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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.
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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

Represents the hottest and driest conditions found at any location. There are two primary sources of
Dry Tropical (DT) DT: either it is transported from the desert regions, such as the Sonoran Desert, or it is produced by
rapidly descending air.

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.

Moist Tropical+ (MT+)
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http://sheridan.geog.kent.edu/ssc.html
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St. Louis Air Mass Frequency Trends
Moist Weather Type — Moist Tropical+ (
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ouis Overnight (3AM) Air & Dew
Temperature Trends: DT Air Mass

—Air Temperature —Dew Point Temperature
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ir Temperature: +2.4°C warmer on average, than the 1940s
Point Temperature: +4.1°C warmer on average, than the 1940s



Mean Mortality Increases Within
Offensive Air Mass Types

Location (Freq) DT MT+
Seattle (6%)# +3.7 (8%) +4.72 (10%)
New York (11%) +16.6 (7%) +16.9 (7%)
Los Angeles (4%) +8.4 (5%) +8.4 (5%)
New Orleans (2%) None +3.7 (9%)
Phoenix (1%) +2.7* (7%) None

Rome (11%)

+6.2 (14%)

+5.0 (12%)

Shanghai (11%)

None

+42.4 (16%)

Toronto (7%)

+4.2 (11%)

+4.0 (10%)

® 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.




New York mortality algorithm

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

e For either MT+ or DT

e Where DIS=day in sequence

e TOS=time of season (May 1t =1, May 2" = 2...)
e ATP=5pm 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
pased 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.
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Synoptic Health Watch-Warning Network

Synoptic heat-health (and cold-health) watch-warning systems are References on the heat warning systems:
available real-time for the following cities online:
Progress in heat watch-warning system technology Scott Sheridan and Laurence Kalkstein, Bulletin of the
s (LOT) Chicago American Meteorological Society, 2004
s (ILN) Cincinnati, Columbus, and Dayton
+ (FWD) Dallas-Fort Worth The development of analog European heat waves for US. cities to analyze the impacts on heat-related
o (DTX) Detroit mortality Laurence Kalkstein, Scott Greene, Dave Mills, Alan Perrin, Jason Samenow, Jean-Paul Cohen.
+ (HGX) Houston Bulletin of the American Meteorological Society, 2007
s (JAN) Jackson and Meridian
s (LCH) Lake Charles and Alexandria Current alerts:
» (LZK) Little Rock and Pine Bluff Dallas - Ft Worth : Warning (14) Watch (15)
+ (MEG) Memphis and Tupelo Yuma : Advisory (14) Watch (15)
s (MPX) Minneapolis-St. Paul Portland : Warning (14) Watch (15) Outlook (16)
s (LIX) New Orleans and Baton Fouge Phoenix - Advisory (14)
+ (PHI) Philadelphia Seattle - OQutlook (16)
+ (PSR) Phoenix and Yuma
s (PQR) Portland
s (LSX) Saint Louis
+ (MTR) San Francisco and San Jose (S5C)
» (MTR) San Francisco and San Jose (Temperature)
+ (SEW) Seattle
s (SHV) Shreveport and Monroe
o (LWX) Washington and Baltimore
» Toronto and Peel Region
¢ Seoul, South Korea

Note these sites are NOW password-protected- with a different
passward from previous websites. If you are a party that has had
access, please contact Scott Sheridan (ssheridl@kent.edu) or
Larry Kalkstein (larryki@udel edu) for the password.

Synoptic systems are also presently employed in 8 cities in Italy;
Shanghai, China; and will be implemented in South Korea beginning in
2008.
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Synoptic Health Watch-Warning Network Dallas-Fort Worth (FWD)

.

System levels: DFW forecast issued 08/04/2009 16:20:02
Time 09Z 15Z 21Z 03Z

hours. August 6 Dry Tropical ( 4)
HEAT WATCH WATCH ( 4 deaths forecast)
Potentially life-threatening heat stress conditions are forecast Temperature / Dew Point 8l1/68 87 /68 103 /64 88/65
to occur in the next 24 to 48 hours.
HEAT OUTLOOK August 7 Moist Tropical ( 3)
Potentially life-threatening heat stress conditions are forecast NO ADVISORY
to occur in the next 48 to 120 hours. Temperature / Dew Point 82 /69 95 /66 95 /64 82 /66
NO ADVISORY
Weather conditions are not forecast to be oppressive. August 8 Moist Tropical  2)
' NO ADVISORY
The synoptic-based heat-health watch warning network is based on Temperature / Dew Point 77/68 94 /67 94765 82/68
evaluating the negative health impact of oppressive air masses, as
expressed by excess mortality, in each locality. Forecast data, as August 9 Moist Tropical ( 1)
defined by PFMs, are compared to historical meteorological NO ADVISORY
conditions that have led to such mortalty increases, and advisories, Temperature / Dew Point 78 /70 92 /69 92/ 67 81 /69

watches, and warnings are called accordingly.

