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Building Resilient Futures

The challenges are bigger than any one of us can solve
alone.
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partners to create solutions that leave no one behind.
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bounce back or rebuild afteradisaster (NK? ERa GUNK
drawing from the inherent strength in communities and
helping everyone prepare for and move forward in the
face of our new climate future. And when we build more
resilient communities, we build a better future for
everyone.
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Environmental events are not inherently unjust.
Vulnerability to the effects of a disaster Is

Informed by gender, race, ethnicity, language,
SOCI0-economic status, special needs, age, housing
tenure, and (most importantly) how government,

philanthropy, and civil society respond to
residents.

North Bay Organizing Project
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Centering Frontline
Communities

1.Highlighting the impact of
disasters on frontline
communities.

2.Honoring the wisdom,
experience, and energy of
frontline communities.

3.Faclilitating trauma -informed
and healing -centered
responses to disasters for
frontline communities.
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STRATEGIES TO PRESERVE THE EXISTING AFFORDABLE HOUSING STOCK

Meet Our Guest Speakers
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DIRECTOR OF
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BOULDER HOUSING
PARTNERS

Michelle Sarah Hong Luke llderton
Gabrieloff - BUILDING ENERGY DEPUTY DIRECTOR
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Mihir Parikh,
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Housing

SELECT
Colorado ————l Sclcct a state...

State Facts Affordable Rent for Low Income Households | o
Working at minimum wage
MINIMUM WAGE $13.65 Minimum Wage Worker $
$710 13.65

2-BEDROOM HOUSING WAGE $32.13 /mo i [hr

Household at 30% of Area Median Income Each week you have to work
NUMBER OF RENTER HOUSEHOLDS 754,483 $871/mo 7 7

HOURS

NUMBER OF RENTER HOUSEHOLDS

H hold at 50% of Area Median I
PERCENT OF RENTER HOUSEHOLDS ’ B’ '
BEr oW 300 AT 299, at Fair Market Rent

Fair Market Rent

1-Bedroom Fair Market Rent

NUMBER OF RENTER HOUSEHOLDS
BELOW 50% AMI 291,575

DOWNLOAD STATE REPORT

PERCENT OF RENTER HOUSEHOLDS
0
BELOW 50% AMI 39%

$1,364/mo

2-Bedroom Fair Market Rent
CONNECT TO NETWORK
Colorado

$1,671/mo
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Climate
U.S. 2022 Billion-Dollar Weather and Climate Disasters

@ DroughtHeat Wave @ Flooding ~ (T) Hail (@ Hurricane (g Severe Weather @) Tornado Outbreak @) Wildfire () Winter Storm/Cold Wave

@ North Central and
Eastern Severe Weather

North Central @ North Central North Central
Severe Weather Hail Storms Hail Storms

May 11-12 July 22-24
Central @ ® Central and Eastern Winter
Severe Weather / Storm and Cold Wave
June 7- 8 December 21-26
Central Derecho
June 13
Western/Central Drought @———— Kentucky and
and Heat Wave 2022 Missouri Flooding
July 26-28

Southeastern
Tornado Outbreak

Western Wildfires /_ April 4-0
Spring—Fall ® Hurricane Nicole
November 10-11
Southern and Central o

Severe Weather ® Hurricane lan

- 9 ® September 28-30
May1-3 Southern Southern _ _
Texas Hail Storms Severe Weather Tornado Outbreak —@ Hurricane Fiona
February 21— 22 April 11-13 March 30 o September 17-18

This map denotes the approximate location for each of the 18 separate billion-dollar weather and climate disasters that impacted the United States in 2022.
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The Challenge

U Due to its age, physical conditions and maintenance
;IIgSQRTUSKRULRKNIRgUn;KDz?SRaI
stock cannot withstand our changing climate.

0 Every building on the planet must be net -zero-carbon
by 2050 to avoid irreversible loss of ecosystems and
crisis for vulnerable people.

U The pace, and expense, of disasters has increased
dramatically.

U0 Post-disaster government assistance is well -
Intentioned, but slow and inequitable; resources lack
coordination.

