


Strengthen communities to prepare, respond and recover 
in the face of climate impacts and other disruptions 
through collaborative, innovative solutions. 

communityresilience-center.org

Dr. Abigail Abrash Walton
Co-Director CCPCR

http://www.communityresilience-center.org/


• Engage in each course for 4 weeks

• Enroll for graduate credit or audit the course

• Increase your skill set in climate resilience for 

better outcomes

• Discover solutions to local issues you face on 

the job or in your community.

• Register for one course or the whole series.

Local Solutions for Strong Communities
… a series of online courses focused on the fundamentals of climate change resilience. 

http://www.communityresilience-center.org/climate-

change-resilience-series/

http://www.communityresilience-center.org/climate-change-resilience-series/
http://www.communityresilience-center.org/climate-change-resilience-series/


Join us for the next online course in this series

Climate Impacts: Vulnerability 

and Adaptation Planning 

Sunday, October 6 – November 2, 2019

Local Solutions for Strong Communities
… a series of online courses focused on the fundamentals of climate change resilience. 

http://www.communityresilience-center.org/climate-change-resilience-series/

Instructor: Dr. Christa Daniels

http://www.communityresilience-center.org/climate-change-resilience-series
http://www.communityresilience-center.org/climate-change-resilience-series/


Save the Date!
2020 Local Solutions Eastern Climate 

Preparedness Conference

May 11-12, 2020 • Portland, Maine

http://www.communityresilience-center.org/conferences/2020-local-solutions-

eastern-climate-preparedness-conference/

http://www.communityresilience-center.org/conferences/2020-local-solutions-eastern-climate-preparedness-conference/


Meet the challenges of a changing climate by finding 
information and tools to help you understand and 
address your climate risks. 

toolkit.climate.gov 

Ned Gardiner, 

Engagement Manager 



If you have a question, please write it in the Q&A section (not 

Chat) and select to All Panelists, so we can see the questions. 

If you are having technical difficulty, please use Chat and send 

to Host, so we can address the issue with you directly. 

The presentation will be recorded and posted to the Antioch 

website within a week  www.communityresilience-center.org 

Logistics



Mapping and Understanding Heat 
Health Vulnerability

Dr. Jeremy Hoffman

Chief Scientist, Science Museum of Virginia and Affiliate Faculty, 
Center for Environmental Studies, Virginia Commonwealth University

Dr. Jaime Madrigano

Policy Researcher, RAND Corporation and Affiliate Faculty, Pardee
RAND Graduate School



Sign up for updates: NOAAClimateConnection@noaa.gov

mailto:NOAAClimateConnection@noaa.gov


The Richmond Urban Heat Island Collective:
Mapping and addressing extreme heat

Jeremy S. Hoffman

Chief Scientist, Science Museum of Virginia

Center for Environmental Studies, Virginia Commonwealth University

With a lot of help from a lot of other amazing people

@jer_science



Carter et al., 2018

Dupigny-Giroux et al., 2018



Need to prepare for a:
hotter, wetter, sneezier and wheezier Virginia



Need to prepare for a:
hotter, wetter, sneezier and wheezier Virginia



Habeeb et al., 2015
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Stephanie Uz, NASA

Urban Heat Islands



NASA



Sobrino et al., 2012



SATELLITES CAN’T “SEE” 

BLOCK-SPECIFIC HEAT ISLANDS

AND ONLY “SEE” 

SURFACE TEMPERATURES  

Sobrino et al., 2012



AIR TEMPERATURE AT 

THESE SCALES MATTER 

FOR COMMUNITY 

RESILIENCE

Sobrino et al., 2012



Clear need for understanding 
urban heat extremes 
within US cities…and acting on it



RICHMOND URBAN HEAT ISLAND CONSORTIUMRICHMOND URBAN HEAT ISLAND COLLECTIVE





RICHMOND URBAN HEAT ISLAND CONSORTIUMRICHMOND URBAN HEAT ISLAND COLLECTIVE



Greening Richmond

Preparing Youth for Success 

Improving Health and Quality of Life of all Residents

Realizing Racial Equity



Jackson Voelkel, PSU



Shelby Lum, RTD





Hoffman et al., in prep

Shandas et al., 2019



Hoffman et al., in prep

EXPOSURE

Shandas et al., 2019





SENSITIVITY





SENSITIVITY





ADAPTIVE 

CAPACITY



Urban Heat Vulnerability = 

+ + + =

ASPHALT TREES HEAT POVERTY 



Hoffman et al., in prep



RAA AMBULANCE RESPONSESVULNERABILITY

Hoffman et al., in prep
DATA: RAA 





Decision-relevant science!



