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Introduction

Although climate has always been a key consideration for the design,
construction, and operation of buildings, many professionals assume that future
weather conditions will be similar to what was experienced in the past. Increased
exposure to climate-related hazards like Superstorm Sandy* and ‘Snowvember’
will require practitioners in New York State to reevaluate their standard
practices. Changing climate conditions,? including increases in temperature and
precipitation, the likelihood of climate hazard events such as hurricanes and
tropical storms, flooding, severe storms, winter storms, wildfire, sea-level rise,
heat waves, and pest infestations. Increasing the resilience of buildings in New
York State can reduce the negative impacts of these hazards.

‘Climate Resilience Strategies’ is an umbrella term used to describe the changes
made to a building to improve its performance during climate hazard events.
The implementation of strategies, however, includes more than the physical
application of a material, technique, or technology. Other actions, including
planning, costing, the development of standards, operations, and maintenance
all play an equally important role in the application of building resilience. As a
result, the resilience process is one that involves contributions from multiple
individuals. This document was created to assist in the implementation of these
climate resilience strategies in New York State by making useful resilience
information accessible.

This Climate Resilience Strategies for Buildings in New York State report
builds upon existing documents that assist in the implementation of resilience

strategies, including the USGBC Green Buildings and Climate Resilience
Document# (2011), the USGBC Building Resiliency Task Force Proposals

Document? (2013), and the Enterprise Green Communities Strategies for
Multifamily Building Resilience® document (2015). These documents are

generally geared towards a particular audience. For example, the 2011 USGBC
report is focused on providing information for building professionals, including
architects and engineers, while the 2013 USGBC report is focused on broad
recommendations useful to policymakers and planners.

This report uses the specific information provided in existing strategy
documents and expands the offering to provide general descriptions of climate
resilience strategies that are accessible to all audiences. This document aims to
give readers an overview of climate resilience strategies, while clickable links
within the text allow readers to dig deeper and access more specific information.

All those involved with the building sector, including building owners and
operators, policy makers, planners, architects, and engineers, should play a
role in the implementation of climate resilience. However, each will approach
resilience in a different way, and as a result, will require different types of
information. For example, an architect may need specific design details, while a
building owner may want to explore costs and benefits. This guide attempts to
bridge this gap by providing links to information that would be most applicable
to each of these different groups all within one document. As a result, this
document presents an overview of 25 resilience strategies that are effective at
improving the resilience of buildings in New York State.


https://www.fema.gov/media-library/assets/documents/85922
https://www.dec.ny.gov/docs/administration_pdf/0215consmag4web.pdf
https://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
http://www.usgbc.org/resources/green-building-and-climate-resilience-understanding-impacts-and-preparing-changing-conditi
http://www.usgbc.org/resources/green-building-and-climate-resilience-understanding-impacts-and-preparing-changing-conditi
http://urbangreencouncil.force.com/BuildingResiliency
http://urbangreencouncil.force.com/BuildingResiliency
https://www.enterprisecommunity.org/download?fid=2154&nid=4325
https://www.enterprisecommunity.org/download?fid=2154&nid=4325
https://s3.amazonaws.com/KSPProd/ERC_Upload/0100907.pdf

Strategy Layout

STRATEGY: - BODY
NAME
HEADER
ADDITIONAL
INFORMATION
HEADER

This document identifies 25 strategies that can help improve the climate resilience of buildings in New York State.
Those involved with the building sector, including building owners and operators, policymakers, planners, architects,
and engineers, can use this document as a guide towards understanding how to implement climate resilience strategies.
Each strategy is formatted on a two-page spread that is headed by information, including suggested locations, applicable
hazards, and related strategies. These three pieces of information help readers understand the relationship between the
strategies and the anticipated effects of climate change.

LOCATION

Each ClimAID region? of New York State experiences climate change
differently, and as a result, should apply different resilience strategies. To
provide guidance on where strategies should be applied, the location icon
exhibits high, medium, and low values for each region. For example, building
flood protection has high values in ClimAID Regions 2, 3, 4, and 5 because
these regions have historically experienced the highest frequency of flooding
events.

HAZARDS

Each climate resilience strategy is applicable to multiple climate hazards. If
readers are using this document to learn how they can improve their building’s
flood resilience, they can look at this icon to identify which strategies are
most effective against flooding. Each strategy lists up to three most applicable
HEAT FLOODING hazards: hurricanes/tropical storms, flooding, severe storms, winter storms,
WAVES wildfire, sea level rise, heat waves, and pest infestation. Many strategies,
however, may be applicable to more than three hazards. The information
within the strategy write-up can help the reader determine other hazards to
which the strategy may be applicable.



https://www.nyserda.ny.gov/climaid

RELATED STRATEGIES

Windows
Roof Coverings
Urban Heat Island

This final section of information helps identify the relationship between the
strategies discussed in the document. Climate resilience is most effective when
more than one strategy is applied, so readers may use this information to pair
strategies with one another. For example, if readers are trying to improve their
building’s resilience to heat waves, they may begin with the windows strategy
and then move on to other related strategies including insulation, building
ventilation, and passive building systems.

Building Ventilation
Passive Building Systems
Active Building Systems

BODY

The body of each two-page spread is divided into four sections: Description, Owners and Operators, Policy Makers and
Planners, and Architects and Engineers. Each section provides links to reports, studies, guides, and other sources of
information that may help the reader develop an understanding of the strategy and how it may be applied. The purpose
of this document is to offer readers an introduction to each strategy by providing links to sources of information that go
into more depth about how the strategy can be facilitated or applied. Each strategy is complex and could be applied in
different ways that depend on individual conditions and perspective. As a result, the information is organized within the
four sections to help readers locate the information that is most applicable to them. All readers should begin by reading
the description to understand the basics of the strategy, and then they may jump to their respective section. Readers
may also read through all four sections to develop a complete understanding of each strategy.

DESCRIPTION

This section provides a basic introduction of the strategy and its components by describing anticipated climate and
weather conditions that necessitate the strategy and basic definitions with references. All readers, both professional and
non-professional, should review this section to understand the basic goals and concepts of the strategy.

OWNERS AND OPERATORS

This section is written for those who manage building space, whether they
are owners, renters, or maintenance providers. Information in this section
includes additional strategy definitions, implementation suggestions, and
potential professional contacts.

POLICYMAKERS AND PLANNERS

The information in this section is aimed at any person who is in charge

of writing and enforcing regulations, codes, or plans. Readers can use the
information in this section to direct and justify resilience policy, update
existing building codes, and initiate cost share programs or any other action
that facilitates the implementation of climate resilience.

ARCHITECTS AND ENGINEERS

This section is meant for any person involved with the design process

of buildings and/or building systems. Technical information, including
performance metrics, key design considerations, specifications, and drawing
details, is supplied in this section to provide designers with the information
they need to put resilience into practice.

10



ADDITIONAL INFORMATION

Additional information is provided for each strategy to help readers better understand what the strategies can be
applied to, why they are necessary, and where they have been successful in the past. All readers can use this information
to expand their strategy research into other projects and studies. The examples and sources provided in this section
represent only a small portion of resilience efforts in and around New York State. Readers are encouraged to use these
examples as a starting point for discovering additional examples that may help them with their individual projects.

NYCCSC RESOURCES

Much like this document, NYSERDA’s recently released New York State Climate Change Science Clearinghouse
(NYCCSC)? is a source of information that provides reports, articles, plans, and other climate-related resources that help
professionals and non-professionals identify problems, investigate solutions, and take action. This document lists for
each strategy applicable reports, articles, plans, and other sources that are available through the NYCCSC to help link

existing resilience efforts in New York State.

STRATEGY ORDER

CASE EXAMPLE

Each strategy layout includes two case examples that describe either a past
climate hazard event to which the strategy would be applicable, or an example
strategy implementation. Historic New York State storms like Superstorm
Sandy, Tropical Storm Lee, and Snowvember help justify resilience strategies.
Example projects describe how some buildings in New York State are already
adapting to climate change.

In this document, the strategies are sorted by the primary hazard they address. However, for all strategies, at least one
primary and one secondary hazard are listed. In addition to the six hazards listed below, many strategies also increase

resilience to rising sea levels and winter storms.

Hurricanes/Tropical Storms

Windows

Wind Protection

Emergency Management
Redundant Building Systems

@ Flooding
Neighborhood Flood Protection

Building Flood Protection
Building Systems Flood Protection
Building Foundations

Green Infrastructure

Gray Infrastructure

Q Severe Storms
Roof Covering

Roof Drainage

O

O

Wildfire

Neighborhood Fire Protection
Building Fire Protection

Heat Waves

Insulation

Neighborhood Development
Urban Heat Island

Building Ventilation

Indoor Air Quality

Passive Building Systems
Active Building Systems
Building Operations

Potable Water Systems
Reclaimed Water Systems

Pest Infestation

Integrated Pest Management

1"


https://www.nyclimatescience.org/
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Windows

=

IMPROVING SAFETY AND THERMAL PERFORMANCE

7

LOCATION

-

|
New York Times Building

The use of daylighting and shading
can improve building performance
by regulating solar radiation and
providing light.

e N
ARRASEES : i, =

= RN

‘;’LLL//;MH

The New York Times Building

in NYC (ClimAID Region 4)

uses daylighting and automated
shading to help improve the

energy efficiency in the building.
These strategies, coupled with its
air distribution system, greatly
reduced the energy consumption for
lighting and maintaining thermal
comfort. A post-occupancy report*
discusses the successes of the
system and some potential areas for
improvement, such as individual
user adjustment for controlling solar
shading systems.

14

HAZARDS

HURRICANES /
TROPICAL STORMS

RELATED STRATEGIES

Wind Protection

Building Fire Protection
Insulation

Building Ventilation
Indoor Air Quality
Passive Building Systems

® &

SEVERE
STORMS

HEAT
WAVES

DESCRIPTION

According to Responding to Climate Change in New York State, rising
temperatures' increase the likelihood and severity of climate hazards including
heat waves, winter weather, and pest infestations. Windows play an important
role in minimizing the negative effects of these hazards on buildings by
improving lighting, thermal performance, emergency egress, and building
occupant comfort. According to the NIBS Whole Building Design Guide, high-
performance, energy-efficient windows and glazing systems can reduce energy
consumption by reducing heat transfer through the window elements? and by
reflecting unwanted solar radiation.

Integrating daylighting systems3 into building design improves building
performance through heat gain and loss, reduced glare, and reflectance.
Increased reliance on daylighting reduces dependence on electrical systems that
can fail during heat waves and other climate hazard events. Additional tactics,
including shading devices, can be integrated into window design to help reduce
temperature-related climate impacts,* including overheating during heat waves.

OWNERS AND OPERATORS

Older homes and commercial buildings may be particularly susceptible to
climate change impacts due to less efficient building materials and systems.
According to the DOE, properly installed energy efficient windows5 can reduce
heating and cooling loads and the need for electric lighting. Caulking® and
weather stripping can help improve the performance of existing windows by
reducing the amount of heat transfer through windows.

The National Fenestration Rating Council” provides information for consumers
on the properties of glazing and what to look for when selecting windows.
Understanding U-factor,® the rate of heat loss through a product, and Solar Heat
Gain Coefficient,? the rate of heat gain from solar energy passing through the
window, is important for understanding window performance. Windows must
also be designed and installed to prevent moisture and water'® from entering the
building, which could otherwise cause mold growth and poor indoor air quality
during and after hurricanes, tropical storms, and severe storms.


http://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
http://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
https://www.wbdg.org/resources/windows.php
https://www.wbdg.org/resources/daylighting
https://www.usgbc.org/resources/green-building-and-climate-resilience-understanding-impacts-and-preparing-changing-conditi
http://www.energy.gov/energysaver/energy-efficient-windows
http://energy.gov/energysaver/caulking
https://nfrccommunity.site-ym.com/?page=FactSheets
https://c.ymcdn.com/sites/nfrccommunity.site-ym.com/resource/resmgr/factsheets_2013/u-factorfactsheet2.pdf
https://c.ymcdn.com/sites/nfrccommunity.site-ym.com/resource/resmgr/factsheets_2013/solarheatgain2.pdf
https://c.ymcdn.com/sites/nfrccommunity.site-ym.com/resource/resmgr/factsheets_2013/solarheatgain2.pdf
http://buildingscience.com/documents/guides-and-manuals/gm-residential-water-management-details/view
https://windows.lbl.gov/sites/default/files/lbnl-6023e.pdf

|
Financing Options

NYSERDA offers a variety of
programs and services for funding
energy efficiency improvements.

There are two different loan options
to help New York residents? pay the
upfront cost of energy efficiency and
renewable energy improvements.
Offered by NYSERDA, On-Bill
Recovery Loans allow borrowers

to pay through their utility bill,
while the Smart Energy Loan is
paid monthly by check. Programs
like these can help New York State
residents upgrade to higher quality
windows.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

The increased likelihood of extreme temperatures that are expected as a result
of climate change is a particular threat to vulnerable populations'® with pre-
existing health, economic, and/or social concerns. Ensuring effective and
efficient living conditions can help improve and maintain quality of life in all
areas of New York State. The NYC Building Resilience Task Force'* recommends
operable windows in all residential buildings so that natural ventilation can
provide cooling when active building systems are unable to do so.

There are a number of programs that fund weatherization efforts such as
window replacements. Refer to the Database of State Incentives for Renewables
and Efficiency,# which lists programs and incentives that can help offset the
cost of window replacements. Some of these programs provide rebates and

tax credits, including the DOE Weatherization Assistance Program,' which
helps low-income families. Communities should actively educate residents and
encourage them to take advantage of these programs to reduce the negative
impacts of climate hazards.

ARCHITECTS AND ENGINEERS

According to Building Resilience in Boston, windows play a major role in many
resilience strategies,® including daylighting and high-performance glazing
systems that manage thermal comfort. Climate considerations identified by the
Efficient Windows Collaborative can help designers understand how orientation,
area, and shading can impact window performance in different climate zones.

The Lawrence Berkeley National Laboratory provides useful tips for daylighting
in a reference guide for commercial projects®® as well as a guidebook for
daylighting systems and components®to help designers effectively use
daylighting and efficient window design. The New Buildings Institute and
Integrated Design Labs maintain the Daylighting Pattern Guide®° to help
designers evaluate the best daylighting strategies for their projects. Designers
need to consider daylight and ventilation through window design in all building
types to reduce the reliance on electric lighting and mechanical cooling systems.
Taking advantage of daylighting can assist in meeting requirements for interior
lighting electrical allowances in the New York State Energy Code and increase
passive survivability.*

1. Designing for a Moving Target: Adapting Our Buildings to a Changing Climate:*3 Impacts of climate change on
buildings and design considerations to respond to a changing climate.

2. NARCCAP Temperature Projections:?4 Projected changes in minimum, average, and maximum temperatures
summarized by county and watershed.

3. A New Modeling Approach to Forecast Building Energy Demands During Extreme Heat Events in Complex
Cities:* A study describing how heat waves may increase energy consumption as demand for cooling grows.
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http://www.nap.edu/read/13115/chapter/9
http://urbangreencouncil.org/content/projects/building-resilency-task-force
http://programs.dsireusa.org/system/program?zipcode=14226
http://programs.dsireusa.org/system/program?zipcode=14226
http://energy.gov/eere/wipo/weatherization-assistance-program
https://www.architects.org/sites/default/files/Building_Resilience_in_Boston_SML_0.pdf
https://www.architects.org/sites/default/files/Building_Resilience_in_Boston_SML_0.pdf
http://www.efficientwindows.org/downloads/ColdDesignGuide.pdf
https://pubarchive.lbl.gov/islandora/object/ir%3A130487/datastream/PDF/view
https://pubarchive.lbl.gov/islandora/object/ir%3A130487/datastream/PDF/view
https://facades.lbl.gov/daylight-buildings-source-book-daylighting-systems
http://patternguide.advancedbuildings.net/
https://www.epa.gov/sites/production/files/2015-09/documents/terry_brennan_0.pdf
https://www.nyclimatescience.org/catalog/n83851?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n83851
https://www.nyclimatescience.org/catalog/n4348?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n4348
http://www.nyserda.ny.gov/All-Programs/Programs/Residential-Financing-Options
http://www.nyserda.ny.gov/All-Programs/Programs/Residential-Financing-Options
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The Adirondack Derecho

Extreme wind events can cause
significant damage in a short period
of time.

r
o

‘E;,

In July 1995, a very severe wind
storm crossed Upstate New York
and caused significant building
damage. Wind speeds were
estimated to be 100 miles per

hour or greater? in some areas of
Jefferson and St. Lawrence Counties
(Region 7). According to NOAA, this
derecho, or fast-moving wind storm,
caused almost $190 million worth of
damage to structures and vehicles in
only a four-hour period.
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DESCRIPTION

This strategy helps buildings withstand extreme winds common in climate
hazards including hurricanes, and severe storms such as tropical and winter
storms. The frequency and intensity of hurricanes* have increased since 1980,
putting buildings in coastal areas at an increased risk of significant structural
damage. The third National Climate Assessment states that other extreme wind
events, including nor’easters and thunderstorms, may increase in frequency and
intensity,? affecting those who live in non-coastal areas.

Although extreme wind events such as hurricanes and tropical storms do not
occur throughout New York State, gusts of wind as low as 30 miles per hour can
cause serious building damage throughout the State.? Damage can be caused

by the direct force of the wind and by the debris that has been picked up by

the wind, including building materials, traffic signs, and equipment. Proactive
efforts that improve building resilience can help reduce the amount of damage
these events inflict on buildings in all regions of New York State.

OWNERS AND OPERATORS

When addressing wind protection, homeowners should first review FEMA’s
Avoiding Wind Damage Checklist4 and assess the existing quality of their home.
After understanding what improvements can be made, homeowners should
then review the documents in FEMA’s Protect Your Property from High Windss
collection to learn more about how to make improvements. It is also worthwhile
to review FEMA’s Wind Retrofit Guide for Residential Buildings® before starting
a wind protection renovation.

FEMA has multiple resources that help business owners improve wind
protection in their buildings. In addition to the sources listed above, the
Protecting Your Home or Small Business from Disasters’” document can help
guide improvements, while the Benefit-Cost Analysis Tool® can help analyze the
benefits and costs of climate resilience strategies. Understanding the areas that
need improvement, the strategies that can provide protection, and the potential
costs of improvement is an important part of any resilience effort.


http://nca2014.globalchange.gov/report/our-changing-climate/changes-hurricanes
http://nca2014.globalchange.gov/
http://nca2014.globalchange.gov/
http://disastersafety.org/ibhs/commercial-roofs-flashing-coping/
https://www.sussexcountyde.gov/sites/default/files/PDFs/avoid_wind_damage.pdf
http://www.fema.gov/media-library/assets/documents/13270
http://www.fema.gov/media-library-data/20130726-1753-25045-2304/508versioncombined_804.pdf
https://training.fema.gov/emiweb/is/is394a/is 394a_complete.pdf
http://www.fema.gov/benefit-cost-analysis
http://www.spc.noaa.gov/misc/AbtDerechos/casepages/jul1995derechopage.htm
http://www.spc.noaa.gov/misc/AbtDerechos/casepages/jul1995derechopage.htm

NYS Code Amendments

Building codes must be constantly
updated to reflect anticipated wind
speed projections.

The New York City Special Initiative
for Rebuilding and Resilience
report titled A Stronger, More
Resilient New York?® recommends
that local policy makers mandate

climate resilience in building design.

Initiative 6 calls for amendments
to the New York City Building
Code and the completion of studies
to improve wind resilience in

new and substantially improved
buildings. The city also recognizes
that code minimums can withstand
only Category 3 hurricane wind
speeds and is looking to improve
these requirements as part of the
initiative.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Policy makers and planners within communities that experience severe
windstorms in all regions of New York State should reference FEMA’s Local
Officials Guide for Coastal Construction.”® Section 2.2 of this document discusses
wind hazards such as windborne debris, rainfall penetration, and positive

and negative pressure buildup that can lead to roof uplift and building failure

in all areas that experience high winds, not just those in coastal areas. Once
communities understand the local risks and impacts of extreme wind events,
they can incorporate effective wind resilience into local hazard mitigation plans®
to guide both preparation and response efforts.

FEMA offers a number of grant programs' that can assist policy makers and
planners in educating and preparing communities for the impacts of high-wind
events. Individual homeowners cannot directly apply to FEMA for funding, so
local governments and officials must apply's on their behalf. Once funding is
established, Chapter 15 of FEMA’s Coastal Construction Manual* describes wind
retrofit mitigation packages that can assist resilience improvements in all wind-
prone areas of New York State.

ARCHITECTS AND ENGINEERS

Designers can form a better understanding of the wind loads experienced by
buildings with the AIA’s Buildings at Risk: Wind Design Basics for Practicing
Architects® guide. The document provides recommended details for both
residential and commercial low-, mid-, and high-rise buildings developed from
wind impact studies and material reviews. National standards including ASTM E
1886 13a, ASTM E 1996 14a, ASTM E 2112-07 (2016), and ASTM E 330 provide
performance expectations for building elements exposed to wind impacts such
as windows, exterior doors, skylights, and garage doors.

Other technical resources for contractors and designers include the Resilient
Design Guide for High-Wind Wood Frame Construction,”” which provides
information on how to make residential buildings more resilient to high
winds. Critical facilities such as hospitals, schools, fire and police stations,

and emergency operation centers are instrumental in ensuring the safety and
security of communities during climate hazard events, and they should be
constructed to provide safety during high-wind events.'® For use in retrofitting
both residential buildings and critical facilities, FEMA completed a Mitigation
Assessment Team Report* after Superstorm Sandy that documents building
failures due to impacts such as high winds. The lessons learned from Superstorm
Sandy can help building professionals understand how to better prepare the
building stock for high winds and airborne debris.

1. Monitoring and Understanding Changes in Extremes: Extratropical Storms, Winds, and Waves:?' A scientific
assessment examining cold season climate extremes in U.S. coastal regions.

2. National Hurricane Center:*? Source for up-to-date information on hurricanes.
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http://www.fema.gov/media-library-data/20130726-1706-25045-9843/logcc_rev1.pdf
http://www.fema.gov/media-library-data/20130726-1706-25045-9843/logcc_rev1.pdf
http://www.dhses.ny.gov/recovery/mitigation/documents/2014-shmp/Section-4-Mitigation-Strategy.pdf
http://www.fema.gov/pre-disaster-mitigation-grant-program
http://disastersafety.org/wp-content/uploads/2016/06/FEMA-Wind-Retrofit-Guide-for-Residential-Buildings-P-804-and-IBHS-FORTIFIED-Home.pdf
http://www.fema.gov/media-library-data/20130726-1510-20490-1986/fema55_volii_combined_rev.pdf
http://faculty.arch.tamu.edu/media/cms_page_media/4348/NS15-1wind_3.pdf
http://faculty.arch.tamu.edu/media/cms_page_media/4348/NS15-1wind_3.pdf
http://compass.astm.org/CUSTOMERS/index.html
http://compass.astm.org/CUSTOMERS/index.html
http://flash.org/resilientdesignguide.pdf
http://flash.org/resilientdesignguide.pdf
http://www.fema.gov/media-library/assets/documents/8811
http://www.fema.gov/media-library-data/1386850803857-025eb299df32c6782fdcbb6f69b35b13/Combined_Sandy_MAT_Report_508post.pdf
http://www.fema.gov/media-library-data/1386850803857-025eb299df32c6782fdcbb6f69b35b13/Combined_Sandy_MAT_Report_508post.pdf
https://www.nyclimatescience.org/catalog/n3577?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n3577
https://www.nyclimatescience.org/catalog/n10057?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n10057
http://www.nyc.gov/html/sirr/html/report/report.shtml
http://www.nyc.gov/html/sirr/html/report/report.shtml

LOCATION

Federal Transit Authority

Affecting one-third of the nation’s
riders, Superstorm Sandy was the
greatest transit disaster in U.S.
history.

In 2013, the Federal Transit
Authority and FEMA signed a
Memorandum of Agreement

outlining how to distribute federal
assistance for public transportation
after a Presidential Disaster
Declaration has been made.
Stemming from the unprecedented
damage to one of the world’s

most used infrastructure systems
caused by Superstorm Sandy,

this agreement aims to reduce
recovery time in areas where public
transportation is a necessity for
everyday life.
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RELATED STRATEGIES

Neighborhood Flood Protection
Neighborhood Fire Protection
Building Fire Protection
Neighborhood Development
Urban Heat Island

Potable Water Systems

WINTER FLOODING

DESCRIPTION

While emergency management is crucial to all hazards, it applies to hurricanes,
winter storms, and floods in particular due to their severity and increased
likelihood* as a result of climate change. Emergency management? can help
prepare communities for such events and reduce the amount of damage they
cause by preparing the community for the impacts of climate hazard events. The
Strategic Foresight Initiative explains that climate change is a necessary concern
for emergency managers? as they face the critical challenges of climate hazards.

Emergency management is critically important in buildings that contain
vulnerable populations.# Building occupants including school-aged children
and the elderly may require additional assistance during emergencies, such as
alternative evacuation routes, areas of refuge, and back-up supplies of food and
medical equipment. Proper emergency management for all populations requires
up-to-date information, redundant systems, and organization. These tactics

are especially useful in dense urban areas’ when high concentrations of the
population may be exposed to a hazard. In these areas, access to supplies can be
restricted during these hazard events, emphasizing a need for preparedness.

OWNERS AND OPERATORS

Homeowners and renters can be active participants in the emergency
preparedness of their communities. The Citizen Preparedness Corps® provides
information, training sessions, and preparedness kits to help reduce recovery
time after hazard events. The New York State Office of Emergency Management
also provides information and links for residents,” including the latest news and
public alerts. Building owners, operators, and managers should align individual
emergency responses with community responses, including response protocols
and evacuation routes to ensure effective emergency management.

Since buildings often provide protection during climate hazard events, building
owners and operators must ensure their buildings are prepared to respond.
Buildings must be prepared to provide and protect critical life elements such as
emergency food supplies,® which should be able to last for at least three days.
FEMA has information on emergency food and water supplies? that provides
guidance on how to prepare and protect supplies during extreme hazard events.
Local planners and policy makers in New York State should develop cohesive
emergency management plans that reflect and respond to the specific levels of
sensitivity and exposure in their area.



https://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
https://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
https://training.fema.gov/hiedu/docs/emprinciples/0907_176%20em%20principles12x18v2f%20johnson%20(w-o%20draft).pdf
http://www.fema.gov/pdf/about/programs/oppa/climate_change_paper.pdf
http://www.fema.gov/pdf/about/programs/oppa/climate_change_paper.pdf
http://www.psr.org/assets/pdfs/vulnerable-populations.pdf
http://www.training.fema.gov/hiedu/downloads/ijems/articles/integrating city planning and emergency preparedness some of.pdf
http://prepare.ny.gov/
http://www.dhses.ny.gov/oem/
http://emergency.cdc.gov/preparedness/kit/food/index.asp
http://www.fema.gov/pdf/library/f%26web.pdf
https://www.transportation.gov/briefing-room/federal-transit-administration-federal-emergency-management-agency-sign-agreement

NYS Thruway Authority

Stranded vehicles on highways
during major snow storms create
problems for snow removal crews.

Following the 2014 “Snowvember”
storm in Western New York
(ClimAID Region 1), where
hundreds of vehicles and people
were stranded on highways after
more than six feet of snowfall, the
New York State Thruway Authority
implemented 16 emergency gates at
entrances to Interstate-190 in Erie
County. The purpose of the gates is
to remove all traffic from highways
during violent storms to improve
the efficiency of snow removal and
significantly reduce community
recovery time. The New York State
Department of Transportation has
installed additional gates along U.S.
Route 219 and other local highways
throughout Erie County.2?

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

FEMA provides a Whole Community Approach Guide™ that can help planners
understand the complex issues associated with emergency management. This
document can be paired with FEMA’s Comprehensive Preparedness Guide,
which identifies critical processes and actions that should be included in all
emergency management plans including plan integration and plan maintenance.
When developing these plans, local planners and policy makers should refer to

the New York State Comprehensive Emergency Management Plan' to ensure
their plan aligns with current State-level response protocols.

Planners should also understand the important roles certain building types play
in responding to emergencies and their potential, by exceeding the minimum
building code requirements, to protect vulnerable populations, including
children and the elderly. As a building type present in all urban and rural
communities, schools can serve as centers of refuge during emergencies. NOAA
developed a guide for developing school weather emergency plans' that could be
used for reviewing and updating existing emergency plans and building codes.
The American Health Care Association and the National Center for Assisted
Living provide similar information that guides nursing homes® as the elderly
prepare to shelter in place during weather emergencies. Public safety officials
on local, State, and national levels are able to broadcast emergency alerts'® and
information through Wireless Emergency Alerts, the Emergency Alert System,
and NOAA Weather Radio.

ARCHITECTS AND ENGINEERS

One of the critical roles building professionals play in managing responses

to emergencies is the organized execution of building assessments? after
extreme hazard events. After critical hazard events, FEMA develops Mitigation
Assessment Team*® reports in order to gain a better understanding of how
buildings and systems were able to respond. Local professionals should consider
performing similar assessments after small and medium-sized storms to develop
more localized information on how buildings could perform better. The Red
Cross has a Detailed Evaluation Safety Assessment Form® that can be used to
develop a checklist that assesses damage experienced by buildings.

After performing assessments, building professionals should respond to
damages that were recorded with applicable resilience strategies that strengthen
areas that have failed. The United States Department of Homeland Security
developed a National Infrastructure Protection Plan° that addresses the
damages assessed after extreme hazard events. The AIA also provides additional
disaster assistance® for responding to and preparing for extreme hazard events.

1. Philadelphia Office of Emergency Management:23 Useful information for residents on responding to floods,
extreme heat, hurricanes, and droughts.

2. Emergency Managers’ Guide to Communicating Coastal Storm Risks:?# A resource that explains
the importance of communication before, during, and after climate hazard events.

3. Finding a Cooling Center:?> The New York City Office of Emergency Management’s website for assisting
residents during periods of extreme heat.
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https://www.fema.gov/media-library-data/20130726-1813-25045-0649/whole_community_dec2011__2_.pdf
https://www.fema.gov/media-library-data/20130726-1828-25045-0014/cpg_101_comprehensive_preparedness_guide_developing_and_maintaining_emergency_operations_plans_2010.pdf
http://www.dhses.ny.gov/oem/radiological/documents/2016-REP-Plan.pdf
http://www.weather.gov/media/aly/School Weather Safety Plan.pdf
https://www.ahcancal.org/facility_operations/disaster_planning/Documents/SIP_Guidebook_Final.pdf
https://www.ready.gov/alerts
https://store.aia.org/products/architects-handbook-of-professional-practice-15th-edition?variant=28634405121
https://www.fema.gov/fema-mitigation-assessment-team-mat-reports
https://www.fema.gov/fema-mitigation-assessment-team-mat-reports
http://www.ifrc.org/PageFiles/95761/C.01.08.a Detailed evaluation safety assessment form.pdf
https://www.dhs.gov/xlibrary/assets/NIPP_Plan.pdf
http://www.aia.org/disaster-assistance/index.htm
https://www.nyclimatescience.org/catalog/n3056?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n3056
https://www.nyclimatescience.org/catalog/n14581?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n14581
https://www.nyclimatescience.org/catalog/n26952?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n26952

Building Systems

PROVIDING BACKUP FOR VITAL BUILDING SYSTEM OPERATIONS
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Superstorm Sandy

Redundant systems reduced the
recovery time for some offices in
New York City.

Offices with protected backup
systems and equipment had shorter
downtimes after Superstorm Sandy
than offices that left their systems
and equipment vulnerable to
flooding. A PlaNYC report’ produced
after the storm, titled A Stronger,
More Resilient New York, identified
one office that was equipped with
redundant systems including raised
generators and standby pumps,

and another office that did not have
redundant systems. The office with
redundant systems restored service
within one day of the storm, while
the other office remained out of
service for nearly two weeks.
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DESCRIPTION

Climate change has the potential to severely affect building and infrastructural
systems through extreme climate hazards including winter weather, heat waves,
and hurricanes. Responding to Climate Change in New York State explains
there is an urgent need to understand the factors that affect the vulnerability of
residents, the economy, and ecosystems.! Ensuring resilient building systems
through redundancy increases the likelihood that buildings will be able to
support these vulnerabilities and function during climate hazard events.

The purpose of redundancy is to ensure that critical building systems such as
electrical power, wastewater processing, food and potable water, and heating
and cooling remain available in the event that a system is compromised.
Redundancy may reduce overall efficiency, but it is necessary to increase
resilience? and prevent negative impacts from system failures. According to
the USGBC Green Building and Climate Resilience3 report, redundant systems
including multiple compressors, boilers, and batteries improve resilience by
decreasing the likelihood of complete system failure.

OWNERS AND OPERATORS

Building owners and operators have a responsibility to ensure their buildings
are safe and habitable for occupants and tenants. The Building Resiliency

Task Force explains that power failures can be detrimental to potable water
availability# in buildings that rely on pumps to supply higher floors, such as in
New York City. Faucets that use city water main pressure located in common
spaces can be made available to residents if a power failure disables individual
supply pumps. According to Building Resilience in Boston, critical system back-
up maintenance’ should be prioritized in building design and in operation and
maintenance plans, completed with backup renewable power generation and
battery systems to ensure that systems can respond to local climate issues.

According to the Resilient Design Institute, owners and operators should

seek local solutions and expertise to solve problems.® Implementing resilient
strategies is an incremental process, so owners should implement with
professional assistance what is feasible in the short term and then work to
systematically improve resilience through a series of planned steps. This is
important for redundant systems because of their potentially high upfront costs.



http://www.nyserda.ny.gov/climaid
http://www.nyserda.ny.gov/climaid
http://www.resilientcity.org/index.cfm?pagepath=Resilience/Resilient_Design_Principles&id=11900
http://www.resilientcity.org/index.cfm?pagepath=Resilience/Resilient_Design_Principles&id=11900
http://www.usgbc.org/resources/green-building-and-climate-resilience-understanding-impacts-and-preparing-changing-conditi
http://urbangreencouncil.org/content/projects/building-resilency-task-force
http://urbangreencouncil.org/content/projects/building-resilency-task-force
https://www.architects.org/sites/default/files/Building_Resilience_in_Boston_SML_0.pdf
https://www.architects.org/sites/default/files/Building_Resilience_in_Boston_SML_0.pdf
http://www.resilientdesign.org/the-resilient-design-principles/
http://s-media.nyc.gov/agencies/sirr/SIRR_spreads_Lo_Res.pdf

POLICYMAKERS AND PLANNERS

— Policy makers and planners can improve community-wide resilience by

The Resilient Power Hub using policy to support redundancy and universal design in critical facilities.
FEMA'’s Superstorm Sandy in New Jersey and New York Building Performance
Observations, Recommendations, and Technical Guidance explains how
disruptive large storms can be® by describing how hospitals were forced to close
after losing mechanical equipment to flooding. Enacting policies that encourage
redundancy in building systems, including a requirement for providing
alternative energy sources,” will help critical facilities, such as hospitals and
emergency response centers, remain operational during climate hazard events.

Back-up electrical systems can
reduce or eliminate recovery time
following climate hazard events.

Universally designed urban space can also help make communities more
resilient by taking the needs of pedestrians, cyclists, automobile drivers,

and transit users into account at the same time in order to create redundant
evacuation and emergency service routes. To assist in this effort, the IDEA
Center at the University at Buffalo released a resource to help communities
evaluate complete streets initiatives? that can help add redundant means of
travel along evacuation routes. Other IDEA resources, including the Universal

The Resilient Power Hub is an on- Design New York' document, can help professionals make their cities
site energy generation system?' universally accessible" and improve evacuation and emergency service routes
that provides power through the within and around buildings.

combined use of solar photovoltaic

energy storage and cogeneration for ARCHITECTS AND ENGINEERS
use as an emergency energy supply.

The system reduces building energy Redundant building systems reduce the likelihood of a building shutdown
costs by offsetting electric and gas and provide the opportunity to repair one system while the other is being
energy consumption while providing maintained. The Resilient Design Institute lists strategies for more resilient
energy to critical building systems building systems,® including reducing the dependence on complex building
during power outages. The power controls and systems and allowing for manual overrides during power outages.
hub received prototype funding To ensure all building occupants have access to building systems, the IDEA
from the New York City Economic Center at the University at Buffalo published resources for designers that
Development Corporation and is provide evidence-based information'? that may not be covered by accessibility
currently being used in three NYC standards, including universal access to building system controls.

commercial facilities. . . .
FEMA’s Emergency Power Systems for Critical Facilities: A Best Practices

Approach to Improving Reliability describes strategies for including redundancy
in building systems.’®» FEMA also released a Design Guide for Improving Critical
Facility Safety from Flooding and High Winds,* which describes redundant
building systems strategies, including multiple power feeds that allow for
maintenance and repair without disruption even during climate hazard events.
These guides can help building professionals include redundant systems in
building design and operation.

NYCCSC RESOURCES

1. Rebuild by Design:*® A pioneering program with new ways to design, fund, and implement resilient strategies
and projects.

