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Problem

Communities across the world are experiencing impacts from intensifying heat,
floods, droughts, and wildfires due to climate change.

Many contaminated sites and waste management facilities are located near
communities that may be disproportionately impacted by climate change and
potential contaminant releases.

For preparedness and adaptation planning, we developed an indicator screening
approach for our partners to prioritize actions and target resources toward areas
that may be impacted the most.
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* Handbook

« Website demo V¢

EPA Research website:
WWWw.epa.gov/eco-
research/community-
vulnerabilities-
contaminant-releases-
extreme-events
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Ecosystems Research Home
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Flooding example, and 58
indicator checklists
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https://assessments.epa.gov/risk/document/&deid=358458
http://www.epa.gov/eco-research/community-vulnerabilities-contaminant-releases-extreme-events
http://www.epa.gov/eco-research/community-vulnerabilities-contaminant-releases-extreme-events
http://www.epa.gov/eco-research/community-vulnerabilities-contaminant-releases-extreme-events
http://www.epa.gov/eco-research/community-vulnerabilities-contaminant-releases-extreme-events
http://www.epa.gov/eco-research/community-vulnerabilities-contaminant-releases-extreme-events
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What is an indicator?

Reliable measure of past, present,

Percent Change (%) Source: Climate.gov
N —

o oo AR B o or future condition
COMMUNITY INFORMATION . .

o * Tracked over given area and time
© Nalalalla (US EPA, 2021)
0 < Low income: People of color: sﬂﬁlgtlﬁn: h;:’:ﬁiah o °
(Y SRt 56 bl 55 et 8 s e Used to communicate and inform
E i N N\ NN decisions
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households: occupied:

expectancy income 6,602 46 percent Source: EJScreen
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1. Extreme Events

D OO

Extrem.e Heat Wi.ldﬁre Flood Drdught
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@ 2. Sites & Waste Facilities y -8 3.Fate & Transport @ 4. Community

Pathways Q’ Sensitivity
« Air transport + Socioeconomics

- Surface water, Groundwater
- Soil

Types
» Hazardous waste operators

- Brownfields and Cleanup Sites
« Other sites and waste facilities

- Demographics
- Medical conditions

Release Mechanisms Routes

Adaptive Capacity

Planning/actions developed at the local level ( U S EPA 2 O 2 3 )

Screen for vulnerable areas

USing gEOSpatia| * |dentify potential sources of vulnerability

Visualize and communicate results

‘indicators

Combine with other tools (flexible, interoperable)
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Case Study Results & Impacts

4-Step Process developed with partners for Handbook

EE' Define @ Communicate

« Define target audience, the
goals and intended uses of
the indicators

« Determine the scope and
spatial coverage

Role of Partners

Determine scope and spatial
coverage or relevance to the
local community

Identify

« Apply the conceptual
framework to trace pathway
and identify key
vulnerabilities

- Identify appropriate
indicators from the lists
provided to represent the

key vulnerabilities

Role of Partners

Determine key vulnerability
factors and indicators of
interest to local partners and
community

< J

G Measure

« Determine spatial unit of
analysis

« Compile data using
checklists provided

- Refine indicators based on
data availability at the
chosen scale

« Calculate indicator using
checklists provided

Role of Partners

Vet methods and data with
the partners so the selected
indicators are community
relevant

N

« Map geospatial indicators

- Develop communications
products to convey key
results and caveats

Role of Partners

Incorporate feedback on
terminology and visuals so
they clearly communicate
key results to the community

(US EPA, 2023)
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Case Study Results & Impacts

e Case Study 1. Phoenix and Maricopa County, Arizona (completed 2022)

* @Goal: Inform plans for preparedness, response, and recovery from extreme heat,
drought, flooding, and wildfire on sites/facilities and nearby populations

RTI International:

Paramita Sinha, Robert City of Phoenix:

US EPA ORD: Truesdale, James Cajka, Michele Rosanne Albright, Julie
Meridith Fry, Susan Julius Eddy, Prakash Doraiswamy, Riemenschneider, Matthew
Brian Lim, Jennifer Richkus, Potzler
Maggie O’Neal

US EPA Office of Land and
US EPA Region 9: Emergency Management
(OLEM):

Arizona Department of
Environmental Quality (DEQ):