These syst ilize the Spatial Synoptic Classification, at Click here for archived forecasts. Explanation of the archive file can be found here.
which more can be learned here. Where oppressive conditions are
forecast to occur, the consecutive day run of such conditions will
appear in parentheses following the SSC type.

Copyright 2008. This webpage was developed and is maintained
by Scott Sheridan, Kent State 1Iniversitv fscherid 1 @ kent echty This
network of systems has b

University of Miami (larry]
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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
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United States Environmental Protaction Agency
Offica of Atmaspheric Programs (8207J)
1200 Pennsylvania Avenua NW, Washington, DC 20460
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Table 2.1. Surmmary of confimed EHE program elementz in Philadalphia and Toronto

Prediction see21.1, p 23k

Enzure access fo weather forecasts capable of predicting
EHE conditions 1-5 days in advance

| Risk assessment se- 212,p 230 |

Coordinate transfer and evaluation of weather forecasts by
EHE program personniel

Dewslop quantitative estimates of the EHE's potential
health impact

Use the broader criteria to identify heat-atributable deaths
Develop infomation on higherisk individuals

Develop an accessible record on facilities and lcations
with concentrations of high-risk individuals

| Notification and response e 212 p 240
Coordinats public broadcasts of information sbout the
anticipated timing, sewerity, and duration of EHE conditions
and availakility and hours of any public cooling centers
Coordinats public dsfribution and broadcast of heat
exposure symptoms and tips on how to stay cool during
an EHE
Operate informational phone lines that can be used to
report heat-related health concemns
Designate pubic buildings or specific private buildings
with air cordifioning a= public cooing shelters and
prowide fransportation
Extend hours of operation at community centers with air
conditizning

Amrange for extra staffing of emergency support sendces

Directly contact and evaluate the emvironmental condiions
and health status of known high-risk individuals and
locations likely to hewe concentrations of these individuals

Increase outreach effarts to the homsless and establish
provisions for their protective remowd to cooling shelters

Buspend utility shutoffs

Reschedule public events to evoid large outdoor
gatherings when possible

| Mitigation =ee2i4,p 260 |
Develop and promots actions to reduce effects of urban
heat islands

5 NOAA 1005; Kakstein, 5003,
€ i, BO0Z: p i

. M. Vitighio and N. Dy Toronds Pubilic Heaith, 2005,

I Comments \{ Attachments

Excessive Haat Evants Guldebaak

3.1.1 EHE prediction

» Ensure access to weather forecasts capable of predicting EHE conditicns
1-b days in advance
Forecasting the development and characteristics of an EHE is a cntical element of
both EHE risk assessment and notification and response activities. In the United
States, FWS forecasts provide national coverage, so any location could incorporate
this elernent ints an EHE program Torants and Philadelphia bath use a sophisticatad,
air mass-based heat health system developed by the Center for Climatic Research at
the University of Dielaware to evaluate metecrological forecast data in terms of the
potential to increase the number of daily deaths above average levels (Sheridan and
Kalkstein, 2004).

#.1.2 EHE risk assessment

» Coordinate transfer and evaluation of weather forecasts by EHE program
personnal
In some locations, EHE program personnel may need to review forecast data to
determine whether location-specific criteria for EHE conditions are satisfied and,
potentially, how the forecast conditions match with any established EHE severity
criteria. Establishing forecast transfer and evaluation protocols involves speafying
under what conditions forecasters (2.g., the MWS) forward information to local
officials {and confirm receipt) and identifying who within the EHE program reviews
and evaluates the information. Alternatively, electronic systems can be established
to retrieve and review forecast data from meteorologists and notify EHE program
personnel if certain criteria are satisfad.

» Develop quantitative estimates of the EHE's potential health impacts
Seweral le<ations with EHE notification and response programs, incduding
Philadelphia and Toremte, have integrated heat health watchfwarning systerns that use
metesrological foracast data as inputs to health impact modals, which identify when
forecast conditions could result in excess mortality and then sstimate the potential
number or probability of heat-attributable deaths (Sheridan and Kilkstein, 2004),
These quantitative health impact estimates are then used in both cities to determine if
and what type of heat emergency is declared. These determinations affect the type and
scope of notification and response activities that will be implemented.