2. Electrical Blackouts: A Systemic Problem:” An article on the causes of electrical blackouts and what can be done
to reduce their frequency.
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http://www.fema.gov/media-library-data/1386850803857-025eb299df32c6782fdcbb6f69b35b13/Combined_Sandy_MAT_Report_508post.pdf
http://www.fema.gov/media-library-data/1386850803857-025eb299df32c6782fdcbb6f69b35b13/Combined_Sandy_MAT_Report_508post.pdf
http://s-media.nyc.gov/agencies/sirr/SIRR_spreads_Lo_Res.pdf
http://s-media.nyc.gov/agencies/sirr/SIRR_spreads_Lo_Res.pdf
http://udeworld.com/dissemination/publications.html
http://idea.ap.buffalo.edu/Publications/pdfs/udny1.pdf
http://idea.ap.buffalo.edu/Publications/pdfs/udny1.pdf
http://idea.ap.buffalo.edu/Publications/pdfs/udny2.pdf
http://idea.ap.buffalo.edu/Publications/pdfs/udny2.pdf
http://www.resilientdesign.org/resilient-design-strategies/
http://www.resilientdesign.org/resilient-design-strategies/
http://udeworld.com/dissemination/design-resources.html
https://www.fema.gov/media-library-data/1424214818421-60725708b37ee7c1dd72a8fc84a8e498/FEMAP-1019_Final_02-06-2015.pdf
https://www.fema.gov/media-library-data/1424214818421-60725708b37ee7c1dd72a8fc84a8e498/FEMAP-1019_Final_02-06-2015.pdf
http://www.fema.gov/ar/media-library/assets/documents/8811
http://www.fema.gov/ar/media-library/assets/documents/8811
https://www.nyclimatescience.org/catalog/n16150?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n16150
https://www.nyclimatescience.org/catalog/n4468?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n4468
http://www.naiop.org/en/Magazine/2015/Fall-2015/Business-Trends/Resilient-Power-Hubs.aspx
http://www.naiop.org/en/Magazine/2015/Fall-2015/Business-Trends/Resilient-Power-Hubs.aspx
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Breezy Point Flooding

Flooding during Superstorm Sandy
restricted emergency crews’ access.

In 2012, more than 130 homes were
burned to the ground in the Breezy
Point neighborhood of Queens
(ClimAID Region 4). Flooding from
Superstorm Sandy blocked roads
entering the neighborhood, which
prevented emergency responders
from accessing the fires and limiting
the damage. In 2013, the New York
Rising Community Reconstruction

Program developed a reconstruction

plan® that emphasizes flood
preparedness and response through
strategies such as establishing

and fortifying safe buildings and
evaluating response plans. Many
communities in New York, including
Breezy Point,* have since adopted
the plan.
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Emergency Management
Building Flood Protection
Building Systems Flood Protection
Green Infrastructure

Gray Infrastructure
Neighborhood Development

RISING HURRICANES /
SEA LEVELS TROPICAL STORMS

DESCRIPTION

Flooding' is the most frequent and most costly natural disaster in the United
States, accounting for up to 90% of all natural disasters. With a changing
climate, current flood zone delineations are becoming less reliable, as 25% of all
flood insurance claims come from low- to moderate-risk areas across New York
State. Coastal and riverine flooding? seriously threatens environmental, social,
and economic systems in New York State neighborhoods and cities.

Neighborhood flood protection helps communities prepare for the collective
impacts of flooding hazard events. Extreme precipitation events and sea level
rise? can overflow drainage systems and waterways with stormwater runoff,
which can leave neighborhoods without access to emergency services and critical
facilities. Rising sea levels also increase the severity of storm surge in coastal
areas. The DEC* provides information on preparing for flooding in both coastal
and riverine areas.

OWNERS AND OPERATORS

Knowing how to prepare and responds is critical for securing safety during

flood hazard events. FEMA provides guides to help business owners® and
homeowners’identify flood preparedness actions such as disaster procedures,
emergency communications plans, and insurance policies. Flood insurance can
help reduce cost after a flooding hazard event, but using flood insurance maps®
to develop an understanding of expected flood levels can assist in preemptively
avoiding damage. However, with sea levels expected to rise, communities within
coastal areas? and along the Hudson River' should consider using projected
flood maps to more accurately represent future flooding conditions.

Neighborhood flood protection is achieved through a collective of individual
flood resilience efforts. The reconstruction plan for Red Hook" is an example

of how to use local community resources for resilience planning. Community
members may also look towards the NOAA Sea Grant’s Coastal Storm Awareness
Program* and its funded projects that seek to identify, assess, and forecast flood
response behaviors in coastal communities in and around New York State.
Neighborhood flood protection begins with an understanding of the
community’s current flood vulnerability. NYSERDA offers a floodplain
projection tool* that maps out potential zones and impacts of future sea level
rise, storm surge, and flooding to help policy makers respond to these hazards.



http://www.aces.edu/eden/documents/FloodHistoryandCauses-final.pdf
http://s3.amazonaws.com/nca2014/low/NCA3_Full_Report_16_Northeast_LowRes.pdf?download=1http://s3.amazonaws.com/nca2014/low/NCA3_Full_Report_16_Northeast_LowRes.pdf?download=1
http://nca2014.globalchange.gov/report/our-changing-climate/sea-level-rise
http://nca2014.globalchange.gov/report/our-changing-climate/sea-level-rise
http://www.dec.ny.gov/lands/93118.html
https://www.ready.gov/floods
https://www.fema.gov/media-library-data/1510690310680-1e6c4874b251c3022ac4b57b0369e2da/Inland_Flooding_Ready_Business_Toolkit_Interactive_Final_508.pdf
https://www.fema.gov/media-library-data/1409002852888-3c5d1f64f12df02aa801901cc7c311ca/how_to_prepare_flood_033014_508.pdf
https://www.floodsmart.gov/why/all-about-flood-maps
http://www.arcgis.com/home/webmap/viewer.html?webmap=5bb5c88fce9f41a99ca4bd46413d253d
http://www.ciesin.columbia.edu/hudson-river-flood-map/
https://stormrecovery.ny.gov/sites/default/files/crp/community/documents/redhook_nyrcr_plan_20mb_0.pdf
http://seagrant.sunysb.edu/articles/t/noaa-and-sea-grant-s-coastal-storm-awareness-program-about-coastal-processes-hazards-news
http://seagrant.sunysb.edu/articles/t/noaa-and-sea-grant-s-coastal-storm-awareness-program-about-coastal-processes-hazards-news
http://services.nyserda.ny.gov/SLR_Viewer/About
http://services.nyserda.ny.gov/SLR_Viewer/About
https://stormrecovery.ny.gov/nyrcr/final-plans
https://stormrecovery.ny.gov/nyrcr/final-plans
https://stormrecovery.ny.gov/sites/default/files/crp/community/documents/breezy_point_conceptual_plan.pdf
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Flood Awareness Program

Awareness and understanding of
risk can reduce negative impacts.

To help raise awareness about the
issue of flooding in its community,
the Town of Amherst, NY (ClimAID
Region 1) sends annual letters® to
residents who are vulnerable to the
effects of flooding. These letters
contain updated information on
flood insurance, flood protection
strategies, and warning systems.
The letter also includes updated
FEMA flood maps to ensure that

all citizens are aware of potential
flooding locations. These letters are
provided by the Town of Amherst’s
Building Department,?® which has a
page dedicated to Flood Protection
on its website. Amherst also takes
part in the National Flood Insurance
Program Community Rating
System.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

The EPA offers a Flood Resilience Checklist' to assess and improve flood
resilience in areas that are at risk. The EPA also developed a guide that
addresses smart growth approaches for disaster resilient communities” that are
exposed to flooding. Communities looking to better prepare for flood hazards
and protect their neighborhoods can enroll in the National Flood Insurance
Program’s Community Rating System,® which encourages the use of floodplain
management activities that go beyond National Flood Insurance Program
minimum requirements.

After major flooding occurred in coastal neighborhoods around New York
City and New Jersey during Superstorm Sandy, the NYC Building Resiliency
Task Force'® recommended using precise language to clarify construction
requirements and renovation strategies in flood zones. FEMA also published
a guide for communities® to coordinate responses to both large-scale and
small-scale floods. These resources can be used to help direct preparation and
response after a community understands its potential for flooding.

ARCHITECTS AND ENGINEERS

FEMA’s Home Builder’s Guide to Coastal Construction® fact sheets provide
technical guidance for designing and constructing flood-resilient communities,
including information on how building elevation and enhanced freeboard can
reduce damage during floods. More in-depth information on hazards, risk
management, and maintenance practices for residential buildings in coastal
environments is provided in FEMA’s Coastal Construction Manual.??

Project teams can use the Hazus Multi-Hazard Flood Model* to assess coastal
and riverine flood risks and estimate potential damage, and use FEMA’s Flood
Map Service Center® to search for flood zone maps by address and understand
local community flood risks. After Superstorm Sandy, FEMA released a
Mitigation Assessment Team Report?> that documents observations made during
field visits following the storm, a synthesis of the failures in flood preparation,
and recommendations for making improvements. The DEC Stormwater
Management Design Manual®® builds on this information and describes ways in
which green infrastructure can help control stormwater and decrease flooding
issues in communities.

1. Designing for Flood Risk:?9 A report that identifies key design principles to guide flood resistant construction in

urban areas.

2. Extreme Precipitation in New York and New England:3° A website that allows users to view and download

extreme precipitation data.

3. FEMA Flood Hazards:3* The FEMA National Flood Hazard GIS Layer dataset.
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https://www.epa.gov/sites/production/files/2014-07/documents/flood-resilience-checklist.pdf
https://www.epa.gov/sites/production/files/2014-07/documents/vermont-sgia-final-report.pdf
https://www.fema.gov/national-flood-insurance-program-community-rating-system
http://urbangreencouncil.org/sites/default/files/2013_brtf_fullreport.pdf
http://urbangreencouncil.org/sites/default/files/2013_brtf_fullreport.pdf
https://www.fema.gov/media-library/assets/documents/1012
http://www.fema.gov/media-library/assets/documents/6131
https://www.fema.gov/media-library/assets/documents/3293
https://www.fema.gov/media-library/assets/documents/13548
https://msc.fema.gov/portal/search
https://msc.fema.gov/portal/search
http://www.fema.gov/media-library-data/1386850803857-025eb299df32c6782fdcbb6f69b35b13/Combined_Sandy_MAT_Report_508post.pdf
http://www.dec.ny.gov/docs/water_pdf/swdm2015entire.pdf
http://www.dec.ny.gov/docs/water_pdf/swdm2015entire.pdf
https://www.nyclimatescience.org/catalog/n6370?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n6370
https://www.nyclimatescience.org/catalog/n1739?DocId=vitroIndividual%3Ahttp%3A%2F%2Fwww.nyclimatescience.org%2Findividual%2Fn1739
https://www.nyclimatescience.org/catalog/n13232?DocId=vitroIndividual%3Ahttp%3A%2F%2Fwww.nyclimatescience.org%2Findividual%2Fn13232
http://www.amherst.ny.us/pdf/building/flood/180126_2018_crs_letter.pdf
http://www.amherst.ny.us/govt/govt_dept.asp?dept_id=dept_04&menu_id=menu_00
http://www.amherst.ny.us/govt/govt_dept.asp?dept_id=dept_04&menu_id=menu_00
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Tropical Storm Lee

In 2011, New York State was struck
by two major storm events within a
week.

In the last week of August,
Hurricane Irene made landfall in
New York State, affecting ClimAID
Regions 2, 3, 4, and 5. Then on
September 2, the remnants of
Tropical Storm Lee dropped nearly
a foot of rain in the Southern Tier
(ClimAID Region 3). The storms
were the second-largest natural
disaster in the history of the State,*
with FEMA awarding more than
$1.5 billion in public assistance and
over 33,000 residents registering
for individual assistance. Since 1955,
NYS experienced 42 flood-related
Presidential Disaster Declarations.
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Roof Drainage
Building Operations

SEA LEVELS TROPICAL STORMS Potable Water Systems

DESCRIPTION

Responding to Climate Change in New York State states that New York will
experience changing patterns of precipitation,' increasing the risk of flooding
events statewide. To respond to this growing concern, it is critical to break

the damage-rebuild-damage cycle? and approach building flood resilience

with preemptive measures. With the State facing an increased likelihood of
inundation, high-velocity flows, erosion, and damage from floating debris,
tactics such as flood resistant building materials? and flood barriers can help to
improve resilience.

The USGS explains the effects urbanization has on flooding,* including changes
of land use, the removal of vegetation, and increased runoff from man-made
drainage networks and how they can increase the chances of flood events in
urban areas. According to the Centers for Disease Control and Prevention, flood
waters can instigate issues with electrical services and mold,5 which can be
devastating, especially in urban areas. Understanding these impacts will help
drive improvements to building flood protection in all regions of New York State.

OWNERS AND OPERATORS

There are multiple FEMA documents that owners and operators can use to
improve building flood protection. For example, the Homeowner’s Guide to
Retrofitting® explains how homeowners can implement building flood protection
tactics, including elevating the home, installing flood barriers, and wet flood
proofing. Additional information can be found in FEMA’s guide to Reducing

Flood Risk to Residential Buildings That Cannot Be Elevated.”

In 2012, Superstorm Sandy proved that flood zone delineations do not always
show the true extent of areas exposed to flooding. As a result, the Superstorm
Sandy Recovery Advisories from FEMA explain the need to prepare for floods
above the base flood elevation® to reduce damage during flooding events. Owners
and operators can use this document, as well as the Home Builder’s Guide to
Coastal Construction, for guidance on improving the performance of residential
buildings? during coastal flooding events. Chapters 14 and 15 in Volume II of
FEMA'’s Coastal Construction Manual provide information on maintaining and
retrofitting buildings for flood protection based on damage analysis of previous
storms. FEMA recommends all owners and occupants should prepare for
flooding hazards by purchasing flood insurance.*



http://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
http://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
http://www.dec.ny.gov/lands/75774.html
http://www.dec.ny.gov/lands/75774.html
https://www.wbdg.org/resources/env_flood.php
http://pubs.usgs.gov/fs/fs07603/
https://www.cdc.gov/healthywater/emergency/extreme-weather/floods.html
https://www.fema.gov/media-library/assets/documents/480
https://www.fema.gov/media-library/assets/documents/480
https://www.fema.gov/media-library/assets/documents/109669
https://www.fema.gov/media-library/assets/documents/109669
http://www.fema.gov/media-library-data/1381405016896-8bdeadf634c366439c35568a588feb24/SandyRA5DesignAboveBFE_508_FINAL2.pdf
http://www.fema.gov/media-library-data/1381405016896-8bdeadf634c366439c35568a588feb24/SandyRA5DesignAboveBFE_508_FINAL2.pdf
http://www.fema.gov/media-library/assets/documents/6131
http://www.fema.gov/media-library/assets/documents/6131
http://www.fema.gov/media-library/assets/documents/3293
https://www.fema.gov/national-flood-insurance-program
http://www.governor.ny.gov/sites/governor.ny.gov/files/archive/assets/documents/Irene-Lee-One-Year-Report.pdf
http://www.governor.ny.gov/sites/governor.ny.gov/files/archive/assets/documents/Irene-Lee-One-Year-Report.pdf
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Hospital Flood Protection

Dry flood mitigation measures keep
critical facilities operational during
major storm events.

Our Lady of Lourdes Hospital?3
suffered over $20 million in losses
when the Susquehanna River
flooded in the summer of 2006.
With funding from FEMA, the
hospital constructed a flood wall
around the hospital. In September
2011 following Tropical Storm Lee,
the flood wall was tested when the
Susquehanna River flooded once
again and devastated many parts of
Binghamton, NY. The hospital was
able to remain fully operational. The
flood wall cost approximately $7
million and was built over a period
of five years.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Policy makers and planners can learn from previous events what type of damage
flood events can cause. After Superstorm Sandy, the NYC Building Resiliency
Task Force' recommended new legislation and amendments to the New York
City Building Codes that can help limit the spread of damage when the next
major event occurs. Communities taking part in the National Flood Insurance
Program’s Community Rating System'+ can assess risks and improve flood
hazard preparedness by understanding and making improvements to the things
that make their buildings vulnerable.

According to the DEC,? flood recovery efforts should include the implementation
of resilience strategies that reduce the likelihood of damage caused by future
events. The EPA and FEMA released a document entitled Planning for Flood
Recovery and Long-Term Resilience in Vermont' to discuss policy and planning
suggestions for flood disaster resilience. This document could be useful for
neighboring areas in New York State, including those in ClimAID Regions 5 and
7. FEMA also completed a Mitigation Assessment Team Report after Superstorm
Sandy' that documents building failures and suggests how flood-prone areas
can adapt and overcome. The failures identified in this document can help policy
makers and planners understand what to do and what not do when rebuilding
damaged buildings.

ARCHITECTS AND ENGINEERS

After Superstorm Sandy, changes were made to the New York City Building
Code, specifically under Appendix G Flood-Resistant Construction.”” These
changes modified standards dealing with backflow prevention, healthcare
facilities, survey data and flood maps, cabling and fuel oil storage, and flood
barriers in order to ensure safety, resilience, and limited damage during
future flooding events. To help guide the design of flood resilient buildings,
FEMA released the Floodproofing Non-Residential Buildings*® document as
a comprehensive guide to flood proofing existing buildings. Designers should
be aware of the differences between the requirements in the National Flood
Insurance Program and the current New York State Building Code, which

references the American Society of Civil Engineers’ 24-14 Flood Resistant Design
and Construction.”

FEMA'’s Technical Bulletin 22° for buildings located in special flood hazard areas
provides information on flood resistant materials that correspond with NFIP
requirements. Other technical bulletins from FEMA provide information on
other strategies,* including wet flood proofing, below-grade parking, breakaway
walls, and metal connector details. The New York City Planning Department
Retrofitting Buildings for Flood Risks?? guide contains a comprehensive analysis
of retrofit options based on building type and use for buildings in the New York
City flood plain. Strategies from this document can be used in other flood-prone
areas within New York State.

1. Sea Level Rise and Coastal Flooding Impact Viewer:24 A mapping tool that allows users to visualize potential

impacts from sea level rise.

2. Lake Level Viewer: United States Great Lakes:?5 A tool to help visualize water level changes in the Great Lakes.
3. Future Flow Explorer:2¢ Application of flood regression and climate change scenarios to explore estimates of

future peak flows.
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http://urbangreencouncil.org/sites/default/files/2013_brtf_fullreport.pdf
http://urbangreencouncil.org/sites/default/files/2013_brtf_fullreport.pdf
https://www.fema.gov/national-flood-insurance-program-community-rating-system
http://www.dec.ny.gov/lands/75774.html
https://www.epa.gov/sites/production/files/2014-07/documents/vermont-sgia-final-report.pdf
https://www.epa.gov/sites/production/files/2014-07/documents/vermont-sgia-final-report.pdf
http://www.fema.gov/media-library-data/1386850803857-025eb299df32c6782fdcbb6f69b35b13/Combined_Sandy_MAT_Report_508post.pdf
http://www.fema.gov/media-library-data/1386850803857-025eb299df32c6782fdcbb6f69b35b13/Combined_Sandy_MAT_Report_508post.pdf
https://www1.nyc.gov/assets/buildings/apps/pdf_viewer/viewer.html?file=2014CC_BC_Appendix_G_Flood-Resistant_Construction.pdf&section=conscode_2014
http://www.fema.gov/media-library-data/9a50c534fc5895799321dcdd4b6083e7/P-936_8-20-13_508r.pdf
http://www.fema.gov/media-library/assets/documents/14983?id=3515
http://www.fema.gov/media-library/assets/documents/14983?id=3515
https://www.fema.gov/media-library/assets/documents/2655
https://www.fema.gov/media-library/resources-documents/collections/4https:/www.fema.gov/media-library/resources-documents/collections/4
https://www.fema.gov/media-library/resources-documents/collections/4https:/www.fema.gov/media-library/resources-documents/collections/4
http://www1.nyc.gov/site/planning/plans/retrofitting-buildings/retrofitting-buildings.page?tab=5
https://www.nyclimatescience.org/catalog/doc?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n2244
https://www.nyclimatescience.org/catalog/doc?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n4523
https://www.nyclimatescience.org/catalog/doc?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n94378
http://www.fema.gov/news-release/2011/10/13/floodwall-protected-our-lady-lourdes-hospital-during-tropical-storm-lee
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Critical Facility Damage

Damage recovery time can be
extended as a result of building
system damage.

According to Chapter 5 of FEMA’s
Mitigation Assessment Team
Report that followed Hurricane
Sandy in 2013, physical damage in
healthcare facilities" was primarily
limited to basements, tunnels, and
lower floors. Facilities that were
shut down for extended periods of
time experienced little structural
damage but suffered significant
damage to utilities, mechanical
equipment, and supplies due to salt
water inundation. Proper protection
of the building systems in these
critical facilities can help reduce
post-disaster recovery times.
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RISING HURRICANES / Active Building Systems

SEA LEVELS TROPICAL STORMS

DESCRIPTION

This strategy helps building systems, including mechanical equipment and
internal infrastructure, more resilient to the impacts of climate change as

flooding along coastal areas and near river corridors' presents a growing
threat to New York State’s economic, environmental, and social systems. The

Responding to Climate Change in New York State® report explains that the
increase in frequency of extreme precipitation in New York State will lead to
more flooding events. Protecting building systems from such extreme events is
critical for ensuring that buildings will remain operational and continue to serve
as centers of refuge.

In the days following Superstorm Sandy, many buildings were without essential
infrastructure and equipment, including mechanical, electrical, and plumbing
systems.3 Many of these critical building components were placed in basements
where they were vulnerable. Due in part to a lack of protection for these
expensive building systems and the extended recovery time for reviving essential
building systems that are damaged, floods are considered the costliest natural
disaster in the United States.

OWNERS AND OPERATORS

Due to the high cost of mechanical system repair and replacement, building
flood protection® should go beyond structure and material selection to protect
systems. Without protection, coastal and river floodwaters® can corrode and
short-circuit electrical components, fuel storage tanks, and heating and cooling
equipment. Resilient building systems can save money in the long term and keep
buildings operational” during and after major flood events.

To aid in understanding risk and mitigation, FEMA provides information on
how buildings were damaged by previous flood events. The Superstorm Sandy
Recovery Advisories® published by FEMA provide useful information for
restoring mechanical, electrical, and plumbing systems? in addition to protecting
fuel systems from flood damage!® using tactics including elevating equipment
and installing watertight enclosures.



http://s3.amazonaws.com/nca2014/low/NCA3_Full_Report_16_Northeast_LowRes.pdf?download=1http://s3.amazonaws.com/nca2014/low/NCA3_Full_Report_16_Northeast_LowRes.pdf?download=1
http://www.fema.gov/media-library-data/1381404651877-881a2cf70a90ac63b9c067100ffccace/SandyRA2CriticalFacilities_508_FINAL2.pdf
http://www.fema.gov/media-library-data/1381404651877-881a2cf70a90ac63b9c067100ffccace/SandyRA2CriticalFacilities_508_FINAL2.pdf
http://www.fema.gov/media-library-data/1381404651877-881a2cf70a90ac63b9c067100ffccace/SandyRA2CriticalFacilities_508_FINAL2.pdf
http://www.aces.edu/eden/documents/FloodHistoryandCauses-final.pdf
http://www.aces.edu/eden/documents/FloodHistoryandCauses-final.pdf
http://www.fema.gov/media-library/assets/documents/13261
http://www.fema.gov/media-library/assets/documents/13261
http://www.fema.gov/media-library/assets/documents/6131
https://www.usgbc.org/Docs/Archive/General/Docs18496.pdf
https://www.usgbc.org/Docs/Archive/General/Docs18496.pdf
https://www.fema.gov/media-library/assets/documents/30966
https://www.fema.gov/media-library/assets/documents/30966
http://www.fema.gov/media-library-data/1381404775001-64f574fe957f4911bc73afaf229f32ca/SandyRA3RestoringMEP_508_FINAL2.pdf
http://www.fema.gov/media-library-data/1381405216286-4955fe1d4b098145a3665d0b7657c0b7/SandyRA6ProtectingFuel_508_FINAL2.pdf
http://www.fema.gov/media-library-data/1381405216286-4955fe1d4b098145a3665d0b7657c0b7/SandyRA6ProtectingFuel_508_FINAL2.pdf
http://www.fema.gov/media-library-data/1385587199555-ebd60a9506168b4fd5a79ee519520c1e/Sandy_MAT_Ch5_508post.pdf
http://www.fema.gov/media-library-data/1385587199555-ebd60a9506168b4fd5a79ee519520c1e/Sandy_MAT_Ch5_508post.pdf

Building Back Stronger

This NYU building responded to
damage from Superstorm Sandy
with resilience strategies.

The NYU Langone Medical

Center is located 200 feet from
New York City’s East River and
suffered severe flood damage from
Superstorm Sandy, which forced
an evacuation in the middle of the
night. With FEMA'’s assistance,
the center implemented a number
of resilience measures to protect
its building systems.?° Critical
building equipment was raised 20
feet above base flood elevation, and
cogeneration plants were installed
to ensure that the hospital can
continue to operate during future
floods.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Special attention should be given to buildings and populations vulnerable to
flooding as climate change increases the likelihood of extreme precipitation
events.? Proper planning and policy development play an important role in
minimizing the damage these events inflict on essential building systems.
Additionally, changing sea levels and precipitation patterns* require continuous
updates to flood zone maps so that municipalities and citizens are aware of
areas that are at risk of flooding. Flood zone delineations that are continuously
updated can then be used to organize incentives and tax rebates' on a local scale
in order for homeowners and business owners to improve building systems flood
protection.

Municipal infrastructure systems also face increased exposure to flood events.
According to the Third National Climate Assessment, climate change will put
pressure on aging infrastructural systems that influence the economy, security,
and culture of cities throughout New York State. People who live in areas
vulnerable to flooding that depend on these infrastructural systems will require
additional support. Removing barriers including limited funding, policy and
legal impediments, and emergency management difficulties, while implementing
adaptation strategies' such as building system flood protection, will help reduce
impact and damage within these vulnerable areas.

ARCHITECTS AND ENGINEERS

Building system flood protection requires reconsidering traditional systems
design. FEMA provides guidance for incorporating flood resistant utilities for
new construction and substantial renovations in Chapter 3 of the Protecting
Building Utilities From Flood Damage'® document, with tactics including sealing
water access to basements and electrical conduits, and backflow preventers.
Backflow preventers' are simple units that resist sewer backups in flood-prone
areas.

Critical facilities such as hospitals, schools, fire and police stations, and
emergency operation centers in flood-prone areas must take steps towards
improving flood resilience to remain in service during hazard events. FEMA’s
guide Improving Critical Facility Safety from Flood and High Winds*® provides
guidance for assessing flood vulnerability and implementing proper mitigation
strategies to ensure facility functionality during extreme weather events. FEMA
also provides a technical bulletin*® on the National Flood Insurance Program’s
regulations for elevator installations below the base flood elevations in special
flood hazard areas so buildings maintain accessibility during a flood.

1. Magnitude and Frequency of Floods in New York:* Techniques for estimating the magnitude and frequency of
flood discharges on rural, unregulated streams.
2. Flood Inundation Mapping (FIM) Program:2* Tools and information for communities that would like to understand

flood risks.
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https://www.nyserda.ny.gov/climaid
https://www.nyserda.ny.gov/climaid
https://www.fema.gov/media-library-data/20130726-1904-25045-2423/fema_mitigation_ideas_final_01252013.pdf
http://urbangreencouncil.org/sites/default/files/2013_brtf_fullreport.pdf
http://nca2014.globalchange.gov/report/sectors/urban
http://nca2014.globalchange.gov/report/response-strategies/adaptation
http://nca2014.globalchange.gov/report/response-strategies/adaptation
http://www.fema.gov/media-library/assets/documents/3729
http://www.fema.gov/media-library/assets/documents/3729
https://www.health.ny.gov/environmental/water/drinking/cross/guide.htm
http://www.fema.gov/media-library/assets/documents/8811
https://www.fema.gov/media-library/assets/documents/3478
https://www.nyclimatescience.org/catalog/n52248?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n52248
https://www.nyclimatescience.org/catalog/n18479?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n18479
https://www.fema.gov/nyu-langone-medical-center
https://www.fema.gov/nyu-langone-medical-center

Building Foundations

REDUCING CLIMATE CHANGE IMPACTS FROM THE GROUND UP

¢ e —

HAZARDS

FLOODING RISING WINTER
SEA LEVELS STORMS

RELATED STRATEGIES

Wind Protection

Building Flood Protection
Insulation

Integrated Pest Management

DESCRIPTION

Foundations in coastal environments are subject to hazards such as wave

action, storm surges, erosion and scour, and floodborne debris. According to

the Building Science Corporation,' many existing building foundations are not
able to withstand required structural loads or keep out groundwater, soil gas,
wind, or water vapor. According to FEMA, coastal foundations might need to be
stronger, deeper, and higher? than what has traditionally been adequate in order
to handle the effects of climate change, including sea level rise and flooding.

Scour from Storm Surge

Shallow and open foundations are
desirable but vulnerable to scour
and erosion.

Properly designed and constructed foundations? can reduce homeowner utility
bills, prevent potential health effects from soil gas, and prevent moisture
penetration. During winter storms, moisture can cause cracks and uplift in
building foundations during freeze and thaw cycles. The Whole Building Design
Guide#* from NIBS provides guidance for understanding foundation materials
and how they are able to withstand moisture infiltration while resisting vertical
and horizontal loads.

OWNERS AND OPERATORS

Buildings located in special flood zones delineated by NFIP have numerous
foundation-related risks, including loads from hydrostatic pressure. NFIP allows

The areas hit hardest by Superstorm

Sandy® in New York State were
the communities of Coney Island,
Rockaway Peninsula, and Long
Beach Barrier Island. Storm surge
in these areas caused an average
of 4.5 feet of vertical dune erosion,
which led to significant building
foundation damage from scour.
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elevated homes’ lower levels to be encloseds in flood zone areas if they use flood
resistant materials and provide openings for flood water to flow in and out of
the building to reduce water pressure on the foundation. Erosion and scour are
also problematic for foundations and are associated with flooding in riverine
and coastal areas. FEMA explains the potential impact of scour® and provides
guidance for building owners and operators seeking to improve the strength of
their building foundation.

In New York State, building foundations are exposed to diverse and extreme
temperatures over the course of the year. According to the National Association

of Home Builders Research Center,” a frost-protected shallow foundation may
be an alternative to deeper and more costly conventional foundations in cold
climates. FEMA also has a guide that presents minimum requirements for
crawlspaces that are in accordance with NFIP,® which can be used to improve
foundation drainage to help reduce cracking and uplift during winter storm
events.



http://buildingscience.com/documents/reports/rr-0206-foundations-moisture-resistant-construction/view
http://www.fema.gov/media-library-data/1386073605870-56034eb27952e04bd44eb84b72032840/SandyFS2OpenFoundation_508post2.pdf
http://www.fema.gov/media-library-data/1386073605870-56034eb27952e04bd44eb84b72032840/SandyFS2OpenFoundation_508post2.pdf
https://foundationhandbook.ornl.gov/handbook/toc.shtml
https://www.wbdg.org/design/env_bg_wall.php
https://www.wbdg.org/design/env_bg_wall.php
http://www.fema.gov/media-library-data/20130726-1502-20490-9949/fema_tb_1__1_.pdf
https://www.fema.gov/media-library-data/20130726-1644-20490-8177/757_apd_5_erosionscour.pdf
https://www.huduser.gov/publications/pdf/fpsfguide.pdf
https://www.huduser.gov/publications/pdf/fpsfguide.pdf
https://www.fema.gov/media-library/assets/documents/3527
https://www.fema.gov/media-library/assets/documents/3527
http://coastal.er.usgs.gov/sandy-storm-impact-vulnerability/research/coastal-impacts.html
http://coastal.er.usgs.gov/sandy-storm-impact-vulnerability/research/coastal-impacts.html

The Ocean Club

Foundations that meet current NYS
building standards replace those
destroyed by Superstorm Sandy.

The Ocean Club on Atlantic Beach,
NY was built on wood pilings that
were unable to withstand the force
of the floods and winds caused

by Superstorm Sandy. After the
storm, and in accordance with
recommendations from FEMA,®

new pilings were placed to a depth
of eight feet to raise the building
above the flood levels. The piles are
constructed with steel reinforced
concrete. For more information
regarding the reconstruction plans
for Atlantic Beach, the NY Rising
Community Reconstruction Plan*
discusses how the community is
reacting to make the village more
resilient.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

As one of the most common hazards in New York State, flooding can cause
significant damage to building foundations. FEMA released Engineering
Principles and Practices for Retrofitting Flood-Prone Residential Structures'
to assist local governments, designers, and owners who are seeking to improve
their foundations in coastal areas. The Local Officials Guide to Coastal
Construction," also published by FEMA, provides design considerations,
regulatory guidance, and best practices for coastal communities as well as
investigations on elevated buildings and soil to help guide resilient foundation
requirements in building codes.

Erosion, another climate change stressor for foundations, is not just a
Downstate issue. According to FEMA’s Coastal Construction Manual,? storm
surges along the Great Lakes as high as four to eight feet can cause erosion and
permanent damage. Soils can also have varying bearing capacities, and FEMA
recommends' consulting a geotechnical engineer when unusual or unknown
soil conditions are encountered. Currently, Chapter 18 of the New York State
Building Code' references ASCE 7 for flood resistance in structures, including
their foundations. Because New York State is subject to cold winters, the
building code also references ASCE 32 to protect foundations from extreme cold
and frost.

ARCHITECTS AND ENGINEERS

Moisture control and flood resistance in foundation design should be practiced
in New York State to prevent issues with mold growth, poor indoor air quality,
and structural failure. The EPA recommends liquid water control strategies,
along with vapor and insulation considerations, to prevent condensation from
occurring in a variety of foundation types. To supplement this information, the
U.S. Army published a Technical Manual for Foundations' in expansive soils
that discusses hazard assessments, planning, design, and remedial procedures.
The Oak Ridge National Laboratory and the University of Minnesota Center
for Sustainable Building Research’s Foundation Design Handbook3 provides
technical information, details, and recommendations for building foundation
design, including proper grading, which can reduce lateral movement and heave.

For projects in coastal areas, FEMA’s Home Builder’s Guide to Coastal
Construction Technical Fact Sheets* provide a number of guides for foundations
that include construction details and guidelines for the design and installation of
piles and reinforced masonry piers. More in-depth information on foundations
for residential structures in coastal areas is available in FEMA’s Recommended
Residential Construction for Coastal Areas” document, which provides guidance
on hazard identification, design loads, and foundation types that can withstand
flooding, erosion, scour, and high winds.

1. Extreme Weather Map:2° An interactive map that displays weather-related disasters in the United States

between 2010 and 2015.

2. New York State Geographic Information Gateway:* A website providing access to data, real-time information,
interactive tools, and expert knowledge relevant to planners and development activities in New York State.
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https://www.fema.gov/media-library/assets/documents/3001
https://www.fema.gov/media-library/assets/documents/3001
https://www.fema.gov/media-library/assets/documents/16036
https://www.fema.gov/media-library/assets/documents/16036
https://www.fema.gov/media-library/assets/documents/3293
https://www.fema.gov/media-library/assets/documents/3293
https://www.fema.gov/media-library/assets/documents/3293
https://codes.iccsafe.org/public/document/IBC2015/chapter-18-soils-and-foundations
https://codes.iccsafe.org/public/document/IBC2015/chapter-18-soils-and-foundations
https://www.epa.gov/sites/production/files/2014-08/documents/moisture-control.pdf
https://www.wbdg.org/FFC/ARMYCOE/COETM/ARCHIVES/tm_5_818_7.pdf
https://foundationhandbook.ornl.gov/handbook/toc.shtml
http://www.fema.gov/media-library/assets/documents/6131
http://www.fema.gov/media-library/assets/documents/6131
https://www.fema.gov/media-library/assets/documents/3972
https://www.fema.gov/media-library/assets/documents/3972
https://www.nyclimatescience.org/catalog/n4748?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n4748
https://www.nyclimatescience.org/catalog/doc?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n14187
https://www.fema.gov/media-library-data/1385587599782-2af51c5c5047035232256eeb8da18316/Sandy_MAT_Ch7_508post.pdf
https://stormrecovery.ny.gov/sites/default/files/crp/community/documents/atlanticbeach_atlanticbeachestates_eastatlanticbeach_nyrcr_plan.pdf
https://stormrecovery.ny.gov/sites/default/files/crp/community/documents/atlanticbeach_atlanticbeachestates_eastatlanticbeach_nyrcr_plan.pdf
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Save the Rain Program

This comprehensive program
addresses issues with stormwater
runoff.

Like many areas of New York
State, wet weather events around
Onondaga Lake (ClimAID Region
6) can overload existing stormwater
infrastructure and wash pollutants
into the lake and its tributaries.

The Save the Rain' program is

a comprehensive stormwater
management plan that seeks to
help reduce this burden through
green projects and programs. Some
actions performed by the Save the
Rain include a rain barrel program,
tree planting, and infiltration
trenches.
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FLOODING
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RELATED STRATEGIES

Neighborhood Flood Protection
Gray Infrastructure

Roof Covering

Roof Drainage

Urban Heat Island

Reclaimed Water Systems

RISING HEAT
SEA LEVELS WAVES

DESCRIPTION

According to Responding to Climate Change in New York State,' temperatures
and precipitation amounts in New York State are expected to increase. Extreme
precipitation events will likely strain existing and aging infrastructure like
combined sewer systems, which may experience more overflow? events from
large volumes of rainfall.

According to the EPA, green infrastructure can accomplish a variety of climate
resiliency goals.? For example, managing flooding by using ground infiltration

helps prepare for droughts by replenishing groundwater reserves. Creating living
shorelines can reduce the impacts of sea level rise, such as erosion and flooding,
while restoring wetlands and coastal ecosystems.

Green infrastructure also reduces urban heat island effects, building energy
demands, and energy spent managing water. Columbia University’s Water
Center highlights 11 cities across the country+ that have demonstrated these
economic and environmental benefits through the use of green infrastructure.

OWNERS AND OPERATORS

Homeowners and businesses can install green infrastructure systems on their
property to help manage stormwater runoff, sea level rise, and extreme heat
events under the guidance of the Center for Clean Air Policy, which explains
how green infrastructure builds resilience. The Stormwater Coalition of Albany
released a guidance manual for homeowners® providing information on barrels
and rain garden construction. For those who are interested in planting larger
trees for shade and heat island mitigation, the U.S. Forest Service produced a
Tree Owner’s Manual” that details spacing, soil, species, and other important
considerations.

