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Foreword

The Site Planning for Disaster Mitigation Guidebook is the result of collaboration across industries, disciplines,
and organizations involved in site planning analyses, including experts in natural hazards and hazard mitigation.
HUD commissioned this guidebook to provide guidance on how local site planning can mitigate natural disasters
and, in doing so, help create and preserve sustainable, hazard-resilient communities. The guidebook was
designed to provide a comprehensive, modern guide for site planning for disaster mitigation, including new and
innovative technologies and planning approaches, with a focus on employing strategies in urbanizing counties
and growing cities.

As HUD continues to improve its understanding of disaster risk and mitigation, this guidebook is an important
tool for incorporating emerging and innovative approaches to disaster mitigation through site planning and
analyses. Specifically, this guidebook focuses on techniques that can be applied at the site scale to reduce

the physical exposure of natural hazards. It addresses a range of natural hazards, including flooding, strong
winds, heat and drought, wildfire, landslides, earthquakes, and tsunamis. The guidebook provides techniques
and methods designed to create resilient and people-friendly places that support health, wellbeing, social
connections, community building, safety and inclusion. The guidebook first examines current drivers and hazard
interactions before discussing site planning principles and equity considerations. It then reviews methods

of analysis and emerging trends regarding natural hazards and impacts. Finally, it presents hazard mitigation
approaches, strategies, and considerations related to best practices.

As natural hazards become more frequent and intense due to climate change, site planning should consistently
include natural hazard analysis and mitigation strategies. While strategies for hazard mitigation continue to
evolve, it is important to evaluate analysis and planning methods that address interactions between natural
hazards and disasters, particularly as new technologies emerge and pilot projects further our understanding of
effective mitigation methods. HUD will continue to collaborate with planning professionals, hazard mitigation
experts, community leaders and other key stakeholders to elevate the latest insights and evidence-based
practices to develop and sustain healthy, safe, thriving and resilient communities.

S

Solomon J. Greene

Principal Deputy Assistant Secretary for Policy Development and Research
U.S. Department of Housing and Urban Development
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Definitions

Adaptation pathways

Climate change adaptation

Climate change mitigation

A series of adaptation choices involving trade-offs between short-term and long-
term goals and values. These choices are processes of deliberation to identify
solutions that are meaningful to people in the context of their daily lives and to
avoid potential maladaptation.! An adaptation pathway is a “decision-making
strategy that is made up of a sequence of manageable steps or decision-points
over time.” A series of triggers (environmental or social change) and options are
identified in advance to “acknowledge that while not all decisions can be made
now, they can be planned, prioritized, and prepared for. It is a useful approach
for dealing with uncertainty.”?

In human systems, the process of adjustment to actual or expected climate
and its effects to moderate harm or exploit beneficial opportunities. In natural
systems, the process of adjustment to actual climate and its effects; human
intervention may facilitate adjustment to expected climate and its effects.

A human intervention to reduce emissions or enhance the sinks of greenhouse
gases. In climate policy, mitigation measures are technologies, processes,

or practices that contribute to mitigation, for example, renewable energy
technologies, waste minimization processes, and public transport commuting
practices.® In community planning and site selection, a primary climate
mitigation measure is efficient land use and transportation systems to minimize
vehicular emissions. In site planning, climate mitigation measures might include
microgrids, recycling, trees, wetlands, grasses, and other carbon-friendly
materials and practices.

Community Development Block Grant (CDBG) program provides annual grants to states, cities, and counties to

develop viable urban communities by providing decent housing and a suitable
living environment and by expanding economic opportunities, principally for low-
and moderate-income persons.*

Community Development Block Grant—Disaster Recovery (CDBG-DR) program provides grants to rebuild the areas

affected by presidentially-declared disasters and provides crucial seed money to
start the recovery process. These flexible grants help cities, counties, and states
recover from presidentially declared disasters, especially in low-income areas,
subject to the availability of supplemental appropriations.

Community Development Block Grant—Mitigation Funds (CDBG-MIT) program provides grants to areas impacted

Equity

Exposure

by recent disasters to implement actions that will mitigate future disaster risks
and reduce losses from future disasters.

The term “equity” means the consistent and systematic fair, just, and impartial
treatment of all individuals, including individuals who belong to underserved
communities that have been denied such treatment, such as Black, Latino, and
Indigenous and Native American persons, Asian Americans and Pacific Islanders
and other persons of color; members of religious minorities; lesbian, gay,
bisexual, transgender, and queer (LGBTQ+) persons; persons with disabilities;
persons who live in rural areas; and persons otherwise adversely affected by
persistent poverty or inequality.

The inventory of elements in an area in which hazard events may occur (Cardona
et al., 2012).> The people, property, systems, or functions that could be lost to a
hazard. Exposure generally includes what lies in the area the hazard could affect.®
The Federal Emergency Management Agency (FEMA), for its risk index, defines
exposure as the representative value of buildings (in dollars), population (in both
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Green infrastructure

people and population equivalence dollars), or agriculture (in dollars) potentially
exposed to a natural hazard occurrence.

Approaches that combine aspects of grey infrastructure with nature-based
solutions to create hybrid systems that improve resilience to climate impacts
while also resulting in environmental, economic, and social co-benefits. Examples
include bioswales and bioretention, green streets, green roofs, etc.”

Green stormwater infrastructure Infrastructure designed to mimic nature and capture rainwater where it falls.

Grey infrastructure

Hazard mitigation

Infrastructure

Natural hazard

Natural hazard vs. disaster

Natural Infrastructure

Nature-based solutions

Post-Disaster Recovery

Resilience

Risk

Social vulnerability

Sustainability

Vulnerability

Green infrastructure reduces and treats stormwater at its source while also
providing multiple community benefits.®

Infrastructure designed to move urban stormwater away from the built
environment, including curbs, gutters, drains, piping, and collection systems.
Generally, traditional gray infrastructure collects and conveys stormwater from
impervious surfaces, such as roadways, parking lots, and rooftops, into a series of
piping that ultimately discharges untreated stormwater into a local water body.’

Any sustainable action that reduces or eliminates long-term risk to people and
property from future disasters.®

The basic equipment and structures (such as roads, bridges, buildings, water
lines, and sewer systems) that are essential for functional, healthy, and
vibrant communities.™

Environmental events that have the potential to produce harm or produce other
undesirable consequences to societies and the built environment.?

A natural hazard becomes a disaster when the event results in harm to humans
or the built environment.?

Projects that use existing or rebuilt natural landscapes (forests, floodplains,
wetlands, etc.) to increase resilience to climate impacts.*

Restoring and/or emulating nature to increase human, ecosystem, and
infrastructure resilience to climate impacts. Nature-based solutions include both
green and natural infrastructure.®

A set of strategies to help a community rebuild after the event of a
natural disaster.®

The level of preparedness for anticipated natural disasters and ability to adapt
to changing conditions and withstand and recover rapidly from disruptions.*’
Mitigation, which includes actions taken in advance of a hazardous event to
reduce impacts, is one step to increasing resilience. Resilience also includes the
“capacity of interconnected social, economic, and ecological systems to cope
with a hazardous event, trend, or disturbance, responding or reorganizing in
ways that maintain their essential function, identity, and structure.”!®

Risk is the estimated impact that a hazard would have on people, services,
facilities, and structures in a community. It refers to the likelihood of a hazardous
event resulting in an adverse condition that causes injury or damage. It depends
on three factors: hazard, vulnerability, and exposure.?®

Susceptibility of social groups to the adverse impacts of natural hazards,
including disproportionate death, injury, loss, or disruption of livelihood.?°

Meeting the needs of the present without compromising the ability of future
generations to meet their own needs.*

Susceptibility to physical injury, harm, damage, or economic loss. It depends on
an asset’s construction, contents, and economic value of its functions.??
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Acronyms

ADA Americans with Disabilities Act

APA American Planning Association

ASFPM Association of State Floodplain Managers

BFE Base Flood Elevation

CDBG Community Development Block Grant

CDBG-DR Community Development Block Grant — Disaster Recovery
CDBG-MIT Community Development Block Grant — Mitigation
CoviD-19 Disease caused by coronavirus SARS-CoV2

CMRA Climate Mapping for Resilience and Adaptation

EJ Environmental Justice

EO Executive Order

EPA U.S. Environmental Protection Agency

FEMA Federal Emergency Management Agency

FFRMS Federal Flood Risk Management Standard

FIRMs Flood Insurance Rate Maps

GHADs Geologic Hazard Abatement Districts

GIS Geographic Information System

GSI Green Stormwater Infrastructure

HAB Harmful Algal Bloom

Hiz Home Ignition Zone

HUD U.S. Department of Housing and Urban Development
ICC International Code Council

NACTO National Association of City Transportation Officials
NEPA National Environmental Policy Act

NFIP National Flood Insurance Program

NOAA National Oceanic and Atmospheric Administration
NRI National Risk Index

SFHA Special Flood Hazard Areas

SLR Sea Level Rise

SUMMEER Sustainable Material Management Extreme Events Reconnaissance
TDR Transfer of Development Rights

uLl Urban Land Institute

wWul Wildland-Urban Interface

USGS United States Geological Survey
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Icons Used in the Guide

Natural Hazards Increased Risk
Natural hazards addressed in this guidebook are Some site planning strategies that mitigate
highlighted with the following icons: disaster for one natural hazard may have negative

implications for another. In these cases, the
following icons are used:

Flooding (including coastal and inland)

Strong wind

Heat wave/drought

Wildfire

2 ES QI

Landslide

Earthquake

>ebbDbb

Tsunami Not applicable

[d B2

People-friendly design considerations are represented with the following icons:

a@mlea Strategy fosters ) £79 St.rategy may inhibit people-
DR {{ people-friendly design SPA  friendly design
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Chapter 1 Overview

Overview

Cities are major population centers and economic hubs. They are
responsible for generating much of the world’s GHG emissions, and
they are also the most vulnerable to increasing natural disasters and
extreme weather events. This places urban areas at the forefront of
climate response.?

—Matt Bucchin and Aaron Tuley. 2022. “Planning for Climate Mitigation and Adaptation.”

Heavy rainfall causes flooding on street. Source: Joe Flood, NOAA




Purpose

Natural hazards are becoming more frequent and more intense due

to climate change.?* Development patterns that promote sprawl* and
population growth into vulnerable areas can exacerbate the risk to
communities.?® To minimize their potential harm, site planners will need
to adapt their practices for our communities to survive and thrive. This
guidebook is a collection of best site planning practices to mitigate
natural disasters and preserve and create more sustainable, hazard-
resilient communities. It focuses on techniques relevant to (1) rapidly
urbanizing communities and (2) residential development and offers
ideas and paths to more resilient site analysis and planning.

Given the range of site types, local conditions, and political
environments across the nation, readers can expect to glean techniques
relevant to their locale from the guidebook and then work with local
experts and technical resources to refine their approaches. Urban

and regional planners and public works professionals may also find
techniques that could translate into locally applicable development
codes and design standards.

Resilience planning and hazard mitigation is still an emerging area

of site planning practice. While some of the strategies identified in
this document are well-tested and have been in use for years, others
represent emerging ideas, or are being used in new ways. This
document focuses on areas of emerging guidance. When topic areas
are adequately covered elsewhere or have limited mitigation benefits,
it identifies and references other sources. A good example of evolving
strategies is the emergence of green stormwater infrastructure

(GSI). Approaches have changed over time as they are adopted in
different regions and as the strategies mature from pilot studies to
standard infrastructure. The National Pollution Discharge Elimination
System (NPDES) required stormwater management programs and the
implementation of stormwater control measures, which led to an early
focus on pollution reduction and water quality benefits from GSl in
several regions.?” As GSl strategies have become widely adopted and
effective at managing stormwater, engineers and designers are now
looking at how to employ GSI strategies as a network solution, as well
as combining GSI approaches with traditional infrastructure to help
manage larger flood challenges.?®

Strategies for hazard mitigation will continue to evolve as planners and
designers learn from pilot projects, as the interactions between natural
hazards and disasters become more evident, and as new technologies
emerge. Many of the resources included in this guidebook point to
online information and tools where updated information may be more
readily available.
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Exhibit 1-1. Damage to Homes
from Hurricane lan

Damage to homes and the coast of western
Florida following Hurricane lan, Oct. 1,
2022. Source: U.S. Coast Guard photo by
Petty Officer Third Class Riley Perkofski




What Is Site Planning?

Site planning is the practice of arranging elements such as buildings,
landscaping, pathways, and open spaces on a defined piece of land
(typically single or aggregated contiguous parcels or lots). Site planning
addresses a wide range of characteristics, such as site size, topography,
local climate, geology, relationship to surrounding sites, and adherence
to rules, laws, regulations, and executive orders about how the site
can be developed. It aims to identify a plan that meets the unique
characteristics of the site and surrounding community, delivers the
goals of the development program (the uses for which the site is

being developed), limits exposure to hazards, minimize impacts to
environmental systems, and complies with all laws, regulations, and
executive orders.

Site planning is an iterative process that can happen at different scales,
depending on the size of the project area, which may be a single parcel
of land or aggregated parcels, and each can range in size and shape.

It involves professionals from multiple disciplines working together

to identify project opportunities and address challenges. Although
sometimes undertaken by a single private developer, site planning can
often be a complex process that involves multiple public, private, and/
or non-profit stakeholders based on the underlying regulations, land
ownership, and project goals.

How Can Site Planning Mitigate
Natural Disasters?

Site analysis can identify the natural hazards that may impact a site,
physical characteristics that may increase or reduce risks posed by
those natural hazards, and opportunities to mitigate physical exposure
to natural hazards by careful site selection and site planning strategies.
Site planning mitigation approaches include protecting natural systems,
buffering sites from impacts, managing stormwater, and considering
the form and placement of buildings, open space, site circulation,

and utilities to physically protect people and assets from damage,
provide emergency and evacuation access, and prevent or lessen
downstream disasters.

Who Is This Guidebook for?

The intended audience is urban and regional planners, real estate
developers, landscape architects, architects, engineers, builders, and
other housing industry professionals. It aims to help site planners
contemplate potential hazards and select mitigation techniques and
strategies most relevant to their site.

Site Planning for Disaster Mitigation Guidebook
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Exhibit 1-2. Discussions During a
Site Planning Meeting

Site planning is a collaborative and
interdisciplinary process that requires
coordination between many different
professionals and often active participation
with community members. Source: MAKERS



Scope
Site Planning Focus

This guidebook focuses on techniques that can be applied at the site
scale to reduce the physical exposure of homes/buildings and related
assets to natural hazards.

Beyond Site Planning

Site planning takes place within the context of a larger environment
and considers large-scale geographic, market, and natural systems.
However, this guidebook limits its scope to site-scale-specific strategies.
Many important strategies and tools to avoid or mitigate natural hazard
exposure exist outside the scope of site planning and are, therefore,
not a focus in this guidebook, except where they intersect with site-
scale mitigation considerations. Community planning and large-scale
infrastructure solutions occur at subarea (a part of a municipality),

city, state, and regional scales, complementing the site-scale focus

of this guidebook. Building-scale interventions (e.g., structural
techniques to withstand seismic shaking) also complement site planning
considerations, especially where building must occur in risky places.

Related topics (e.g., social vulnerability, emergency response, and
post-disaster recovery planning) are integral to resilience but not
comprehensively addressed here, except those issues with a direct tie
to site planning, such as emergency access considerations.
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Beyond Site
Planning:
Building Codes

Current or recently adopted
versions of consensus building
codes that include natural hazard
design provisions provide structural
and building material strategies that
can significantly mitigate risks and
ensure buildings and infrastructure
are more resilient to hazards.
Adherence to these codes is crucial
to building community resilience;
they should be referenced when
developing new projects.

FEMA'’s Building Science division has
a variety of helpful tools, including
the Building Codes Adoption
Playbook (https://www.fema.gov/
sites/default/files/documents/fema

building-codes-adoption-playbook-
for-authorities-having-jurisdiction.
pdf) and other resources

(Building Science | FEMA.gov).

See also Local Building Codes
under the Mitigation Strategies.



Hazards Addressed

The guidebook focuses on the natural disaster types most relevant

to residential development in urbanizing areas and for which site
planning techniques are effective as mitigation. Of the 18 natural
disasters identified in FEMA’s National Risk Index for Natural Hazards,
this guidebook addresses the hazards outlined on the following pages.
Interactions and relationships between disasters are described in
Natural Hazard and Disaster Interactions.

Flooding

Floods are the most common natural hazards in the U.S., as well as the
costliest.? While the risk of flooding varies, communities across the
United States can experience floods, and the United States has seen an
increase in these events and resulting damage in recent years. Climate
change,® population growth in vulnerable areas, and development
patterns that increase flood risks are key drivers.?! This guidebook
explores the following flood types: Inland/riverine, coastal, urban/
stormwater, and compound.

Site planning strategies can direct, slow, detain, block, and store
water to prevent flooding onsite and downstream, as well as
accommodate evacuation.

Strong Wind

Wind hazards come from major events such as hurricanes, tornadoes,
and severe storms. Strong wind events can affect site planning with
considerations for what site elements may move or come loose from
wind and how to protect site elements from flying debris. Winds can
also interact with other natural hazards to exacerbate risks, such as
wildfires,?? drought-driven dust storms®, hurricanes, and severe storms
that result in floods.

Some site planning strategies reduce wind effects on a site

through building siting and massing, employing open space buffers,
strengthening utilities or locating them underground, and using trees
and vegetation as wind-breaks where it is feasible and safe.
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Hazard Icons

The hazard icons found here are later
used in the Mitigation Approaches
chapter to identify strategies applicable
to each hazard. A complete legend

of all icons used in this document

is provided on page 4.

Example hazard icon

Exhibit 1-3. Coastal Flooding

“Storm Surge” at Assateague Island. Source:
NPS Climate Change Response, Flickr

See Site Analysis - Flood

Exhibit 1-4. Home Damaged by
Wind Storm

Tornado damage in The Villages, Florida.
Source: “House4”, D. Frisch, © 2007, CC BY
2.0, Flickr

See Site Analysis — Strong

Wind
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Heat and Drought
Heat waves and droughts are distinct but related natural hazards Exhibit 1-5. Drought Impacts
that have major implications for site planning, both individually and
when combined.3* Heat waves are periods of abnormally hot weather.
Drought is an extended period of dry conditions that impact agriculture,
habitats, and/or people.>* Droughts often emerge slowly, over a period
of months or years, and can persist through different seasons and even
after precipitation events. They can have significant and wide-ranging
impacts on buildings, infrastructure, water resources, natural systems,
industry, and agriculture.

Site planning strategies can increase shade, airflow, and ventilation to Source: “Zmiana klimatu Drought Poland”.
mitigate heat waves and reduce drought impacts. Restoring natural Marcelina C., © 2019, CC BY 4.0, Wikimedia
drainage patterns and infiltration, promoting healthy soils and Commons

vegetation, managing stormwater and runoff, and water conservation
strategies can further mitigate the impacts of droughts.

u Wildfire
Exhibit 1-6. First Creek Fire,

Wildfires are a natural process important to ecological health and Chelan
cultural history in the United States. Although the prevalence of fire

depends on the ecosystem and geographic region, wildfires are an

essential part of healthy forest and wildland ecosystems throughout the

country.® Many Native American communities used fire as a landscape
management tool, routinely burning areas to clear and manage land

to promote the growth of key food resources.*” In recent decades,

wildland managers and forest ecologists have come to better appreciate

the role that fire plays within a healthy ecosystem and the need to

better manage wildlands with fire in mind.3®

See Site Analysis - Heat/

Drought

Wildfires are also increasingly resulting in major disasters as Source: “WA_15-08-26_0434", 2015 Forest
development pushes into more vulnerable areas and as fires become Service, USDA, Flickr

larger and more intense due both to climate change and a century of

wildfire prevention approaches to forest management that lead to a See Site Analysis - Wildfire

build-up of fuel in forests and wildlands.® Prescribed burns in these
areas can present significant challenges for forest managers. Site
planning strategies that limit development in highly-vulnerable areas,
accommodate evacuation and emergency access, manage open spaces
and vegetation, and harden structures against fire reduce risks on a site.
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Landslide

Often landslides are addressed as a singular process that involves the
downslope movement of soil, water, rock, and debris. However, a range
of landslide processes can adversely affect site planning in different
ways. This guidebook addresses landslides broadly and as a downslope
hazard of debris that can be exacerbated by land use activities.

There are generally two landslide categories that affect site planning:
shallow and deep landslides.* Shallow landslides are small and driven
by intense rainfall or surface water flows that saturate the soil. The fast
movement of shallow landslides can threaten public safety and have
significant downstream impacts. Deep landslides impact large areas

but are typically slow-moving hazards that can be activated by land use
changes and development. Both types can threaten communities, roads,
and infrastructure. Although the risks to developed areas are significant,
landslides are a natural geologic process that can benefit ecosystem
biodiversity and functioning in open spaces and natural systems.*

Site planning that reduces the impacts of land use and development
can help by avoiding high-risk areas, maintaining vegetation, reducing
erosion, stabilizing slopes, and protecting assets.

E Earthquake

Earthquakes occur due to the sudden and rapid shaking of the earth as
plates move against or away from each other, releasing deep energy
expressed by seismic waves all the way to the surface. Communities
exposed to varying levels of this hazard include some major cities

that developed before there was a clear understanding of seismic risk.
Population growth and related development have continued in many of
these areas.* Consensus building codes offer seismic design guidelines
and mitigation solutions with strategies for selection of materials,
performance objectives, and use of seismic protection technologies.
Some site planning approaches, including ground improvement, can
reduce seismic impacts by addressing foundation stability, shelter,

and site evacuation. Other approaches may include locating critical
facilities or development away from high-risk areas (e.g., liquefaction-
prone land) and designing infrastructure, roads, and buildings for
earthquake resilience.
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Exhibit 1-7. House Sliding Into the
Ocean at San Pedro Sunken City
Area, California

Source: Mark Stout

See Site

Analysis - Landslide

Exhibit 1-8. Earthquake and
Tsunami in Chile

Source: IFRC, , © 2010 International
Federation of Red Cross, CC BY-NC-ND 2.0,
Flickr

See Site Analysis — Seismic

n
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Tsunami

Tsunamis are waves, typically caused by earthquakes and/or landslides, Exhibit 1-9. Tsunami Damage in
that can have very destructive impacts on coastal communities. American Samoa

Tsunamis can range in size from small waves that cause minimal damage

to large waves that result in catastrophic disasters.*®* Population growth

in coastal areas has resulted in development that is highly vulnerable

to tsunamis.

Site planning strategies that direct development away from highly
vulnerable areas and provide early warning and evacuation options are
ways to address tsunami risks on a site.

Haza rds NOt Add ressed Source: “FEMA —42023 - Tsunami Damage

in American Samoa” by Casey Deshong,
Other disaster types—including avalanches, hail, lightning, cold FEMA 2009, Wikimedia Commons

waves/winter weather, and volcanic activity—are not included for the
following reasons:

- . o . See Site Analysis - Seismic
e There are limited site planning interventions to prevent or lessen

their impacts.

e Some of these disasters are better addressed at the community
planning and/or building design scale rather than the site
planning scale.

e Some are less likely to impact rapidly urbanizing communities,
which is a focus of this guidebook.

People-Friendly Design

This guide offers site planning techniques to mitigate the disasters
described previously. At the same time, an overarching site planning
goal is to create people-friendly places that support health, wellbeing,
social connections, community building, active lifestyles, and places
that are safe and comfortable for diverse humans to enjoy. Mitigation
techniques and people-friendly design can be at odds or combined
for mutual benefit. Thus, when describing mitigation approaches, this
guide includes considerations to encourage people-friendly design.

The placement and orientation of site elements (buildings, sidewalks,
landscape, streets, parking, trails, plazas, playgrounds, etc.) can foster
social interaction, trust building amongst neighbors, community health,
and social well-being.** Some site planning techniques that increase the
chances for human interaction and neighborly relationships include:

e Compact development; walking, biking, and rolling facilities;
and transit orientation to foster active transportation and
healthy commutes.

e Frequent entries and active ground floors along streets and
public spaces.

e Qutdoor or indoor shared common spaces amongst a small group
of neighbors.
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e Variety of home types for a greater chance at remaining in the
neighborhood throughout life’s phases.

e Clear transitions between public and private space.

e Appropriate distance (i.e., setbacks) between home entries and
sidewalks for comfortable human interaction.

e Building types that support eight or fewer units sharing an entry.

Some hazard mitigation site planning strategies co-benefit sociability,
such as the provision of shaded, comfortable gathering spaces in hot
climates and trails that also serve as redundant evacuation routes.
However, some can inhibit sociability by making it harder for people

to spontaneously interact, such as elevated buildings that challenge
interactions between people on the first floor and those on the
sidewalk. Likewise, too much space between buildings, which could be a
good strategy to reduce wildfire spread or conserve natural areas, could
make it harder for neighbors to interact.

In addition to social interaction site planning techniques, there are
many other people-friendly design techniques (e.g., access to nature,
providing seating, weather protection, appropriate solar access in
public spaces, layout, and design for active living). A key site planning
strategy that often works in concert with many of the strategies in
this guidebook is to design sites to include access to nature, parks,
and green spaces, which benefits mental and physical health.*
Similarly, site planning for compact, transit-oriented development
with safe pedestrian/bicycle/rolling connections—which supports
active lifestyles—is also mutually beneficial with many disaster
mitigation approaches.

Site Planning for Disaster Mitigation Guidebook
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How to Use This
Guidebook

A typical site planning process includes an analysis of site conditions
and opportunities followed by the arrangement of desired elements on
a site. This guidebook provides information needed by site planners to
overlay disaster mitigation onto that process and ensure the resiliency
of resulting site plans.

The contents of the guidebook’s chapters are summarized to help
you locate the most relevant information based on your background
knowledge and intended application.

e Chapter 1: Overview. Describes the scope of the guidebook, its
organization, and how to find the most relevant information for
your site.

e Chapter 2: Current Drivers and Hazard Interactions. Provides
foundational context for understanding 1) the relevance of disaster
mitigation to other complex considerations and 2) the interactivity
of multiple hazards.

e Chapter 3: Site Planning Basics. Defines site planning, reviews
site planning steps, introduces equity considerations, and describes
the first step in identifying relevant hazards.

e Chapter 4: Site Analysis. Describes how to identify and
understand hazard exposure when analyzing a site and introduces
emerging trends, including compounding/cascading natural hazards
and their impacts.

e Chapter 5: Mitigation Approaches. Layers hazard mitigation
strategies and considerations onto a typical site planning process,
introducing readers to a comprehensive set of best practices.

Quick Guide

1. Identify relevant hazards for your site in Initial Hazard Identification.

2. Inventory/analyze existing conditions using the considerations raised in
Chapter 4’s Site Analysis section(s) for your hazard(s).

3. Identify site planning strategy options by scanning through the Strategy
Summary matrix below or Mitigation Approaches for icons representing
relevant hazards.

4. Select suitable strategies for your site. See the guidance for potentially
applicable strategies and elevate options with co-benefits and cut options
that may be politically or financially infeasible or inhibit other relevant
strategies’ effectiveness. When strategies may help in terms of one hazard
but present vulnerabilities for another, consider which strategies could layer
to cover gaps.

Site Planning for Disaster Mitigation Guidebook

Chapter 1. Overview
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Strategies Summary

Strategies Summary

Site planning strategies mitigate hazards in different ways, with some
providing broad benefits that support underlying natural systems and
others addressing specific risks or impacts. Selecting strategies to
mitigate natural hazards will always be project-specific in response to
unique site conditions, program and community needs, and how other
strategies are used. The following table of mitigation strategies covered
in this document offers a high-level overview of how the strategies
relate to each natural hazard. More details are covered within each
section in Chapter 5: Mitigation Approaches.

The icons in exhibit 1-10 mean the following.

Strategy mitigates the adverse impacts from this natural hazard, or
the strategy benefits people-friendly design.

Strategy may increase the risk of adverse impact from this natural
hazard and/or conflict with people-friendly design.

A Strategy may mitigate aspects of this natural hazard and also
increase risks or benefits and conflict with people-friendly design.

Exhibit 1-10. Strategy Matrix
Natural Hazard

Heat People-
Wave & Friendly

Mltlgatlon Strategy Drought | Wildfire | Landslide Tsunami | Design

Site Selection and Avoidance

Site Selection

Development regulations o o o o o o o o
Flood hazard avoidance @

Avoid hazards on coastal sites @ o ® o o
Landslide avoidance ®

Seismic considerations o o o

Tools To Avoid Hazard Areas

Districts, land transfers,
and buy-outs ® ® ® ®

[
o
o
>

Protect, Buffer, and Restore Existing

Protect and buffer existing natural areas

Natural area conservation o o o o ® o
Sensitive environmental area buffers| @ @ o A o o
Restore natural processes and systems

Daylighting streams o o o o

Stable slopes ® | o

Development - ® ® ® ® ® ®

Topography Integration
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Strategies Summary

Natural Hazard

Heat People-
High Wave & Earth- Friendly

Mltlgatlon Strategy Flood wind Drought | Wildfire | Landslide | quake | Tsunami | Design

Site Layout, Circulation, and Access

Building placement

>

Compact development ®

Siting for soils o
Soil stabilization and shoring o

Building spacing for wildfire

Passive cooling
Tsunami inundation space

Human experience

Circulation layout

Redundancy
Emergency response access

mHee » Heo
o
[

Orientation for cooling

Multimodal access

Parking
Streets as site protection

Elevated streets

Early warning, evacuation, shelter and lifelines access

Green streets

Cool corridors

Early warning systems

Clear evacuation routes and signs

Safe room location

Vertical evacuation

>

Resilience hub

Community lifelines

Stormwater and site protection

Greening the grey — managing stormwater
Bioswales and rain gardens ® o A

Floodwater detention and
retention basins

Permeable paving

Coastal shorelines — edge protection strategies

Impact reduction strategies

Living shorelines

Coastal structures

>ee © o o
®

> o e
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Natural Hazard

Heat People-
- . Wave & Friendly
Mitigation Strategy Drought | Wildfire | Landslide Tsunami | Design

Upland flood protection strategies

Floodable open space o o o o o ®
Vegetated berms o o o ® o A
Flood-friendly culverts o o
Large-scale flood protection

Flood control infrastructure o |

Open space and green infrastructure

Healthy soil
Construction impact reduction

Soil amendments

Contamination and water movement

Protecting soils from drought

Site restoration post-wildfire

Trees and vegetation

Native plants and biodiversity

Right plant, right place

Tree spacing
Planting and pruning

o> oo

Outdoor water use and irrigation

oo >ooe o000 00

Trees as windbreaks o

Wildfire mitigation and open space management

Defensible space zones

Fire breaks and fuel breaks

Trails and open space
Water
Connecting to water .

e o0 EHH>O>OGOOS O000)O

Water features

Locating utilities on site

Resilient utility easements ‘ [ ‘ o ‘ o ‘ o ‘ o ‘ ® ‘ ® ‘ ‘
Power utilties

Underground power and

communication lines A ® ® ® A ®
Strengthen above-ground utilities o o o o [ |

Microgrid approaches for supply
and backup ® o o o ® o .

