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Quick Facts About Heat and Health

• Heat is the leading weather-related cause of death in the U.S.

• Urban area residents are sensitive to heat, especially in non-
tropical areas.

• The vulnerability of people varies among neighborhoods.

• Summer climate variability is more important than the actual 
temperature (more people die of heat in Toronto than 
Phoenix!).

• We can improve the city’s environment to lessen the negative 
health impact of heat.



1995: Worst in 
recorded history



World Map of Sensitivities: Regions With Most 
Heat-Related Deaths



An Air Mass Approach to Evaluate Heat/Health 
Relationships

• We evaluate “weather situations”, rather than individual weather 
elements, using a unique procedure developed in our lab, the spatial 
synoptic classification (SSC).

• Puts each day into a particular air mass type.

• Two air mass types are particularly oppressive: DT and MT+.

Oppressive Hot Air Masses 

Dry Tropical (DT)

Represents the hottest and driest conditions found at any location. There are two primary sources of 

DT: either it is transported from the desert regions, such as the Sonoran Desert, or it is produced by 

rapidly descending air.

Moist Tropical+ (MT+)

Hotter and more humid subset of MT. It is defined as an MT day where both morning and afternoon 

temperatures are above the MT averages, and thus captures the most "oppressive" subset of MT days. 

We have also identified an MT++ situation, which is even more extreme; in this case, both morning and 

afternoon temperatures are at least 1 standard deviation above MT averages.



We Can Map These Air Masses on a Daily Basis…

Source:   http://sheridan.geog.kent.edu/ssc.html

http://sheridan.geog.kent.edu/ssc.html


And We Can Map Them on a Monthly Frequency 
Basis



St. Louis Air Mass Frequency Trends
Hot Moist Weather Type – Moist Tropical+ (MT+)  
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• Moist Tropical: 9.5 more MT+ days today than in the 1940’s



St. Louis Overnight (3AM) Air & Dew Point 
Temperature Trends: DT Air Mass
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• 3AM Air Temperature: +2.4oC warmer on average, than the 1940s
• 3AM Dew Point Temperature: +4.1oC warmer on average, than the 1940s



Mean Mortality Increases Within 
Offensive Air Mass Types

+4.0 (10%)+4.2 (11%)Toronto (7%)

+42.4 (16%)NoneShanghai (11%)

+5.0 (12%)+6.2 (14%)Rome (11%)

None+2.7* (7%)Phoenix (1%)

+3.7 (9%)NoneNew Orleans (2%)

+8.4 (5%)+8.4 (5%)Los Angeles  (4%)

+16.9 (7%)+16.6 (7%)New York (11%)

+4.7a (10%)+3.7 (8%)Seattle (6%)#

a
MT+ does not occur in Seattle; the moist air mass that is oppressive is MT.

*DT+ air mass for Phoenix.
#Seattle called its first heat advisory ever in 2005, thanks to its new system.

Location (Freq)          DT MT+



New York mortality algorithm

Mortality = -37.4 + 8.82 DIS + 1.425 ATP  - 0.11 TOS

• For either MT+ or DT
• Where DIS=day in sequence
• TOS=time of season (May 1st = 1, May 2nd = 2…)
• ATP = 5 pm Apparent temperature °C

Website URL:   http://sheridan.geog.kent.edu/hwws/
Username:  health
Password:   stress

http://sheridan.geog.kent.edu/hwws/


What Can We Do With This Approach?

• Develop state-of-the-art heat warning systems for the NWS 
based upon cities’ health response to heat.

• Develop estimates on numbers of heat-related deaths more 
accurately than medical examiners.

• Develop demographic or neighborhood breakdowns on heat-
related deaths within urban areas.

• Develop estimates on the impact of climate change upon such 
deaths.

• Develop estimates on how cool cities technologies can 
potentially reduce heat-related deaths.



Seoul mortality algorithms

• DT: -12.5 + 2.64 DIS + .666 AT3
• MT+: -21.5 + 2.64 DIS + .666 AT3

• Where DIS = day in sequence and AT3 is 3am App Temp

• WARNING = 7 or more deaths forecast
• ADVISORY = 3-6 deaths forecast

• Website URL:   http://sheridan.geog.kent.edu/hwws/
• Username:  health    Password:   stress

http://sheridan.geog.kent.edu/hwws/


Dallas/Ft. Worth HHWS PageDD



Excessive Heat Events Guidebook, 
published by the U.S. EPA in 
collaboration with our Synoptic 
Climatology Laboratory.   Available 
on the web at:
https://www.epa.gov/heat-
islands/excessive-heat-events-
guidebook

https://www.epa.gov/heat-islands/excessive-heat-events-guidebook




Seasonal Mortality Deviations: LA County
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DT 4% 4% 4% 4% 3% 4% 4% 4% 4% 3% 4% 4% 3% 4% 5% 3% 2% 4%