Laurie Amaro (retired) Robin Thomas

Ann Carroll (retired)
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Case Study 1. Selected Indicators

Extreme Events [Historical; Projected (RCP 4.5 & RCP 8.5)]

Area burned

Maximum temperature

100/500-year floodplain area; Precipitation/Physically-based flood
Drought months

Threshold-based indicators (extreme heat, flood, drought)

Site and Waste Facilities

@ o = ey G B W

Sites/facilities count

Sites/facilities density

Sites/facilities count [By type]

Waste tonnage

Waste tonnage [Hazard type]

Sites/facilities count [Hazard type]

Brownfield count with contaminant; cleanup unknown [Contaminant]
Superfund count w/ vulnerable remedy technology [Extreme event]
Count of specific type of tank [UST/AST]

10 Total tank capacity [UST for R9/AST for R1]

Fate and Transport
[By Air, By Season]

1. Shortest distance to a site/facility upwind

2. Count of sites/facilities upwind within a specific distance of community

3. Minimum response time

4. Count of sites/facilities that are within specific response time ranges

[By Water]

1. Count of sites/facilities in a floodplain [100-year and 500-year]

2. Shortest distance upstream to a site/facility

3. Count of sites/facilities within a specific hydrologic distance of a community
4. Count of sites/facilities within a specific hydrologic distance of a flowline

ivity

Sensit

Community Sensitivity
Total population
Household count
Median household Income
Highest levels of poverty
High levels poverty
Self-employment income
Work outdoors
Renters
Living in a mobile home/boat/RV/van
. No telephone service
. No Internet access
. No vehicle
. No high school degree
. No health insurance
. Disability
. Children
. Elderly
. Elderly living alone
. Female household heads
. Black or African American
. Native Hawaiian or Other Pacific Islander
. American Indian or Alaska Native
. Asian
. Other non-White races
. Hispanic or Latino
. Limited English
. Non-U.S. citizens
. Recent migrants

LS O S

[
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*Indicators 4 -28 represent the percent of
households/population

(Sinha et al.,

2024)



https://www.sciencedirect.com/science/article/pii/S2212096324000032
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Case Study 1. Results

City of Phoenix Inset

[ city of Phoenix

decimal place

4 - Sites and Waste Facilities

Block Group Boundary

WValues shown at equal iervals and nounded o the neanst

(#) is the number of block groups per calegory

Maximum Summer Temperature (F) by Block Group - Maricopa County, AZ
Averaged Over Time Period: 2040-2059; Scenario: RCP 8.5

B 121.7 - 123.9 (150)
B 119.5- 121.6 (1,203)

B 117.3 - 119.4 (1,140)
B 115.1 - 117.2(11)
[ 1n29-1150(1)

1 110.7 - 112.8 (0)
" ]108.4-110.6 (0)

A

0
1 Lol

City of Phoenix Inset?

)

l—1 |

Sites and Waste Facilities

[ city of Phoenix
[ | Block Group Boundary

D No Population

Quantile Categories

Percent of Households With Ratio of Income
to Poverty Level Less Than 0.5
by Block Group - Maricopa County, AZ

B 13% - 100%
B 7% - 12%
[ 4% -6%
[ 1 2%-3%
| 1 0%-1%
[ | Missing Data

(US EPA, 2022)

1}

—

=

I ™~

”



Impacts of Case Study 1

CLIMATE
ACTION PLAN

2021 EDITION

EPA ORD, OLEM and Region 9, Arizona DEQ, and the
City of Phoenix:

Phoenix Climate Action Plan 2021

Urban Climate Publication on Extreme Heat in Phoenix

C40 cities (global network of mayors taking climate

action)
CDP-ICLEI Track (climate reporting platform & progress

tracker for cities)

Other impacts: City presentations to public, proposed
redevelopment plans, emergency response planning,
community engagement


http://chrome-extension/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.phoenix.gov/oepsite/Documents/2021ClimateActionPlanEnglish.pdf
https://www.sciencedirect.com/science/article/pii/S2212096324000032?via%3Dihub
https://www.c40.org/
https://www.cdp.net/en/cities
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Case Study Results & Impacts

e Case Study 2. North Carolina Department of Environmental Quality
(NCDEQ) (completed 2024)

* @Goal: Identify and prioritize climate vulnerable, historically overburdened and
underserved areas for resilient Brownfields assessment and redevelopment