Site Planning for Disaster Mitigation Guidebook 17



Chapter 1. Overview

Strategies Summary

Natural Hazard

Heat People-
High Wave & Earth- Friendly

Mltlgatlon Strategy Flood wind Drought | Wildfire | Landslide | quake | Tsunami | Design

Waste and recycling

Onsite waste anchoring ® o [ ® ® o

and enclosure

Post-disaster waste and
recycling space ® ® ® ® ® ®

Wastewater

Sewer system connections

Community wastewater systems

Outfall location and protection

Water supply
Firefighting water supply

Efficient water infrastructure

o>
00

o
Back-up water supply o

Buildings

Local building codes

e/ o] 0o o[ @ @] |

Follow local building codes ’

Building form
Elevating buildings

Flood protection and
dry floodproofing

Manufactured home placement

Floating and amphibious structures

Reducing wind risks through ®
building form

Surfaces
Fire safe structures o

Shade structures

L]l 2

Cool and collecting surfaces

o0
00
L ] 4

Water conservation and recycling
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Chapter 2 Current Drivers and Hazard Interactions

Current Drivers and
Hazard Interactions

Wildland-urban interface (WUI) areas “vary based on a number of
factors at multiple scales, including the type and quantity of vegetation,
topography, fire history, development patterns, and proximity to
wildlands. In other words, the WUI is not a fixed geographic location,
but rather is based on a dynamic set of conditions—and planners have
the ability to influence it.#

—Mowery et al. from “Planning the Wildland-Urban Interface.”

Southern California neighborhood scarred by wildfire. Source: Jon Keeley, USGS
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Current Drivers

Climate Change and
Compounding Hazards

Natural hazards are having more significant impacts on communities.
This impact is due to climate change increasing the intensity and/or
frequency of individual hazards and the interplay between hazards and
community exposure.*” Compounding and cascading hazards, events
that trigger or exacerbate the impacts of other natural hazards, can
make impacts more severe and exposure to risk less clear.®® The Site
Analysis chapter highlights site analysis and planning approaches to
help site planners anticipate the risks of compounding and cascading
natural hazards.

Sustainability, Resilience, and
Climate Adaptation

Natural hazard mitigation can improve environmental and community
sustainability, site resilience, and help communities adapt to climate
change. Increasing awareness of natural hazard exposure at the site
planning scale, mitigating impacts as much as possible, and forward-
thinking regional and community-scale land use policies (e.g., compact
development in already urban areas with lower exposure to natural
hazards) help ensure our communities are resilient to extreme weather
impacts and climate change. The Site Analysis chapter’s sections

on defining risk respond to the need for more attention on natural
hazard exposure—and increasing risks—as communities also look for
opportunities to grow and build more housing. Education and direct
engagement with communities about current and future risks are
critical to deciding when to move out of harm’s way and when to adapt
in place.

Climate change mitigation is also fundamentally connected to natural
hazard mitigation. A community’s ability to adapt to future hazard
impacts will depend on how much those impacts increase due to
climate change. Most of the natural hazard mitigation strategies
included in this guidebook are examples of climate change adaptation,
and many benefit ecological systems and sustainability. While this
document focuses specifically on strategies that mitigate the impacts
of natural hazards, many of them also provide co-benefits to climate
change mitigation (e.g., compact development, passive cooling,
microgrids, etc.)

Site Planning for Disaster Mitigation Guidebook

Current Drivers

Exhibit 2-1. Landslide Impacting
Residential Community

A debris flow in Marin County, California,
triggered by intense rainfall, destroyed
several homes and injured one person in
February 2019. Source: USGS/Brian Collins

Exhibit 2-2. Restoring a Living
Shoreline

Several National Oceanic and Atmospheric
Administration (NOAA) volunteers plant
Switch Grass previously grown in 26 NOAA
offices on a newly created Living Shoreline
during the 2010 NOAA Restoration Day
event at the NOAA Cooperative Oxford Lab
in Oxford, Maryland. Source: NOAA—Flickr,
Attribution 2.0 Generic (CC BY 2.0)
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Current Drivers

Socio-economic Considerations

The United States is in a housing crisis with a lack of affordable housing Exhibit 2-3. Example Site Plan
for its growing population; more housing needs to be built.* However,
solving this crisis without building on land that is vulnerable to hazards
presents challenges. Homes and businesses exist in their current
locations due to complex and compelling reasons. Communities have
developed where they are—and often continue to see development
pressure there—because of the access to resources and opportunities
their place and development patterns provide.*® Further, disasters often
disproportionately impact underserved and vulnerable people due to
historical patterns of inequity and discrimination, as they are more likely
to live in areas susceptible to hazards, been excluded from planning

and policy making processes, and have less access to the resources
necessary for mitigation or recovery.

Over the last several decades, growth and development in the

United States have trended toward urbanization and the creation

of megaregions in several areas of the country.>! Given the urban
population centers, their land values, and the number of people and
assets that need protection, mitigation strategies need to reflect a range
of options and recognize where nature-based solutions can enhance
resilience and when structural or grey infrastructure approaches are
needed to ensure protection. The guidebook’s Mitigation Approaches
chapter includes both nature-based and grey infrastructure solutions
and highlights the benefits and potential conflict areas for each hazard,
so site planners can weigh the benefits and potential risks when
integrating multiple strategies across the site. Meeting or surpassing
local building codes, or the consensus State or National code if no local
code has been adopted, is also critical as it can effectively mitigate many
natural hazard risks.

Source: MAKERS

Exhibit 2-4. Housing Type Variety

Communities throughout the United States are exploring how to create new housing
options to address the affordable housing crisis. Source: MAKERS
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Current Drivers

Social Equity, Wellbeing, and
Vulnerable Populations

Natural hazards have a disproportionate impact on vulnerable and Exhibit 2-5. Providing Feedback
underserved communities, and this trend could increase if more work at a Community Engagement
is not done to center social vulnerability and social equity in hazard Event

mitigation and climate change adaptation.>? The term “equity” means
the consistent and systematic fair, just, and impartial treatment

of all individuals, including individuals who belong to underserved
communities that have been denied such treatment. For example:

¢ Hurricane and extreme weather events in low-lying Gulf Coast
communities have been catastrophic on low-income households,
communities of color, persons with disabilities, indigenous
populations, and individuals with disabilities living in these areas.>

¢ Housing in flood hazard zones, particularly inland, is often defined
as an area’s affordable housing stock.>*

¢ Places with high concentrations of communities of color, many of

which are in areas formerly redlined, tend to be hotter and suffer Engaging communities in the site planning
more urban heat impacts,55 process is critical to ensuring plans are
equitable and meet community and hazard
* People with lower incomes seeking affordable housing sometimes resilience needs. Source: MAKERS

move to wildland-urban interface areas, where sites can be more
exposed to wildfire and landslide risks.%®

¢ In areas with high levels of climate risk, people with resources are
moving away from hazardous areas, leaving behind people with
limited resources, resulting in negative consequences to social
cohesion and community resiliency.

¢ Many low-income communities lack safe, accessible social
infrastructure (i.e., community centers, libraries, community
gathering places, etc.) that can facilitate disaster preparation and
post-disaster recovery.’

Significant climate displacement and migration in the future are possible
as the most vulnerable communities are least able to withstand natural
hazard impacts. Designing human-oriented communities that support
health and well-being —regardless of their socioeconomic status, race,
ethnicity, or other demographic factors— while building resiliency to
natural hazards are important principles for climate change adaptation.

Cost Benefit of Hazard Mitigation
and Disaster Preparation

Investments in hazard mitigation can be cost-effective over the lifetime
of a project, as the losses from site damage that are avoided have been
shown to exceed the money spent on mitigation. For example, high-
quality design and public sector mitigation for riverine floods provided a
seven-times return on investment, increased occupant safety, reduced
business interruption, and benefitted the local economy. According to
an analysis by the National Institute of Building Sciences, natural hazard
mitigation saves $6.00 on average for each dollar spent on federal
mitigation grants.>®
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Natural Hazard and Disaster Interactions

Natural Hazard and
Disaster Interactions

This section clarifies “hazard” and “disaster” differences and introduces
how hazards and disasters can compound or cascade to cause complex
impacts and disasters. Understanding the relationships between natural
hazards, as well as how climate change is increasing the intensity

of multiple types of natural hazards, is critical to understanding the
relationship between natural hazards and disasters that play out in
communities. For example, climate change is increasingly altering
natural systems and patterns around the globe and changing natural
hazards. Storms and heavy rains are becoming more intense, which
leads to more frequent and significant flooding. In areas subject to
drought, dry and stressed vegetation increase wildfire risk and intensity.
Hillsides recovering from past wildfires are more susceptible to
landslides following even typical rainfall events.

Exhibit 2-6. Natural Hazard Interactions Diagram

Diagram illustrating common hazard interactions. Arrows point from the initial natural
hazard that can trigger subsequent natural hazards. For some hazard interactions, this
correlation can work both ways. Although natural hazard interaction is an emerging area
of scientific research, the diagram also highlights how many different types of natural
hazards can result in floods.
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Natural Hazard and Disaster Interactions

Cascading Natural Hazards

The interaction of natural hazards is an emerging area of scientific
research.>® Time and sequence are critical factors; some natural hazards
can trigger subsequent natural hazards, and otherwise unrelated natural
hazards can compound in a short period of time. The high-tide storm
surges New York City experienced during Hurricane Sandy illustrate the
destructive potential of compound natural hazards.®°

While storm, wildfire, and landslide events happen within a relatively
short timeframe, some natural hazards, such as droughts, can unfold
over years or decades. This type of slow-moving hazard can increase
the risk of other natural disasters over time. For example, multi-year
droughts increase the risk of flooding, landslides, land subsidence
(gradual settling or sudden sinking of the Earth’s surface), heat waves,
and wildfires.5!

When Does a Hazard Become
a Disaster?

A natural hazard is a natural occurrence. Storms, floods, wildfires,
cycles of drought, earthquakes, tsunamis, and other natural hazards are
processes that, although often destructive, can also contribute to the
health and resilience of an ecosystem. Flood events are part of a natural
cycle of a river system, fostering diverse shoreline habitats and building
rich soils and flat landscapes that have historically attracted people to
build farms and communities near their banks. Similarly, many tree and
plant species require low-burning wildfires to clear out space for new
growth and prompt seeds to germinate to create new forests.

Natural hazards become disasters when they damage or destroy
infrastructure and/or communities. Poorly located and/or constructed
infrastructure and buildings that do not meet current building codes
can also create more extensive disasters. Disasters also often occur
when people are unaware of the underlying risk or when people
ignore, do not understand, or are unable to respond to warnings and
early evacuation orders. Evacuation may be particularly challenging for
members of low-income communities that may have limited options
for evacuation transportation.® Some may have economic restrictions,
resulting in them being unable to leave the jobs or businesses upon
which they and their families depend.

Climate change increases the risk of extreme weather and some

hazard events, and in some cases causing them to be more intense

and destructive. For cities to become more resilient, mitigating natural
hazards will mean not only stopping or avoiding the biggest impacts

but learning to adapt to some natural hazard impacts without causing
major disasters. Communities that plan for development and growth in
areas where hazard risks are lower, build code-compliant buildings and
infrastructure, and understand how to respond to evacuation orders will
be better able to reduce the extent of future disasters.
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Natural Hazard and Disaster Interactions

Cascading an.d E)ér;:ct;il’;,z;;.r;i:igl Flooding in
Compound Disasters

Natural hazards can result in disasters in ways that are increasingly
complex. Just as natural hazards can interact and have compound
impacts, the impacts from natural disasters can cascade or compound
in relationship to community development patterns, social and
economic dynamics, and infrastructure vulnerabilities. Disaster
management experts increasingly need to think about the cascading
impacts from natural disasters, to better understand near-term and
future vulnerabilities.

Cascading disasters occur when one natural hazard triggers either
another natural hazard or an infrastructure impact, which compounds
negative consequences. Events can be non-linear and happen over
extended periods of time with complex feedback loops.5® One example
is the continued impacts from drought in the western United States

on the Colorado River. In recent years, water levels have dropped
significantly in key reservoir lakes, which has reduced the production of

hydroelectric power and created water supply challenges in a system Scenes of roads and public access areas
that serves over 40 million people.®* Although regional water managers begin to nuisance flood as high tide
have been planning for water scarcity, coordinating water rights across creeps into Norfolk, Virginia, after a few
multiple states and jurisdictions remains challenging and highlights how days of rainfall on May 20, 2020. Source:
cascading impacts of drought can have wide-ranging impacts on natural Aileen Devlin | Virginia Sea Grant — Flickr
resources, land use planning, and growth_ Attribution-NoDerivs 2.0 Generic (CC BY-
ND 2.0) https://www.flickr.com/photos/
Compound disasters occur when multiple natural hazards, or a virginiaseagrant/49939446671/

combination of natural hazards and other disasters, coincide at

the same time or happen in rapid succession. Coastal flooding that

is exacerbated by high tides and sea level rise is an example of a
compound disaster. It is also important to consider the other types of
disasters that can compound the impacts from natural hazards and
recovery efforts. In Japan, flooding triggered a landslide event, and this
disaster was compounded by the COVID-19 pandemic, which restricted
recovery efforts.
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Natural Hazard and Disaster Interactions

Navigating Uncertainty Exhibit 2-8. Yellowstone River

Damage to Floodplain Structures

Although the impacts of climate change are becoming more apparent,

navigating uncertainty is essential to planning for resilience. For

example, long-term projections remain uncertain as they will depend

on “future emissions pathways and the response of the underlying

physical processes.”®® For coastal sites with some current exposure to

storms and periodic flooding, consideration must be given to the level

of future risk under different relative sea level rise scenarios. The City of

Boston, Massachusetts, recently established guidelines for adaptation

and development of the urban waterfront, integrating regional relative

sea level rise projections into their base-flood assumptions.®” However, Source: NPS-Gina Riquier Public Domain
waterfront communities also have to grapple with the long-term Mark 1.0, Flickr
uncertainty of how high sea levels will rise and weigh decisions about

development in that context. New York City’s Climate Resiliency Design

Guidelines address the challenges and considerations needed to make

future investment decisions.®®

Uncertainty also exists with riverine flooding, even in systems where
there are established patterns of flooding. Rivers can change course
following large, disruptive events, as was evidenced in the Yellowstone
area flooding in the spring of 2022.% Sites near rivers that are not
currently within floodplains could become more exposed if major flood
events or cascading hazards, such as a flood and landslide, damage
flood protection infrastructure or cause the river to change course.

Uncertainty is not limited to floods—wildfires, strong winds, heat
waves, droughts, and landslides, are all influenced by climate change
and predicted to increase. Earthquakes and tsunamis, although not
directly influenced by climate change, can also lead to more intense
disasters due to higher relative sea levels, increased landslide risks, and
other factors.

Case Study: 2022 Yellowstone River Flood

Historic flooding of the Yellowstone River in Montana highlighted the
vulnerabilities of infrastructure and the cascading impacts following a
natural disaster. The flood damaged a water treatment facility, which
led to water shortages in the community. The water levels in the river
during the flood surpassed local plans and disaster preparations,

and the facility was not designed to withstand a 0.2-percent annual
probability (a.k.a. “500-year”) flood.”
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Chapter 3 Site Planning Basics

Site Planning
Basics

... the U.S. has built—and continues to build—too many homes in the
wrong places, environmentally speaking. Expanding housing supply
through sprawling single-family subdivisions at the urban fringe rather
than infill development in existing neighborhoods has increased the
number of people and homes living in environmentally risky locations.™

—Jenny Schuetz, from “Dysfunctional Policies Have Broken America’s Housing Supply Chain”
www.brookings.edu

Wind damage to structures following Hurricane Michael, 2018. Source: Margaret Lamont, USGS
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What Is Site Planning

What Is Site Planning

Site planning is the practice of arranging elements such as buildings, A Typical Site

landscaping, pathways, streets, impervious surfaces, and open Planning Design and
spaces on a defined piece of land. It involves a process of analysis ' '

and experimentation to develop an optimal plan that responds to the Development Process
unique characteristics of the site and surrounding community, delivers Might Look Like This:
the goals of the development program (the uses for which the site is

being developed), limits exposure to hazards, minimizes impacts to e A housing developer acquires a
environmental systems, and complies with all laws, regulations, and five-acre parcel with the goal of
executive orders. creating a housing development.
Site planning addresses a wide range of characteristics, such as site * The developer identifies their
size, topography, local climate, geology, relationship to surrounding goals or “program” — for instance,
sites, setbacks, and adherence to rules, laws, regulations, and executive adding as much housing to the
orders about how the site can be developed. These factors interact with site as is feasible and creating a
essential components of the design program, including intended uses, desirable residential community
the intensity of use, circulation, environmental systems, infrastructure that will be easy to market.
systems, and resources available to accomplish the development. e The developer or their site planner

analyzes site characteristics

to determine how they affect

the project. For instance, the
presence of a wetland reduces the
site’s buildable area, local zoning
codes prevent development more
than four stories tall, and the

Many players and professions are involved, and the site planner’s role

is to interpret, negotiate, and integrate the various elements into a
cohesive, safe, functional, and beautiful site plan. Site planners rely on
interdisciplinary expertise and turn to other professionals to understand
issues and find solutions for physical and economic feasibility.

In recent decades site planning has become more focused on

sustainability as the field responds to climate change, pollution and threat of flooding requires specific
environmental justice concerns, and the loss of habitat and biodiversity. infrastructure and building

The current focus on compact urban development, landform-based design. At the same time, views
grading, nature-based solutions, water conservation, and energy of a nearby forested stream can
efficiency are just some examples of how the practice is working to enhance the value of the site.
reduce impacts to the environment and natural systems. e The developer, site planner, and

designers/architects/landscape
architects adapt their program

for the site, like fitting together
puzzle pieces, to create a plan that
best achieves the development
program given site opportunities
and constraints.

e The developer, site planner, and
design team refine the site
plan and develop design and
construction documents to adhere
to local building codes and other
laws, regulations, and executive
orders.

e The developer requests permits
for the plan from the City or local
development authority.

e The developer hires contractors,
prepares the site, and begins to
build.
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Site Planning Process

Site Planning Process

The site planning process includes the following steps, which often overlap and repeat to
inform the final design:”?

e Site selection and land assembly.
e Visioning and project programming.
e Site analysis.
e Site planning.
e Strategies and options identification.
e Site plan alternatives and concepts.
e Evaluation.
e Strategies selection.
e Site plan proposal.
e Community engagement (ideally runs through the whole process).
Exhibit 3-1. Example Site Plan

Site plan layering multiple scales and types of strategies, including an existing transportation system, new
smaller-scale street and path network, vegetation and green stormwater infrastructure, a variety of housing
types oriented for maximum social connections, and places for gathering and play. Source: MAKERS
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Site Planning Process

Site planning is an iterative process of learning about the site and
weighing the tradeoffs and implications of strategies to meet site
planning goals. The process starts with core principles and project
goals, explores alternative paths to achieving them, analyzes options

in various configurations, and, as the strategy options are sorted and
sifted in an iterative process, gradually moves toward an optimal

layout that best balances the many factors at play. Ideally, this iterative
process continues through building and landscape design and even after
construction, as site users become intimately familiar with their site and
undertake efforts to improve it for their purposes. Resources available
can constrain or bolster the site planning process and development. The
following sections describe the site planning stages in more detail.

Exhibit 3-2. Iterative Site Planning Process

Understanding Idea Generation mm Implementation

Understand ecological, Generate ideas & vision  Test options & Draft preferred site Design & Develop Over the
physical, regulatory, social, understand impacts  plan (multiple engineer site, construction long-term,

market, & other systems Dlevelcé;p conceptual site g trade-offs iterations with infrastructure, & documents  maintain site
context & site conditions  Plans & options Revisit with multiple NCTésing detailand  buildings through elements & make
to identify constraints & Revisit to | Revisit with multiple |3 ered strategies)  similar iterative adjustments
- evisit to layer iterations -
opportunities strategies at multiple Update site plan as design process
Revisit to add data & scales & adjust needed to respond
analysis as needed concepts to building &
infrastructure design
Permitting process

Strategies & Site Plan
Options Concepts &
Identification Alternatives

NS NN

Community Engagement & Social Equity Impact Analyses

Source: MAKERS, adapted from Kapoor 2020

Visioning, Programming, and
Community Engagement

Typically, early in the process, property owners, real estate developers,
and site planners develop preliminary goals and programming ideas
for a project. Sometimes a small property owner/developer team
develops the vision, but early visioning can also be done by local
governments and/or public entities that would like to shape the future
of a community. Developers can then pick up these ideas and develop
more specific project programs (i.e., what activities and uses should be
accommodated on the site) from this early visioning work. This early
visioning is critically important for projects with community resilience,
sustainability, and/or climate adaptation goals, because these objectives
may require emerging practices or strategies that will require close
collaboration with local communities.
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Site Planning Process

Site plans benefit from collaboration or co-design with local Exhibit 3-3. Community
communities, including local Tribe consultation, particularly when Engagement Activities
marginalized, disadvantaged, or structurally excluded communities

may be impacted by the site’s design. Community engagement helps

inform the most appropriate solutions for the site, reflect local values

in the site plan, identify unintended consequences of potential actions,

and build a broad base of support if needed for any political permitting

processes. Ideally, community engagement begins early (at the site

inventory phase) and continues through the process.

Site Selection and

Land Assembly Community engagement activity at a

community fair for a streetscape and
When selecting a site for housing development, there are many mobility improvements project. Source:
factors to consider, including exposure to natural hazards. The MAKERS and Corey Crocker/UDistrict Small
increasing frequency and severity of many natural hazards are causing Businesses

communities, hazard mitigation specialists, community planners, and
property owners to rethink land use and development feasibility on
some sites and take new approaches to site development. When
feasible, selecting a site with lesser risks can be the best way to
avoid disasters. See the Site Selection and Avoidance section for
more information.

Site Analysis

Understand What is Allowed

At the earliest stage, the site planner looks at local zoning, development
regulations, and design standards to understand what is permissible

on the site in terms of land uses; size and shape of buildings; shape,
size, and access to lots; environmentally protected areas such as
streams and wetlands; parking capacity; and types and size of plantings.
Depending on the funding sources used, additional requirements

may need to be me*, such as accessibility requirements or site and
neighborhood standards.

These regulations often implement community plans for where and
how to accommodate population growth. Hazard mitigation plans
provide essential guidance on vulnerability and locally appropriate
mitigation measures.

The proposed site plan must ultimately be permitted by the local
agency, so the plan either needs to follow the rules or the site planner

¥ During site selection, recipients of HUD funds must comply with the
requirements of Title VI of the Civil Rights Act of 1964, Section 109 of the
Housing and Community Development Act of 1974, and the Fair Housing

Act, as implemented by HUD’s regulations, that prohibit the site selection of
housing that perpetuates and reinforces segregation. Recipients must also
comply with the obligation to affirmatively further fair housing, which requires
them to take meaningful actions to overcome patterns of segregation, promote
fair housing choice, eliminate disparities in opportunities, and foster inclusive
communities free from discrimination. Such meaningful actions include site
selection that promotes integration and increased opportunities for groups
protected by the Fair Housing Act.
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Site Planning Process

must work with the local agency to be granted a variance or rezone
to accommodate the plan. Of note, many of the strategies included
in this guide recommend going beyond regulations to better mitigate
natural hazards.

More specific information is provided in Planning and
Regulatory Context.

Site Inventory and Analysis

To identify and understand a site’s unique conditions, site planners
inventory and analyze the following characteristics:”®

e Site form: Geology (surficial), soils, groundwater, topography,
alterations, and historical use by humans (brownfields, landfill,
contamination on site, on adjacent sites, etc.).

e Natural systems: Sun exposure, wind, rainfall, hydrology and
drainage, vegetation/landscape ecology (patches, mosaics,
corridors, ecotones, forest succession)/wildlife ecology (habitats,
buffers, habitat corridors), critical environments (coastal marshes
and dunes, freshwater wetlands, ponds, riparian corridors, steep
slopes, forests). As part of the critical environmental areas review,
site planners identify constraints and unbuildable areas, including
those placed at risk by natural hazards. Resources for understanding
data needs and natural hazard exposure and risk are included in the

Site Analysis chapter.

e Context and surroundings: Access, infrastructure type (roads, utility
connections, dams, etc.) and condition (particularly for sub-grade
systems), views, existing or legacy structures, noise, locale/genius
loci, and human activities.

¢ Demographics: Characteristics, including social vulnerabilities, of
existing and potential site users.

Site planners often supplement quantitative and mapped data with
direct site observation and qualitative data from interviews and
community engagement processes. The result is an understanding of
the site’s constraints and opportunities.
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Site Planning

Strategies and Options Identification

After understanding opportunities and site constraints, including
potential hazards, the site planner identifies potential options.
Depending on the site’s size and desired program, there may be many
goals—each with associated site planning strategies—such as creating
people-friendly spaces, supporting transit and active transportation,
protecting ecosystem functions, and maximizing development feasibility
and return-on-investment. In this guidebook, site planners may
reference the Strategies Summary matrix to identify potential mitigation
strategies. This initial look provides a range of options for consideration.

Exhibit 3-4. Example Alternative Land Use and Circulation Site Plans

Graphics illustrating steps within a site planning process. Clockwise from top left: diagram of important connections, context
and circulation analysis, and final phased development plan. Source: MAKERS
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Site Plan Concepts and Alternatives

The following steps outline a simplified alternatives development
process. This guidebook’s mitigation approaches are organized to follow
a site planning process from a larger scale, driving decisions to a smaller
scale and/or layering of strategies (see Mitigation Strategy Organization
by Site Planning Process sidebar). Alternatives can be developed at a
sketch level, as site planners shift, size, and reshape “puzzle pieces,” and
used internally and/or with community members. Alternatives may

also be formally developed for federal or local environmental review

at varying levels of detail. Although this is shown as a mostly linear
process, site planners must shift between scales and strategies and
revisit earlier decisions as elements are tested.

General Site Layout and Circulation. Site planners typically begin with
large-scale decisions first (e.g., avoiding a risky site or part of a site),
laying out the big pieces—circulation and land use—to understand
major decision drivers for how the site will be organized and used. At
this stage, the site planner explores what generally fits on the site, how
people can get there, and opportunities to connect natural systems for
maximum ecosystem services.

Exhibit 3-5. Example Alternative Land Use and Circulation Site Plans

Chapter 3. Site Planning Basics

Site Planning Process

Mitigation Strategy
Organization by Site
Planning Process

This guidebook’s mitigation
approaches are organized to
follow a site planning process from
larger scale, driving decisions to
smaller scale choices and/or a
layering of strategies. Although
this is an iterative process, a
generalized flow includes the
following decision points.

General site layout and circulation:

e Site Selection and Avoidance

* Protect, Buffer, and Restore
Existing Natural Systems

e Site Layout, Circulation, and
Access

Integrated pieces:

e Stormwater and Site Protection

® QOpen Space and Green
Infrastructure

Layering smaller-scale strategies:
e Utilities
e Buildings

Plans illustrating the layout and relationship of different site elements, such as open space, parking, housing, facilities, etc. Source:

MAKERS
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Integrated Pieces. Site planners apply mid-scale and integrated
elements that influence how natural and human systems across the

site are used. For example, stormwater systems span the entire site and
future building and infrastructure forms, so their integration throughout
the site plan must be considered early. As these systems begin to take
shape, the site planner may need to adjust earlier assumptions about
land use placement and size. For example, if the site planner learns an
area can be protected from flooding, they may adjust that part of the
site concept to show more intense land uses. If they learn a vegetated
system needs more space to function properly, they may shrink or move
previously laid out land uses.

Layering Smaller-Scale Strategies. Although a misnomer such as
“smaller-scale strategies” has enormous impacts on larger-scale systems,
these elements can come later in the process because decisions revolve
around physically smaller areas of change (e.g., feet rather than acres).
For example, the decision to include a street/trail/infrastructure corridor
has been made, and its general placement is known, but now the site
planner provides more detail on its cross section and what elements are
included. The site planner looks for opportunities to layer strategies for
multiple benefits (see Principles). Building and infrastructure form (e.g.,
green roof treatment) begins to take shape. Much of this work may
happen following the selection of a preferred site plan concept; there is
some overlap with the following evaluation process.

Note, architecture and landscape design typically continue beyond

the conceptual site planning stage of a development process and

may be accomplished by an entirely different team of professionals.
Building form will continue to change as the program, space needs,
structural, and aesthetic considerations are clarified and arranged in the
architectural design processes, which may then require adjustments to
the site plan.

Evaluation

After developing alternative site plan concepts, the site planner

(often alongside community members and other reviewers) evaluates
trade-offs and implications of varying site layouts and selects the best
combination of elements to effectively meet project goals and mitigate
risks. The Principles, or similar goals, objectives, values statements, or
principles developed for the specific project, may be used as evaluation
criteria to compare the pros and cons of the alternatives.

