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Learning Objectives

At the conclusion of the session, participants should:

1. Recognize the potential of climate change to produce public
health surprises from infections, heat, and water contamination.

2. Advance improvements in disaster preparedness based upon the
changing risks of extreme weather with climate change, especially
for heat and hurricanes.

3. Evaluate the potential of climate actions to address health
disparities.



Surprises



#1 Floods
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Flash flooding on Kansas Street in Worcester, MA on Aug. 19, 2021. (Boston 25 News)
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Worcester police officers inspected the intersection of Canton and Quinsigamond Streets.JOHN TLUMACKI/GLOBE STAFF Flash flooding on Kansas Street in Worcester, MA on Aug. 19, 2021. (Boston 25 News)BOSTON 25 NEWS



MORE DOWNPOURS

Increase in Heaviest Precipitation Events
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Combined sewers: a risk for waterborne disease outbreaks with climate change

How a Combined Sewer LLIJJ: —
System Works e /- ‘ W-. //'///‘ 4
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Combined sewers: a risk for waterborne disease outbreaks with climate change




What are the health risks after flooding?



Pathways from floods to health

FLOODING

Waterborne
disease Mold exposures
outbreaks

Physical
trauma,
including
drowning

Healthcare

disruption Power outages

Health outcomes

Systems failures

PTSD/anxiety Substance
symptoms abuse

Water

N Animal bites
contamination

Displacement




#2 Hurricanes



Hurricane Matia ..
Landfall®®/20/17
Category‘l

155 mph wmds .

Ug to 20” rainin < 2days




Puerto Rico Biomedical Manufacture and Maria
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Hurricane Maria devastated Puerto Rico.

Then it caused a ripple effect in mainland hospitals.
PRI's The World, December 06, 2017

Hospitals in the US mainland are facing shortages of |V fluids and
medicine because of Hurricane Maria's damage to Puerto Rico.
Credit: Paulo Whitaker/Reuters
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https://www.pri.org/programs/the-world

e NEW ENGLAND
JOURNAL of MEDICINE

PERSPECTIVE FACING THE SHORTAGE OF IV FLUIDS

Facing the Shortage of IV Fluids — A Hospital-Based Oral
Rehydration Strategy

Andrés M. Patifio, M.D., Regan H. Marsh, M.D., M.P.H., Eric J. Nilles, M.D., Christopher W. Baugh, M.D., M.B.A,,
Shada A. Rouhani, M.D., M.P.H., and Stephanie Kayden, M.D., M.P.H.

N ENGL ) MED 378;16 NEJM.ORG APRIL 19, 2018



Ocean heat is hurricane food

With climate change, hurricanes are: getting stronger
iIntensifying faster
slowing down
less frequent

The NOAA Accumulated Cyclone Energy (ACE) Index is a measure of total wind energy for basin and landfalling tropical cyclone activity.

1902 was 1915 was above normal
total ACE 1908 was a l
/ season
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In the past 24 years there have been 16 above normal

Source: Earth System Research Laboratory/The Guardian hurricane seasons. the worst on record
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Storm tracks within 50 nautical miles of Boston since 1900 (n=12)
(Sandy had a hurricane strength wind radius of 175mi)
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Hurricanes are headed northward

Pre-industrial hurricane paths Hurricane paths shift post 1870
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Scientific Reports volume 6, Article number: 37522 (2016)



#3 Heat waves



Warming iIs already happening

1991-2012 average temperature compared with 1901-1960 average
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Shifting summer temperatures across the northern hemisphere 1951-2015

1951-1980

18951-1980 ____
Base period

More frequent

Extremely cold Cold Normal Hot Extremely hot

Source: Columbia University Earth Institute. Data via Makiko Sato and James Hansen. Based on: Hansen et al., 2012 (and discussion); 2016 update.



http://www.columbia.edu/~mhs119/PerceptionsAndDice/
http://www.pnas.org/content/109/37/E2415.full
http://www.columbia.edu/~jeh1/mailings/2012/20120811_DiceDataDiscussion.pdf
http://csas.ei.columbia.edu/2016/01/19/global-temperature-in-2015/

Changes in extreme and average heat by mid century with
business as usual greenhouse gas emissions

Change in number of days above 95°F Change in average summer temperatures
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http://usgcrp.gov

Health effects associated with extreme heat

Suicide rate 1 to 37% times higher per 1°C warming
Public Health. DOI: 10.1016/j.puhe.2018.06.008

Pregnancy

Preterm birth odds ~1.2x higher during heat waves
BMJ 2020;371:m3811 | doi: 10.1136/bmj.m3811

Medications

Job performance?
15% decreased dose

60°C (car trunk) vs 4°C
Am J Health-Syst Pharm—\Vol 62 Nov 1, 2005 2

Increased “unsafe” behaviors in workers
~30% more @ 23°C vs 35°C

Journal of Safety Research, Vol. 14, pp. 105-114, 1983



#4 Power outages
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When the power goes out, healthcare demands rise

Environmental Health Perspectives. 2018 Jun; 126(6): 067003.