Winter 5% 5% 6% 5% 6% 6% 3% 7% 6% 2% 3% 6% 4% 8% 4% 5% 1% 8%

Spring 2% 2% 2% 2% 5% 2% 4% 1% 3% 1% 4% 1% 1% 2% 5% 0% 1% 2%

Summer 8% 8% 8% 8% 6% 11% 9% 8% 7% 13% 10% 7% 6% 16% 10% 7% 8% 8%

Autumn 1% 2% 1% 2% -3% 0% 3% 0% 1% 3% 4% 1% 2% -2% 4% 0% 2% 0%

MT+ 5% 5% 4% 4% 2% 8% 7% 4% 5% 3% 6% 4% 10% 6% 7% 3% 6% 4%

Winter 6% 3% 9% 6% 0% 10% 8% 5% 7% 1% 5% 6% 16% 5% 6% 2% 12% 8%

Spring 5% 7% 3% 5% 2% 7% 7% 4% 6% 0% 7% 5% 13% 1% 8% 6% 6% 3%

Summer 8% 13% 4% 8% -1% 13% 10% 7% 7% 14% 13% 6% 7% 18% 20% 7% -9% 8%

Autumn 0% 3% -4% -1% 7% 2% 4% -2% -1% 2% 4% -4% -3% 7% 5% 2% 2% -6%

• Mean daily percent changes around the standardized mortality baseline.  Blue 
numbers statistically significant at p< .05.  Increasingly red: percentage increase 
above baseline; increasingly green: percentage increase below.

• Summer shows very high increases above the baseline for both air masses, virtually 
all statistically significant.  For most groups, percent increases are 8% or greater.

• Most sensitive groups: Black (over 10% deviation above baseline for both air 
masses), Hispanic (over 13% deviation), black elderly (over 16% deviation).

• Biggest surprise: winter is second most important season for heat-related 
mortality in Los Angeles!



Projected Average Number of Excess Deaths 
Related to Dangerous Days in Summer

Source: Kalkstein/NRDC, in press.



A New Initiative: A Neighborhood Approach

• “Cooling Los Angeles to Save Lives: Neighborhood-Based Climate 
Modeling, Community Engagement and Heat Mitigation”

• Develop a detailed neighborhood-scale analysis of LA to see which 
neighborhoods are most vulnerable to heat-related mortality, and to 
evaluate differences neighborhood response.

• See how various changes in urban reflectivity and vegetation coverage can 
impact the daily weather, air mass type, and heat-related mortality on a 
neighborhood scale. Reflective roofing products important here!

• Estimate how climate change may impact these results using “business as 
usual” model and “emissions control” model.

• Reach out to stakeholders, decision makers, politicians with our results and 
draft mitigation plan.



Our Los Angeles Neighborhoods



A Unique Collaboration: Neighborhood-Scale 
Analysis of L.A. Heat Sensitivity

• Most detailed study of its type, down to the neighborhood 
scale.

• Elaborate consortium of disparate expertise (climatologists, 
health scientists, social scientists, policy experts).

• Very interdisciplinary consortium (universities, NGOs, local and 
county governments, 3M).

• Will interact with stakeholders (health departments, NWS, etc.)

• Framework in the making for 2 years! Proposals accepted by 
U.S. Forest Service, NSF.



1. Estimate the possible reduction in heat-related 
mortality assuming DC institutes heat island 
reduction measures. 

2. Determine if the number of days within 
oppressive air masses historically associated 
with high mortality will decrease significantly. 

Purpose

Impact of Cool Technologies: DC Metro Area Study



• Identify 3-4 actual multi-day heat events in selected cities.

• Model the heat events and validate with recorded conditions, characterize 
the days into air masses.

• Run scenarios: 

– S1: Increase city-wide albedo by 0.10 (i.e., from 0.15 to 0.25)
• Done by raising albedo of roofs and pavement surfaces only

– S2: S1 and increase vegetation by 10%

– S3: Increase city-wide albedo by 0.20

• Run actuals and scenarios through DC-specific mortality algorithms used to 
determine heat warnings.

July 18-23, 1991
June 17-22, 1994

June 21-25, 1997
July 21-26, 2010 

Methodology



• A 10% increase in urban surface reflectivity could reduce the 
number of deaths during heat events by an average of 6%.  

• A 10% increase in both reflectivity and vegetative cover yielded an 
average 7% reduction in mortality during heat events.  

• A 20% increase in reflectivity yielded a reduction of about 20% in 
mortality during the one heat event evaluated.

• UHI mitigation strategies were able to shift DC out of offensive air 
masses in 2 of the 4 heat waves studied.