In the context of this guidebook, site planners may weigh the various
mitigation strategies. CoastAdapt’s Coastal Climate Adaptation Decision
Support (C-CADS) process,’* although designed for larger-scale climate
adaptation efforts in Australia, provides a useful framework for
“Identifying decision criteria to evaluate your options,” “Initial screening
of options,” assessing and evaluating options, and making decisions
under uncertainty.” This evaluation framework highlights questions that
can help screen out infeasible strategies, elevates those with layered
co-benefits (e.g., trees which provide shade during extreme heat events,
absorb water during flood events, buffer pedestrians from vehicle traffic,
and increase attractiveness and access to nature), identifies when
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to use multiple mutually supportive strategies, and helps clarify the
advantages and disadvantages for selected strategies.

For formal environmental review, viable alternatives are evaluated in an
environmental assessment or environmental impact statement/review
document by state and/or federal ecology/environmental/natural
resources/other departments to compare environmental impacts of

all options.

Site Plan and Strategies Selection

Using the evaluation methods described previously, site planners (with
the property owner, developer, stakeholders, community members,
etc.) select the combination and arrangement of site elements that
best meet project goals. In developing the preferred site plan, the site
planner will likely layer and refine strategies in more detail than in the
initial alternatives development phase.
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Planning and
Regulatory Context

The federal government, states, tribes, counties, cities, townships,

and other local governments set plans, policies, regulations, and
programs to require and encourage development that meets public
goals. Site planning takes place within this context and is influenced by
the following:

e Community planning, such as comprehensive growth management,
hazard mitigation, stakeholder engagement, and climate
action planning.

e Regulations, such as zoning, development and design standards,
environmental review, fair housing and civil rights requirements
(including Title VI of the Civil Rights Act of 1964, Section 109 of the
Housing and Community Development Act of 1974, the Fair Housing
Act, Section 504 of the Rehabilitation Act, and the Americans
with Disabilities Act), critical areas, shoreline rules, permitting
requirements, building codes, and any local covenants, conditions,
and restrictions (CC&Rs).

e Fair housing and civil rights requirements, including Title VI of
the Civil Rights Act of 1964, Section 109 of the Housing and
Community Development Act of 1974, the Fair Housing Act, as well
as Section 504 of the Rehabilitation Act and the Americans with
Disabilities Act.

* Programs, such as Federal Emergency Management Agency
flood insurance and the U. S. Department of Housing and
Urban Development (HUD) housing development and
rehabilitation funding.

Comprehensive Plans

The goal of most land use planning—and its associated zoning and
development standards—is to balance community growth and
economic development with the impacts of such development on
environmental systems, natural resources, infrastructure and public
services capacity, existing residents, and civic assets. Land use or
comprehensive planning typically takes place at multiple scales,
including the state, regional, and local levels:

e States may analyze demographic and economic trends to forecast
population growth.

e Regional entities may further analyze growth in their region and
work with counties and cities to accommodate growth targets and
plan commensurate transportation systems.

e Local jurisdictions may plan citywide, countywide, and their
subareas and neighborhoods in even further detail. This plan may
be called comprehensive, general, or community planning.
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These plans set the goals and policies, and the local governments
translate them into zoning and development codes. Many topics
(e.g., land use, transportation, natural environment, public services,
economic development, utilities, capital facilities, hazard mitigation,
climate action, and adaptation) may be included in these plans or
addressed in topic-specific plans.

Many community planning strategies more effectively address hazard
mitigation than can be accomplished on a single site. For example,
some local jurisdictions are developing long-term plans to move

their communities out of natural hazard risk areas (e.g., tsunami risk
zones), a concept called “managed retreat.” Others may employ short-
term measures (e.g., beach nourishment to slow shoreline erosion)

or interim uses (e.g., vacation rentals in lieu of permanent homes) on
sites exposed to increasing hazard risks. In these cases, allowing some
temporary uses on impacted sites may support a community’s ability
to transition and adapt over time. Large infrastructure and climate
adaptation planning (e.g., levees) may also be done in tandem with land
use planning.

Regional Planning

Regional plans typically affect several jurisdictions, such as hazard
mitigation planning, growth planning, farmland irrigation, or transportation
infrastructure. These plans may be produced by metropolitan or regional
planning organizations, one or more state governments, a coalition of local
governments, one or more federal agencies, or some combination. They
may or may not have regulatory authority. In the case of many regional
planning agencies, compliance with their plans ensures eligibility for

state and federal funding (e.g., transportation improvements, community
development). They often provide guidance for local jurisdictions when
developing land use plans and regulations. For the site planner, they may
include valuable context for rules implemented by the local government.
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Development RegU|atiOnS FEMA Floodplain Management

Directives Executive
Order 11988: Floodplain
Management, 1977

To regulate the impact of development, land use rules place limits on
what types of development may be allowed where (zoning) and how
large, intense, or impactful development may be (development and
design standards). Development codes traditionally place maximum Executive Order (EO) 11988 requires
limits on a building’s bulk and scale, but in some cases, communities set federal agencies to avoid, to the

. e . e . . extent possible, the long and short-
minimum building heights or densities and parking maximums to favor term adverse impacts associated

development in places designated for growth. Incentive programs may with the occupancy and modification
also be available, allowing for a more profitable development program of floodplains and to avoid direct
in exchange for site improvements or features that support community and indirect support of floodplain
goals, such as the retention of mature trees that help to reduce urban development wherever there is a
! practicable alternative. (FEMA.gov)
heat islands.
This guidebook includes strategies and principles that could be infused Executive Order 11990:
as appropriate in local development codes. Protection of Wetlands, 1977
The purpose of this EO is to “minimize
the destruction, loss or degradation
Federal Programs of wetlands and to preserve and
. . . . L enhance the natural and beneficial
Federal policies and programs affect the legality, financial feasibility, values of wetlands.” To meet these
and funding sources for potential development. Some relevant objectives, the Order requires federal
programs include: agencies, in planning their actions,
to consider alternatives to wetland
¢ National Flood Insurance Program (NFIP) Flood Insurance Rate Maps sites and limit potential damage

if an activity affecting a wetland

(FIRMs) and associated insurance rates managed and administered cannot be avoided. (FEMA.gov)

by the Federal Emergency Management Agency (FEMA) through the
Federal Insurance and Mitigation Administration (FIMA). FEMA must
ensure that all projects comply with appropriate Environmental and
Historic Preservation laws, regulations, and executive orders. See
more information in Chapter 4: Site Analysis.

Executive Order 13690,
Establishing a Federal
Flood Risk Management
Standard (FFRMS)

o Fed_eral agencies must comply with the Natjonal Environmental . The Federal Flood Risk Management
Policy Act (NEPA) and other federal regulations, laws, and executive Standard is a flood standard that
orders. NEPA requires federal agencies to assess the environmental aims to build a more resilient future.
effects of their federally funded projects early and before actions As stated in Section 1 of Executive

that could have a physical impact or help prevent choice limiting '?hrgErn%'ie?jggéz;;lésjstg}ﬁwz?g% of

actions. NEPA rggulations requi.re all agencies to have procedures the resilience of communities
and the capability to comply with NEPA. and federal assets against the

impacts of flooding. (FEMA.go
e HUD funding (e.g., physical noise abatement requirements, stronger 'mp ing. { gov)

accessibility requirements under the Americans with Disabilities Act
[ADA], Section 504 of the Rehabilitation Act, and the Fair Housing
Act, as well as the obligation to affirmatively further fair housing
under the Fair Housing Act, Title VI of the Civil Rights Act of 1964,
and noise abatement).

Executive Order 12898:
Environmental Justice for
Low Income & Minority
Populations, 1994

On February 11, 1994, President

e Many federal funding programs help communities plan for, mitigate, Clinton signed E.O. 12898. This

and adapt to natural hazards and climate change. Executive Order directs federal

agencies to make achieving
environmental justice part of its
mission by identifying and addressing,
as appropriate, disproportionately
high adverse human health or
environmental effects of its
activities on minority and low-
income populations. (FEMA.gov).
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Americans who live near a coast are far more likely than those who live
inland to point to rising sea levels that erode beaches and shorelines
as a major impact in their community.

—Brian Kennedy from “Most Americans Say Climate Change Affects Their Local Community,
Including 70 Percent Living Near Coast” | www.pewresearch.org

Coastal erosion following a large storm. Source: Andrew Stevens, USGS




Introduction

During site analysis, a site planner inventories existing conditions to
understand constraints and opportunities for integrating the desired
development program onto the site. This guidebook focuses on hazard-
related analysis methods and ways of thinking about the site to identify
mitigation opportunities (e.g., natural features that could remain onsite
and act as protection from hazards) and increase overall site resilience.

This chapter includes the following sections:

Initial Hazard Identification. This section highlights traditional site
analysis data sources to identify relevant hazards at a high level
on your site. The following sections illustrate why and how to look
beyond these traditional sources to understand future risks.

Hazard-specific site analysis guidance. For each hazard,
sections include:

¢ Where this hazard occurs, which describes typical places where
the hazard occurs and introduces the FEMA National Risk Index
as a starting point to understand some potential risks on the site.
The guidebook also highlights the importance of supplementing
this national-level information with local maps, data, and
resources. The FEMA National Risk Index (NRI) is a planning-level
tool intended for high-level comparisons and should not be used
for risk assessment at the local level. In some cases, there is no
nationwide data available, although the NRI will be updated over
time as data availability improves. Historical data also do not
capture all future risks. See FEMA’s Disclaimer for the NRI for
more information: https://hazards.fema.gov/nri/disclaimer.

¢ Note: because “flood” includes multiple types of flooding,
this section adds information about how the various types
are different.

Risks and Considerations. This section describes at a high level
what is unique about site analysis for a particular hazard. It includes
information to help a site planner think differently about their site
once they know a hazard applies. A common theme is that because
hazards are changing, new ways of mapping and defining their risks
are necessary.

Site Analysis particular to the hazard. This section provides
guidance on data and site analysis approaches critical to
understanding the site-specific hazard risks and key opportunities
for site planning to mitigate them.
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Initial Hazard
Identification

When analyzing a site, along with inventorying other conditions
listed in the Site Planning Basics’ Site Analysis section, site planners
identify critical environmental areas (e.g., steep slopes, wetlands, soil
liqguefaction areas) to understand constraints and unbuildable areas,
including those impacted by natural hazards. To begin understanding
which natural hazards are relevant to the site, some key traditional
resources include:

¢ Local jurisdictions’ Geographic Information Systems (GIS) data about
local flood hazards, landslide hazards, tsunami inundation zones,
seismically unstable terrain, and urban heat vulnerabilities.

¢ Local hazard mitigation and risk assessment plans and resources.
e Regional watershed plans.
e FEMA FIRMs, which are available for many sites in the United States.

e FEMA'’s National Risk Index map, which highlights hazards at a
national level”” (best for high-level comparisons, not intended to
replace local risk assessment information).

¢ Soils and geology information from the United State Geologic
Service (USGS) and local state agencies.

¢ Wildlife habitat information from both state and federal agencies.

e Local experts, such as geologists; civil, structural, and geotechnical
engineers; hydrologists; floodplain managers; and other technical
experts for specific site assessments.

However, as climate change leads to changing weather patterns, rising
seas, and other impacts across the globe, site analysis cannot rely solely
on historical data to predict future conditions and must incorporate
resources that include climate forecasts and predictive modeling. Many
Federal, State, and Local agencies, as well as some academic and non-
profit entities, are developing tools to assist professionals in better
understanding hazard risks on their sites. The following sections provide
more information on how to analyze a site for hazard risks and identify
opportunities for mitigation. Some mitigation approaches may arise

as clear opportunities when analyzing the site; in this case, references
to the applicable strategies in the Mitigation Approaches chapter

are included.
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Flood

Key Statistics
$900 billion

in damage and economic losses were caused by
floods in the United States since 2000.7®

55 states

and United States territories have residents that
are impacted by floods.”

99 percent

of counties in the United States were impacted by
floods between 1996 and 2019.8°




Where Floods Occur

Riverine (Inland) Floods

When significant rainfall and/or rapid snowmelt increases water flow
beyond a river’s natural (or constructed) channel, the river floods into
the adjacent floodplain areas. For centuries people have developed
communities and often constructed levees in these floodplains, drawn
to the industrial, commercial, and agricultural opportunities these sites
provide. Over the last several decades, many areas that were once
farmland or uninhabited floodplains have developed into suburban or
exurban communities. As climate change alters weather patterns and
levees age, more people are impacted by riverine floods.

Exhibit 4-1. Riverine Flooding

Left: Flooding in a residential area of Austin, Texas. Right: 2011 flood in Minot, North Dakota.

Sources: Roschetzky (left); National Guard (right)

The upstream-downstream relationship for inland and riverine flooding
is also an important consideration for site planning, as development

in one community can easily impact adjacent neighbors and those
downstream. For example, developed areas with high levels of
impervious surfaces, including roads and parking areas, can exacerbate
flood risks in downstream communities, making them vulnerable to
recurring floods, as was seen in Ellicott City, Maryland, and many other
communities throughout the United States.?!

The FEMA National Risk Index map provides a high-level glimpse at
current flood risks in the United States. However, this map does not
account for all future flood risks.

Site Planning for Disaster Mitigation Guidebook

Chapter 4. Site Analysis

See Site
Analysis - Introduction for

more information about the
FEMA National Risk Index
(NRI) Maps.
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Exhibit 4-2. National Risk Index for Riverine Floods

Federal Emergency Management Agency’s (FEMA) National Risk Index (NRI) map (https://hazards.fema.gov/nri/map) for riverine flooding,
which shows widespread elevated risk across the United States (accessed in 2022). Map is based on available data and does not cover all
future hazard risks. For comprehensive details about how the NRI can help you and its limitations, see the National Risk Index Technical
Documentation (https://www.fema.gov/sites/default/files/documents/fema_national-risk-index_technical-documentation.pdf). Source:
FEMA NRI
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Coastal Flooding

A combination of factors heightens the flood potential in many coastal
areas. Coastal sites can be vulnerable to storms, such as hurricanes,
which can cause storm surges that flood low-lying areas. Storm surges
that correspond to high tides or combine with heavy rain events can
be particularly damaging, as occurred with Hurricane Harvey in coastal
areas in Texas in 2017. Coastal sites that are located close to rivers

can also be downstream of, and potentially impacted by, upstream
development and land use changes. Furthermore, growth pressures in
coastal areas are particularly high in the United States, as people are
drawn to the economic opportunities, natural amenities, and views that
coastal sites offer.

Global climate change and sea level rise present further challenges for
coastal communities. Sea level rise is not a uniform change—coastal
landform and seismic activity also play a role. In some areas, land
subsidence, due to large-scale seismic changes, is further exacerbating
the impacts of sea level rise, while in other areas, uplift has a mitigating
impact on local sea level rise change. Relative sea level change refers

to the amount of change in sea level height relative to the land in a
particular location.??

Exhibit 4-4. National Risk Index for Coastal Floods
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Exhibit 4-3. Coastal Flooding in
Houston, Texas, Damages Road
and Infrastructure

Source: Eric Overton

Map showing Federal Emergency Management Agency’s (FEMA) National Risk Index (NRI) map (https://hazards.fema.gov/nri/map) for
coastal flooding, which shows elevated risk in the Pacific Northwest, Florida, and in Mid-Atlantic (accessed in 2022). Map is based on
available data and does not cover all future hazard risks. For comprehensive details about how the NRI can help you and its limitations,
see the National Risk Index Technical Documentation (https://www.fema.gov/sites/default/files/documents/fema_national-risk-index

technical-documentation.pdf). Source: FEMA NRI
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High-Tide Flooding, also referred to as sunny-day or nuisance flooding,
is a recurring flood that corresponds with some high tides in coastal
areas. These floods have become increasingly common in coastal areas
in recent decades, particularly in areas that have higher levels of relative
sea level change.

Exhibit 4-5. Relative Sea Level Change in the United States

Map illustrating “cumulative changes in relative sea level from 1960 to 2021 at tide gauge stations along U.S. coasts. Relative sea level
reflects changes in sea level as well as land elevation.” Source: U.S. Environmental Protection Agency Climate Indicators—Sea-Level Rise
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Urban and Stormwater Flooding

Another important type of flood event that has received significant
attention in recent decades from planners, designers, and hazard
management professionals is urban or stormwater flooding. Urban
floods happen when runoff overwhelms a community’s stormwater
management system, resulting in flooding of streets and sometimes
low-lying commercial, industrial, or residential areas. In addition to
causing potentially hazardous foods, these events also degrade water
quality by discharging polluted runoff into local waterbodies.

Compound Flood Events

Multiple flood types can combine and compound. This combination

can be common in coastal communities, where rising groundwater
combined with sea level rise limits the ability of the ground to absorb
water from riverine or urban floods. Bigger and more intense storms
can also lead to compound flood events in inland areas, as storm surges
push floodwaters inland, and runoff from heavy rainfall compounds
local flood impacts.
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Exhibit 4-6. Post-Flood
Evacuation

Texas National Guard soldiers aid in post-
flood evacuation in Houston following
Hurricane Harvey. Source: Lt. Zachary West,
100th Mobile Public Affairs Detachment/
Texas Military Department (via Flickr CC
BY-ND 2.0)
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Risks and Considerations

FEMA Flood Maps

FEMA has created FIRMs for communities throughout the United States
to implement the NFIP (see sidebar), which categorizes flood risks into
different zones. High-risk flood zones are referred to as Special Flood
Hazard Areas (SFHA). The base flood is the national standard used by
NFIP and Federal Agencies to regulate development and determine
whether flood insurance is required. Periodic revisions to FIRMs

often result in properties being added to the flood zone and increase
insurance requirements for residents, property owners, and businesses.

Exhibit 4-7 provides an overview of current FEMA flood zones.
Mitigation strategies to reduce flood risks are required in all Special
Flood Hazard Areas for a site to be eligible for the NFIP. Applicable
strategies vary depending on the underlying flood risk zone, and not all
strategies are allowable in all zones.

Although mitigation may not be required for sites in low, moderate, or
undetermined risk areas, incorporating flood mitigation into a site can
increase resilience given that flood risks are increasing, and the FIRM
maps do not fully account for all existing flood hazards. Developing site
plans based on bigger storm events can help increase community
resilience. Many communities require more stringent standards, such as
designing for a 0.2-percent annual chance flood (also referred to as a
500-year flood.) ASCE 7-22—Minimum Design Loads and Associated
Criteria for Buildings and Other Structures,® the American Society of
Civil Engineers recently updated manual, moved to the 500-year flood in
Chapter 5: Flood Loads section, and future work on ASCE 24 Flood
Resistant Design and Construction standards will also reference the
0.2-percent annual chance flood, more stringent than the minimum
NFIP requirements.?
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Key Flood
Definitions

Special Flood Hazard
Area (SFHA)

High-risk flood zones that

have at least a 1-percent

annual chance of flooding.

The SFHA is the area where

the National Flood Insurance
Program’s (NFIP’s) floodplain
management regulations must
be enforced and the area where
the mandatory purchase of
flood insurance applies.

Base Flood

A flood having a 1 -percent
chance of being equaled or
exceeded in any given year.

This definition is the regulatory
standard of the NFIP and Federal
Agencies and is also referred to
as the “100-year flood” or the
“1-percent annual chance flood.”

Base Flood Elevation

The elevation of surface water
resulting from a flood that has a
1-percent chance of equaling or
exceeding that level in any given
year. Base Flood Elevations (BFEs)
are typically shown on Flood
Insurance Rate Maps (FIRMs).

What is a 1-percent
annual chance?

The risk from the 1-percent annual
chance flood is more significant
than many people understand.
Importantly, the annual chance of
flooding compounds with time.
The base flood risk over 30 years
(the length of a typical mortgage)
is 26 percent. This statistic implies
that thereisa 1 in 4 chance

that a property in the 1-percent
flood area will experience the
1-percent or greater flood

hazard during the 30 years.
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Exhibit 4-7. Federal Emergency Management Agency Flood Hazard Zones

et Description
Zone Type

High-Risk Inland Special Flood Hazard Areas (SFHA)

Areas with a 1-percent annual chance of flooding and a 26-percent chance of flooding
Zone A over the life of a 30-year mortgage. Because detailed analyses are not performed for such
areas; no depths or base flood elevations are shown within these zones.

River or stream flood hazard areas, and areas with a 1-percent or greater chance of
shallow flooding each year, usually in the form of sheet flow, with an average depth
Zone AO ranging from 1 to 3 feet. These areas have a 26-percent chance of flooding over the life
of a 30-year mortgage. Average flood depths derived from detailed analyses are shown
within these zones.

Areas with a 1-percent annual chance of shallow flooding, usually in the form of a pond,
with an average depth ranging from 1 to 3 feet. These areas have a 26-percent chance of
flooding over the life of a 30-year mortgage. Base flood elevations derived from detailed
analyses are shown at selected intervals within these zones.

Zone AH

These zones are known as numbered A Zones (e.g., A7 or A14). This designation is the

Zones A1-A30 base floodplain where the FIRM shows a Base Flood Elevation (BFE) (old format).

The base floodplain where base flood elevations are provided. AE Zones are now used on

Zone AE new format FIRMs instead of A1-A30 Zones.

Areas with a 1-percent annual chance of flooding that will be protected by a federal flood
Zone A99 control system where construction has reached specified legal requirements. No depths
or base flood elevations are shown within these zones.

Areas with a temporarily increased flood risk due to the building or restoration

of a flood control system (such as a levee or a dam). Mandatory flood insurance
Zone AR purchase requirements will apply, but rates will not exceed the rates for unnumbered
A zones if the structure is built or restored in compliance with Zone AR floodplain
management regulations.

Areas with dual flood risks. These areas have both the presence of a non-accredited
flood protection system that is being restored and areas that are subject to flooding from
other water sources. Mandatory flood insurance purchase requirements and floodplain
management standards apply.®®

High-Risk Coastal SFHA

Zone AR/AE,
AR/AH, AR/AO,
AR/A1-A30, AR/A

Coastal areas with a 1-percent or greater chance of flooding and an additional hazard
Zone V associated with storm waves. These areas have a 26-percent chance of flooding over the
life of a 30-year mortgage. No base flood elevations are shown within these zones.

Coastal areas with a 1-percent or greater chance of flooding and an additional hazard
associated with storm waves. These areas have a 26-percent chance of flooding over
the life of a 30-year mortgage. Base flood elevations derived from detailed analyses are
shown at selected intervals within these zones.

Zone VE and V1-30
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Aloee Description
Zone Type

Moderate and Minimal Risk Flood Zones
Areas outside of SFHAs where flood risk is lower. Mandatory flood insurance purchase requirements
and floodplain management standards do not apply.

Area of moderate flood hazard, usually the area between the limits of the 1-percent
and 0.2-percent annual chance of flooding. B Zones are also used to designate base
Zone B and :
X (shaded) floodplains of lesser hazards, such as areas protected by levees from the 1-percent
annual chance of flooding, or shallow flooding areas with average depths of less than one
foot or drainage areas less than 1 square mile.

Area of minimal flood hazard, usually depicted on FIRMs as above the 0.2-percent annual
chance of flooding level. Zone C may have ponding and local drainage problems that

do not warrant a detailed study or designation as base floodplain. Zone X is the area
determined to be outside the 0.2-percent annual chance of flooding and protected by a
levee from the 1-percent annual chance of flooding.

Zone Cor
X (Unshaded)

Areas with possible but undetermined flood hazards. No flood hazard analysis has been

Zone D ; . . .
conducted in these areas. Flood insurance is optional.

Source: Federal Emergency Management Agency, National Flood Insurance Program “Flood Insurance Manual - Risk Rating 2.0: Equity in
Action”

Flood Insurance Rates and Risk Rating 2.0

FEMA uses FIRM maps and SFHAs to inform where floodplain
management standards apply and the rates for NFIP. In 2020, FEMA
updated the NFIP Flood Insurance Manual, implementing a new pricing
methodology called Risk Rating 2.0. This methodology “calculates a
rate based on a series of unique variables and flood hazards for each
building, rather than relying on flood zones and Base Flood Elevations
to evaluate the flood risk for broad classes of properties.”®® The new
methodology allows FEMA to better assess flood risks, provides
property owners with more individualized information to inform flood
insurance decisions, and provides states and local governments with a
better understanding of flood risks.®”
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Traditional Mapping Limitations

FIRMs are often the default standard used to identify risk, but they have
significant limitations:®®

¢ FIRMs may be unavailable in smaller communities or out of date
due to a lack of topographic information, changes in topography
due to development, and other factors.

e FIRMs primarily represent the 1-percent-annual-chance of flooding
from a single flood and do not provide a comprehensive view of
flood risks.®°

¢ FIRMs are based on historical flow data, so they are not the best
predictors of future risks influenced by climate change.

¢ FIRMs do not capture flood risks outside of FEMA’s mapped flood
zones or increased risks within the SFHAs.*®

Given these limitations, site planners, owners, developers, and
designers should thoroughly analyze a site for potential flood risks and
not assume that FIRM zones indicate a comprehensive assessment of
risk. Referencing a 0.2-percent annual chance of flood maps, where
available, when developing site plans can help increase resilience.
Recently, FEMA has announced plans to update maps and tools that will
bring a more comprehensive and improved understanding of

flood risks.!

Repetitive Loss Property Buyout

Another key challenge with the National Insurance Program is the
prevalence of repetitive loss properties, or properties impacted multiple
times by floods and rebuilt in the same location. Research from the Pew
Charitable Trusts indicates that there are thousands of such properties
across the United States, and that those properties have cost the NFIP
$12.5 billion, close to one-half the program’s debt. FEMA, HUD, and

other agencies are exploring new approaches to break this cycle. Federal
Agencies and some States are looking at property buyouts in flood prone
communities to reduce flood impacts and the costs of repetitive loss
properties. For more information, see The Pew Charitable Trusts research.

Site Planning for Disaster Mitigation Guidebook 56



Base Flood Versus Design
Flood Elevations

In contrast to the Base Flood Elevation, the design flood elevation is the
minimum level of flood protection that must be provided to meet FEMA
and NFIP requirements. The design flood elevation will always at least
be as high as the base flood elevation, but communities can also require
higher design elevations to increase flood protection in vulnerable
areas.’> Some coastal communities also account for future sea level rise
projections when they establish local design flood elevations.

Changing Flood Risks

The U.S. Environmental Protection Agency (EPA) tracks a broad range
of indicators to assess the impacts of climate change, including heavy
precipitation and tropical cyclone activity. These indicators suggest an
increase in intense rainfall events, particularly single-day events.®® They
also indicate that the intensity of cyclones has increased, although it is
unclear if they are increasing in frequency over the long term.%

The EPA also tracks river flooding, coastal flooding, and sea levels as
indicators. The indicators show that increases or decreases in flood
frequency and intensity generally align with increases or decreases in
heavy rainfall events. They also highlight regional differences in flood
events, with areas such as the Northeast and parts of the Midwest
seeing bigger, more frequent storms while Western and Southwest
regions are seeing smaller, less frequent floods.*

Sea Level Rise and Coastal Environments

While major flood events that cause extensive damage often garner the
most attention, small frequent flooding can have even more extensive
economic costs over time.*® High-tide flooding is an increasing challenge
for many East Coast and Gulf Coast communities that face higher levels
of relative sea level change.”’

Back-flooding of infrastructure is another challenge that some
communities are facing, as stormwater systems can become a source
of flooding.*® In coastal areas, back-flooding of salt water can also
impact parks and green spaces, where the plants cannot tolerate the
salt build-up.

Sea level rise is also increasing erosion and habitat loss in coastal
ecosystems. As these areas offer a natural buffer from storms and
coastal flooding, the loss of these protective ecosystems can exacerbate
the impacts of floods in coastal areas.

Emerging research also suggests a need for greater recognition of the
threats of sea level rise due to rising groundwater levels. Saltwater
intrusion into aquifers is a challenge faced by some Bay Area California
communities, requiring costly infrastructure investments.*® Rising
groundwater can increase exposure to other hazards, such as a
building’s vulnerability to earthquakes and foundation degradation.®
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Groundwater can also move pollutants below the ground, a significant
concern in coastal areas adjacent to brownfields and former industrial
sites with a history of toxic waste and pollution.® Routine site
functions, such as stormwater filtration, may contaminate groundwater
if contaminated soils are not addressed during redevelopment.

In coastal areas impacted not only by storms and sea level rise but
also tsunami risks, thoughtful decisions need to be made around the
location of critical facilities and infrastructure, housing, and both land
and vertical evacuation routes.

Acknowledging Uncertainty

With these changes in flood risks come new impacts to communities,
many of which are unaware of and unprepared for a flood impacting
their community. Furthermore, as was highlighted in the Chapter 2
section: Acknowledging Uncertainty, there is much uncertainty about
the long-term potential hazard risk. Acknowledging this uncertainty
in the earliest stages of the site planning process will be important to
developing resilient communities.
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See the Mitigation
Approaches chapter for

site planning strategies
relevant to flooding and
coastal areas.
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Growth Pressures on Flood
Hazard Areas

Despite the known and emerging flood challenges, there continues to
be population and job growth in vulnerable areas. This growth suggests
an urgent need to coordinate hazard mitigation and climate adaptation
planning with growth planning. Despite a recent increase in hazard
mitigation planning, gaps in planning integration persist throughout
the country. A recent study by the Pew Charitable Trusts surveyed

state resilience plans and found that 98 percent did not account for
population growth projections in their risk models, and 84 percent do
not or only minimally consider disproportionate impacts on socially
vulnerable communities.'®

The future resilience of communities will depend largely on how
planners, developers, designers, and emergency managers work
together to identify safe places to add housing. Cities and towns of
all sizes are facing a critical shortage of housing and an affordability
crisis that most severely impacts people with lower incomes, people
of color, and other vulnerable communities. Communities need to
increase resilience to natural hazards and find opportunities to build
housing. Doing both will require coordination, partnerships, creative
approaches, and a willingness to consider risks and benefits from
multiple perspectives.