When paired with urban agriculture, green infrastructure can also have positive
effects on air quality, human health, and energy demand by reducing the amount
of stormwater runoff in an urban areas. The U.S. Department of Agriculture’s
Urban Agriculture Toolkit® discusses the common issues most urban farmers
must consider as they start and grow their operations, while the Cornell Institute
of Climate Smart Solutions’ Climate Smart Farming website® can help keep
farmers aware of changes in climate throughout the growing season.



http://nca2014.globalchange.gov/report/sectors/urban
https://www.epa.gov/green-infrastructure/green-infrastructure-climate-resiliency
https://www.epa.gov/green-infrastructure/green-infrastructure-climate-resiliency
http://water.columbia.edu/files/2014/04/Green_Infrastructure_FINAL.pdf
http://ccap.org/assets/The-Value-of-Green-Infrastructure-for-Urban-Climate-Adaptation_CCAP-Feb-2011.pdf
http://www.stormwateralbanycounty.org/wp-content/uploads/2011/12/GuidanceManual_Homeowners_DwnspoutDisc_RainGarden_RainBarrels1.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev7_013722.pdf
https://www.usda.gov/sites/default/files/documents/urban-agriculture-toolkit.pdf
https://www.usda.gov/sites/default/files/documents/urban-agriculture-toolkit.pdf
http://climatesmartfarming.org/
http://savetherain.us/
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Green Innovation Grant

Green infrastructure provides jobs,
increased property values, improved
walkability, and improved air quality.

The Green Innovation Grant
Program?' supports projects

across New York State that focus
on stormwater management.
According to the grant program
guidelines, successful proposals
incorporate unique stormwater
management systems and develop
green technologies. Projects must
address water quality, be innovative,
increase community interest in
green infrastructure, and help
spread technology across the State.
In Rochester (ClimAID Region 1),
$1.3 million in funding from this
program is being used to complete
a Regional Green Infrastructure
Showcase?? at the Rochester
Museum Science Center.

NYCCSC RESOURCES

POLICY MAKERS AND PLANNERS

Planners and policy makers can reduce vulnerability to climate change in
communities by expanding green infrastructure systems. The APA released

a report for planners that discusses how ecology, economy, and community
development can encourage urban forestry" and other green infrastructural
improvements that contribute to stormwater management and passive cooling.
To assist in the implementation of projects, NOAA released a guide to help
assess the costs and benefits of green infrastructure*? by explaining the reduced
effects of flooding. The American Society of Landscape Architects highlights the
benefits of green infrastructure for handling stormwater in Banking On Green: A

Look at How Green Infrastructure Can Save Municipalities Money and Provide
Economic Benefits Community Wide.™s

Green infrastructure can provide beautification and a source of pride for
neighborhoods, playing a role in both community and climate resiliency. Lack
of funding is one of the largest barriers to implementing green infrastructure
projects, and as a result, the EPA collected and listed numerous funding
opportunities available to communities. The U.S. Department of Housing and
Urban Development’s Sustainable Communities Initiative' offers two grant
programs that have funded multiple projects, including those listed in Green
Infrastructure and the Sustainable Communities Initiative.'®

ARCHITECTS AND ENGINEERS

To assist in the design and construction of stormwater systems, the NYS DEC
released the New York State Stormwater Management Design Manual,”” which
provides standards, specifications, and design criteria for building professionals.
The EPA also provides several resources that discuss hydrological and
biological considerations for constructed wetlands,* which can be used to filter
contaminants out of water in urban settings. Constructed wetlands help reduce
the impacts of high volume events by decreasing the amount of stormwater
runoff collected by inadequately sized storm sewers.

The New York City Department of Parks and Recreation and the Design Trust
for Public Space developed a comprehensive set of guidelines® for sustainable
and high performing 21st century parks. The guidelines provide a full overview
of best practices, including the use of infiltration beds and the use of porous
pavement, to tackle many of the critical issues related to green infrastructure.
Additionally, the American Society of Landscape Architects describes how green
infrastructure?® can be useful at a city scale as well as at a regional scale through
the incorporation of wildlife habitat, wetlands, and infrastructure.

1. Green Infrastructure:? Information and resources on green infrastructure, including fact sheets, tools, case

studies, and applicable research.

2. Extreme Precipitation:*+ Current and projected data for precipitation in New York State.
3. FEMA Fact Sheet: Green Infrastructure Methods:?5 A sustainable approach to landscape preservation and

stormwater management.

4. Getting to Green: Paying for Green Infrastructure:*® Financing Options and resources for decisionmakers.
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https://www.fs.usda.gov/naspf/sites/default/files/naspf/pdf/planning_uf_apa.pdf
https://coast.noaa.gov/data/digitalcoast/pdf/gi-cost-benefit.pdf
https://coast.noaa.gov/data/digitalcoast/pdf/gi-cost-benefit.pdf
https://www.asla.org/uploadedFiles/CMS/Government_Affairs/Federal_Government_Affairs/Banking on Green HighRes.pdf
https://www.asla.org/uploadedFiles/CMS/Government_Affairs/Federal_Government_Affairs/Banking on Green HighRes.pdf
https://www.asla.org/uploadedFiles/CMS/Government_Affairs/Federal_Government_Affairs/Banking on Green HighRes.pdf
https://www.epa.gov/green-infrastructure/green-infrastructure-funding-opportunities
https://www.epa.gov/green-infrastructure/green-infrastructure-funding-opportunities
http://portal.hud.gov/hudportal/HUD?src=/hudprograms/sci
http://portal.hud.gov/hudportal/documents/huddoc?id=greeninfrastructsci.pdf
http://portal.hud.gov/hudportal/documents/huddoc?id=greeninfrastructsci.pdf
http://www.dec.ny.gov/docs/water_pdf/swdm2010entire.pdf
https://www.epa.gov/wetlands/constructed-wetlands
https://www.nycgovparks.org/sub_about/sustainable_parks/design_guidelines.pdf
https://www.asla.org/ContentDetail.aspx?id=24076
https://www.asla.org/ContentDetail.aspx?id=24076
https://www.nyclimatescience.org/catalog/n3311?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n3311
https://www.nyclimatescience.org/catalog/n15100?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n15100
https://www.nyclimatescience.org/catalog/n2149?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n2149
https://www.nyclimatescience.org/catalog/n12141?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n12141
https://www.efc.ny.gov/GIGP
https://www.efc.ny.gov/GIGP
http://www.rmsc.org/science-museum/exhibits/item/298-regional-green-infrastructure-showcase
http://www.rmsc.org/science-museum/exhibits/item/298-regional-green-infrastructure-showcase
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IMPROVING AGING INFRASTRUCTURAL SYSTEMS
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F Neighborhood Flood Protection
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Wastewater Treatment

Improving existing infrastructure
systems can reduce energy use and
pollution.

The 26th Ward Wastewater
Treatment Plant located in

Brooklyn (ClimAID Region 4)

serves roughly 283,000 residents
and processes around 170 million
gallons of combined sanitary and
stormwater each day. The plant
received the Institute of Sustainable
Infrastructure Silver Award? for
using energy efficient sewage
pumps, process air blowers, and
LED lighting. The plant will also add
a green roof, and all equipment will
be designed above the BFE to ensure
that critical equipment will not fail
during flooding events.
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Roof Drainage
Neighborhood Development

SEA LEVELS TROPICAL STORMS Potable Water Systems

DESCRIPTION

Gray infrastructure includes critical systems' that provide sanitation and
stormwater control for communities. According to the Third National Climate
Assessment, aging infrastructure systems are overburdened? by sea level rise,
heavy downpours, extreme heat, and other events that they were never designed
to handle. As a result, improving resilience through gray infrastructure systems
will require extensive renovations that respond to the anticipated impacts of
climate change.

The DEC explains the impacts from climate change are already being
observed;® however, action can still be taken to limit negative impacts. Due to

their long-term period of use, it is important the design and implementation

of gray infrastructure take these changing climate conditions into account.
According the George Mason University Center for Infrastructure Protection
and Homeland Security, it is necessary to invest in infrastructure that takes
into account potential future changes# as climate patterns shift, in order to save
money in the long term and reduce damage from future climate events.

OWNERS AND OPERATORS

Responding to Climate Change in New York State’ explains that climate shifts
across the State may result in high volume precipitation events, periods of

drought, rising temperatures, and increased stress on existing infrastructure
systems. According to the DEC, combined sewer overflows® are common
throughout New York State, which can lead to serious health concerns when
untreated sewage flows into open water during high volume events. However,
according to The Homeowner’s Guide to Stormwater,” homeowners can use
simple tactics on private property to reduce strain on gray infrastructure
systems, including separating onsite stormwater and sanitary systems and
capturing rainwater in barrels for later use in gardens.

For owners and operators of larger buildings and sites, more planning will be
necessary during the design process to deal with stormwater management.
According to the Federal Resource Guide for Infrastructure Planning and
Design, the pre-development phase of design® will become more important
because there is time to investigate the use of innovative infrastructure design
and emerging technologies including resilient materials and aquifer storage to
reduce long-term cost and improve environmental performance.



https://crcresearch.org/sustainable-infrastructure/sustainable-infrastructure
http://nca2014.globalchange.gov/highlights/report-findings/infrastructure
http://www.dec.ny.gov/energy/94702.html
http://www.dec.ny.gov/energy/94702.html
http://cip.gmu.edu/2015/08/20/critical-infrastructure-climate-adaptation/
http://cip.gmu.edu/2015/08/20/critical-infrastructure-climate-adaptation/
http://www.dec.ny.gov/chemical/48595.html
http://www.stormwaterguide.org/static/HomeownersGuide.pdf
http://portal.hud.gov/hudportal/documents/huddoc?id=BAInfraResGuideMay2015.pdf
http://sustainableinfrastructure.org/envision/project-awards/26th-ward-wastewater-treatment-plant/
http://sustainableinfrastructure.org/envision/project-awards/26th-ward-wastewater-treatment-plant/

Albany 2030

Separating stormwater from sanitary
sewers reduces vulnerability to
health risks in water supplies.

The Albany 2030 Comprehensive
Plan' will address reducing

solid waste streams, improving
communications infrastructure,

and supporting energy efficiency
and renewable production while
maintaining the quality of the city’s
wastewater management systems to
protect drinking water supplies. The
City of Albany is planning to retool
its utility and infrastructure systems
by separating stormwater from the
main sewer system through the use
of green infrastructure. Part of this
storm sewer separation effort will
include the integration of graywater
reuse, which reduces the volume of
water that must be treated at the
local sewage treatment plant.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Communities may feel as though they must choose between investing in green
infrastructure and investing in gray infrastructure. However, the EPA explains
that it is best to invest in both,™ as the use of green infrastructure can help
reduce the amount of investment required to upgrade gray infrastructure.

The DOT argues that governments need to clearly articulate comprehensive
strategies" for sustainable infrastructure to the public and make resilience
part of the long-term strategic infrastructure planning agenda. In addition,
the University Transportation Research Center released a climate adaptation
report that identifies climate change adaptation strategies'® that incorporate
gray infrastructure systems into transportation systems and provides
recommendations for incorporating these strategies into legislation, policies,
programs, and projects.

The FEMA Hazard Mitigation Grant Program' and many other federal grant
programs can be used to fund resilient gray infrastructure projects. Other federal
resources including the National Infrastructure Protection Plan'4 can be used to
help guide the implementation of resilient gray infrastructure projects through a
discussion of risks, policies, and partnerships. Federal technical assistance from
the Water Infrastructure and Resiliency Finance Center® is also available to aid
municipalities, communities, and utilities as they make water infrastructure
improvements with limited budgets.

ARCHITECTS AND ENGINEERS

The NYS 2100 Commission released its preliminary report Improving the
Strength and Resilience of New York State’s Infrastructure' to help architects
and engineers understand the importance of improving gray infrastructure
systems. The report recommends addressing vulnerable transportation, energy,
and stormwater systems with designs informed by the coordination of data,
resources, and mapping. PlaNYC explains that traditional gray infrastructure
can be multipurposed? by incorporating parking and retail space. In these cases,
the creative bringing together of building design and gray infrastructure that is
typically used only during extreme hazard events helped attract more sources of
funding.

The U.S. Army Corps of Engineers released a Climate Change Adaptation
Plan'® that highlights strategies and identifies priority areas of concern
including gray infrastructure. FEMA also provides the Federal Resource
Guide for Infrastructure Planning and Design,® which includes an overview of
infrastructure systems, design principles, and case studies. These documents
provide the necessary technical assistance for making improvements to gray
infrastructure systems through a discussion of case studies and through linked
information that directs readers toward technical bulletins and engineering
regulations.

1. Positioning Infrastructure and Technologies for Low-Carbon Urbanization:2° An academic article on expected
urbanization, aging infrastructure, increasing complexity of man-made systems, and climate change impacts.

2. Water Infrastructure and Resiliency Finance Center:?* A resource for communities seeking to improve their
wastewater, drinking water, and stormwater systems while providing financial guidance.
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https://www.epa.gov/sites/production/files/2015-09/documents/green_infrastructure_roadshow.pdf
https://www.dot.ny.gov/divisions/engineering/technical-services/transportation-research-development/publications
https://www.dot.ny.gov/divisions/engineering/technical-services/transportation-research-development/publications
https://www.dot.ny.gov/divisions/engineering/technical-services/trans-r-and-d-repository/C-08-09_synthesisfinalReport1.pdf
http://www.fema.gov/hazard-mitigation-grant-program
https://www.dhs.gov/sites/default/files/publications/National-Infrastructure-Protection-Plan-2013-508.pdf
https://www.epa.gov/waterfinancecenter/financial-technical-assistance-and-tools-water-infrastructure
https://www.governor.ny.gov/news/nys2100-commission-releases-preliminary-report-improving-strength-and-resilience-new-york
https://www.governor.ny.gov/news/nys2100-commission-releases-preliminary-report-improving-strength-and-resilience-new-york
http://www.nyc.gov/html/sirr/html/report/report.shtml
http://www.nyc.gov/html/sirr/html/report/report.shtml
http://www.usace.army.mil/Portals/2/docs/Sustainability/Performance_Plans/2014_USACE_Climate_Change_Adaptation_Plan.pdf
http://www.usace.army.mil/Portals/2/docs/Sustainability/Performance_Plans/2014_USACE_Climate_Change_Adaptation_Plan.pdf
http://portal.hud.gov/hudportal/documents/huddoc?id=BAInfraResGuideMay2015.pdf
http://portal.hud.gov/hudportal/documents/huddoc?id=BAInfraResGuideMay2015.pdf
https://www.nyclimatescience.org/catalog/n20768?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n20768
https://www.nyclimatescience.org/catalog/n25556?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n25556
http://www.albany2030.org/files/sites/default/files/Albany 2030 Comprehensive Plan.pdf
http://www.albany2030.org/files/sites/default/files/Albany 2030 Comprehensive Plan.pdf

LOCATION

N
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SUNY ESF Gateway Center

Energy-positive educational
facilities provide students a space to
experience technology.

Designed by the architectural firm
Architerra, this building functions
as an interactive teaching space for
the SUNY College of Environmental
Science and Forestry.® One of the
main components of the building
located in Syracuse (ClimAID
Region 3) is the 10,000-square-foot
green roof that provides space for
teaching, stormwater collection, and
insulation. The green roof restricts
excessive heat absorption, which
reduces the active cooling demand
and reduces energy consumption,
making the Gateway Center'® an
energy-positive building.
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HAZARDS

RELATED STRATEGIES

Green Infrastructure

Roof Drainage

Insulation

Urban Heat Island
Reclaimed Water Systems

DESCRIPTION

Building roofs absorb excessive amounts of heat, which radiates into buildings
and increases the demand for active cooling systems. The absorbed heat can

also radiate back into the environment, where it combines with heat from other
roofs and non-reflective surfaces to create urban heat island effects' in populated
areas. The high likelihood of increased temperatures as a result of climate
change?® stresses the importance of roof coverings that can control the amount of
heat absorbed from the sun and reduce the energy required to condition interior
spaces of buildings.

The EPA states traditional roofing materials have low solar reflectance of 5 to
15%, which means that they absorb 85 to 95% of energy from the sun.3 Roof
coverings with high albedo, also known as cool roofs, reflect energy from the
sun back out into the atmosphere rather than absorbing it, decreasing negative
impacts during days of high heat. Green roofs#* are cool roofs that reduce the
amount of heat absorbed, as well as reducing the amount of runoff generated
during severe storms and after winter storms with melting snow.

OWNERS AND OPERATORS

Increased temperatures increase active cooling demand and cost in buildings

as a result of heat absorption. The amount of heat absorbed into buildings,
however, can be reduced through the use of cool roofs. The Cool Roof Rating
Councils assists building owners seeking to understand all types of cool roof
systems available, including light colored roof membranes and green roofs. The
Lawrence Berkeley National Laboratory® also provides information to assist
owners and operators in making informed decisions about the best roofing
system for their building. The roof coverings described in these documents are
increasingly important in all urban areas of New York State because they reduce
negative urban heat island effects and reduce the costs of active cooling systems
in all building types.

To help owners and operators make economically feasible decisions, the EPA
provides cost justification for efficient roof coverings’ by comparing material
costs with the long-term energy savings. In addition, the DOE provides a
simulation tool for calculating potential energy savings® for multiple building
types after roof covering improvements are made.



https://www.epa.gov/heat-islands
https://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
https://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
https://www.epa.gov/sites/production/files/2014-06/documents/coolroofscompendium.pdf
https://www.epa.gov/sites/production/files/2014-06/documents/greenroofscompendium.pdf
http://coolroofs.org/resources/home-building-owners
http://coolroofs.org/resources/home-building-owners
https://heatisland.lbl.gov/coolscience/cool-roofs
https://heatisland.lbl.gov/coolscience/cool-roofs
https://www.epa.gov/heat-islands/using-cool-roofs-reduce-heat-islands
http://rsc.ornl.gov/
http://www.esf.edu/
http://www.esf.edu/
http://www.aiatopten.org/node/336

NYC CoolRoofs

Since 2009, more than 6 million
square feet of NYC rooftops have
been covered with a light colored
cool roof coating.

As an extension of the Mayor’s
Office of Recovery and Resiliency

and the Office of Sustainability,3
this initiative supports local

jobseekers while striving to coat
more than one million square feet
of rooftop with a white reflective
coating each year. Cool roofs with
high albedo can reduce interior
building temperatures by up to 30%,
which decreases active cooling loads,
decreases energy consumption, and
increases building occupant health.
This program?24 also employs and
trains local laborers as part of an
ongoing effort to make New York
City more resilient to the effects of
climate change.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

According to the Cool Roof Rating Council," efficient/cool roof coverings have
direct and indirect effects that can help mitigate climate change and urban heat
island effect, providing public health benefits and energy savings. The benefits
of cool roofs have prompted mitigation policies such as the New York City Green
Roof Tax Abatement,** which grants building owners tax relief proportional

to their area of green roof. The CRRC also lists additional programs' that
incentivize the use of efficient roof coverings, such as the USGBC LEED
Program, the Collaborative for High-Performance Schools, and the Energy Star®
Reflective Roof Program.'

The New York City Building Code sets requirements in Section 1504.9' for

roof reflectance and albedo. It requires roofs with less than a 17% slope to meet
minimum solar reflectance thresholds that have been established by ASTM
standards. This requirement, however, is not present in the Building Code of
New York State.’® A statewide code requirement could help decrease urban heat
island effects in all cities across New York State, in addition to decreasing the
summer dependence on active cooling systems.

ARCHITECTS AND ENGINEERS

The DOE is a good source for building professionals to discover different types
of cool roofs.” Their document discusses multiple existing roof conditions,
including flat built-up roofs and steep metal sheet roofs, and explains how these
roofing types can be made cool. The New York City Department of Design and
Construction’s Cool and Green Roofing Manual'® identifies the importance of
high albedo in roof coverings and describes its role in preventing excessive heat
absorption. This document presents construction considerations for cool roof
and green roof implementation.

For technical assistance in reducing heat absorption, the U.S. General Services
Administration provides Best Practices for Green Roof Construction and
Maintenance', which breaks down the unique construction detailing that is
required for green roofs. The National Institute of Building Sciences’ Whole
Building Design Guide®° provides additional information including necessary
layers of material, design factors, and relevant codes and standards. Green roofs
are not limited to new construction, as the National Park Service provides simple
guidelines for the installation of green roofs on historic buildings.?* In both
retrofit and new construction projects, green roofs help reduce heat absorption*:
and active cooling loads.

1. Green Roof vs Bitumen Roof:? A comparative analysis based on a five-month measurement campaign to
explore the performance differences between green roofs and traditional bitumen roofs.

2. Thermal Effect of Covering the Building Envelope:2® A paper that discusses the thermal effect that green walls
and green roofs have on the built environment.

3. Green Roof Environmental Monitoring:2” A document that describes the deployment of research stations that
monitor the performance of urban environmental conditions at a small scale.
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http://coolroofs.org/documents/IndirectBenefitsofCoolRoofs-WhyCRareWayCool_000.pdf
http://www.nyc.gov/html/gbee/html/incentives/roof.shtml
http://www.nyc.gov/html/gbee/html/incentives/roof.shtml
http://coolroofs.org/documents/Cool_Roof_Ratings_Codes_and_Programs021710.pdf
https://www.energystar.gov/products/building_products/roof_products/key_product_criteria
https://www.energystar.gov/products/building_products/roof_products/key_product_criteria
http://www1.nyc.gov/assets/buildings/apps/pdf_viewer/viewer.html?file=2014CC_BC_Chapter_15_Roof_Assemblies_and_Rooftop_Structures.pdf&section=conscode_2014
https://codes.iccsafe.org/public/document/IBC2015/chapter-15-roof-assemblies-and-rooftop-structures
https://codes.iccsafe.org/public/document/IBC2015/chapter-15-roof-assemblies-and-rooftop-structures
https://energy.gov/energysaver/energy-efficient-home-design/cool-roofs
https://energy.gov/energysaver/energy-efficient-home-design/cool-roofs
http://www.nyc.gov/html/ddc/downloads/pdf/cool_green_roof_man.pdf
http://www.gsa.gov/portal/mediaId/158783/fileName/The_Benefits_and_Challenges_of_Green_Roofs_on_Public_and_Commercial_Buildings.action
http://www.gsa.gov/portal/mediaId/158783/fileName/The_Benefits_and_Challenges_of_Green_Roofs_on_Public_and_Commercial_Buildings.action
http://www.wbdg.org/resources/greenroofs.php
http://www.wbdg.org/resources/greenroofs.php
https://www.nps.gov/tps/standards/applying-rehabilitation/its-bulletins/ITS54-GreenRoofs.pdf
https://www.epa.gov/heat-islands/using-green-roofs-reduce-heat-islands
https://www.nyclimatescience.org/catalog/n10589?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n10589
https://www.nyclimatescience.org/catalog/n52268?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n52268
https://www.nyclimatescience.org/catalog/n12480?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n12480
http://www.nyc.gov/html/oltps/html/home/home.shtml
http://www.nyc.gov/html/oltps/html/home/home.shtml
http://www.nyc.gov/html/oltps/html/home/home.shtml
http://www.nyc.gov/html/coolroofs/html/home/home.shtml

Roof Drainage

ADDRESSING EXTREME AMOUNTS OF PRECIPITATION

LOCATION HAZARDS RELATED STRATEGIES

SEVERE WINTER HURRICANES /
STORMS STORMS  TROPICAL STORMS

Snowvember 2014

Increased amounts of precipitation
can have disastrous effects on roofs
that cannot shed rain and snow.

Excessive amounts of lake effect
snow crippled the Western New
York area (ClimAID Region 1)

in November 2014. In its 2014
Annual Report,™ the NYS Disaster
Preparedness Commission stated
that several locations in Erie County
received more than 50 inches of
snow in only a four-day period.

The highest total was in Cowlesville
(Wyoming County), which recorded
88 inches of snowfall. This climate
hazard event caused 13 deaths, more
than 370 reports of roof damage,
and 30 collapsed roofs.
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Building Flood Protection
Building Systems Flood Protection
Green Infrastructure

Gray Infrastructure

Roof Covering

Reclaimed Water Systems

DESCRIPTION

The Responding to Climate Change in New York State states that New York will
likely experience increased amounts of precipitation' in the coming years as a
result of climate change. This increases the demand for effective roof drainage,
as excessive amounts of precipitation, both rain and snow, can cause significant
damage to a building if the flow of water is allowed to enter through a roof or
wall assembly.

According to the Building Science Corporation, insufficient roof drainage after
winter weather events can lead to ice dams,? which cause interior water leakages
and mold growth. Making improvements to roof drainage will help buildings in
New York State address the threat of water penetration and structural failures by
shedding the increased amounts of rain and snow. Roof and gutter maintenance
is critical to protecting buildings of all sizes from the negative effects of poor
roof drainage. The IBHS? provides guidance for making improvements to poor
roof drainage systems in addition to more detailed descriptions of the effects of
increased precipitation on buildings.

OWNERS AND OPERATORS

Understanding the present condition of a roof is the first step in addressing
issues with poor drainage. The IBHS provides a roof damage checklist# for
inspecting the quality of existing roofing conditions before and after a severe
storm, hurricane, or winter storm. If improvements need to be made, the
National Roofing Contractors Association’ provides additional information on
roofing systems, including material choices, construction types, and insulation
systems. This information is vital for all building owners and operators for
reducing damage due to water infiltration and for mitigating other climate
hazards.

Green Seal’s® Green Building Operations and Maintenance Manual: A Guide
for Public Housing Authorities can assist in the implementation of effective
roof drainage. The manual provides guidance on snow removal and de-icing,”
which can help reduce damage to buildings during spring thaws. The manual
also discusses the importance of regular roof maintenance® during all seasons
to ensure water does not collect on building roofs. Gutter maintenance and
removal of debris including twigs, leaves, and other flammable materials can
also reduce the potential spread of wildfire.®


http://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
http://buildingscience.com/documents/digests/bsd-135-ice-dams
http://disastersafety.org/ibhs/commercial-roofs-gutters-drains-and-scuppers/
https://disastersafety.org/hurricane/roof-damage-checklist/
http://www.everybodyneedsaroof.com/homeowners-buying-a-new-roof
http://www.greenseal.org/AboutGreenSeal.aspx
http://www.greenseal.org/Portals/0/Documents/IG/PHA Manuals/Chapter9_Green_Building_OM_Manual_PHA.pdf
http://www.greenseal.org/Portals/0/Documents/IG/PHA Manuals/Chapter8_Green_Building_OM_Manual_PHA.pdf
https://anrcatalog.ucanr.edu/pdf/8393.pdf
http://www.dhses.ny.gov/media/documents/DPC-annual-Report-2014.pdf
http://www.dhses.ny.gov/media/documents/DPC-annual-Report-2014.pdf

|
Rochester Roof Relief

This roof relief program focuses on
areas that do not have the financial
ability to resist the daunting effects
of climate change.

As a way to improve stormwater
management in areas vulnerable
to the effects of climate change,
the City of Rochester in Monroe
County (ClimAID Region 1) provides
financial assistance for owner-
occupied single-family home roof
replacements and repairs.>? The
financial assistance covers roof
drainage improvements, including
gutters, downspouts, flashing,

and shingle replacement. The
recipients of the roof improvements
must maintain ownership of their
improved home for three years
after the work has been completed,
and they must have an income of
less than 80% of the area median
in order to receive assistance from
the program. Participants must
also make a financial contribution
toward their project based on their
annual income.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Due to New York State’s exposure to high levels of moisture from the Great
Lakes and the Atlantic Ocean, the DHSES warns that the State is highly
susceptible to heavy volume hazard events, including severe storms and winter
storms." In a similar climate, the City of Toronto includes roof drainage within
the on-site stormwater management practices' table in its Wet Weather Flow
Management Guidelines document. Chapter 4 of the New York City Department
of Environmental Protection’s Guidelines for the Design and Construction of
Stormwater Management Systems is dedicated entirely to rooftop systems' and
the role they play in mitigating the growing threat of high volume events. Both
of these documents present roof drainage as an effective resilience strategy that
contributes to mitigating extreme amounts of precipitation on a large scale.

In order to ensure that roof systems in New York State are prepared to handle
increased amounts of precipitation, code officials should periodically review
Sections 1105 and 1106* of Chapter 11 of the Plumbing Code of New York

State in order to confirm that the reference figures for sizing gutters reflect

the projected amounts of precipitation expected as a result of climate change.
Sections 1608 and 1611% in Chapter 16 of the Building Code of New York State
should also be reviewed to ensure New York State roofs are strong enough to
withstand increased snow and rain loads. FEMA provides guidance in its Snow
Load Safety Guide'® for sizing roof structures to withstand snow accumulation
and melt.

ARCHITECTS AND ENGINEERS

Resilient roof drainage design provides access for roof maintenance, reduces
excessive stormwater runoff and seals interior spaces from increased amounts
of precipitation. To help achieve these goals, the EPA provides technical
stormwater guidance in its Green Roofs for Stormwater Runoff Control*”
document and the American Society of Plumbing Engineers provides technical
assistance in its Storm Drainage Systems'® continuing education document,
which discusses the efficiency of traditional roof drains, scuppers, and gutters.

Roofing guides such as Chapter 9 in the New York State Office of General
Services Design Procedures Manual® provide design guidelines for roof systems
that resist water penetration. Section 7 of the U.S. Department of Defense’s
Unified Facilities Criteria document presents information on roofing materials
and techniques,?® including material longevity, cost, and UV resistance. The
National Roofing Contractors Association also has The NRCA Roofing Manual:
Steep Slope Roof Systems,? which supplies technical support for constructing
roof systems that shed both rainwater and snow.

1. Design for Exceedance in Urban Drainage:? A design guide that seeks to reduce the impacts from runoff
through the effective design of both underground and overland flood conveyance systems.
2. Soak Up the Rain:** Information on what citizens and municipalities can do with rainwater once it has been

removed from the roof.
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http://www.dhses.ny.gov/recovery/mitigation/documents/2014-shmp/Section-3-15-Severe-Winter-Storm.pdf
http://www.dhses.ny.gov/recovery/mitigation/documents/2014-shmp/Section-3-15-Severe-Winter-Storm.pdf
https://www.toronto.ca/wp-content/uploads/2017/11/9191-wwfm-guidelines-2006-AODA.pdf
http://www.nyc.gov/html/dep/pdf/green_infrastructure/stormwater_guidelines_2012_final.pdf
https://codes.iccsafe.org/public/document/code/550/9796923
https://codes.iccsafe.org/public/document/IBC2015/chapter-16-structural-design
https://www.fema.gov/media-library-data/7d8c55d1c4f815edf3d7e7d1c120383f/FEMA957_Snowload_508.pdf
https://www.fema.gov/media-library-data/7d8c55d1c4f815edf3d7e7d1c120383f/FEMA957_Snowload_508.pdf
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=205444
https://www.aspe.org/sites/default/files/webfm/ContinuingEd/PSD_CEU_207jan14_0.pdf
http://www.ogs.ny.gov/bu/dc/docs/pdf/09171RoofingGuide.pdf
https://www.wbdg.org/ffc/dod/unified-facilities-criteria-ufc
https://www.wbdg.org/ffc/dod/unified-facilities-criteria-ufc
http://www.nrca.net/store/detail/the-nrca-roofing-manual-steep-slope-roof-systems2013/1124
http://www.nrca.net/store/detail/the-nrca-roofing-manual-steep-slope-roof-systems2013/1124
https://www.nyclimatescience.org/catalog/n7998?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n7998
https://www.nyclimatescience.org/catalog/n169809?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n169809
http://www.cityofrochester.gov/roofrelief/
http://www.cityofrochester.gov/roofrelief/

N eiiqhbcjrhood
Fire Protection .

LIMITING THE SPREAD OF A DAMAGING HAZARD

LOCATION HAZARDS RELATED STRATEGIES
? Emergency Management
F Building Fire Protection
d‘ Neighborhood Development
Building Operations
S WILDFIRE HEAT
Low | wepium WAVES
DESCRIPTION
T— Severe storms with high winds and heat waves that cause droughts and large

Adirondack Mountain Fires amounts of dried vegetation increase the possibility of wildfires.! New York
State is covered with 18.9 million acres of forested lands. Fires on these lands
can cause property loss, air pollution, habitat damage, and loss of life in both
rural and urban areas. According to the 2014 NYS DHSES Hazard Mitigation
Plan,? 6,971 wildfires burned more than 65,000 acres between 1988 and 2012.
Neighborhood fire protection is meant to help New York State communities stay
aware and be prepared for the growing threat of wildfires.

Even with improved response
technology, wildfire conditions are
increasing due to climate change.

The DEC provides information on New York State’s wildfire history,? including
links to maps and hazard mitigation strategies. Neighborhood fire awareness
and safety are guided by resources like this and organizations like the Fire
Adapted Communities Learning Network.* This organization helps communities
understand their unique sensitivities and the impacts of wildfires. Ready, Set,
Go!l5 is another organization that helps protect buildings and people from
wildfires by creating a dialogue between firefighters and building owners and
providing information on how to act before and during wildfires and heatwaves.

Although improvements in
communication and technology OWNERS AND OPERATORS
have strengthened response efforts,
wildfires are still a dangerous

possibility in the Adirondack : U L o : L
Mountains (ClimAID Region 7). In maintenance. Firewise Communities® is a resilient design organization

Protecting neighborhoods from wildfires begins at the individual property
level, where fire-safe decisions can be made in landscape design and building

that provides tips and tools to help owners and operators protect their
neighborhoods from fire through the effective use of landscape design and
maintenance. The Division of Agricultural and Natural Resources at the
University of California also provides information on fire-protected landscapes.”

September 2015, approximately 122
acres were consumed by wildfire'° as
a result of an unattended campfire
in the Adirondack Mountains.

Although the damage was nowhere According to the National Interagency Fire Center, cleaning debris and trimming
near that of historical fires, such trees are important fire-resistance maintenance® tasks that can significantly

as the 1903 fires that destroyed improve neighborhood fire protection. Firewise Communities also provides a
more than 460,000 acres, rising free Homeowner Training Course? to help owners and operators understand
temperatures and extended periods how fire-safety tactics can be implemented in their buildings to improve

of drought increase the likelihood of neighborhood fire protection.
wildfires in the future.
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https://www.nfpa.org/-/media/Files/Public-Education/By-topic/Wildland/WildfireBestPracticesGuide.ashx?la=en
http://www.dhses.ny.gov/recovery/mitigation/documents/2014-shmp/Section-3-17-Wildfire.pdf
http://www.dhses.ny.gov/recovery/mitigation/documents/2014-shmp/Section-3-17-Wildfire.pdf
http://www.dec.ny.gov/lands/4975.html
http://fireadaptednetwork.org/resource/fire-adapted-communities-self-assessment-tool-user-and-facilitators-guide/
http://fireadaptednetwork.org/resource/fire-adapted-communities-self-assessment-tool-user-and-facilitators-guide/
http://wildlandfirersg.org/About/Wildland-Urban-Interface
http://wildlandfirersg.org/About/Wildland-Urban-Interface
http://www.firewise.org/wildfire-preparedness/be-firewise/home-and-landscape.aspx?sso=0
http://firecenter.berkeley.edu/docs/CE_homelandscaping.pdf
http://www.nifc.gov/prevEdu/prevEdu_main.html
http://www.firewise.org/online-courses-and-education/online-courses.aspx
http://www.adirondackalmanack.com/2015/09/fire-burns-100-acres-crane-pond-bear-mountain.html
http://www.adirondackalmanack.com/2015/09/fire-burns-100-acres-crane-pond-bear-mountain.html

IBHS Wildfire Research

2015 was the costliest wildfire
season in history as wildfire
consumed more than 9.4 million
acres in the United States.

The IBHS is conducting studies at
its research center in South Carolina
to develop a better understanding of
the spread of wildfires.* By testing
various wind speeds and the spread
of embers through simulated dry
field conditions, researchers can
develop a better understanding

of how the spread of wildfires can

be predicted and controlled. The
information that comes out of this
research is important for those who
develop fire response protocols and
landscape design professionals. The
IBHS also uses its research center
to test the resilience of building
materials and construction systems,
which can be useful to building
professionals in New York State.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Preparing a neighborhood for wildfires requires an assessment of what is at

risk and what fire mitigation measures are already in place. The Fire Adapted
Communities Learning Network created the Self-Assessment Tool," which

can help communities assess their capacity to live safely with fire. Efforts that
address community risks can be assisted by the National Wildfire Coordinating
Group Communicator’s Guide for Wildland Fire Management: Fire Education,
Prevention, and Mitigation Practices.'? The strategies identified in this source
can be put into action by a local neighborhood fire-protection plan that is similar
to the sample fire-safety plans® presented in the Fire Adapted Communities
Learning Network’s Winter 2015 Guide for Community Leaders.

The National Cohesive Wildland Fire Management Strategy*+ prepared by
the Wildland Fire Leadership Council outlines a nationwide effort to make

meaningful progress towards resilient landscapes, fire-adapted communities,
and safe and effective wildfire responses. This document can help guide local
fire-safety plans that provide region-specific mitigation strategies. FEMA
provides firefighter grants,’ like the Assistance to Firefighters Grants and the
Fire Prevention and Safety Grants, which can aid neighborhood fire-protection
implementation. Anyone who participates in fire-protection planning should
review Firewise Communities’ free community assessment online course® to
gain a thorough understanding of how to provide effective neighborhood fire
protection.