US EPA ORD: RTI International:

Meridith Fry, Lauren Oliver,
Susan Julius, Keely Maxwell,
Brittany Kiessling, Emily
Eisenhauer, Britta Bierwagen

Paramita Sinha, James Cajka, NCDEQ:
Chandler Cowell, Breanna
Reingold, Emily Decker, Rohit
Warrier, Michele Eddy, Sarah
Bates, Rishi Dey

Joselyn Harriger, Jordan
Thompson, Bruce Nicholson

US EPA Region 4: US EPA OLEM:
Lumber River Council of
Governments (LRCOG):

Matthew Simone (Regional Ann Carroll (retired), Christina
lead), Brian Gross, Sara Barnes, Matt Wosje, Samuel
David Richardson, Noor Janovitz, Dawn Taylor, Brian Sigal, Elyse Salinas, Melissa
Shehata Holtzclaw, Cindy Nolan Kaps, Anna Tschursin (retired),
(retired), Felicia Barnett Lisa McArthur
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* Heavy precipitation

* Height above nearest
drainage

e Sites & waste facilities

* Fate & transport
(surface water)

* Community sensitivity
— 15 total
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SEPA . Case Study 2. Heavy Precipitation —

Historical & Projected
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Events By Block Group - North Carolina
Time Period: 2080-2099: Scenario: S5P 585
Sites and Waste Facilities* [l 13.3% - 24% (4,508)
[_] county Boundary B 1110 - 13.2% (1.480)
* Exchuding RUST and RAST B ooaos - 1% (124) N
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SEPA Case Study 2. Median Height Above

Nearest Drainage

| L‘, i e v "'._-" 4 L Y ]
| \ / Virginia —
J { e . Ri chmonid
1 - Lynchburg 1/
\ ) o 1
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Median Height Above Nearest Drainage (meters) by Block Group - North Carolina

Sites and Waste Facilties” [l 0.0-50(987)

[ county Baundary I s1-100(918)
I 10.1 - 20.0 (2,505}
*Exchuding RUST and RAST 20.1 - 30.0(1,073) N
Values rounded to nearest decimal place 30.1 - 153.7 (650) 0 25 50 75 100 A
() is the number of block groups per category Missing Data {4) A — — Miles




areee - Case Study 2. Sites and Waste Facilities

ﬂ Total Count of Sites and Waste Facilities by Block Group - North Carelina
]

[_] county Boundary Bl 10-82(811)

[ Mo Sites or Waste Facilities B 7 - 9 (664)
B 5 -6 (864)
M
Categaries restricied by data points ? i : {1 ’232} o 25 30 75 100 A
—_— “ 21 |’ 3’ " MtPleasant ——— [\iles
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SEPA
2. Case Study 2. Fate and Transport (Surface Water)

Count of Sites and Waste Facilities Within 1 km Upstream
of a Block Group - North Carolina L/

FPYE A

[ ] county Boundary B 12 - 08 (797)
T No Sites or Waster Facilities Upstream [l 5 - 11 (869

B 5- 7 (1,385)
Cluantis categories J3-4(1,272)
0 25 50 75 100
Categones restncied by datapoints 1-2(1,327) I e Miles A

r.x 1 Fi Y - MiPlaasant
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Case Study 2. Total Population
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ij Total Population by Block Group - North Carolina L
buth
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[ Zero Papulation P 1,260 - 1,871 / N
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e Case Study 2. Households with No Internet Access
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SEPA
Impacts of Case Study 2

EPA ORD, OLEM & Region 4, NCDEQ, and Lumber
River Council of Governments:

NCDEQ plans to use the indicators + community
survey for prioritizing areas for assessment in the
implementation of Multipurpose, Assessment, RLF,
and Cleanup (MARC) grant funding

Next steps include NCDEQ Brownfields Program
awarding MARC grants and sharing indicators with
other programs




Case Study Results & Impacts

e Case Study 3. Nationwide Indicators for EPA Office of Land and

Emergency Management (OLEM) and Regions (ongoing)

* Goal: Build consistent screening approach to identify sites/facilities most
vulnerable to extreme climate events

RTI International:

EPA ORD: EPA OLEM:

