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2024 NOAA Urban heat island mapping campaign
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The Charlotte Heat Mappers

UNC Charlotte Department of Earth,
Environmental and Geographical Sciences

Urban Planning

Atmospheric Science
Environmental Justice

Urban Ecology

Community Resilience
Geographic Information Science

Our goal: To better understand the varying effects
of extreme heat across our urban area and to work
with local partners to mitigate its impacts on
community health and wellbeing
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Our community partners

Sustain Charlotte

Action NC

Sol Nation

CharlotteEAST

Charlotte Urbanists

CleanAIRE NC

Charlotte Regional Transportation Coalition
TreesCharlotte

Schiele Museum of Natural History

Mecklenburg County Park and Recreation Department
Mecklenburg County Air Quality Division

Charlotte Mecklenburg Emergency Management Office
Mecklenburg County Housing Innovation & Stabilization Services
Mecklenburg County Community Support Services

City of Charlotte’s Office of Sustainability and Resilience

We welcome additional partners!
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City of Charlotte Landscape Management

Charlotte Tree Advisory Commission

UNC Charlotte Department of Earth, Environmental, and
Geographical Sciences

UNC Charlotte Urban Institute

UNC Charlotte Office of Emergency Management

UNC Charlotte Department of Public Health Sciences
Atrium Health/Advocate Health

State Climate Office of North Carolina

North Carolina Department of Health and Human Services
North Carolina Emergency Management

North Carolina Office of Recovery and Resiliency

National Weather Service Forecast Office

Duke Heat Policy Innovation Hub

U.S. Department of the Interior SE Climate Adaptation Science Center




What do we mean by “extreme heat?”

Every individual experiences the impacts of heat differently, which makes setting
thresholds for concepts like “extreme heat” and “heat wave challenging!

Some definitions from the National Integrated Heat Health Information System (Heat.gov):

e Extreme heat

o A period of high heat and humidity with temperatures above 90°F for at least 2-3 days.

o  Atemperature that is much hotter and/or humid than average. Because some places are
hotter than others, this depends on what’s considered average for a particular location that
time of year. For example, while summertime temperatures of 100°F might be normal for
Phoenix, Arizona, they would be considered extreme for Seattle, Washington.

e Heat wave

o A heat wave is a period of abnormally hot weather generally lasting more than two days.

Heat waves can occur with or without high humidity.
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https://heat.gov/learn-about-extreme-heat/

What is the Urban Heat Island (UHI) effect?

Trees and green
space provide
shade and
cooling through
evapotranspiration

URBAN

HEAT ISLANDS

Solar-reflective
roofs, walls,
and pavements
help lower
surrounding air
temperatures

This curve
represents how

temperatures
ise in urban

areas 4}4 ’\l g n

.\/'

COOL ROOF
RATING COUNC
Urban

heat and
pollutants

Dark impervious
surfaces absorb
and retain heat

Waste heat from vehicles and
i ditioners warm the air

Lack of greenery decreases
shade and evapotranspiration

Infographic: Cool Roof Rating Council
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Urban Heat Island (UHI) effect:
the temperature difference
between cities and their
surrounding rural landscapes

Highly developed urban areas
can experience mid-afternoon
temperatures that are 15-20°F
warmer than surrounding,
vegetated areas




Why is it important to map urban heat?

e Extreme heat is the #1 weather-related
COMMUNTIES - e killer...it’s deadlier than hurricanes, floods, and

OF COLOR

°Mp° tornadoes combined.
require evac!
e There are variations within the urban heat

island, meaning that heat health risk is not
A distributed equitably. Already-vulnerable
COMMUNITIES . . . .

Lo el et ko populations are disproportionately impacted.

physical and mental illnesses
during flooding and in crowded
shelter conditions.

e Having high-resolution, “real-feel” heat data
can help understand how people experience
https://www.heat.gov/pages/who-is-at-risk-to-extreme-heat heat across Charlotte communities
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Why is it important to map
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Urban Heat Management and
the Legacy of Redlining
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Wilson, B. (2020). Urban heat management and
the legacy of redlining. Journal of the American
Planning Association, 86(4), 443-457.

urban heat?
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US urban tree cover for reducing heat-
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Healy, J. P. et al. (2026). Heat waves and
annual mortality among older adults (= 65) in
the USA. The Lancet Planetary Health.