ARCHITECTS AND ENGINEERS

The increased likelihood of high temperatures can potentially increase the
frequency of wildfires in New York State. The NFPA defines the wildland-

urban interface'® as the transition zone between developed and non-developed
land. According to the Fire Protection Research Foundation’s report Pathways
for Building Fire Spread at the Wildland Urban Interface,” the design of the
wildland urban interface plays a critical role in determining to what extent
wildfire spreads, and what amount of damage it causes. To assist in reducing
potential wildfire spread and damage, NFPA 1144:*® Standard for Reducing
Structure Ignition Hazards from Wildland Fire can help in the assessment of fire
hazards, and in the design and construction of neighborhood fire protection.

The International Code Council also addresses the wildland-urban interface

in a model code that was founded on data collected from fire incidents

and technical reports. The 2015 International Wildland-Urban Interface
Code" identifies special construction and land use requirements that can be
integrated into existing building codes such as defensible space, tree pruning,
and firewood storage. These requirements, along with those outlined in
Firewise Communities’ Safer from the Start: A Guide to Firewise Friendly
Developments,* can be used to guide the implementation of neighborhood fire
protection.

1. The Role of Fire During Climate Change:** A study that explores the effects climate change has had on a
forest in Devil’s Bathtub, New York (ClimAID Region 1) and how conditions suggest changes in the fire regime.
2. C(Climate Change Effects on Forests and Grasslands:2? An education module from the U.S. Department of
Agriculture that provides a brief overview of current and projected climate change effects.
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http://fireadaptednetwork.org/resources/fac-assessment-tool/
https://www.nifc.gov/prevEdu/comm_guide/ch1.html
https://www.nifc.gov/prevEdu/comm_guide/ch1.html
http://fireadaptednetwork.org/wp-content/uploads/2015/12/FACQuickGuide3.3.pdf
https://www.forestsandrangelands.gov/strategy/documents/strategy/CSPhaseIIINationalStrategyApr2014.pdf
http://www.fema.gov/welcome-assistance-firefighters-grant-program
http://www.firewise.org/online-courses-and-education/online-courses.aspx
https://www.nfpa.org/~/media/files/news-and-research/fire-statistics/fire-service/oswui2017.pdf
https://www.nfpa.org/~/media/files/news-and-research/fire-statistics/fire-service/oswui2017.pdf
https://www.nfpa.org/-/media/Files/News-and-Research/Resources/Research-Foundation/Research-Foundation-reports/For-emergency-responders/RFPathwaysForBuildingFireSpreadWUI.ashx?la=en

https://www.nfpa.org/-/media/Files/News-and-Research/Resources/Research-Foundation/Research-Foundation-reports/For-emergency-responders/RFPathwaysForBuildingFireSpreadWUI.ashx?la=en

http://www.nfpa.org/codes-and-standards/document-information-pages?mode=code&code=1144
https://codes.iccsafe.org/public/document/code/556/9890826
https://codes.iccsafe.org/public/document/code/556/9890826
http://www.gema.ga.gov/Mitigation/Resource Document Library/Firewise Guidebook.pdf
http://www.gema.ga.gov/Mitigation/Resource Document Library/Firewise Guidebook.pdf
https://www.nyclimatescience.org/catalog/n12130?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n12130
https://www.nyclimatescience.org/catalog/n25419?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n25419
https://disastersafety.org/ibhs/2016-ibhs-wildfire-research/
https://disastersafety.org/ibhs/2016-ibhs-wildfire-research/
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Post-Sandy Retrofitting

The NYC DCP developed retrofitting

strategies after observing damage
from Superstorm Sandly.

More than 130 homes burned to
the ground before emergency crews
could respond in the Breezy Point
neighborhood of Queens (ClimAID

Region 4) during Superstorm Sandy

in 2012. This event prompted the
New York City Department of City
Planning to develop a retrofitting
manual® that addresses both fire
and flood vulnerability. Although
the document is geared mostly
toward flood protection, there

is a considerable emphasis on
fireproofing. Strategies in the
document include creating a fire-
proof mechanical space and using
only fire-rated materials on the
exterior of a building.
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DESCRIPTION

Due to rising temperatures and drought conditions caused by climate change,
buildings can potentially face an increase in exposure to fire. According to

the U.S. Fire Administration,' New York State was third in the country with
129 civilian home fire fatalities in the year 2015. About 73.4%, of these deaths
took place on residential property. Due to the potential for fire in all regions of
New York State, building fire protection should be considered in all resilience
improvement efforts.

To implement building fire protection, planners and policymakers can improve
upon comprehensive fire codes including those for New York City? and New
York State? with guidance from the Whole Building Design Guide#* from NIBS.
This document provides a building fire protection guide that identifies new
minimums for egress, fire detection, and material use. This source references
progressive codes and standards like the Smithsonian Institute Fire Protection
and Life Safety Design Manual,5 the NIST’s evacuation® references, and Firewise
Communities’ guide to fire-friendly development.” Architects, engineers, and
building owners and operators can use these codes and guides to improve
building fire protection in New York State.

OWNERS AND OPERATORS

In response to the overwhelming majority of fires that take place on residential
properties, the Cornell Cooperative Extension developed Home Fire Protection
Guides® to aid homeowner fire sensitivity and mitigation. The U.S. Department
of Homeland Security also provides the Owner Performance Requirements
Tool,® which simulates building performance during climate hazard events to
assist in the selection of resilience tactics.

Additional fire protection guides include FEMA’s How to Prepare for a Wildfire'°
document, which selects fire-protection strategies based on the successes and
failures in previous disasters. The University of California Agriculture and
Natural Resources Department also provides a Home Survival in Wildfire-Prone
Areas" guide that identifies building materials and design considerations. The
NFPA identifies home fire sprinklers® as an effective strategy and provides a cost
assessment for owners and operators to consider when selecting strategies to
improve their building’s fire protection.



https://www.usfa.fema.gov/data/statistics/states/newyork.html
http://www1.nyc.gov/assets/buildings/apps/pdf_viewer/viewer.html?file=2014CC_BC_Chapter_7_Fire-Resistance-Rated_Construction.pdf&section=conscode_2014
https://codes.iccsafe.org/public/document/toc/546/
https://codes.iccsafe.org/public/document/toc/546/
https://www.wbdg.org/design/fire_protection.php#mjr
https://airandspace.si.edu/rfp/exhibitions/files/j1-exhibition-guidelines/5/SI%20Fire%20Protection%20and%20Life%20Safety%20Design%20Manual.pdf
https://airandspace.si.edu/rfp/exhibitions/files/j1-exhibition-guidelines/5/SI%20Fire%20Protection%20and%20Life%20Safety%20Design%20Manual.pdf
https://www.nist.gov/topics/emergency-building-evacuation
http://www.gema.ga.gov/Mitigation/Resource Document Library/Firewise Guidebook.pdf
http://dea.human.cornell.edu/sites/default/files/pdf/home-fire-protection-2.pdf
http://dea.human.cornell.edu/sites/default/files/pdf/home-fire-protection-2.pdf
https://www.dhs.gov/owner-performance-requirements-opr-tool
https://www.dhs.gov/owner-performance-requirements-opr-tool
https://www.fema.gov/media-library-data/1409003859391-0e8ad1ed42c129f11fbc23d008d1ee85/how_to_prepare_wildfire_033014_508.pdf
https://anrcatalog.ucanr.edu/pdf/8393.pdf
https://anrcatalog.ucanr.edu/pdf/8393.pdf
https://www.nfpa.org/-/media/Files/News-and-Research/Resources/Research-Foundation/Research-Foundation-reports/Suppression/HomeFireSprinklerCostAssessment2013.ashx?la=en
https://www1.nyc.gov/assets/planning/download/pdf/plans-studies/retrofitting-buildings/retrofitting_complete.pdf
https://www1.nyc.gov/assets/planning/download/pdf/plans-studies/retrofitting-buildings/retrofitting_complete.pdf

IBHS Building Ignitions

Controlled fire tests provide useful
information for selecting fire-
protection systems.

In 2011, the IBHS conducted full-
scale ignition tests® at its research
center in South Carolina to learn
more about how different building
materials and construction systems
respond after exposure to burning
embers, direct flame contact,

and radiant heat. Experiments in
controlled environments can help
those who work in the building
sector make informed decisions
about fire protection. Building
owners, policymakers, and designers
can use this information to assess
the sensitivity of their buildings

and to help direct decisions on what
materials and systems to use in
retrofits or new builds.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Wildfires initiated by climate change can inflict heavy damage across entire
communities and regions. The American Red Cross provides information that
can be used to educate New York State residents on the importance of fire safety
and how to respond in the event of a fire. The NFPA also has a guide that

can be used as the basis for community-wide fire escape planning.’> Response
education programs can be combined with building fire-protection programs
like the Fire Risk Reduction in Buildings Program'® from NIST. This program
generates studies that can help determine material requirements in the Fire
Code of New York State.3

Funding is available for the implementation of fire preparation and response
training. The DHSES has multiple grant programs" that support fire safety,
including annual Preparedness Grants, Public Safety Answering Points
Operations Grants, and Assistance to Firefighters Grants. The U.S. Fire
Administration also provides an Assistance to Firefighters Grant Program*® to
enhance fire-safety abilities, protect first responder health, and increase the
number of firefighters.

ARCHITECTS AND ENGINEERS

Building fire protection begins with the design and construction of a building
that protects those inside. FEMA’s Home Builder’s Guide to Construction in
Wildfire Zones® serves as a reliable guide for design considerations of residential
homes by breaking down fire-protection tactics that can be applied to roofs,
walls, openings, decks, and exterior landscaping.2® For example, architects can
limit the use of gutters, roof vents, and eaves that can collect flammable debris
and ignite roof fires. OSHA provides guidance for designers considering building
access for firemen?' in the event of a fire, including strategies such as efficient
water supply, key boxes, and rooftop hazard identification.

The NFPA provides a study that assesses the role codes and standards play

in fire protection, as well as useful building fire protection standards.?* The
Society of Fire Protection Engineers’ Engineering Guide to Performance-Based
Fire Protection®? is one of these standards. It provides a starting point and a
comprehensive reference for including fire protection in all phases of the design
process. The DOE also provides a Fire Protection Guide®* that includes fire codes
and standards for its own buildings. Although meant for government buildings,
this document can be used for many building types in New York State.

1. Green Building and Climate Resilience:?® A document that provides guidance for climate adaptation strategies,

including building fire protection.

2. Primary Protection: Enhancing Health Care Resilience for a Changing Climate:?” A guide that focuses on health
care facilities and their resilience to climate change impacts, including wildfires.
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http://www.redcross.org/get-help/prepare-for-emergencies/types-of-emergencies/fire/prevent-home-fire
http://www.nfpa.org/public-education/by-topic/safety-in-the-home/escape-planning
http://www.nist.gov/el/fire_research/firesafety/program_fireinbuildings.cfm
https://codes.iccsafe.org/public/document/toc/546/
https://codes.iccsafe.org/public/document/toc/546/
http://www.dhses.ny.gov/grants/programs.cfm
https://www.usfa.fema.gov/grants/
http://www.fema.gov/media-library-data/20130726-1652-20490-4085/fema_p_737.pdf
http://www.fema.gov/media-library-data/20130726-1652-20490-4085/fema_p_737.pdf
http://www.fema.gov/media-library-data/20130726-1651-20490-4552/fema_p_737_fs_5.pdf
http://www.fema.gov/media-library-data/20130726-1652-20490-4620/fema_p_737_fs_7.pdf
http://www.fema.gov/media-library-data/20130726-1652-20490-8249/fema_p_737_fs_11.pdf
http://www.fema.gov/media-library-data/20130726-1652-20490-4409/fema_p_737_fs_13.pdf
http://www.fema.gov/media-library-data/20130726-1652-20490-2634/fema_p_737_fs_14.pdf
https://www.osha.gov/Publications/OSHA3256.pdf
https://www.nfpa.org/-/media/Files/News-and-Research/Resources/Research-Foundation/Research-Foundation-reports/Building-and-life-safety/RFDisasterResiliencyAndNFPACodesAndStandards.ashx?la=en&hash=B9A040143AA3756BA7CAED5315BE980AACD7A903
http://catalog.nfpa.org/SFPE-Engineering-Guide-to-Performance-Based-Fire-Protection-2nd-Edition-P14600.aspx
http://catalog.nfpa.org/SFPE-Engineering-Guide-to-Performance-Based-Fire-Protection-2nd-Edition-P14600.aspx
https://www.standards.doe.gov/standards-documents/1000/1066-AStd-1999/@@images/file
https://www.nyclimatescience.org/catalog/n32564?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n32564
https://www.nyclimatescience.org/catalog/n1426?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n1426
https://disastersafety.org/ibhs/research-center-demo-wildfire-2011/
https://disastersafety.org/ibhs/research-center-demo-wildfire-2011/
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IMPROVING THERMAL PERFORMANCE IN THE BUILDING ENVELOPE

LOCATION

-

GRoW Home

This zero-energy building uses
efficient insulation to decrease the
demand on active thermal energy
systems.

Students and faculty from the
University at Buffalo School of
Architecture and Planning designed
and built the GRoW Home,° a small
zero-energy building that uses above
code insulation to reduce energy
demand. The floor, walls, and

roof of the home were constructed
using 10-1/4" thick R-40 Structural
Insulated Panels (SIPs™) that were

sealed to create an airtight enclosure.

The insulation was combined with
thermal zoning and cross ventilation
techniques to maintain comfortable
interior temperatures and reduce
demand on active building systems.
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DESCRIPTION

Proper insulation increases the efficiency of the building envelope by slowing
heat transfer through exterior walls and roofs. This can help lower the demand
on active building systems by maintaining comfortable interior temperatures,
even during extreme hazard events such as heat waves and winter storms.

This strategy is intended to help maintain comfortable interior temperatures
as climate change increases the likelihood of extreme temperatures.! Both
high and low exterior temperatures increase demands on active building
systems that maintain comfortable temperatures. The U.S. Energy Information
Administration reports that homes in New York State already consume 15%_
more energy? than the national average.

Inefficient insulation systems and the uncontrolled transfer of heat, such as
through breaks in a home’s air barrier, also allow moisture to collect in wall and
roof assemblies, which can cause ice dams during the winter and mold growth3
during the summer. Because insulation improves building performance in both
extreme high and low temperatures, insulation improvements both above and
below ground are an important climate resilience strategy for all regions of New
York State.

OWNERS AND OPERATORS

For a better understanding of insulation systems, the DOE identified
insulation types and techniques,* in addition to explaining what can happen if
improvements are not made. For example, poor insulation can cause ice dams5
during winter months, which divert water into the interior of the building.
Insulation helps prevent ice dams by limiting the escape of warm air through
gaps in the roof that would otherwise melt the snow stored on the roof during
the winter.

Improving insulation can also be one of the most cost-effective strategies for
increasing the energy performance of any type of building. The EPA Energy
Star® program concludes that New York State homeowners can save an
average of 17.35% on heating and cooling costs® after air sealing and insulation
improvements. Homeowners can assess their home’s insulation after reviewing
the DOE’s recommendations,” which identify where homes should be insulated.
Professional energy audits® can provide a more thorough analysis of where
improvements can be made.



https://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
http://www.eia.gov/consumption/residential/reports/2009/state_briefs/pdf/ny.pdf
http://www.eia.gov/consumption/residential/reports/2009/state_briefs/pdf/ny.pdf
https://www.epa.gov/mold/mold-course-chapter-2-why-and-where-mold-grows
http://www.energy.gov/energysaver/insulation
http://buildingscience.com/documents/digests/bsd-135-ice-dams
https://www.energystar.gov/index.cfm?c=home_sealing.hm_improvement_methodology
http://energy.gov/energysaver/where-insulate-home
http://energy.gov/energysaver/home-energy-audits
http://grow.buffalo.edu/
http://www.sips.org/about/what-are-sips

|

HeatSmart Tompkins
Approximately 75% of the energy
consumed by homes in Tompkins
County is used to heat and cool
interior spaces.

This program was developed in
Tompkins County (ClimAID Region
3) as a response to the excessive
amount of energy used to heat and
cool homes. Providing incentives
for home owners to move away
from fossil fuels, this program
instead encourages more energy
efficient air and ground source heat
pumps along with better insulation
and air-sealing.?? Multiple local
businesses and homeowners have
benefited from the program, which
was responsible for more than 400
projects that generated $12 million
in revenue while adding 7o full-time
jobs, all within a one-year period.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Increasing temperatures and precipitation increase the vulnerability of certain
populations" that live in homes that are not equipped to handle the anticipated
changes in climate. One way to initiate change through policy is to constantly
review and update insulation and fenestration (window) requirements, such as
those included in Table 402.1.3* in the Energy Conservation Construction Code
of New York State. All changes should be made in accordance with the changing
climate conditions in each of the climate zones identified in Chapter 3' of the
energy code.

In addition to code review and revision, policy makers and planners should
provide building owners and operators with resources and incentives to increase
the efficiency of their insulation systems in all regions of the state. NYSERDA
Home Energy Efficiency Programs' can assist local leaders seeking to provide
information and incentives for improving insulation systems. Programs like
these help professionals and non-professionals understand the importance of
insulation and how to make improvements within a budget. New York State also
has a Weatherization Assistance Program (WAP)* that helps income-eligible
families and individuals improve the efficiency of their homes to reduce the
impact of heat waves and winter storms.

ARCHITECTS AND ENGINEERS

Exceeding insulation minimums prepares new and retrofitted buildings for a
changing climate because restricting the transfer of heat though walls and roofs
can decrease loading on active thermal systems and reduce the frequency of

ice dams and mold growth. To help guide efficient insulation system design,

the IECC’s Residential Prescriptive Requirements!® provides recommended
minimums for R-value and U-value thresholds in each of the IECC climate zones
in the United States. ASHRAE Standard 90.1" is also referenced in this code and
sets values for commercial building energy use requirements. Professionals in
New York State should consider referring to minimums and standards currently
in use for southern states in order to account for the expected increases in
temperature over time.

The DOE has an outline of multiple insulation materials®® that provides typical
R-values, installation advice, and information about environmental integrity. A
review of these materials can help balance decisions between cost, performance,
environmental qualities, and material longevity. The DOE also provides
information on where to insulate in existing homes' and new construction.?
Structural insulated panels® are building systems that provide wall assemblies
with continuous insulation for new building construction. This effective and
efficient prefabricated building system eliminates physical gaps in construction
that would otherwise serve as entry points for air and moisture in wall and roof
assemblies.

1. Net Zero Energy Homes:?3 A residential construction program which offers support for homes designed to
achieve net zero energy performance.

2. A New Modeling Approach to Forecast Building Energy Demands During Extreme Heat Events in Complex
Cities:** A study describing how heat waves may increase energy consumption as demand for cooling grows.
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http://www.nap.edu/read/13115/chapter/9
http://www.nap.edu/read/13115/chapter/9
https://codes.iccsafe.org/public/document/code/444/7965605
https://codes.iccsafe.org/public/document/IECC2015/chapter-3-ce-general-requirements
http://www.nyserda.ny.gov/All-Programs/Programs/Home-Energy-Efficiency-Upgrades
http://www.nyserda.ny.gov/All-Programs/Programs/Home-Energy-Efficiency-Upgrades
http://www.nyshcr.org/Programs/WeatherizationAssistance/
https://energycode.pnl.gov/EnergyCodeReqs/?state=New York
https://www.ashrae.org/resources--publications/bookstore/standard-90-1
http://www.energy.gov/energysaver/insulation-materials
http://www.energy.gov/energysaver/adding-insulation-existing-home
http://www.energy.gov/energysaver/insulation-new-home-construction
http://www.acmepanel.com/pdf/green_building.pdf
https://www.nyclimatescience.org/catalog/n29830?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n29830
https://www.nyclimatescience.org/catalog/n63399?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n63399
https://www.nyclimatescience.org/catalog/n63399?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n63399
http://www.solartompkins.org/get-heatsmart.html
http://www.solartompkins.org/get-heatsmart.html
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NY Renews

Sustainable community
development working to improve
social injustice in New York State.

NY Renews? is a campaign
comprised of community-based
organizations, environmental
justice groups, labor unions,
business leaders, and many others
that is pushing New York State
towards sustainable community
development. The advocacy group’s
goals are the creation of clean
energy jobs, transition to 100%
clean energy by 2050, support of
environmental justice, and worker
protection. The coalition uses
sustainability as a unifying goal to
reduce social injustices in New York
State through job training, climate
hazard response training, and
fostering a transition to renewable
energy.
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DESCRIPTION

Resilient neighborhoods are prepared to adapt to and recover from climate
hazard events' by maintaining essential functions, structures, and neighborhood
character. Neighborhoods begin the resilience process by assessing how
prepared residents are for recovery, and they continue by developing
community-driven plans? that respond to existing vulnerabilities, use
community assets, monitor community conditions, and equip the community
with pathways for economic growth.

Resilient neighborhood development builds on neighborhood trust and the
activation of strengths to holistically link environment, equity, and economy.
Civic buildings, including schools, and critical facilities? play a significant role in
neighborhoods, serving as a space for discussion and refuge. FEMA considers
the whole community#+ a necessary part of resilient neighborhood development.
In this view, preparedness is a shared responsibility that must be based on an
understanding of the community’s complexity and empower local action.

OWNERS AND OPERATORS

FEMA argues that resilience requires a whole community approach,* where all
members, including individuals, businesses, institutions, schools, media, and
government, share responsibility for hazard preparedness. Homeowners can
initiate climate change resilience and adaptation efforts through individual
management of privately owned green spaces,> which can collectively alter
climate, pollution, stormwater mitigation, and biodiversity. For example,
according to the EPA, compact development® strategies that reduce stormwater
runoff on individual properties can add up to reduce the impact of climate
hazard events including flooding.

Community resilience also includes social and economic factors such as
equitable job training. The Baltimore Center for Green Careers’ is one local
organization that trains residents in Brownfield remediation and weatherization
and creates opportunities for employment in highly skilled careers. THE POINT®
is a community development corporation that empowers residents and improves
neighborhood resilience by using teens as resources for making improvements
to the neighborhood of Hunts Point in New York City.



http://www.iclei.org/details/article/icleis-climate-resilient-communities-program-addresses-adaptation-vulnerabilities.html
http://www.iclei.org/details/article/icleis-climate-resilient-communities-program-addresses-adaptation-vulnerabilities.html
http://stormrecovery.ny.gov/sites/default/files/documents/Guidance_for_Community_Reconstruction_Plans.pdf
https://www.fema.gov/media-library/assets/documents/8811
https://www.fema.gov/media-library-data/20130726-1813-25045-0649/whole_community_dec2011__2_.pdf
https://www.fema.gov/media-library-data/20130726-1813-25045-0649/whole_community_dec2011__2_.pdf
https://www.researchgate.net/publication/269573735_Residential_Landscapes_Environmental_Sustainability_and_Climate_Change
https://www.researchgate.net/publication/269573735_Residential_Landscapes_Environmental_Sustainability_and_Climate_Change
https://www.epa.gov/sites/production/files/2014-06/documents/mwcog-guidebook-final-508-111313.pdf
http://baltimoregreencareers.civicworks.com/
http://thepoint.org/index.php
http://nyrenews.org/

|
Resilience Competition

U.S. Department of Housing
and Urban Development awards
funds for community resilience
interventions.

The U.S. Department of Housing
and Urban Development??

awarded New York State with
$35,800,000 and New York City
with $176,000,000 in funding.

New York State will use the funding
for Public Housing Resiliency

Pilots that implement site-specific
resiliency interventions such as

dry flood proofing and backups to
critical buildings systems. New York
City will use its funding to construct
a coastal flood protection system in
lower Manhattan while enhancing
connections to community facilities,
the waterfront, and open space.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Resilient community planning must begin and evolve with input from all
populations within the community. FEMA’s Whole Community Approach to
Emergency Management: Principles, Themes, and Pathways to Action' explains
traditional reliance on government to manage risks may not be as effective in
managing future disasters. Instead, it is necessary for policymakers and planners
to facilitate an increase in individual and community preparedness to enhance
resiliency. In New York State, the Climate Smart Communities Program* guides
local governments in taking appropriate climate action and recognizes high-
performing communities. The program is comprised of 120 actions, including
13 priority actions for climate change adaptation, vulnerability assessments,

and the identification of climate adaptation strategies in existing policies and
regulations.

Low-carbon neighborhood planning can help improve resilience by reducing
greenhouse gas emissions and the demand on grid utilities that can fail during
climate hazard events. The Centre for Sustainable Energy released a guidebook
to planning low-carbon neighborhoods' that addresses sustainability and
resilience in transportation, energy, climate, and ecology. Responding to the
impacts of Superstorm Sandy, the New York City Department of Planning’s
Resilient Neighborhoods* plan focuses on place-based neighborhood-specific
strategies, including zoning and land use, to protect communities in flood plains.
Similarly, changes made to New York City’s Zoning Resolution'+ established
the Special Coastal Risk District to promote public safety and potential damage
reduction in areas with exceptionally high risks of flooding by creating special
regulations, such as population limitations and wetland protection, for these
areas. New York State also passed the Community Risk and Resiliency Act's

to ensure that State monies and permits take into consideration the effects of
climate risk and extreme weather events.

ARCHITECTS AND ENGINEERS

Resilient neighborhood development is most successful when infrastructure,
including infrastructure at the neighborhood scale, is prepared to withstand

the impacts of the changing climate. To assist architects and engineers, the

EPA released a guide containing tools, strategies, and lessons learned'® from
previous green infrastructure installations. These small-scale infrastructure
improvements can be paired with recommendations from FEMA, such as flood
modeling, continued education, and construction inspections, to help improve
neighborhood resilience in all areas of the State.

NIST and the Technology Engineering Laboratory developed the Community
Resilience Planning Guide for Building and Infrastructure Systems.'® Volume
1Y of the guide discusses developing a planning process around community
resilience, while Volume 22° provides information on the issues surrounding
the development of resilient neighborhoods including social vulnerability and
dependencies. NIST also published The Community Resilience Economic

Decision Guide for Buildings and Infrastructure Systems,?! which details the
economic ramifications of potential resilience investments.

1. Smart Growth in Small Towns and Rural Communities:?? Information and links to resources on smart growth

for rural communities.

2. An Evaluation of the Asthma Intervention of the New York State Healthy Neighborhoods Program:*+ An
academic article focusing on the impact of the Health Neighborhoods Program’s asthma interventions.
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https://www.fema.gov/media-library/assets/documents/23781
https://www.fema.gov/media-library/assets/documents/23781
http://www.dec.ny.gov/energy/96511.html
https://www.cse.org.uk/downloads/reports-and-publications/policy/community-energy/energy-advice/planning/renewables/low-carbon-neighbourhood-planning-guidebook.pdf
https://www.cse.org.uk/downloads/reports-and-publications/policy/community-energy/energy-advice/planning/renewables/low-carbon-neighbourhood-planning-guidebook.pdf
http://www1.nyc.gov/site/planning/plans/resilient-neighborhoods.page
https://www1.nyc.gov/assets/planning/download/pdf/plans-studies/resilient-neighborhoods/east-shore/east-shore-proposed-text-amendment.pdf
http://assembly.state.ny.us/leg/?default_fld=&bn=A06558&term=2013&Summary=Y&Actions=Y&Memo=Y&Text=Y
https://www.epa.gov/sites/production/files/2016-01/documents/gi_tech_asst_summary_508final010515_3.pdf
https://www.fema.gov/media-library-data/1385587599782-2af51c5c5047035232256eeb8da18316/Sandy_MAT_Ch7_508post.pdf
http://www.nist.gov/el/resilience/guide.cfm
http://www.nist.gov/el/resilience/guide.cfm
https://www.nist.gov/sites/default/files/community-resilience-planning-guide-volume-1_0.pdf
http://www.nist.gov/el/resilience/upload/Community-Resilience-Planning-Guide-Volume-2.pdf
http://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1197.pdf
http://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1197.pdf
https://www.nyclimatescience.org/catalog/n9276?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n9276
https://www.nyclimatescience.org/catalog/n4421?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n4421
http://portal.hud.gov/hudportal/documents/huddoc?id=NDRCGrantProf.pdf
http://portal.hud.gov/hudportal/documents/huddoc?id=NDRCGrantProf.pdf

Urban Heat Island

REDUCING THE EFFECTS OF EXTREME HEAT IN AN URBAN SETTING
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RELATED STRATEGIES

Emergency Management
Green Infrastructure

Roof Covering

Insulation

Neighborhood Development

2003 Northeast Blackout

Due to the urban heat island effect,
excessive heat overburdened the
energy supply and caused the
largest blackout in United States
history.

In August of 2003, due to high
temperatures excessive cooling
loads and energy consumption™

caused a major power failure
throughout the Northeastern U.S.
and Canadian Province of Ontario.
A study that followed the event*®
concluded that mortality increased
for accidental and non-accidental
deaths, resulting in approximately
90 excess deaths in New York City
alone.
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Building Ventilation

DESCRIPTION

Climate change will lead to longer and more intense heat waves that, according
to the EPA,! can increase overall energy demand, elevate pollution emissions,
compromise human health, and impair water quality. In a phenomenon known
as the urban heat island effect,? non-reflective surfaces including roads and dark
colored roofs absorb heat and make urban areas hotter than neighboring rural
areas by as much as 1.8 to 5.4°F during the day and by as much as 22°F during
the evening. The EPA describes how the effects of heat waves are exacerbated by
urban heat islands and explains the potential impacts to sensitive populations?
like the elderly, children, low-income populations, and people in poor health.

The EPA developed a Heat Island Compendium+* to outline key resilience
strategies including trees and vegetation, green and cool roofs, cool pavements,
and activities to reduce the effects of heat islands. Other organizations like the
DEC present useful material for developing an understanding of health risks and
the steps that can be taken® to reduce the effects of urban heat islands.

OWNERS AND OPERATORS

Rising temperatures as a result of climate change will have devastating impacts
on both human and building health.® Because heat can exaggerate or accelerate
many existing health issues, FEMA’s extreme heat fact sheet” identifies risks and
what can be done before, during, and after extreme heat events.

The EPA’s Heat Island Compendium describes urban heat island basics® and
provides information on resilience tactics that reduce the negative effects

of heat islands, including cool roofs and tree canopy growth. The Cool Roof
Rating Council provides general information on cool roofs® for builders and
homeowners, including benefits such as reducing energy bills and reducing the
community’s urban heat island effect. The EPA provides similar information
on using trees and vegetation to reduce heat islands' with solar shading. These
documents can help owners and operators make informed decisions on how to
most effectively reduce the impacts of urban heat islands.



https://www.epa.gov/heat-islands/heat-island-impacts
https://www.epa.gov/heat-islands/measuring-heat-islands
https://www.epa.gov/heat-islands/climate-change-and-heat-islands
https://www.epa.gov/heat-islands/heat-island-compendium
http://www.dec.ny.gov/lands/30344.html
https://www.epa.gov/sites/production/files/2016-10/documents/extreme-heat-guidebook.pdf
http://www.fema.gov/media-library-data/20130726-1622-20490-2694/extremeheatfactsheet_final.pdf
https://www.epa.gov/sites/production/files/2014-06/documents/basicscompendium.pdf
http://coolroofs.org/resources/home-building-owners
https://www.epa.gov/heat-islands/using-trees-and-vegetation-reduce-heat-islands
http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/BlackoutFinal-Web.pdf
http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/BlackoutFinal-Web.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3276729/

Urban Tree Canopy Growth

Tree canopies provide homes with
sun shading, improved air quality,
and increased comfort levels.

Funded by a grant from the DEC,
the Urban Forestry Project?® is
responsible for implementing the
Saratoga Urban and Community
Forest Master Plan.?” The main
goals of this project are to integrate
trees into Saratoga Springs’
infrastructure, annually adjust
strategies to ensure the use of
modern forestry techniques,
develop best management practices,
commit more resources for trees,
and cultivate citizen involvement.
The actions within this project
reduce urban heat island effects by
improving the tree canopy, which
shades roads and buildings that
would otherwise absorb excessive
heat from the sun.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Addressing urban heat island requires community-wide efforts that focus on
cooling urban areas with techniques such as high-albedo roofs and streets,

and increased tree canopy coverage. The EPA has an excessive heat events
guidebook® that describes the potential impacts of urban heat island and makes
recommendations for mitigating its effects through a discussion of case studies
and federal resources. Chapter 6 of the EPA’s Heat Island Compendium can
supplement this information with heat island reduction activities'# that can be
executed at a neighborhood scale. To facilitate action, the DEC provides access
to cost-share grants® that provide funding for community groups to get involved
in mitigation efforts. In 2017, the New York City Mayor’s Office of Recovery and
Resiliency launched a $106 million program, Cool Neighborhoods NYC,* to
provide guidance in mitigation, adaption, and monitoring of rising temperatures
and the impacts they have on the city’s residents. The project includes plans

to increase green space throughout the city and promotes programs like “Be a
Buddy NYC,” which encourages neighborly attentiveness in cases of emergency.

Mitigating heat islands is a collective effort that requires effective planning. The
EPA maintains a Heat Island Community Actions Database' of projects that are
happening in the United States, which can be used for inspiration to develop
collaborations. The U.S. Forest Service and Loyola Marymount University’s
Prioritizing Preferable Locations for Increasing Urban Tree Canopy in New York
City®® is an example of a study that guides effective urban heat island planning
through the use of GIS and other analytical tools.

ARCHITECTS AND ENGINEERS

Material selection and landscape integration play critical roles in mitigating
urban heat islands by limiting heat absorption in urban settings. The NYSERDA-
funded Mitigating New York City’s Heat Island with Urban Forestry, Living
Roofs, and Light Surfaces® report can be used as a technical foundation for
implementing heat-related mitigation strategies in all of New York State’s

urban areas. The American Society of Landscape Architects?® provides links to
organizations, government resources, research agendas, and individual projects
that can help guide the implementation of strategies that address the effects of
the urban heat island.

The EPA’s Heat Island Compendium provides guidance for implementing
urban heat island resilience strategies, such as tree canopy growth, green roofs,
and cool roofs and pavements. The compendium discusses the benefits, costs,
and design considerations for using trees and vegetation®! to reduce exposure
to sunlight, and it provides similar information for the construction of green
roofs,?? cool roofs,? and cool pavements.?+ Suggested considerations include
reviewing the thermal performance of building materials. The Institut National
de Santé Publique Québec also has a guide dedicated to heat island mitigation,
which describes strategies such as the implementation® of selective vegetation,
green roofs and walls, and urban infrastructure in a climate similar to that of
northern New York State.

1. Localizing Global Environmental Science:?® A paper that assesses the relationship between city planners and
climate scientists and explains how addressing local urban heat islands can lead to better decisionmaking.

2. Mitigation Integrating Stakeholder Perspective and Scientific Evaluation:*° A study that attempts to understand
the feasibility of mitigation strategies through stakeholder research questions, focusing on New York City.
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https://www.epa.gov/sites/production/files/2016-03/documents/eheguide_final.pdf
https://www.epa.gov/sites/production/files/2016-03/documents/eheguide_final.pdf
https://www.epa.gov/sites/production/files/2014-06/documents/activitiescompendium.pdf
http://www.dec.ny.gov/lands/5285.html
http://www1.nyc.gov/assets/orr/pdf/Cool_Neighborhoods_NYC_Report_FINAL.pdf
https://www.epa.gov/heat-islands/heat-island-community-actions-database
http://digitalcommons.lmu.edu/cgi/viewcontent.cgi?article=1066&context=cate
http://digitalcommons.lmu.edu/cgi/viewcontent.cgi?article=1066&context=cate
http://www.nyserda.ny.gov/-/media/Files/Publications/Research/Environmental/EMEP/NYC-Heat-Island-Mitigation.pdf
http://www.nyserda.ny.gov/-/media/Files/Publications/Research/Environmental/EMEP/NYC-Heat-Island-Mitigation.pdf
https://www.asla.org/ContentDetail.aspx?id=43536
https://www.epa.gov/sites/production/files/2014-06/documents/treesandvegcompendium.pdf
https://www.epa.gov/sites/production/files/2014-06/documents/greenroofscompendium.pdf
https://www.epa.gov/sites/production/files/2014-06/documents/greenroofscompendium.pdf
https://www.epa.gov/sites/production/files/2014-06/documents/coolroofscompendium.pdf
https://www.epa.gov/sites/production/files/2014-06/documents/coolpavescompendium.pdf
https://www.inspq.qc.ca/pdf/publications/1513_UrbanHeatIslandMitigationStrategies.pdf
https://www.nyclimatescience.org/catalog/n13082?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n13082
https://www.nyclimatescience.org/catalog/n30587?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n30587
http://www.dec.ny.gov/lands/4957.html
http://www.sustainablesaratoga.org/wp-content/uploads/2013/04/Saratoga-Urban-Forest-Master-Plan_final-version.pdf
http://www.sustainablesaratoga.org/wp-content/uploads/2013/04/Saratoga-Urban-Forest-Master-Plan_final-version.pdf
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A PASSIVE S TRATEGY FOR ADAPTING TO HIGH-TEMPERATURE EVENTS
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NIST Planning Guide

Natural ventilation is a passive
strategy that can keep buildings cool
during brownouts and blackouts.

Electrical power outages are
common during disasters and
extreme weather events. The NIST
Planning Guide" focuses on indoor
environmental quality issues
relating to disaster resilience events.
Proper ventilation is an important
aspect of providing healthy
environments for habitation.

Heat waves and storms that cause
power failure threaten indoor
environmental habitability due to
raising temperatures that can cause
heat stress and loss of heating/
cooling and ventilation.
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Windows
Insulation
Urban Heat Island
Indoor Air Quality

HEAT FLOODING Passive Building Systems

WAVE

DESCRIPTION

Responding to Climate Change in New York State' explains that human health
will be compromised due to higher temperatures and increased precipitation.
Building ventilation can help maintain comfortable thermal environments
during heat waves, improve indoor air quality®to reduce the effects of mold
growth after floods, and reduce energy use and greenhouse gas emissions from
active building systems.