U As temperatures and sea levels rise, so do the
number of low -income households that are at risk.
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Climate Change

Establishing a Shared Language of Resilience

Untangling the Language of
Risk, Climate, and Resilience

We need to first untangle the
vocabulary of risk, climate,
and resilience In order to
speak the same language

Sensitivity
Climate
Equity Change
Vulnerability _
5 Risk
Durability
N Adaptive
Exposure Resilience Capacity
Hazard
Mitigation Climate Sustainability

Mitigation
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Climate Change Simplified Working Definitions

Establishing a Shared Language of Resilience Getting on the Same Page

The probabilistic consequence of

Risk >
hazard x exposure X vulnerabllity
Vulnerability A combination of sensitivity, condition,
durability, and adaptive capacity
Resilience The ability to withstand and adapt
to a disturbance
Equity* The consistent and systematic fair, just, and impartial treatment of all individuals, including

iIndividuals who belong to underserved communities, particularly communities of color

* As defined in Executive Order on Further Advancing Racial Equity and Support for Underserved

. . . i Enterprise | 10
Communities Through the Federal Government (EO 13985) and HUD Climate Action Plan.



Changing the Risk Variables

Approaches to Risk Reduction

If we want to
reduce RISK

=

We must reduce the RISK VARIABLES

[ Frequency ] | Location I | Sensitivity I
l Intensity I Health / Condition

l Ability to Withstand I
l Ability to Adapt I
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Main Climate Hazards
Affecting Colorado:

> W N

Extreme heat events
Increasingly severe wildfires
More frequent and intense droughts

Inland flooding from increased
precipitation

Median Risk Ratings for Colorado

Heat 74

Drought 66

Fire 48

Precipitation 31

Flood 21

relatively low  significant high very high

extreme
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Identify

your hazard
exposure.

Learn the lessons of previous
climate and emergency events,
research the location and
climate zone of your site and
your community and evaluate
future risk.

Assess
your risks.

Assess potential threats and
anticipate their impact on

your infrastructure and residents
to determine where to focus
your attention.

Determine

your resilience
strategies.

Once you understand your
hazards and risk, you can assess
which resilience strategies make
sense for your building.

W%
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Identify your hazard exposure.

Potential Hazard Determine your Exposure

Flooding

Housing in coastal areas or next to bodies of
water is at the greatest risk of flooding, but
heavy rainfall can drastically damage buildings
in any area. Conventional guidance can often
be technically and financially impractical for
multifamily properties undergoing retrofit. For
instance, elevating a building or its systems
above the flood elevation may be unfeasible.

Extreme Temperatures, Winter
Storms and Blizzards

Power grids and HVAC systems become
overtaxed and may fail during extreme
temperatures. Buildings with little natural
ventilation and poor envelope performance are
at risk during heat waves from overheating.
The Urban Heat Island Effect (UHIE) can
make heat waves worse.

Locate your Flood Zone and Base Flood
Elevation on the FEMA flood map center.”
Hire a surveyor to provide you with an
Elevation Certificate and your flood zone
determination.

Determine how future sea-level rise will
impact your property using NOAA’s Sea
Level Rise Viewer.”

Areas with combined sewer-stormwater
systems are at risk for flooding, even if not
located within the Flood Zone.

FEMA and the National Oceanic and
Atmosphere Administration (NOAA)
provide tools to assess risks of long-range
changes in weather and climate.
Third-party subscription services provide
severe weather alerts by Email or SMS.

N\
i
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@ Assess your risks.

Risks to
Residents

» Injury or loss of life.

» Psychological trauma.

» Loss of property.

» Economic hardship
and loss of jobs.

» Exposure to pathogens
and toxins.

» Security risk.

» Housing displacement.

» Loss of community
Services.

Risks to
Buildings

Damage to:
» Envelope.

» Building systems.
» Communications
infrastructure.

» Roof,

» Foundation.

» Loss of housing units.

» Loss of commercial
and institutional

tenants.

Risks to
Business Continuity

O

» Cost of repairs.

» Displacement of
tenants and loss of
rental income.

» Rising insurance rates.

» Reduction in property
value.

» Regulatory fines.

Risks to the
Community

» Destruction of
public infrastructure.

» Downturn in
community business
and economy.

» Evacuation and
Migration.

» Disruption in
transportation.

» Loss of faith in public
institutions.

» Water supply
contamination.

11
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@ Determine

your resilience ﬁ i E

strategies.

Low to mid- Low-rise Mid-rise High-Rise
rise walk-ups contemporary contemporary contemporary

© e Floodproofing ® ® o L
€) Dry Floodproofing ® ® ® O
€ Site Perimeter Floodproofing O ® ® ®
O resilient Elevators ® O O o
o Backwater Valves o i @ =
O sump Pumps ® o @ @
€ Envelope Efficiency » - @ -
0 clevaed Equipment ® ® @ o
© Elevoed Living Space @ ® ® @
@ Surface Stormwater Management o i @ o
() Window Shading © o o o
(&) Distributed Heating and Cooling o - ® O

W
i
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Types Of SO|UtIOﬂS Nature-based solutions

Practical Approaches to Risk Reduction Climate-resilient infrastructure

Engaged, informed, and co-leading residents

. . -

Built Solutions HE e .