Some organizations are looking carefully at how communities can
accommodate growth while also reducing flood risks. The Bay
Conservation and Development Commission’s report on sea level rise
vulnerability and adaptation needs in the San Francisco, California, area
points out the need to balance adaptation strategies with smart growth
priorities, noting that shifting development out of vulnerable areas
could lead to encroachment in greenfield areas. The report highlights
the many negative impacts of this type of growth, including increased
commute times and costly expansion of infrastructure, schools,

and other community services.'® The report also highlights how
development can be an adaptation tool by generating fees and taxes to
support adaptation strategies and by showcasing more resilient design
practices that can buffer older development.'%

Exhibit 4-8. Flooded Construction Site in a Residential Area
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“A recent study indicated
a 26.4-percent increase

in flood risks in the US

by the year 2050. The
same study also showed
that population growth

in vulnerable areas will
increase the risk more than
climate change alone.”??

Flooded work site at a house by the Bound Brook at Middlesex gage, Middlesex, New Jersey, 2011. Source: U.S. Geological Survey
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Natural Hazard Interactions

Exhibit 4-9. Compound Flood and Landslide Hazard Interactions

Increased waterflow can erode

banks and increase landslide
risks in hillside communities. \O
High water levels and runoff from —

upstream areas combine to AP
overflow banks, flooding
downstream communities.

) R
F/"‘j\ Suburban development patterns

[}
» T.,' and impervious surfaces result
'.' . in urban flooding, which can
o impact both local and
..__..-' downstream communities.

SLR causes groundwater levels to

SLR causes high-tide SLR and coastal storm rise, threatening sub-surface

and storm-surge impacts erode bluffs, infrastructure, and impacting soil
flooding that impacts increasing landslide risks  conditions below development.
upstream communities. on coastal developments.

Illustration showing compound flood impacts from sea level rise (SLR), rising groundwater, and urban flooding; impacts on coastal erosion
due to sea level rise; and the impact of flooding on upland landslides. Source: MAKERS

Exhibit 4-10. Natural Hazard Triggers for and From Flood

Natural Hazards That Can Trigger Floods MU Eptie 5 Ul I [ e

by Floods
Hurricanes Landslides (erosion and hydrologic changes)
Landslides (due to hydrologic changes) Upstream/downstream flooding

Wildfire (due to soil changes that increase runoff)
Earthquakes
Drought (runoff)

Upstream/downstream flooding and
flood management

Severe storms

Heavy rainfall
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Site Analysis

New tools and site analysis approaches are needed to ensure site

planners, property owners, and developers have a comprehensive See Strategies Summary
understanding of a site’s current and future flood exposure and risk, as matrix and the Mitigation
well as potential impact to downstream sites, and can develop plans Approaches chapter for
that increase resilience for future residents and the surrounding site planning strategies

community. Key information and site analysis steps include: T e e ErEalE

¢ Reference FEMA Flood Insurance Rate Maps (FIRM) and also
gather additional information about the types of floods that could
impact the site in the future. Seek maps and local resources that
incorporate predictive risk models so that climate change impacts
are considered in the site analysis.

e Consult with professionals from multiple disciplines to ensure
a thorough understanding of the site’s physical and ecological
conditions and how it can accommodate future development.
Specific expertise will range depending on the project. Typical
projects often include geotechnical engineers, biologists,
archaeologists, land-use planners, civil and traffic engineers,
structural engineers, architects, and landscape architects.

o If there are existing flood risk zones on the site, identify them by
type and assess the allowable site and building mitigation strategies
that will be required by FEMA to reduce overall flood hazard risk for
the project and allow for participation in the NFIP.

¢ Develop site plans based on a 0.2-percent annual chance of flooding
flood events or lower.

e Reference existing watershed plans to understand a site’s location See Protect, Buffer, and
within the larger watershed context, including upstream and Restore Existing Natural

downstream conditions. Systems.

¢ I|dentify and map habitat areas and conservation priorities, as
natural areas can help manage runoff, store floodwaters, provide
buffers, etc. If feasible, work with professionals to conduct a full
ecological assessment of the site.

¢ In coastal areas where sea level rise may be changing groundwater

levels, identify and map existing brownfields, former industrial and See Contamination and
contaminated sites that could be a source of pollution, as well as Water Movement, Protect,
their relationship to sewer lines. Sites between a contaminated site Buffer, and Restore

and a stream, creek, or tributary could be at greater risk of having Existing Natural Systems.

contaminated groundwater flowing beneath structures, and
pollution vapors can enter a building through cracked sewer lines
and foundations.

¢ |dentify aging infrastructure (e.g., levees, utility lines below
ground, culverts, bridges, small dams) that is on site or provides
access or flood protection to the site. If damaged, it could increase
hazard exposure.
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e Understand the geologic and geotechnical conditions and
history of a site to identify factors that could negatively affect a
development—for example, presence of an active fault, weak soils
such as uncontrolled fill, organic soft mud and clays, or unstable and
vulnerable soils whose strength is affected by natural hazards, such
as liquefiable sands or aeolian soils that are vulnerable to flood,
rain, or earthquake.

e Conduct a demographic inventory and analysis of the communities
around the site to ensure the project assesses existing community
vulnerabilities and considers the potential for impact, positive
or negative, on people with low incomes, communities
of color, persons with disabilities, and other traditionally
underserved populations.

¢ Review development regulations early in the project to identify
permitting requirements and potential barriers for implementing
nature-based solutions and/or emerging flood protection and
resilience strategies. Coordination with local officials can help
identify potential challenges early in the planning process and make
it easier to integrate resilience strategies into the project.

e Establish protective design flood elevations. Communities may
require a flood elevation study or have designated design flood
elevations to which buildings and assets should be designed.
Identify critical drivers (e.g., increasing flood risk, sea level rise,
project type, and demographics) and work with hydrologists and
hydraulic engineers to conservatively set a design flood elevation
appropriate for local conditions. Adding 2 or 3 feet of additional
freeboard can help reduce potential losses due to flooding.

See Elevating Buildings,

¢ Plan for elevating the ground level of homes by 2-3 feet above the Protect. Buffer. and

crown elevation of existing streets to allow for street flooding
without encroachment into homes.

Restore Existing Natural
Systems.

Site Planning for Disaster Mitigation Guidebook 62



Chapter 4. Site Analysis

Resources

¢ State and local hazard mitigation and/or climate adaptation plans.

¢ Technical assistance from local floodplain management offices, U.S.
Army Corp of Engineers and/or other agencies.

¢ Flood Factor—https://riskfactor.com/
Map resource based on a probabilistic flood model that shows any
location’s combined risk of flooding from rain, rivers, tides, and
storm surge.

e FEMA Flood Map Service Center—
https://msc.fema.gov/portal/home

¢ National Oceanic and Atmospheric Administration (NOAA)—Sea
Level Rise Viewer—
https://coast.noaa.gov/slr/#/layer/slr

¢ National Risk Index for Natural Hazards—
https://hazards.fema.gov/nri/

¢ Naturally Resilient Communities— https://nrcsolutions.org/moving-
people-out-of-harms-way-property-buyouts/

e FEMA Base Flood Elevation Viewer for FEMA Region 6 (Arkansas,
Louisiana, New Mexico, Oklahoma, and Texas)—
https://webapps.usgs.gov/infrm/estbfe/

e Pew Charitable Trusts—Flood Prepared Communities—
https://www.pewtrusts.org/en/projects/flood-prepared-
communities

e 2022 Sea Level Rise Technical Report—
https://oceanservice.noaa.gov/hazards/sealevelrise/sealevelrise-
tech-report.html

¢ FEMA Building Code Adoption Tracking Tool (BCAT)—
https://geo.stantec.com/National _BCAT Portal/viewer/

¢ Climate Mapping for Resilience and Adaptation (CMRA)—
https://resilience.climate.gov/
This resource integrates information from across the federal
government to help people consider their local exposure to
climate-related hazards.

¢ International Code Council (ICC) model codes one line code access—
https://www.iccsafe.org/products-and-services/i-codes/the-i-

codes/
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Strong Wind

Key Statistics

$1.1 trillion

in damage was caused by tropical cyclones (or
hurricanes) between 1980 and 2021."¢

6,697 deaths

were caused by tropical cyclones between 1980
and 2021.'%7

1,200 tornadoes

hit the United States every year.'%®
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Strong Wind

Where Strong Winds Occur

This guidebook considers wind hazards that come from major events
such as hurricanes, tornadoes, and severe storms. This section
highlights how strong-wind events can impact sites and considers both
current and future wind hazards so that site planners can better identify
potential risks. This section also touches on how winds can interact with
other natural hazards to exacerbate risks, such as wildfires and drought-
driven dust storms. Strong wind events such as hurricanes and severe
storms can also result in flooding hazards, so site planners working in
areas susceptible to strong wind should also review the flood section of
this document.

See Site
Many regions in the United States are exposed to wind hazards. FEMA’s Anal GlGEE Intrc‘>duct|on for
National Risk Index (Risk Index) highlights varying strong wind (strong more information about the
wind, hurricane, and tornado) risks predominately in the central and FEMA National Risk Index
southeast areas of the United States. However, the map in exhibit 4-11 (NRI) Maps.

does not account for all current or future strong wind hazards.

Exhibit 4-11. Strong Wind Risk Index

Map showing Federal Emergency Management Agency’s (FEMA) National Risk Index (NRI) map (https://hazards.fema.gov/nri/map) for
Strong Winds, which shows a clear prevalence of risk in the central portion of the United States and pocket of elevated risk in areas along
the east coast (accessed in 2022). The map is based on available data and does not cover all future hazard risks. For comprehensive details
about how the NRI can help you and its limitations, see the National Risk Index Technical Documentation (https://www.fema.gov/sites/
default/files/documents/fema_national-risk-index_technical-documentation.pdf) Source: FEMA NRI
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Exhibit 4-12. Hurricane Risk Index

Map showing Federal Emergency Management Agency’s (FEMA) National Risk Index (NRI) (https://hazards.fema.gov/nri/map) for
Hurricanes, which shows a clear prevalence of risk in the central portion of the United States and pocket of elevated risk in areas along
the east coast (accessed in 2022). Map is based on available data and does not cover all future hazard risks. For comprehensive details
about how the NRI can help you and its limitations, see the National Risk Index Technical Documentation. (https://www.fema.gov/sites/
default/files/documents/fema_national-risk-index_technical-documentation.pdf). Source: FEMA NRI

Exhibit 4-13. Tornado Risk Index

Map of Federal Emergency Management Agency’s (FEMA) National Risk Index (NRI) (https://hazards.fema.gov/nri/map) for tornados,
which shows a clear prevalence of risk in the central portion of the United States and pocket of elevated risk in the southeast (accessed
in 2022). Map is based on available data and does not cover all future hazard risks. For comprehensive details about how the NRI can
help you and its limitations, see the National Risk Index Technical Documentation.(https://www.fema.gov/sites/default/files/documents/
fema_national-risk-index_technical-documentation.pdf). Source: FEMA NRI
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Risks and Considerations

Current and Future Risks

High wind and intense storm events such as hurricanes have increased
in frequency in recent decades. While more data is needed to

fully assess how the frequency is changing, future hurricanes and
extratropical cyclones (storms that impact middle-latitudes, such

as nor’easters in the Northeastern part of the United States) are
anticipated to be more intense as water and air temperatures rise.’® In
recent years, intense storms have also become more costly. Although
the EPA does not track strong windstorms separately from tropical
cyclones, they are seeing an increase in heavy precipitation events that
are sometimes accompanied by strong winds.!'° Researchers are also
exploring the link between storms with lightning strikes and wind and
wildfire risks.'

Scientists are still working to understand how climate change may
influence tornados, and this study is a current focus of ongoing
research. While the total yearly count of tornados has not changed
significantly, there has been a change in variability, with some periods
of calm and some periods of increased activity.?? In addition, the region
impacted by tornadoes has shifted to the east in recent decades, which
is an important trend given the area’s large population centers and
exposure to other hazards.'*® This area is also prone to derechos, or
intense, straight-line windstorms.

Site planners need to understand the potential for more intense
windstorms and use tools to help predict potential impacts and
assess vulnerabilities in and around their site. The American Planning
Association encourages the use of emerging tools, such as predictive
wind models that forecast future wind speeds and storm scenarios.!**
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Exhibit 4-14. Dust Storm Over Phoenix, Arizona

Chapter 4. Site Analysis

Strong Wind

Strong winds can also create dust storms, and arid communities, or those experiencing drought, can be vulnerable. On September 8,

2014, a dust storm hit Phoenix, Arizona. Source: DB Anderson, Flickr

Natural Buffers

Strong wind events present a challenge to site planners, given the
unpredictable nature of impact and limited ways that individual sites
can mitigate strong-wind events. In high-risk coastal zones that fall
regularly in the path of hurricanes and other severe storms, planners
and designers are looking to landscape-scale nature-based solutions,
such as open space buffers, to absorb impacts from extreme weather.'*®
Large buffers and conservation areas can also help slow and absorb the
impact of storms on inland communities. On a smaller scale, stands of
trees can provide a microclimate benefit on individual sites.*® Utilizing
trees as windbreaks is a long-established practice in agricultural

lands, and also it helps to reduce evapotranspiration and aid with soil
conservation.'’” However, trees can often be damaged by wind and
become a hazard to people and property during and immediately after
an event.'® Thoughtful approaches to site analysis are needed to weigh
the multiple benefits of existing trees and natural infrastructure with
the potential for risk.
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Structures and storm Damage Exhibit 4-15. Wind Damage from
Hurricane Katrina

Damage from windstorms is often focused on limiting damage to
structures, which is outside of the focus of this guidebook. Meeting

or exceeding local building codes that include natural hazard design
provisions, or the consensus state or national code if no local code has
been adopted, can significantly mitigate natural hazard risks. See the
resources section of this chapter for more information on building in
high-wind areas.

Infrastructure Vulnerabilities

. . . . Hurricanes and severe winds can damage
Above-ground infrastructure can be highly vulnerable during high- buildings through wind forces or by

wind events, creating further hazard risk for communities, as well as blowing trees and other site elements into
increasing disruption and impact during disaster recovery. structures. Source: National Oceanic and
Atmospheric Administration

Shelter and Evacuation

The warning time ahead of strong wind events can vary from a few
days, as is the case with some hurricanes, to a few minutes, as is the
case with many tornados. Site planners working in highly vulnerable
coastal areas need to consider site evacuation strategies and allow for
multiple modes of evacuation and redundant routes.'* In tornado-
prone regions, onsite storm shelters are often recommended and

are required for critical facilities such as schools and hospitals.??° Site
planners need to assess soil conditions to ensure underground shelters
are located appropriately and are not vulnerable to other hazards, such
as flooding.'#
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Natural Hazard Interaction

Exhibit 4-16. Strong Wind Interactions with Wildfire and Coastal Erosion

Suburban communities, even
those fairly highly developed, can
be at risk from wildfire when fires

and strong winds combine.

Winds push wildfire up
slopes, threatening
homes and spreading
fire to other areas.

O— \ Strong winds in arid regions
where wildfire, drought,
and/or development has

reduced vegetation can
increase risk of dust storms
and reduce air quality.

Dense, monotonous, building
shape/size can result in
urban wind-tunnels.

Wind and storms erode
shorelines and bluffs in
coastal areas, increasing
risk of landslides that
can threaten buildings.

Wind and storms also incre# \‘ Cumulative impacts of strong

action, which can erode or undercut winds and storms can lead to
slopes, further destabilizing the shoreline. rapid weathering of buildings.

Winds combined with wildfire can have catastrophic impacts. Strong winds can also be destructive to coastal areas. Impacts on coastal
development can include severe erosion following a hurricane and/or cumulative damage to buildings through rapid weathering and
repeated storms. Source: MAKERS

Exhibit 4-17. Natural Hazard Triggers for and From Strong Winds

Natural Hazards That Can Trigger Natural Hazards That Can Be Triggered by
High Winds High Winds

Hurricanes. Erosion due to high wind can cause landslides.
Severe Storms. Wildfire can be spread by high winds.

Natural wind barriers can be negatively affected

by drought.
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Site planners working in areas vulnerable to hurricanes, tornadoes, and
other strong windstorms need to plan for more intense windstorms in
the future. Site data and analysis, such as the following, account for
future risks and can help site planners identify conditions that can
increase risks or help mitigate the impacts of strong wind events:

Reference predictive wind models when developing site plans to
ensure site design and structures account for future wind levels.

Consult with professionals from multiple disciplines to ensure
a thorough understanding of the site’s physical and ecological
conditions and how it can accommodate future development.
Specific expertise will range depending on the project. Typical
projects often include geotechnical engineers, biologists,
archaeologists, land-use planners, civil and traffic engineers,
structural engineers, architects, and landscape architects.

On larger sites, document existing open spaces that may serve as
buffers or insulate the site from strong winds.

Include prevailing wind patterns in the site analysis to identify areas
that are highly exposed or naturally protected from the wind.

Carefully assess existing vegetation and trees to ensure they are in
good condition and are not likely to increase vulnerability. Work
with arborists to identify appropriate tree-pruning strategies. Trees
can be a fall hazard during strong wind events.

Larger stands of existing trees can serve as beneficial windbreaks
during storms and should be highlighted in onsite analysis
documents. If feasible, work with professionals to conduct a full
ecological assessment of the site.

Larger stands of existing trees can serve as beneficial
windbreaks during storms and should be highlighted in onsite
analysis documents.

Investigate older and potentially vulnerable infrastructure that
could become hazardous in a high-wind event and work with utility
service providers and community planners to mitigate risks.??

Consider the risks from airborne debris if nearby structures or site
elements are damaged by wind.

Consider the potential for dust storm exposure on sites vulnerable
to drought and dry conditions.
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See Strategies Summary
matrix and the Mitigation

Approaches chapter for
site planning strategies
relevant to wind hazards.

See Protect, Buffer, and

Restore Existing Natural
Systems.

See Tree Spacing and

Planting and Pruning.

See Trees as Windbreaks.

See Safe Room Location.
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¢ Intornado-prone locations, assess local soil conditions for below-
ground shelter options and look for opportunities for shelter spaces
in existing or proposed buildings.

e Conduct a demographic inventory and analysis of the communities
around the site to ensure the project assesses existing
community vulnerabilities, and considers the potential effects,
positive or negative, to people with low incomes, communities
of color, persons with disabilities, and other traditionally
underserved populations.

e Ensure strict compliance with building codes. Consider increasing See Follow Local Building
the design wind speed above the code minimum to enhance the Codes.
wind resistance of the structure.
Resources

e Protect Your Property From Severe Winds—FEMA
https://www.fema.gov/sites/default/files/2020-11/fema_protect-
your-property severe-wind.pdf

e Wind Factor —
https://riskfactor.com

Additional Resources for Structures

There are many structure-specific strategies to mitigate the impacts
of strong winds, many of which are required by local building codes.
For areas without locally adopted building codes, refer to the State
Building Code, if adopted, or the Model International Building Codes.

For more information, see the following guidance:

e Construction Manual: Principles and Practices of Planning, Siting, Designing,
Constructing, and Maintaining Residential Buildings in Coastal Areas (Fourth
Edition)—FEMA 2011

Mitigation Ideas for Natural Disasters—FEMA 2013
https://www.fema.gov/sites/default/files/2020-06/fema-mitigation-

ideas_02-13-2013.pdf
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Heat Wave
and Drought

Key Statistics

1,200 years

since the western United States last experienced
a period of megadrought similar to current
conditions.**

13 percent

increase in cooling load for an urban building,
attributed to the heat island effect.!?

Up to 35°

decrease in surface temperatures is provided by
trees. Trees also reduce summer air temperatures
by 2° to 9°F.%°




Where Heat Waves and
Droughts Occur

Droughts happen throughout the United States, as the NRI map in
exhibit 4-18 illustrates, but there are clear concentrations of risk in the
west, southwest, and southern Florida. As noted in previous sections,
the NRl is a planning-level tool and does not account for all current and
future risks.

Exhibit 4-18. Drought Risk Index

Chapter 4. Site Analysis

Heat Wave and Drought

Map of Federal Emergency Management Agency’s (FEMA) National Risk Index (NRI) (https://hazards.fema.gov/nri/map) for drought,

which shows elevated risk in the central and western portions of the United States (accessed in 2022). The map is based on available
data and does not cover all future hazard risks. For comprehensive details about how the NRI can help you and its limitations, see the
National Risk Index Technical Documentation (https://www.fema.gov/sites/default/files/documents/fema_national-risk-index_technical-

documentation.pdf). Source: FEMA NRI

Heat waves can accompany droughts and are frequent in many of the
regions where droughts are a challenge. However, heat waves can also
be stand-alone events and often are a significant risk in urban areas,
where temperatures tend to be higher due to lack of vegetation, the
predominance of impervious ground and building surfaces that absorb
heat, and waste heat from buildings, transportation, and industry.

The NRI map’s data on heat wave risks (exhibit 4-19) are not complete
for all locations in the United States but clearly show a focus on the
hotter regions in the southwest, mid-west, and southern areas.

Site Planning for Disaster Mitigation Guidebook

See Site
Analysis - Introduction for

more information about the
FEMA National Risk Index
(NRI) Maps.
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Exhibit 4-19. Heat Wave Risk Index

Map of Federal Emergency Management Agency’s (FEMA) National Risk Index (NRI) (https://hazards.fema.gov/nri/map) for a heat wave,
which shows elevated risk in several areas on the east coast, west coast, and central United States, as well as large areas of “No Rating”
meaning there was a component score within the risk index of zero, so the risk index could not be calculated (accessed in 2022). The map
is based on available data and does not cover all future hazard risks. For comprehensive details about how the NRI can help you and its
limitations, see the National Risk Index Technical Documentation (https://www.fema.gov/sites/default/files/documents/fema_national-
risk-index_technical-documentation.pdf). Source: FEMA NRI
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Risks and Considerations

Climate Change and Future Risks

As climate change causes global temperatures to rise, heat waves are
occurring more frequently, and hot temperatures are lasting longer
than has historically been the case.'? Droughts have also expanded,
particularly the in the western and southwestern United States.'?’
Scientists predict that areas prone to drought will experience more
intense and frequent drought conditions in the future.

Weather pattern changes and more extreme weather events can

also influence the intensity and duration of a drought period. Climate
change is altering the timing of precipitation and reducing snowpack,

a key source of late spring and summer water for habitats and people.
Increasing heavy precipitation events can also create challenges for
places experiencing drought, as soils hardened by extended dry weather
cannot easily absorb sudden large volumes of rain. This hard soil can
result in runoff, increased flood risks, and extend the drought, as the
rain cannot infiltrate and recharge aquifers.'®
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Droughts

Water Scarcity and Water Quality Exhibit 4-20. Outdoor Water
Restrictions in Drought-Prone

Water shortages can have far-reaching implications. Extended Community

periods of water scarcity can lead to complex conflicts between
communities, agriculture, and industries. Significant shortages can also
impact infrastructure, as rivers provide drinking water, power from
hydroelectric dams, and water for industrial and agricultural uses. For
example, due to the prolonged drought currently impacting the western
United States, some reservoir levels are nearing historic lows, which
is threatening the ability of hydroelectric dams to provide consistent
power sources to the region and threatening water supplies.'?

Source: David Greitzer
Droughts can also negatively impact water quality in the form of
sediment, increased temperatures, and increased nutrient levels
when heavy rain and drought cycles promote the rapid growth of
organic material that is washed downstream. Low water levels in lakes
and streams also intensify the in-water pollutant load, which further
imperils habitat and challenges water purification processes.’* Drought
can also impact local infrastructure, particularly underground pipes and
conduit, due to excessive water pumping during drought periods.3!

Site planners locating infrastructure on drought-prone sites should
work with engineers and/or emergency managers to understand risks
to existing infrastructure and ensure new infrastructure is designed for
future site conditions.

Vegetation Stress and Soil Impacts

Droughts can significantly increase stress on vegetation and dry and
hardened soils, and decrease soil fertility, all of which can increase risks
for wildfire, floods, land subsidence, erosion and dust storms, heat wave
impacts, and other natural hazards.

Heat Waves

The United States is facing increasing public health risks from heat Exhibit 4-21. Urban Heat Islands
waves that disproportionately impact vulnerable communities, including

seniors, people with low-incomes, and communities of color.’** Heat

waves are most impactful in urban communities, where development

patterns, impervious and heat-absorbing road and building materials,

waste heat from mechanical systems, and transportation contribute to

higher temperatures.*?

Person utilizing mist cooling strategy during
hot weather. Urban heat islands can pose

a significant public health threat to people
who live in cities and urban areas. Source:
Khmelnytskyi Bogdan
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Exhibit 4-22. Projected Summer Temperature by 2080-2090

Map of projected average summer temperatures by 2099 shows significant hot spots in the southwestern and southern United States.
Source: Climate Impact Map, 2019 via Katharine Burgess and Elizabeth Foster, “Scorched—Extreme Heat and Real Estate”

Site planners that understand their site’s microclimates, local weather
patterns, and climate trends will be better able to locate development

to take advantage of areas providing some natural refuge from the

heat. Documenting prevailing wind direction and wind speeds, seasonal
temperature ranges and humidity levels, and solar radiation can help site
planners design for hotter temperatures.’3* Conservationists are increasingly
looking to north-facing slopes as areas for protection, as they tend to

have cooler temperatures.’®> Documenting slopes and understanding the
potential benefits of these microclimates can increase resilience.

Strain on electrical grids, sometimes due to increased use of air-conditioning
(especially in places impacted by wildfire smoke), can result in power
outages. Infrastructure in climates not designed for high temperatures

may fail unexpectedly, as was the case in Portland, Oregon, in 2021, when
transit service was slowed and in one case canceled because the transit
infrastructure was threatened by extreme temperatures.3®

Growth Pressures

Growth is another factor in heat wave and drought-prone areas, particularly
as many urban areas have expanded into megaregions.'®” Sustainable
approaches to growth and development are a key opportunity; as Urban
Land Institute (ULI) researchers point out, “The built environment is
ultimately both a contributor to and a solution for extreme heat, especially
in cities, and presents numerous opportunities for mitigation and adaptation
at the building and neighborhood scales.”*3#
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Natural Hazard Interactions

Exhibit 4-23. Drought and Heat Wave Cascading Impacts

Suburban development
patterns with large lots can
increase outdoor water
usage, exacerbating water
shortages. Over-pumping of
groundwater during drought
periods can also increase risk
of subsidence.

Soils hardened by drought l,

can become impervious to
short rainstorms,
increasing flood risk.

L Heat waves, which often
accompany droughts, are
most impactful on urban

Vegetation dried by areas, where the built

drought can increase environment generates and
wildfire risk. traps heat.

Drought can stress water
reservoirs, impacting
regional water resources
and hydro-electric power
infrastructure.

an

Illustration depicting drought and heat wave impacts. Droughts are slow-moving natural hazards that can cascade into floods, wildfires,
subsidence, heat waves, and other hazards. Source: MAKERS

Exhibit 4-24. Natural Hazard Triggers for and from Heat Wave and Drought

Natural Hazards That Can Trigger Heat Natural Hazards That Can Be Triggered by
Wave and Drought Heat Wave and Drought
Wind (at a very high level). Vegetation dried by drought can act as fuel for wildfire.
Drought can exacerbate heat waves. Drought-hardened soils are less suited to absorbing

runoff, causing flooding.

Landslide (runoff, vegetation stress).
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Site Analysis

In areas where there are drought and heat wave concerns, site planners See Strategies Summar
should identify potential risks as well as opportunities for mitigation matrix and the Mitigation

and adaptation. Approaches chapter for

site planning strategies
relevant to heat and
drought hazards.

e Understand current and future local climate conditions, including
likely days of hot weather, precipitation changes, etc.

e Consult with professionals from multiple disciplines to ensure
thorough understanding of the site’s physical and ecological
conditions and how it can accommodate future development.
Specific expertise will range depending on the project. Typical
projects often include geotechnical engineers, biologists,
archaeologists, land-use planners, civil and traffic engineers,
structural engineers, architects, and landscape architects.

e Understand how heat waves could strain road, transit, stormwater,
water, sewer, power, and/or communications infrastructure that is
located on or provides service to the site.

¢ |dentify water sources, availability, and conservation measures See Water Supply.
and requirements.

¢ |dentify site microclimates, including areas of shade and solar
exposure, wind patterns, proximity to surface water bodies (offers
cooling), and heat gain areas. Consider seasonal differences,
humidity, solar radiation, and wind speed. Identify opportunities
for passive cooling, increasing ventilation, and natural refuge from
high temperatures.

e Assess site vegetation and soils (type, health, native and non-native, i )
water needs, ecosystem service benefits) to help conserve water, See Siting for Soils.
mitigate drought impacts, and mitigate and/or adapt to higher

temperatures. If feasible, work with professionals to conduct a full
ecological assessment of the site.

e Account for drought’s impact on soil. Expansive soils can damage or

destroy building foundations when exposed to extreme wet and dry See Protecting Soils from
periods. Extended droughts can also harden soils, limiting Drought.

infiltration capacity even when wet weather returns. This limited
infiltration can increase the risks of flooding from runoff and lead to
water quality challenges. Furthermore, in extended droughts,
people tend to over-pump groundwater resources, which can result
in land subsidence, a potential threat to buildings

and infrastructure.

e Consider the effects of drought conditions, subsidence, and heat
waves on infrastructure.

e Consider modeling for thermal comfort, considering solar exposure, See Passive Cooling and
shadows, urban heat island intensity, and wind.

Orientation for Cooling.