Paramita Sinha, James

Meridith Fry, Lauren Cajka, Emily Decker, Rohit Lisa McArthur, Rebecca
Oliver, Susan Julius Warrier, Michele Eddy, Kane
Sarah Bates, Rishi Dey

Ten EPA Regions




* Heavy precipitation

* Height above nearest Flooding

drainage
* Drought*
* Extreme Heat*™

¢ Wlldfl re _«;_?._i.:. e i e ) _:_:::-%:—_
. e, o Flooding from Hurricane Harvey at border of Highlands Acid Pit, a Superfund
d Sltes & WaSte faC|||t|eS* site (photo credit: Associated Press)

*Being calculated presently
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Case Study 3. Heavy Precipitation

Van 5 NGary
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Annual % of Precipitation Volume Falling During Heavy
Events By Block Group - United States
Time Period: 2080-2099; Scenario: SSP 585
B 152% - 30.9% (111,098)
I 12.7% - 15.1% (48,980)
[ 10.7% - 12.6% (22,584)

\ am‘

o Gulf of
9.1% - 10.6% (13,825) Mexico Hwana
0.0% - 9.0% (19,496) MEXIC O =) BA
Missing Data (81) c\u ¢
Values shown in quantiles covering all years & scenarios, 4 u
rounded to nearest decimal place Guadg'a]afa 0 100 200 300 400 500
(# is the number of block groups per category Mexico Clty e Viles

Available on EPA GeoPlatform: Nationwide Heavy Precipitation



https://epa.maps.arcgis.com/home/item.html?id=e0deb252237141e4a37c35b1bbbadbc1

“FL... Case Study 3. Height Above Nearest Drainage

Agency

Median Height Above Nearest Drainage (meters)
by Block Group - Continental United States
Bl 00-50 (44,350
B 51-10.042,551)

0 10.1-20.0 (55,709) Guif of L
20.1-30.0 (28,915) N Mexico Havand
30.1 - 935.8 (43 ,684) 1EXICO - cUBA
[ Missing Data (855)
Values rounded to nearest decimal place Qjada|ajara 0 100 200 300 400 300
(#) is the number of block groups per category Q o w—— Viles

Mexico City
Available on EPA GeoPlatform: Nationwide Height Above Nearest Drainage



https://epa.maps.arcgis.com/home/item.html?id=59bbb0bef8084603a9755003e26f9f1a

SEPA
Impacts of Case Study 3

EPA’s Office of Resource , 41
Conservation and Recovery Lo G St B e
(ORCR) plans to use the Wl 2 reret | o
nationwide indicators in a climate o~ & focom iy
vulnerability screening tool for " )
the Resource Conservation and
Recovery Act (RCRA) and
polychlorinated biphenyls (PCB)
programs.

EPA Regions and other
program offices are planning to
conduct similar screenings.
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e The Handbook on Indicators of Community Vulnerability to Extreme Events:

Considering Sites and Waste Management Facilities (EPA, 2023) provides a
conceptual framework and geospatial indicators approach.

* Through case studies, we demonstrate that this research can assist with:
* Prioritizing resources
* Building climate resilience
» Addressing environmental justice/equity issues
* Preparing and responding to disasters

Handbook on Indicators of
Community Vulnerability to

Extreme Events: Considering
Sites and Waste Management
Facilities

2 il o

www.epa.gov/eco-research/community-vulnerabilities-contaminant-releases-extreme-events



https://cfpub.epa.gov/si/si_public_record_Report.cfm?Lab=CPHEA&dirEntryId=358458
https://cfpub.epa.gov/si/si_public_record_Report.cfm?Lab=CPHEA&dirEntryId=358458
https://www.epa.gov/eco-research/community-vulnerabilities-contaminant-releases-extreme-events
http://www.epa.gov/eco-research/community-vulnerabilities-contaminant-releases-extreme-events
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Contacts

Meridith Fry, PhD Lauren Oliver, PhD

Environmental Engineer Biologist

US EPA ORD US EPA ORD
Fry.Meridith@epa.gov Oliver.Lauren@epa.gov
202-564-5129 202-564-9868

The views expressed in this presentation are those of the authors and do not necessarily reflect the views or policies of the US EPA. Any mention of trade names,
products, or services does not imply an endorsement by the US Government or EPA. EPA does not endorse any commercial products, services, or enterprises.
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Thank you!

QUESTIONS?
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