BOSTON, MA

WASHINGTON, D.C. BALTIMORE, MD



Members of DC/Baltimore 
collectives expressed 
increased interest in using 
science for policy change 
to build UHI resilience! 



“Throwing Shade in RVA”

• https://toolkit.climate.gov/case-studies/where-do-we-need-shade-
mapping-urban-heat-islands-richmond-virginia



We saw 
significant change 
in our participants





Hoffman et al., in prep





Science Museum’s Civic Green Space



Hoffman et al., in prep



Next: MORE Community Science!



RICHMOND URBAN LIVABILITY COLLECTIVE





City of Richmond TOD-1 Zoning

Proposed Study/Interest Area

Science Museum Urban Campus

Bus Rapid Transit PULSE Line



Roe et al, unpublished



Thanks!
@jer_science

jhoffman@smv.org

https://capastrategies.com/capa-heat-watch/

mailto:jhoffman@smv.org
https://capastrategies.com/capa-heat-watch/


Mapping and Understanding Heat 
Health Vulnerability

Dr. Jeremy Hoffman

Chief Scientist, Science Museum of Virginia and Affiliate Faculty, 
Center for Environmental Studies, Virginia Commonwealth University

Dr. Jaime Madrigano

Policy Researcher, RAND Corporation and Affiliate Faculty, Pardee
RAND Graduate School



https://www.climate.gov/heatNYC

https://www.climate.gov/heatNYC


Heat 
Vulnerability 
in NYC 
Analysis to 
Inform Policy
Jaime Madrigano, ScD, MPH

Rikard Linjer via Adobe Stock
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The Steps to Resilience
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Explore Hazards



Public health burden of heat in NYC



Public health burden of heat in NYC

Mathes, R.W., Ito, K., Lane, K. and Matte, T.D., 2017. Real-time surveillance of heat-related morbidity: Relation to excess mortality associated with extreme heat. PLoS one, 12(9), p.e0184364.
Matte, T.D., Lane, K. and Ito, K., 2016. Excess mortality attributable to extreme heat in New York City, 1997-2013. Health security, 14(2), pp.64-70.
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Public health burden of heat in NYC

Mathes, R.W., Ito, K., Lane, K. and Matte, T.D., 2017. Real-time surveillance of heat-related morbidity: Relation to excess mortality associated with extreme heat. PLoS one, 12(9), p.e0184364.
Matte, T.D., Lane, K. and Ito, K., 2016. Excess mortality attributable to extreme heat in New York City, 1997-2013. Health security, 14(2), pp.64-70.



Why don’t these numbers add up? 

• Hyperthermia deaths do not 
provide a full picture of total 
burden of heat-related mortality

• Difficult to recognize and assess

• Ascertainment can vary by place 
and time

• Excess deaths from exacerbation 
of chronic disease 

• How can we identify excess 
deaths?

600/year, CDC136/year, NWS

13 heat stroke
115 heat-related excess deaths
NYC DOHMH



Fouillet, A., Rey, G., Laurent, F., Pavillon, G., Bellec, S., Guihenneuc-Jouyaux, C., Clavel, J., Jougla, E. and Hémon, D., 2006. Excess mortality 
related to the August 2003 heat wave in France. International archives of occupational and environmental health, 80(1), pp.16-24.