Health Impacts of Citywide and Localized Power Outages in New York City

Christine Dominianni,! Kathryn Lane,’ Sarah Johnson,! Kazuhiko Ito,’ and Thomas Matte'*

Renal Hospitalizations Respiratory Hospitalizations Cardiovascular Hospitalizations
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#5 Wildfire smoke
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Newsweek

CAN WILDFIRE SMOKE MAKE YOU SICK?

PLUMES FROM WORST WILDFIRE IN CALIFORNIA HISTORY REACH
MASSACHUSETTS

BY ARISTOS GEORGIOU ON 11/12/18 AT 12:49 PM

HRRR-SMOKE 2018-11-12 00 UTC 7h fcst - EXPERIMENTAL  Valid 11/12/2018 07:00 UTC
Vertically Integrated Smoke (mg/m
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https://www.newsweek.com/authors/aristos-georgiou

Smoke is bad for your health
0 O

|
)K/ Wildfire source PM may be more /C\
H H H

toxic than PM in general

acro I e | N Nature Communications 12.1 (2021): 1-8. fO rma I d e hyd e

NOx

benzene/PAHS oxides of nitrogen
Leukemia/lymphoma Asthma (causal)
Anxiety/depression Respiratory infections

ADHD
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Change in county-level fire tolerances from the early 1980s to 2015
10 most prevalent tree genera

Maple

Ash

Hickory

Birch

Tupelo

Pine i .
Poplar/Aspen ¥ vin O

Oak - Lo it Change in
Cherry/Fruit oy 4 fire tolerance

Elm L Decrease

' B Increase

Forest ecology and management 433 (2019): 176-183.



#6 Emerging infections



Source: K.J. Knoop, L.B. Stack, A.B. Storrow, R.J. Thurman:
The Atlas of Emergency Medicine, 4th Edition,
www.accessemergencymedicine

Copyright © McGraw-Hill Education. All rights reserved.



Rocky Mountain spotted fever (RMSF)

Ce‘ntripetal Ra.sh Sym pto ms

(From ankles/wrists to tru
1/« \l{ Fever
1 . A NN
. Headache _
./ v\ Muscle Aches ~ ;o

g 20-30% mortality rate if untreated



Babesiosis
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Each dot represents a reported case in the county of residence

Eisen R. Emerging tickborne diseases. CDC Public Health Grand Rounds, March 21, 2017.
www.cdc.gov/cdcgrandrounds/archives/2017/March2017.htm. Accessed June 7, 2017.



#/7 Population migrations



Population movement after Hurricane Maria

~400k left between Oct & Feb
~150k went to Florida
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Puerto Ricans by county

1500  500-1,500 & 1,500-4,500
B 4,500-7500 N 7,500-10,000 M more than 10,000

~2000 children entered MA schools by December

Source: Teralytics/Citylab



Resilience



With heat wave looming, Kim Janey declares ‘heat emergency’ for Boston

Cooling centers will be open throughout the city between Wednesday and Friday.

David L Ryan / Globe Staff
By Christopher Gavin
August 10, 2021



https://www.boston.com/author/christopher-gavin/

If heat warnings happen, they may be too late

Climate Hospitalization Heat-Sensitive Zones with Heat Alert Criteria, by Heat Index Ranges

Region Outcome

Northeast All-Causes

|
All cardiovascular : :
All respiratory | |
I

Diabetes

Fluid and electrolyte | |

: | |
Renal failure

-/ Heat-sensitive zone
@ Heat index ranges at which positively significant peak heat-attributable health risk / burden are observed
Heat index ranges used for issuing alerts

I Median heat alert criteria

5420-5427 | PNAS | March 19, 2019 I vol. 116 1 no. 12



How about a new, patient centered approach to
heat preparedness?
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Pathways from greenhouse gas emissions to health outcomes

Earth Systems Mechanisms Conditions/Diseases




Equity & Solutions



Make his neighborhood cool (or green)

Providence, Rl

Vegetation Brightness Temperature ( C)

0.4 0.2 0.6 20 30 40
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:It’s easier being (around) green:

Residential green space in childhood is associated with
lower risk of psychiatric disorders from adolescence
into adulthood

