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“I think the biggest
hurdle Is that mitigating
heat iIs nobody’s
responsibility, yet it’s
everybody’s concern”



rizona Extreme Weather and
Public Health Workshop
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W . ..participants...were uncertain of how heat

W preparedness and response aligns with their
-« current responsibilities. Some emergency
g B Mmanagement professionals even perceived that

~ : :
5 2l heat was outside of their scope of work.”
BAMS 2019
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History

@ “cities call all the time and
ask what they should be

City of Phoenix )
doing about heat”

Multi-disciplinary applied
ubancimate  F€Search on urban climate and
Research Ce hazard management...

Arizona State

University “heat doesn’t seem to fit in”
+ growing and strengthening network

of organizations working on heat
(NWS, ADHS, MCDPH, TNC, etc.)



History

2

City of Phoenix

Urban Climate
Research Center

Arizona State
University

2017: Tempe-ASU team
r receives NSF Smart &
Connected Communities grant
l to study thermal extremes

preparedness in Tempe and
Buffalo



History

2

City of Phoenix

ml

Urban Climate

Research Center

Arizona State
University

2018: Phoenix-ASU team
selected as 1 of 35 cities to
advance in national ideas
competition, focusing on urban
heat management

Phoenix is

MayorsChallenge Champion Ciky

Mid 2010s



NOAA/NWS StormReady

* helps arm America's communities with the communication
and safety skills needed to save lives and property--before,
during and after the event

* helps community leaders and emergency managers
strengthen local safety programs




NOAA/NWS StormReady

» 24-hour warning point and EOC

* Multiple communication channels
to the public

* Local weather monitoring system

* Promote public readiness with
community seminars

* Formal hazardous weather plan,
including training and exercises



NOAA/NWS StormReady

11




“q CLOBAL HEALTH

History INFORMATION NETWORK
2018: ASU participates in first
@ global forum on heat and health
City of Phoenix
2019: Productive conversations with

mﬂ NIHHIS leadership

Urban Climate

National Integrated
Research Center Heat Healih
Arizona State ;
University Information System

2019: Support from ASU Healthy
Urban Environments initiative to
continue concept development

Tier 2 Verification and Certification
>

e

PSUSERS

Phoenix is

MayorsChallenge Champion Ciky

Mid 20105 ——————————————————————————— 0|2y



o

: GLOBAL HEALTH
History INFORMATION NETWORK

City of Phoenix

ml

Urban Climate Nafional Infegrated
Research Center Heat Health

Arizona State ;

University Information System

Tier 2 Verification and Certification

e

PSUSERS

Heat Ready ™

Phoenix is 2020-2021: Pilot testing with cities in

the U.S. Southwest, conversations

¥ with potential partners, HeatReady
Schools, HeatReady Neighborhoods

Mid 20105 —————————————————————————————— 0|2y

a #MayorsChallenge Champion Ciky




Concept

0%
HeatReady"

Cities

"demonstrate increasing
capabilities to identify, prepare
for, mitigate, track, and respond
to urban heat dangers”



%“ Arizona State
University
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Tier 1 Application

“Expression of interest” HeatRea dE;Q:
Check-boxes and short descriptive responses i
1. Basic city information Heatneady ciles

2020

2. Engagement with weather/climate data

3. Assessment of community impacts

4. Understanding of current heat management and collaboration

5. Understanding of current heat actions in city

%’ Arizona State
University



Tier 2 HeatReady Standards
Mitigation
Actions

(make the city cooler
and more comfortable)

Green infrastructure

Materials and coatings

Waste heat
Shade structures
Water features
Building geometry

Air movement

Adaptation

Actions
(help people cope with heat)

Messaging and education
Cool public places
Cool homes
Cool workplaces+
Reliable infrastructure
Schedules and routes

Social cohesion and support

Equity, Sustainability, and Institutionalization

Internal
Actions

(support decision-making
by city staff)

Roles and responsibilities
Visions and goals
City plans
External coordination
Community input
Data resources

Capacity building




Tier 2 Evaluation Principles

 Manageable reporting burden

* Recognize effort, reward institutionalization
» Flexibility and innovation

* Trust city staff judgment and expertise

* Progress is most important

* Not all actions are city led or managed

%’ Arizona State
University



Moving Forward / Discussion Topics

* Motivation and incentives « Systems and processes

« Shared resource bank « Technical knowledge
« Community of practice « Capacity
e Signal to funders
« StormReady insurance e Other HeatReady
Communities
« Schools

* Neighborhoods

%’ Arizona State
University



HeatReady Use Case

7
l Heat Mitigation Actions in 2015 Plan (total of 23 across all hazards)