The National Wildlife Federation and the Asthma and Allergy Foundation

of America explain that climate change will worsen respiratory allergies?

for approximately 25 million Americans, while more airborne allergens

could increase the likelihood of asthma attacks for approximately 10 million
Americans. The Institute of Medicine also concluded that ventilation is directly
related to public health issues#* such as indoor air quality and heat exposure, and
a USGBC report states that New York State schools with good ventilation?

were 94-184% more likely to have good attendance than schools with poor
ventilation.

OWNERS AND OPERATORS

NYSERDA and the EPA teamed up with the National Center for Healthy
Housing to create the Homeowner’s Guide to Ventilation.® This guide describes
how properly working ventilation protects humans from harmful pollutants and
gases like radon and carbon monoxide, and how it protects homes from moisture
damage that could lead to rot, insect infestations, and mold growth. The
Building Science Corporation released an advisory containing recommendations
for meeting ventilation requirements’” and discussing how different ventilation
system designs function in different climate zones.

Building operators and owners should understand that poor HVAC system
maintenance may lead to microbial growth, as the dust, dirt, and moisture that
accumulate create an ideal environment for microorganisms that can cause
serious illnesses. Because of this, the EPA explains that ducts should be cleaned?®
regularly and maintained to ensure good indoor environmental quality. The
National Center for Healthy Housing provides a guide for replacing bathroom
exhaust fans? and a guide for installing kitchen exhaust fans' to help eliminate
health hazards in the high activity areas of the home.



https://www.epa.gov/indoor-air-quality-iaq
https://www.nwf.org/~/media/PDFs/Global-Warming/Reports/NWF_AllergiesFinal.ashx
http://www.nap.edu/catalog/13115/climate-change-the-indoor-environment-and-health
http://www.nap.edu/catalog/13115/climate-change-the-indoor-environment-and-health
https://www.usgbc.org/Docs/Archive/General/Docs9910.pdf
http://www.nchh.org/Portals/0/Contents/Homeowners_Guide_to_Ventilation.pdf
http://buildingscience.com/sites/default/files/migrate/pdf/GM_READ_This_Ventilate.pdf
http://buildingscience.com/sites/default/files/migrate/pdf/GM_READ_This_Ventilate.pdf
https://www.epa.gov/indoor-air-quality-iaq/should-you-have-air-ducts-your-home-cleaned#unresolved_issues
http://www.nchh.org/Portals/0/Contents/Healthy-Housing-Challenge_Critical-Details_03_Bath-Exhaust-Fan-Replacement.pdf
http://www.nchh.org/Portals/0/Contents/Healthy-Housing-Challenge_Critical-Details_03_Bath-Exhaust-Fan-Replacement.pdf
http://www.nchh.org/Portals/0/Contents/Healthy-Housing-Challenge_Critical-Details_18_Kitchen-Exhaust-Fan.pdf
http://nvlpubs.nist.gov/nistpubs/TechnicalNotes/NIST.TN.1882.pdf
http://nvlpubs.nist.gov/nistpubs/TechnicalNotes/NIST.TN.1882.pdf

|
Net Zero Energy Homes

Passive systems, like those in
net zero energy homes, increase
passive survivability.

Passive systems, including
building ventilation, are used in
efficient buildings to increase
passive survivability by reducing
dependency on active systems that
may fail during a climate hazard
event. NYSERDA offers support for
builders and developers of single-
family and multifamily buildings
that are designed to achieve net
zero energy. These highly efficient
homes incorporate high efficiency
systems with passive systems such
as air sealing and cross-ventilation
to ensure that residential buildings
exceed energy performance
minimums defined by the New York
State Energy Code.?

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Climate change in New York State is expected to bring more extreme heat events
that increase demand on active cooling systems and cause brownouts and
blackouts.** According to the Building Resiliency Task Force, all housing should
contain operable windows that allow and improve natural ventilation' to help
cool buildings during extreme heat events and improve passive survivability

in the event of a loss of power to mechanical ventilation equipment. New York
State’s Mechanical Code' currently states that mechanical ventilation must

be provided and supply and exhaust should be equal in volume. Policymakers
should consider similar mandates for natural ventilation that is used when
mechanical systems are out of power.

Ventilation in buildings can be supplied through mechanical equipment or
through natural air currents. The DOE explored different types of ventilation
tactics that improve building performance' and how they help control moisture,
cool spaces, remove indoor air pollutants, and provide fresh air. Building on

this information, NYSERDA released a guide for better home construction' that
explains the advantages and disadvantages of mechanical and natural ventilation
in homes, and how to build better ventilation systems. Recommendations from
these sources can be integrated into policy to help improve passive survivability
in New York State buildings.

ARCHITECTS AND ENGINEERS

Designers should consider using passive ventilation as a supplement to active
systems in both new and retrofit construction. To assist in this effort, NIBS
discusses natural ventilation'” in an overview of common issues, techniques,
and design considerations. ASHRAE Standard 62.1-2016 and Standard 62.2
-2007* specify minimum ventilation rates. Interior air velocities of only 160
feet per minute have the potential to reduce the perceived air temperature by as
much as 5 degrees Celsius. The standards also provide guidance on how to meet
these ventilation rates with continuous mechanical ventilation that is based on
building size and occupancy. Large-diameter, low-speed fans, for instance, tend
to be more efficient and effective than smaller, high-speed fans and are typically
used in large industrial or commercial spaces.

The DOE provides information regarding ventilation strategies for high-
performance homes in its Building America Webinar' for building design
professionals. The DOE also concludes that whole-house ventilation is a strategy
that works well in cold climates,® where different system configurations can

be used to meet different project and climatic requirements. In addition, the
DOE and the Consortium for Advanced Residential Buildings explain how to
successfully implement ventilation tactics through smart design, specification,
and construction techniques in multifamily residential buildings.*

1. Deaths Associated with Heat Waves in 2006:2 Summary of investigation into deaths associated with heat waves
that occurred in New York City in 2006.

2. Designing for the Next Century’s Weather:24 An article discussing the future effects of climate change on
building construction and remodeling.

3. Climate Change and Extreme Heat Events:? Information for communities on extreme heat events and their

threat to public health.
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http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/BlackoutFinal-Web.pdf
http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/BlackoutFinal-Web.pdf
http://www.urbangreencouncil.org/content/projects/building-resilency-task-force
https://codes.iccsafe.org/public/document/IMC2015/chapter-4-ventilation
https://codes.iccsafe.org/public/document/IMC2015/chapter-4-ventilation
http://energy.gov/energysaver/ventilation
http://energy.gov/energysaver/ventilation
http://www.nyserda.ny.gov/-/media/Files/EERP/Residential/Programs/build-better-guide.pdf
https://www.wbdg.org/resources/naturalventilation.php
https://www.ashrae.org/resources--publications/bookstore/standards-62-1--62-2
https://www.ashrae.org/resources--publications/bookstore/standards-62-1--62-2
https://energy.gov/eere/buildings/downloads/building-america-webinar-ventilation-strategies-high-performance-homes-part
http://energy.gov/energysaver/whole-house-ventilation
http://energy.gov/eere/buildings/downloads/building-america-webinar-ventilation-multifamily-buildings
https://www.nyclimatescience.org/catalog/n2884?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n2884
https://www.nyclimatescience.org/catalog/n7767?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n7767
https://www.nyclimatescience.org/catalog/n297?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n297
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Superstorm Sandy

Carbon monoxide poisoning is
a leading cause of mortality and

morbidity in post-disaster situations.

In the aftermath of Superstorm
Sandy, public health agencies
observed at poison control centers
an increase in exposure to carbon
monoxide, which has effects that
range from headaches and fatigue
to coma and death. The Centers for
Disease Control and Prevention*
note that power outages increase
risky behaviors such as improper
placement of generators and indoor
use of charcoal grills for heat.
Ill-advised actions such as these,
combined with spilled chemicals
and exposed toxic building
materials, increase post-storm
mortality and morbidity.

HAZARDS

RELATED STRATEGIES

Windows

Building Ventilation
Passive Building Systems
Active Building Systems

Integrated Pest Management
INFESTATIONS

DESCRIPTION

Air pollutants including particulates, sulfur oxides, and ground-level ozone can
be influenced by meteorological variables* such as temperature and humidity.

As a result, climate change plays a critical role in determining patterns of indoor
air quality? in all building types. The EPA takes this information a step further
by introducing the immediate and long-term effects? of poor indoor air quality
including eye, nose, and throat irritation, as well as respiratory diseases and
cancer. The severity of these effects depends on the individual sensitivity of the
occupant and the level of exposure within the building. A study sponsored by the
EPA also found that Americans spend 87% of their life in enclosed buildings,*
where air pollutant concentrations are often two to five times higher than typical
outdoor concentrations.

Climate Change, the Indoor Environment, and Health* from the Institute of
Medicine provides more detail on the connections between climate change and

indoor air quality. According to a study at Northwestern University, ground-
level ozones is one of the connections that can trigger multiple health hazards
when it enters buildings through unsealed and unfiltered openings in wall and
roof constructions.

OWNERS AND OPERATORS

For building managers, the EPA provides a notice that emphasizes the
importance of monitoring and addressing indoor air quality® in all buildings.
It also provides documents that give background information on what affects
indoor air quality,” as well as information on how to ensure that a building has
good indoor air quality.® These guides may be used as references for effectively
completing the Indoor Air Quality Management Checklist,® which outlines a
step-by-step procedure for developing a thorough understanding of how to
maintain indoor air quality.

To help guide the mitigation of poor air quality, the National Center for Healthy
Housing, with support from the EPA and NYSERDA, created the Homeowner’s
Guide to Ventilation, which can be used as a guide for removing poor-quality
air from a building. The EPA also provides additional methods for improving
indoor air quality,* including source control and air cleaners.
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http://nationalacademies.org/HMD/Reports/2011/Climate-Change-the-Indoor-Environment-and-Health.aspx
http://www.sciencedirect.com/science/article/pii/S0749379708006909
http://www.sciencedirect.com/science/article/pii/S0749379708006909
https://www.epa.gov/indoor-air-quality-iaq/introduction-indoor-air-quality
http://www.ncbi.nlm.nih.gov/pubmed/11477521
http://nationalacademies.org/HMD/Reports/2011/Climate-Change-the-Indoor-Environment-and-Health.aspx
http://www.coolrooftoolkit.org/wp-content/uploads/2015/01/Chicago-UHI-EPA.pdf
http://www.coolrooftoolkit.org/wp-content/uploads/2015/01/Chicago-UHI-EPA.pdf
https://www.epa.gov/sites/production/files/2014-08/documents/booklist.pdf
https://www.epa.gov/sites/production/files/2014-08/documents/sec_2.pdf
https://www.epa.gov/sites/production/files/2014-08/documents/sec_2.pdf
https://www.epa.gov/sites/production/files/2014-08/documents/sec_5.pdf
https://www.epa.gov/sites/production/files/2014-08/documents/mgmtlist.pdf
http://www.nchh.org/Portals/0/Contents/Homeowners_Guide_to_Ventilation.pdf
http://www.nchh.org/Portals/0/Contents/Homeowners_Guide_to_Ventilation.pdf
https://www.epa.gov/indoor-air-quality-iaq/improving-indoor-air-quality
https://www.epa.gov/indoor-air-quality-iaq/improving-indoor-air-quality
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6144a5.htm?s_cid=mm6144a5_w
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6144a5.htm?s_cid=mm6144a5_w

NYS Healthy Neighborhoods

Trained individuals assess air quality
and provide residents with the tools
they need to improve indoor health.

The New York State Healthy
Neighborhoods Program seeks

to reduce housing-related illness
and injury in New York State by
performing in-home assessments
that determine indoor air quality.*
The program focuses on housing
in high-risk areas vulnerable to
the effects of climate change due
to the age of the housing stock,
neighborhood income levels, and
exposure to potential climate
hazards. The home assessments
provide residents with condition-
specific information, including the
identification of existing issues
and referrals to products and
professionals that can help improve
air quality.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Poor indoor air quality can have devastating impacts on populations with
existing health conditions. According to the National Center for Environmental
Health, warmer temperatures and increased amounts of carbon dioxide

can contribute to shifts of pollen initiation in allergenic plant species,
causing higher pollen and allergen concentrations.' The Lawrence Berkeley
National Laboratory reviewed additional effects of climate change on indoor
environmental quality and health, including increased hospitalizations

for people suffering from asthma, pneumonia, and cardiovascular issues.

In response to many of these negative impacts, the Institute of Medicine
recommends that public policy address indoor air quality mitigation' and
prioritize research, regulations, and data to address health impacts of poor
indoor air quality.

Building materials in older structures contribute to poor indoor air quality by
emitting harmful particulates and microorganisms that become more harmful
when exposed to higher temperatures. The EPA developed the Energy Savings
Plus Health Guide' to protect and improve indoor air quality in schools during
building upgrades and renovations. Building materials such as asbestos that
were used generations ago during the construction of schools are particularly
harmful to youth. Ventilation codes including Section 1203 of Chapter 12 of
the Building Code of New York State should be considered when establishing
ventilation minimums.

ARCHITECTS AND ENGINEERS

Many buildings in New York State are not prepared for projected changes in
temperature and precipitation and will need to be renovated; as a result, the EPA
sponsored a study that assesses national programs that look into the effects of
building materials on air quality.”” This report can help guide material selection,
as there are no current New York State regulations that prevent exposures to
product-related emissions in indoor air. ASHRAE’s Indoor Air Quality Guide:
Best Practices for Design, Construction, and Commissioning'® is a design manual
for ensuring healthy indoor air quality in both retrofit and new construction.

The USGBC also provides guidance for improving indoor air quality in its LEED
program strategies' by incentivizing the use of ventilation, air filtration, exterior
contamination prevention, and carbon dioxide monitoring,.

Mold growth is a major contributor to poor indoor air quality, yet it can

be controlled through moisture control in building construction. The EPA
produced Moisture Control Guidance for Building Design, Construction and
Maintenance?®® to assist designers in making mold-resistant buildings that
maintain healthy indoor air quality.

1. Air Quality and Climate Change Policy Making:2* A study that explores the air quality co-benefits of climate

change mitigation.

2. U.S. Ozone Air Quality:?3 An examination of the sensitivity of the United States to the effects of ground-level
ozone (O3) due to regional emissions increases (and decreases).
3. New York City Air Pollution:** A study that focuses on fine particle matter and ozone air pollution in NYC.

51


http://www.cdc.gov/climateandhealth/effects/allergen.htm
https://eta.lbl.gov/publications/review-some-effects-climate-change
https://eta.lbl.gov/publications/review-some-effects-climate-change
http://nationalacademies.org/HMD/Reports/2011/Climate-Change-the-Indoor-Environment-and-Health.aspx
https://www.epa.gov/sites/production/files/2014-10/documents/energy_savings_plus_health_guideline.pdf
https://www.epa.gov/sites/production/files/2014-10/documents/energy_savings_plus_health_guideline.pdf
https://codes.iccsafe.org/public/document/IBC2015/chapter-12-interior-environment
https://www.epa.gov/sites/production/files/2014-08/documents/hal_levin_paper.pdf
https://www.epa.gov/sites/production/files/2014-08/documents/hal_levin_paper.pdf
https://www.ashrae.org/resources--publications/bookstore/indoor-air-quality-guide
https://www.ashrae.org/resources--publications/bookstore/indoor-air-quality-guide
http://www.usgbc.org/credits/healthcare/v4-draft/eqc1
http://www.usgbc.org/credits/healthcare/v4-draft/eqc1
https://www.epa.gov/sites/production/files/2014-08/documents/moisture-control.pdf
https://www.epa.gov/sites/production/files/2014-08/documents/moisture-control.pdf
https://www.nyclimatescience.org/catalog/n2809?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n2809
https://www.nyclimatescience.org/catalog/n11157?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n11157
https://www.nyclimatescience.org/catalog/n16765?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n16765
https://www.health.ny.gov/environmental/indoors/healthy_neighborhoods/
https://www.health.ny.gov/environmental/indoors/healthy_neighborhoods/
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8th St. EnerPHit Project

Exterior envelope upgrades were
made to a 100-year-old building to
improve passive energy efficiency.

Designed by Redtop Architects

and constructed by J’s Custom
Contracting, a historic Brooklyn
Brownstone apartment building?®
was retrofitted more than 100 years
after its initial construction with
passive design tactics. Extensive
improvements were made to the
building’s insulation with foam

and high-performing windows. The
airtight renovation and thermal
mass improvement increase active
system performance by decreasing
demand. The high-performing
envelope was capped by an extensive
green roof that helped reduce the
urban heat island.
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RELATED STRATEGIES

Windows

Roof Covering
Insulation

Building Ventilation
Indoor Air Quality
Active Building Systems

HURRICANES /

STORMS  TROPICAL STORMS

DESCRIPTION

This strategy is intended to increase building energy performance by using
passive rather than active systems. Responding to Climate Change in New York
State' explains how spikes in summertime peak electricity demand due to an
increase in the demand for cooling may cause more brownouts and blackouts.
Passive building systems can help reduce building energy demand and assist in
maintaining thermal comfort during power failures.

According to NIBS,? sun shading devices reduce building heat gain and cooling
requirements by reducing direct solar heat absorption from the sun, and in
some cases, result in a 5-15% reduction in annual cooling energy consumption.
Optimizing site potential3 through ideal building orientation, prevailing wind
patterns and daylight availability can greatly impact building energy needs
throughout the lifetime of the building. According to the USGBC,#* using passive
building systems has numerous benefits including reductions in heat gain,
interior air temperature, peak demand, annual electrical energy usage, and
annual energy cost.

OWNERS AND OPERATORS

Understanding thermal comfort can help owners and operators make effective
decisions on how to use passive building systems. To facilitate this process, the
Lawrence Berkeley National Laboratory provides guidance on setting thermal
comfort criteria and minimizing the energy needed to deliver thermal comfort,
while the DOE provides information on passive solar design® and on the
importance of properly sizing south-facing windows. Earth sheltering is another
strategy that the DOE discusses as an alternative to conventional construction”
because thermal mass can mediate temperature swings and reduce the impacts
of extreme temperature events.

The incorporation of daylighting® is another way building owners and operators
can improve the passive performance of their buildings. Daylighting can be
improved by adding exterior windows and by reducing the number of interior
walls that block the flow of light. According to NIBS, electric lighting accounts
for roughly 35-50% of the total electrical energy consumption® in commercial
buildings. Daylighting can help reduce this consumption and the likelihood of
power outages during heat waves. Even if a power outage does occur, daylighting
can keep interior spaces operational.



http://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
http://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
https://wbdg.org/resources/suncontrol.php
https://www.wbdg.org/design/site_potential.php
http://www.usgbc.org/resources/green-building-and-climate-resilience-understanding-impacts-and-preparing-changing-conditi
https://www.etde.org/etdeweb/servlets/purl/1169480/
https://www.etde.org/etdeweb/servlets/purl/1169480/
http://energy.gov/energysaver/passive-solar-home-design
http://energy.gov/energysaver/efficient-earth-sheltered-homes
https://energy.gov/energysaver/daylighting
https://www.wbdg.org/resources/daylighting
http://nypassivehouse.org/8th-street-enerphit-project-on-a-historic-brooklyn-brownstone/
http://nypassivehouse.org/8th-street-enerphit-project-on-a-historic-brooklyn-brownstone/

|
NY Passive House

Organizations focused on resilient
design can help bridge the gap
between theory and practice.

New York Passive House (NYPH)
focuses on making passive building
systems information accessible

to New York State building
professionals. NYPH has multiple
publications that include design
guides, case study portfolios, and

resource snapshots.® Organizations
like this help establish a community
culture focused on improving
building performance in New

York State. Building professionals
can look to such organizations

for guidance on multiple building
systems, including passive design.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

The New York State Energy Code" currently references ASHRAE Standard

90.1 for commercial building energy use. However, the Passive NYC Briefing®
argues this standard does not account for other comfort factors that increase
demand on active systems such as radiant temperature, air velocity, and relative
humidity. Developing a better understanding of thermal comfort and increasing
exposure to passive building systems through policies and programs can help
reduce demand on active building systems and energy consumption.

LEED v4 from the USGBC contained a Resilience Pilot Credit that seeks to
ensure passive survivability in buildings for up to seven days in both extremely
hot and cold temperatures. Passive survivability describes a building’s ability

to maintain thermal comfort during power outages, and it is a significant life
safety issue for many at-risk populations such as the elderly, low-income, and
chronically ill. Adapting building codes to account for passive survivability will
help protect these vulnerable populations and reduce energy dependence. To
assist in introducing passive survivability to policy and planning, NYSERDA has
programs and incentives® to help improve the energy performance of New York
State buildings.

ARCHITECTS AND ENGINEERS

To help designers incorporate passive building systems, Architecture 2030
developed the 2030 Palette' to provide guidance for making resilient and
sustainable decisions in urban design, landscape, and building projects. Earth
sheltering is one tactic designers can use to reduce heat loss and maintain a
steady indoor air temperature's by using thermal mass to help regulate thermal
comfort during temperature swings in the external environment.

Incorporating daylighting into design can help reduce demands on energy
systems. This type of system also helps improve passive survivability if used
effectively. A simple way to evaluate daylighting using physical or digital models
is to use a heliodon*® or digital simulation. The New Buildings Institute and

the Integrated Design Labs at the University of Washington and the University
of Idaho developed the Daylight Pattern Guide? as an resource for designers
seeking to use daylighting in buildings.

1. Counting Carbon: Understanding Carbon Footprints of Buildings:* An article discussing carbon footprints in
buildings as a result of energy use, related transportation, water use, materials, and construction.
2. BuildSmart NY:2° Governor Andrew Cuomo’s statewide initiative to increase energy efficiency in State buildings.
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https://codes.iccsafe.org/public/document/toc/545/
https://be-exchange.org/wp-content/uploads/2017/11/Passive_House_Briefing-5-1.pdf
http://www.nyserda.ny.gov/All-Programs/Programs/Low-Rise-Residential/Mid-and-High-Rise-Multifamily-Buildings
http://www.nyserda.ny.gov/All-Programs/Programs/Low-Rise-Residential/Mid-and-High-Rise-Multifamily-Buildings
http://www.2030palette.org/
http://www.intechopen.com/books/energy-conservation/earth-shelters-a-review-of-energy-conservation-properties-in-earth-sheltered-housing
http://www.intechopen.com/books/energy-conservation/earth-shelters-a-review-of-energy-conservation-properties-in-earth-sheltered-housing
http://patternguide.advancedbuildings.net/using-this-guide/analysis-methods/glare-analysis
http://patternguide.advancedbuildings.net/home
https://www.nyclimatescience.org/catalog/n2870?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n2870
https://www.nyclimatescience.org/catalog/n10768?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n10768
http://nypassivehouse.org/
http://nypassivehouse.org/
http://nypassivehouse.org/
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Burrstone Energy Center

Cogeneration can provide back-up
energy during grid failures by using
waste heat to create steam.

The Faxton St. Luke’s Healthcare
Center in Utica, New York (CimAID
Region 5) installed a cogeneration
plant® to supply its thermal output
to a central steam plant. The system
can provide back-up power in

the event of grid failure and sell
electricity to the grid, allowing for
roughly $800,000 in annual energy
savings.
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DESCRIPTION

According to the Third National Climate Assessment, intensifying storms and
extreme weather events can increase stresses on infrastructure' systems that
energize buildings. According to Responding to Climate Change in New York
State,?climate change is likely to increase precipitation and temperatures,
which can lead to blackouts during heavy snowfall events and to brownouts
during peak periods of active cooling. This strategy is intended to reduce the
consumption of electrical and mechanical systems in all building types.

When building systems fail,3 occupants are exposed to dark interiors, loss of
elevators, limited life safety service/equipment, and a lack of proper heating or
cooling. Resilient active building systems consume less energy, which lowers
grid demand and reduces the likelihood of power outages during climate hazard
events. Tactics like thermal energy storage#* provide access to back-up energy
supplies that can be used if power failures occur.

OWNERS AND OPERATORS

Reducing electrical and gas consumption from active building systems can help
reduce the strain on energy systems during extreme heat events. Homeowners
can reduce their electrical and gas consumption by installing solar water heaterss
that use direct energy from the sun to provide hot water. According to NIBS,
homeowners can realize dramatic reductions in their energy bills through the
use of this system, as approximately 18% of energy use® in residential buildings
is from water heating. In addition, this type of hot water system can remain
operational during power outages.

Energy modeling provides building owners and operators with insights into how
building performance can be improved. This tool is used to analyze a building’s
design and energy consumption, allowing decision-makers to evaluate tradeoffs
between building components and equipment choices. Commercial building
owners should consider having energy modeling performed, especially if they
occupy an older building. According to the DOE and the architecture firm HOK,”
payback for changes made as a result of having energy modeling done can

occur in as little as one to two months due to the increased energy savings from
understanding how the building can perform more efficiently.



http://nca2014.globalchange.gov/report/sectors/urban#intro-section-2
http://nca2014.globalchange.gov/report/sectors/urban#intro-section-2
http://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
http://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
http://www.fema.gov/media-library-data/1381404905510-45ca2dbb82d5af3ed9dcbe33113654c7/SandyRA4MidHighRise_508_FINAL2.pdf
http://energy.gov/eere/energybasics/articles/concentrating-solar-power-thermal-storage-system-basics
http://energy.gov/energysaver/solar-water-heaters
https://wbdg.org/resources/swheating.php
http://energy.gov/eere/buildings/articles/shockingly-short-payback-energy-modeling
http://dataint.cdhenergy.com/Fact Sheets/Fact Sheet - Burrstone Energy Center St. Luke's Hospital - CHP.pdf
http://dataint.cdhenergy.com/Fact Sheets/Fact Sheet - Burrstone Energy Center St. Luke's Hospital - CHP.pdf

POLICYMAKERS AND PLANNERS

— Severe storms and extreme weather caused by climate change may disrupt
2015 NYS Energy Plan power distribution, which makes buildings more vulnerable to brownouts

and blackouts. The DHS released the NIPP 2013: Partnering for Critical
Infrastructural Security and Resilience® as a national plan to guide the
management of critical infrastructure that is at risk of damage from climate
hazard events. The Applied Technology Council® suggests amendments to the
building code that require critical active building systems to remain functional
during power failures.

Updating building codes is critical
for improving the energy efficiency
of New York State’s building stock.

Policymakers and planners should prioritize efficient building systems to reduce
recovery time after climate hazard events and decrease the demand and cost

of electrical grid use. The Institute for Market Transformation and the Pacific
Coast Collaborative explain the benefits of benchmarking building performance"
and how energy efficiency can reduce demand and living costs. To assist in this
effort, NIST explains the energy and economic benefits of updated state energy
codes™ and discusses how updates can contribute to saving money, building
resilience, and creating jobs. The Environmental and Energy Study Institute
discusses the value and impact of building codes' while highlighting the benefits

Governor Andrew M. Cuomo of updating energy codes, such as reduced costs and decreased grid dependence.
launched the energy policy for New Policymakers and planners can use this information to help support policies and
York State in 2015 to outline plans other initiatives that prioritize energy efficiency.

for clean, resilient and affordable

energy systems." The plan aims ARCHITECTS AND ENGINEERS

at coordinating State agencies and
regulatory bodies to push regulatory
reform and integrate clean energy

as the core of the power grid. The
plan helps readers improve the
performance of active building
systems by providing information on
the benefits of exploring alternative
energy systems, including cost
benefits and incentives.

Inefficient active building systems can worsen the impact? of climate hazard
events by overburdening grid systems and causing power outages. Energy
modeling' is a technique that can reduce inefficiencies by helping building
professionals understand how their buildings can perform better. Architects
and engineers can also use energy modeling to test out non-traditional building
systems that may improve the efficiency of buildings, such as energy recovery
ventilators' and solar thermal water heaters.5

Reducing energy consumption, however, cannot completely guarantee power
outages will not occur during climate hazard events. If power outages do occur, it
is important for a building to be able to maintain passive survivability'® without
the assistance of active building systems. Techniques for increasing passive
survivability?” include providing water, backup sanitary services, alternative
lighting sources, and non-mechanical ventilation. Architects and engineers
should place more emphasis on learning how their building will perform without
power and incorporating passive techniques into design. In addition, building
professionals should consider using efficient active systems, including energy
recovery ventilators, in combination with passive building systems such as
daylighting'® and ventilation in order to extend passive survivability.

NYCCSC RESOURCES

1. A New Modeling Approach to Building Energy Demands:2° A research paper from 2013 that demonstrates a new
modeling technique to understand energy demands.

2. Model Ordinances:'A webpage for the Model Municipal Ordinance project that aims to create best practices for
municipal ordinances that guide green buildings, and renewable energy sources.

3. Effects of Climate Change on the Built Environment:*? An article on new building design that presents resilience
strategies with technical details.
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https://www.dhs.gov/sites/default/files/publications/National-Infrastructure-Protection-Plan-2013-508.pdf
https://www.dhs.gov/sites/default/files/publications/National-Infrastructure-Protection-Plan-2013-508.pdf
http://www.fema.gov/media-library-data/1424214818421-60725708b37ee7c1dd72a8fc84a8e498/FEMAP-1019_Final_02-06-2015.pdf
http://www.imt.org/uploads/resources/files/PCC_Benefits_of_Benchmarking.pdf
https://www.nist.gov/news-events/news/2015/09/updating-state-energy-codes-new-homes-would-deliver-significant-national
https://www.nist.gov/news-events/news/2015/09/updating-state-energy-codes-new-homes-would-deliver-significant-national
http://www.eesi.org/files/Value-and-Impact-of-Building-Codes.pdf
https://www.fema.gov/media-library-data/1381404905510-45ca2dbb82d5af3ed9dcbe33113654c7/SandyRA4MidHighRise_508_FINAL2.pdf
http://energy.gov/eere/buildings/building-energy-modeling
http://energy.gov/eere/buildings/building-energy-modeling
http://www.nrel.gov/docs/fy17osti/66560.pdf
http://www.nrel.gov/docs/fy17osti/66560.pdf
https://energy.gov/energysaver/solar-water-heaters
https://contractors.efficiencyvermont.com/Media/Default/bbd/2008/docs/presentations/efficiency-vermont-passive-survivability_wilson.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/terry_brennan_0.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/terry_brennan_0.pdf
https://www.wbdg.org/resources/daylighting
https://www.nyclimatescience.org/catalog/n63399?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n63399
https://www.nyclimatescience.org/catalog/n17256?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n17256
https://www.nyclimatescience.org/catalog/n53873?DocId=vitroIndividual%3Ahttp%3A%2F%2Fwww.nyclimatescience.org%2Findividual%2Fn53873
http://energyplan.ny.gov/
http://energyplan.ny.gov/

Building Operatlons

IMPROVING EFFICIENCY IN BUILDING MAINTENANCE AND PERFORMANCE

LOCATION

N

-

|
Emergency Operations

Resilient building operations include
opportunities to safely access
alternative energy systems.

In the immediate aftermath of
Superstorm Sandy, many residents
in ClimAID Regions 4 and 5 were
surprised to find out their grid-
connected solar photovoltaic (PV)
systems were not operational®
during power outages due to

safety shut off features that protect
utility workers. As a result, even
those who invested in alternative
energy sources were left without
power. This situation could have
been avoided with grid disconnect
mechanisms. These devices allow
residents to safely activate their PV
systems when the grid is shut down.
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Redundant Building Systems
Building Systems Flood Protection
Building Fire Protection

Indoor Air Quality

WINTER Active Building Systems

TROPICAL STORMS  STORMS

DESCRIPTION

As climate change alters temperature and precipitation patterns, buildings

will need to operate in extreme conditions that go beyond their initial design
capacity. According to Responding to Climate Change in New York State,'
weather-related stresses can disrupt energy systems such as fuel supply chains,
reduce power generation output, damage equipment, and increase energy
demand. Proper and efficient facility operations and maintenance?® can help
ensure that buildings remain operational during and after climate hazard events.

Efficient building systems that are properly maintained are resilient because
they have a reduced demand on energy grid systems that can fail during climate
hazard events. Resilient building operations and maintenance can be supported
by the adoption of a comprehensive facility operations and maintenance
manual3and a life-cycle cost analysis* that assesses the total cost of owning and
operating a facility. Both of these strategies can help identify sustainable and
resilient practices that reduce cost and dependency in building systems.

OWNERS AND OPERATORS

Efficient building operations have both economic and environmental benefits.
Operators should consult the DOE Operations and Maintenance Best Practices?
guide, which explains the importance of good operations and maintenance
including preventive and predictive maintenance. It defines different operations
and maintenance programs, state-of-the-art maintenance technology, and
additional resources for building managers. NIBS recommends computerized
maintenance management systems® as a way for managers to optimize
operational resources and ensure that systems run at peak performance without
surprise failures.

Retrocommissioning, also known as continual commissioning, is an operations-
based process to increase energy performance. Retrocommissioning can also
include surveys to improve occupant health and comfort. The EPA released a
Retrocommissioning Guide for Building Owners’ to discuss this cost-effective
method for improving the performance of existing buildings. A lack of facilities
maintenance can lead to building systems failures, poor occupant health,
reduced indoor air quality, and unreliable comfort and productivity. Optimized
operational and maintenance practices,® including staff training and automated
systems, are a critical component of building climate resilience.


https://www.wbdg.org/om/om.php
https://www.wbdg.org/om/om_manual.php
https://www.wbdg.org/om/om_manual.php
https://www.wbdg.org/resources/lcca.php?r=om_manual#ar
http://energy.gov/sites/prod/files/2013/10/f3/omguide_complete.pdf
https://www.wbdg.org/om/cmms.php
https://www.wbdg.org/om/cmms.php
http://www.peci.org/sites/default/files/epaguide_0.pdf
http://www.peci.org/sites/default/files/epaguide_0.pdf
https://www.wbdg.org/design/optimize_om.php
https://www.wbdg.org/design/optimize_om.php
https://www.usgbc.org/articles/building-resilience-6-lessons-superstorm-sandy

NYC Energy Audits

Owners of large buildings are
required to comply with energy
efficiency reporting.

New York City (ClimAID Region
4) requires owners of applicable
commercial, mixed use, and
residential buildings to submit an
Energy Efficiency Report?° (EER)

every 10 years. Energy audits and
energy efficiency reports identify
areas to reduce energy consumption
in the building. This process of
retrocommissioning helps ensure
that energy systems in an existing
building are installed per the design
intentions. The purpose of the

audit is to identify areas to improve
energy consumption and reduce grid
demand.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Planners and policymakers can make communities more resilient to climate
hazards through evacuation agreements'® that incorporate evacuation into
building operations to allow more buildings to be used as shelters, relocation
centers, and transportation support areas. During climate hazard events,
community leaders need to more effectively use community assets to better
coordinate effective responses. The Building Resiliency Task Force argues

for legislation that does not discourage buildings from operating during
emergencies," which could open the door towards more buildings being shelter
ready in New York State.

FEMA provides information on operations and maintenance plans for
community safe rooms in Chapter A4 of Safe Rooms for Tornadoes and
Hurricanes,'* which can be used to develop policy and response emergency
response protocols. NYSERDA offers a Commercial Implementation Assistance
Program* aimed at helping fund comprehensive approaches to energy-efficient
improvements at both the State and local levels to help reduce demand

on energy grid systems that can fail during climate hazard events. These
opportunities can help decrease dependence on energy infrastructure and
reduce response time after climate hazard events by ensuring that building
systems are properly maintained and protected.

ARCHITECTS AND ENGINEERS

The GSA encourages the use of BIM technologies,# which use existing data

to inform the design process and improve the efficacy of building operations
and maintenance. The BIM Guide for facility management' describes how to
improve as-built building information and reduce the cost and time required
for renovations and repairs by making building information more accessible

to maintenance workers and first responders. The GSA also released Facilities
Standards for the Public Buildings Service,'® which establishes design standards
for new buildings and renovations.

ASHRAE Guideline 4- 2008" covers procedures for documenting operations
and maintenance practices for building HVAC systems, which can help building
professionals better understand building performance. Resilient building
operations strategies, such as retrocommissioning, are recognized by the USGBC
LEED Program.'® According to NIBS, a successfully commissioned building
often saves money" by running more efficiently, having fewer change orders,
and having lower operational costs. Pursuing effective building operations and
maintenance of building systems is important because efficient building systems
are less dependent on fragile energy infrastructure, and as a result, are less likely
to experience failures during power outages caused by climate hazard events.

1. Case Studies: Energy Efficient Municipal Facilities and Operations:?* Case studies of projects in New York and
other states that improve energy efficiency.

2. Mitigating Climate Change through Green Buildings and Smart Growth:?* An academic article looking at the
future role of sustainable buildings in the wake of climate change.

57


https://www.fema.gov/media-library-data/20130726-1828-25045-0014/cpg_101_comprehensive_preparedness_guide_developing_and_maintaining_emergency_operations_plans_2010.pdf
http://www.urbangreencouncil.org/sites/default/files/2013_brtf_fullreport.pdf
http://www.urbangreencouncil.org/sites/default/files/2013_brtf_fullreport.pdf
http://www.fema.gov/media-library-data/1467990808182-0272256cba8a35a4e8c35eeff53dd547/fema_p361_July2016_508.pdf
http://www.fema.gov/media-library-data/1467990808182-0272256cba8a35a4e8c35eeff53dd547/fema_p361_July2016_508.pdf
https://portal.nyserda.ny.gov/servlet/servlet.FileDownload?file=00Pt0000002BIO0EAO
https://portal.nyserda.ny.gov/servlet/servlet.FileDownload?file=00Pt0000002BIO0EAO
https://www.gsa.gov/portal/content/105075
http://www.gsa.gov/portal/content/122555
http://www.gsa.gov/portal/content/104821
http://www.gsa.gov/portal/content/104821
http://www.techstreet.com/ashrae/standards/guideline-4-2008-ra-2013-preparation-of-operating-and-maintenance-documentation-for-building-systems?product_id=1852923 - jumps
http://www.usgbc.org/node/2613042?return=/credits/new-construction/v4/energy-%26amp%3B-atmosphere
https://www.wbdg.org/project/buildingcomm.php
https://www.wbdg.org/project/buildingcomm.php
https://www.nyclimatescience.org/catalog/n64599?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n64599
https://www.nyclimatescience.org/catalog/n32591?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n32591
http://www1.nyc.gov/site/buildings/business/energy-audits-and-retro-commissioning.page
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Potable ™~
Water Systems

PROTECTING WATER FROM WASTEFUL USE AND CONTAMINATION

LOCATION

2L

NYC Water Tanks

NYC'’s water supply is constantly
exposed to bacteria growth and
animal feces in rooftop tanks.