Natural & Nature -Based Solutions |22 | | Greenroof = = |
=Z=sy sl | immm . g iR

Policy Solutions = e

Operational Solutions

Technological Solutions

Hybrids of Above / Other =y / %
Resilience centers distributing
eme
The following examples explore options
for extreme heat solutions

R TR VE T T — W S—
A
L -~
] &

Source: USGCRP, Draft 5t National Climate
Assessment

\
|
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https://www.globalchange.gov/nca5
https://www.globalchange.gov/nca5

Climate Resilience Academies

1980-2021* Billion-Dollar Weather and Climate Disaster Cost (CPI-Adjusted)

2024:
Midwest

2024: =

Mid $5M-100M
Atlantic $100M-250M
$250M-500M

$500M-18B
$1B-2B
$2B-5B
$5B-10B
$10B-20B
$20B-50B
$50B-100B
$100B-200B
$200B+

United States
) Drought: $2508+ [ Flooding: $1008-2008 [ Freeze: $208-508 () Severe Storm: $250B+

Tropical Cyclone: $1.1T+ [ Wildfire: $1008-2008 () Winter Storm: $508-1008 [ All Disasters: $2.1T+
i Enterprise | 18



Identify your hazard
exposure

Portfolio Protect

Assess your risks

Building Protect

Keep Safe Florida

Determine your
resilience strategies

Multifamily

Strategies for

Building Resiliencew
Keep Safe: A Guide
for Resilient Housing

Designin Island
Communities

Keep Safe Florida

Business Continuity

Implement resilience
strategies

Business Continuity

Funding Resources
Guide

2020 Enterprise
Green Communities
Criteriac

Multifamily
Strategies for
Building Resilience

Keep Safe Florida

Resources &
Innovations
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_ Agenda ]/

s Current State of Colorado
s What are the highest risk hazards projected in CO for the next 30 years?
s Who / where are the most vulnerable communities?

s  Best practices for multi-hazard risk mitigation on existing affordable housing projects
s HVAC equipment + building systems perspective

s Top recommendations for resilience improvements
s What investments provide the most value to existing buildings on limited budget to
address highest risk hazards?
y  Providing cooling
y  Protecting air quality
y  Emergency preparedness

Group® 21



High Priority Hazard Threats in CO E

Building systems can help healing design features continue to function during hazards, when they are needed the most.

Extreme Heat

Ave temperature expected to
rise 25 degrees F in next 50

years

Flooding

Intense rain events
combined with warmer
winter temperatures
increase flood risk

Drought

25-50% increase in
water withdrawal over

next 50 years

Disease
Outbreak

COVIEL9 and similar
pandemics put the elder
at higher risk

Wildfire

Fire frequency and
intensity increases with

rising global temperatures \s

Severe
Winter Storms

Severe storms can cause po
outages and closures of streets

schools, and businesses

Group® 22



EXTREME HEAT E

DENVER Extreme heat episodes

DAYS ABUVE 900 disproportionately threaten the

health of populations who are
especially vulnerahb

70

60 ' T I\ . Al Communicable diseases,

50 i V\ | A=t TV | ground-level ozone air pollution,

40 ‘ | dust storms, and allergens can

30 A\ combine with temperature and
precipitation extremes to

L generate multiple disease

burdens.

cLIMATE QD) CENTRAL

US Fourth National Climate Assessment - 2018

Mortality rates due to extreme heat events are expected to increase to annual average of 13,000 by 2050. 1
Natural Resources Defense Council

Group® "



EXTREME HEAT E

Urban Areas Can Be 27°F Hotter Than Rural Areas, 18°F Higher at Night

Contributors to heat
vulnerability:

ahHeat | sl ando
4 Shading vegetation

4 Neighborhood demography

\ Late afternoon temperature °C

& Prevalence of health
conditions

.

4 Vehicle ownership

i

yp v ORE)e " === IR £ LY
& Income levels Rural Suburban  Commercial City Urban Park Suburban Rural
Residential Residential Residential  Farmland
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WILDFIRES & AIR QUALITY

Wildfires are increasing and wildfire season is WILDFIRE SMOKE RISKS

getting longer in the Western U.S.