Tal¥le 6-8-24: Alitieation actions and projects and implementation strateey for Tempe

Mitigation Action Project

Implementation Strategy

Commumify Primary Agency
Assels Planning Apticipated ' Job Title
Hazard(s) Mirigated Estimated Prioviry Mechanisim(s) for Completion Responsible for Funding

Deccription Alivigated (Ex/ MNew) Lot Eanking Implementation Ihate Tmplementation Source(s)
Parnzipate with outside agencies to
distnbute bottled water and provide Extremc . st
education about hazards associated with Heat ' : p
extreme heat

Fire Department rants

Unhzanon of Tempe Social Media plattorms . \
: : City manager’'s
to educate the general public about the Bt Ongoing office  pobli
i : ! . L 2 g i wlhlic 1 i
| hazords of extreme hear. meludme Faceboaok Both Srafl fime Hizh beA ; Creneral fund
Fleat Seasonal Information
and Twitter releases, and updates to the aity :
f ’ Oifficer
websire
7 Mamntain CERT Program All Hazards Both 1000 Medinm | N/A Ongoing Fire Department | Grants

%’ Arizona State 20
University



HeatReady Use Case

(

38 Heat Mitigation Actions in 2021 Plan

Fsi

University

P : s Enginsening amd
lﬂiﬂm;t nhnrlhd:ﬂl'::;:ﬁ Extreme 522000 pey I‘:uﬁ:'nlm[ Plan i o oo’
9 = ; Bath i High Cmgoing Equity and Inclusion Fund and
poverty levels m osder b0 address beat Heat shelter and Transpostaton " HURE
vitlnerabalisy Plan ."Enuﬁ:::hh[v
; y - b 4 ey ‘_ Regiomal
Create vegional cooling unlmy that pays for g £100,000,000 Clizinte Action Plan Sustammalalary P
0 | whan fovestry, cool matsal and green H Both High . Cugomg Intergovernmental d
mfrastmcture acroce Mancopa County o PEC pdai= (Mhcer f].F'l"-'-'-Fﬂ-'SE
Mamian 8 Hpnnaj. reslience collaboratave - i - | Sustnenabaliry .
11 o dl:ucln]:l resthence o extremc lucal E::’:n'll' Both 100,000 a yioan I'L.ﬂi E:::: Actica Plaa 'l._.l'ngmn; lel.'t;mnnmml..u] Crranils
_soluton 3 Crfrer
" Sustamabd liry
Create a regonal extrems heat and racial C
12 equaty task fosce to address the pacts of HE::TEE Bath L350 000 a year High E’;LT;:E e Omgoing ]5'4"”-1 |1!;:'rnd Inclusion Crrants
extreme heat on communines of color. L . Emesgrocy Manages
IGCC adoption w' shade and cool matenal L :
13 addinons that ensure new buildings are more H New SIM'WF High Clinate Action Plan | 25 Commumity Seraces L.'mﬂl
i Eat amnaally Fuond
resalvend 1o extreme leal i
Tplementation of Urban Forestry Master S
: : Extreme Liaban Fovcstey Commmsmiy Sorvaces- Gencal
14 'Fia.n to supyset brees and shade o pibshic amad Heat Both 000 000 High Master Plan Omgomg Parks and 1 A7 Fund
povate landscapes
Adepuen of Creen mirasmmemse _mnd.'d.'i Eagi ing snd
ithat promode widespread wee of bioswales, T b Civil
curl cuis and otber stormwaler caphure = ’ : g
15 'I.H.'lur:ﬂl:rglﬂ m line with the lr.i.L:." nfTu;-.-un_ EJI.‘I:I’:'.I:I‘.:I.t Hnlh Slﬂﬂ_ﬁ:ﬂ H1-Ei| Clonate Action Plas ﬂngnlng h‘mm f.:ll:'lll.tﬂ.l
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Rui Shi
Ph.D. Candidate, Johns Hopkins University
@Dr_Sray

City-Heat Equity Adaptation Tool (City-
HEAT) A Multi-Objective, Uncertainty-
Based Decision Support Tool for Urban
Heat Adaptation




JOHNS HOPKINS

: UNIVERSITY

City-HEAT (Heat Equity Adaptation Tool)

A multi-objective, uncertainty-based planning
framework for urban heat adaptation & management

Rui Shi
Environmental Health and Engineering, Johns Hopkins University

Co-authors: Drs. Benjamin Hobbs, Julianne Quinn, Debra Knopman, Robert Lempert

Climate Adaptation Research Symposium 2021
UCLA Luskin Center for Innovation
Sept 9, 2021
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Warming climate leads to significant health concerns