In January 2014, the New York
Times published its study of 14 New
York City rooftop water towers*
(ClimAID Region 4). Eight of the
tanks tested positive for coliform
bacteria, and five tested positive
for E. coli. Bacterial and microbial
growth is the result of exposure

to extreme heat and sun during
summer months. Tanks that are
not properly maintained and open
to the air allow animals to enter
and potentially contaminate the
water. Improved maintenance and

microbial management" within
the tanks can ensure a clean water

supply for New York City’s residents.
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Emergency Management
Redundant Building Systems
Building Flood Protection
Gray Infrastructure
Neighborhood Development
Reclaimed Water Systems

FLOODING
TROPICAL STORMS

DESCRIPTION

Humans require on average 20-50 liters of clean water for drinking, cooking,
and sanitation daily. The Center for Disease Control and Prevention explains
that drinking water in the United States must undergo an extensive treatment
process? to remove particulates, parasites, bacteria, and chemicals before
consumption.

Contamination of water can occur at the source and within distribution systems.
With the increased likelihood of extreme precipitation and temperatures,
climate change can alter the quality of surface water and groundwater,3which
can significantly damage individual water supplies. According to the EPA,
which regulates public drinking water systems# and provides information for
the public, 90% of Americans receive water from these public supplies, while
others have individual water supplies that can be affected by new and unfamiliar
contaminants. This strategy attempts to ensure water resilience by maintaining
clean potable water sources, water conservation, and localized harvesting as the
anticipated increases in temperature resulting from of climate change facilitate
mold growth in buildings, which could contaminate water supplies.

OWNERS AND OPERATORS

Homeowners and building operators can reduce drought vulnerabilities by
protecting and conserving waters through the use of efficient fixtures that reduce
water consumption. Due to its high cost and energy use, potable water should
be used only for necessities. The New York City Department of Environmental
Protection encourages conservation actions,® such as running a dishwasher

only when it is full, and discourages wasteful uses, such as lawn irrigation and
washing sidewalks, in order to protect the potable water supply.

The EPA explains nearly 15 million households receive potable water from
private water wells that are subject to contamination’ from seepage through
landfills, failed septic tanks, fertilizers, and runoff. Owners of these systems
need to take special precautions to test and maintain their systems. If a system
is contaminated, the National Sanitation Foundation recommends boiling as
well as other emergency water treatments.® The Cornell University Cooperative
Extension provides water quality information for residents on testing supplies
and home water treatment? systems.



https://www.koshland-science-museum.org/water/html/en/Overview/Why-is-Safe-Water-Essential.html
http://www.cdc.gov/healthywater/drinking/public/water_treatment.html
http://www.cdc.gov/healthywater/drinking/public/water_treatment.html
http://epa.maps.arcgis.com/apps/MapSeries/index.html?appid=eaf23847432145518272d5f3bb1f0806
https://www.epa.gov/dwreginfo/information-about-public-water-systems
https://www.wbdg.org/design/conserve_water.php
http://www.nyc.gov/html/dep/html/ways_to_save_water/dodont.shtml
https://www.epa.gov/privatewells/about-private-water-wells
http://www.nsf.org/consumer-resources/health-and-safety-tips/disaster-readiness-tips/emergency-drinking-water-treatment
http://www.nsf.org/consumer-resources/health-and-safety-tips/disaster-readiness-tips/emergency-drinking-water-treatment
http://waterquality.cce.cornell.edu/treatment.htm
https://www.nytimes.com/2014/01/27/nyregion/inside-citys-water-tanks-layers-of-neglect.html
https://www.nytimes.com/2014/01/27/nyregion/inside-citys-water-tanks-layers-of-neglect.html
http://www.who.int/water_sanitation_health/dwq/HPC11.pdf
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Extreme Precipitation

Heavy rain events contribute to
significant water quality issues that
can result in contamination.

In August 2011, Hurricane Irene
brought 16 inches of rainfall in areas
near New York City’s® upstate water
supply reservoirs (ClimAID Regions
2, 4, and 5). Just 10 days later,
Tropical Storm Lee dumped more
heavy rain on the region, causing
flooding. Runoff greatly disrupted
the water quality of reservoirs by
increasing debris and particulates,
which made it challenging to bring
high-quality drinking water to the
city’s residents. Superstorm Sandy
also created difficulties with water
quality when the storm shut down
10 out of 14 sewage treatment plants
in New York City, releasing large
amounts of untreated material into
local waterways.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

The DOH explains nearly 95% of New Yorkers receive drinking water from
public water systems.'> The DEC provides information for public officials

and municipal employees regarding the potential contamination of drinking
water to reduce the possibility of contamination. The Sewage Pollution Right
to Know law enacted in 2013 requires that any sewer discharges not fully
treated be reported to the DEC, adjoining municipalities, and the public. The
DOE advises using information like this, which outlines overarching policies
and goals, assesses current water use and costs, and identifies opportunities for
water efficiency, to assist in the development of comprehensive strategic water
plans.’ This information helps policymakers and planners understand where
contamination occurs and what sort of protection needs to be facilitated.

The EPA’s Community-Based Water Resiliency Tool* helps planners and policy
makers understand how prepared their community is to handle disasters that
affect local water supply. It features the Water Resiliency Action Plan Kit, a
step-by-step guide to planning and hosting community meetings on water
emergencies. The EPA also provides Incident Action Checklists'” that help
drinking water and wastewater utility operators with emergency preparedness,
including response and recovery activities for climate hazards such as drought,
heat waves, flooding, hurricanes, and wildfires.

ARCHITECTS AND ENGINEERS

In response to the likely increase in precipitation,®® the Environmental Finance
Center at Syracuse University released the New York State Rainwater Harvesting
Guide" to help designers understand the potential for rainwater harvesting
throughout New York State. The DOE and the Pacific Northwest National
Laboratory released Rainwater Harvesting State Regulations and Technical
Resources® to help designers understand how using rainwater for non-human
consumption can help preserve potable water during droughts.

Designers can make buildings’ potable water systems more resilient to the effects
of climate change by specifying appliances and fixtures that are water efficient.
The EPA Water Sense Program provides lists of certified products that are high-
performing and water efficient* to help protect water resources from being
overused during times of drought. The Federal Energy Management Program
and the EPA developed 14 best practices for water efficiency*? that give designers
information to consider during the design of mechanical and plumbing systems.

1. NARCCAP Precipitation Projections:24 Projected precipitation by decade relative to the historic average.

2. U.S. Drought Monitor - Northeast:?> Current weekly maps and data on northeast U.S. drought conditions;

includes a dataset and map viewer.
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https://www.health.ny.gov/environmental/water/drinking/index.htm
https://www.health.ny.gov/environmental/water/drinking/index.htm
http://www.dec.ny.gov/chemical/90315.html
http://www.dec.ny.gov/chemical/90315.html
http://www.dec.ny.gov/chemical/90315.html
http://www.dec.ny.gov/chemical/90315.html
http://energy.gov/eere/femp/developing-water-management-plan
http://energy.gov/eere/femp/developing-water-management-plan
https://www.epa.gov/communitywaterresilience/community-based-water-resiliency-tool
https://www.epa.gov/waterutilityresponse/access-incident-action-checklists-water-utilities
http://www.nyserda.ny.gov/About/Publications/Research-and-Development-Technical-Reports/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York
http://efc.syr.edu/wp-content/uploads/2015/03/NYSRainwaterHarvestingGuideR.pdf
http://efc.syr.edu/wp-content/uploads/2015/03/NYSRainwaterHarvestingGuideR.pdf
http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-24347.pdf
http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-24347.pdf
https://www.epa.gov/watersense
https://www.epa.gov/watersense
http://energy.gov/eere/femp/best-management-practices-water-efficiency
https://www.nyclimatescience.org/catalog/n4107?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n4107
https://www.nyclimatescience.org/catalog/n30900?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n30900
http://www.nyc.gov/html/dep/pdf/climate/one-nyc-one-water.pdf
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Oneida Water Reuse

Reclaimed water is a great source
for large irrigation projects.

The EPA 2004 Guidelines for Water
Reuse? discusses the Oneida Nation
Golf Course (ClimAID Region 5),
the only major water reuse project
in New York State. This joint project
between the City of Oneida and

the Oneida Indian Nation uses
reclaimed water to irrigate the golf
course at Turning Stone Casino.
The Oneida Nation installed the
needed equipment (pumps and
treatment) in the city. From there,
reclaimed wastewater is delivered to
irrigate the golf course so local water
supplies are not stressed by large
demand.
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RELATED STRATEGIES

Green Infrastructure
Roof Covering

Roof Drainage

Passive Building Systems

SEVERE Potable Water Systems

STORM

FLOODING

DESCRIPTION

According to Responding to Climate Change in New York State, anticipated
changes in New York State’s climate! have the potential to bring extended
periods of drought with intermittent periods of intense rainfall. Higher
temperatures will simultaneously increase the volume of water required for
agriculture and landscaping and lead to increased evapotranspiration. The
building sector can help address water shortfalls by using reclaimed water
systems like rainwater collection® to make water use more efficient.

Shifts in population and associated water demands? are further complicated by
climate change impacts on a global scale. The growing threats of climate change

on existing water systems call for an increased dependence on reclaimed water
systems that improve the efficiency of water use. There are multiple methods
of reclaiming water,* including graywater collection from interior systems and
rainwater collection.

OWNERS AND OPERATORS

Owners and operators can help improve their building’s water resilience

during prolonged periods of low precipitation by using reclaimed water for
landscaping. According to the National Research Council, there is a wide range
of technologies available for treating wastewater intended for reuse.5 Treatment
techniques depend on what contaminants are in the wastewater, the intended
use, the cost, and how waste is disposed. NIBS explains that reclaimed water as
a form of conservation can save money® by lowering utility and sewer costs while
reducing energy use.

The San Francisco Graywater Design Guide for Outdoor Irrigation” provides
information on using water from laundry to irrigate landscapes in times of
drought to protect potable water from being wasted on unnecessary non-
human consumption. Graywater from bathroom sinks, bathtub shower drains,
and clothes-washing equipment may be reused in reclaimed water systems.
The Ecology Center explains the importance graywater-compatible cleaning
products® and lists specific ingredients to avoid to help keep reclaimed water
systems running properly.



http://www.nyserda.ny.gov/climaid
https://www.epa.gov/sites/production/files/2015-10/documents/gi_munichandbook_harvesting.pdf
https://www.nap.edu/read/13303/chapter/1
https://nepis.epa.gov/Adobe/PDF/P100FS7K.pdf
https://nepis.epa.gov/Adobe/PDF/P100FS7K.pdf
http://www.nap.edu/catalog/13303/water-reuse-potential-for-expanding-the-nations-water-supply-through
https://www.wbdg.org/resources/water_conservation.php
https://sfwater.org/modules/showdocument.aspx?documentid=55
http://dev.ecologycenter.org/factsheets/greywater-cleaning-products/
http://dev.ecologycenter.org/factsheets/greywater-cleaning-products/
https://nepis.epa.gov/Exe/ZyNET.exe/30006MKD.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2000+Thru+2005&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex Data%5C00thru05%5CTxt%5C00000008%5C30006MKD.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&BackFILENAME
https://nepis.epa.gov/Exe/ZyNET.exe/30006MKD.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2000+Thru+2005&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex Data%5C00thru05%5CTxt%5C00000008%5C30006MKD.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&BackFILENAME

PUSH Blue

The NYS Environmental Facilities
Corporation provides grants for
green infrastructure projects.

The Buffalo Neighborhood
Stabilization Corporation
(ClimAID Region 1), a local
nonprofit community development
organization, received a green
innovation grant from the New
York State Environmental Facilities

Corporation.®® The grant funded the
project PUSH Blue, which installed
bioretention areas, rain gardens,
permeable pavement, and green
roofs to help address Buffalo’s
stormwater. The implementation
was on a local resident’s property.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

Increasing demand, depleting resources, and changing precipitation patterns
are all ways in which climate change affects New York State water supplies. The
International Council for Local Environmental Initiatives released Adapting
Urban Water Systems to Climate Change,'* a handbook to help planners and
policymakers develop resilient urban water management. The EPA explains that
recycling water on site or nearby" reduces the energy used to extract water from
aquifers and transport it long distances. The California Energy Commission’s
2005 report California’s Water-Energy Relationships*? also discusses the energy
intensities of water treatment and distribution, concluding that the energy
required for treating wastewater is significantly less when reclaimed water
systems are used.

Communities with combined sewer systems can benefit from water reclamation
as a means to reduce combined sewer overflows' by reducing the amount of
graywater that enters the system. Graywater can contain much higher levels of
nutrients such as nitrogen, which can be beneficial for irrigation and agricultural
uses, but harmful if it is allowed to enter bodies of water. Policymakers and
planners can address this issue by establishing policy for the use of green
infrastructure projects that incorporate water reclamation to help the built
environment adapt to changing patterns of temperature and precipitation.

ARCHITECTS AND ENGINEERS

Incorporating reclaimed water systems into building design improves resilience
by increasing the efficiency of use and decreasing the demand for potable water.
The National Academy of Sciences released a document that discusses potable
water and regulating policies' that can help designers understand the necessity
of reclaimed water use. Strategies including rainwater collection*® have been
defined by the Centers for Disease Control and Prevention as an effective means
of reducing the need to use treated water for landscaping and agricultural
purposes. Multiple systems including those for collecting graywater and
rainwater, can help extend resilience across all regions of New York State.

New York State provides a Residential Onsite Wastewater Treatment Systems
Design Handbook? that discusses the design and implementation of septic
systems, which can be used to decrease demand on treatment plants that can
fail during power outages. The EPA’s 2012 Guidelines for Water Reuse* provides
critical technical information for developing systems for water reuse, as well

as case studies that demonstrate best practices in reclaimed water systems
throughout the United States using systems such as graywater collection,
rainwater collection, and HVAC condensate recapture.

1. National Drought Mitigation Center:* A center established at the University of Nebraska-Lincoln to help people
and institutions develop and implement measures to reduce vulnerability to drought.

2. Roadside Ditches: Best Management Practices to Reduce Floods, Droughts, and Water Pollution:2° A factsheet to
improve quantity and quality of water resources.
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http://ccsl.iccip.net/SWITCH_Adaption-Handbook_final_small.pdf
http://ccsl.iccip.net/SWITCH_Adaption-Handbook_final_small.pdf
https://www3.epa.gov/region9/water/recycling/
http://www.energy.ca.gov/2005publications/CEC-700-2005-011/CEC-700-2005-011-SF.PDF
https://www.nap.edu/read/21866/chapter/9#124
https://www.epa.gov/green-infrastructure/green-infrastructure-climate-resiliency
https://www.epa.gov/green-infrastructure/green-infrastructure-climate-resiliency
http://dels.nas.edu/resources/static-assets/materials-based-on-reports/booklets/drinking_water.pdf
http://dels.nas.edu/resources/static-assets/materials-based-on-reports/booklets/drinking_water.pdf
https://www.cdc.gov/healthywater/drinking/private/rainwater-collection.html
https://www.health.ny.gov/environmental/water/drinking/wastewater_treatment_systems/design_handbook.htm
https://nepis.epa.gov/Adobe/PDF/P100FS7K.pdf
https://www.nyclimatescience.org/catalog/n12256?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n12256
https://www.nyclimatescience.org/catalog/n12232?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n12232
https://www.nyclimatescience.org/catalog/n12232?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n12232
https://www.efc.ny.gov/sites/default/files/uploads/Annual%20Reports/Annual%20Report%202015-2016%20(Public%20Authorities%20Law%20Compliance%20Report).pdf
https://www.efc.ny.gov/sites/default/files/uploads/Annual%20Reports/Annual%20Report%202015-2016%20(Public%20Authorities%20Law%20Compliance%20Report).pdf
https://www.efc.ny.gov/sites/default/files/uploads/Annual%20Reports/Annual%20Report%202015-2016%20(Public%20Authorities%20Law%20Compliance%20Report).pdf
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NYC Public Housing

IPM implementation to reduce pest
and allergen issues.

In a study conducted in New York
City*(ClimAID Region 4), a public
housing facility used IPM to control
cockroach populations. As an
alternative to toxic pesticides, which
accounted for more than 1,000 cases
of accidental poisoning during the
year of the study, the IPM strategy
involved professional cleaning,
sealing of pest entry points,
education, and the application of
low-toxicity pesticides. The success
of the study demonstrates the
effectiveness of IPM in reducing
pests while providing human health
benefits.
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HAZARDS

INFESTATION

RELATED STRATEGIES

Windows

Building Foundations
Insulation

Indoor Air Quality

® &

PEST HEAT
WAVES

DESCRIPTION

This strategy is intended to protect buildings from animals and pests that may
damage building structures and materials or pose a threat to human health. As
the yearly average temperatures continue to rise, the habitat ranges of some
pests, including the wooly adelgid, emerald ash borer, gypsy moth, and termite,
will shift and expand northward. These invasive species! could spread disease? or
cause damage in New York State as they enter populated areas.

According to FEMA’s HAZUS MH hazard loss simulation software,? 42.3% of
buildings in New York State are wooden structures, vulnerable to termites. IPM
systems require a comprehensive effort4 of sanitization, building maintenance,
and pesticide use to control unwanted pests in New York State. However,
according to the EPA, preventive pesticide application’ should be used with
caution because careless application and exposure can outweigh the potential
benefits.

OWNERS AND OPERATORS

All buildings in New York State are vulnerable to pest infestation. According to
PestWorld, a nonprofit organization, homeowners can protect their home from
pest infestations® using tactics such as replacing rotted wood, sealing gaps on
the home’s exterior, and storing food in sealed containers. In addition, the DEC
provides resources about residential pest management and pesticide use’ that
highlight potential hazards to children and water quality.

Older schools are a particular place where IPM should be used, as children may
contract diseases and suffer asthma attacks from allergens through unnecessary
exposure to insects and rodents in these aging buildings. The EPA states that
IPM makes economic sense® by reducing the number of pests and reducing the
number of pesticide applications, which saves schools money in the long term
while improving the overall health of the environment. The EPA developed a
Strategic Plan for School IPM? that outlines how IPM should be integrated in
schools and aligned with other EPA programs as the need for IPM increases.



https://www.nyserda.ny.gov/climaid
https://www.usda.gov/oce/climate_change/adaptation/adaptation_plan.htm
http://msc.fema.gov/portal/resources/hazus
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2721864/pdf/ehp-117-1219.pdf
https://www.epa.gov/managing-pests-schools/introduction-integrated-pest-management
http://www.pestworld.org/news-hub/guest-columnists/the-winter-pest-invasion-defend-your-home-against-an-overlooked-threat/
http://www.pestworld.org/news-hub/guest-columnists/the-winter-pest-invasion-defend-your-home-against-an-overlooked-threat/
http://www.dec.ny.gov/chemical/8531.html
https://www.epa.gov/managing-pests-schools/ipm-schools-saving-dollars-and-making-sense
https://www.epa.gov/managing-pests-schools/school-ipm-strategic-plan
http://ehp.niehs.nih.gov/wp-content/uploads/117/8/ehp.0800149.pdf
http://ehp.niehs.nih.gov/wp-content/uploads/117/8/ehp.0800149.pdf

New York PRISM

Making information available on
invasive species can help reduce
negative impacts.

PRISM is dedicated to proactively
identifying, evaluating, and
addressing invasive species in eight
specific regions of New York State.
Coordinating partnerships between
local officials, organizations, and
private citizens, PRISM aims to
improve, restore, and protect local
aquatic and terrestrial ecosystems.
Fact sheets? provided by PRISM
describe invasive species and the
environments in which they thrive.
Those involved with the building
sector can use this information

to help determine what types of
materials and protections to use in
building construction.

NYCCSC RESOURCES

POLICYMAKERS AND PLANNERS

IPM PRIME is a tool that ranks pesticide products by impact® on birds,
earthworms, small mammals, aquatic ecosystems, and human health so
policymakers and planners can determine which pesticides should or should
not be used in their local community. This program also includes GIS data that
analyzes site-specific impacts and select effective pest control options.

According to the Institute of Medicine, possible health impacts related to climate
change" and pests include an increased number of dust mites, disease from

the presence of rodents, and the increased prevalence of pesticide use. In New
York State, requirements of Chapter 85 of the Laws of 2010 were added to the
State Education Law and the Social Services Law limiting the use of pesticides
on playgrounds, sport fields, and in schools and daycare centers, providing
guidance and supporting the development and use of pesticide alternatives. In
support of this legislation, the DEC dedicates a page to information on reducing

the hazards of pesticide use in pest management for schools and daycare
centers.'

ARCHITECTS AND ENGINEERS

According to the USGBC, designers can make buildings more resilient to climate
change-related pest control problems! by using termite resistant materials and
avoiding wood construction in vulnerable locations. Presently, two LEED credits
directly incorporate integrated pest control's management. LEED v4 Home and
LEED v4 Operations and Maintenance each contain one credit for integrated
pest management and nontoxic pest control to minimize pest problems and
pesticide exposure.

Cornell University’s College of Agriculture and Life Sciences provides
information on New York State Integrated Pest Management,'® including fact
sheets for different pests such as termites, carpenter ants, paper wasps, bed
bugs, and mites. These fact sheets explain the typical behaviors of each pest,

as well as techniques for preventing and mitigating problems. The National
Pesticide Information Center'” has information about the various pests that may
affect buildings and their occupants. The EPA provides information on structural
pests,*® including information on how to control and prevent them from entering
buildings. For example, termite prevention in residential construction can take
the form of metal termite shields, treated lumber, proper grading and drainage,
ground barriers, and pesticide applications.

1. Environmental Public Health Tracking Data:** New York and national data sources about the environment and
human health, including air, water, hazardous waste, radon, pesticides, and more.
2. Projected Change in Climate Thresholds in the Northeastern U.S.:?? Implications for crops, pests, livestock, and

farmers.

3. Invasive Insect Species:*3 Observations of mapped locations of invasive insects by county in New York State.
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https://ipmprime.org/pesticides/
https://www.nap.edu/read/13115/chapter/8
https://www.nap.edu/read/13115/chapter/8
http://www.dec.ny.gov/docs/materials_minerals_pdf/guidancech85.pdf
http://www.dec.ny.gov/chemical/41822.html
http://www.dec.ny.gov/chemical/41822.html
http://www.usgbc.org/resources/green-building-and-climate-resilience-understanding-impacts-and-preparing-changing-conditi
http://www.usgbc.org/resources/green-building-and-climate-resilience-understanding-impacts-and-preparing-changing-conditi
http://www.usgbc.org/leed
http://www.usgbc.org/leed
http://nysipm.cornell.edu/
http://npic.orst.edu/
http://npic.orst.edu/
https://www.epa.gov/safepestcontrol/termites-how-identify-and-control-them
https://www.epa.gov/safepestcontrol/termites-how-identify-and-control-them
https://www.nyclimatescience.org/catalog/n27842?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n27842
https://www.nyclimatescience.org/catalog/n1883?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n1883
https://www.nyclimatescience.org/catalog/n8074?DocId=vitroIndividual:http://www.nyclimatescience.org/individual/n8074
http://www.nyis.info/?action=prism_partners
http://www.nyis.info/?action=prism_partners
http://www.nyis.info/?action=species_factsheets
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Appendix A:
Cost Profiles for

Climate Resilience
Strategies in
New York State




INTRODUCTION

Implementing climate resilience strategies requires a consideration of both benefits and costs. This appendix assists with
the calculation of a benefit-cost ratio (BCR) for residential and non-residential buildings by providing example first costs
for the 25 strategies described in the body of the report. A BCR is a quantitative expression of the “cost-effectiveness” of
a project. A project is considered to be cost effective when the BCR is 1.0 or greater, indicating the benefits of a hazard
mitigation project are greater than the cost of construction.

The FEMA Hazard Mitigation Grant Program requires a benefit-cost analysis to validate the cost effectiveness of proposed
hazard mitigation projects prior to providing funding. The sample first costs provided in this appendix are intended to
streamline that process, but must be used with other resources like the FEMA Benefit-Cost Analysis Tool to determine

the exact BCR of a strategy or project. Please note that this appendix does not contain the expected benefits of a strategy
because they vary significantly by location, occupancy, construction type, the nature of a climate hazard, and other factors.

Finally, the costs in this appendix are intended as examples; exact costs are also variable. The first costs in this appendix
are adapted from RS Means Construction Cost Data to establish a point of reference; they should not be used as final
numbers for a construction project. RS Means data is commonly used by the construction industry for cost estimation.

TABLE 1

The first step in the implementation of climate resilience strategies is to understand what hazards need to be addressed.
Table 1 (pages 108 to 111) lists eight climate-related hazards (in columns) that may increase in frequency and severity
across New York State and the strategies that are applicable.

These strategies can be implemented in a number different ways. For example, the implementation of the Building Flood
Protection strategy can include flood resistive materials, sewage backflow preventers, and moisture sensors. As a result,
each strategy has a cost associated with how a strategy is implemented. Table 1 lists the strategy implementations that are
included within this document to more accurately reflect the individual cost of each climate resilience strategy.

STRATEGY IMPLEMENTATION

This document uses the recommendations of organizations including FEMA, The National Institute of Building Sciences,
and the United States Green Building Council to develop the cost guidance. Recommendations from these organizations
are applied to a benchmark building, a new resilient building, and a retrofitted resilient building to illustrate the cost
differences between the different approaches to climate resilience.

Benchmark Building: The costs for the benchmark building reflect the construction costs of a new code
compliant building in New York State that would not be considered resilient. If a strategy implementation
calls for a specific type of material or technique, the sample cost for this building reflects the cost of the
non-resilient and/or most affordable material or technique that would serve the same relative purpose in a
building. For example, the implementation of fire resistant materials calls for the use of fiber cement board
as siding. The benchmark building, however, would use a less expensive alternative such as vinyl siding.

New Resilient Building: Sample costs for this building reflect the costs of a new building in New
York State constructed to resist the anticipated impacts of climate change. The costs for strategy
implementation are guided by building resilience and building-related organizations. The sample costs
reflect the costs of building construction on a greenfield site in an attempt to form a one-to-one cost
comparison with the benchmark building.

Costs that would normally be included in typical building construction, regardless of whether the building
is resilient or not, are not included within the sample costs of this intervention type. For example, a
contractor would need to excavate a trench to connect the building to a sanitary sewer or septic tank
whether the building is resilient or not, and as a result the cost of the excavation is considered equal
between the benchmark and new resilient building. However, the cost of a sewage backflow preventer in a
new resilient building would be an additional cost.

Retrofitted Resilient Building: The costs for this building reflect the costs of implementing resilience
strategies on an existing building in New York State. These costs represent the cost of implementing the
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resilience tactic in addition to the cost of removing what was already there or the cost of making room for
such changes. For example, to execute beyond code wall insulation in an existing building, a contractor
may have to remove the exterior wall coverings, add additional insulation, and then replace the exterior
wall coverings.

TABLES 2A AND 2B

Tables 2A and 2B (pages 112 to 131) describe each strategy implementation in the Benchmark Building, New Resilient
Building, and the Retrofitted Resilient Building. These tables provide a basic outline of how each strategy was
implemented related to the costs. Table 2A (pages 112 to 121) describes how each tactic is applied to the sample residential
building, while Table 2B (pages 122 to 131) describes how each tactic is applied to the sample non-residential building.

STRATEGY IMPLEMENTATION COSTS

Sample buildings were defined to identify proper quantities for strategy implementation. The development of the sample
buildings was guided by general housing data from the United States Census Bureau (residential construction) and the
Commercial Buildings Energy Consumption Survey (non-residential construction).

. L Sample Building Types
Sample Building Characteristics - - — - - —
Residential Building Non-Residential Building
2,600 Square Feet 20,000 Square Feet
Total Square Footage (average single family home (Large Office Prototype
in Northeastern United States") from 2006 PNNL Report®)
Accessible Levels Two (Non-accessible basement) Two (Non-accessible basement)
30 foot by 43 foot plan dimensions 100 foot by 100 foot plan dimensions
Overall Dimensions 20 foot from top of foundation 26 foot from top of foundation
to top of exterior wall to top of exterior wall
Two 3 foot by 7 foot exterior doors Four 3 foot by 8 foot exterior doors
Exterior Doors One on each of the longer One on each side
dimensioned side of the home of the building
Six 3 foot by 5 foot windows (1* Floor) Eight 30 foot by 5 foot ribbon windows (1st Floor)
Exterior Windows
Eight 3 foot by 5 foot windows (2nd Floor) Four 70 foot by 5 foot ribbon windows (2nd Floor)
Exterior Wall Construction Type Wooden platform frame Single wythe concrete masonry unit
. Wooden rafters Open web steel joists
Roof Construction Type . . . .
with plywood sheathing with corrugated metal decking
Notes:

1. United States Census Bureau. Accessed April 20, 2018. https://www.census.gov/topics/housing/data/datasets.html

2. Pacific Northwest National Laboratory. “Technical Support Document: Development of the Advanced Energy Design
Guide for Small Office Buildings.” Accessed April 20, 2018. http://www.pnl.gov/main/publications/external/
technical reports/PNNL-16250.pdf

TABLES 3A AND 3B

Tables 3A and 3B (pages 132 to 155) provide the sample costs per square foot for each strategy implementation. Quantities
were derived from the sample buildings described above using data from the 2016 version of the RS Means Cost Database.

To establish a consistent representation of sample costs across all strategies, the total cost for each strategy
implementation was divided by the total square footage of the sample building (2,600 SF for residential, 20,000 SF

for non-residential) and is listed as a per square foot cost. In addition, each sample cost is shown as a range in order to
account for the different costs for construction across New York State. The range of costs was determined using city cost
indexes from RS Means; construction costs in Brooklyn (ClimAID Region 4) are 1.31 times the national average, whereas
construction costs in Jamestown (ClimAID Region 1) are indexed at 0.95 times the national average.
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Table 1: Strategies and Hazards

: Severe Storm Winter Weather
Strategy Strategy Implementation Res. |Non-Res.| Res. INom-Res

Windows High Performance Glazing

Beyond Code Insulation: Wall

Beyond Code Insulation: Roof

Insulation
Ice Dam Resistant Construction

Insulated Water System

High Albedo Roofing

Roof Covering

Green Roofs () ()

Neighborhood Fire-Safe Landscaping

Fire Protection Fire Breaks

Class “A” Roofing System

Prevent Flame/Ember Entry

Residential Sprinkler System

Building Fire

Saeeten No Eaves/No Gutters

Noncombustible Siding

Noncombustible Decking

Tempered Glazing

Design for Increased Wind o ®

Wind Protection Miami-Dade County Opening Protection ® o

Uplift Anchors

Enhanced Roof Access {

“Steeper” Low Slope Roofing [ (

Roof Drainage

Pitched Roof

Oversized Roof Drainage ® ®

Neighborhood Flood Enhanced Freeboard

Protection Avoidance of Storm Surge/Flood Plains o o

Flood Resistive Materials

Sewage Backflow Preventer ( (]

Flood Barriers

Building Flood

. Moisture Sensors
Protection

Safeguard Toxic Materials

Wet Flood Proofing Vents

Dry Flood Proofing

Note: “Res.” denotes “Residential” building type, and “Non-Res.” denotes “Non-Residential” building type.
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Table 1 (continued): Strategies and Hazards

: Severe Storm Winter Weather
Strategy Strategy Implementation Res. |Non-Res.| Res. |Nom-Res

Building Systems Elevated Essential Infrastructure

Flood Protection Elevator System Design

Hardened Foundations

=TVIe[ R eIV LI Frost Resistant Foundations L4 ®

Scour Resistant Foundations

Climate Appropriate Landscaping

Woody Trees and Shrubs

Urban Heat Island
Covered or Shaded Parking

High Albedo Paving

Natural or Constructed Wetlands

Gray Infrastructure Permeable Paving { [

Storm/Sanitary Sewer Separations () [

Cross Ventilation

Building Ventilation
Stack Ventilation

Ceiling Fans

Indoor Air Quality
Pressure Neutral Rainscreen () ()

Shade Exterior HVAC Systems

Passive Building Passive Solar Design/Building Orientation { {
Systems Thermal Zoning ) )
Increased Thermal Mass (] {

e\l [l e BSYAICINEM Thermal Energy Storage
Redundant Systems { (]

Building Redundant
Systems

Emergency Bypass Faucet

Insulated Refrigeration Equipment { {

Seal Potential Entry Points

Integrated Pest Cavity Wall Treatments

Management
Mechanical Room Drains

Note: “Res.” denotes “Residential” building type, and “Non-Res.” denotes “Non-Residential building type.”

112



Hurricane

113



Table 2A: Strategy Implementation in Residential Buildings

Strategy Implementation Benchmark Building New Resilient Building

Standard casement windows used for High-performance casement windows

High Performance Glazing

Beyond Code
Insulation: Wall

Beyond Code
Insulation: Roof

Ice Dam Resistant
Construction

Insulated Water
System

High Albedo
Roofing

Green Roofs

Fire-Safe
Landscaping

Fire Breaks

Class A Roofing
System

Prevent Flame/Ember Entry

Residential
Sprinkler System

No Eaves/No Gutters

exterior glazing.

used for exterior glazing.

Code minimum insulation values used on
exterior walls.

Code minimum insulation values doubled
on exterior walls.

Code minimum insulation values used in
roof construction.

Code minimum insulation value exceeded
by 50% in roof construction.

No ice dam resistance included.

Air gaps are sealed in roof, and areas
where heat may escape are enclosed with
additional insulation.

No water system insulation included.

Water supply insulated below grade.

Dark colored roof membrane.

Light colored roof membrane.

Standard built-up roof membrane.

Home constructed with planted roof.

No fire-safe landscaping included.

All trees pruned 15-foot above ground.
All trees located within 10 foot of home
removed.

No fire breaks included.

Various existing trees removed to create
15-foot wide fire break. 10 foot gravel
radius around building.

Class B roofing system.

Class A roofing system.

No flame/ember entry prevention
included.

Openings protected with tempered
glazing, metal screens, and caulking.

No residential sprinkler system included.

Home constructed with wet pipe sprinkler
system.

Code minimum gutters and downspouts.

Home not equipped with gutters or
downspouts.
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Retrofitted Resilient Building

Removal of existing windows from perimeter of home
followed by the installation of high performance casement
windows.

Source

National Institute of Building Sciences (NIBS) Whole
Building Design Guide

Installation of additional insulation with the added cost of
removing and replacing existing exterior wall coverings.

USGBC Green Building and Climate Resilience; 2009
“International Energy Conservation Code” (IECC)

Existing insulation is removed and replaced in building
roof.

USGBC Green Building and Climate Resilience; 2009
IECC; DOE Insulation Fact Sheet

Air gaps are sealed in roof, and areas where heat may
escape are enclosed with additional insulation.

Insurance Institute for Business and Home Safety (IBHS)

Existing water service exposed and insulated below grade.

USGBC Green Building and Climate Resilience

Existing dark colored roof membrane coated with light
colored paint.

EPA “Heat Island Compendium”, Chapter 4

Removal of existing built-up roof and the installation of a
planted roof.

Idea ET-1in FEMA “Mitigation Ideas:
A Resource for Reducing Risk to Natural Hazards”

Various existing trees removed for wider spacing.
Remaining trees pruned 15-foot above ground.

University of California Division of Agriculture and
Natural Resources “Home Landscaping for Fire”

Various existing trees removed to create 15-foot wide fire
break. 10 foot gravel radius around building.

Chapter 4, Oregon State University Reducing Fire Risk on
Your Forest Property Guide

Removal of existing roofing system and installation of a
Class A roofing system.

Chapter 15, NYS Building Code

Existing windows replaced with tempered glazing. Other
openings protected with metal screens and caulking.

IBHS Protect Your Property from Wildfire Guide, Florida
Edition

Installation of wet pipe sprinkler system.

National Fire Protection Association (NFPA) Fire Sprinkler
Initiative

Removal of existing gutter and downspout system followed
by the installation of additional flashing.

Technical Fact Sheet No. 6 in FEMA P-737
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Table 2A (continued): Strategy Implementation in Residential Buildings

Strategy Implementation
Noncombustible

Siding

Noncombustible
Decking

Tempered
Glazing

Design for
Increased Wind

Miami-Dade County Opening
Protection

Uplift Anchors

“Steeper” Low

Slope Roofing

Pitched Roof

Oversized Roof
Drainage

Enhanced
Freeboard

Avoidance of Storm
Surge/Flood Plains

Flood Resistive
Materials

Benchmark Building

Vinyl siding on all exterior walls.

New Resilient Building

Fiber cement board on all exterior walls.

Combustible materials used on exterior
deck.

Non-combustible materials and
techniques used on exterior deck.

Clear float glass used for exterior glazing.

Tempered glass used for all exterior
glazing.

Standard built-up bitumen roof
membrane.

High durability roof membrane with
reinforced structural attachment and
soffits.

No opening protection included.

Intermediate mitigation package as
defined by FEMA installed at building
openings.

No uplift anchors included.

Home attached to foundation with cast-
in-place anchor bolts.

Roof tapered with minimum low-slope
roof angle.

Roof tapered with increased low-slope
roof angle.

Gable ended roof with 4 in 12 slope.

Hipped roof with 8 in 12 slope.