80%
Diabetes
B Lung disease
. 60% Heart disease
40%
Average number 20%
of large wildfires N
per year i 20 40 60
biggerthan 1,000 acres  1980-1989 1990-1999 2000-2012 A[ll- b
~140 ~160 ~250 | |
Anln the | ast few years, weOve seen enormous spil kes
| Ameri can Lung Association]. Nnlt doesndot have to
for a few days of difficult Dbreathing can shorten

GfOUp@ Data Sources: American Lung Association, Climate Central, 2015 Colorado Climate Change Vulnerability Study

25



FLASH FLOODS

4» FEMA flood maps based on historical data only
A Takes Z3 years to update a region

4 Nationally, 25% of flood Iinsurance claims come from outside

7% designated floodplains

[ ]
Q FEMA's National Flood Hazard Layer (NFHL) Viewer with Web AppBuilder for ArcGIS
Oor nomes nit py the e —
.'_:- 2 7 v

% B L X

oods were et
'nami;mnmn({ 'f’ 5 énuumur‘mo(, T2 : : unu:‘mpu_ﬂm :

S eff. 11/17/2005 11/17/2005 11/20/2013'

Not Printed Not Printed

3

outside of the
mapped floodplain

ey

08004602066

11/17/2005%
o e

“Not Printed

., 08004602026
eff. 11/17 f2005

0800460203 H!% : 5 e 0800460204G /" .
eff11/20/2013'27 (i i eff. 11/17 /2005 §°.

3 - — : - x >

£4{0800460183G
eff11/17/2005 ght
THACY '1 g -
++1 -105.036 39.707 Degrees FF %4

* 0800460184 H

5 .0800460208G,
eff. 11/20/2013 1

eff11/17 /2005 =
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POWER OUTAGES E

THREATS TO COLORADOOS POWER e

- : ’ o B ~
C' A1 - . -
HIGHLANDS RANCH,CO = % ) § ‘, Twitter/&randypettus .
june 22 DR i . o T -
” .. e ! ‘

s  Rising temperatures can lead to an increase in
energy demand due to a rising demand for cooling.
If the grid cannot support the higher load, blackouts
can occur.

s  Changes in water availability can disrupt
hydropower production, thereby leading to power
outages.

s Wildfires can damage and destroy power
transmission lines and distribution equipment,

resulting in blackouts and localized power outages. Extreme weather in CO - June 2023
Flooding, high winds, tornadoes, hail, and extreme

precipitation events pose risks to human life, energy

6 Winter precipitation events are prOJected to systems, and infrastructure

Increase Iin frequency and magnitude

Group® -


http://www.youtube.com/watch?v=IV5cdJUDFmA

VULNERABLE POPULATIONS E

Some communities In Colorado are
disproportionately vulnerable

A Extreme Heat = Vehicle ownership, income levels,
disability, and Tack of neighborhood green
Infrastructure

A Poor Air Quality = Multi_—famigl affordable housing is
more Tikely to rely on unfiltered natural ventilation
than marKet rate
multifamily housing

y
/
7;1 !
£, o PNy s s
%\ AT 4 AL

¥

»  Health = Impacts of climate change on health are g Ay R Gy
S|g|n|’r|c%r_1|t_lty mo(glerat?d by |r]|_d|V|dua%! arlld communltty Ji iy |l S / AOD'KTERESY R
vulnerability and resilience. Two critical components . : =.

of climate vulnerability are pre-existing health status Impacts low income communities and

and living conditions y LIS2LX S 2F O2f 2 NE

A a LINE
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Resilient Design Retrofit Strategies

tter
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Retrofit Cooling Strategy

£

» Portable evaporative cooling systems may be a good backup solution, especially for
vulnerable populations

AaProviding control for residentos of their home
power outage, extreme heat, and peak energy use times. Strategies include:

a Celling fans: Moving air evaporates moisture from our skin, cooling the skin surface

A Interior shading and drapes i black out shades

0 % l
‘ ¥ A '!’
SAE
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Spaces for Respite & Refuge

s Spaces in building for heatwave respite and survival. Highly insulated, well-shaded cool rooms
with little window areas and effective cooling system 17 with emergency backup system for
electricity.

s ldeally, these areas will also contain emergency supplies, such as basic first aid kits, storable
water, AEDs, portable air purifiers, etc.

31



Wildfire Mitigation £

MITIGATION EFFORTS

Create DEFENSIBLE SPACE
around your home

Remove low tree
limbs to eliminate
“fire ladder”

Pri mary determinant s
ability to survive a fire are roofing

material and surrounding defensible
space.

.. Create space
between trees to
ow spread of fire

Break up continuity of horizontal
and vertical fuel sources

Don't store firewood,

lumber or other

combusiiles nder ""“'V“S?a&'u'z.':':k. 01 (O,Ztgnigogw - - Replace wood shingled roofs with
. ﬁ:&:ﬁ*&:&;@a non-combustible material
Ml Create space

R« between plants Prescribed fire control (burns)

L DY

Homes with 300 def ensamblseblesqniz bave aa85% survival rate in the event of a wildfire.