Global surface temperature change relative to 1850-1900 observed change in hot extremes

35Fa-8.3 Q Increase (41

55P3-7.0
@ DL |1

Low agreemend in the Bppe of change 12

_5?_'”_ ?" | Limitest data andlicr baeratire |

Eaniid Wk e
1z the chaeved change

wew Hgh

8 Madiam

2000 2015 2050 2100 & Lo thae 13 rmisead igrioeenent
O Low i o bmited pvdenoe
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-
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a

Source: IPCC AR6 Source: IPCC AR6

EE - .
Deaths in the 2010s Deaths in the 2090s (BAU)

Source: Shindell D. et al., (2020). The effects of heat exposure on human mortality throughout the United States. GeoHealth



City is hot, but some neighborhoods suffer more...

Baltimore, MD Portland, OR Richmond, VA

-,

¢

i ‘-' :. e " !
urban heat : - BLTE N :
distribution Ne 9 B 4
ad &

-

“Redlining”
By HOLC

Source: Popovich N., & Flavelle C, (Aug 9, 2019). Summer in the City Is Hot, but Some Neighborhoods Suffer More. New York Times
Robert K. Nelson, LaDale Winling, Richard Marciano, Nathan Connolly, et al., “Mapping Inequality,” American Panorama, ed.



Urban heat adaptation is an IMPORTANT but TOUGH problem!

Important

Size of health impacts

(~) =)  Concerns with equity

-7 = Size of expenditures



Urban heat adaptation is an IMPORTANT but TOUGH problem!

Important Tough

Various
decisions need

to be made
Size of health impacts / \

Multiple Sub-city
= objectives are regions are
(=)|&=)  Concerns with equity desired different
f““ >L“\
G , :
N .  Size of expenditures
A |
o Learning is Future is
possible uncertain




Urban heat adaptation is an IMPORTANT but TOUGH problem!

Important Tough

Various
decisions need

to be made
Size of health impacts / \

Multiple Sub-city
= objectives are regions are
TANVA : : : ;

(=)|=)  Concerns with equity desired different

Adaptive management problem

—— cast as a multi-objective
stochastic dynamic investment

@ problem of very high dimension!
iy .
& | [\s\ Size of expenditures
Ll Learning is Future is
possible uncertain




City-HEAT (Heat Equity Adaptation Tool)



City-HEAT (Heat Equity Adaptation Tool)

Decisions

when, Q
whgre, A
which, @
how much,

to invest? %

Sub-city level
policy functions



City-HEAT (Heat Equity Adaptation Tool)

Decisions Scenarios that are realizations of uncertain parameters
when Q climate population aging poverty heat risks effectiveness
? . j
where, A
) /A [ ] ..
which, @
how much, —
to invest? T 'm m A
o] |
Sub-city level

policy functions

=ilje
-
=\



City-HEAT (Heat Equity Adaptation Tool)

Decisions Scenarios that are realizations of uncertain parameters Objectives
when Q climate  population  aging poverty  heat risks effectiveness v health
’ (] _/l d .
where, A m ﬁ benefits
which, N il
how much, @ .
toinvest? &3 o A LIA equity
'm A ) impact
sl
— heat
robustness
Sub-city level $ total
policy functions cost
) A 2l
. .. other

co-benefits

10



City-HEAT (Heat Equity Adaptation Tool)

Decisions Scenarios that are realizations of uncertain parameters Objectives
when Q climate  population  aging poverty  heat risks effectiveness v health
’ (] ‘/l d .
where, A m ﬁ benefits
which, N il
how much, Q .
toinvest? &3 o A LT" equity
'm A ) impact
sl
— heat
robustness
Sub-city level $ total
policy functions cost
) A 2l
. .. other
— co-benefits

Optimize
(Multi-objective Evolutionary Algorithm &
Direct Policy Search)

11



City-HEAT employs adaptive decision-making schemes

Decisions depend on what’s observed

System P 2 2
States . . .
] | ¢ ] | ¢ ¢ ] | ¢
Nt 1 N 2 | 3 Nt 5

» » »
Adaptation A A A
Decisions N @ A
= = =

12

year



City-HEAT employs adaptive decision-making schemes

Decisions depend on what’s observed

year

Systems 2 S S
State . A _A
] | ¢ ¢ ] | ¢ ¢ ] | ¢ ¢
N0 v /N2 8 N4 5 ,
Adaptation \ A \ A A
Decisions N { @
— — —
§99 §99 §99
= 100 Direct Policy Search
3 - reduce dimensionality in decision space
L %s 50
< - adjust decisions with state of the system
= 0 - find rules that are robust against uncertainty