» Use the broader criteria to identify heat-attributable deaths
Medical exarniners can use the criteria in Doanoghue et al (1997 to define heat-
attributable deaths and to provide the public with mare accurate reporting of an EHE's
health impacts. This information can increase public awareness and appreciation of
the health risks of the conditions, which may improve compliance with recommended
actions.

¥ Develop information en high-risk individuals.
Recognizing that some individuals have an elevated risk faclitates notifying and
responding to these individuals {e.g., older individuals, the homeless) to achieve
the greatest public health benefit for a given rescurce commitment. Easily accessible
contact information for these individuals during an EHE can help the program

Summary of Current EHE Motification and Response Programs.




Seasonal Mortality Deviations: LA County
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DT a%| 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).

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



Impact of Cool Technologies: DC Metro Area Study

Purpose

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.
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<« CoolCities

Methodology

|ldentify 3-4 actual multi-day heat events in selected cities.
July 18-23, 1991 June 21-25, 1997
June 17-22, 1994 July 21-26, 2010

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.



Results

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.

<
<

Cool Cities




DC JUNE 1997 EPISCODE: A1V1-BASE Init; 1987-06-20_12:00:00
Valid: 1997-06-21_13:00:00
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Init; 1997-06-20 12:00:00
Walid: 1867-06-21_17:00:00

DC JUNE 1997 EPISODE: A1V1-BASE

2m temperaiure difference from base  (C)
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DC Citywide Evaluation: Some Days Actually
Shifted Into Less Offensive Air Masses!

26-Jul-10 DT DT DT

Air Masses
Scenario Obs Albl AlblVegl 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 Albl AlblVegl 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 Albl AlblVegl 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 Albl AlblVegl Alb2
21-Jul-10 DT DT DT =
22-Jul-10 MT+ MT+ MT+ =
23-Jul-10 DT DT DT =
24-3ul-10 DT DT DT =
25-Jul-10 DT DT DT =




Angeles Simulation Hourly Re
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LOS ANGELES 081294 ALB2-BASE Init: 1994-08-11_12:00:00

Valid: 1994-08-13_18:00:00

2m temperature difference from base (C)
Main

e ediiaga VS ¥ VTR 4G Y z\ti
a2on SR “ ?'="‘"’T”"’KN';,'Q,;
~ N SERL7 b SRR ,’1‘
. o
L L 7 K = ‘ ” 2
% N
" N 4 7» i
34°10'N — A N
‘ ; %
4
> A
- .
&
<o
34°N — . ,
5 a
LA
> P
LXK & 4 4
SR T &
%!wIN _‘ - =
b &R RaumiliiNe "
R R TR S,
R ,‘ ::‘k; LN \ >
330N -k B R R RS
LR " R RS
L & = =5 ®
T 1 T T T
118°45'W 118°30'W 118°15'W 18°W 117°45°W
5
—
Rel Vactor

2m temperature difference from base (C)

45126 1 -75 -5 -26 0 26 S5 75 1 126 15

QUTPUT FROM WRF V3.4,1 MODEL
WE « 100 ; SN « 100 ; Levels « 31 ; Dis « 1km ; Phys Opt » 0 ; PBL Opt = 1 ; Cu Opt « 0




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.



HSI and Mortality Scatt

H S Iand Mortality in New York
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Heat Vulnerability Ranking of Major Cities Based

Upon HSI Results

City R2 HSI95 baseline HSI95 1sd HSI95 2sd HSI100 baseline HSI100 1sd HSI100 2sd
New York
Philadelphia
Boston
Chicago

Los Angeles
Baltimore 0.55 63.7 26.3 6.4 67.1 28.8 9.6
Minneapolis
Pittsburgh
Columbus
Seattle
Buffalo
Cincinnati
Kansas City 0.254 60.7 22.1 6.4 67.6 29.4 10.3
Syr/Rochester 0.248 57.1 24 6 66 28 10

Sacramento

Phoenix

San Diego

St. Louis

New Orleans
Oklahoma City
San Francisco
Raleigh-Durham

Project funded by 3M Corporation.

Mean

New York

Los Angeles
Chicago
Seattle
Philadelphia
Boston
Phoenix
Kansas City
St. Louis
Minneapolis
San Francisco
Sacramento
Baltimore
Cincinnati
Pittsburgh
San Diego
Oklahoma City
Buffalo

New Orleans
Syr/Rochester
Raleigh
Columbus



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.