¢ Conduct a demographic inventory and analysis of the communities
around the site to ensure the project assesses existing
community vulnerabilities and considers the potential effects,
positive or negative, to people with low incomes, communities
of color, persons with disabilities, and other traditionally
underserved populations.
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Resources

¢ State and local hazard mitigation and/or climate adaptation plans.

e Heat Factor—https://riskfactor.com

e EPA—Adapting to Heat
https://www.epa.gov/heatislands/adapting-heat

e Urban Land Institute — Drought Resilience
https://americas.uli.org/research/centers-initiatives/urban-
resilience-program/drought-resilience/

e Urban Land Institute — Extreme Heat
https://americas.uli.org/research/centers-initiatives/urban-
resilience-program/extreme-heat-2/

e Boston — Heat Resilience Plan
https://www.boston.gov/environment-and-energy/heat-resilience-
solutions-boston
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Wildfire

Key Statistics

7 million acres

have been burned annually by wildfires over the
last 20 years, which is double the average burned
in the 1990s.*

$24 billion

in damages were caused by wildfires in 2017, the
costliest year for wildfires. Wildfires caused $22
billion in damages in 2018 and $16.5 billion in
2020.14°

43.5 million

housing units are located in wildland-urban
interface (WUI) areas. Found in every state in the
United States, roughly one-third of the United
States population is located in WUI areas.™




Where Wildfires Occur

Wildfires occur in many areas but are particularly common in western
states, as well as areas of the central and southeastern United States.
FEMA's Risk Index shows some of the current wildfire risks, although
this map is not comprehensive of all current risks. Although many once
believed wildfires were only a significant threat to rural communities,
many suburban and urban communities are also affected. In December
2021, the Marshall Fire started as a grass fire and tore through a
suburban community in Boulder County, Colorado, destroying over
1,000 homes and causing more than $500,000,000 in damages.**

Exhibit 4-25. Wildfire Risk Index
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Wildfire

See Site
Analysis - Introduction for

more information about
the FEMA National Risk
Index (NRI) Maps.

Map of Federal Emergency Management Agency’s (FEMA) National Risk Index (NRI) (https://hazards.fema.gov/nri/map) for wildfires,

which shows elevated risk throughout the western United States and in parts of the southeast (accessed in 2022). The map is based on
available data and does not cover all future hazard risks. For comprehensive details about how the NRI can help you and its limitations,
see the National Risk Index Technical Documentation (https://www.fema.gov/sites/default/files/documents/fema_national-risk-index

technicaldocumentation.pdf). Source: FEMA National Risk Index
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Risks and Considerations

Increasing Risks

Wildfires have been increasing in severity and frequency in recent Exhibit 4-26. Wildfire Burning in a
years, which is impacting communities on a broad scale. There are Hillside Community in Colorado
several factors that influence this trend. For decades, the United States
Forest Service and other wildland management entities pursued fire
suppression as a key management approach and worked to reduce how
fire impacted wildlands. This practice resulted in a build-up of forest
vegetation, which has increased the fuel in wildlands across the United
States.'* Secondly, population growth in and around wildlands, often
referred to as the wildland-urban interface (WUI), means that more
communities are exposed to fires when they occur. WUI areas can be
any developed area where conditions allow for the ignition and spread
of wildfire through the combination of vegetation and structures or
infrastructure.* Thus, the WUI covers a spectrum of development that
can span from rural to urban settings.

Source: joseph gruber

Exhibit 4-27. Continuum of Wildland to Urban Densities

Wildland-urban interface areas can exist within a continuum of development, from wildlands or urban areas. Source: Community Planning
Assistance for Wildfire, a program of Headwaters Economics
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Climate change is also reshaping wildfire patterns throughout the
United States. Extended spring and summer, extreme temperatures, and
changes in snowpack and precipitation patterns create dry conditions
and stress vegetation, which has increased the frequency of fires and
extended the length of the wildfire seasons.* The area burned by
wildfires also appears to be increasing, with the top 10 years of the
largest acreage burned occurring since 2004.1*¢ These impacts will
continue and may worsen as temperatures continue to rise due to
climate change.

Growth Pressures

Increased population growth also contributes to wildfire risk. Between
1990 and 2010, WUI lands were the fastest growing areas in the United
States. This growth was predominantly driven by housing development,
a trend anticipated to continue.*’ Since wildfire ignition is often human-
caused, the increased population in the WUI also heightens the risk.

Exhibit 4-28. Home Growth Rate in the Wildland-Urban Interface
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WUI = wildland-urban interface. Source: U.S. Department of Agriculture Forest Service via Mowery et al. (2019), “Planning the Wildland-

Urban Interface”
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Site Planning and Fire Behavior

Site planners, particularly those working in WUI areas, should
understand how sites can influence wildfire behavior and risk. Scientists
have identified three key factors that influence the behavior of wildfires:
fuel, weather, and topography.'*® Fire models that incorporate potential
fire behavior can also inform site and community planning decisions
about where to locate development.

Fuel Sources

Combustible sources of fuel include wildland vegetation (trees,
understory, and grassland), cultivated vegetation (i.e., landscaping),
structures, decks, fences, propane tanks, and other features in the
built environment. Vegetation around homes can significantly increase
wildfire risk to the structure, and management of vegetation around
structures is recommended. This issue impacts multiple sites; fire can
spread through connected properties that have not reduced fuels
through active management.

Plant species can also play a role in the spread and intensity of a
wildfire.'*® Certain types of vegetation are highly flammable and should
be avoided in wildfire-prone areas. Vegetation can also become fire-
prone if it lacks moisture, such as in periods of drought or if it is in poor
health. When assessing site vegetation, site planners identify plant
species that are flammable or otherwise in poor condition and consider
whether these plants should be removed or thinned. Protecting or
adding plants that are native and/or adapted to wildfire conditions can
contribute to the site’s overall resilience.

Built items around structures and building materials such as roofs and
siding can also become a source of wildfire fuel.’*® These items can
include mulch, patio furniture, decks, organic material in gutters, and
even building materials such as siding. Site planners working on infill
sites or around existing development should note the proximity of fuels
to structures when evaluating a site for development.

Analyzing wildfire fuel sources in the context of the site is also
important, as sites located near or adjacent to unmanaged forests

or open spaces can be exposed to sources of heat and embers.
Consultation with qualified forestry and fire behavior specialists may be
necessary to evaluate local wildland conditions that could influence the
risk to development.

Weather and Topography

Analyzing site topography, weather and microclimate conditions,
plant communities, and surrounding context are fundamental to site
planning. In the context of wildfires and development in WUI areas,
site planners need to understand how these conditions relate to
wildfire risk.

Wind exposure. Wind is the most critical factor influencing fire behavior
in that it can increase or decrease soil moisture, bend flames, carry
embers to nearby locations, supply a fire with oxygen, and direct the
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fire path.*®* Close attention to local wind patterns and site conditions is
important. Trees can provide a beneficial windbreak but should also be
identified as potential fuel sources.

Weather, precipitation, and microclimate. Precipitation, temperature,
and humidity can all influence wildfire behavior. Local climate patterns,
future projections, and microclimate conditions (e.g., shaded areas) can
all influence wildfire risk.

Topography. Slopes play an important role in fire behavior and influence
how a fire can start and spread:*>?

¢ Flames, rising heat, and turbulent air within a fire can heat, dry, and
ignite upslope fuels.

e Embers and/or burning material can roll downhill.

¢ Nighttime cooling and weather changes can cause winds to blow
down slopes.

¢ Firefighting activities are more challenging on slopes.

Other aspects of site topography, including aspect, terrain, and
elevation, can also influence wildfire exposure and risk. South-facing
slopes are the most exposed and tend to have higher fuel loads. Sites
with varied terrain can result in complex wind patterns and fire behavior
and increase the speed of spread. Air temperature changes in some
higher elevations can also create unstable fire behavior.’*3 Site planners
working on or near slopes should understand how topography can
influence fire behavior and identify areas where future development
would be least exposed.

Emergency Response and
Infrastructure Needs

Emergency Access

Preparing an emergency plan that covers service centers and evacuation
routes is essential. Also important in mitigating wildfire hazard

exposure is ensuring adequate (i.e., redundant) emergency access and
evacuation routes.**

Water Source Stability and Supply

Water supply is essential to development and must be carefully
considered not only in terms of a community’s regular use but also
in terms of emergency response needs. Water is a critical tool to
fight wildfires; however, fire suppression agencies often exhaust

an area’s water supply before fully suppressing the fire. Water can
also be contaminated by fire, which temporarily reduces community
water supplies.
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Power Source and Supply Options

One of the leading causes of wildfires is sparks from substations and
other electric infrastructure. Wildfires are also caused when above-
ground power lines in undeveloped areas snap during storms or due to
downed power poles. Pivoting to community microgrids and removing
above-ground power networks reduces risks by removing fire-prone
infrastructure from fuel-rich areas. These safety precautions also create
a more stable power supply during widespread emergencies that impact
the regional power grid.

Exhibit 4-29. Wildfire Risk With Utility Corridors

Overheated power utility corridors have ignited significant wildfires in recent years and can increase risk in some areas.
Source: iStock 1292455183
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Natural Hazard Interactions

In addition to increased wildfire risk from human interaction in the WUI,
other hazards may increase the risk of wildfire.

Exhibit 4-30. Wildfire and Landslide Cascading Hazards

Wildfire burns forest, killing
vegetation and altering soil
conditions. This results in runoff
and increased landslide risk.

Communities outside the
burned area may survive
the wildfire with minimal L
damage but remain :
vulnerable to landslide // : :
risks and floods. ’ :

e

Embers spread wildfire,
impacting adjacent
communities.

Wildfire impact on a region and the subsequent risk of landslide to nearby communities. Source: MAKERS

Exhibit 4-31. Natural Hazard Triggers for and from Wildfire
Natural Hazards That Can Be Triggered

Natural Hazards That Can Trigger Wildfire

by Wildfire
High Winds can lead to the rapid spread of wildfire. Landslides are common following wildfires where
native vegetation cover is disturbed or destroyed, and
Heat Waves and Drought can reduce the amount of | 54j|s repel water, increasing runoff, erosion, and the

moisture within the soil and living vegetation, creating | risk of debris-flow landslides.
highly flammable fuels that will burn aggressively.

_ o Drought and Desertification can worsen due
Severe Storms can often trigger wildfires through to wildfire depleting moisture in soils and

lightning, which is then compounded by high winds. destroying vegetation.

Flooding triggered by runoff from burned areas often
follows wildfires.

Winds generated by wildfire carry tinder and
embers to other locations, which can trigger
additional wildfires.
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Site Analysis

Site planners, particularly those working in WUI areas, need to consider
wildfire exposure and use emerging tools to reduce wildfire risks:

Reference local and regional hazard mitigation plans and other tools
to understand local wildfire risks.

Consult with professionals from multiple disciplines to ensure
thorough understanding of the site’s physical and ecological
conditions and how it can accommodate future development.
Specific expertise will range depending on the project. Typical
projects often include geotechnical engineers, biologists,
archaeologists, land-use planners, civil and traffic engineers,
structural engineers, architects, and landscape architects.

Understand and identify potential wildland and built fuel sources
on and adjacent to the site. If feasible, work with professionals to
conduct a full ecological assessment of the site.

Understand how weather and topography influence wildfire
behavior and incorporate this information into site analysis.

Observe and document onsite wind conditions and investigate
directional and seasonal patterns in WUI areas. Areas sheltered
from winds by site topography or other features should also

be noted.

Identify existing water sources and understand the capacity to
support the development and wildfire response.

Identify power sources to assess whether these sources increase
wildfire risk and/or may be vulnerable during a wildfire.

Understand increased risks from landslides and flooding in
areas already affected by fire as well as increased risks in areas
downstream or downhill of burned areas.

Assess the flammability of any structures in close proximity to
proposed buildings on the site (i.e., flammable building materials,
exposed vents, etc.)

Conduct a demographic inventory and analysis of the communities
around the site to ensure the project assesses existing

community vulnerabilities and considers the potential effect,
positive or negative, to people with low incomes, communities

of color, persons with disabilities, and other traditionally
underserved populations.
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See Strategies Summary
matrix and the Mitigation

Approaches chapter for

site planning strategies
relevant to wildfire
hazards.

See Building Spacing for

Wildfire.

See Water Supply.

See Power Utilities.
See Fire Safe Structures.
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Resources

Local Community Wildfire Protection Plans (CWPPs), if
available; state planning, land management, and natural
resources agencies/departments

State and local hazard mitigation and/or climate adaptation plans.

Fire Factor—https://riskfactor.com

U.S. Department of Agriculture Forest Service: Wildfire Risk
to Communities—https://wildfirerisk.org/

National Interagency Fire Center—https://www.nifc.gov/

Urban Land Institute - Wildfire Resilience
https://americas.uli.org/research/centers-initiatives/urban-
resilience-program/wildfire-risk/
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Landslide

Key Statistics

$2.5-5.5 billion

in damages are caused by landslides in the United
States each year (adjusted for inflation).'>®

25-50 people
are killed on average each year by landslides in the
United States.®




Chapter 4. Site Analysis

Where This Hazard Occurs

Broadly speaking, landslides are a downslope movement of debris

that can be exacerbated by land use activities. Two landslide types

that should be considered in impact site planning: shallow and deep
landslides. Generally, shallow landslides are small and driven by intense
rainfall or channelized surface water that saturates the soil and can
mobilize into a flowing landslide. These flowing landslides can move

at high speeds, reaching locations far from where they originated and
causing impacts across a large area. Houses, roads, and utilities can be
severely damaged or destroyed. The speed of shallow landslides can
also create significant public safety threats.’

Conversely, deep landslides can occur over a very large area (up to many

Landslide

acres) but are slow moving hazards, generally starting hundreds if not See Site

thousands of years ago. These ancient landslides remain on the Analysis - Introduction for
landscape, often without movement or obvious evidence of the more information about the
underlying risk. Land use activities, such as grading and vegetation FEMA National Risk Index

removal, can reactivate these landslides. In addition, sustained periods
of above average precipitation (months to years) can also reactivate
deep landslides. Generally, deep landslide reactivation movement is
slow and isolated, so houses, roads, and utilities can be severely
damaged, but the threat to public safety is low due to the

slow movement.

Maps.

Landslides are a common and widespread phenomenon in the United
States,™® but there are areas where risks are more prevalent. The

Risk Index identifies hot spots of landslide risk throughout the west
and in mountainous regions of the east coast, but there are landslide
risks in every state. Landslides that are not caused by people are part
of a natural geologic process that can benefit ecosystem biodiversity
and functioning. Landslides supply materials to help maintain habitat
in streams and create disturbances that allow for new plant growth
and new habitats.’® Landslides can also be caused by people, often
through development, industry, natural resource extraction, and other
intensive human uses of natural landscapes. Landslides can threaten
communities, roads, infrastructure, and/or public safety and can result
in significant disasters if not managed and/or mitigated.
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Exhibit 4-32. Landslide Risk Index

Map of Federal Emergency Management Agency’s (FEMA) National Risk Index (NRI) (https://hazards.fema.gov/nri/map) for landslides,
which shows widespread elevated risk across the United States (accessed in 2022). The map is based on available data and does not cover
all future hazard risks. For comprehensive details about how the NRI can help you and its limitations, see the National Risk Index Technical
Documentation (https://www.fema.gov/sites/default/files/documents/fema_national-risk-index_technical-documentation.pdf). Source:
FEMA NRI
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Risks and Considerations

Increasing Risks

The risk from landslides has grown substantially as population growth
and development into hillslope and wildland-urban interface areas

has increased. Some existing communities are grappling with a new
awareness of landslide risks to their homes, roads, and infrastructure,
driven by evolved mapping technology and a better understanding of
geologic conditions that can trigger landslides. That said, significant gaps
in landslide occurrence maps persist,'®® and development pressures
continue into potentially landslide-prone areas.

Exhibit 4-33. Damage From a Deep Landslide

Chapter 4. Site Analysis

Landslide

In 1998 and after three years of above average rainfall, an ancient landslide in western Washington started to move again. Over 130
houses, including roads and utilities, all built on and adjacent to the ancient landslide, were slowly destroyed. Source: J. David Rogers and

Washington Geological Survey

Landslide risks are also increasing due to climate change, as rising
temperatures lead to changes in precipitation patterns and more
extreme weather events. Other natural hazards, also influenced by
climate change, can trigger landslides, including floods and wildfires,
which can change soil stability or moisture and can cause slopes to
collapse.® Increasingly extreme weather events suggest that landslides
are likely to be more common in the future.

Insurance Considerations

A typical homeowner’s insurance policy does not cover damage
from landslides, despite widespread risks across the country,
many of which are not fully recognized or understood.

For more discussion on insurance and landslide risks see the following resource:

Landslide insurance | Washington state Office of the Insurance Commissioner
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Impacts of Development T ——

Many typical site development practices can increase the risk Topography Integration.
of landslides:

e Grading a site to produce developable pads on slopes, including
slope cutting or filling, which can reduce slope stability.

See Compact Development
e Hydrology changes, such as relocating or eliminating a stream or and Greening the Grey—

swale can affect site drainage and cause increased soil saturation
during heavy rain, reducing slope stability.

Managing Stormwater.

e Overwatering of lawns and landscaping at the top of slopes adds
weight and reduces stability.

e Impervious surfaces such as asphalt, pavement, and building roofs N
channel rainfall into stormwater flows, which can cause erosion or See Slope Stabilization.
slope saturation if not properly directed.

e Removal of vegetation reduces slope stability, especially when trees

with deep, anchoring roots are removed. Unplanted slopes are also
highly susceptible to erosion.

Exhibit 4-36. Landslide Impacts in Residential Areas Exhibit 4-35. Damage From Oso
Landslide, Washington

The 2014 SR530 “Oso” landslide in
Washington State that took 42 lives,
destroyed dozens of buildings and a section
of a state highway, and also blocked a

river that resulted in upstream flooding.
Source: “Aerial view of side of hill and SR

Left: Aftermath from the 2005 Laguna Beach, California, Landslide. This photo shows 530 after the March 22, 2014, landslide”,
one of the houses damaged by the 2005 Laguna Beach Landslide. Right: A debris flow © 2014 Washington State Department of
in Marin County, California, triggered by intense rainfall, destroyed several homes and Transportation, CC BY-NC-ND 2.0, Flickr

injured one person in February 2019. The view is looking from the top of the landslide
downslope. Sources: U.S. Geological Survey (USGS)/Pam Irvine, California Geological
Survey, via Flickr, 2.0 Generic (CC BY 2.0) (left); Brian Collins, USGS (right)
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Natural Hazard Interactions

Exhibit 4-37. Landslide and Flood Impacts

Intense rain can trigger
shallow landslides and
fast-moving debris flow.

N

Deep landslide triggered by
prolonged rain and/or
seismic event flows down
the slope.

Upstream community
impacted by flood from
downstream landslide
that blocks a river.

Flooding can erode and
destabilize riverbanks,
creating new landslide risks.

Landslides can cause flooding by disrupting hydrological systems. Landslides can happen naturally, but development patterns in sloped

areas can also increase landslide hazard risks. Source: MAKERS

Exhibit 4-38. Natural Hazard Triggers for and From Landslide

Natural Hazards That Can Trigger Landslide

Wildfires damage or destroy vegetation and can create
soils that repel water, increasing runoff and erosion
and increasing risk for debris-flow landslides.

Hurricane and heavy rain events saturate soil,
increasing the weight of a slope, while permeation into
the slope reduces its strength.

Earthquakes often cause landslides in many different
terrain types, including areas with minimal slope.
Increased precipitation before the earthquake
saturates the soil and increases the risk of landslide or
ground movement.

Flooding can cause landslides, especially when
floodwaters rapidly recede, leaving behind saturated
slopes and riverbanks.

Natural Hazards That Can Be Triggered
by Landslide

Flooding can occur when landslides block rivers.

Tsunami/displacement wave can occur when a
landslide flows into a body of water such as a lake or
bay or when there is an underwater landslide.
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Site Analysis

Site planners working in landslide hazard areas and on sloped sites
should be aware that landslide risks may be present even outside of
mapped hazard locations and that landslide risks are likely to increase
over time.

¢ Review soil, landslide hazard, and topographic maps to identify
slopes, soil types, highlight known landslide hazard areas, and
identify water flows on a site.

e Consult with professionals from multiple disciplines to ensure
a thorough understanding of the site’s physical and ecological
conditions and how it can accommodate future development.
Specific expertise will range depending on the project. Typical
projects often include geotechnical engineers, biologists,
archaeologists, land-use planners, civil and traffic engineers,
structural engineers, architects, and landscape architects.

o Refer to local landslide hazard plans as well as watershed plans,
stormwater management guidance, and other spatial analysis
resources to assess how adjacent development patterns may
influence hydrology, erosion, etc.

e Understand that deep landslides are slow-moving hazards that can
cover a large area and impact a site absent of adjacent steep slopes
or other evidence of land movement.

e Perform a geotechnical evaluation to understand risks and influence
site planning and design development. (This evaluation is a common
requirement on sloped sites.)

¢ Inventory site vegetation to identify areas where plant root systems
may or may not contribute to slope stability. If feasible, work with
professionals to conduct a full ecological assessment.

e Consider how local impacts from climate change may influence
future conditions at the site through increased rain events, flooding,
wildfires, drought, or other events.

¢ Conduct a demographic inventory and analysis of the communities
around the site to ensure the project assesses existing
community vulnerabilities and considers the potential for impact,
positive or negative, to people with low incomes, communities
of color, persons with disabilities, and other traditionally
underserved populations.
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See Strategies Summary
matrix and the Mitigation

Approaches chapter for

site planning strategies
relevant to landslide
hazards.

See Landslide Avoidance.

See Soil Stabilization and

Shoring.
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Resources

U.S. Geological Survey (USGS)—U.S. Landslide Inventory—A
web-based interactive mapping resource that is compiled from
local, state, and federal agencies. While this inventory is updated
annually, it is not a comprehensive resource, as there are significant
gaps in landslide risk mapping across the county, with no state
having a complete inventory of landslides.
https://usgs.maps.arcgis.com/apps/webappviewer/index.
html?id=ae120962f459434b8c904b456c82669d

USGS—Landslides 101—
https://www.usgs.gov/programs/landslide-hazards/landslides-101

Homeowners Guide to Landslides for Washington and Oregon—
https://file.dnr.wa.gov/publications/ger _homeowners_guide

landslides.pdf
Geology in the Public Interest—https://www.publicgeology.org/

Site Planning for Disaster Mitigation Guidebook

Chapter 4. Site Analysis

Landslide

99



Earthquakes
and Tsunamis

Earthquakes and tsunamis
are combined in this section,
as tsunamis are often
caused by earthquakes.

Key Statistics
9.2 magnitude

earthquake, which struck south-central Alaska in
1964, is the largest ever recorded in the United
States. The earthquake was felt throughout Alaska
and as far away as Seattle. Tsunami waves created
by the earthquake caused damage in Oregon and
California.'®?

28 million

people live in areas that have a high potential
to experience damaging shaking from an
earthquake.'®3

143 million

people in the continental United States live and
work in areas with some potential risk of damaging
shaking from earthquakes. When Alaska, Hawaii,
and Puerto Rico are added, the number increases
to nearly one-half of all Americans.




Where Earthquakes and
Tsunamis Occur

Earthquakes

Earthquakes occur more frequently on the West Coast, Alaska, and
Hawaii, but there are varying levels and frequencies of seismic activity
in other parts of the country.

Communities exposed to varying levels of earthquake hazards include
some major cities developed before there was a clear understanding of
seismic risk. Population growth and related development have
continued in many of these areas. The use of consensus building codes,
such as those maintained by the International Code Council (ICC),
provides for life safety design for earthquakes. These modern codes
offer seismic design guidelines and mitigation solutions with strategies
for selection of materials, performance objectives, and use of seismic
protection technologies. Some site planning approaches, such as ground
improvement, can reduce seismic impacts by addressing shelter,
evacuation, and foundation stability.

Exhibit 4-39. Earthquake Risk Index
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See Site
Analysis - Introduction for

more information about the
FEMA National Risk Index
(NRI) Maps.

Map of Federal Emergency Management Agency’s (FEMA) National Risk Index (NRI) (https://hazards.fema.gov/nri/map) for earthquakes,

which shows elevated risk along the west coast and in pockets in the central United States and the southeast coast (accessed in 2022). For
comprehensive details about how the NRI can help you and its limitations, see the National Risk Index Technical Documentation (https://

www.fema.gov/sites/default/files/documents/fema_national-risk-index_technical-documentation.pdf). Source: FEMA NRI
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Tsunamis

Tsunamis are considered co-seismic hazards, as they are often caused
by earthquakes and/or volcanic activity. Landslides in and around water
can also result in displacement waves, which can have similar impacts
as tsunamis. Tsunami risks in the United States are concentrated on the
coastal communities of the West Coast, Alaska, and Hawaii, and include
several major cities and population centers, smaller coastal cities and
towns, and tribal communities. Consensus building codes also include
design provisions for tsunami loads and effects.

Exhibit 4-40. Tsunami Risk Index

Map of Federal Emergency Management Agency’s (FEMA) National Risk Index (NRI) (https://hazards.fema.gov/nri/map) for tsunamis,
which shows elevated risk along the western coast of the United States and in Alaska and Hawaii (accessed in 2022). The map is based on
available data and does not cover all future hazard risks. For comprehensive details about how the NRI can help you and its limitations,
see the National Risk Index Technical Documentation (https://www.fema.gov/sites/default/files/documents/fema_national-risk-index
technical-documentation.pdf). Source: FEMA NRI
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Risks and Considerations

Earthquake Damage

Severe earthquakes can cause widespread damage across a region.
Shaking can cause ground movement and other landform ruptures,
which can damage subsurface infrastructure, such as water and

sewer lines, and aboveground infrastructure, including power and
communications utilities.'®* Transportation infrastructure, including
roads, bridges, overpasses, embankments, and toll structures, can also
be vulnerable to earthquake damage. Losses in heavily populated areas
can result in significant economic effects from physical damage and
greater effects from disaster recovery time, and even potential loss of
human life. Subsidence in coastal areas can increase relative sea level
rise and exacerbate flood and storm impacts.'®®

Exhibit 4-41. Earthquake Damage
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At left, damage resulting from the August 2014 South Napa, California, Earthquake as observed from USGS rapid-response overflight

-

operation. Source: U.S. Geological Survey. At right, liquefaction-related tilting of home in San Francisco from the 1906 earthquake. Source:

G.K. Gilbert of the U.S. Geological Survey.

Under certain conditions, earthquakes can trigger the phenomenon
of soil liquefaction, when the ground vibration causes unconsolidated,
water-saturated soils to soften and behave like liquid. Low-lying areas
are often most vulnerable to liquefaction-induced damage, which
includes large lateral movements of the liquefied ground towards

the water mass and structural and foundation damage (i.e., tilting)

to buildings and infrastructure. In communities whose sites have
subsurface soils and groundwater conditions that expose them to
seismically induced liquefaction, modern (consensus) codes require
that liquefaction is addressed either by design (such as appropriate
foundation systems) or by intervention to the site before any
buildings are in place (such as installation of drains or improving the
ground beforehand).
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Human-caused groundwater changes can also result in increased Exhibit 4-42. Earthquake
seismic activity, as has been documented in mid-western areas due Damage
to wastewater disposal from oil and gas production operations.¢®

Widespread subsidence can be another result of human-driven

groundwater changes, as is evidenced by Mexico City in Mexico, a

historic city built on a dry lake-bed that has significant challenges with

land subsidence, earthquakes, and flash flooding that persist into

current day.’’ In San Joaquin Valley, California, agricultural land uses

over the last century have resulted in significant land subsidence from

over-pumping and aquifer system compaction, resulting in subsidence

in the region that ranges from 1 to 28 feet.1®®

Exhibit 4-43. Subsidence in the San Joaquin Valley Liquefaction caused by an earthquake in
Christchurch, New Zealand. Source: “The
Palms in Liquefaction,” Peter Prue, February
22,2011, Christchurch, New Zealand, Flickr,
CCBY-SA 2.0

Image of subsidence in the San Joaquin Valley, California, occurring between 1988 and
2013 due to over-pumping and aquifer system compaction. Source: U.S. Geological
Survey

Structures can be damaged by the shaking of the ground during an
earthquake, impacts from exterior or interior non-structural elements
(e.g., falling debris, equipment, furnishings), and changes to the

overall landform and the soil conditions where foundations bear in.
Mitigating damage from earthquakes is a key focus of engineering and
architectural designs in seismic-prone regions. See the resources section
for links to more detailed resources on earthquake considerations

for structures.

The extent of damage and the area and population that are impacted
by an earthquake are not only dependent on the magnitude of the
earthquake, but also the distance from the earthquake epicenter. This
factor has significant variabilities between the east and the west parts
of the United States. For example, the moderate magnitude 5.8 Mineral,
Virginia, earthquake became the most felt event in modern United
States history, with the main “felt area” extending more than 500 miles
from the epicenter. Some reports came from a maximum distance

of 1,000 miles, an astonishing distance for an earthquake of this
magnitude, covering an area where more than one-third of the United
States population resides. The slow decay of this earthquake energy is a
regional characteristic that can be attributed to the older, less worked,
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and harder regional bedrock that generates high frequency earthquake
motions and that can travel great distances before subsiding. An actual
comparison of maps from the United States Geological Survey Did You
Feel It? dataset illustrates this striking difference.®®

Exhibit 4-44. Comparisons of USGS “Did You Feel It” maps
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Comparison of USGS Did you Feel It? Maps from the 2011 M5.8 Mineral, VA (green), and the 2004 M6.0 Central California (red)
earthquakes. Stars show epicenters and dots show locations where people reported at least weak shaking. Source: USGS

Tsunami Damage

Tsunamis occur when an earthquake offshore, or even across the ocean,
results in large waves that can damage or destroy coastal communities.
Most tsunami waves are less than 10 feet tall but can exceed 100 feet in
extreme events. When a tsunami comes ashore, it may look like a fast-
rising flood or a wall of water. Sometimes, before the water rushes on
land, it will drain away suddenly, showing the ocean floor like a very low,
low tide. A large tsunami can flood low-lying coastal areas more than

a mile inland. The first wave may not be the largest or most damaging.
Waves may repeatedly flood and recede from the land for many
hours.'”® Tsunami waves are challenging to predict, as the wave action
depends on a number of factors. Coastal wetlands, dunes, and forests
can act as natural buffers against tsunamis. Climate change and human
development have reduced the size and capability of these natural
features to serve as buffers.”* While the physical impacts of tsunamis
are local, the devastation from large tsunamis can have regional and
national impacts to social and economic systems.
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Exhibit 4-45. Tsunami Damage

Tsunami Damage in Downtown Banda
Aceh, Indonesia, in 2004. Source: Michael
L. Bak, January 1, 2005, U.S. Military, Public
Domain
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Climate Change and Seismic Hazards

Scientists are still gaining an understanding of how climate change may
change seismic activity in the future, but recent research indicates
there are ways that climate change influences seismic risk. Melting
glaciers have been shown to influence the timing and severity of seismic
events.'’? Sea level rise is increasing groundwater levels in many coastal
areas, which can, in turn, increase the potential for soil liquefaction
during an earthquake.'”® Scientists are currently working to better
understand how sea level rise may increase liquefaction risks in low-
lying areas. Site planners working in coastal areas with seismic risk need
to be aware of the potential for sea level rise to create seismic hazards
beyond what current maps show and to work with local community
planners, hazard mitigation specialists, geotechnical engineers, and
geology specialists to understand how higher water tables could
increase hazard risks. Furthermore, subsidence from earthquakes

that occur in coastal areas can exacerbate the effects of sea level rise,
increasing the risk for coastal communities, both from earthquakes and
tsunamis. Seismic risk in areas previously covered with permafrost is
also a serious concern.

