYS IN THE 51 LARGEST URBAN AREAS IN THE UNITED STATES. MORTALITY NUMBERS REPRESENT RAW COUNTS 
OF DEATHS RATHER THAN DEATH RATES. PROJECTIONS MADE UNDER THE NO-ACTION SCENARIO ARE ROUNDED TO THE NEAREST 10 DEATHS. 
FOR SIMPLICITY, WE REFER TO EACH METROPOLITAN STATISTICAL AREA BY THE FIRST CITY IN ITS OFFICIAL NAME.50 SIX URBAN AREAS DID NOT 
HAVE A STATISTICALLY SIGNIFICANT RELATIONSHIP BETWEEN THE HISTORICAL NUMBER OF DANGEROUS SUMMER DAYS AND EXCESS DEATHS: 
CHARLOTTE, NC; COLUMBUS, OH; HOUSTON, TX; MIAMI, FL; SAN DIEGO, CA; AND TAMPA, FL. THEY WERE THEREFORE  EXCLUDED FROM FURTHER 
ANALYSIS. SEE APPENDIX FOR MORE DETAILS.

PER-SUMMER AVERAGE NUMBER OF DANGEROUS SUMMER DAYS PER-SUMMER AVERAGE NUMBER OF EXCESS DEATHS ON 
DANGEROUS SUMMER DAYS

METROPOLITAN  
STATISTICAL AREA

HISTORICAL  
(1975-2010)

NO ACTION  
(2046-2055)

NO ACTION  
(2091-2100)

HISTORICAL  
(1975-2010)

NO ACTION  
(2046-2055)

NO ACTION  
(2091-2100)

Atlanta, GA 9 60 80 16 250 400

Austin, TX 20 60 60 4 40 40

Baltimore, MD 12 50 90 29 520 1,010

Birmingham, AL 11 70 80 9 240 320

Boston, MA 13 50 80 67 610 1,340

Buffalo, NY 5 50 80 12 410 620

Charlotte, NC 15 80 80 No statistically significant relationship

Chicago, IL 11 40 80 107 750 2,440
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TABLE 2:  HISTORICAL AND PROJECTED ANNUAL NUMBERS OF DANGEROUS SUMMER DAYS (JUNE, JULY, AND AUGUST) AND EXCESS DEATHS 
ON DANGEROUS SUMMER DAYS IN THE 51 LARGEST URBAN AREAS IN THE UNITED STATES. MORTALITY NUMBERS REPRESENT RAW COUNTS 
OF DEATHS RATHER THAN DEATH RATES. PROJECTIONS MADE UNDER THE NO-ACTION SCENARIO ARE ROUNDED TO THE NEAREST 10 DEATHS. 
FOR SIMPLICITY, WE REFER TO EACH METROPOLITAN STATISTICAL AREA BY THE FIRST CITY IN ITS OFFICIAL NAME.50 SIX URBAN AREAS DID NOT 
HAVE A STATISTICALLY SIGNIFICANT RELATIONSHIP BETWEEN THE HISTORICAL NUMBER OF DANGEROUS SUMMER DAYS AND EXCESS DEATHS: 
CHARLOTTE, NC; COLUMBUS, OH; HOUSTON, TX; MIAMI, FL; SAN DIEGO, CA; AND TAMPA, FL. THEY WERE THEREFORE  EXCLUDED FROM FURTHER 
ANALYSIS. SEE APPENDIX FOR MORE DETAILS.

PER-SUMMER AVERAGE NUMBER OF DANGEROUS SUMMER DAYS PER-SUMMER AVERAGE NUMBER OF EXCESS DEATHS ON 
DANGEROUS SUMMER DAYS

METROPOLITAN  
STATISTICAL AREA

HISTORICAL  
(1975-2010)

NO ACTION  
(2046-2055)

NO ACTION  
(2091-2100)

HISTORICAL  
(1975-2010)

NO ACTION  
(2046-2055)

NO ACTION  
(2091-2100)