Public health burden of heat will increase in NYC



Public health burden of heat will increase in NYC

NYC Panel on Climate Change, Advancing Tools and Methods for Flexible Adaptation Pathways and Science 
Policy Integration, 2019



Public health burden of heat will increase in NYC

NYC Panel on Climate Change, Advancing Tools and Methods for Flexible Adaptation Pathways and Science 
Policy Integration, 2019
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Assess Vulnerability & 
Risks



Development of Heat Vulnerability Index (HVI) for NYC
• Methods

• Case-Only Design
• A way to assess how a characteristic that does not vary over 

time modifies the effect of a time-varying exposure

• If a characteristic increases the risk of dying on hotter days, the 
proportion of deaths with that characteristic will be higher on 
hotter days

• Study Population
• All adult decedents (cases) who are residents of New York City, 

2000 – 2011 (n = 234,042)

• Exposure (heat wave days)
• Days when either the maximum temperature or heat index > 

95◦F (32◦C) for at least two consecutive days (National Climatic 
Data Center)

• Outcome
• All-cause mortality (May – September)

Madrigano, J., Ito, K., Johnson, S., Kinney, P.L. and Matte, T., 2015. A case-only study of vulnerability to heat 
wave–related mortality in new york city (2000–2011). Environmental health perspectives, 123(7), p.672.

Image via Michael D Brown 2014/Fotolia



USGCRP, 2016: The Impacts of Climate Change on Human Health in the United States: A Scientific Assessment. 

Crimmins, A., J. Balbus, J.L. Gamble, C.B. Beard, J.E. Bell, D. Dodgen, R.J. Eisen, N. Fann, M.D. Hawkins, S.C. Herring, 

L. Jantarasami, D.M. Mills, S. Saha, M.C. Sarofim, J. Trtanj, and L. Ziska, Eds. U.S. Global Change Research Program, 

Washington, DC, 312 pp. http://dx.doi.org/10.7930/J0R49NQX

http://dx.doi.org/10.7930/J0R49NQX


Vulnerability factors of interest

Gender Race/ethnicity Age Place of death

Built 
space

Green 
space

Public 
assistance

Temperature Traffic 
density

English-
speaking

Individual

Neighborhood



0.9

1.0

1.1

1.2

1.3

Male Black 65 years and older 85 years and older Dying at home

Results
Relative odds of dying during a heat wave for persons who had the 

characteristic compared with persons who did not 



0.90

0.95

1.00

1.05

1.10

Built Space Grass / Shrubs Trees Higher surface
temperature

Higher
nighttime

temperature

Traffic density % of
households

receiving public
assistance

% Non-English
speaking

Results
Relative odds of dying during a heat wave for persons who lived in a census tract 

with higher levels of the characteristic compared with persons who did not



Vulnerability to Heat-Related Mortality in NYC

• Heat Vulnerability Index
• Z-scores

• (+) proportion of homes receiving public assistance

• (+) proportion of Black residents

• (+) proportion of deaths occurring at home

• (+) relative surface temperature

• (-) proportion of trees



Vulnerability to Heat-Related Mortality in NYC

• Heat Vulnerability Index
• Z-scores

• (+) proportion of homes receiving public assistance

• (+) proportion of Black residents

• (+) proportion of deaths occurring at home

• (+) relative surface temperature

• (-) proportion of trees



0.95

1

1.05

1.1

1.15

1.2

1 2 3 4 5

Quintiles of Index

Relative Odds of Dying During a Heat Wave by Quintile of 

Composite Index 

Vulnerability to Heat-Related Mortality in NYC 



HVI Featured on NYC Health Data Portal

http://www1.nyc.gov/site/doh/data/health-tools/environmental-public-health-tracking-program.page



HVI Featured on NYC Health Data Portal

http://www1.nyc.gov/site/doh/data/health-tools/environmental-public-health-tracking-program.page
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Investigate Options



Questions remain….

• What leads to barriers to 
taking preventive action 
during heat waves?

• Income 

• Heat health awareness

• Risk perception

• Do barriers contribute to 
disparities in heat-related 
mortality in NYC?