Dry soils, caused by extreme droughts, can stress and crack foundations
and cause subsidence, making structures more vulnerable to
earthquake events, as has been documented in Europe.”* Climate
change is also altering site conditions that can weather the material

of buildings and infrastructure faster and in more ways than what the
original design intent at the time of construction was, when climate
change may not have been so severe as they are now. This may

leave structures potentially more vulnerable to damage from high
wind, corrosive salt spray, humidity, and other conditions, including
earthquakes that are not directly connected to climate changes.

The deadly 2021 collapse of a multistory condominium in Surfside,
Florida, raised questions in the engineering and scientific communities
about maintenance and the need to pay closer attention to changing
soil conditions in coastal areas due to sea level rise and other

climate effects.?’®
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Warning and Evacuation

Earthquakes

For earthquakes, the focus is on preparation and disaster recovery
rather than evacuation, as there is virtually no reliable prediction
method that can accurately forecast when, where, and with what
magnitude earthquakes may occur. West coast states have developed
warning systems that can give communities seconds of lead time to
address critical facility functions and take cover. These few seconds of
warning can save lives and prevent cascading effects, such as major
fires. Since 2022, the USGS and its partners established ShakeAlert®,
an earthquake early warning system for the West Coast of the United
States that detects significant earthquakes so quickly that alerts can
reach many people before shaking arrives, offering a message that

indicates that an earthquake has begun and that shaking is imminent.’

Exhibit 4-46. ShakeAlert® early warning system

Overview of how the ShakeAlert Earthquake Warning System works. Source: USGS
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Tsunamis

For tsunamis, evacuation is an important strategy for saving lives.
Advanced warning times depend on the location of the community
and the earthquake and can range from minutes to hours. Some areas
may have time to evacuate via roads, but for some low-lying coastal
communities, or when there is limited warning, vertical evacuation
structures allow people to quickly get above the inundation area.t””
Vulnerable populations (older adults, children, etc.) and critical
facilities, such as hospitals, schools, nursing homes, and incarceration
facilities, will face additional challenges with timed evacuation.
Established in coordination with the National Tsunami Hazard Mitigation
Program, a federal/state partnership led by NOAA, the United States
TsunamiReady® voluntary program helps communities prepare for
tsunamis and minimize tsunami-related losses through better planning,
education, and awareness.'’®

Exhibit 4-47. Vertical Evacuation Structure
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A vertical evacuation structure built to protect the Shoalwater Bay Indian Tribe from tsunami effects in Washington State. Source:
Washington Military Department, https://mil.wa.gov/news/celebrating-nations-first-tsunami-vertical-evacuation-tower
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Natural Hazard Interactions

Exhibit 4-48. Seismic Hazards and Sea Level Rise

Rising groundwater increases the —
area where soils may be vulnerable
to liquefaction. Urban areas built
over fill soil can be even more
susceptible to liquefaction.

Subsidence following
earthquakes can permanently _\

alter coastlines and shorelines,

resulting in more flooding.

Seismic activities can increase
landslide risks particularly in
hillside communities.

Sy &
(L R Rising groundwater
levels in areas with

current or prior
SLR causes industrial land uses can
groundwater move soil pollutants,
levels to rise in increasing risks to
coastal areas. nearby communities.

SLR = sea level rise. Rising groundwater can increase the risk of liquefaction in coastal areas, many of which are highly developed. Rising
groundwater can also move pollutants from contaminated soils, threatening adjacent communities.

Source: MAKERS

Exhibit 4-49. Natural Hazard Triggers for and from Earthquakes and Tsunamis

Natural Hazards That Can Trigger Tsunamis MBI In P 15 Tlls (S8 B2 Tl R e
by Earthquakes

Earthquake

Landslide

Landslides Wildfire
Flooding Drought
Landslides

Flooding
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Site Analysis

Site planners working in areas with seismic and tsunami hazards should

understand risks and their relationship to the impacts of climate change. See Strategies Summary
matrix and the Mitigation
¢ Map and identify existing seismic hazard areas, liquefaction zones, Approaches chapter for

aquifer recharge areas, and areas for potential subsidence and also

consider the impacts of climate change. G (e SEL O

relevant to earthquake and

e Consult with professionals from multiple disciplines to ensure tsunami hazards.
a thorough understanding of the site’s physical and ecological
conditions and how it can accommodate future development.
Specific expertise will range depending on the project. Typical
projects often include geotechnical engineers, biologists,
archaeologists, land-use planners, civil and traffic engineers,
structural engineers, architects, and landscape architects.

e Understand how soil health and conditions can contribute to
resilience against earthquakes/liquefaction.

e Understand that subsidence can be caused by over-pumping See Soil Stabilization and
groundwater resources in drought-prone environments. W

e Understand local sea level rise predictions and how they might
exacerbate liquefaction and tsunami risks or increase weathering
pressure on coastal structures. Consider the need for more
seismically appropriate design in more areas than current codes
may require.

e Understand the geologic and geotechnical subsurface conditions
and site history to identify factors that could negatively affect
a development (e.g., presence of active faults, weak soils such
as uncontrolled fill, organic soft clays or soils) whose strength is
affected by natural hazards such as liquefiable sands or aeolian soils
that are vulnerable to flood, rain, or earthquake.

e Coordinate with local and state officials to understand tsunami risk

factors, including the area of impact, warning time, and availability See M
of local warning systems, and factor these risks into site selection. Evacuation, Shelter, and

Identify local early warning infrastructure that could be utilized or Lifelines Access.
expanded by site development.

¢ |n tsunami hazard areas, assess if there are locations on site that are
at a safe elevation above the wave inundation area. Evaluate both
road and vertical evacuation opportunities for low-lying coastal
communities.

e Make sure site and site improvements, including structures, do
not direct the tsunami waves upward or to where it could cause
additional damage. Consider whether the proposed building or
other structure locations may increase the potential for tsunami
damage on the site.

e Assess infrastructure connections to adjacent areas to determine
whether tsunami impacts to the site could result in disruptions
to other areas. Independent infrastructure may be preferable in
tsunami hazard areas.
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e Conduct a demographic inventory and analysis of the communities
around the site to ensure the project assesses existing
community vulnerabilities, and considers the potential effects,
positive or negative, to people with low incomes, communities
of color, persons with disabilities, and other traditionally
underserved populations.

Resources

e FEMA-Seismic Building Codes—
https://www.fema.gov/emergency-managers/risk-management/
earthquake/seismic-building-codes

e USGS—Western Geographic Science Center—Tsunamis—
https://www.usgs.gov/centers/western-geographic-science-center/
science/tsunamisthowmany

¢ Ready.gov—Tsunamis—https://www.ready.gov/tsunamis

¢ National Tsunami Hazard Mitigation Program—
https://nws.weather.gov/nthmp/

e U.S Tsunami Warning System—https://ntwc.ncep.noaa.gov/
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Chapter 5 Mitigation Approaches

Mitigation
Approaches

A climate resilient community is one that is adequately prepared to
survive, recover, adapt, and thrive in the face of future shocks and
stressors. Moving forward, planners will need to integrate resilience
thinking as part of climate mitigation and adaption solutions to
create sustainable, livable, and more climate-resilient communities.'

—Matt Bucchin et al. from “Planning for Climate Mitigation and Adaptation.”

Mudslide in California neighborhood. Source: Staff Sgt. Cristian Meyers, California Air National Guard




Chapter 5. Mitigation Strategies

Introduction

Introduction

The following sections offer site planning approaches to mitigate
physical exposure to hazards. The strategies are grouped by site
planning topic in order to:

Icons in This Chapter

. . . o Hazards
¢ Follow the site planning process, emphasizing large-scale decisions o
(e.g., avoiding a risky site or part of a site), laying out the circulation Icons are used in this chapter to
and land use framework, then planning for infrastructure and highlight th? ha.zards addressed
building design features (e.g., green roof treatment) relevant to by each mitigation strategy.
site planning. Descriptions of each hazard are
provided alongside their icon in
e Highlight strategies with multiple benefits across hazards and Chapter 1, starting on page 9.
typical site planning goals (e.g., access to nature, safe and )
comfortable public spaces). ‘ Example hazard icon
showing strategy
e Note potential areas of conflict where a strategy mitigates one mitigates this hazard

hazard but increases vulnerability to another.
In some cases, a strategy that
Key site planning steps under which strategies are grouped include: mitigates disaster for one natural
hazard may have negative
implications for another.

e Site selection and avoidance.

e Natural systems and processes.
Y P A Example icon showing

strategy may increase
the risks of this hazard

e Site layout, circulation, and access.

e Stormwater and site protection.

L4 Open space and green infrastructure. people_friendly Design

o Utilities. Icons are also used to identify
- hazard mitigation site planning

e Buildings.

strategies that co-benefit
or inhibit sociability.

Strategy fosters people-
24l friendly design

Strategy may inhibit
Ul neople-friendly design

A complete legend of all
icons used in this document
is provided on page 4.
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Principles

Site planning for hazard resilience is not a one-size-fits-all process—
each project and site has unique needs and conditions that need to be
weighed against a site’s overall hazard exposure. The following principles
combine resilience, sustainable design, people-centered planning, and
disaster preparation and recovery themes. They are intended to inform
decision-making around how best to employ the mitigation strategies in
the following sections.

Resisting

Consider history of the site and avoid highly vulnerable sites.

Acknowledge uncertainty and plan for the future condition
of the site when evaluating and selecting site protection and
resilience strategies.

Support natural systems to buffer the site from hazard impacts.

Follow the most recent local building codes and reference standards.

Adapting

Allow for graceful failure by planning the site and systems to
absorb impacts while still supporting key functions and offering
some protection.

Layer multiple benefits, such as site protection, environmental
sustainability, and community health.

Support diversity, including use types, income levels, biodiversity, etc.

Provide multiple lines of protection and varying scales
of interventions.

Foster social ties through engagement, communication, and
designing for social interactions.

Recovering

Provide redundant evacuation and emergency access routes.
Include back-up power and communication infrastructure.

Plan for post-disaster response needs and access.

Transforming

Consider regenerative approaches that integrate human and natural
systems for mutual benefit.

As feasible, test innovative solutions and approaches through pilot or
temporary projects.

Plan for change—use adaptive management strategies that allow the
site and community to evolve with changing conditions.

Site Planning for Disaster Mitigation Guidebook
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Site
Selection and
Avoidance

This section highlights strategies and tools to

avoid sites most exposed to impacts from natural
hazards. Communities need to think carefully
about how and where to develop housing,
infrastructure, and public facilities as they face
increased exposure to natural hazards and their
complex, often unpredictable interactions and
impacts. While many strategies help communities
adapt to changing conditions, some sites are
increasingly exposed to repeated floods, wildfires,
prolonged droughts, and other hazards. Site
planners, developers, and community planners
will have to make complex and often challenging
decisions—using information from civil engineers
and other experts—about how and where
existing communities should grow and develop
new housing and infrastructure. In some cases,
avoiding sites once thought to be developable may
be the most resilient choice.
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Site SeIeCtion Mitigation Benefits

Reduces community risk by
limiting development:

Update regulations to prevent development in high-risk 0 | areas highly vulnerable
sites (local municipality). sal  to floods.

If_and use and developmgnt regula!tlons tffhat (‘1|rect de\i/:elopr‘n'ent‘away P9 In locations highly vulnerable to
rom h|ghly vulnerabl_e sites are highly e ectlve_tools or mltl_gatmg 5=3 hurricanes and strong winds.
future disasters, particularly from floods, landslides, tsunamis, and
some wildfires. These strategies can also help mitigate some damage

Land Use and Development Regulations

Where water resources are

from hazards that threaten large geographic regions, such as strong constrained by drought.

wind, droughts, and earthquakes, by limiting development on sites

where damage from these events is most likely. In locations highly vulnerable
to wildfire.

In the Bay Area of California, planners estimate that if historical
development patterns continue, over 38,000 homes could be added

in areas at risk of flooding.'® Some communities, such as those in the
wildland-urban interface (WUI), are adopting regulations pre-disaster
that would apply to post-disaster rebuilding efforts, both to alleviate
some post-disaster decision-making and ensure future development is
more resilient. Regulations can range from community-scale land use to
site- and building-scale design requirements.#!

In areas on or adjacent to
landslide hazard areas.

In high-risk seismic areas, such
as liquefaction zones, which
may reduce the scale of disaster
following an earthquake.

i

Support is increasing for no-rebuild areas, development limits, buyout
programs, and other strategies limiting development in high-risk
areas as communities are experiencing more severe impacts from
natural hazards. FEMA’s 2013 guidance on mitigation strategies to TIY) fFostersamore
reduce natural hazard risk suggests doing more to manage or restrict J resilient community.
development in areas with flooding, landslide, erosion, subsidence, and/

or multiple hazard risks.®2 The American Planning Association’s Hazard

Mitigation Policy Guide includes several recommendations to restrict

development in hazard-prone areas, including in floodplains and areas

susceptible to landslides.!® Thus, site planners need to understand how

to employ tools to assist developers in making these decisions.

In tsunami hazard areas.

[d

0
>6

Land use and development regulations are most effective when used in
conjunction with building codes and other site and community planning
strategies. Exhibit 5-1 illustrates how regulations at different scales can
be combined to reduce overall wildfire risks.
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Exhibit 5-1. Land Use and Community Planning Strategies to Protect Communities From Wildfire

Graphic illustrating how land use and open space regulations, building codes, and development standards work together to reduce
wildfire risks. Source: Community Planning Assistance for Wildfire, a program of Headwaters Economics
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Avoid Flood Hazard Zones . .
Mitigation Benefits

Limit development in flood hazard zones, and areas

vulnerable to future flooding, whenever possible. o Reduces potential for
o o ) . et damage and impacts to
Limiting further development of the floodplain is essential to increase future communities and
resilience to natural hazards. The Association of State Floodplain downstream impacts to
Managers (ASFPM) encourages communities to adopt No Adverse existing communities.

Impact standards, which ensure that the actions of communities and
property owners in floodplains do not infringe on the property rights
of others. While the standards still allow development in floodplains,
development actions must be mitigated and should align with the

local community or watershed plans.’®* However, given the prevalence
of floodplain development throughout the United States, avoiding
further development in floodplains can provide multiple benefits
beyond hazard reduction. These benefits include improving water
quality, recharging aquifers, and adding wildlife habitat and recreation
opportunities.’® FEMA also recommends that manufactured homes be
located outside of floodplain areas to the extent possible due to the
vulnerabilities of that housing type.'® Lower-income homeowners are
also less likely to recover financially when impacted by natural disasters.

Decisions to avoid a vulnerable site or develop one and employ
mitigation strategies are complex, should be considered on a case-
by-case basis, and discussed with local planners. Site planners should
comply with hazard mitigation requirements but also understand the
ecosystem services provided and the potential benefits of avoiding
development in floodplains.

Resources

e FEMA - Mitigation Ideas—
https://www.fema.gov/sites/default/files/2020-06/fema-mitigation-
ideas 02-13-2013.pdf

e Association of State Floodplain Managers—No Adverse Impact—
https://floods.org/resource-center/nai-no-adverse-impact-
floodplain-management/

e American Planning Association—Hazard Mitigation Policy
Guide https://www.planning.org/publications/document/9203323/

e American Planning Association—Subdivision Design and Flood
Hazard Areas
https://www.fema.gov/sites/default/files/2020-06/apa_subdivision-
design-and-flood-hazard-areas_10-31-2016.pdf

e Pew Charitable Trusts—Flood Prepared Communities
https://www.pewtrusts.org/en/projects/flood-prepared-
communities

e Floodplains By Design (Washington State)—
https://www.floodplainsbydesign.org/
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Avoid Hazards on Coastal Sites Mitigation Benefits

Fully assess coastal sites that are exposed to multiple ~

natural hazards and consider alternative development Promotes sensitive development
. in coastal areas that reduces

approaches when feasible. impacts in areas vulnerable to:

Coastal sites are exposed to multiple hazards, including hurricanes and
storms, sea level rise, erosion, and landslides. In some coastal areas,
subsidence and seismic risks from earthquakes and tsunamis are also
important considerations.'®” Coastal areas also tend to be significant &
population centers and areas of growth, which increase urban flood and ==’
heat island impacts. Given the compound hazard risks, thoughtful site
selection and limiting the development footprint and providing space
for natural systems to absorb and insulate upland areas from coastal
impacts can greatly enhance site resilience. Limiting development along
coastal areas can also provide adaptation space for future sea level rise,
as uncertainty remains about how high sea levels will rise.'®® In areas

Coastal flooding, storm-surges,
and sea level rise.

Hurricanes and coastal storms.

Coastal erosion and landslides.

Earthquake damage, such as
liquefaction zones.

P Ri=

where there is existing development, allowing some low-impact interim Tsunamis.

uses in vulnerable areas may help a community adapt over time.

Site contamination is also an important consideration in coastal areas, Exhibit 5-2. Florida Gulf Coast

as flooding and rising groundwater levels could mobilize pollutants Beaches During Tropical Storm

through flood events or groundwater flows. How sea level rise and Eta

increased flooding will impact contaminated sites remains uncertain.

In the Bay Area of California, sea level rise is expected to elevate

groundwater and increase salinity intrusion in many low-lying areas,

which will threaten underground infrastructure and potentially change

how contaminants and saltwater move through the ground.®® Site

planners should identify potential sources of onsite contamination

and consider the potential for contamination to move underground to

lower-lying sites.

While there are coastal sites where hazard exposure can be effectively

reduced through mitigation, including low-lying sites vulnerable to

storm surge and sea level rise, sites on or near former industrial areas,

or sites downstream from development that could exacerbate flood

patterns, the best strategy may be to avoid or concentrate development

in lower-risk, upland areas.’ Developing upland of existing low-lying Tropical Storm Eta had effects on Florida’s

and vulnerable development could also offer opportunities for a Gulf Coast beaches, including dune erosion

managed retreat from the earlier development over time.! and overwash. This image from the coast
cam at Madeira Beach, Florida, captured

FEMA has developed detailed guidance and site selection criteria for high water levels and resulting overwash of

residential development on coastal sites, highlighting hazard exposure, sand onto the patio of the Shoreline Resort.

avoidance, and construction requirements applicable to a range The U.S. Geological Survey (USGS) Coastal

of development.?? Change Hazards team works to predict

these types of events to provide forecasts to
coastal communities. Source: USGS
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Resources

e Coastal Construction Manual: Principles and Practices of Planning,
Siting, Designing, Constructing, and Maintaining Residential
Buildings in Coastal Areas, (Fourth Edition)—FEMA, 2011
https://www.fema.gov/sites/default/files/2020-08/fema55_voli
combined.pdf

e USGS Coastal Change Hazard Team
https://www.usgs.gov/programs/cmhrp/science/coastal-change-

hazards
Case Study—Biloxi-Chitimacha-Choctaw tribal Exhibit 5-3. Land Disappearing
community, Isle de Jean Charles Into Gulf due to Climate Change

The Biloxi-Chitimacha-Choctaw tribal community of Isle de Jean
Charles, located on the Louisiana coast, has been heavily impacted

by sea level rise and lost 98 percent of its landmass over the last 60
years. A plan to relocate this community is the first community-scale
resettlement program driven by climate change in the United States. An
interdisciplinary team that included design professionals, a geographer,
a climate policy specialist, and a sociologist worked collaboratively

with the tribe to develop the resettlement strategy.’® Participation in
the program was voluntary, but ultimately 37 of 42 eligible households
chose to relocate to a site approximately 1 hour away that is 12 feet

194
above sea level. Raised homes cannot avoid rising waters

from climate change. Source: Dave

This resettlement program was supported by funding from the U.S. Malkoff, © 2016, CC BY-NC-SA 2.0, Flickr

Department of Housing and Urban Development. In 2022, the Biden
Administration announced a new program to increase resilience

in Tribal Communities threatened by climate change. For more
information, visit:

e https://isledejeancharles.la.gov/about-isle-de-jean-charles-
resettlement

e https://www.doi.gov/pressreleases/biden-harris-administration-
announces-bipartisan-infrastructure-law-funding-build

e https://www.nytimes.com/2022/11/02/climate/native-tribes-
relocation-climate.html
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Landslide Avoidance o _
Mitigation Benefits

Avoid development on and adjacent to slopes
vulnerable to or with mapped landslides and establish Reduces impacts on and around
buffers to protect vulnerable areas. slopes vulnerable to landslides.

Slopes vulnerable to landslides are an extreme hazard to properties
and human life, and many municipalities place restrictions on
development around slopes through grading ordinances and geologic
hazard area restrictions.'®> As is highlighted in Site Analysis, landslide
risks are increasing throughout the United States, and climate change
is expected to exacerbate this trend.’® In some areas, slopes that

may have been relatively safe in the past are now more vulnerable
due to the combined impacts from climate change, including higher
precipitation, flooding, erosion, and higher saturation of the soils. Site
planners working on sites on and around slopes should consult with
local professionals to ensure development is allowable and will not
further exacerbate landslide risk in the area. In areas with landslide
hazard mapping, site planners should look for ancient landslides that
may have occurred, as these landslides can be present on the landscape.
Ancient landslides can be large and can exist on gentle or steep slopes.

Establishing buffers between development and slopes is a common
strategy and often a geologic hazard protection requirement. Buffers
ensure that no development occurs within a certain distance from or
on a slope, including grading, utilities, paving, and structures. These
protections can be employed at both the toe (bottom) and the top of
the slope, depending on site conditions. Often coupled with setback
requirements, which direct where development can be located, buffers
and setbacks can offer robust protection from landslides when planned
in coordination with local professionals in response to site conditions.*’
Buffer and setback areas can be planted with native vegetation to

See Wildfire Mitigation and

further stabilize soils.’® In areas prone to wildfire, top-of-slope setbacks Open S z:?ce Mana. ement
allow for vegetation management and/or emergency response access, for more information.

as wildfires can move quickly up the sides of slopes and threaten
structures close to the edge.’®

Site Planning for Disaster Mitigation Guidebook 124



Chapter 5. Mitigation Strategies

Site Selection and Avoidance

Exhibit 5-4. Guidance to Reduce Wildfire Risks on a Slope

TOP OF T/\r
SLOPE

FACE OF
/ STARUCTURE
TOE OF H
SLOFE EXCEED 40 FT.
~ MAX.
< = >

i

H/2 BUT NEED NOT EXCEED 15 FT. MAX,
For SI: 1 foot = 304.8 mm.

Example from Spokane, Washington, of setback guidance around slopes greater than 33 percent that complies with the International
Building Code. Source: City of Spokane, Development Services Center, Build-10 Slopes and Setbacks; https://static.spokanecity.org/
documents/business/resources/guidesheets/site/slopes-and-setbacks.pdf

In addition to buffering slopes from development, site planners should
ensure that development does not change hydrologic conditions on or
above slopes through runoff from impervious surfaces, as adding water to
steep slopes can significantly increase landslide risks.2®

See
for more information on

how site restoration can
increase slope resilience to
landslide hazards.
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Consider Seismic Hazards . o
Consider seismic hazards

Example from Spokane, Washington, of setback guidance around slopes greater than from earthquakes

33 percent that complies with the International Building Code. Source: City of Spokane, .. o
Development Services Center, Build-10 Slopes and Setbacks; https://static.spokanecity. prOX|m|ty to active fauIts,
org/documents/business/resources/guidesheets/site/slopes-and-setbacks.pdf seismic soil |iquefaction’

and tsunamis during

Promotes sensitive development in areas with seismic hazards and site selection and avoid
reduces impacts in areas: highly vulnerable sites

when possible.

k\: Vulnerable to landslides, which may be triggered by an earthquake.

Prone to severe earthquake damage, such as liquefaction zones. Mitigation Benefits

‘. Where there are tsunami risks.

o

Seismic hazard areas are prevalent in the United States, so avoiding
seismic hazard zones is often unrealistic given development patterns
in areas where risk is higher, such as the west coast. However, site
planners should consider how the risks associated with strong
earthquakes, such as soil liquefaction and tsunamis, may impact
proposed uses and connections to nearby essential facilities, such

as schools, hospitals, emergency response centers, and commercial
areas.? Careful assessment to ensure there is adequate support for
vulnerable populations and multiple access points for emergency
response and evacuation is recommended.

Although seismic events are not increasing in frequency or magnitude
due to climate change, the risk of impact from earthquakes is
somewhat influenced by changes in hydrology and soil conditions. In
low-lying areas, scientists and planners are exploring how changes in
groundwater levels due to sea level rise might increase liquefaction risks
and earthquake vulnerability.2

Areas susceptible to tsunami hazards require further planning to See Early Warning
reduce hazard exposure, as the impacts from these events, while rare, Evacuation. Shelter. and
9 9

can be catastrophic. Tsunami hazard areas can be large and complete
avoidance may not be possible. Planners siting facilities for vulnerable
communities, including housing, schools, and medical facilities, should
try to avoid tsunami hazard zones.

Lifelines Access for more
strategies to address
Tsunami hazards.

Resources

e Liquefaction and Sea Level Rise—United States Geological Survey
(USGS) Storymap
https://geonarrative.usgs.gov/liguefactionandsealevelrise/
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Tools to Avoid Hazard Areas Mitigation Benefits

Districts, Land Transfers, and Helps communities grow
D814 while increasing resilience and

Buy-Out PrOgramS adapting to extreme weather

. . . and natural hazard impacts.
Consider district-based approaches, hazard abatement

districts, Transfer of Development Rights (TDR), and Provides alternative sites or

development strategies, helping

property buy-out programs to reduce hazard risks. communities avoid sites highly
Communities across the United States are looking for new approaches vulnerable to:

to increase resilience, reduce natural hazard exposure and risk, and o

adapt to changing conditions. However, natural hazards often work bowey  Floods.

on a landscape scale, impacting multiple properties. The effectiveness

of some site-scale hazard mitigation actions is limited if not done in Windstorms.
collaboration with adjacent parcels.

In response, some communities are collaborating across parcel Heat wave and drought impacts.
boundaries, working together to identify infrastructure improvement

needs and establish guidelines to shape future development. The City Wildfires.

of Boston’s 2016 climate resilience and adaptation plan, Climate Ready

Boston, highlighted the vulnerability of the City’s waterfront area to Landslides.
storm surges, sea level rise, and coastal flooding. To address these

hazards, the City established an overlay zoning district and resilience

design guidelines to shape future infill development and adaptation E Earthquakes.
of the urban waterfront. The guidelines established a new base flood

elevation that accounts for both coastal flood impacts and projected sea Tsunamis.

level rise. They also provide mitigation strategies for existing buildings
and infill development that range in scale from building retrofits and
individual site strategies to district-scale infrastructure solutions to Mitigation Considerations
protect multiple properties.?® Other communities, such as Seattle,
Washington, are exploring district-based solutions to increase resilience

s - . . Incorpor ial i
within some neighborhoods or small geographic areas.?** Zoning that e corporate social equity as a
RAId central consideration for any

Lecoggl_zes hazard risks canlfaullt_z:cfceflfuyélquts anf:l/or allow s_plagce fofr program that impacts low-
azard impacts (e.g., parcel-specific flooding) to increase resilience for income and/or communities
the overall community.*® of color.

Site Planning for Disaster Mitigation Guidebook 127



Chapter 5. Mitigation Strategies

Site Selection and Avoidance

Exhibit 5-5. Limitations of Individual Action for Comprehensive Flood Protection

Illustration of the challenges of coordinating flood protection in areas where multiple small properties are impacted. Berm and levee-type
structures can also increase risks for adjacent neighbors and lead to a false sense of security if there are large floods that overtop flood

protection heights. Source: American Institute of Architects Disaster Assistance Handbook

Taking a district approach to reduce hazard exposure and risk is not a
new phenomenon. The State of California established Geologic Hazard
Abatement Districts (GHADs) in 1979 to help prevent, mitigate, abate,
or control landslides, land subsidence, soil erosion, coastal erosion,
and other geologic hazards. GHADs are public agencies formed by
communities that are permitted to acquire, construct, manage, or
maintain improvements on public or private lands.?*® GHADs can offer
a unique and effective tool for transferring hazard risk, but there are a
number of considerations with this approach, such as how to ensure
proper oversight.?” While the model is distinct to California and has
been used primarily to address geologic hazards, it could offer a
model for district-level hazard mitigation. For example, in 2022, the
City of Isleton, California, formed the first GHAD with the purpose of
addressing floods.2%

Transfer of development rights is another tool that aims to direct
development to locations designated for future growth. The tool has
been most widely used to conserve farmland and environmentally
sensitive areas, but it has also been used to direct growth away from
geologic and landslide hazard areas. The tool allows property owners to

realize financial value while communities guide the location and form of

development.?® The tool can be effective in guiding growth to desirable
places, and support is growing to apply it to hazard mitigation contexts,
including flooding.*°

Buy-out programs can be particularly effective when relocating a small
number of properties, as this approach provides space for natural
systems while directing growth to areas less vulnerable to hazards.
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Resources

e Geologic Hazard Abatement Districts (California)—
https://www.conservation.ca.gov/cgs/Pages/GHAD.aspx

e https://nrcsolutions.org/moving-people-out-of-harms-way-
property-buyouts/

e Renewal Enterprise District: Sonoma County and Santa Rosa
Wildfire Recovery—
https://resilientca.org/projects/f00c9951-0f05-431a-b882-
7f32e4607771/

e US Army Corps of Engineers - Out of Harm’s Way Without Harm—
Bridging the Equity Gap: Flood Resilience for the Whole Community
webinar series—
https://www.youtube.com/watch?v=0k 5 T28AUY

Case Study—The Corporacioén del Proyecto
ENLACE del Caino Martin Peia

This community in San Juan, Puerto Rico, demonstrates one approach
for increasing resilience within a low-income, underserved community
while also insulating it from development pressure, gentrification, and
displacement risk. Cafio Martin Pefa (Cafo) is a tidal water channel that
runs through San Juan. The area is home to over 25,000 people who

live in eight different communities along the water, mostly in informal
settlements. The Cafio is a heavily polluted water channel that often
floods. In the 1990s, the local government developed plans to improve
infrastructure throughout the area. The community, highly vulnerable
to displacement from this project, mobilized and ultimately transformed
the City’s infrastructure project into an equitable development plan to
improve infrastructure, address soil and water quality issues, mitigate
flooding, and develop affordable housing.