Cincinnati, OH 5 50 80 13 280 580

Cleveland, OH 7 50 80 27 290 570

Columbus, OH 6 50 80 No statistically significant relationship

Dallas, TX 20 60 70 36 320 420

Denver, CO 17 10 70 16 20 90

Detroit, MI 9 50 80 65 760 870

Hartford, CT 9 40 80 20 90 260

Houston, TX 18 80 90 No statistically significant relationship

Indianapolis, IN 8 50 80 7 50 190

Jacksonville, FL 10 80 90 4 100 120

Kansas City, MO/KS 13 40 80 23 190 490

Las Vegas, NV 63 50 80 14 40 70

Los Angeles, CA 9 10 30 118 220 540

Louisville, KY 15 70 80 18 340 530

Memphis, TN 15 60 70 19 220 390

Miami, FL 20 80 80 No statistically significant relationship

Milwaukee, WI 10 50 80 19 170 410

Minneapolis, MN 11 50 80 17 100 340

Nashville, TN 9 70 80 6 150 210

New Orleans, LA 10 50 90 15 70 130

New York, NY 13 60 80 288 4,500 7,370

Oklahoma City, OK 18 60 80 8 40 130

Orlando, FL 10 90 90 4 120 120

Philadelphia, PA 15 60 90 78 720 5,040

Phoenix, AZ 71 90 90 23 110 220

Pittsburgh, PA 6 60 80 16 400 530

Portland, OR 6 10 20 5 40 140

Providence, RI 12 10 70 37 110 670

Raleigh, NC 16 60 90 4 10 70

Richmond, VA 15 50 90 6 20 100

Riverside, CA 39 60 70 29 50 80
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TABLE 2:  HISTORICAL AND PROJECTED ANNUAL NUMBERS OF DANGEROUS SUMMER DAYS (JUNE, JULY, AND AUGUST) AND EXCESS DEATHS 
ON DANGEROUS SUMMER DAYS IN THE 51 LARGEST URBAN AREAS IN THE UNITED STATES. MORTALITY NUMBERS REPRESENT RAW COUNTS 
OF DEATHS RATHER THAN DEATH RATES. PROJECTIONS MADE UNDER THE NO-ACTION SCENARIO ARE ROUNDED TO THE NEAREST 10 DEATHS. 
FOR SIMPLICITY, WE REFER TO EACH METROPOLITAN STATISTICAL AREA BY THE FIRST CITY IN ITS OFFICIAL NAME.50 SIX URBAN AREAS DID NOT 
HAVE A STATISTICALLY SIGNIFICANT RELATIONSHIP BETWEEN THE HISTORICAL NUMBER OF DANGEROUS SUMMER DAYS AND EXCESS DEATHS: 
CHARLOTTE, NC; COLUMBUS, OH; HOUSTON, TX; MIAMI, FL; SAN DIEGO, CA; AND TAMPA, FL. THEY WERE THEREFORE  EXCLUDED FROM FURTHER 
ANALYSIS. SEE APPENDIX FOR MORE DETAILS.

PER-SUMMER AVERAGE NUMBER OF DANGEROUS SUMMER DAYS PER-SUMMER AVERAGE NUMBER OF EXCESS DEATHS ON 
DANGEROUS SUMMER DAYS

METROPOLITAN  
STATISTICAL AREA

HISTORICAL  
(1975-2010)

NO ACTION  
(2046-2055)

NO ACTION  
(2091-2100)

HISTORICAL  
(1975-2010)

NO ACTION  
(2046-2055)

NO ACTION  
(2091-2100)

Rochester, NY 6 60 80 15 260 600

Sacramento, CA 22 60 60 30 210 250

Salt Lake City, UT 36 50 70 5 30 50

San Antonio, TX 13 60 80 2 50 90

San Diego, CA 1 10 10 No statistically significant relationship

San Francisco, CA 2 40 50 15 100 200

San Jose, CA 4 70 70 10 150 330

Seattle, WA 4 10 30 20 20 80

St. Louis, MO 18 60 90 32 290 640

Tampa, FL 8 90 90 No statistically significant relationship

Virginia Beach, VA 18 70 90 20 170 220

Washington, DC 15 60 80 30 240 560

We also found an increase in excess deaths in all 45 of the 
urban areas with a statistically significant relationship 
between deaths and dangerous summer days (Table 2).  
The urban areas with the largest estimated annual increase 
in excess summer deaths under the no-action scenario 
are shown in Table 3. Nearly two-thirds of the projected 
increase in excess deaths in the 2090s would occur in just 
nine metropolitan areas. 