McDonald, R. | ,et al.. (2024). Current inequality
and future potential of US urban tree cover for
reducing heat-related health impacts. Urban
Sustainability, 4(1), 18.
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Challenges to addressing impacts of extreme heat

e Extreme heat is not recognized as a “disaster” under the
Stafford Act, the federal law that establishes how the

. Meteorology Publc

government (e.g., FEMA) responds to natural disasters oo § WP GRS

e There is no nationwide regulation requiring employers 1 -
protect workers against heat-related hazards and health -
risks

EXTREME HEAT

e Heat governance challenges stem from fragmented and
often reactive approaches to a complex systemic issue.

e The impacts of heat often tend to be “invisible,” unlike
other types of disasters; it is often called the “silent killer”
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Why isn’t extreme heat considered a

Images (clockwise from top):
NPR; Meerow, S., & Keith, L.
(2024). Cities at the forefront
of emerging US heat
governance. One Earth, 7(8),
1330-1334; Global Heat
Health Information Network.




Why map Charlotte’s urban heat island?

Looking into the decline of Charlotte's signature tree canopy
ST | ot e 2 2024t 1030 P EST

Publiched eb. 2. 2024 ot 754 PH EST |
o=xXen

wBTvV WCNC Home Owner’s Loan Corporation Risk Map, 1937

e Environmental injustice(s) due to racist policies like redlining and historic disinvestment
e Rapid urban growth and associated tree canopy loss
e Hazard mitigation data gap for assessing vulnerability to extreme heat

® 4,000 emergency room visits for heat-related illnesses each year during North Carolina's
heat season - the majority of these in the Piedmont (NCDHHS)
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Why map Charlotte’s urban heat island?

2024 is the new hottest year

on record e There were 5,748 emergency department visits for
Both NASA and NOAA agree that global average - . .
surface temperatures it new ighs las yer. heat-related illnesses in North Carolina between May

Deviation from the 1901-2000 average

and September of 2025, a 34% increase over the five
previous summers (2020 — 2024). (NCDHHS)

® Projections anticipate that by 2036-2065,
Mecklenburg County will be experiencing 24-25 more
extreme heat days — 95 degrees Fahrenheit or hotter
—than during the 1976-2005 baseline period. (NCDEQ)

e 2024 was 2.3° F hotter than

5 the 20th century average

1

g

1850 1900 1950 2000

i

1l

Whﬂm

Includes land and ocean temperatures
National Oceanic and Atmospheric Adminisf tration
Sean Greene LOS ANGELES TIMES

Source: LATimes
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Why map Charlotte’s urban heat island?

EXTREME HEAT e e

() MNCNC ‘ an, 72 ' DAYS WITH A HEAT INDEX OF 90°+
4 ::
AWARE | ™= 5

60
50
40
30
1978 CHARLOTTE

Images: WCNC, WFAE 80.7, WCNC

We know that temperatures will continue to rise. How will we respond to a hotter
climate and increasing health impacts?
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Mapping area and data collection routes

LR T et Routef'107k Route 1 R

&

& Rpufe 2

Route 87

Roufé,—z’

g Go:ogle Eartll Rou,te. ,6
ot oyoait 1818 mi

100 sqmi mapping area, POIs provided by partners  Data collection routes
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Our community science mapping campaign

| g = e e July 14, 2024 (heat index
LNy ~105°F)

® 60+ volunteers
® Ten routes, 100 sg mi

® Three shifts:
6-7am, 3-4pm, 7-8pm

® Mobile sensors gathered
temperature and humidity
data every 2-3 seconds
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Charlotte’s Urban Heat Island ~ ESEEEENN.

Heat Island

Charlotte

North Carolina

A5 - | Charlotte
s Carolina del Norte

GIS Data
Report PDFs

EI"'.%

Charlotte Heat Mappers

CAPA Heat Watch Reports interactive StoryMap ‘-ET—."'*"
and GIS data at Heat.gov i“ =i
Check out the StoryMap here:

GIS data short link: https://osf.io/86ume/files/osfstorage https://bit.ly/charlotteheatstorymap
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https://osf.io/86ume/
https://osf.io/86ume/files/osfstorage
https://bit.ly/charlotteheatstorymap

Understanding the CAPA Heat Watch report

Charlotte

North Carolina

Powy
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Morning Area-Wide Model (6 - 7 am) Afternoon Area-Wide Model (3- 4 PJ7
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Evening Area-Wide Model (7 - 8 pm)

\

B5.9°F } l=== /’

Area-wide maps: high resolution models of temperature based on

traverse points and aerial imagery




Understanding the CAPA Heat Watch report

" Morning Traverse Points

Charlotte o Tomparsan(é-Tar] Traverse point maps: the near-surface air
North Carolina - temperature measurements gathered on our
: mapping campaign day

Morning Area-Wide Model (6 - 7 am)

~
|
\
\

[ 1 105.0°F F
|
D | Note that the scales are different
Y between the traverse point and

area-wide maps due to the

N " . ‘
A """" m} predictive modeling process.