Code minimum gutters and downspouts.

Gutters and downspouts designed for
beyond code rainfall minimums installed
on building.

Concrete strip foundation with slab on
grade at BFE.

Cast-in-place concrete pile foundation
with first floor elevation 2 foot above BFE.

Home constructed within storm surge
zone/flood plain.

Home constructed outside of storm surge
zone/flood plain.

Exterior walls clad with vinyl siding and
insulated with batt insulation.

Exterior walls clad with fiber cement
board and insulated with rigid foam
insulation.

Sewage Backflow Preventer

No sewage backflow prevention provided.

Sewage backflow preventer installed
between home and public sewer.
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Retrofitted Resilient Building

Existing exterior finish material is removed and replaced
with fiber cement board on all exterior walls.

Source

Technical Fact Sheet No. 7in FEMA P-737

Removal of combustible materials and the installation of
non-combustible materials and techniques on exterior
deck.

Technical Fact Sheet No. 13 in FEMA P-737

Removal of existing glazing and installation of tempered
glass on all exterior glazing.

Technical Fact Sheet No. 10 in FEMA P-737

Existing roof replaced with high durability roof membrane
and reinforced structural attachment and soffits.

Basic mitigation package as defined in FEMA P-804

Intermediate mitigation package as defined by FEMA
installed at building openings.

Intermediate mitigation package as defined in FEMA
P-804

Home attached to foundation with new anchor bolts.

Advanced mitigation package as defined in FEMA P-804

Tapered foam added to increase low-slope roof angle.

“Brace Gable End Roof Framing” in FEMA “Protect Your
Property from High Winds” Series; USGBC Green Building
and Climate Resilience

Removal of existing roof and installation of a hipped roof
with 8 in 12 slope.

Basic mitigation package as defined in FEMA P-804

Removal of existing gutters and downspouts and
installation of gutters and downspouts designed for
beyond code rainfall minimums.

USGBC Green Building and Climate Resilience

Removal of existing standard strip foundation and
placement of home on cast-in-place concrete pile
foundation with first floor elevation 2 feet above BFE.

Recommendation 30a in FEMA P-942

Home removed from foundation located in storm surge
zone/flood plain and placed on foundation located outside
of storm surge zone/flood plain.

Section 2.3.2 in FEMA P-55 Volume I

Existing siding and insulation removed from exterior
walls and replaced with fiber cement board and rigid foam
insulation.

Technical Fact Sheet No. 1.7 in FEMA P-499

Sewage backflow preventer installed on existing sewer
connection between home and public sewer.

Section 5D.10 in FEMA P-259
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Table 2A (continued): Strategy Implementation in Residential Buildings

Strategy Implementation

Flood Barriers

Moisture Sensors

Safeguard Toxic Materials

Wet Flood
Proofing Vents

Dry Flood Proofing

Elevated Essential
Infrastructure

Hardened
Foundations

Frost Resistant Foundations

Scour Resistant Foundations

Climate Appropriate
Landscaping

Woody Trees
and Shrubs

Covered or Shaded Parking

High Albedo
Paving

Benchmark Building

No floor barriers included.

New Resilient Building

Site design includes flood wall that
complies with NFIP Free-of-Obstruction
requirements.

No moisture sensors included.

Installation of sensors that detect water
and/or vapor.

None.

Toxic materials are protected by flood
proofing the home.

No wet flood proofing vents included.

Flood vents included on lower level of
home to alleviate pressure and excessive
lateral loads on exterior walls.

No dry flood proofing included.

All openings below BFE are sealed.

Essential infrastructure, including water
heaters, furnaces, and gas services,
located at or below BFE.

Essential infrastructure, including water
heaters, furnaces, and gas services,
located above BFE.

No hardened foundations included.

Hardening mixture added to foundation
concrete mix to decrease water
penetration during and after curing
process.

No frost resistance provided in
foundation.

Horizontal insulation installed to provide
frost resistance.

Concrete strip foundation with slab on
grade installed at BFE.

Home constructed on concrete pile
foundations that are driven to adequate
depth. First floor structure secured to pile
to resist flotation.

Non-resilient plant species on site.

Native trees and plants that are less
sensitive to changes in temperature are
planted around building.

No woody trees or shrubs included.

Tree and shrubs planted around building
for sun shading and carbon sequestration.

Parking located in area that is exposed to
sunlight.

Parking area located in area that is shaded
from sunlight by trees.

Black asphalt driveway.

Light colored concrete driveway.
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Retrofitted Resilient Building

Installation of permanent flood barrier that complies with
NFIP Free-of-Obstruction requirements.

Source

Chapter 5 in FEMA P-259

Installation of sensors that detect water and/or vapor.

Section 3.5.3 in FEMA P-936

Toxic materials are protected by flood proofing the home.

Recommendation 7 in USGBC Building Resiliency Task
Force

Openings are cut on lower level of home to allow for the
installation of flood vents.

Technical Fact Sheet No. 3.5 in FEMA P-499

All openings below BFE are sealed.

Chapter 7 in FEMA 551

Essential infrastructure, including water heaters, furnaces,
and gas services, relocated to above BFE.

Recommendation 34 in FEMA P-942

No hardened foundations provided.

USGBC Green Building and Climate Resilience

Excavation around perimeter of building to make room for
the installation of horizontal insulation.

U.S. Department of Housing Revised Builder’s Guide to
Frost Protected Shallow Foundations

Removal of existing standard strip foundation, placement
of home on concrete pile foundations that are driven to
adequate depth. First floor structure secured to pile to
resist flotation.

Recommendation 25a in FEMA P-942

Existing non-resilient plants removed. Native trees and
plants that are less sensitive to changes in temperature are
planted around building.

USGBC Green Building and Climate Resilience; A
California-Friendly Guide to Native and Drought
Tolerant Gardens from the Las Virgenes Water District

Tree and shrubs planted around building for sun shading
and carbon sequestration.

EPA “Heat Island Compendium”, Chapter 2, Section 4.1

Parking area shaded with trees and bushes.

EPA “Heat Island Compendium”, Chapter 2, Sections 1
and 2

Asphalt driveway demolished and replaced with concrete.

EPA “Heat Island Compendium”, Chapter 5, Section 1.2
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Table 2A (continued): Strategy Implementation in Residential Buildings

Strategy Implementation

Natural or
Constructed Wetlands

Permeable Paving

Storm/Sanitary
Sewer Separations

Cross Ventilation

Stack Ventilation

Ceiling Fans

Pressure Neutral Rainscreen

Shade Exterior
HVAC Systems

Passive Solar Design/Building
Orientation

Thermal Zoning

Increased
Thermal Mass

Thermal
Energy Storage

Redundant
Systems

Benchmark Building

No natural or constructed wetlands
included.

New Resilient Building

Use of stormwater retention pond/
wetland.

Impervious asphalt driveway.

Porous asphalt paving.

Sump pump and downspouts connected
directly to sanitary sewer system.

Sump pump and downspouts splash into
yard away from building foundation.

Casement windows on perimeter of home
placed without regard to prevailing wind
direction.

Operable windows added to walls
perpendicular to prevailing wind
direction.

No stack ventilation included.

Whole house exhaust fan installed to
exhaust air through building roof.

No ceiling fans included.

Electric ceiling fans installed to circulate
air.

No pressure neutral rainscreen included.

Pressure neutral rainscreen installed with
fiber cement board siding with air gap
between siding and wall.

Exterior HVAC systems exposed to
sunlight without shading systems.

Exterior HVAC systems placed on north
side of building for passive shading.

Building not oriented to take advantage of
passive solar energy.

Building oriented to take advantage of
passive solar energy.

Home actively heated and cooled with
single zone air handling unit.

Home actively heated and cooled with
multi-zoned air handling unit.

No thermal mass included.

Thermal mass material used for interior
flooring.

No thermal energy storage included.

Installation of underground thermal
energy storage tank.

No redundant systems included.

Installation of a roof mounted
photovoltaic (PV) electrical energy
system.
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Retrofitted Resilient Building

Installation of on-site stormwater retention pond/wetland.

Source

EPA Document 833-B-09-001: Stormwater Wet Pond
and Wetland Management Guidebook; EPA Technical
Guidance on Implementing the Stormwater Runoff
Requirements

Impervious asphalt removed and replaced with porous
asphalt paving.

EPA “Heat Island Compendium”, Chapter 5, Section 1.2

Sump pump and downspouts disconnected from sanitary
sewer and allowed to splash into yard away from building
foundation.

City of Portland, Oregon Stormwater Management Manual

Additional operable windows installed on walls
perpendicular to prevailing wind direction.

Strategy 7 in “Strategies for Multifamily Building
Resilience” Guide from Enterprise Green Communities

Installation of whole house exhaust fan to exhaust air
through building roof.

NIBS Whole Building Design Guide; ASHRAE Standard
62.2

Electric ceiling fans and necessary electrical updates
installed to circulate air.

USGBC Green Building and Climate Resilience

Existing siding removed. Pressure neutral rainscreen
installed with fiber cement board siding with air gap
between siding and wall.

Technical Fact Sheet No. 5.3 in FEMA P-499

Installation of fiberglass solar screen with wooden frame
around exterior HVAC systems.

Building Resilience in Boston

Building rotated from existing setting into orientation that
takes advantage of passive solar energy.

USGBC Green Building and Climate Resilience

Existing air handling system removed and replaced with
multi-zone air handling unit.

USGBC Green Building and Climate Resilience

Existing flooring removed and replaced with thermal mass
material.

Passive Solar Design Technical Fact Sheet from the US
DOE and the National Renewable Energy Laboratory
(NREL)

Installation of underground thermal energy storage tank.

Thermal Energy Storage Technology Brief from the
International Renewable Energy Agency

Installation of a roof mounted photovoltaic (PV) electrical
energy system.

Applications of Solar Technology for Catastrophe
Response, Claims Management, and Loss Prevention, by
Ann Deering and John P. Thornton, P.E., NREL
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Table 2A (continued): Strategy Implementation in Residential Buildings

Strategy Implementation Benchmark Building New Resilient Building

Emergency Emergency bypass faucet to be used in the

Bypass Faucet No emergency bypass faucet included. event of a loss in electrical power/water
pressure.
Insulated Refrigeration Standard refrigeration equipment Energy Star®rated refrigeration
Equipment installed in home. equipment installed in home.
Seal Potential No entry point sealing included. Openings sealed to restrict pest access.

Entry Points

Cavity Wall
Treatments

Exterior of building coated with pest-

No cavity wall treatments included. .
resistant treatments.

Floor drains provided near mechanical
No drains provided. equipment to prevent the accumulation of
standing water.

Mechanical
Room Drains
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Retrofitted Resilient Building

Emergency bypass faucet to be used in the event of a loss
in electrical power/water pressure.

Source

Strategy 15 in “Strategies for Multifamily Building
Resilience” Guide from Enterprise Green Communities

Removal of existing refrigeration equipment and

installation of Energy Star rated refrigeration equipment.

USGBC Green Building and Climate Resilience

Openings sealed to restrict pest access.

EPA Energy Savings Plus Health: Indoor Air Quality
Guidelines for Multifamily Building Upgrades

Exterior of building coated with pest-resistant treatments.

Journal of School Business Management “Pest Prevention
Construction Guidelines and Practices”

Floor drain installed near mechanical equipment to
prevent the accumulation of standing water.

Section 5.3003.10 in NREL Standard Work Specifications
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Table 2B: Strategy Implementation in Non-Residential Buildings

Strategy Implementation

High Performance
Glazing

Beyond Code Insulation: Wall

Beyond Code Insulation: Roof

Ice Dam Resistant
Construction

Insulated Water System

High Albedo Roofing

Green Roofs

Fire-Safe Landscaping

Fire Breaks

Class A Roofing System

Prevent Flame/Ember Entry

No Eaves/No Gutters

Noncombustible Siding

Benchmark Building

Clear float glass used for exterior glazing.

New Resilient Building

High-performance insulated glass with
heat reflective film used for exterior
glazing.

Code minimum insulation values used on
exterior walls.

Code minimum insulation values doubled
on exterior walls.

Code minimum insulation values used in
roof construction.

Code minimum insulation value exceeded
by 50% in roof construction.

No ice dam resistance included.

Air gaps are sealed in roof, and areas
where heat may escape are enclosed with
additional insulation.

No water system insulation included.

Water supply insulated below grade.

Dark colored roof membrane.

Light colored roof membrane.

Standard built-up roof.

Building constructed with a planted roof.

No fire-safe landscaping included.

All trees pruned 15-foot above ground. All
trees within 10 foot of building removed.

No fire breaks included.

Various existing trees removed to create
15-foot wide fire break. 10 foot gravel
radius around building.

Class B roofing system.

Class A roofing system.

No flame/ember entry prevention
included.

Openings protected with tempered
glazing, metal screens, and caulking.

Code minimum gutters and downspouts.

Building not equipped with gutters or
downspouts.

Stucco wall finish on all exterior walls.

Fiber cement panels on all exterior walls.
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Retrofitted Resilient Building

Clear heat reflective film applied to interior of existing
glazing around perimeter of building.

Source

National Institute of Building Sciences (NIBS) Whole
Building Design Guide

Installation of additional insulation with the added cost of
removing and replacing existing exterior wall coverings.

USGBC Green Building and Climate Resilience; 2009
“International Energy Conservation Code” (IECC)

Existing insulation removed and replaced in building roof.

USGBC Green Building and Climate Resilience; 2009
IECC; US DOE Insulation Fact Sheet

Air gaps are sealed in roof, and areas where heat may
escape are enclosed with additional insulation.

Insurance Institute for Business and Home Safety (IBHS)

Existing water service exposed and insulated below grade.

USGBC Green Building and Climate Resilience

Existing dark colored roof membrane coated with white
elastomeric coating.

EPA “Heat Island Compendium”, Chapter 4

Removal of existing roof covering and the installation of a
planted roof.

Idea ET-1in FEMA “Mitigation Ideas:
A Resource for Reducing Risk to Natural Hazards”

Various existing trees removed for wider spacing.
Remaining trees pruned 15-foot above ground.

University of California Division of Agriculture and
Natural Resources “Home Landscaping for Fire”

Various existing trees removed to create 15-foot wide fire
break. 10 foot gravel radius around building.

Chapter 4, Oregon State University Reducing Fire Risk on
Your Forest Property Guide

Removal of existing roofing system and installation of a
Class A roofing system.

Chapter 15, NYS Building Code

Existing windows replaced with tempered glazing. Other
openings protected with metal screens and caulking.

IBHS Protect Your Property from Wildfire Guide, Florida
Edition

Removal of existing gutter and downspout system followed
by the installation of additional flashing.

Technical Fact Sheet No. 6 in FEMA P-737

Existing exterior finish material removed and replaced
with fiber cement board on all exterior walls.

Technical Fact Sheet No. 7in FEMA P-737
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Strategy Implementation

Noncombustible Decking

Tempered Glazing

Design for Increased Wind

Miami-Dade County Opening
Protection

Uplift Anchors

Enhanced Roof Access

“Steeper” Low Slope Roofing

Oversized Roof Drainage

Enhanced Freeboard

Avoidance of Storm Surge/
Flood Plains

Flood Resistive Materials

Sewage Backflow Preventer

Flood Barriers

Benchmark Building

Combustible materials used on exterior
deck.

Table 2B (continued): Strategy Implementation in Non-Residential Buildings

New Resilient Building

Non-combustible materials and
techniques used on exterior deck.

Clear float glass used for exterior glazing.

Tempered glass used for all exterior
glazing.

Standard built-up roof.

High durability roof membrane with
reinforced flashing.

No opening protection included.

Intermediate mitigation package as
defined by FEMA installed at building
openings.

Welded connections attach roof decking
to structure.

Roof decking attached to structure with
nut and bolt connection.

No roof access provided.

Roof hatch provided for roof access.

Roof tapered with minimum low-slope
roof angle.

Roof tapered with increased low-slope
roof angle.

Code minimum gutters and downspouts.

Gutters and downspouts designed for
beyond code rainfall minimums installed
on building.

Slab on grade foundation installed at BFE.

Slab on grade foundation installed 2 feet
above BFE.

Building constructed within storm surge
zone/flood plain.

Building constructed outside of storm
surge zone/flood plain.

Stucco wall finish on all exterior walls.

Brick faced cavity wall on all exterior
walls.

No sewage backflow prevention provided.

Sewage backflow preventer installed
between building and public sewer.

No floor barriers included.

Site design includes flood wall that
complies with NFIP Free-of-Obstruction
requirements.
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Retrofitted Resilient Building

Removal of combustible materials and installation of non-
combustible materials and techniques on exterior deck.

Source

Technical Fact Sheet No. 13 in FEMA P-737

Removal of existing glazing and installation of tempered
glass on all exterior glazing.

Technical Fact Sheet No. 10 in FEMA P-737

Existing roof replaced with high durability roof membrane
with reinforced flashing.

Section 3.4.3.4 in FEMA 543

Intermediate mitigation package as defined by FEMA
installed at building openings.

Intermediate mitigation package as defined in FEMA
P-804

Roof decking re-attached to structure with nut and bolt
connection.

Section 6.3.2 in FEMA 424

Roof hatch installed to provide roof access.

USGBC Green Building and Climate Resilience

Existing tapered roofing system removed and replaced
with an increased low-slope roof angle.

“Brace Gable End Roof Framing” in FEMA “Protect Your
Property from High Winds” Series;
USGBC Green Building and Climate Resilience

Removal of existing gutters and downspouts and
installation of gutters and downspouts designed for
beyond code rainfall minimums.

USGBC Green Building and Climate Resilience Report

Removal of existing slab, followed by installation of a slab
on grade foundation located 2 feet above BFE.

Section 5.3.4 in FEMA 424;
Recommendation 30a in FEMA P-g42

Building removed from foundation located in storm surge
zone/flood plain and placed on foundation located outside
of storm surge zone/flood plain.

Section 2.3.2 in FEMA P-55 Volume I

Removal of existing exterior wall finish and installation of
a brick faced cavity wall on all exterior walls.

Technical Fact Sheet No. 1.6 in FEMA P-499

Sewage backflow preventer installed on existing sewer
connection between building and public sewer.

Section 5D.10 in FEMA P-259

Installation of permanent flood barrier that complies with
NFIP Free-of-Obstruction requirements.

Chapter 5 in FEMA P-259
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Table 2B (continued): Strategy Implementation in Non-Residential Buildings

Strategy Implementation

Moisture Sensors

Safeguard Toxic Materials

Wet Flood Proofing Vents

Dry Flood Proofing

Elevated Essential
Infrastructure

Elevator System Design

Hardened Foundations

Frost Resistant Foundations

Scour Resistant Foundations

Climate Appropriate
Landscaping

Woody Trees and Shrubs

Covered or Shaded Parking

High Albedo Paving

Benchmark Building

No moisture sensors included.

New Resilient Building

Installation of sensors that detect water
and/or vapor.

No toxic material protection included.

Toxic materials protected in a flood proof
enclosure outside of building.

No wet flood proofing vents included.

Flood vents included on lower level
of building to alleviate pressure and
excessive lateral loads on exterior walls.

No dry flood proofing included.

All openings below BFE sealed.

Essential infrastructure, including water
heaters, furnaces, and gas services,
located at or below BFE.

Essential infrastructure, including water
heaters, furnaces, and gas services,
located above BFE

Hydraulic elevator system installed in
building.

Machine-room less (MRL) traction
elevator with sealed shaft installed in
building.

No hardened foundations included.

Hardening mixture added to foundation
concrete mix to decease water penetration
during and after curing process.

No frost resistance provided in
foundation.

Horizontal insulation installed to provide
frost resistance.

Concrete strip foundation with slab on
grade installed at BFE.

Concrete strip foundation with slab on
grade with footers at a 6 foot depth
and cast-in-place anchor bolts to resist
flotation.

Non-resilient plant species on site.

Native trees and plants that are less
sensitive to changes in temperature are
planted around building.

No woody trees or shrubs included.

Tree and shrubs planted around building
for sun shading and carbon sequestration.

Parking located in area that is exposed to
sunlight.

Parking area located in area that is shaded
from sunlight by trees.

Black asphalt driveway.

Light colored concrete driveway.
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Retrofitted Resilient Building

Installation of sensors that detect water and/or vapor.

Source

Section 3.5.3 in FEMA P-936

Toxic materials protected in a flood proof enclosure
outside of building.

Recommendation 7 in USGBC Building Resiliency Task
Force

Openings cut on lower level of building to allow for the
installation of flood vents.

Technical Fact Sheet No. 3.5 in FEMA P-499

All openings below BFE sealed.

Chapter 7 in FEMA P-551

Essential infrastructure, including water heaters, furnaces,
and gas services, relocated to above BFE.

Recommendation 34 in FEMA P-942

Existing elevator shaft equipped with inundation
protection.

FEMA Technical Bulletin 4

No hardened foundations provided.

USGBC Green Building and Climate Resilience

Excavation around perimeter of building to make room for
the installation of horizontal insulation.

U.S. Department of Housing Revised Builder’s Guide to
Frost Protected Shallow Foundations

Removal of existing foundation followed by the installation
of a concrete strip foundation with footers at a 6 foot
depth and cast-in-place anchor bolts to resist flotation.

Recommendation 25a in FEMA P-942

Existing non-resilient plants removed. Native trees and
plants that are less sensitive to changes in temperature are
planted around building.

USGBC Green Building and Climate Resilience; A
California-Friendly Guide to Native and Drought
Tolerant Gardens from the Las Virgenes Water District

Tree and shrubs planted around building for sun shading
and carbon sequestration.

EPA “Heat Island Compendium”, Chapter 2, Section 4.1

Parking area shaded with trees and bushes.

EPA “Heat Island Compendium”, Chapter 2, Sections 1
and 2

Asphalt driveway demolished and replaced with concrete.

EPA “Heat Island Compendium”, Chapter 5, Section 1.2
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Table 2B (continued): Strategy Implementation in Non-Residential Buildings

Strategy Implementation

Natural or Constructed
Wetlands

Permeable Paving

Storm/Sanitary Sewer
Separations

Cross Ventilation

Stack Ventilation

Ceiling Fans

Pressure Neutral Rainscreen

Shade Exterior HVAC systems

Passive Solar Design/Building
Orientation

Thermal Zoning

Increased Thermal Mass

Thermal Energy Storage

Redundant Systems

Benchmark Building

No natural or constructed wetlands
included.

New Resilient Building

Use of stormwater retention pond/
wetland.

Impervious asphalt driveway.

Porous asphalt paving.

Sump pump and downspouts connected
directly to sanitary sewer system.

Sump pump and downspouts splash into
yard away from building foundation.

Fixed glazing around perimeter of
building.

Operable windows added to walls
perpendicular to prevailing wind
direction.

No stack ventilation included.

Whole building exhaust fan installed to
exhaust air through building roof.

No ceiling fans included.

Electric ceiling fans installed to circulate
air.

No pressure neutral rainscreen included.

Brick faced cavity wall on all exterior
walls.

Exterior HVAC systems exposed to
sunlight without shading systems.

Exterior HVAC systems placed on north
side of building for passive shading.

Building not oriented to take advantage of
passive solar energy.

Building oriented to take advantage of
passive solar energy.

Building actively heated and cooled with
single zone air handling unit.

Building actively heated and cooled with
multi-zoned air handling unit.

No thermal mass included.

Thermal mass material used for interior
flooring.

No thermal energy storage included.

Installation of underground thermal
energy storage tank.

No redundant systems included.

Installation of a diesel generator and
a ground mounted photovoltaic (PV)
electrical energy system.
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Retrofitted Resilient Building

Installation of on-site stormwater retention pond/wetland.

Source

EPA Document 833-B-09-001: Stormwater Wet Pond
and Wetland Management Guidebook; EPA Technical
Guidance on Implementing the Stormwater Runoff
Requirements

Impervious asphalt removed and replaced with porous
asphalt paving.

EPA “Heat Island Compendium”, Chapter 5, Section 1.2

Sump pump and downspouts disconnected from sanitary
sewer and allowed to splash into yard away from building
foundation.

City of Portland, Oregon Stormwater Management Manual

Additional operable windows installed on walls
perpendicular to prevailing wind direction.

Documents DOE/G0-102001-1278: Cooling Your Home
with Fans and Ventilation Guide from US DOE and the
National Renewable Energy Laboratory (NREL)

Installation of whole building exhaust fan to exhaust air
through building roof.

NIBS Whole Building Design Guide; ASHRAE Standard
62.2

Electric ceiling fans and necessary electrical updates
installed to circulate air.

USGBC Green Building and Climate Resilience

Removal of existing exterior wall finish and installation of
a brick faced cavity wall on all exterior walls.

Technical Fact Sheet No. 1.6 in FEMA P-499

Installation of fiberglass solar screen with wooden frame
around exterior HVAC systems.

Building Resilience in Boston

Building rotated from existing setting into orientation that
takes advantage of passive solar energy.

USGBC Green Building and Climate Resilience

Existing air handling system removed and replaced with
multi-zone air handling unit.

USGBC Green Building and Climate Resilience

Existing flooring removed and replaced with thermal mass
material.

Passive Solar Design Technical Fact Sheet from the DOE
and NREL

Installation of underground thermal energy storage tank.

Thermal Energy Storage Technology Brief from the
International Renewable Energy Agency

Installation of a diesel generator and a ground mounted
photovoltaic (PV) electrical energy system.

Applications of Solar Technology for Catastrophe
Response, Claims Management, and Loss Prevention, by
Ann Deering and John P. Thornton, P.E., NREL
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Table 2B (continued): Strategy Implementation in Non-Residential Buildings

Strategy Implementation

Emergency Bypass Faucet

Insulated Refrigeration
Equipment

Seal Potential Entry Points

Cavity Wall Treatments

Mechanical Room Drains

Benchmark Building

No emergency bypass faucet included.

New Resilient Building

Emergency bypass faucet to be used in the
event of a loss in electrical power/water
pressure.

Standard refrigeration equipment
installed in building.

Energy Star® rated refrigeration
equipment installed in building.

No entry point sealing included.

Openings sealed to restrict pest access.

No cavity wall treatments included.

Exterior of building coated with pest-
resistant treatments.

No mechanical room drains included.

Floor drains provided near mechanical
equipment to prevent the accumulation of
standing water.
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Retrofitted Resilient Building

Emergency bypass faucet to be used in the event of a loss
in electrical power/water pressure.

Source

Strategy 15 in “Strategies for Multifamily Building
Resilience” Guide from Enterprise Green Communities

Removal of existing refrigeration equipment, followed
by the installation of Energy Star rated refrigeration
equipment.

USGBC Green Building and Climate Resilience

Openings sealed to restrict pest access.

EPA Energy Savings Plus Health: Indoor Air Quality
Guidelines for Multifamily Building Upgrades

Exterior of building coated with pest-resistant treatments.

Journal of School Business Management “Pest Prevention
Construction Guidelines and Practices”

Floor drain installed near mechanical equipment to
prevent the accumulation of standing water.

Section 5.3003.10 in NREL Standard Work Specifications
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https://www.epa.gov/sites/production/files/2016-02/documents/esh_multifamily_building_upgrades_508c_02_09_2016.pdf
https://www.epa.gov/sites/production/files/2016-02/documents/esh_multifamily_building_upgrades_508c_02_09_2016.pdf

Table 3A: Strategy Implementation Costs in Residential Buildings

Strategy Implementation

High Performance Glazing

Beyond Code Insulation: Wall

Beyond Code Insulation: Roof

Ice Dam Resistant Construction

Insulated Water System

High Albedo Roofing

Green Roofs

Fire-Safe Landscaping

Fire Breaks

Class A Roofing System

Benchmark Building

Items Included Cost Per SF
$65,700 | $3.29 to
Standard casement windows. to $4.52 per
$90,400 SF
$0.96 to
R-20 batt insulation used on exterior walls. $2,500 to $1.46 per
$3,800 SF
$0.77 to
R-49 batt insulation in roof construction. $2,000/t0 $1.19 per
$3,100 SF
N/A
N/A
Asphalt built-up roof with gravel roof membrane. $0 $0 per SF
$1.42 to
Built-up asphalt shingle roof membrane. $g’57ggéo $2.23 per
’ SF
N/A
N/A
$1to
Asphalt roof shingles. $;;‘688;0 $1.54 per
’ SF
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New Resilient Building

Iltems Included

Retrofitted Resilient Building

Items Included

Removal of existing windows
Double insulated casement $8,600 to $3.31t0 arqund ext.erlor oit o .followed $9,600 to $3:6910
window with low-E coatin $11,800 $4.54 per | by installation of double insulated e $5.08 per
& ’ SF casement windows with low-e 3 SF
coating.
Removal of interior wall coverings
R-40 batt insulation used on $4,000 to $1.54 to . an%m'sulat}or(li(fiqll‘oweld by $8,700 to $3.35 to
exterior walls $5.400 $2.08 per 1qsta atl.on of additional R-20 $12,000 $4.62 per
) ’ SF insulation and gypsum wall ’ SF
covering.
R-60 blown insulation in roof $4,500 to BT i . 1Rgmova}19f ex1lslt ng rooff $4,700 to HILEIL D
construction $6,300 $2.42 per | insulation an 1‘nsta a'tlon of R-60 $6,500 $2.5 per
‘ ’ SF blown insulation. ’ SF
. Ridge vents and seam tape Cutting of opening for and
included in roof construction. $0.12 to . . . $0.19 to
.. . . $300 to installation of ridge vents. $500 to
Additional R-60 blown insulation $0.15 per . . . . $0.27 per
. o . $400 Installation of joint sealing tape $700
installed around ceiling openings SF . < SF
. and R-60 blown insulation.
for fans and light fixtures.
Installation of polyethylene $400 to BTG Ex;aveitlollllaln d t}}f 1r'1ts)’;alla}t1on $500 to ST 1D
flexible pipe insulation $600 WO e ofpolyethylene flexible pipe $700 B0
’ SF insulation. SF
Asphalt built-up roof with gravel $0.27to Existing roof membrane coated $0.27to
Lo $700 to el 1 . $700 to
roof membrane, coated with light $0.38 per with light colored elastomeric $0.38 per
. . $1,000 . $1,000
colored elastomeric paint. SF paint. SF
Removal of existing roof
s ey D Ao ol $12,200 | $4.69 to me];nbrar.le, %lamlr;atl?tn of 2-1(r11ch $19,700 | $7.58 to
clemil to $6.50 per _by 10-inch roof rafters, an to $10.46
’ $16,900 SF installation of green roof with $27,200 per SF
4-inch soil depth.
Pruning of five trees and removal | $900 to $0.35 to Pruning of five trees and removal | $900 to $0.35 to
$0.50 per $0.50 per
of two trees. $1,300 of two trees. $1,300
SF SF
Removal of two trees and $1.00to | Removal of two trees and topsoil $1.12 to
. . . $2,600 to . . . $2,900 to
installation of a 10-foot wide $3.600 $1.38 per | and installation of a 10-foot wide 51000 $1.50 per
gravel firebreak around home. 3 SF gravel firebreak around home. 39 SF
$23,700 $9.12 to Removal of existing asphalt roof | $25,700 | $9.88 to
Metal sheet roof covering. to $12.54 shingles and installation of metal to $13.62
$32,600 per SF sheet roof covering. $35,400 per SF
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Table 3A (continued): Strategy Implementation Costs in Residential Buildings

Strategy Implementation

Prevent Flame/Ember Entry

Residential Sprinkler System

No Eaves/No Gutters

Noncombustible Siding

Noncombustible Decking

Tempered Glazing

Design for Increased Wind

Miami-Dade County Opening Protection

Uplift Anchors

Benchmark Building

Items Included Cost Per SF
$1.92 to
All exterior windows enclosed with clear float glass. 500019 $2.96 per
$7,700 SF
N/A
4 inch diameter aluminum gutter with 2 inch by 3 $700 to $$00'227 tgr
inch downspouts. $1,100 "éFp
$3.58 to
Exterior walls covered with vinyl siding. $$9£23%:)0 $5.54 per
’ SF
Wood railing on exterior deck. $100 $o.(;41§ per
$1.92to
Plain float glass windows. $5,000to $2.96 per
$7,700
’ SF
$1.42 to
Built-up asphalt shingle roof membrane. $g’57gggo $2.23 per
’ SF

N/A

N/A
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New Resilient Building

Iltems Included

Retrofitted Resilient Building

Items Included

All exterior windows enclosed $2.65 to Removal of existing windows and $3 to
with tempered glass. Screens $6,900 to 5 installation of tempered glass $7,800 to 3
. . $3.65 per . . $4.12 per
installed over exterior vents, and $9,500 windows, screens over exterior $10,700
. . SF . SF
all seams sealed with caulking. vents, and seam caulking.
$16,900 $6.50 to $16,900 | $6.50to
2 floor wet pipe sprinkler system. to $8.92 per | 2 floor wet pipe sprinkler system. to $8.92 per
$23,200 SF $23,200 SF
Removal of existing gutter
Metal flashing installed along drip | $400 to $$00'115 tgr and downspout system and $500 to $$00'219 tgr
edge of the home’s roof. $500 19 PEr | installation of metal flashing along $700 27D
SF . , SF
drip edge of the home’s roof.
Removal of existing finish
Fiber cement board panels with $20,600 | $7.92t0 material and installation of fiber $23,100 | $8.88to
gypsum board underlayment used to $10.88 | cement board panels with gypsum to $12.23
on all exterior walls. $28,300 per SF board underlayment on all $31,800 per SF
exterior walls.
- . Removal of wood railing.
sl elting, (ine: Wl.de S $1.85to | Installation of metal railing, 5-foot $1.88 to
walkway around perimeter, $4,800 to . $4,900 to
. f $2.54 per wide gravel walkway around $2.58 per
underside of deck enclosed with $6,600 . . $6,700
. . SF perimeter, and fire resistant SF
fire-resistant material. . .
material on underside of deck.
' $6,700 to $2.58 to szmoval of plgln ﬂoat' glass $7.500 o $2.88 to
Tempered glass windows. $0,200 $3.54 per windows and installation of $10.400 $4.00 per
9 SF tempered glass windows. 4 SF
Removal of existing asphalt roof
Self-adhering modified bitumen membrane and installation of
joint tape, ASTM D 4869 type self-adhering modified bitumen
II felt, self-adhering modified $2.54 to joint tape, ASTM D 4869 type $3.31to
. $6,600 to . . $8,600 to
bitumen membrane, and asphalt - $3.46 per II felt, self-adhering modified $11.800 $4.54 per
roof shingles roof membrane with 9 SF bitumen membrane, and asphalt ? SF
aluminum strap ties and soffit roof shingles roof membrane with
panel fasteners below. aluminum strap ties and soffit
panel fasteners below.
Wooden storm shutters over the $1.88 to Instal.latlon of additional wall $2.00to
X . $4,900 to studs with wooden storm shutters | $5,200 to
windows and aluminum storm $2.58 per . . $2.77 per
$6,700 over the windows and aluminum | $7,200
shutters over the doors. SF SF
storm shutters over the doors.
$0.12to | Concrete drilling and installation $0.62 to
. $300 to . . $1,600 to
Cast-in-place anchor bolts. $500 $0.19 per of anchor bolts on existing $2,200 $0.85 per
5 SF foundation. ’ SF
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Table 3A (continued): Strategy Implementation Costs in Residential Buildings

: Benchmark Building
Strategy Implementation

“Steeper” Low Slope Roofing

Pitched Roof

Oversized Roof Drainage

Enhanced Freeboard

Avoidance of Storm Surge/Flood Plains

Flood Resistive Materials

Items Included Cost Per SF
. . . . . $1.69 to
2 inch by 10 inch, 16 inches on center with .251in 12 | $4,400 to
$2.62 per
roof slope rafters. $6,800 SF
. . . . . $1.81to
2 inch by 10 inch, 16 inches on center with 4 in 12 | $4,700 to
$2.77 per
roof slope rafters. $7,200 SF
4 inch diameter aluminum gutter with 2 inch by 3 $700 to $0.27t0
. $0.42 per
inch downspouts. $1100 SF
Foundation excavation with 16 inch by 8 inch strip | $26,700 $10.27
footings, 4 inch foundation under drain, 8 inch by 4 to to $15.92
foot basement walls, and foundation backfill. $41,400 per SF
N/A
T e o 2 e s e e s prem e | e | BB
. to $6.73 per
all exterior walls.
$17,500 SF

Sewage Backflow Preventer N/A
Flood Barriers N/A
Moisture Sensors N/A
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New Resilient Building