Results



An Example:  
June 21, 
1997, 9AM 
local time



1pm

June 21, 
1997, 1PM 
local time



Scenario Obs Alb1 Alb1Veg1 Alb2

Date
18-Jul-91 DT DT DT -
19-Jul-91 MT+ MT+ MT+ -
20-Jul-91 DT DT DT -
21-Jul-91 DT DT DT -
22-Jul-91 MT+ MT+ MT+ -
23-Jul-91 DT DT DT -

Scenario Obs Alb1 Alb1Veg1 Alb2
17-Jun-94 MT++ MT+ MT+ MT+
18-Jun-94 MT++ MT+ MT+ MT+
19-Jun-94 MT++ MT++ MT++ MT++
20-Jun-94 MT++ MT+ MT+ MT+
21-Jun-94 MT+ MT+ MT+ MT+
22-Jun-94 DT DT DT DT

Scenario Obs Alb1 Alb1Veg1 Alb2
21-Jun-97 MT+ MT+ MT+ -
22-Jun-97 MT++ MT+ MT+ -
23-Jun-97 DT DT DT -
24-Jun-97 DT DM DM -
25-Jun-97 DT DT DT -

Scenario Obs Alb1 Alb1Veg1 Alb2
21-Jul-10 DT DT DT -
22-Jul-10 MT+ MT+ MT+ -
23-Jul-10 DT DT DT -
24-Jul-10 DT DT DT -
25-Jul-10 DT DT DT -
26-Jul-10 DT DT DT -

Air Masses 

DC Citywide Evaluation: Some Days Actually 
Shifted Into Less Offensive Air Masses!



Los Angeles Simulation Hourly Results 
(Burbank weather station – results presented for each hour of day over a ~ 5-day episode)



August 13, 
1994, 11AM 
local time



Planned Collaboration with 3M

• Rank major cities in terms of heat-health vulnerability 
(completed).

• Evaluation of temporal and spatial extent of urban heat island.

• Impact of climate change on urban heat island.

• Perform a DC-like “cool solutions” impact study for a number 
of cities (starting with Boston, Seattle).

• Perform an LA-like neighborhood based “cool solutions” 
impact study for selected cities.



Results:  HSI and Mortality Scatterplots



Heat Vulnerability Ranking of Major Cities Based 
Upon HSI Results

City R2 HSI95 baseline HSI95 1sd HSI95 2sd HSI100 baseline HSI100 1sd HSI100 2sd Mean

New York 0.74 76.5 37.6 13.7 87.9 53.4 25.9 New York

Philadelphia 0.721 68.8 32.7 10.2 71 39.5 13.2 Los Angeles

Boston 0.717 79 42.3 14.3 78.3 61.7 23.3 Chicago

Chicago 0.703 71.4 30 7.7 79 35.5 11.8 Seattle

Los Angeles 0.572 73.7 37.8 13 78.2 57.7 28.2 Philadelphia

Baltimore 0.55 63.7 26.3 6.4 67.1 28.8 9.6 Boston

Minneapolis 0.502 63.6 25.2 5.2 62.7 35.6 5.1 Phoenix

Pittsburgh 0.431 60.5 21.8 4.8 65.3 17.3 5.3 Kansas City

Columbus 0.347 55.1 21.1 3.5 44.1 19.1 0 St. Louis

Seattle 0.31 63.2 27.1 7.4 71.7 28.3 5.7 Minneapolis

Buffalo 0.295 64.4 27.8 6.4 70.4 36.6 16.9 San Francisco

Cincinnati 0.266 56.4 19.9 4.4 61 27.3 6.5 Sacramento

Kansas City 0.254 60.7 22.1 6.4 67.6 29.4 10.3 Baltimore

Syr/Rochester 0.248 57.1 24 6 66 28 10 Cincinnati

Sacramento 0.203 58.8 25.6 6.2 58.6 31 5.2 Pittsburgh

Phoenix 0.2 52.1 17 4.2 47.4 19.7 6.6 San Diego

San Diego 0.188 57.5 20.8 2.2 58.3 26.7 0 Oklahoma City

St. Louis 0.154 50.8 16.5 3 51.8 14.1 1.2 Buffalo

New Orleans 0.135 51.7 18.9 1.5 63.9 26.2 3.3 New Orleans

Oklahoma City 0.028 48 17.3 1.7 41.5 13.2 3.8 Syr/Rochester

San Francisco 0.027 59.1 28.7 7.4 58.8 35.3 17.6 Raleigh

Raleigh-Durham 0.014 51.5 17.7 3.7 56.2 13.7 1.4 Columbus

Project funded by 3M Corporation.



Hypothesis on Temporal Variability of UHI

• Most pronounced UHI results at night and in winter.

• Significant UHI variations also expected at night in summer.

• What we are looking for:

– (1) Are the most offensive air masses the ones with the most 
pronounced UHI effect?  Hypothesis: yes!

– (2) What is the impact of air conditioning upon UHI intensity?

• Preliminary work suggests that a jump in UHI intensity occurred in 
major cities (i.e. New York) during late 50s and early 60s when 
most of airshed became air conditioned.  We will test hypothesis!



Concluding Remarks

• The importance of heat upon negative health outcomes cannot be 
understated.

• These must be quantified in a better manner: regionality of the 
problem, variations in UHI intensity, potential impact of climate 
change.

• There are solutions to lessen the problem…social and physical.
• Social: more awareness, more informed public and stakeholders, 

sophisticated warning systems.
• Physical: alter the urban area in a manner that reduces heat load. 

Large role for CRRC, 3M in this process.