In 2002, the City created the Caifo Martin Pefia Special Planning
District, which led to a plan to improve water quality issues, improve
the environment, and address flood issues. In 2004 the Puerto Rico
government created ENLACE, a public corporation that allowed
residents a way to collaborate on implementing the improvement plan.
ENLACE works closely with a non-profit organization comprised of local
community members to ensure the plan’s implementation is informed
with community input. A land trust also operates in coordination with
ENLACE, providing opportunities for community members to relocate
to safer areas within their own community.?** The ENLACE project has
been internationally recognized for its innovative approach to equitable
development and environmental restoration.

For more information visit:

e https://www.epa.gov/urbanwaterspartners/urban-waters-and-
cano-martin-pena-martin-pena-channel-puerto-rico

e https://urbanwaterslearningnetwork.org/resources/proyecto-
enlace-del-cano-martin-pena-restoring-ecosystem-building-
resilient-communities-puerto-rico/
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Exhibit 5-6. Images of Cano
Martin Pefa, San Juan, Puerto
Rico

Top: Flooded street and buildings in 2010.
Bottom: A sign posted outside a property
that was acquired to implement restoration
and environmental improvements marks
the future width of the channel and
restricts the building of new structures

in this area. Source: U.S. Environmental
Protection Agency https://www.epa.gov/
urbanwaterspartners/photo-gallery-cano-
martin-pena
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Protect, Buffer,
and Restore
Existing Natural
Systems

This section highlights strategies for protecting
and buffering existing natural infrastructure,
such as habitats, systems, and processes that
can help absorb natural hazard impacts and
increase the overall resilience of the site. Natural
systems can absorb floodwaters, moderate

wave action, physically buffer assets from harm,
manage stormwater, regulate temperatures,
provide shade, and provide habitat that supports
biodiversity. Giving natural areas the space and
ability to provide ecosystem services increases
site resilience.
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Protect and Buffer Existing Mitigation Benefits
Natural Areas

Provides broad ecosystem
benefits that:

Natural Area Conservation Help absorb storm surges and
. ege ——= manage floodwaters.
Conserve significant natural areas near development to

provide nature-based natural hazard mitigation. P9} Slow wind speeds and buffer

. . 1 sites from some impacts.
Protecting and buffering natural areas and systems on development P

sites is another way to increase site resilience and decrease exposure
to natural hazards. Natural systems provide a variety of ecosystem
services—clean air and water, flood control, shade, wind protection,
temperature regulation, and improved soil health.?'2 When preserved

and allowed adequate space to function, these natural systems can help . .
f . 213 Provide forest and wildland
mitigate impacts from natural hazards. &

Provide shade, regulates air
temperature, and promotes
soil conservation.

health. Natural areas with rivers
or streams can provide some

Some examples include: buffer for developed areas.

e Coastal wetlands and marshes, dunes, and living shorelines offer

protection from storm surges, decrease erosion, and provide Reduce erosion from water and
flood storage. wind, and maintains vegetation

cover, which can reduce some

e Wetlands, riparian corridors, and buffers along rivers and streams landslide risk.
can help clean, cool, and slow water and provide flood storage.
Daylighting rivers and streams in urban areas create more area Absorb some tsunami impacts.

for the system and increase storage capacity, which can reduce
downstream impacts from floods.?%*

Mitigation Considerations

e Forests and trees offer shade and windbreaks and help to retain

water and promote soil health. Native vegetation can also retain Natural areas adjacent to
soil, helping to prevent erosion and landslides. Coastal forests, A developed areas need to be
such as mangroves, reduce wave action and can absorb some carefully managed to reduce
tsunami impacts.?*® wildfire risks.

e Greenway corridors and open-space conservation can serve
multiple functions that overlap with those mentioned previously. Exhibit 5-7. Coastal Dunes
North-facing slopes can also offer refuge for plants and animals
as temperatures increase, as their indirect exposure to the sun
regulates temperatures.?®

Preserving and increasing buffers around natural areas may be

challenging on brownfield or infill development sites where significant

work may be needed to restore and/or enhance the function of natural

areas. Changes to site hydrology, significant regrading or excavation,

removal of native vegetation, encroaching invasive vegetation, and

compaction of site soils are all common challenges in these areas. Site

planners should recognize and consider site restoration opportunities

to help degraded sites regain the functions and natural systems Source: National Oceanic and Atmospheric
connectivity to offer natural resilience and hazard mitigation. Administration

FEMA has recognized the value of nature-based solutions and natural
system conservation in hazard mitigation.
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Resources Exhibit 5-8. Park River Wetland—

Byfield, Massachusetts
e Building Community Resilience with Nature-Based Solutions: A

Guide for Local Officials—FEMA (2021)
https://www.fema.gov/sites/default/files/documents/fema
riskmap-nature-based-solutions-guide 2021.pdf

e Naturally Resilient Communities—https://nrcsolutions.org/

Source: National Oceanic and Atmospheric
Administration Photo Library

Exhibit 5-9. Native Plant
Shoreline Restoration

Lake Hiawatha, New Jersey, shoreline
habitat restoration sign. Source:
Runner1928, © 2014, CC BY-SA 3.0,
Wikimedia Commons

Exhibit 5-10. Greenway Corridor

“Turtle Creek Trail” greenway in Beloit,
Wisconsin. Source: © 2012 Mark’s Postcards
from Beloit, CC BY-NC-ND 2.0, Flickr
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Sensitive Environmental Area Buffers N )
Mitigation Benefits

Meet or exceed buffer requirements to provide
space for natural processes and reduce impacts to ol Provides space for floodwaters

: aye P98 and reduces impacts from
environmentally sensitive areas. Cunoff and erosion.

Environmentally sensitive waterbodies in the United States, such as

lakes, streams, and wetlands, are protected by the Clean Water Act & Buffers development from
and regulated by a mix of federal and state agencies and communities. B coastal storms and wind.
Responsibility for the protection of other environmentally sensitive

areas, such as steep slopes and geologic hazard areas, varies by state Conserves soil, reduces dust,
and region. Site planners must follow local regulations and meet and reduces air temperatures.
minimum standards and buffers. In some cases, site planners can

choose to surpass the minimum buffer requirement to add space for Promotes forest and wildland
natural processes and functions. In some areas, overlaying habitat health and concentrates

protection buffers required around streams and wetlands can create a development in _'ess
large buffer, which provides space for natural system functioning.?"’ vulnerable locations.

In some areas, clearing, grading, and filling are allowed within Reduces direct landslide risks,
environmentally sensitive buffers; limiting these activities would further promotes healthy vegetation on
protect environmentally sensitive areas. Providing public access within and near slopes, and reduces
buffer areas may be considered to create an amenity and connect impact from runoff and erosion.

communities to natural systems, as long as impacts are minimized.

Natural coastlines can help

In wildfire-prone areas, expanding natural areas might increase fuel absorb some tsunami impacts.
sources and wildfire risk adjacent to the development. However,
protecting environmentally sensitive areas can also promote forest
and wildland health and concentrate development into the least-
vulnerable site areas. See the following Protection from Wildfire Fuel for
more information. A Open spaces need to be
carefully managed to not
increase fuel sources adjacent
to development.

Mitigation Considerations

Protection from Wildfire Fuel

Although proximity to natural areas is an asset for many communities,
in wildfire-prone regions, open space proximity also means a potential
wildfire fuel source. Site planners should assess land around proposed
project sites for wildfire risks. Avoiding proximity to open space may
not be possible or desirable, given the many benefits natural spaces
provide. However, open space “hazardous fuels” must be managed to
reduce potential threats to nearby development. Some researchers and
designers are exploring how large open spaces, with stands of relatively
non-flammable trees and grasslands carefully managed through grazing,
could increase community resilience.?®

Understanding management practices on adjacent land can be helpful
in evaluating a site’s wildfire risk. For example, sites near conservation
or other environmentally sensitive areas could face restrictions to active
wildfire management due to competing conservation and preservation
goals.?*® Furthermore, in WUI areas, land managers can face property
owner fear of land management strategies such as prescribed burns or
thinning.?® Early collaboration between developers, property owners,
and wildland managers is important and can offer opportunities to
increase site resilience.
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Resources

e EPA - Urban Runoff: Model Ordinances for Aquatic Buffers— https://
www.epa.gov/nps/urban-runoff-model-ordinances-aquatic-buffers

e USFS—Riparian Forest Buffers—
https://www.fs.usda.gov/nac/practices/riparian-forest-buffers.php

e Beginning with Habitat (Maine)—www.beginningwithhabitat.org
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Restore Natural Processes Mitigation Benefits
and Systems

Provides space for floodwaters,
reduces runoff, and improves

Daylighting Streams water quality.

Daylight creeks to increase flood storage and reduce "#| Reduces site and
downstream flood impacts. water temperatures.
Daylighting involves removing obstructions that block or cover a river Restoring streams and

or stream and restoring the shoreline so that the water flows naturally shorelines encourages
above ground. Daylighting streams and rivers that have been piped infiltration, which can reduce
or otherwise covered by development helps to restore hydrological some wildfire risk.
connections and accommodate increased flows during heavy rainfall

events or floods. Daylighting has multiple benefits, from reducing Reduces runoff and
downstream flood impacts, providing habitat for wildlife, adding erosion, which can increase

space for trees and water to cool urban environments, and creating landslide risks.

opportunities for people to connect to their natural surroundings.
Exhibit 5-11. Daylighting Creek as
Resource Natural Amenity

e Daylighting Rivers and Streams—Naturally Resilient Communities
https://nrcsolutions.org/daylighting-rivers/

Thornton Place development in Seattle,
Washington, incorporated the daylighting of
Thornton Creek as a natural amenity within
a mixed-use development on the site of a
former shopping mall parking lot. Source:
MAKERS
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Slope Stabilization

Mitigation Benefits

Stabilize slopes vulnerable to landslides.

Where paired with
vegetation, helps conserve
soil, buffer winds, and
reduce temperatures.

On sloped sites where development is feasible and will not increase
landslide risks, restoring slopes within or adjacent to the site can
increase hazard resilience. If recommended by a professional, slopes
may be carefully graded to reduce weight and better drain the surface
or subsurface.??! The slope should be fully revegetated following grading
activities, preferably with native plants, which, once established, have
root structures to help hold the slope in place.??? Slope restoration
should be designed and executed by licensed or certified professionals
familiar with local geologic conditions. On slopes that are actively Mitigation Considerations
moving, added vegetation alone will not stabilize the slope. In these
situations, grading and/or slope engineering may be needed alongside
revegetation strategies. Revegetation strategies are also most effective
on shallow landslides and may not stabilize deep landslide risks.

Reduces landslide risks on
sloped sites.

Revegetation strategies in
wildfire-prone regions can
increase wildfire fuel.

Use of modern remote technologies such as InSAR and LiDAR can
monitor slopes over years and identify patterns of erosion and
deposition of soil volumes that can give early warning of increased risk
of instability.

In wildfire-prone regions, slope stabilization strategies that employ
vegetation can increase wildland fuel sources, so thoughtful site
planning is needed.??* Careful management of vegetation close to
structures and the use of native plants naturally adapted to local

fire conditions can help increase site resilience. Coordinating with
professionals who specialize in wildland restoration is recommended.

Exhibit 5-12. Slope Restoration Diagram
This diagram shows a variety of
GEFORE planting techniques. Your professional
AFTER will help you determine which are
appropriate for your site.
Smooth the transition
between upland slope and

new slope. Move earth from a
/ steep slope to create
Use gentle slopes for less a gentler slope.

dense soils. ~ ——o

Biodegradable stakes and —/o
geofabric can prevent
erosion while roots O\
establish. Terracing can help

. plants establish.
A tiered porous structure —L___

can help woody plants
take root.

Illustration of planting techniques for slope stabilization in a coastal area. Source: MAKERS/Washington Department of Fish and Wildlife.
Your Marine Waterfront
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In locations where there is significant wildfire risk, using vegetation to
stabilize slopes may conflict with wildfire management goals calling
for fuel source reduction. Grading guidelines for the City of Colorado
Springs acknowledge this conflict and note that select vegetation
removal may be needed to meet overall wildfire management targets.?*
This conflict is an important consideration, as fires often sweep up
the sides of slopes and threaten structures at the top.2* Despite this
challenge, adding native vegetation remains a critical tool in landslide
slope stabilization. On sites in wildfire-prone regions where extensive
slope restoration is required, careful coordination with professionals
is recommended to ensure the project meets both landslide hazard
reduction and wildfire management goals.

For slopes near development or infrastructure where grading

and revegetation strategies will not adequately address risk,
engineering strategies can be effective. Site planners should consult
appropriate professionals.

Resources

¢ Introduction to Landslide Stabilization—
https://pubs.usgs.gov/circ/1325/pdf/Sections/AppendixC.pdf

e Landslides: Investigation and Mitigation—
http://onlinepubs.trb.org/Onlinepubs/sr/sr247/sr247 .pdf
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Development-Topography
Integration

Integrate development around natural topography
and drainage.

Site planners should integrate new development into the existing
topography of the site as much as is feasible to preserve natural
drainage and hydrology. Site grading changes hydrologic connections
and drainage patterns and can also destroy vegetation and disrupt soil
structure, which can lead to erosion and reduce ecological functions.

Working within a site’s natural topography minimizes the need for
grading and promotes resilience and ecological health.??® Often referred
to as landform grading, this approach minimizes disturbance to the
natural landform so as not to degrade the landform and increase

the threat from erosion and landslides. Approaches to landform
grading include:??’

e Place development to minimize the need for site grading.
e Preserve features such as ridgelines, bluffs, and site drainage.

e Use the existing landform to provide cut and fill slopes that are
compatible with the existing site character.

e Create site pads at varied elevations across the site rather than
large, level site pads.

e Divide access roads around major site features, such as large trees.

e Provide a variety of slope bank gradients to provide a more natural
appearance to the final landform.

On larger hillside sites with a range of slopes and unrestricted
development, decreasing development density as the slope increases is
one way to create a more resilient site plan. Slope density regulations
are a common zoning requirement in communities where there is
significant hillside development.?®

Site Planning for Disaster Mitigation Guidebook
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Ea

Preserves natural drainage
patterns, reducing runoff
and erosion.

Protects vegetation that
provides windbreaks
and buffers.

Promotes healthy soil and
vegetation, which helps retain
water and reduce temperatures.

Promotes healthy vegetation,
which can reduce wildfire risk.

Reduces overall grading
impacts, preserves vegetation,
and reduces erosion.

Reduces grading impacts that
can increase seismic risks.
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Exhibit 5-13. Landform Grading Practices

DO THIS

Ridgeland preserved

NOT THIS

Ridgeline removed

Divided access Valley, drainage Secondary Steep slope Single access
around trees trees preserved entry
DO THIS NOT THIS

Slope bank

Level pads

Berm where
. appropriate g e e s s e e
-
z

- Varying contours \— j

Natural swale filled Straight unbroken contour
Natural swale undulating bank

Diagrams illustrating preferred approaches for landform grading on a hillside. Source: MAKERS, updated from LA County Grading
Guidelines via James C. Schwab et al. (2005) “Landslide Hazards and Planning,” pages 60—62
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Site Layout,
Circulation, and
Access

This section describes best practices for the

placement of buildings, streets, and paths and
covers evacuation and early warning strategies.
The physical form and layout of communities can
reduce the impacts of natural hazards through
the safer placement of site elements and well-
planned emergency access and evacuation. The
physical form of a community can also mitigate
climate change, as compact communities use less
energy and water. The built environment also
influences human experience and behavior, which
can encourage social connections that aid overall
community resilience.
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BUiIding Placement Mitigation Benefits

Reduces impervious surfaces
and stormwater runoff and

Compact Development

Plan for compact development. can reduce development
pressure in areas vulnerable to
Compact development refers to site planning that prioritizes preserving flood hazards.

open space by placing buildings closer together and limiting street
width and parking areas where feasible.??° This pattern of development
allows the site planner to accommodate the desired program of uses
while preserving natural features like wetlands, forests, or streams.?*° In
addition to aesthetic and environmental benefits, undeveloped land can Decreases sprawl which can
help mitigate natural hazards like flooding, extreme heat, and tsunamis, increase risk in areas vulnerable
the effects of which are amplified by smooth, hard, impervious surfaces to wildfire.

like pavement and building roofs. Centrally managed open space is also
more efficient to maintain?! and potentially reduces water use.

4
£y

~IE

Reduces impervious surfaces,
which lowers heat-gain.

Reduces erosion by

reducing runoff from
Compact development also helps hazard mitigation by reducing carbon impervious surfaces.
emissions when developments can be located closer to urban centers

and transit resources, and encourages multimodal connections, Decreases development
reducing the reliance on vehicles. Lowering carbon emissions mitigates pressure in areas vulnerable to
climate change and reduces the potential for increasing natural hazard tsunami hazards.

impacts in the future.

y

[d

il Promotes health and
Q&L social connection.

Mitigation Considerations

In wildfire prone regions,
compact development must
follow local regulations to
reduce the risk of fire spreading
between buildings.

>

See Natural Area

Conservation.
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Exhibit 5-14. Compact Community Incorporating Multiple Green Stormwater Management Strategies

Protect existing open spaces and Provide central open spaces for
environmentally sensitive areas recreation where irrigation can be
on or near a site by using compact centrally managed and controlled.
development. Open spaces can be —‘ Where needed, open spaces can
integrated into community to provide also provide some flood storage

natural amenities.
Manage stormwater

on-site using nature-
based solutions, such as
green roofs, rain gardens,
swales, and green streets.

4% Build complete streets that

provide multimodal access.
Consider pervious pavement
and light pavements to
reflect heat.

Integrate green parking lots
with pervious pavement,
trees and/or rain gardens.

Gi

Design and locate
buildings to promote
social activity and
create healthier, happier
communities.
Protect existing trees during construction
in areas with low wildfire risk and/
or add new trees to reduce ambient
temperatures, shade streets, help
manage stormwater and maintain soil.

Single-family homes on smaller
lots with less open lawn area can
provide significant reductions in
outdoor water usage.

lllustration highlighting elements of site planning for compact development. Source: MAKERS

Resources

e SITES Rating System—https://sustainablesites.org

e LEED for Neighborhood Development—
https://www.usgbc.org/leed/rating-systems/neighborhood-

development

e Urban Land Institute - “Enhancing Resilience through
Neighborhood-Scale Strategies”
https://knowledge.uli.org/-/media/files/research-
reports/2022/neighborhood-resilience-final.
pdf?rev=82240cae00164eaeb11273484aed3adb
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Siting for Soils

Mitigation Benefits

Align site development with soil conditions.

A site’s soil and underlying geology are vital to its ability to support
development and be resilient, especially to floods, droughts, and —
earthquakes. As noted in Site Analysis, soil conditions are fundamental

to site planning. Site planners should consider both local soil

types and building foundation needs and options early during

project development.

Reduces flood risk by limiting
development impacts
onsite drainage.

Lowers risk of foundation,
structure, and/or infrastructure
damage as soils shrink, harden,

Some high-level considerations for evaluating local soils include:*? and/or subside by avoiding

high-risk soils.
e Loam, rock, and some sandy soils are optimal for foundations as '
they provide good stability and drainage, especially in areas with Ensures soils can support
access to bedrock that can support taller building loads. Other soil development, reducing

site impacts that can

types may also support tall buildings if building foundations are ; X
INCrease erosion.

adequately designed to local conditions.

e Peat soils or soils with high levels of organic material are not Ensures soils can support
preferable for building foundations. development during

. . . L . an earthquake.
e (Clay soils can be problematic as they have limited infiltration

leading to drainage challenges. Some clay soils, known as expansive

soils, expand and contract as moisture levels change. Expansive soils
can damage building foundations, particularly in regions prone

to droughts.

e Soils that are not suitable for structures may still be beneficial for
vegetation, habitat, and open space uses.

Soil Stabilization and Shoring

Mitigation Benefits

Stabilize soils, use shoring techniques, and/or promote

infiltration when needed to support development. Reduces soil subsidence caused

’oeeey by changing groundwater levels,

Below-ground conditions are important to consider when siting which can lead to flooding

buildings and are crucial in determining structural loads and density.?
In areas with the potential for increased subsidence due to drought, or
liguefaction due to changing groundwater levels and seismic activity,
site planners should carefully investigate soil conditions and consider
potential change. When avoidance is not possible, site planners
should work with civil and geotechnical engineers to identify the

most appropriate soil stabilization and strengthening methods and/or

Promotes infiltration and
groundwater recharge, which
can slow or reduce subsidence.

Reduces risk from landslides on

. . . some slopes.
engineering solutions to support safe development.
There are available technologies that can alter the soil conditions, Can reduce some damage to
called ground improvement. These techniques include stabilization, structures or infrastructure

drainage, densification, inserting grouting mixes, creating stone column during earthquakes.

drainage systems that also act as partial foundation, using foundation
temporary support as permanent foundation element (as in the World
Trade Center), and choosing the right type of foundations. A modern
approach includes also allowing control failure below ground in the
foundations in order to significantly reduce the loads that can be
transferred to the development. Encouraging water to infiltrate the soil
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can also be important in areas where there is a risk of subsidence. Some
strategies include:

e Promote aquifer recharge by employing nature-based solutions and
green stormwater infrastructure strategies.

e Inject treated wastewater (regional scale).

Building Spacing for Wildfire

Mitigation Benefits

Use fire-safe building design for compact developments
in wildfire-prone regions and manage overlapping Reduces wildfire fuel sources
ignition zones around buildings. on and around buildings.

The Home Ignition Zone (HIZ) is the area immediately surrounding
structures in wildfire-prone communities where careful management
of vegetation and other site features is necessary to reduce wildfire

Mitigation Considerations

risks.”* The area at risk can extend to about 100 feet from a structure’s A Spacing buildings further apart
foundation, although it may be extended further based on local LB can limit opportunities for
conditions and requirements. Dense neighborhoods, where buildings active living and social cohesion.

are 30 feet or closer, have an increased wildfire risk because of radiated
heat and the potential for flames and embers jumping across adjacent
structures. At the same time, compact development can help reduce
risk at the regional scale by minimizing development in wildland-urban
interface areas.

Compact development can reduce risk by avoiding the most vulnerable
site areas and incorporating fire-safe building design.?*® Ignition zones in
more compact communities will overlap, which increases the need for
regular maintenance to clear flammable materials and vegetation.?%®

For development within existing communities, buildings that are not
fire-safe should have ample spacing through lot and block designs to
reduce the risk of structure-to-structure fires. This spacing requirement
may conflict with goals for infill development and compact community
form (for example, to reduce social isolation and infrastructure costs),

so site planners may need to work with local planners and emergency See Open Space and
managers to balance goals. Existing buildings can be retrofitted to be Green Infrastructure—

more fire-safe, and communities are starting to develop grant programs

that support homeowner investment in fireproofing. and _ -
Detached structures and attachments such as decks, outbuildings, wood sections for how
fences, propane tanks, and garages should also be carefully sited in the area between buildings

accordance with fire-safe zone principles.?’ should be treated.
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Exhibit 5-15. Structure Spacing and Overlapping Ignition Zones

MITIGATED STANDARD LOT RESIDENTIAL
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a2 HOME IGNITION ot 1
Z0NES
o, HOME IGNITION ZONE 1
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MITIGATED STANDARD LOT RESIDENTIAL
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“ay 2 HOME IGNITION aE 1
Z0NES
o HOME IGNITION ZONEA
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ZONE 2

Mitigation options for suburban communities where lot sizes and structure spacing can
cause ignition zones to overlap. Source: Community Planning Assistance for Wildfire, a
program of Headwaters Economics

Exhibit 5-16. Setbacks Can Reduce Wildfire Risks on Slope

Reduced

Elevated Wildfire Risk

Wildfire Risk

Set building back
i fromslopeand i

Reduce wildfire harden structures }
fuel around home i against wildfire

éWoodé House with Vegetation
ideck | nosetback i closeto
{ { structures

Illustrations showing higher-risk building location (left) and how setbacks, vegetation
management, and structure hardening can decrease risk (right). Source: MAKERS
updated from Schwab et al. (2005), Planning for Wildfires
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Passive Cooling

Consider passive cooling approaches and tailor them
for buildings in wildfire zones.

Passive heating and cooling strategies use building orientation and other
strategies to increase ventilation and align with solar gain, promoting
shade and cooling in summer months and allowing solar gain in cooler
winter months. Such strategies can reduce energy costs and minimize
air conditioning needs in some climates, offering a way to mitigate

rising temperatures and urban heat island effects.?*® They can also lower
carbon emissions and aid climate change mitigation, which reduces the
potential for increasing natural hazard impacts in the future.

However, in wildfire environments, where fires often spread from
embers carried by winds, passive cooling strategies that invite air to
circulate through vents and other openings are a significant hazard.
Local building codes and/or insurance policies typically require small
openings and mesh coverings to prevent embers from igniting attic
spaces.?® While passive heating and cooling strategies can still be
feasible, thoughtful approaches and careful consideration of wildfire
mitigation are needed in WUI and/or drought-prone areas.

Exhibit 5-17. Passive Heating and Cooling Approaches

Solar orientation
summer Cool roof with

high insulation

Ventilation

Summer
shading

S
High performance ~
windows :
S
S

Ventilation

Solar orientation
Winter
Winter
shading

; High insulation
7
7
P
-’
7
7

Ventilation
7

Source: Adapted from ESMAP 2020b

Passive heating and cooling approaches have many benefits but need to be carefully
planned in wildfire environments so as not to encourage embers into the structure.
Source: lain Campbell et al. (2020), “Beating the Heat: A Sustainable Cooling Handbook
for Cities”
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Mitigation Benefits

Increases natural ventilation
and reduces heat gain
during heat-stress.

Improves energy efficiency and
reduces waste heat.

Mitigation Considerations

Buildings in wildfire-prone
environments must follow
local building codes to reduce
potential for embers to enter
naturally ventilated buildings.
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Tsunami Inundation Space

Arrange buildings and site elements to steer the force
of the tsunami waves where avoiding hazard areas is
not feasible.

Avoiding tsunami hazards is the most robust way to reduce risk, but in
areas where avoidance is not feasible, arranging buildings, along with
walls, ditches, and “low-friction” paved areas, can help steer the force
of the tsunami around more vulnerable structures.?*° Generous building
spacing can provide space for floods caused by tsunamis and reduce
the threat of blocked evacuation routes in the event of building collapse
during earthquakes.?!

Human Experience

Organize buildings to support human interaction.

Building, parking, and common space arrangement play a powerful

role in how people use and experience a site. Orienting entrances and
windows toward common areas, such as well-used streets, courtyards,
plazas, and parks, can increase social interactions and create a sense of
connection.?* Community safety is improved when site users are aware
of their surroundings and feel a sense of community and ownership.
This perception can help build motivation to address maintenance
issues, prepare emergency plans and supplies, and take leadership in a
moment of crisis.

Resources

e Happy Cities, Happy Homes Interactive Toolkit—
https://happy-city.vercel.app/happy-homes-toolkit.

e C(Claire Cooper-Marcus and Wendy Sarkissian, Housing as if
People Mattered.

e Gehl, Life between Buildings.

e Oscar Newman, Creating Defensible Space (note, this resource is
about human perception of ownership over public space, not about
wildfire defensible space strategies).
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Mitigation Benefits

Reduces flooding in adjacent
areas by providing space for
tsunami waves.

Reduces damage to buildings
&aaa from smaller tsunamis.

Mitigation Benefits

FPM  Communities with strong social
DAI{ ties can be more resilient to
disasters, as they facilitate

community-scale preparation,
communication, and evacuation.

Communities with strong social
connections can better prepare
for and recover from:

A flood event.

QD

Windstorms.

,

1
@;
[

[ARAQE

Heat wave and drought impacts.

Wildfires.

Landslides.

Earthquakes.

Tsunamis.

Mitigation Considerations

Compact development in
wildfire prone regions must
follow local structure hardening
regulations to reduce risk

of fire spreading between
adjacent buildings.
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Circulation Layout

Redundancy

Provide redundant evacuation routes.

Multiple egress routes increase evacuation options ahead of or
following a disaster, even if some are blocked by damage or debris or
congested by evacuation traffic.

Evacuation routes differ depending on the type of disaster and local
conditions. Vertical evacuation routes in towers or buildings can offer
redundancy for tsunami evacuation (See Vertical Evacuation). In rural
settings, trails can double as evacuation routes in the case of a wildfire
or flood emergency.?®

Emergency Response Access

Arrange site circulation for easy emergency response
access across the site.