0 10 20
average heat wave days (t-5 : t-1)

13



Case study — Baltimore City

Baltimore City o
Planning Districts

B Northwest

&1 North
[ Northeast
[E] East Boundary
I Southeast

B South

@ Southwest Partnership
[ Southwest

[ ] west

B central

[ %] Downtown A 0 2

Planning District
Census Tract

3
Miles

Background and motivation

Baltimore has 10% of MD Population, but 28% of heat-related death
shrinking and aging population with 21.8% poverty rate

“heat” inequity (Wilson, 2020; NYT, 2020)

City-HEAT application

11 districts, 4 actions, and 110 decision variables
2020-2039 (20 years), 1,500 scenarios (16 uncertain factors)
5 objectives

Source: Plumer B., & Popovich N. (Aug 24, 2020). How Decades of Racist Housing Policy Left Neighborhoods Sweltering. New York Times
Wilson B. (2020) Urban Heat Management and the Legacy of Redlining. Journal of the American Planning Association 14



Case study — Baltimore City

Background and motivation

- Baltimore has 10% of MD Population, but 28% of heat-related death
- shrinking and aging population with 21.8% poverty rate

- “heat” inequity (Wilson, 2020; NYT, 2020)

City-HEAT application

- 11 districts, 4 actions, and 110 decision variables

- 2020-2039 (20 years), 1,500 scenarios (16 uncertain factors)
- 5 objectives

Baltimore City -
Planning Districts

B Northwest
BT North

[ Northeast
[E] East Boundary

I Southeast —— Planning District
B South —— Census Tract
@ Southwest Partnership

[ Southwest

[ ] west

B central

[ %] Downtown A 0 2

Data source

32 temperature projections (NA-Cordex & LOCA datasets)
sub-city temperature distributions (ground-based sensors)
demographic data (American Community Survey)

range of uncertain parameters

z
1

3
Miles

Source: Plumer B., & Popovich N. (Aug 24, 2020). How Decades of Racist Housing Policy Left Neighborhoods Sweltering. New York Times
Wilson B. (2020) Urban Heat Management and the Legacy of Redlining. Journal of the American Planning Association 15



City-HEAT generates optimal adaptation policies

City-HEAT generates 170 optimal adaptation polices for Baltimore City
-- using Borg Many Objective Evolutionary Algorithm (200,000 iterations and 10 seeds)

@
ge) =
s v
2 g
0 U
S £

=
Ideal
Cost (M3) Mortality Mortality Rate Woarst-Case CO, Reduction
Reduction Difference* Mortality (K ton)
cost effectiveness equity robustness co-benefits

*: per 100,000 people

16



City-HEAT generates Pareto-efficient adaptation policies

City-HEAT generates 170 Pareto-efficient adaptation polices for Baltimore City

Preferred

Ideal

*: per 100,000 people

2175 -40
|

.H_,, :
a0 -332
Cost Mortality
(MS) Reduction
cost effectiveness

15.85
AN
e | NN
- L'
=k v <5 -
= PANE e
9.78

Mortality Rate
Difference *

equity

82

49

Worst-Case
Martality

robustness

0
- 7
| E,
ey
A
5E
;"r].
o
= |'1 u
e
=
= 3
| .
- 1
=368
CO, Reduction
(K ton)

co-benefits
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City-HEAT illustrates trade-offs among objectives

Effectiveness vs. Cost Effectiveness vs. Equity

18



City-HEAT illustrates trade-offs among objectives

Effectiveness vs. Cost Effectiveness vs. Equity

increasing
marginal
cost

19



City-HEAT illustrates trade-offs among objectives

Effectiveness vs. Cost Effectiveness vs. Equity

more
equitable
policies

are more
expensive

increasing
marginal
cost

20



City-HEAT provides details for individual policy

Avg Mortality Reduction Avg Total Cost (M$) | Mortality Rate Difference | Worst-year Mortality | Cumulative CO2 Reduction (K ton)

Unit Cost of Saving Life (M$)

330 2175 13 50 357

6.59

{a] Emllng Center (b) Tree (c} Coal Pavement

[T 1717

i K |
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City-HEAT provides details for individual policy