Cutting climate-changing pollution will reduce the future 
number of dangerous summer days and avoidable deaths in 
America’s largest urban areas. The intermediate-emissions 
scenario could save about 2,480 lives per year in the 2040s 
compared with the no-action scenario, and about 12,820 
lives per year in the 2090s. 

TABLE 3: URBAN AREAS WITH THE LARGEST ESTIMATED ANNUAL 
INCREASE IN EXCESS SUMMER DEATHS UNDER THE NO-ACTION 
SCENARIO, RELATIVE TO THE 1975 TO 2010 BASELINE. FOR SIMPLICITY, 
WE REFER TO EACH METROPOLITAN STATISTICAL AREA BY THE FIRST 
CITY IN ITS OFFICIAL NAME.51

2046 TO 2055 2091 TO 2100

New York (4,210 more deaths p/year) New York (7,080 more deaths p/year) 

Detroit (700 more deaths p/year) Philadelphia (4,960 more deaths p/year) 

Chicago (640 more deaths p/year) Chicago (2,330 more deaths p/year) 

Philadelphia (640 more deaths p/year) Boston (1,270 more deaths p/year) 

Boston (540 more deaths p/year) Baltimore (980 more deaths p/year) 

Baltimore (490 more deaths p/year) Detroit (810 more deaths p/year) 

Buffalo (400 more deaths p/year) Providence (630 more deaths p/year) 

Pittsburgh (380 more deaths p/year) Buffalo (610 more deaths p/year)

Louisville (320 more deaths p/year) St. Louis (610 more deaths p/year)

Dallas (280 more deaths p/year) Rochester (590 more deaths p/year)

Cutting climate-changing pollution will 
reduce the future number of dangerous 
summer days and avoidable deaths in 

America’s largest urban areas.
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The urban areas that could see the largest health benefit in 
the 2090s from implementation of the Paris Agreement are:

n	 	New York (3,110 lives saved per year) 

n	 	Philadelphia (1,660 lives saved per year)

n	 	Chicago (1,630 lives saved per year)

n	 	Boston (710 lives saved per year) 

n	 	Providence (570 lives saved per year)

n	 	Buffalo (460 lives saved per year)

n	 	Baltimore (420 lives saved per year)

n	 	Rochester (330 lives saved per year)

n	 	St. Louis (300 lives saved per year)

MINIMIZING NEEDLESS AMERICAN DEATHS
Our results highlight the worsening health threat of 
dangerous summer heat and underscore the urgent need for 
the United States to do its part to reduce climate-changing 
pollution.

Under the Paris Agreement, the United States committed 
to cutting 26 to 28 percent of its climate-changing pollution 
relative to 2005 levels by 2025.52 This is ambitious, but 
achievable. Existing policies like the Clean Power Plan, 
energy efficiency standards, and fuel-efficiency standards 
for vehicles represent significant progress toward the 
country’s current commitments and lay the groundwork for 
more ambitious action in the future. At the same time, these 
policies have spurred economic development and provided 
health and environmental protections.53

The Trump administration is unfortunately working to 
systematically dismantle this progress by ordering the 
U.S. Environmental Protection Agency (EPA) and other 
federal agencies to rescind or revise the very types of 
policies we need to strengthen, including the Clean Power 
Plan.54 At the same time, the administration wants to 
slash the federal budget, shrinking the capacity of the 
Centers for Disease Control and Prevention (CDC) and 
other agencies to undertake scientific research essential 
for evidence-based decisionmaking. It also would limit 
the EPA’s ability to enforce climate and clean-air laws.55 
Finally, the administration is trying to weaken or eliminate 
the Affordable Care Act, which widens access to health 
insurance, and programs like the Low Income Home Energy 
Assistance Program, which helps households pay air-
conditioning bills.56  

To minimize needless and preventable American deaths 
from heat-related causes, the Trump administration must 
cease these rollbacks of vital health and environmental 
protections and immediately recommit to the Paris 
Agreement. Although President Trump announced that he 
was withdrawing the United States from the agreement, 
the country cannot formally notify the United Nations of 
that intent until November 4, 2019.57 Full withdrawal would 
take place one year later, right after the 2020 presidential 
election. 