Note: The area-wide maps and traverse point maps
have different scales
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Morning temperature model Most Representative

" Morning Temperature Model
CAPA Tepgpesatines o ) Weather Conditions - Sunrise (6-7 am)
e Temperatures were 72-82°F
e Mostly clear skies
y e No wind
AR iy e No storms or rainfall in the area
» e |deal conditions for the development of a

nocturnal urban heat Island!

e Most representative of Charlotte’s
nocturnal urban heat island pattern!

UNIVERSITY OF NORTH CARﬂLINA/ DEPARTMENT OF EARTH,

CHARLOTTE

ENVIRONMENTAL, AND
GEOGRAPHICAL SCIENCES




Afternoon temperature model< Less Representative

" Afternoon Temperature Model

CAPA Temperature (3. 4 pm) Weather Conditions - Afternoon (3-4 pm)

Temperatures were 87-100°F

Heat Indices > 90°F everywhere!
Partly cloudy (increasing cloudiness)
Light winds (increasing winds)

No rainfall over the study area

... 87.3°F

3
-
e 6 6 o o

Thunderstorms in the metro area!
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Afternoon

2 pm: One hour

before data collection
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Afternoon

2 pm: One hour
before data collection
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Afternoon

3 pm: Start of
afternoon data
collection

Cooler air moves
across mapping area,
impacting afternoon
measurements
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Afternoon

4 pm: End of afternoon
data collection

-> Residual impacts of
weather system
continue to impact
evening measurements




Afternoon temperature model< Less Representative

" Afternoon Temperature Model
CAPA et (8- i) Weather Conditions - Afternoon (3-4 pm)

Temperatures were 87-100°F

Heat Indices > 90°F everywhere!
Partly cloudy (increasing cloudiness)
Light winds (increasing winds)

No rainfall over the study area

Thunderstorms in the metro area!

e Eastern half of study area was impacted
by a thunderstorm “cold front” entering the
study area
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Evening temperature model Less Representative

*

’ Evening Temperature Model .. .
CAPA s Weather Conditions - Evening (7-8 pm)
Temperatures were 85-97°F
Partly cloudy
Light winds

No rainfall over the study area
No thunderstorms in the metro area

e Eastern half of study area was still
impacted by the remnants of the afternoon
thunderstorm “cold front” entering the study
area
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ENVIRONMENTAL, AND
GEOGRAPHICAL SCIENCES

UNIVERSITY OF NORTH CARBLINA/ DEPARTMENT OF EARTH,



Key takeaways

Melck elnbulrg

Charlotte:

Charlotte's Heat Index (above Rural Reference) =

l‘ High: 12.9

Huntingtowne
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Extreme heat can be widespread
across Charlotte! (Afternoon heat
indices were > 90F across most of
Charlotte on our mapping date)

Some areas are hotter than others

The UHI effect is most intense
overnight/in early morning (UHI
intensity and air temperature are
inversely related)

This effort would not have been
possible without the assistance of
60+ community scientists!!



Explore the interactive heat index
StoryMap and note the following:

e Which areas are the hottest? Why
do you think that is?

y e  Which areas are the coolest? Why

e | A Nt do you think that is?

R\ ! e Choose a point or address of
interest within the study area and
click on it to observe the heat
index value - how much hotter is it
than the rural reference location?

Melck elnbulrg

Charlotte's Heat Index (above Rural Reference) =

l‘ High: 12.9

Huntingtowne F an

bit.ly/charlotteheatstorymap
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What can Charlotte do to manage urban heat?

Adopt management strategies to respond to chronic and acute heat risks

® Energy: resilient energy grids, indoor cooling, affordable and accessible energy

® Personal exposure: operations of transit systems, schools, parks; occupational
safety regulations

e Public health: public information and awareness campaigns, heat awareness
for healthcare providers

e Emergency preparedness: heat response planning, early warning systems,
cooling centers and resilience hubs

Source: Keith, L., & Meerow, S. (2022). Planning for urban heat resilience.