Avg Mortality Reduction  Avg Total Cost (M$) | Mortality Rate Difference | Worst-year Mortality | Cumulative CO2 Reduction (K ton) | Unit Cost of Saving Life (M$)
330 2175 13 50 357 659
_— {a) Coaling Center (b) Tree (6) Coal Pavement (d) Cool Roof
Col X 00 100
B oo £ 2 ] T Al
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Same policy results in different decisions in two scenarios

worst-case
scenario

Cost (NPV)
Alljero|N 1esH

best-case
scenario

Cost (NPV)
Ayljerio|A 1eaH

23
Year



Same policy results in different decisions in two scenarios
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Same policy results in different decisions in two scenarios

worst-case
scenario

Cost (NPV)
Alljero|N 1esH

best-case
scenario

Cost (NPV)
Ayljerio|A 1eaH

25
Year



Same policy results in different decisions in two scenarios

T
. mortality with adaptation —— >
> —+
o < worst-case
2 S) .
= = scenario
7 Q
o sy
O <
I
D
. Q)
> [
% s best-case
3 & scenario
o g
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Same policy results in different decisions in two scenarios

I policy effect

mortality with adaptation —

worst-case
scenario

Cost (NPV)
Alljero|N 1esH

best-case
scenario

Cost (NPV)
Ayljerio|A 1eaH

27
Year



Summary

In general,

* Urban heat adaptation is a tough adaptive management problem
-- lots of objectives, decisions, uncertainties over decades

» City-HEAT can generate Pareto-efficient policies based on multiple objectives across scenarios
-- a reference set for decision makers
-- detailed decision rules for each sub-city region and adaptation pathways in different scenarios

* City-HEAT can be generalized to other cities
-- most input data required are public available
-- code is open source with a user manual (will be on GitHub)



Summary

In general,

* Urban heat adaptation is a tough adaptive management problem
-- lots of objectives, decisions, uncertainties over decades

» City-HEAT can generate Pareto-efficient policies based on multiple objectives across scenarios
-- a reference set for decision makers
-- detailed decision rules for each sub-city region and adaptation pathways in different scenarios

* City-HEAT can be generalized to other cities
-- most input data required are public available

-- code is open source with a user manual (will be on GitHub)

For Baltimore, we find that

* Marginal cost of saving lives from extreme heat increases

* Equitable polices can be much more expensive (Effectiveness-Efficiency-Equity trade-offs)



Thank You!

Email: rshi8@jhu.edu
Twitter: @DrSray

30



Max Wel

Research Scientist, Lawrence Berkeley National Lab

CAL-THRIVES — A California Toolkit
for Heat Resilience in Underserved
Environments




ki CAL-THRIVES
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indn UCLA Climate Adaptation Research Symposium
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. "Heat now causes more deaths than
hurricanes, tornadoes or floods in most years”™ The Guardian 6/20
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LS s Deadly heat is killing Americans: A
decade of inaction on climate puts
lives at risk

Eiﬂfmhhuihtrﬂunuﬁmmin
1% years — and everyone faces blame
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SAFETY
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In order to keep communities safe,

PG&E may need 1o turn aff power

when extreme weather or wildlire
conditions are forecast.

This statewide inftiative is called
Public Safety Power Shutoff.
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Heat is increasingly brutal in California’s Central Valley, where low incomes,

poor air quality, old homes, and high utility bills disadvantage many residents

California and Fresno are hot ...and getting hotter

22 extreme heat days/year by 2040 - 2060
55 extreme heat days/year by 2080 - 2099

I = rraed i i g L8 Loy Baader Lo b

1 My 1 Tk

In California's Interior. there's no
escape from the desperate heat: Why
are we even here?

Source: Climate
Change & Health
Vulnerability
Indicators for
California (CCHVIs)

A agm M Rty rahiaw
T4-TRF
TE=-BT'F
B2-BE'F
B0
B oO-ted'F

G4 -OEF
BB 2"
102-106°F
108-110°F

1H0"F

https://www.theguardian.com/
us-news/2021/jul/10/
california-central-valley
-extreme-heat-race

Bold biacic cullings mdcabs high priorfy census iacts tased on ihe selecied vinaraDilEy indicsior.



The good news is that we can act now on preventative

strategies to mitigate heat health impacts
CAL-THRIVES project developing a toolkit for local and state stakeholders

Increase awareness of heat-related vulnerability
ldentify areas that are vulnerable to extreme heat events

SHORT TERM

Remedy the built environment, such as building retrofits &
increases to tree canopy

Enhance community and home cooling programs

LONG TERM

* Improve social capital and connectivity at the neighborhood

5

Ievel Source: Cal-heat.org



Our heat-resiliency recommendations incorporate both

community input and science

Community engagement Neighborhood-scale building modeling

Cooling center optimization Outdoor measure modeling

Aerial View Soil and Surface Buildings

HE
I ot

Heat Resilience Toolki’:

Fact sheets
Modeling outputs
Heat vulnerability index tool
Online tools (videos, webinars)
Policy/program recommendations