13,860 EXCESS DEATHS BY THE 2045s

POLLUTING AS USUAL

29,850 EXCESS DEATHS BY THE 2090s

12,820 LIVES SAVED BY THE 2090s

2,480 LIVES SAVED BY THE 2045s

IMPLEMENTING
THE PARIS AGREEMENT

National totals are from 45 of the largest urban areas in the 
United States with a statistically significant relationship 

between dangerous summer days and excess deaths.

PROJECTED ANNUAL AVERAGE NUMBER OF 
EXCESS DEATHS RELATED TO DANGEROUS 

SUMMER DAYS IN JUNE, JULY, AND AUGUST 
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Even if the administration returns to our nation’s existing 
course of climate action, however, the Paris Agreement 
is not enough to fully protect our health from dangerous 
heat. For instance, a 2017 study of the world’s 101 largest 
megacities found that just 1.5 degrees Celsius of additional 
warming above pre-industrial levels could result in 5.7 times 
more global heat stress (number of days with a heat index 
above 40.6 degrees Celsius) than from 1979 to 2005.58 At 2 
degrees Celsius, there could be 12 times more heat stress. 

Given this reality, our findings also highlight the need 
for city and state officials to strengthen their protections 
against extreme heat. It is imperative that all large urban 
areas proactively develop heat-health plans to address both 
short-term heat emergencies (e.g., with cooling centers) 
and longer-term warming (e.g., with energy efficiency 
measures in multifamily housing). The most effective plans 
would be responsive to regional demographic patterns.59 For 
example, Philadelphia has an extensive heat plan, including 
a notification system, cooling centers, and educational 
materials about heat-related health impacts.60 City officials 
recognize, however, that the threat of dangerous summers 
is growing as the climate warms. In collaboration with 
experts from academia and the private sector, the city is 
updating its plan to better serve the most vulnerable city 
residents, including older adults and low-income residents. 
In Michigan, health officials are learning how to motivate 
residents to go to cooling centers during heatwaves.61 
Surveys in Ingham County, Michigan, where more than 
22 percent of the population lives below the poverty 
level, revealed that local food banks were the best venues 
for delivering cooling-center information to vulnerable 
residents.62 

Finally, even though heat is a leading cause of weather-
related deaths and a threat to all Americans, the United 
States does not have a centralized tracking and reporting 
system for heat-related illnesses and deaths.63 Many state 
and local health departments across the country need 
formal guidance on how to define heat-related illnesses and 
effectively make use of heat-health data.64 A system similar 
to the CDC’s National Notifiable Diseases Surveillance 
System —which does not include heat-related illnesses or 
deaths—would help health officials respond to emergencies 
more rapidly, assess the efficacy of actions to improve 
health outcomes during extreme heat, and even help make a 
stronger case for heat-health interventions.65 

Formally withdrawing from the Paris Agreement or 
dismantling the key underlying policies will invite 
significant harm to our health and our environment. 
Congress and the Trump administration should instead 
act to save Americans from needless summer deaths. They 
should maintain the EPA’s and CDC’s funding levels. And 
they should maintain and strengthen our international 
commitment to act on climate.

APPENDIX: PROJECTING THE CHANGE IN KILLER 
SUMMER HEAT
In each of the 51 U.S. metropolitan statistical areas (MSAs) 
with a population of one million or more, we used the 
observed relationship between all-cause mortality and 
dangerous summer days for the 1975 to 2010 period to 
estimate excess deaths. From this relationship, we projected 
the effect of climate change to estimate future excess 
deaths.66

We first classified every day from 1975 to 2010 in each MSA 
using a system called Spatial Synoptic Classification.67 This 
system categorizes individual days at a given location into 
weather types based on observed air temperature, dew 
point, cloud cover, pressure, and wind velocity. 