CHARLOTTE
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https://planning-org-uploaded-media.s3.amazonaws.com/publication/download_pdf/PAS-Report-600-r1.pdf

What can Charlotte do to mitigate urban heat?

Reduce UHI contributions from the built environment through mitigation

e Land use planning: urban development patterns (land conservation, roadways and
parking lots)

e Urban design: street and building orientation, shade structures, cool pavements

e Urban greening: urban forestry, parks and open space, green stormwater
infrastructure, green walls and roofs

® Waste heat reduction: building energy efficiency, cool roofs and walls, vehicle use
reduction

Source: Keith, L., & Meerow, S. (2022). Planning for urban heat resilience.

CHARLOTTE
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https://planning-org-uploaded-media.s3.amazonaws.com/publication/download_pdf/PAS-Report-600-r1.pdf

What are some actions individuals can take?

e Sign up for Heat Health Alerts: — —
' i
https://epi.dph.ncdhhs.gov/oee/climate/heat.html !

i
Dizziness CALL 911
* Move person to

® Learn about the effects of urban heat and how to protect
yourself from NCDHHS (see link above) and heat.gov

Becomes
Unconscious |,

Nausea

Weakness

Heatexhaustion can lead to heat stroke. Heat troke con cause death or permanent

disabilty if emergency treatment s not given.

e Know your neighbors, and check on them when it’s hot S S oo, Sy e Sy omes.

e Advocate with your community for heat mitigation and
adaptation policies and actions

, !
® Getinvolved with Charlotte’s Strategic Energy Action Plan e
initiative: https://bit.ly/seapupdate , IS ‘, ® @
i %L}fii.dﬁ!ll v, e

e Sign up for the Heat Beat newsletter at heat.gov (under Images: NOAA/CDC/
ucontactn at bottom) NIOSH/NIHHIS; CDC
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https://epi.dph.ncdhhs.gov/oee/climate/heat.html
https://www.heat.gov/
https://bit.ly/seapupdate
http://heat.gov

What are other cities doing?

In Miami with the world's first chief heat
Chief Heat Officers officer

Jane Gilbert is working to figure out how one of the hottest cities in the US. can protect its most
vulnerable denizens while navigating Florida politics.

® These officials are responsible for unifying
their city governments’ responses to
extreme heat.

® CHOs are charged with accelerating
existing heat protection efforts and
initiating new work to reduce the risks and
impacts of extreme heat for their residents
and constituents.

Image: NBC News
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What are other cities doing?

State of New Jersey

Heat Action Plans are basically

NEW JERSEY

comprehensive plans comprising EXTREME HEAT |
coordinated actions, strategies, and EXTREME

g FMEAIl
policies designed to reduce the

health impacts of extreme heat

Miami-Dade County

Source: Keith, L., & Meerow, S. (2022). Planning for urban heat resilience.
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https://planning-org-uploaded-media.s3.amazonaws.com/publication/download_pdf/PAS-Report-600-r1.pdf

Be a Buddy!

What are other cities doing? e et moke

family are in an
air-conditioned place.

Community check-in programs

e Example from New York City - Be a Buddy: A
Community-Based Climate Resiliency Model

® Be a Buddy is a community-led social resiliency
program that connects residents most susceptible to / W
the health impacts of climate change-related threats |
with volunteers who provide wellness checks and
connections to city services Be a Buddy:

Preparing for
Hot Weather

m

remember

Source: City of New York
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What are other cities doing?

iISOMBRA!

Art and urban design for shade

® {Sombra! Experiments in Shade is an
innovative public art project developed by
the Phoenix Office of Arts and Culture

e Winner of a $1 million grant from
Bloomberg Philanthropies’ Public Art
Challenge, this project showcases the
extraordinary solutions that arise when

artists partner with civic leaders.

Source: City of Phoenix
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Thank you!

Access Charlotte’s Heat Watch Reports at
https://osf.io/86ume/files/osfstorage

Visit the Charlotte Heat Mappers StoryMap to
learn more about our heat mapping campaign:

http://bit.ly/charlotteheatstorymap

Learn more about the Charlotte Heat Mappers
on our website:
https://bit.lv/charlotteheatmappers

Charlotte

- Heat

=3 Mappers

! StoryMap



https://osf.io/86ume/files/osfstorage
http://bit.ly/charlotteheatstorymap
https://bit.ly/charlotteheatmappers
https://osf.io/86ume/
https://osf.io/jwn3k