Community engagement and feedback

are a key part of the project

Collecting and responding to community feedback a Outreach methods
key part of project

e To help understand how residents cope with
extreme heat * Focus groups (4)

» To better understand resident needs, preferences,
barriers to proposed cooling strategies & how they
view community cooling centers * Phone interviews (90)

* To inform our modeling assumptions

« Community meetings (2)

* In-home interviews (11)




We’'re modeling nine passive indoor cooling measures in a

worst-case heat wave, with and without grid power available

Window blinds Window overhangs Cool roof Cool walls

Storm windows Solar-control window films  Roof insulation Radiant barrier Natural ventilation

B SR -
f — e
| ¥
|




We're also evaluating eight active indoor cooling measures

and four passive outdoor cooling measures

ACTIVE INDOOR — PASSIVE OUTDOOR
Ceiling fans Attic fan Portable fans Cool pavements Cool walls

Evaporative cooler

Window AC

L




Neighborhood-scale building modeling with CityBES

e CityBES is an open tool for
neighborhood- to urban-scale
building modeling

* The team has developed a
residential building dataset for
several neighborhoods in southwest
Fresno

* The CityBES tool can model energy
savings for one building or for a
group of buildings

ol (https://citybes.lbl.gov/)
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We model worst-case heat wave (7 days between 108 and 111° F), with grid
power-on and grid-power off, and consider several resilience metrics

Long Al Tompoarature [C)

&

¥

=

b

2008-0T-21

2000-07- A0

2000-07-27

S000-0T-28

Resilience Metric

UDH (unmet degree hours)

HICH (heat index caution *

hours)

SETUDH (standard effective
temperature unmet .
degree-hours) .

PMVEH (predicted mean *
vote exceedance hours)

Parameters in metric

Air temperature

Air temperature
Relative humidity

Air temperature

Relative humidity

Mean radiant temperature
Air velocity

Metabolic rate

Clothing insulation

‘1



Example heat resilience metric : Unmet degree hours

L
UDH = J}:{T o TTn':res:’dr fﬂl‘ T=> T'il'.l‘ir'r:'x
indoor dry-bulb temperature —_|
T]'hlﬁ —

Colored area: UDH

 “Unmet degree hours” (UDH) is defined as the total area under the curve for an
indoor temperature vs. time plot that is above a threshold temperature, T(Thresh).

 The colored area above represents the UDH. 1



Some community findings from focus groups and

Individual interviews

Kinship networks

* Asurprisingly large number of renters rent from family members

* Importance of kinship networks in securing housing, and the existence of ‘supra-household’ decision-making
units

Multi-generational households

* Many respondents for the IDIs are heading up multi-generational households, often transient/transitory
household sizes

* Such informal arrangements often not formally recognized by authorities; difficult for older residents to
acquire support from city/state

Local Experts

* Each Focus Group contained a ‘local expert’, often long-term locals

* Expertise appears to be related to position along the lifecycle trajectory and/or social position within the
community: e.g. young parents, seniors, business owners.

13



Some findings from community survey (n=90

respondents): people pay a lot and are hot!

* 92% have electricity costs of > $150 per month in summer

* 72% report feeling too hot at home very often during the
summer

* 14% have evaporative (swamp) coolers

e 44% willing to plant trees, bushes, or shrubs in their yard

* 67% very comfortable opening doors or windows in the summer
* 8% have solar-control window films in their homes

14



Cooling center findings from community outreach

 The majority of residents queried prefer to balance mild discomfort
from heat for the privacy and security of home.

* Several respondents voiced concerns attendees that were not in
their shared demographic or lifecycle group.

* Most respondents do not report going to any common location
during heat waves, e.g. they do not report heading to ‘the mall’ or
‘the movies.”’

* There is no magic bullet for improving attendance at cooling
centers.

15



Cooling center recommendations

 We recommend that money be used directly for either improving the cooling
in homes for the most vulnerable, or for extending and enhancing the
services/hours/activities of public spaces that supply cooling as an ancillary
benefit (e.g. community centers, libraries).

* We also recommend that cooling centers be expanded into emergency
response centers or ‘resilience hubs’ that could find a role in worst case
events or in the confluence of acute events, such as wildfires causing extreme
air pollution in conjunction with extreme heat events.

* Finally, we think there might be a role for city agencies to invest in/take
advantage of malls, which already serve as transportation hubs, and typically
have high-end, large scale HVAC installations.