Group® -



Indoor Air Quality Mitigation E

MITIGATION EFFORTS

Powerful Filtration

OO0 06 When the air quality index exceeds 100,
close exterior dampers to prevent
i "G Farmados polluted air from entering to building if
T possible.

s Integrate MERV-13 or higher filters
for enhanced filtration in HVAC.

. | s Have portable air purifiers available
— with HEPA filters for poor air quality
days.
s Activated carbon filters reduce
Also provides protections against VOCs, formaldehyde, dust, PM2.5, ozone level infiltration

PM10, dust, infectious diseases, and more.

33



Flood Mitigation

Sump pumps

Remove water that accumulates at
lowest point in building

Backwater
valves

Prevent sewage backflow

Protect mechanical
eguipment

Build barrier around
be elevated

C

£

[
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Electrification and HVAC Equipment Upgrades

Partial Electrification:

s Natural gas backup for peak heating
s  Electrify when equipment is replaced, or a major
modification is planned
s Key opportunities:
s  Easy-to-Electrify or Medium-to-Electrify systems
are being replaced at the end of their useful life
s Cooling is being added to a building

s Bollers are being replaced
s An addition or major renovation is being planned

35



Emergency Planning for Extreme Events

Objective: Prepare a whole building plan for
emergency events

Description:
Develop emergency HVAC response plan
Develop an evacuation Plan
Post maps and procedures.

Plan and provide training and supplies for
Shelter-in-Place strategies.

Prepare preventative maintenance plan with
ongoing checklist for maintenance

KEY CONSIDERATIONS
Engage residents in community education effort
Include site details, contact and communication
plan, emergency procedures, roles and
responsibilities.
Consider providing emergency provisions and
care supplies.

36



High Priority Hazard Mitigation Strategies

Design Strategies to Address One or More High Risk Hazards

Strategy Cost Risks Addressed

Install portable
cooling systems

$ Extreme heat

$% Extreme heat, urban flooding
Increasing green spaces and tree
canopy, reducing dark'COIOred
surfaces
High quality filters on return air $ Spread of infectious disease
High quality filters on outside air $% Poor air quality during wildfire season
n-unit ducted supply and exhaust $5$ Poor air quality during wildfires, infectious

nnnnnnn

Gr%ﬁ%@p peaver tedeey mreasitnHeaitéing weLL Buidb$HStandard, jgEXbr@sFE@at or cold, power outage, wildfires, | s7

tirhan floodina cevere ctarmece



Resilient Design in Green Building Certification Standards

Enterprise
W oreen

| Ocommunities®

-"'{,{,_ﬁ

LEED RelLli credits

Passive House Institute

Army Corps of Engineers
Enterprise Green Communities
International Green
Construction Code (IgCC)

»+ NGBS Resiliency Badge

i
u

\

- -

Passive House Institute US

o P o o I

Resilience starts with strong, regularly updated, and properly implemented building codes.
- International Code Council (ICC)
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EGC Resilience Credit

9 Vulnerability Assessment

@ Strategies for top 3 risks
identified in Vulnerability
Assessment

Assess
Baseline

ON

Identify and Score
Hazards and
Vulnerabilities

@

Implement
Solutions

Analyze
Risks

Identify
Mitigation
Strategies

Optional | 15 points
. Resilient Communities: Multi-Hazard Risk /Vulnerability Assessment

REQUIREMENTS

Carry out a Vulnerabilities Assessment and implement building elements designed to enable the
project to adapt to, and mitigate, climate impacts given the project location, building /construction
type and resident population. Your Vulnerabilities Assessment should prioritize evaluation of issues
(e.g., wildfires, flooding, etc.) identified in the state or county hazard mitigation plan for which
your project is located. Implement strategies to address at least the top three risk factors identified
for your project. Also ensure that these measures are incorporated in response to Criterion 8.2
Emergency Management Manual.

RATIONALE

Creating affordable housing projects that will perform well during natural disasters requires careful
planning. The exercise of assessing vulnerabilities and creating a plan to mitigate appropriate risks
will result in greater focus on this issue. Engaging in this exercise during the integrative design
process will allow for input from a variety of stakeholders and incorporation of measures that
enhance resilience throughout the project design and construction documents.
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Boulder Housing Partners
www.boulderhousing.org
(720) 5644610
bhpinfo@boulderhousing.org

BOULDER
HOUSING
PARTNERS