Kristine Engemann®P<1, Carsten Backer Pedersen“®%, Lars Arge’, Constantinos Tsirogiannis’, Preben Bo Mortensen“%®

55% fewer mental health problems

Greenspace assessed birth to 10yo via normalized difference vegetation index @ 30m
943,000+ 10 year olds

5188-5193 | PNAS | March 12, 2019 | vol. 116 | no. 11

: Unadjusted @ Recurrent depressive disorder — ! .—o—.
' Adjusted urbanization | | ; .
Intellectual disability - —g—o /Xi(jystte% SAELE : Bipolar disorder -1 1_g="w
_ D e JuSte Mood disorders — T
Borderline type - =" - !
. L ' _e— Schizoaffective disorder — e
Specific personality disorders — e .
. Schizophrenia — ' ° ===
Anorexia nervosa — g :
' Schizophrenia and related disorders — : —o— g
Eating disorders — | £ |
! Cannabis — . e — Y
: . . | | ——
Obsessive compulsive disorder | _e— .
| Alcohol — S
Neurotic, stress—related, and somatic disorders — ! ._-'&' !
| Substance abuse — : -~ O
Single and recurrent depressive disorder — ! e . I A e
S — Any psychiatric disorder — ' e ®
!

08 10 1.2 14 16 1.8
Relative risk

08 10 1.2 14 16 1.8
Relative risk

RR compared to highest decile of green space, adjustment for urbanization, socioeconomic factors, parental history of mental iliness, and parental age



Healthy food access

B Areas that have both low
per-capita grocery sales
and lower-than-average
incomes, a sign that
people have difficulty
getting to full-service
grocery stores
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Top Massachusetts Cities with the most significant Grocery Gap

e Chelsea e Lawrence

e Springfield e Lowell - Yo Nantucket

e Taunton e Lynn &
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We can buil
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Hospital Universitaire de Mirebalais




How we commute and BMI

> pod @ Active commuting and obesity in mid-life: cross-sectional,
observational evidence from UK Biobank

0-5-— Ellen Flint, Steven Cummins
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active transport  transport

[ancet Diabetes-Endocrinol 2016; 4: 420-35



Benefits of active transportation

3 © QO WG
Physical and Personal Less pollution Eppiciency and Community

mental health savings productivity
benefjits

What you can do

Support staff active transportation to work:
locked bike cages, showers, lockers, pay incentives



Accelerate adoption of clean, renewable energy

Estimated U.S. Energy Consumption in 2020: 92.9 Quads B Lawrence Livermore
National Laboratory

Net Electricity 0.06

Solar Imports :
1.25 0.8

12.4

Nuclear Electricity
8.25 Generation
35.6 23.2
Hydro
2.59 .
4.01 Rejected
' i ' Energy
Residential
Wind 11.5 623
3.01 |
Geothermal .
- Commercial
8.66
Natural Gas
31.5
Industrial
29.3 : Energy

Services
30.6

Biomass
453

Transportation
243

5.09

Petroleum

32.2



New Study Suggests Burning Fossil Fuels
Contributed to 1 in 5 Deaths in 2018

The staggering number is more than twice previous estimates

By TESSA STUART

An aircraft flies over traffic travelling along a highway near the airport during the
enforcement of the Odd-Even road space rationing scheme in New Delhi, India, on
Tuesday, Nov. 5, 2019. Millions of Indians are breathing in the worlds most toxic air.
Each winter, thick smog envelops the capital of New Delhi and numerous cities

across the dusty and densely populated North Indian plains.
Ruhani Kaur/Bloomberg/Getty Images


https://www.rollingstone.com/author/tessa-stuart/

Exposure (ug m)

Climate actions promote health equity

AlIr pollution is not an equal opportunity killer

56% inequity 63% inequity

A) Emitters  B) End Uses
Road Dust Trans.

Res. Wood Comb. Shelter

Res. Gas Comb.[ll] Services
Res. Other Info.
Off-Highway M Goods
Non-Coal Elec. Food

Miscellaneous[__] Electricity

LD Gas Veh.
Industrial [

HD Diesel Veh.
Construction
Comm. Cooking
Coal Elec. Util. N

Caused Exposed Caused Exposed Caused Exposed Agriculture [
Black || Hispanic || White/Other

PNAS March 26, 2019 116 (13) 6001-6006
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It's real. It's now. We have solutions.

Your monthly dose of good news
about climate change.

Climate heroes are not only designing and building the healthier future we need; they
are also defending against actions that threaten science and our health. This issue
highlights key stories from this month.