16



Our toolkit elements target various stakeholders from
local community to state-level agencies

Toolkit element Toolkit element scope Local NGO/
National
[\ [c]0 ]

1) Community info sheet . . . .
Staying cool in general, dangers, hydration, fans, cooling centers X

2) Summary matrix of Table of all modeled measures

output - results by resilience metric for each measure

- costs, energy impacts for each measure X X

3) Measure Sheets For each measure sheet:
- benefits, costs, supplier contacts, watch items, tips, installation, lifetime,
- pointers to other resources; X X
Passive Measures e.g.: window films, cool walls X X
Active measures e.g.: room air conditioners (window/ portable/ mini-split/ evap. coolers) X X
Outdoor measures — e.g. cool walls, trees X X

4) Online tools

) CityBES (for modeling the measures and HVI mapping) X X

Training package(s)/ videos/ webinars (e.g. EPA Webinar)

5) Policy/program
recommendations Specific recommendations re: to advance CAL-THRIVEs findings X



Toolkit examples
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1. Community info sheet

How to keep cool when it gets hot

Keep the heat out
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2. Cooling Measure Fact Sheets

CAL-THRIVES | Window Hetrafit Uption;: Window Films

Window Films

Deserigtion
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3. Matrix of resilience metric outputs

Pre1378
1100sgft single-family example model from the King neighborhood Gridon scenario Resilience Grid-off scenario
UDH HICH SETUDH PMVEH LDH HICH SETUDH PMVEH

Baseline {absolute value) 173.0 66.0 115.9 61.0 1241.4 46.0 418.5 52.0
Measures (reduction percentage)

Reroof and Add Roof Insulation 33.4 10.6 46.3 9.8 8.5 47.8 14.4 26.9
Apply Top Floor Ceiling Insulation 25.0 6.1 325 4.9 5.7 21.7 9.6 154
Increase Roof Solar Reflectance 13.6 4.5 17.6 3.3 4.6 15.2 7.3 11.5
Increase Wall Solar Reflectance 23.9 7.6 29.7 4.9 9.0 32.6 14.6 21.2
Use Window Blinds -6.9 0.0 8.0 1.6 0.4 4.3 2.5 5.8
Add Exterior Overhang Shades 3.6 0.0 4.7 0.0 0.9 4.3 1.4 7.7
Add Exterior Storm Window Layer 144 4.5 171 3.3 1.1 8.7 1.7 7.7
Add Interior Storm Window Layer 16.8 4.5 204 3.3 2.2 10.9 3.5 7.7
Add Window Film 26.0 6.1 34.0 4.9 9.9 37.0 16.6 23.1
Enable Matural Ventilation for Rooms with Windows 3.8 15 3.7 -1.6 31 2.2 18 5.8
Add radiant barrier 11.8 3.0 15.3 1.6 2.9 13.0 4.6 11.5
Motes:

UDOH: unmet degree-hours

HICH: heat index caution hours

HIDH: heat index danger hours

SETUDH: standard effective temperature unmet degree-hours
PMWVEH: predicted mean vote exceedance hours

Baseline HVAC system type: central HVAC
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Simulation example for passive measures

at neighborhood scale

Relative improvement from baseline in unmet degree hours as a function of passive cooling
measures for grid off scenario, King Neighborhood

Natural ventilation and window films are the most effective measures

22



4. Online tools (videos / webinars)

* Training package(s)/ videos/ webinars (e.g. EPA Webinar) e.g. for state climate collaboratives

— CityBES.Ibl.gov (for modeling the measures)
— Heat vulnerability index (HVI) tool

CityBES HVI tool

https://citybes.lbl.gov/ https://citybes.lbl.gov/?hvi=1

Exposure

[)‘1

23



Our Heat Vulnerability Index Tool maps exposure, sensitivity,

adaptation, and overall heat vulnerability

Exposure Sensitivity Adaptation Heat Vulnerability Index

1-“'—i"ﬂ" m [ e " I Lo b TN _ Rl
e — ——— ———

Number of hours with high heat index Percent elderly and under 5 Median income Highest vulnerability in
Longest number of consecutive heat-wave Percent of pop. without high school degree Percent of area covered in parks
days south/central Fresno

Percent of pop. below poverty level

Number of heat-wave days Percent non-white pop. with high sensitivity

PM2.5 concentration .
Percent of pop. with ambulatory disability and low ada ptatlon
Asthma hospitalization rate

Ozone concentration

Building heat resistance indicator
Heart attack rate
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5. Policy/program recommendations — €.Q.:

Policy needs and gaps:
* Development of minimum cooling requirements by climate zone, building type
* Policy to up-level cool walls/ cool roofs on replacement

Programmatic needs/opportunities:
» Testing/demo/pilots needed for incorporation of passive/active measures into existing program
* More data collection and baselining of housing stock e.g. heat resilience audit/assessment