Image via Oleksii Sergieiev /Fotolia



Methods
• Follow-up telephone survey, 9/22/15 – 10/1/15

• Conducted by Baruch College Survey Research

• Random digit dial landline sample plus 
randomly selected cell phone sample 

• 18 questions

• Questions asked in English and Spanish

• Descriptive statistics and multivariate logistic 
regression analyses using SAS 9.4

Survey Categories Number of 
Questions

Air conditioning 4

Other behaviors to keep cool 
during extreme heat

2

Awareness of heat warnings 1

Health status 1

Social cohesion 2

Risk perception 2

Demographics / geography 6

Image via Gajus/Fotolia

Madrigano, Jaime, Kathryn Lane, Nada Petrovic, Munerah Ahmed, Micheline Blum, and Thomas 
Matte. "Awareness, risk perception, and protective behaviors for extreme heat and climate 
change in New York City." International journal of environmental research and public health 15, 
no. 7 (2018): 1433.



Survey Results

• Survey cooperation rate = 51%; 
overall response rate = 22%

• 717 interviews conducted in 
English; 84 interviews conducted in 
Spanish

• Landline interviews (n=560); cell 
phone interviews (n=241)

• Data weighted to US 2010 Census 
population for NYC for age, sex, 
race, Hispanic origin  and borough

Unweighted (N) Weighted (%)

Total 801 100

Sex Male 311 47

Age 18-29 140 24

30-49 233 37

50-64 202 23

65+ 212 16

Missing/Refused 14

Household 
Income

<$30,000 212 25

$30,000 - <$50,000 126 16

$50,000 - <$100,000 151 28

>=$100,000 136 31

Missing/Refused 176

Image via Fotolia



Disparities in AC Access

• Over ¼ of New Yorkers did not have access to 
functioning AC or used it less than half of the time 
during very hot weather.

• Non-Hispanic blacks were less likely to own AC even 
when adjusting for household income, suggesting 
lack of financial resources is not the only cause of 
lower AC among this group.

• More qualitative research to better understand 
disparities and sharpen interventions to address 
root causes.

• Racial and socioeconomic disparities in heat illness 
and death may be partially explained by AC access.

• Some suggestion that there is an opportunity to 
increase knowledge on heat-health 

Image via Monkey business/Fotolia



Social Cohesion

 A majority of the population reported checking in on a family 
member, friend,  or neighbor to make sure they were OK during very 
hot weather, 59% (95% CI: 55%, 62%)

 But…

 When participants were asked what they do when they cannot 
keep cool at home, the most frequently reported response was 
“stay home even though hot”, 47% (95% CI: 41%, 53%)

 Similar to 2011, but probed on why..

 Among those who choose not to leave their home

 “Don’t think heat is dangerous”, 30% (95% CI: 22%, 38%)

 Personal preference (volunteered), 28% (95% CI: 21%, 36%)

 “Would rather not spend time with people you don’t 
know”, 12% (95% CI:  7%, 18%)

Image via freshidea/Fotolia
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Prioritize & Plan



Cool 
Neighborhoods 
NYC



Cool 
Neighborhoods 
NYC

http://www1.nyc.gov/assets/orr/pdf/Cool_Neighborhoods_NYC_Report_FINAL.pdf
Page 9, Cool Neighborhoods NYC



Cool 
Neighborhoods 
NYC

http://www1.nyc.gov/assets/orr/pdf/Cool_Neighborhoods_NYC_Report_FINAL.pdf
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Take Action
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The Steps to Resilience



Thank you!
jmadriga@rand.org

jmadrigano

mailto:jmadriga@rand.org


If you have a question, please write it in the Q&A section (not 

Chat) and select to All Panelists, so we can see the questions. 

If you are having technical difficulty, please use Chat and send 

to Host, so we can address the issue with you directly. 

The presentation will be recorded and posted to the Antioch 

website within a week  www.communityresilience-center.org 

Q&A



Climate Communications

October 31, 2019 12:00-1:15 PM EDT

Save the Date!

Join us for the next webinar in the series…

Registration is open! https://attendee.gotowebinar.com/register/8264146398956762380

https://attendee.gotowebinar.com/register/8264146398956762380