Iltems Included

Retrofitted Resilient Building

Items Included

2 inch by 10 inch, 16 inches on $1.81to Removal of existing asphz}lt roof $13,500 | $5.19to
. . $4,700 to membrane and installation of
center with 1 in 12 roof slope $2.50 per inch f nsulation. fi to $7.12 per
cafters $6,500 SF 4-incl R20 oam insulation, foam $18.500 SF
’ tapering, and white TPO covering. ’
. . . Removal of existing roof structure
2 inch by'1o 1n.ch, 16 inches on $5,700 to $2.19 to o szl om @ @ fmgh by 7 $17,000 | $6.54 to
center with 8 in 12 roof slope $3.00 per | . . . to $9.00 per
$7,800 inch, 16 inches on center, 8 in 12
rafters. SF $23,400 SF
roof slope rafters.
Removal of existing gutter and
6-inch diameter aluminum gutter $0.77 to downspouts and installation of $0.81to
$2,000 to $2,100 to
with 3-inch diameter downspout $’2 300 $1.08 per | 6-inch diameter aluminum gutter $’2 00 $1.12 per
and 60-gallon rain barrels.. ’ SF with 3-inch diameter downspout 9 SF
and 60-gallon rain barrels.
Removal of existing strip footer
and existing foundation wall
12-inch hole auger with 12-inch $12,200 | $4.69 to followed by raising of existing $82,900 | $31.88 to
cast<in-place goncrete Jes to $6.46 per house, 12-inch hole auger, 12- to $43.88
16,800 inch cast-in-place concrete piles, 114,100 per
P pries. $16,8 SF inch cast-in-pl il $ SF
disconnection and reconnection of
utilities, and foundation backfill.
Moving of existing house. $65,500 | $25.19 to
N/A Disconnection and reconnection to $34.69
of utilities. $90,200 per SF
Removal of existing siding and
Fiber cement board with 3-inch $24,500 | $9.42to insulation and installation of $27,300 $10.50
R15 rigid foam insulation on all to $12.96 fiber cement board with 3-inch to to $14.46
exterior walls. $33,700 per SF R15 rigid foam insulation on all $37,600 per SF
exterior walls.
Installation of a sewage backflow | $2,400 to $0.92 t0 EX(.:ava;c lﬁn an(cii rer_novahof.plpe ¢ $2,400 to $0.92 to
reventer $3.300 $1.27 per | section followed by installation o $3.300 $1.27 per
P ’ ’ SF sewage backflow preventer. ’ SF
Excavation and backfill to make ey | e Excavation and backfill to make AT || e
room for installation of concrete 1’0 $ 4 9er room for installation of concrete 1’0 $ 4- 9er
retaining wall around perimeter of 34D retaining wall around perimeter of 34D
s $88,400 SF e $88,400 SF
building. building.
Leak detection systems for liquid | $200 to $0.08to Leak detection systems for liquid $0.08 per
$0.08 per $200
and vapor. $200 SF and vapor. SF
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Table 3A (continued): Strategy Implementation Costs in Residential Buildings

Benchmark Building

Strategy Implementation

Items Included Cost Per SF
Safeguard Toxic Materials N/A
Wet Flood Proofing Vents N/A
Dry Flood Proofing N/A
Elevated Essential Infrastructure N/A
Hardened Foundations N/A
Frost Resistant Foundations N/A

Foundation excavation with 16-inch by 8-inch strip $26,700 to $10.27 to
Scour Resistant Foundations footings, 4-inch foundation under drain, 8-inch by $ ’17 00 $15.92 per
4-foot basement walls, and foundation backfill. 414 SF
: : : Four boxwood shrubs, two amur maples, and three | $1,400 to $0.54 to
Climate Appropriate Landscaping ] ’ ’ $0.85 per
pine trees. $2,200 SF
Woody Trees and Shrubs N/A
35-foot by 10-foot asphalt driveway with 6-inch sub- | $700 to $0.271t0
Covered or Shaded Parking $0.38 per
base course. $1,000 SF
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New Resilient Building

Iltems Included

Retrofitted Resilient Building

Items Included

Prefab joint fillers installed to seal | $800 to HIOLE 1D _Remlcl)vafl of efx1st1ng goors ar_l(%l $1,200 to VOB
all cracks. Storm doors installed $1,100 DRSS | WREl o0 e stgrm oors wit $1,700 WO 1
’ ’ ’ SF caulking. ’ SF
Cutting and framing of opening
Installation of flood proofing vents | $1,900 to $$10(')703 tgr in exterior wall and installation | $3,400 to $$11é;311 tgr
around perimeter of building. $2,600 ’ SFp of floodproofing vents around $4,700 ’ SFp
perimeter of building.
Prefab joint fillers installed to seal | $800 to AL 'Remova}l sl et domns ar}d $1,200 to HOSIO)0
all cracks. Storm doors installed $1,100 $0.42 per | installation of storm doors with $1,700 $0.65 per
’ ’ ’ SF caulking and additional wall studs. ’ SF
Placement of mechanical
Mechanical equipment elevated $200 to $0.08 to equipment on 2.-inch Fhick $12,700 $4.88 to
on 2-inch thick concrete pad $300 $0.12 per concrete pad, including to $6.73 per
’ SF disconnection and reconnection of | $17,500 SF
utilities.
Concrete hardener added to $200 to $?c()).1028 teor N/A
concrete mixture for foundation. $300 ’ SFp
. . . Excavation to make room for
R10 insulation on 18-inch $1,200 to $0.46 to installation of R10 insulation on | $1,500 to $0.58 to
compacted gravel around $1.600 $0.62 per 18-inch compacted 1 d| $2000 $0.77 per
erimeter of home. ’ SF mp gravelaroun ’ SF
P perimeter of home.
Removal of existing strip footer
and existing foundation wall
12-inch hole auger with 12-inch $12,500 $4.81 to ;O;L(;Vgele—)%rcélllls}iglge queffhllf $83,200 $32 to
cast-in-place concrete piles and to $6.65 per | . > 8er, 1- to $44.04
cast-in-place anchor bolts $17,300 SF el it ples eostorsie piles $11,4500 | per SF
’ ’ with anchor bolts, disconnection ’
and reconnection of utilities, and
foundation backfill.
Removal of existing trees and
r{lht‘lee lemmg b(ﬁtlebrugl;ies, tvyo $4,300 to $1.65 to shrubs, planting of 3 lemon $6,600 to $2.54 to
ydrangea bushes, and five pin $2.31 per $3.50 per
$6,000 bottlebrushes, 2 hydrangea $9,100
oaks. SF . SF
bushes, and 5 pin oaks.
Three lemon bottlebrushes, two $4.300 to $1.65 to Three lemon bottlebrushes, two $4.300 to $1.65 to
hydrangea bushes, and five pin 43 $2.31per | hydrangea bushes, and five pin 43 $2.31 per
$6,000 $6,000
oaks. SF oaks. SF
15-foot extension of asphalt $1,000 to $0.38 to One lemon bottlebrush, one $1,700 to $0.65 to
driveway to shaded area $1,400 $0.54 per | hydrangea bush, and two pin oaks $2,400 $0.92 per
’ ’ SF to shade parking area. ’ SF
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Table 3A (continued): Strategy Implementation Costs in Residential Buildings

Strategy Implementation

High Albedo Paving

Natural or Constructed Wetlands

Permeable Paving

Storm/Sanitary Sewer Separations

Cross Ventilation

Stack Ventilation

Ceiling Fans

Pressure Neutral Rainscreen

Shade Exterior HVAC systems

Passive Solar Design/Building
Orientation

Thermal Zoning

Benchmark Building

Items Included Cost Per SF
12 el 0 oak sl A s Eh Gdndh | Gpeeis $$O°"‘;37 0
subbase course. $1,000 .SSFP
N/A
35-foot by 10-foot asphalt driveway with 6-inch $700 to $$00.287 tgr
subbase course. $1,000 '%Fp
Downspouts and sump pump elbow into PVC pipe | $2,200 to $$ 10'85 tgr
that leads to public sanitary sewer. $3,500 SSSFP
N/A
N/A
N/A
$10,100 | $3.88to0
Vinyl siding with moisture barrier. to $6.04 per
$15,700 SF
N/A
N/A
$12,800 | $4.92to
4-ton single-zoned air handing unit. to $7.65 per
$19,900 SF
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New Resilient Building

Iltems Included

Retrofitted Resilient Building

Items Included

-foot by 10-foot concrete $0.92 to Mol offextsistog eplial: $0.92 to
35 y 1070¢ $2,400 to 9 driveway and installation of 35- | $2,400 to 9
driveway with six inch subbase $1.27 per . $1.27 per
$3,300 foot by 10-foot concrete driveway | $3,300
course. SF o . SF
with six inch subbase course.
15—foot by 30 fpot by 3 fogt $4.900 to $1.88 to 15—f90t by 30—fpot by 3—f09t $4.900 to $1.88 to
retention area with sloped sides $6,700 $2.58 per | retention area with sloped sides $6.700 $2.58 per
and one 8 inch PVC riser. 7 SF and one 8-inch PVC riser. 7 SF
Removal of existing asphalt
35-foot by 10-foot porous asphalt $0.54 to driveway and installation of 35- $0.58 to
. . $1,400 to $1,500 to
driveway with six inch subbase 00 $0.77 per foot by 10-foot porous asphalt s $0.77 per
course. ’ SF driveway with six inch subbase ’ SF
course.
Downspouts and sump pump
Df)wnspouts and sump pump $oto $0.00 to separated from PVC pipe that $200 to $0.08 10
discharge onto prefabricated $0.04 per lead i . $0.12 per
concrete splash pad $100 SF eads to public sanitary sewer. $300 SF
’ Concrete splash pads installed.
$0.73 to Cutting of exterior wall and $0.88 to
Four casement windows on $1,900 to 73 installation of window framing $2,300 to )
. . $1.00 per . $1.19 per
opposite exterior walls. $2,600 SF and Four casement windows on $3,100 SF
opposite exterior walls.
Installation of a whole house $1,600 to $0.62t0 Opening made for installation of a | $1,600 to $0.62to
$0.85 per $0.88 per
exhaust fan. $2,200 SF whole house exhaust fan. $2,300 SF
Installation of two electric ceiling | $800 to SO 1D . ;nstallatlon O electrl.c‘ $900 to $0.35t0
$0.42 per | ceiling fans and necessary wiring $0.50 per
fans. $1,100 . $1,300
SF improvements. SF
1-inch furring strips, fiber cement | $21,100 | $8.12to Removal 9f existing s1d1ng'and $24,000 | $9.23to
. . installation of 1-inch furring
board, and moisture barrier on to $11.19 per . . barri dfib to $12.73
exterior of home $29,100 SF Strips, moisture armiet, an er $33,100 per SF
’ ’ cement board on exterior of home. ’
Fiberglass solar screening with $800 to $0.31 0
N/A b $0.42 per
wooden framing. $1,100 SF
Rotation of home and $65,500 | $25.19 to
N/A disconnection and reconnection of to $34.69
utilities. $90,200 per SF
i il e e i $10,700 $4.12 to Ren'loval of fax1st1ng air handle%" $11,300 $4.35 to
anit to $5.65 per | and installation of a 4-ton multi- to $6.00 per
’ $14,700 SF zoned air handing unit. $15,600 SF
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Table 3A (continued): Strategy Implementation Costs in Residential Buildings

Benchmark Building
Items Included Cost Per SF

Strategy Implementation

Increased Thermal Mass Vinyl flooring on ground floor home.

SF
Thermal Energy Storage
Redundant Systems
Emergency Bypass Faucet
: . . . . . $900 to $0.35to
Insulated Refrigeration Equipment 18-cubic foot capacity refrigerator. $1.300 $0.5é(1; per

Seal Potential Entry Points N/A

Cavity Wall Treatments N/A

Mechanical Room Drains N/A
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New Resilient Building

Iltems Included

Retrofitted Resilient Building

Items Included

Slate tile flooring on ground floor | $5,500 to $2.1210 . Renﬁ) Ve.ﬂ of efx11st1ng'lﬂ of(]) rng and $5,900 to $2.27t0
of home $7.600 $2.92 per | installation of slate tile flooring on $8.200 $3.15 per
’ ’ SF the ground floor of home. ’ SF
Installation of 66-gallon Installation of 66-gallon
$0.85 to $0.85 to
underground thermal energy $2,200 to underground thermal energy $2,200 to
. . $1.19 per . . $1.19 per
storage water tank including $3,100 SF storage water tank including $3,100 SF
excavation and backfill. excavation and backfill.
Installation of roof mounted 24V, $19,700 | $7.58to Installation of roof mounted 24V, 819,700 | $7.58 to
900W, stand-alone PV system to $10.46 900W, stand-alone PV system to $10.46
’ M ’ $27,200 per SF ’ Y ’ $27,200 per SF
Faucet attached to water supply at | $100 to OEE T Faucet inserted into water supply $0.12 per
. $0.08 per . $300
low elevation. $200 SF at low elevation. SF
$0.73 to Removal of existing unit and $1.00 to
18-cubic foot capacity Energy $1,900 to $1 (')O or installation of 18-cubic foot $2,600 to $1 ) 3 per
Star® rated refrigerator. $2,600 ) SFp capacity Energy Star® rated $3,600 %Fp
refrigerator.
Caulking and bird netting used $400 to $0.15to Caulking and bird netting used $400 to $0.15 to
to seal large and small openings $600 $0.23 per | to seal large and small openings $600 $0.23 per
around perimeter of home. SF around perimeter of home. SF
Pest control sprayed and bird $700 to $0.27to Pest control sprayed and bird $700 to $0.27to
netting installed around perimeter $900 $0.35 per | netting installed around perimeter $900 $0.35 per
of home. 9 SF of home. 9 SF
$0.38 to Saw cutting of ground floor slab $0.42 to
Installation of 2-floor drains and | $1,000 to $0 ) or followed by the installation of $1,100 to $0 ) or
6-inch PVC drainage piping. $1,400 g?:p 2-floor drains and 6-inch PVC $1,400 g?:p

drainage piping.
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Table 3B: Strategy Implementation Costs in Non-Residential Buildings

Strategy Implementation

High Performance Glazing

Beyond Code Insulation: Wall

Beyond Code Insulation: Roof

Ice Dam Resistant Construction

Insulated Water System

High Albedo Roofing

Green Roofs

Fire-Safe Landscaping

Fire Breaks

Class A Roofing System

Prevent Flame/Ember Entry

Benchmark Building

Items Included Cost Per SF
$65,700 | $3.29to
All exterior windows enclosed with clear float glass. to $4.52 per
$90,400 SF
$13,300 | $0.67to
R-20 rigid foam insulation used on exterior walls. to $0.92 per
$18,300 SF
$16,300 | $0.82to
R-49 batt insulation in roof construction. to $1.12 per
$22,400 SF
N/A
N/A
$20,100 $1.46 to
Asphalt built-up roof with gravel roof membrane. to $2.00
$40,000 per SF
$29,100 | $1.46to
Asphalt built-up roof membrane with gravel. to $2.00
$40,000 per SF
N/A
N/A
$29,100 | $1.46to0
Asphalt built-up roof with gravel. to $2.00
$40,000 per SF
$65,700 | $3.29 to
All exterior windows enclosed with clear float glass. to $4.52 per
$90,400 SF
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New Resilient Building

Iltems Included

Retrofitted Resilient Building

Items Included

All. exterior w1ndow§ enclosed $83,000 | $4.15to All exterior windows coated with $63,200 | $3.16to
with double glazed insulated to $5.72 per heat reflective film to $4.35 per
glass. $114,300 SF : $87,000 SF
Removal of exterior stucco
R-40 rigid foam insulation used $2i’f 00 $$11é;33 tgr finish and rigid foam insulation. $5§[’§' 00 $$2693 tgr
on exterior walls. $36.600 ’ S?%‘p Installation of R-40 rigid foam $80,500 4 S%‘p
30, insulation and stucco wall finish. &
R-60 blown insulation in roof $35,000 | $1.75t0 . Rgmoval Qf ex1st1n.g roof $38,100 | $1.91to
construction to $2.41 per | insulation and installation of R-60 to $2.63 per
’ $48,200 SF blown insulation. $52,500 SF
Ridge vents and seam tape . .
included in roof construction. $0.20 to Quttlng (.)f opening for and $0.21to
. . . $3,900 to installation of ridge vents. $4,200 to
Additional R-60 blown insulation $0.27 per . .. . $0.29 per
. o . $5,400 Installation of joint sealing tape $5,700
installed around ceiling openings SF and R-60 blown insulation SF
for fans and light fixtures. ’
Tosleton e male hyitne $500 1o $0.05 to Excavation and the u}stallattlon SOOI $0.05 to
et i e on S E00 $0.06 per of polyethylene flexible pipe $1.400 $0.07 per
’ ’ SF insulation. ’ SF
White thermoplastic polyolefin $18,500 | $0.93to EX}sﬁlqg roof membrane coat_ed $5.500 to $0.28 to
(TPO) roof membrane to $1.28 per with light c0101"ed elastomeric $7.600 $0.38 per
’ $25,500 SF paint. ’ SF
$106,300 | $5.32 to Removal of existing built-up $121.800 | $6.09 to
Green roof system with 6 inch soil t(’)3 $ 5'32 or asphalt roof membrane and t(’) $8 09 or
depth. S 0 7%Fp installation of green roof system $167,700 ?é%p
49,3 with 6 inch soil depth. 7.7
Pruning of eight trees and $1,400 to $$00.1(2)7 tgr Pruning of eight trees and removal | $1,400 to $$:'1(())7 t:r
removal of three trees. $1,900 ’ SFp of three trees. $1,900 ’ SFp
Removal of three trees and $5,300 to $0.27 to Removal of three trees and $5.500 to $0.28 to
installation of a 10-foot wide 2’3 00 $0.37 per installation of a 10-foot wide 2’5 600 $0.38 per
gravel firebreak around building. 73 SF gravel firebreak around building. 7 SF
$42,400 | $2.12to . $57,900 | $2.90 to
Aluminum roofing. to $2.92 per iEg:{f;i?lfo(afxifliﬁ%;s;ﬁ;igig to $3.99 per
$58,400 SF " | $79,800 SF
All exterior windows enclosed $83,000 | $4.2010 Removal of existing windows and $93,600 | $4.68 to
with tempered glass. Screens t’o $ ) or installation of tempered glass t’o $6 ’ or
installed over exterior vents, and R 5';1,13 windows, screens over exterior $128.800 ‘é‘l‘:p
all seams sealed with caulking. >4 vents, and seam caulking. ’
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Table 3B (continued): Strategy Implementation Costs in Non-Residential Buildings

Strategy Implementation

No Eaves/No Gutters

Noncombustible Siding

Noncombustible Decking

Tempered Glazing

Design for Increased Wind

Miami-Dade County Opening Protection

Uplift Anchors

Enhanced Roof Access

“Steeper” Low Slope Roofing

Benchmark Building

Items Included Cost Per SF
4-inch by 6-inch aluminum gutter with 4-inch $4,100 to $o.21to
. $0.28 per
diameter downspouts. $5,600 SF
$17,700 | $0.89to
Exterior walls covered with stucco over metal lathe. to $1.22 per
$24,300 SF
$200 to $0.01to
Wood railing on exterior deck. $0.02 per
$300
SF
$65,700 | $3.29to
Plain float glass windows. to $4.52 per
$90,400 SF
Vapor barrier, 3 inch Ri15 rigid foam insulation, $60,200 | $3.01to
asphalt built-up roof with gravel, and metal flashing to $4.15 per
on building roof. $82,900 SF
N/A
$12,800 | $0.64 to
1/2 inch pins welded to joist for roof connection. to $0.88 per
$17,600 SF
N/A
Sloped underlayment with .25 in 12 slope on $31,400 | $1.57to
1 to $2.16 per
building roof.
$43,200 SF
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New Resilient Building

Iltems Included

Retrofitted Resilient Building

Items Included

$0.19 to Removal of existing gutter $0.20 to
Metal flashing installed along drip | $3,700 to $0 2 69 or and downspout system and $4,000 to $0 2 3 per
edge of building roof. $5,100 2 PEU | installation of metal flashing along | $5,500 2oP
SF . - SF
drip edge of building roof.
Removal of existing finish
Fiber cement board panels with | $40,800 | $2.04to | material and installation of fiber | $50,300 | $2.52to
gypsum board underlayment used to $2.81 per | cement board panels with gypsum to $3.46 per
on all exterior walls. $56,200 SF board underlayment on all $69,200 SF
exterior walls.
- . Removal of wood railing,
Metal railing, 5-foot Wl.de gravel $12,100 | $0.61to | installation of metal railing, 5-foot
walkway around perimeter, . $100 to <$0.01
. . to $0.83 per wide gravel walkway around
underside of deck enclosed with . . $200 per SF
. . $16,600 SF perimeter, and fire resistant
fire-resistant material. . .
material on underside of deck.
$83,000 | $4.15to Removal of plain float glass $93,200 | $4.66 to
Tempered glass windows. to $5.72 per windows and installation of to $6.42 per
$114,300 SF tempered glass windows. $128,300 SF
Removal of existing roof and
Vapor barrier, secondary installation of vapor barrier,
membrane sealed over concrete secondary membrane sealed
deck, 4-inch R20 insulation, 5/8 $119,300 | $ to over concrete deck, 4-inch $1 00 | $6.75to
inch thick glass mat gypsum roof 93 5:97 R20 insulation, 5/8 inch thick 34,9 75
. to $8.22 per to $9.29 per
board, self-adhered modified $164.300 SF glass mat gypsum roof board, $185.700 SF
bitumen membrane, metal 43 self-adhered modified bitumen 57
flashing, and continuous peel-stop membrane, metal flashing, and
on building roof. continuous peel-stop on building
roof.
Aluminum storm shutters for $23,000 | $1.20 to Aluminum storm shutters for $23,000 | $1.20to
doors and aluminum battens over to $1.65 per | doors and aluminum battens over to $1.65 per
windows. $33,000 SF windows. $33,000 SF
$0.34 to 1/2 inch metal hole drilling with $14,100 $0.71 to
1/2 inch bolt with nuts connecting | $6,800 34 installation of 1/2 inch bolts with 4 7
. .. $0.47 per . . to $0.97 per
roof decking to joist. to $9,300 nuts connecting roof decking to
SF . S $19,400 SF
Jjoist.
$1,900 to HITL0 D Cutting of roof and installation of | $2,000 to $0.1010
Installation of 2 roof hatches. ’ $0.13 per 8 ’ $0.14 per
$2,600 2 roof hatches. $2,700
SF SF
Tapered foam with 1in 12 slope | $9,100 to $0.46 to ‘ Remoyal of built-up roof aqd $24,700 $1.24 to
o $0.63 per | installation of tapered foam with 1 to $1.70 per
on building roof. $12,600 .
SF in 12 slope. $34,000 SF
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Table 3B (continued): Strategy Implementation Costs in Non-Residential Buildings

Benchmark Building

Strategy Implementation

Iltems Included Cost Per SF

F r . . F $0.21 to
Oversized Roof Drainage 4-inch by 6 1r}ch aluminum gutter with 4-inch $4,100 to $0.28
diameter downspouts. $5,600 per SF

Foundation excavation and backfill with 12-
inch deep by 2-inch wide strip footings, 8 inch $137,100 $6.86

Enhanced Freeboard foundation under drain, 12-inch wide by 4-foot to to $9.44
tall basement walls, and 6-inch slab on grade with | $188,700 | per SF
reinforcement.
Avoidance of Storm Surge/Flood Plains N/A

3-inch R15 rigid foam insulation, galvanized self- $36,400 $1.82
Flood Resistive Materials furring lath with plaster cement stucco on all to ﬁ ’5‘ 100 to $2.51
exterior walls. 50, per SF

Sewage Backflow Preventer N/A

Flood Barriers N/A

Moisture Sensors N/A

Safeguard Toxic Materials N/A

Wet Flood Proofing Vents N/A
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New Resilient Building

Iltems Included

Retrofitted Resilient Building

Items Included

Removal of existing gutter and

5 inch by 8 inch aluminum gutter | $18,500 | $0.93 to downspouts and installation 5 $18,800 | $0.94to
with 6-inch diameter downspout to $1.27 per | inch by 8 inch aluminum gutter to $1.30 per
and rainwater tanks. $25,400 SF with 6-inch diameter downspouts | $25,900 SF
and rainwater tanks.
Foundation excavation and Removal of existing slab on grade,
backfill with 12-inch deep by 23- disconnection and reconnection
inch wide strip footings, 8-inch $153,300 | $7.67to of utilities, raising of existing $614,200 | $30.71t0
foundation under drain, 12-inch to $10.55 building, 2-foot of 12-inch CMU to $42.28
wide by 6-foot tall basement $211,000 per SF foundation, structural backfill, $845,600 | per SF
walls, and 6-inch slab on grade 6-inch slab on grade with
with reinforcement. reinforcement.
Moving of existing house. $420,200 | $21.01to
N/A Disconnection and reconnection to $28.93
of utilities. $578,500 | per SF
. .. . . Removal of existing wall finish
3-inch R15 rigid foam insulation, . . .
. . . $139,700 | $6.99 to and installation of 3-inch Ri5 $149,300 | $7.47to
4-inch thick brick outer wythe . . . . .
. to $9.62 per | rigid foam insulation, 4-inch thick to $10.28
with masonry anchors on all . ;
. $192,300 SF brick outer wythe with masonry | $205,500 | per SF
exterior walls. .
anchors on all exterior walls.
Installation of a sewage backflow | $2,400 to HO2t0 Exc;avaft lﬁn an:ifi ll;erpova}lof.plpe ¢ $2,400 to H0-121t0
reventer $3.300 $0.17 per | section followed by installation o $3,400 $0.17 per
P ’ ’ SF sewage backflow preventer. ’ SF
Excavation and backfill to make $170.500 | $8.53 to Excavation and backfill to make $170.500 | $8.53 to
room for the installation of a 79,5 53 room for installation of a concrete 70:5 53
.. to $11.74 per .. . to $11.74
concrete retaining wall around $2 00 SF retaining wall around perimeter of $2 00 er SF
perimeter of building. 34,7 building. 34,7 p
Leak detection systems for liquid | $400 to HOO Leak detection systems for liquid | $400 to HOLO
$0.03 per $0.03 per
and vapor. $500 and vapor. $500
SF SF
Excavation and backfill to make $11,400 $0.57 to Excavation and backfill to make $11,400 $0.57 to
room for installation of concrete t’g $0 57 or room for the installation of a t’g $0 57 or
retaining wall around 10-foot by $15,700 g%p concrete retaining wall around 10- $15.700 ’é%p
10-foot exterior area. 57 foot by 10-foot exterior area. 57
$0.40 to Cutting of openings in exterior $23,000 | $1.15t0
Installation of flood proofing vents | $7,900 to 4 CMU wall and installation of 3 15
. s $0.55 per to $1.58 per
around perimeter of building. $10,900 SF floodproofing vents around $31,600 SF

perimeter of building.
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Table 3B (continued): Strategy Implementation Costs in Non-Residential Buildings

Strategy Implementation

Dry Flood Proofing

Elevated Essential Infrastructure

Elevator System Design

Hardened Foundations

Frost Resistant Foundations

Scour Resistant Foundations

Climate Appropriate Landscaping

Woody Trees and Shrubs

Covered or Shaded Parking

High Albedo Paving

Benchmark Building

Items Included Cost Per SF
N/A
N/A
$61,600 | $3.08to
Hydraulic elevator system. to $4.25 per
$84,900 SF
N/A
N/A
Foundation excavation with 12-inch by 23 inch strip
footings, 4-inch foundation under drain, 12-inch $137,100 | $6.86 to
by 6-foot basement walls with cast-in-place anchor to $9.44 per
bolts, 6-inch slab on grade with reinforcement, and | $188,700 SF
foundation backfill.
$0.14 to
4 boxwood shrubs, 2 amur maples, and 3 pine trees. $;’38§8(;[0 $0.19 per
’ SF
N/A
50-foot by 15-foot concrete driveway with 6-inch $1,500 to 58'1018 te(;
subbase course. $2,100 .SFp
50-foot by 15-foot concrete driveway with 6-inch $1,500 to $iE-04
$0.11 per
subbase course. $2,100 SF
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New Resilient Building

Iltems Included

Retrofitted Resilient Building

Items Included

Prefab joint fillers installed to seal | $1,800 to $0.09 to ‘Remova.ll of existing doors aI.ld $2,100 to $0.11t0
. $0.13 per | installation of storm doors with $0.15
all cracks. Storm doors installed. $2,500 . $2,900
SF caulking. per SF
Placement of mechanical
Mechanical equipment elevated $800 to HOL05) 0 equipment on 2.mCh t.hICk $13,400 to B
on 2 inch thick concrete pad $1,200 PO e $18,400 DO
pad. ’ SF disconnection and reconnection of 4 per SF
utilities.
Machlne'-room-less tractloq $119,700 | $5.99 to Concrete sealer applied in pit with $50,800 | $2.54 to
elevator with concrete sealer in to $8.24 per water pum to $3.50
pit. $164,800 SF pummp. $69,900 per SF
Concrete hardener added to $600 to $$00603 tgr N/A
concrete mixture for foundation. $800 ’ SAIE" P
R10 insulation on 18-inch $0.16 to Excavation to make room for $0.19 to
$3,100 to ) installation of R10 insulationon | $3,800 to )
compacted gravel around $0.22 per . $0.27
. 1 $4,300 18-inch compacted gravel around $5,300
perimeter of building. SF . o3 per SF
perimeter of building.
Foundation excavation with 12- Removal of existing foundation,
inch by 23 inch strip footings, installation of 12-inch by 23 inch
4-inch foundation under drain, strip footings, 4-inch foundation $32.89
12-inch by 6-foot basement $153,500 | $7.68 to under drain, 12-inch by 6-foot $657,700 to
. . to $10.57 . . to
walls with cast-in-place anchor e or SF basement walls with cast-in- . $45.28
bolts, 6-inch slab on grade with 3 P place anchor bolts, 6-inch slab 905:5 per SF
reinforcement, and foundation on grade with reinforcement, and
backfill. foundation backfill..
Removal of existing trees and
Four lemon bottlebrushgs, foqr $6,900 to $0.35to shrubs and planting of four lemon | $10,600 to $0.53
hydrangea bushes, and eight pin $0.48 per to $0.73
$9,500 bottlebrushes, four hydrangea $14,600
oaks. SF . ; per SF
bushes, and eight pin oaks.
Four lemon bottlebrushes, four $6,900 to $0.35 to Four lemon bottlebrushes, four $6.900 to $0.35 to
hydrangea bushes, and eight pin $’9 00 $0.48 per | hydrangea bushes, and eight pin $’9 00 $0.48
oaks. 95 SF oaks. 9:5 per SF
. $0.13 to One lemon bottlebrush, one $0.13 to
ASP?;IE Sor ;‘givgﬁ};ﬁ);?eladsfezy 30 $§’50850 $0.17 per hydrangea bush, and three pin $§’508;O $0.18
’ 34 SF oaks top shade parking area. 3:5 per SF
Removal of existing asphalt
5.O-f00t by. 15-f0.0t concrete $5,100 to B0 driveway and installation of 50- $5,200 to $0.26
driveway with 6-inch subbase $7.000 $0.35 per foot by 12-foot concrete drivewa o to $0.36
course. 7 SF Y15 Y 7 per SF

with 6-inch subbase course.
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Table 3B (continued): Strategy Implementation Costs in Non-Residential Buildings

Strategy Implementation

Natural or Constructed Wetlands

Permeable Paving

Storm/Sanitary Sewer Separations

Cross Ventilation

Stack Ventilation

Ceiling Fans

Pressure Neutral Rainscreen

Shade Exterior HVAC systems

Passive Solar Design/Building
Orientation

Thermal Zoning

Benchmark Building

Items Included Cost Per SF
N/A
50-foot by 15-foot porous asphalt driveway with $1,500 to gg'fls te(;
6-inch subbase course. $2,100 'SFp
Downspouts and sump pump elbow into PVC pipe | $5,800 to $$00.209 tgr
that leads to public sanitary sewer. $8,000 .ééFp
N/A
N/A
N/A
$0.12 to
Vapor barrier on all exterior walls. $2,400 to $0.17 per
$3,300
’ SF
N/A
N/A
$55,800 | $2.79 to
22-ton single-zoned air handing unit. to $3.84 per
$76,800 SF
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New Resilient Building

Iltems Included

Retrofitted Resilient Building

Items Included

25-foot by 60-foot by 4-foot $12,100 $0.61 to 25-foot by 60-foot by 4-foot $12,100 $0.61 to
retention area with sloped sides, to $0.83 per | retention area with sloped sides, to $0.83 per
two 8-inch PVC risers with grates. | $16,600 SF two 8-inch PVC risers with grates. | $16,600 SF
Removal of existing asphalt
50-foot by 15-foot porous asphalt $0.16 to driveway and installation of 50- $0.16 to
$3,100 to $3,200 to
driveway with 6-inch subbase g” 500 $0.21 per foot by 15-foot porous asphalt g’ 00 $0.22 per
course. + SF driveway with 6-inch subbase +4 SF
course.
Downspouts and sump pump
Dpwnspouts and sump pump $0.01 per separated from PVC pipe that $300 to $0.02 10
discharge onto prefabricated $100 SF leads to public sanitary sewer $500 $0.03 per
concrete splash pad. P Ty ) 5 SF
Concrete splash pads installed.
$0.37 to Cutting of exterior wall and $0.41 to
10 operable windows on opposite | $7,300 to $0 '?67 or installation of 10 operable $8,200 to $0 4 or
exterior walls. $10,000 "ng windows on opposite exterior $11,300 g;p
walls.
Installation of whole building $8,800 to $$(?'214 t:r Opening made for installation of a | $8,800 to $$(§)6414 t:r
exhaust fan. $12,100 .SFp whole building exhaust fan. $12,100 .SFp
Installation of eight electric $8,600 to 04310 .I.n sieallaiion oif w1 ghit electr.lc. $9,100 to poRElD
R $0.59 per | ceiling fans and necessary wiring $0.63 per
ceiling fans. $11,800 SF I —— $12,500 SF
_inch Ri= rieid foam insulation Removal of existing wall finish
3 -inch tlfickgbrick outer wvthe > | $142,100 | $7.11t0 and installation of 3-inch Ri15 $151,600 | $7.58 to
4with masonrv anchors (‘)/:ly:lll to $9.79 per | rigid foam insulation, 4-inch thick to $10.44
Y $195,700 SF brick outer wythe with masonry | $208,700 | per SF
exterior walls
) anchors on all exterior walls.
10-foot by 10-foot by 6-foot $0.25 to
. . $5,000 to
N/A fiberglass solar screening with $0.35 per
. $6,900
wooden framing. SF
Rotation of building and $420,200 | $21.01t0
N/A disconnection and reconnection of to $28.93
utilities $578,500 | per SF
) 2 . . $48,100 $2.41to Removal of existing air handler $48,800 | $2.44to
2=t il ﬁ?llilted alt Lignd g to $3.32 per | and installation of a 22-ton multi- to $3.36 per
’ $66,300 SF zoned air handing unit. $67,100 SF
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Table 3B (continued): Strategy Implementation Costs in Non-Residential Buildings

Benchmark Building
Items Included Cost Per SF

Strategy Implementation

. . . $0.02 to
Increased Thermal Mass Concrete acrylic sealer adjacent to south facing $0.03 per
glass.
SF
Thermal Energy Storage
Redundant Systems
Emergency Bypass Faucet

: : : . $1,000 to $0.05 to

Insulated Refrigeration Equipment 22 CF refrigerator. $0.07 per
$1,300 SF

Seal Potential Entry Points N/A

Cavity Wall Treatments N/A

Mechanical Room Drains N/A
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New Resilient Building

Iltems Included

Retrofitted Resilient Building

Items Included

5-foot wide strip of slate tile $12,900 $0.65 to 5-foot wide strip of slate tile $12,900 | $0.65t0
flooring adjacent to south facing to $0.89 per | flooring adjacent to south facing to $0.89 per
glass. $17,800 SF glass. $17,800 SF
Installation of 120 gallon $0.13 to Installation of 120 gallon $0.13 to
underground thermal energy $2,600 to 13 underground thermal energy $2,600 to 13
. . $0.18 per . . $0.18 per
storage water tank including $3,600 SF storage water tank including $3,600 SF
excavation and backfill. excavation and backfill.
Installation of 30kW diesel $186,800 | $9.34 to Installation of a 30kW diesel $186,800 | $9.34 to
generator and ground mounted to $12.86 generator and ground mounted to $12.86
20kW PV array. $257,200 per SF 20kW PV array. $257,200 | per SF
. . $0.02 to
Faucet attached to water supply at $0.01 per | Faucet inserted into water supply | $300 to
. $200 . $0.02 per
low elevation. SF at low elevation. $400 SF
22 CF Energy Star rated $2,500 to $0.13 to . RemoYal of existing unit and $3,200 to $0.16 to
refricerator $3.400 $0.17 per | installation of 22 CF Energy Star $4.400 $0.22 per
8 ) 34 SF rated refrigerator. 4 SF
Caulking and bird netting used $0.07 to Caulking and bird netting used $0.07 to
. $1,300 to . $1,300 to
to seal large and small openings $1.800 $0.09 per | to seal large and small openings $1.800 $0.09 per
around perimeter of building. ’ SF around perimeter of building. ’ SF
Pest control sprayed and bird $0.20 to Pest control sprayed and bird $0.20 to
D . $4,000 to o . $4,000 to
netting installed around perimeter $5.500 $0.28 per | netting installed around perimeter $5.500 $0.28 per
of building. 55 SF of building. 55 SF
$0.10 to Saw cutting of ground floor slab $0.11 to
Installation of four floor drains | $2,000 to $0 1 or followed by the installation of $2,100 to $0 1 or
and 6-inch PVC drainage piping. $2,800 ’ Si‘p four floor drains and 6-inch PVC $2,900 ’ SSFP
drainage piping.
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NYSERDA, a public benefit corporation, offers objective
information and analysis, innovative programs,
technical expertise, and support to help New Yorkers
increase energy efficiency, save money, use renewable
energy, and reduce reliance on fossil fuels. NYSERDA
professionals work to protect the environment

and create clean-energy jobs. NYSERDA has been
developing partnerships to advance innovative energy
solutions in New York State since 1975.

To learn more about NYSERDA's programs and funding opportunities,
visit nyserda.ny.gov or follow us on Twitter, Facebook, YouTube, or

Instagram.

The University at Buffalo School of Architecture and
Planning is guided by a culture of experimentation,

a core belief in learning by doing, and a spirit of

public service and inclusion. The school has shown
that design and planning are agents of change for
community, place, culture, social justice and the natural
world since 1969.

University of Buffalo local: 716-829-5900
School of Architecture and Planning fax: 716-829-2297
121 Hayes Hall ap-info@buffalo.edu
Buffalo, NY 14214-8030 ap.buffalo.edu
New York State toll free: 866-NYSERDA

Energy Research and local: 518-862-1090

Development Authority fax: 518-862-1091
17 Columbia Circle info@nyserda.ny.gov

Albany, NY 12203-6399 nyserda.ny.gov
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