Further research priorities:
* Non-energy metrics development and incorporation into codes/standards and cost effectiveness
* Developing estimated health impacts and costs as a function of metrics

25



CAL-THRIVES full modeling results and toolkit

will be available early next year

* Estimated reductions in
— Indoor air temperature
— Unmet degree hours
— Heat index danger hours
* Recommendations

— Passive, active measures
— Building code innovations

26






We are working in SW Fresno in King and Kirk

neighborhoods

1. SW Fresno
— Community meetings
— Focus groups
— Home walk throughs
— Community building modeling

2. King and Kirk neighborhoods
— In home interviews
— Building modeling

o 3. Blocks in King & Kirk
%Tﬁl? — Landscape-feature modeling (trees,

[ cwvms lawns, etc.)

1 _- Sphere of Influence 28



A close up of the SW Fresno neighborhoods and blocks




A variety of resilience metrics are characterized during a worst case heat wave

g Fesilience Metric Theesholds

UDH (unmet * Air temperature Neglects relative humidity, mean radiant * Cooling setpoint
degree hours) temperature, air speed, clothing, and metabolic
rate

* Uses cooling setpoint as threshold, which could
vary with different control strategies

HICH (heat index * Air temperature * Neglects mean radiant temperature of zone * Caution: 27 °C
caution hours) . Relative humidity surfaces, indoor air speed, occupant clothing, and ¢ Extreme caution: 32 °C
metabolic rate  Danger: 39 °C

e Extreme danger: 52 °C

SR D NEECETGE ¢ Air temperature
effective * Relative humidity .

No comfort zone thresholds given by ISO or Grid-on: SET 28 °C
temperature * Mean radiant temperature ASHRAE standards * Grid-off: SET 30 °C

unmet degree- * Air velocity
hours) * Metabolic rate

e Clothing insulation

Thermal comfort: 0.7

PMVEH (predicted
mean vote underestimate the cooling effect of e Unbearable limit: 3

exceedance hours) increased air velocity

* Fanger’s PMV calculated in EnergyPlus may
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OUR COMMITMENT m TO COMMUNITIES

ARE ESSENTIALTO

OUR WELL-BEING

HEALTH
Humans are hardwired to thrive
in nature, and research has shown
that spending time outdoors boosts
mental and physical health,

LEVEL THE MAKE OUR COMMUNITIES
PLAYING FIELD MORE RESILIENT TO CHANGE
EQUITY CLIMATE
Great parks are welcoming to Parks help protect us from extreme weather.
everyvone, strengthening communities For example, a shady green park on a hot day
by improving quality of life for all- in Washington, DC, was 17 degrees cooler
especially the most vulnerable. than surrounding neighboerhoods.



Climate Smart Cities

Creating equitable & resilient
communities




Climate Smart Cities
Objectives

Climate Equity
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Implementation Case Studies
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CLIMATE-SMART CIiTIEY

Social Vulnerability overan rrioriies !

ELIMATE-AMANT ERTILS™. LOY ANGLLES

Resilient
Los Angeles

|dentifying cooling priorities through a
multi-tiered climate equity analysis:

- Daytime hotspots

- Nighttime hotspots

- People of color

- Low-income population

- Asthma

- Population over 64 and under 5

« And more...



Cool Streets LA

Project selection

|dentified first pilot project location

using the Climate Smart Cities Equity

T | and Cool analyses.

Courtesy of https://streetsla.lacity.org/cool-la-neighborhoods
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Courtesy of WikiMedia Commons:
https://commons.wikimedia.org/wiki/File:LA_Metro_200_bus_stop_on_Alvarado_Street.jpg

LA Metro

Guiding capital investments

Using heat island data combined with
other transportation and equity
metrics to prioritize cooling retrofits for

bus stops.
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RICHMOND RESILIENCE ROADMAP
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Richmond, CA

Resilience Roadmap

|dentifying priority resilience projects
through a multi-benefit framework:

Connect neighborhoods

Cool urban heat islands

Absorb stormwater through GSI

Protect against flooding
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New High-Resolution Urban Heat Data

14,000 communities
30m resolution

Now on ESRI Living
Atlas

Search for “ESRI
Urban heat island
severity for U.S. cities’
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... with urban heat island risk
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...to identity optimized points for greening
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Thank You!

Taj Schottland

Sr. Climate Program Manager
Taj.Schottland®@tpl.org
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Up next — 10:15-11:45am PT

Emerging Research Wading into the Equitable
on Financial Economic Impacts Adaptation to
Adaptations to of Climate Change Climate-Related

Climate Impacts on Water Flood Risks: Part 2
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