For the purposes of this study, we define “dangerous 
summer days” as the sum of two weather types in June, 
July, and August that are most commonly associated 
with negative health outcomes: dry tropical (DT) days 
and moist tropical-plus (MT+) days.68 Dry tropical 
days are usually the hottest and driest days at a given 
locale. They are characterized by clear, sunny skies and 
windy conditions, which can heat buildings and human 
bodies to high temperatures and increase heat stress by 
removing moisture. The air masses associated with DT 
days generally originate in desert regions of the Western 
United States, but can travel to the East Coast under the 
right atmospheric conditions. Moist tropical-plus days are 
typically associated with the Bermuda High, which pumps 
hot, humid air northward from the Gulf of Mexico and the 
Caribbean Sea. Although MT+ days may not have the highest 
daytime temperatures, they often are characterized by high 
nighttime temperatures because humidity slows nighttime 
cooling. Humidity also inhibits the evaporation of sweat, 
which is a natural cooling mechanism in humans. 

The characteristics of DT and MT+ days vary by location.69 
For example, average DT days in Phoenix, Arizona are 
hotter, drier, and slightly less cloudy than average DT days 
in Cincinnati, Ohio. Across locations, however, DT and MT+ 
days are consistently more dangerous to human health than 
other weather types. 

Air pollution like ground-level ozone (smog) is not used to 
classify weather types, but conditions on DT and MT+ days 
can accelerate the formation of smog and small particulate 
matter.70

Once we classified summer days in each location, we 
used a statistical technique called stepwise multiple 
regression to develop city-specific equations describing 
the relationship from 1975 to 2010 between excess deaths 
and meteorological variables (day of the year, day in the 
sequence of the heatwave, temperature, and dew point).71 
“Excess deaths” are the total number of deaths in a given 
MSA (i.e., from “all causes,” as defined by the International 
Classification of Diseases Ninth Revision [ICD-9]) above the 
daily standardized summertime average for that MSA. We 
did not find statistically significant relationships between 
dangerous summer days and excess deaths in six MSAs 



Page 10   KILLER SUMMER HEAT   NRDC

(Charlotte, NC; Columbus, OH; Houston, TX; Miami, FL;  
San Diego, CA; and Tampa, FL), and omitted them from 
further analysis. 

For the remaining 45 MSAs, we used the equations to 
develop midcentury (2046 to 2055) and late-century (2091 
to 2100) projections of dangerous summer days and excess 
deaths under two emission scenarios.72 Representative 
Concentration Pathway 8.5 (RCP8.5) is a high-emission 
scenario roughly equivalent to business-as-usual (i.e., no 
action), and RCP4.5 is an intermediate-emission scenario 
roughly equivalent to global implementation of the Paris 
Agreement.73 The emission scenarios were used as inputs 
to the Coupled Model Intercomparison Project Phase 5 
(CMIP5) multimodel ensemble.74 We regridded the models 
to 0.5 degrees of latitude by 0.5 degrees of longitude, which 
is roughly the size of many major urban areas in the United 
States.

The model runs produced erratic swings in midmorning 
dew point values in the driest and hottest urban areas (e.g., 
Phoenix, Arizona), particularly under the RCP8.5 scenario. 
This resulted in an unrealistic number of transition days, in 
which one weather type is shifting to another.75 We largely 
addressed this issue by using a smoothing algorithm to 
interpolate midmorning dew point values from the early 
morning and afternoon values. 

This study had some limitations. First, the findings most 
likely reflect the combined effects of extreme heat and 
air pollution, which often occur together.76 For instance, 
a 28-year study of 12 Canadian cities found that DT and 
MT+ weather types significantly increased the likelihood 
of extreme air pollution events and that smog particularly 
increased the relative risk of death during both mild and 
dangerous weather.77 Second, we did not consider possible 
behavioral changes of local populations (e.g., increased 
use of air-conditioning) or physiological acclimatization 
to extreme heat, which could reduce the risk of death 
during dangerous summer days.78 On the other hand, we 
also did not include future changes in population size or 
demographic makeup, which could have the opposite effect. 
One of the few heatwave studies to include a detailed 
investigation of future shifts in the U.S. population suggests 
the combination of national population growth and local and 
regional redistribution of people is nearly as important as 
climate change to human heat exposure.79 Finally, although 
the location-specific application of Spatial Synoptic 
Classification captures the historical heat island effect in a 
given area, we did not attempt to analyze how heat islands 
might change over time. For instance, a study of large cities 
in the United States and Canada suggests that areas of cities 
with high densities of tall buildings will warm slightly faster 
than less dense areas.80
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