Ensuring access for emergency response is critical for rescue activities
and protecting property from wildfire. A co-benefit is that the routes
double as redundant evacuation routes.

The following techniques improve emergency access:?**

e Multiple ingress-egress routes—Communities should have multiple
ingress and egress points. Avoid dead-end streets. In flood and
tsunami hazard areas, directing response crews to safe elevations
can also be important.

e Secondary roads, or internal grids with multiple entrances, increase
circulation options for emergency vehicles (and double as multiple
evacuation routes—see Redundancy).

e Road clearance—Internal roads within communities must
accommodate emergency response teams. Some wildfire-prone
communities recommend that roads have a minimum of 20 feet
width and 13.5-foot vertical clearance. Clearing roadside vegetation
reduces risk.
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Mitigation Benefits

Increases options for evacuation:

From flood hazard areas.

From storms where there is
adequate advance warning.

From wildfire.

Ahead of or following
a landslide.

To higher elevation areas prior
to a tsunami.

Following some earthquakes.

Bid £ Q0

See Emergency Response
Access, and Early Warning,

Evacuation, Shelter, and
Lifelines Access strategies.

Mitigation Benefits

Increases access for emergency
response Crews:

During and after floods.
During and after storms.

During and after wildfires,
which includes firefighting
activity as well as emergency
response and rescue.

MM

Following a landslide.
Following a tsunami.

Following an earthquake.

= PpIE
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e Bridges and culverts leading to the home should have posted load

limits and be designed to support emergency response crews. See Flood-Friend|
Culvert size can also increase flood risks in some communities.?* Culverts.

e Driveways should be a minimum of 12 feet wide with a 12-percent
or less grade. Driveways should also be clear of flammable
vegetation for 10 feet on both sides and have at least a 13.5-foot
vertical clearance. Key access for fire response is required for
electronic gates. Turnouts on long driveways allow for 2-way traffic.

e Turnarounds on internal streets or long driveways to support
emergency response truck turning movements.

e Street signs and house numbers—Nonflammable street signs See Early Warning,
should be posted at all intersections. House numbers should be Evacuation, Shelter, and

visible from the street, 6 inches high minimum, and made from non- Lifelines Access strategies
flammable material. -

The following communication and organization strategies can aid
during evacuations:

¢ |dentify locations for emergency identification and alert systems,
such as fire cameras and community-wide alarms.

e Creating easy-to-read emergency maps that are available at site
entrances can help emergency response crews quickly know who
may need help with the evacuation.

e Establish a temporary refuge site—a flat, open, central, and easily

accessible area, accessible to persons with disabilities, (e.g., open See Resilience Hubs and
lawn, parking lot, golf course) where people can gather, get info, Trails and Open Space.

and safely wait for emergency response if they are unable to
evacuate themselves.
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Exhibit 5-18. Improving Preparedness for Emergency Access During Wildfires

Open spaces can serve as
emergency hubs and waiting Provide turnouts
ares prior to evacuation. to provide 2-way—
circulation on any
long driveways
or alleys.

Avoid using gates at
community entrances.
If electronic gates are
used, ensure local fire
has key access.

Provide wide streets for
emergency access

Ensure there is
redundant access to
and from the site.

Provide fire breaks and fuel brea
where adjacent to open space

Ensure adequate access

for emergency response

by building turnarounds
suitable for 3-point turns or
cul-de-sac with a large min.
radius (e.g. 45’).

Harden structures with fire safe
materials where structures are 3(
or less from one another.

Limit and closely manage all
vegetation within the overlapping
ignition zones between the
structures.

— Use large street signs and house
numbers that are visible from street
when dark or in low-visibility conditions.

Illustration showing emergency access and evacuation considerations. Source: MAKERS updated and adapted from Living with Fire—Fire
Adapted Communities
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Orientation for Cooling Mitigation Benefits

Orient streets and arrange buildings and open spaces

to encourage airflow. V¢! Promotes natural ventilation
and reduces urban heat.

On larger sites with new internal roads and compact form, arranging

streets, building mass, and open spaces to increase airflow can help TP increases comfort for people,
keep streets cooler for people walking and biking. Strategies include:* QAL particularly at street-level.

e Orient streets to align with prevailing winds. . . . .
Mitigation Considerations

e Orient larger buildings to direct desired wind flow along streets,

considering orientation for active and human-oriented street fronts. )
Modeling may be needed to

e Integrate open spaces into the development to provide é ensure building arrangements
surface variation. do not result in wind tunnels or
street canyons.
Wind modeling during planning and design may be needed to ensure

strategies to promote ventilation that does not result in wind tunnels or
street canyons. These results can create challenging wind currents that

Ensure natural ventilation
via street network does

decrease human comfort.?*’ not increase risk from
wind-driven wildfire.

Although wind models can aid planners and designers to align site
development to local wind conditions, winds are naturally variable
and change with the increase in extreme weather events. Model data
are augmented with local observations to help identify site-specific
wind patterns.?*®

Exhibit 5-19. Urban Canyon Effect on Ventilation

Prevailing wind

N
— U
Low wind area
with vegetation

N
V)

Step-up configuration

YRy IR

Low wind area
with vegetation

Uniform tall buildings create wind shadows and reduce ventilation at the street level. Stepped building heights can increase ventilation for
pedestrians. Green spaces adjacent to tall buildings provide convection. Source: Campbell et al. (2021), “Beating the Heat: A Sustainable
Cooling Handbook for Cities”
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Multimodal Access N .
Mitigation Benefits

Design sites for multimodal access to promote public

and community health. When combined with green
. L . . . street strategies, manages
Places that support walking, biking, rolling, and riding transit—and do stormwater runoff.

not require the use of a motor vehicle—accomplish the following:

. . . . . 2| Reduces carbon emissions
e Broad public health benefits associated with reduced vehicular and A8y  nd waste heat from

human collisions, casual low-impact exercise, reduced air pollution, single-occupancy vehicles.

and increased social connection and sense of belonging.?*
Creates shade and reduces

e Reduced heat produced by vehicles.*® urban heat when combined
with green street strategies.
¢ On-street stormwater management and street trees for shade when

layered with pedestrian and bicycle infrastructure (e.g., sidewalks E™A  \lanages stormwater runoff,
buffered with a landscape strip). QAL creates shade, etc., when
combined with green
street strategies.

Exhibit 5-20. Multimodal Street

Multimodal streets provide access for people walking, riding bicycles, riding transit, and driving cars. Image from Seattle, Washington.
Source: MAKERS
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Parking

Mitigation Benefits

Provide the minimum feasible onsite parking.
Limiting impervious coverage,

Vehicle parking consumes a large amount of space in urban areas. which:

Reducing parking reduces impervious surfaces and pavement heat

islands, promotes human-scale development, and supports active g Reduces runoff, flooding,
transportation. Parking structures can reduce the footprint of the and erosion.

parking areas and be combined with green roofs and other strategies

to further mitigate the heat. Where surface parking areas are provided, Reduces air temperatures.
integrating trees, green infrastructure, and shade structures can help

mitigate flooding and lower temperatures in urban areas. Increasing FP  Creates open space for people
infrastructure for electric vehicles can also improve overall site and/or natural systems.

resilience, as electric vehicles generate less waste heat than traditional
gas-powered vehicles.?* Some electric vehicles can also serve as a
backup power source, a potential benefit for communities that may
experience frequent power outages due to natural hazard impacts on
the regional power network.??

Exhibit 5-21. Solar Shade Structure Over Parking

Solar photovoltaic arrays installed on parking lot carports in the Confederated Tribes
of the Grand Ronde Community of Oregon. The arrays are part of a 42-kilowatt
facility-scale solar system installed in April 2010. The solar system generates 60
percent of the electrical needs of the Grand Ronde Tribal Housing Authority office
and maintenance shop and continues to pay for itself through avoided energy costs,
positioning the agency to achieve its projected 33-year payback on its investment.
Source: GRTHA via Flickr
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Streets as Site Protection

With more than 4.2 million miles of roads and streets in the United
States, connecting to almost every residential address, streets hold
enormous potential as hazard mitigation tools.

Elevated streets

. Mitigation Benefits
Elevate streets to create safer high-water flood routes.

Elevating streets above the base flood elevation can ensure a large site

Can reduce impacts from

has internal evacuation routes during flood events.?*® Elevating streets Pseed  nuisance flooding and protects
should be done prior to developing adjacent sites. On large sites platted evacuation routes during

for development, streets and lots can be raised together, which makes larger floods.

the building-to-street relationship better support people-friendly

design. Raising streets that have pre-existing utility infrastructure PP Provides an opportunity to
underneath can increase costs but may provide an opportunity to replace aging community

replace aging infrastructure.?* Elevating streets above the height of infrastructure.
adjacent properties creates significant flood risks, so careful planning
and design are needed. They should also be above water level following Mitigation Considerations
earthquake-caused subsidence to support evacuation.

Raising streets is a time-tested and effective strategy to reduce the Elevated streets can
impacts of flooding and was employed in American cities like Chicago be more vulnerable to
and Seattle in the 19 Century. New York City elevated streets after earthquake damage.

Hurricane Sandy to protect vulnerable neighborhoods in the Rockaways
along the Atlantic coast.?*® In the context of climate change and sea
level rise, designers continue to explore the strategy. The City of Miami
Beach, Florida, elevated streets in recent years to combat flooding.>*®
When this approach is chosen, site planners should consider if the
taller structures may be more exposed to other dynamic effects of
earthquakes or wind. These elevations should include bracing or proper
strengthening to protect from multiple hazards.
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Case Study—Arverne by the Sea

Arverne by the Sea, a 2000+ unit master-planned, mixed-use community
in the Rockaways in Queens, New York, was under construction in 2012
when Superstorm Sandy hit. The project included a number of resilience
strategies that helped protect the site from damage. Beaches and

dunes buffered some of the storm impacts. The site had been elevated
to raise streets and buildings away from flood risks, and streets were
also located away from prevailing winds to reduce coastal storm and
flood impacts. Underground utilities and reinforced structures provided
further protection. All of the strategies helped protect the development
during the storm, and the site was able to recover quickly.

e https://developingresilience.uli.org/case/arverne-by-the-sea/

Exhibit 5-22. Arverne by the Sea Community, Queens, New York

Top: Arverne by the Sea site plan showing development on the Rockaway Peninsula
in Queens, New York. Bottom: Image of new homes along the boulevard. Source:
Ehrenkrantz Eckstut & Kuhn Architects (EE&K), a Perkins Eastman company
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Green Streets Mitigation Benefits

Create green streets to prevent downstream flooding.
Manages stormwater and can

Green streets integrate green stormwater infrastructure (GSI) elements Jovess .
—— reduce flooding.

like bioswales, bioretention facilities, and grade-control slotted weirs
into road design to treat and manage stormwater. They can increase
flood resilience by helping to slow, store, and/or absorb stormwater
runoff from heavy rainfall events. In areas with frequent flooding,
especially in coastal areas with high winds and potential salt-water
intrusion, green streets must be designed and built to be highly durable. : Promotes infiltration and
The durability of edging and curbs is especially important—once -@- . -

. . provides opportunities for
curbs are damaged, the entire road can fail.»” Green streets are also shade trees and plantings.
effective strategies for improving human safety and comfort on roads by
buffering people from fast-moving traffic.

Increases access for emergency
response during and
after storms.

(>

B
/

Promotes natural drainage and
reduces erosion.

y

Parking lots also offer great opportunities for implementing green
stormwater infrastructure strategies, reducing the overall impervious

area that helps reduce urban heat as well as manage stormwater. dma Can help reduce vehicle

AL speeds and create a more

Exhibit 5-23. Green Street Infrastructure people-centered streetscape.

Mitigation Considerations

Green streets in arid or wild-
fire prone regions may require
additional maintenance to
ensure dry vegetation does not
increase wildfire risk.

See Greening the Grey—

Managing Stormwater.

FEMA illustration (left) of a green street, a type of nature-based solution. Green
streets make use of an abundant resource — road space — to increase flood resilience.
Bioretention swale in Milwaukee, Wisconsin (right) collects and treats street runoff
during heavy precipitation. Sources: Federal Emergency Management Agency. (left)
Aaron Volkening, June 2013, Flickr, CC BY 2.0. (right).

Resources

e National Association of City Transportation Officials (NACTO)
Design Guides—
Urban Bikeway Design Guide - Green Infrastructure, NACTO
https://nacto.org/publication/urban-street-stormwater-guide/

e Stormwater Best Management Practice—Street Design and
Patterns, EPA

e Green Infrastructure in Parks: A Guide to Collaboration, Funding,
and Community Engagement, EPA, 2017
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Cool Corridors Mitigation Benefits

Design streets or pathways as cool corridors that allow
people to safely walk, jog, bike, or roll outdoors on hot, el Helps manage stormwater
sunny days s  when street trees are included.

Cool corridors refer to linked spaces in an urban environment that use
trees, shade structures, light-colored pavement, vegetation, and/or
water bodies to create cooler, shadier travel routes on hot days. Cool
pavements have lower temperatures than conventional pavements Increases comfort and safety for
and can assist in reducing the urban heat islands.?*® Deciduous trees QA people walking, riding bicycles,
are particularly helpful for providing seasonal shading during the and using transit.

hottest months. Cool corridors can be created along streets or through

open spaces like parks. Routing pedestrian and bike paths through

these corridors can keep these options viable even on very hot days.?*®

Supporting outdoor gathering spaces and active transportation

encourages community health and social well-being. Also, see

Water Features.

Provides shade and
reduces temperatures.

Case Study: Phoenix, Arizona, Cool Corridors

The City of Phoenix plans to establish 100 “cool corridors” by 2030 along
routes with high pedestrian traffic and little existing shade. The City is
working with volunteers to plant drought-resistant trees, instructing
road crews to apply a light-colored paint-like solution to asphalt
roadways, and working with private property owners to increase shade
structures and features like misters and landscaping.2®°

Exhibit 5-24. Cool Corridor Installation

Volunteers and City staff work to install the first official cool corridor in Phoenix, Arizona.
Source: City of Phoenix
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Early Warning, Evacuation, Mitigation Benefits
Shelter, and Lifelines Access

Provides critical warning and
PpWeey  evacuation notices during

Early Warning Systems flash-flood events.

Directs people to take shelter
when there is elevated risk
of tornadoes and other
Special early warning systems are available for many kinds of disasters, severe windstorms.
including tornados, windstorms, wildfires, earthquakes, and tsunamis.
Early warning for earthquakes is an effective approach to warn residents
of impending ground shaking. In addition to warning people, these
systems can be used within buildings to stop and open elevators and
open emergency response and medical facilities to ensure doors do not Provides a few seconds of
jam during shaking. Rising water alarms can also warn residents about warning to prepare critical
potential flooding, which can be especially useful at night when people infrastructure, building
may be asleep and unaware of rising floodwaters. Tsunami warning systems, etc.

systems provide advance notice of a potential tsunami, alerting people
to seek shelter at higher elevations. Typically funded and operated by
a public entity, early warning systems can sometimes be installed by
private developers as part of the overall site infrastructure.

Include emergency early warning systems when
developing a new site in a hazard zone.

(>

Provides critical evacuation
warnings for wildfires.

B 2

Provides critical warning and
evacuation notices ahead
of tsunamis.

[d

Resources

e NIST Earthquake-Resilient Lifelines: NEHRP Research, Development
and Implementation Roadmap—
https://www.nehrp.gov/pdf/nistgcr14-917-33.pdf

e UC Berkeley Disaster Lab—https://disasterlab.berkeley.edu
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Clear Evacuation Routes and Sighage

Create clear, visible signage and wayfinding for
evacuation routes.

Confusion and disorientation can be deadly when a disaster is imminent.
Clear signage for how to access evacuation routes or onsite shelters is
essential to reduce delay and confusion when an emergency evacuation
is necessary. In wildfire-prone areas, large street signs and house
numbers that are visible from the street can help aid evacuation in
smoky, low-visibility conditions and aid in emergency response.?®!

In tsunami-prone communities, signage on the ground, sometimes
referred to as “blue lines” that indicate safe elevations, can also guide
people to safe locations within a site or community.?? Evacuation

route signage for tsunamis should display information for those people
evacuating by foot in addition to those exiting by vehicle. All evacuation
signage should be clearly visible at night as well as during the day.

Evacuation routes and signage may be less directly applicable to
extreme heat events, but clear identification and communication about
onsite or nearby cooling centers can help save lives during a heatwave,
particularly for vulnerable populations such as older adults and people
who are low-income.

Evacuation and access via water in coastal areas is also an important
consideration. Water-based operations, such as commercial fishing
fleets, require safe harbors to reduce the potential for impacts to

their businesses. Some communities have dedicated harbors of refuge
upstream from development to allow commercial fishing boats places
to go during a storm.2®® Emergency response and supply deliveries may
also be easiest via water in some coastal areas when roads are damaged
and inaccessible to vehicles.
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Mitigation Benefits

Aids evacuation and emergency
response:

C_ M To hurricanes
= ’

Following landslides.

E Following earthquakes.

W After flood events, directing
98  people to safe locations outside

of flood events.

Exhibit 5-25. Tsunami Evacuation
Route Sign in Aberdeen,
Washington

During wildfires, where visibility
can be limited.

Ahead of tsunami waves,
directing people to critical
evacuation routes and
higher elevations.

Tsunami evacuation signs direct people to
safety at higher elevations. Source: MAKERS

Exhibit 5-26. Street Marking
Delineates Tsunami Inundation Zone

Blue line signage on the street directs
people to safe elevations that are outside
the tsunami inundation zone. Source:
Oregon Department of Emergency
Management
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Exhibit 5-27. Community Planning Strategies to Protect Communities From Wildfire

Defensible

Community Space

Protection

Proper management

of vegetation
Well-designed fuelbreaks surrounding the

and safe areas protect home reduces the
the community. wildfire threat.

.

Built

Environment

Access

Appropriate home
Good access helps Evacuation construction and
emergency responders maintenance resists
arrive in a timely manner. Prepared communities ignition.
can evacuate safely and
effectively.

Access for emergency response and firefighting and evacuation routes are both important aspects of increasing wildfire resilience in
communities. Source: Community Planning Assistance for Wildfire, a program of Headwaters Economics
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Safe Room Location Mitigation Benefits

Create places for people to shelter on site in areas

vulnerable to high-wind events. Provides onsite shelter options

during high-wind storm events.
Sites vulnerable to strong windstorms, tornados, and hurricanes should

integrate safe rooms in or adjacent to buildings to allow people quick,
easy access in the event of a sudden windstorm. Safe rooms should not
be located in flood hazard zones with high-velocity wave action or in
Coastal A Zones.?* Safe rooms in buildings in some flood hazard areas
may be allowed if they are elevated above the ground floor and base
flood elevation level. This elevated safe room may result in the need for
an alternate safe space in some tornado-prone areas.

Exhibit 5-28. Federal Emergency Management Agency Guidance on Safe Room Siting in Flood Hazard
Zones

Diagram of Federal Emergency Management Agency’s (FEMA) guidance on safe room locations. Letters called out at the top of the graphic
(X, A, V, etc.) refer to FEMA Flood Hazard Zones. See Exhibit 4-7 in Chapter 4—Site Analysis for descriptions. Source: FEMA, “Taking Shelter
From the Storm”

Resources

e FEMA P-320—Taking Shelter from the Storm: Building a Safe Room
for Your Home or Small Business
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Vertical Evacuation N )
Mitigation Benefits

Create vertical evacuation structures on low-lying sites

in tsunami zones. R Provides onsite evacuation
2oy for low-lying areas during
Site planners should understand the warning time that future users of a flash-flood.

the site will have prior to evacuation. In some cases, there may not be
time for a full evacuation in the event of a tsunami, such as on low-lying
peninsulas with few potential evacuation routes. Some communities
faced with these risks are building vertical evacuation structures to
allow people to get above the inundation zone and incorporating Provides onsite evacuation for
vertical evacuation in buildings like schools and city halls. In a free- low-lying areas where there is
standing structure, consider ways to activate the ground floor so that it — limited time to evacuate.
contributes to a street’s vibrancy and sociability. Consider ways for the

structure to also serve as a viewpoint for community enjoyment.

May also provide storm-surge
refuge for residents unable
to evacuate.

Mitigation Considerations

Exhibit 5-29. Walking Evacuation Route Map for Hoquiam,
Washington Design measures may be

slme

RA1d needed to ensure evacuation
towers are integrated with
the community, visually

and functionally.

Source: Washington State Department of Natural Resources

Vertical evacuation structures can provide onsite evacuation options

for people living in tsunami zones where there may not be time for

a land evacuation due to the lack of warning time before the arrival

of a tsunami or because of the lack of elevation in low-lying areas.
Vertical evacuation structures can be “permeable,” allowing waves to
flow beneath them, such as a tower on vertical piers.?> Buildings can
also serve as evacuation structures and be coupled with other uses to
provide multiple benefits to a community. Ocosta Elementary School in
Westport, Washington, is an example, with a capacity for 2,000 students
and town residents.?®
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Exhibit 5-30. Tsunami Shelter Design for Ocosta Elementary,
Westport, Washington

Birds-eye illustration of Ocosta Elementary School, Westport, Washington, showing
educational spaces and the tsunami-safe area on the roof. Source: TCF Architecture

Resilience Hubs

Include accessible community centers and open spaces
that can serve as emergency gathering spaces.

Community centers and open spaces can serve as resilience hubs

to aid evacuation prior to or during an emergency. These hubs can

also provide a place for information, coordination, and community
connection in the chaotic post-disaster period. Research on open space
usage after earthquake highlights the following beneficial attributes:2¢’

e Clear sight lines.
e Easy to access.

e Have water, sanitation, power/lighting,
and wayfinding/communication.

e Large spaces can serve as ad-hoc medical space and temporary
shelter, but smaller spaces can also be valuable.

Community center buildings can serve as cooling centers, store
emergency food and water, and provide a place to charge electronics.
Buildings with back-up power sources can be particularly valuable
when hazards result in power outages. Some structures could also be
designed to serve as emergency shelters or offer vertical evacuation.

There are some risks with using open spaces for gathering during or
post-disaster. During some wildfires, people can be safe outside if

kept away from fuel sources,?® but can also be at risk if fire conditions
change suddenly. People gathering outside in urban areas are often
more vulnerable to injury during earthquakes from material falling from
damaged buildings. Aftershocks are common following earthquake
events and can cause additional damage to weakened structures. In
addition, if open spaces are located in a low spot or below a slope
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Mitigation Benefits

Provides space for gathering and
communication prior to, during,
and/or following a:

A flood event.

g,, Windstorms.
Wildfires.
Landslides.

Earthquakes.

Tsunamis.

N Can provide shade and serve
At asacooling center during a
heat wave

P Aids disaster preparation,
O AT] evacuation coordination, and/
or post-disaster recovery

Mitigation Considerations

Em Work with emergency
RAfd management officials to ensure

open space conditions are safe
and to coordinate post-disaster
recovery planning.

163



Chapter 5. Mitigation Strategies

Site Layout, Circulation, and Access

then they may be vulnerable to floods or heavy rains that trigger

landslides. Post-disaster gathering areas within open spaces should See also Early Warning,
be clear from adjacent buildings and buffered from slopes that Evacuation, Shelter, and
could become vulnerable post-disaster. Planning for the use of open Lifelines Access and
spaces for wildfires should only be done in close coordination with Microgrid Approaches

fire professionals. for Power Supply and
Emergency Back-Up.

Community Lifelines

Facilitate redundant access to lifeline systems if a

disaster is likely to cut off access to external systems. Mitigation Benefits
Community Lifelines is a framework developed by FEMA to improve Increase community resilience
disaster response. Lifelines are the critical services on which a by protecting access to critical
community depends. Initial responses after a disaster will focus on services:

stabilizing lifelines impacted by disasters.?®

. o During and after a flood.
There are seven categories of community lifelines:

During and after a

e Safety and security. strong windstorm,

QM

e Food, water, and shelter.

’
£y
|

During a heat wave.

\

e Health and medical.

e Energy (power and fuel). During and after a wildfire.

e Communications. Following a landslide, or when

e Transportation. landslide risks are elevated.

e Hazardous materials (protection from). Following an earthquake.

Some community lifelines may not be included as features of a site plan
for a residential community. However, site planners should be aware

of the proximity to local lifeline services. Categories of lifelines that are
distant from the site or separated by a piece of vulnerable infrastructure,
such as a bridge, may not be available following an emergency.

Following a tsunami.

[dE £ &
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Exhibit 5-31. Community Lifelines

Source: Federal Emergency Management Agency, Lifelines Fact Sheet

Site Planning for Disaster Mitigation Guidebook 165



Stormwater
and Site
Protection

This section covers strategies for managing
stormwater and protecting sites from floods,
which are increasing and are already the most
common and costly disaster in the United States.

“It’s also time to embrace the life-giving power of
water itself and look beyond engineered outcomes
to a different measure of success based on a living
planet index. The space where water meets land
propagates our most ecologically and culturally
productive zones and has been consistently
eroded in the last century as expansive riverbanks
have been canalized, flows severed, and basins
paved. To reclaim them, we must conceive future
landscapes that move beyond “green vs. gray”

and into new imaginative territories of design,
empathy, and empowerment.”?7°

- Kate Orff from the Forward to
“Landscape Architecture for Sea Level Rise”



Greening the Grey—Managing
Stormwater

Traditional approaches to stormwater management focused on “grey
infrastructure” —hard structures, such as catch basins and sewer

pipes, that would channel stormwater away from communities and
direct the water into detention ponds, treatment plants, and nearby
waterways. Over time this grey infrastructure approach has led to a
number of challenges, including decreased water quality in nearby
waterways, damage to ecological systems and habitat, decreased soil
permeability and groundwater recharge, and increased flood impacts,
particularly for downstream communities.?’* Heightened demand on
urban drainage systems due to increased rainfall and expansion of
impermeable surfaces from the development of urban areas has further
overburdened grey stormwater systems. Failures of these systems can
lead to additional flooding, exposure to hazardous waste, disruption in
utilities service, impacted drinking water resources, and structural and
property damage.?”? In addition, grey infrastructure approaches can be
costly to build and are often not adequately flexible for the stressors of
today’s climate reality.?”® Traditional cost-benefit analysis often fails to
recognize these impacts to infrastructure.

Adding nature-based solutions, such as green stormwater infrastructure,
expands a site’s ability to absorb and treat stormwater where it

falls, lessening the burden on grey infrastructure. This modification

can be particularly important in developed areas where sewer and
drainage systems are combined, as heavy rainfall events can quickly
overwhelm drainage systems, resulting in raw sewage outfalls into
adjacent waterways. As a result, integrating green infrastructure
solutions into a stormwater system can protect communities from the
impacts of natural hazards and can contribute toward a community’s
resilience against climate change. Sustainability co-benefits of green
infrastructure include ecosystem connectivity, heat absorption and
shade provision, carbon sinks, and benefits to human well-being and
mental health through increased green spaces and opportunities for
outdoor activity. Understanding the site-specific climate conditions is
necessary for developing an effective implementation strategy of green
stormwater infrastructure techniques into the existing or planned

site infrastructure.?’*
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Exhibit 5-32.Grey and Green Infrastructure

Grey Infrastructure

storm drain prone  street runoff
to seasonal blockage  discharges

to stream
—-—>

channelized
stream with
floodbarrier

roof runoff discharges
to combined sewer

Green Infrastructure

green roof
reduces runoff

riparian
buffer

roof runoff discharges

to rain garden green street

permeable with swale
pavement

floodable open
space

Illustration of grey infrastructure and green infrastructure. Source: MAKERS updated and adapted from Depietri and McPhearson (2017)
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Bioswales and Rain Gardens N i
Mitigation Benefits

Use nature-based solutions such as bioswales and rain

gardens to manage and treat stormwater runoff on site. [l Reduces stormwater runoff
998 and downstream flooding and

Bioswale and rain garden strategies have multiple benefits for a site improves water quality.

that can increase resilience to natural hazards. Stormwater runoff

can exacerbate flood risks during heavy rain and flood events. By Retains water in the soil,

collecting and managing stormwater within the boundaries of a site, which can reduce drought

these systems reduce the impact of stormwater runoff and erosion stress on vegetation and aid

on downstream communities. Vegetation within bioswales and rain soil conservation.

gardens can also help clean and cool water before it reaches other

water systems, such as nearby streams and rivers. This filtering helps Promotes infiltration, which can

improve water quality, which can increase resilience of the overall site. support healthy vegetation and

Furthermore, infiltrating water into the ground stores water in the soil, reduce some wildfire risk.

which can help trees and site vegetation survive periods of hot weather

and drought, an important consideration as unhealthy trees and Helps reduce flooding and

vegetation are more vulnerable to wildfire. erosion, which can increase

landslide risks.
The value of green stormwater infrastructure is well-documented, and
communities across the country are integrating these practices into el Connects people to natural
their site plans and communities. Site planners should consider the QAL spaces and wildlife.
following when planning natural drainage strategies:?’®

. Mitigation Considerations
e Reference local stormwater manuals and natural drainage

guides for best practices that take into account local climate and

precipitation patterns. A Careful placement, plant
selection, and regular
e Assess soil types on the site and test infiltration rates before maintenance needed to ensure
designing and implementing natural drainage strategies. Sites vegetation does not increase
with clay or heavily compacted soils may require amendments wildfire risk.

or additional planning before natural drainage practices can
be implemented.

e Consider the benefits of all materials within the rain garden or
bioswale system, from soil to mulches and amendments, and plants.

e Select deep-rooted plants that are acclimated to the wet-dry cycle
that is typical of bioretention facilities. Consider using native plants
where feasible.

e Consider maintenance needs when planning natural
drainage strategies.

e Infiltrating water on or around slopes can increase landslide risks.
Work with geologists, geotechnical engineers, or other professionals
when considering natural drainage strategies on sloped sites.

¢ In wildfire-prone areas, follow local defensible space guidance when
locating vegetated bioswales and rain gardens and select drought-
tolerant plants that will not become overly dry and increase wildfire
risk. Routine maintenance may also be needed to ensure bioswales
and rain gardens do not increase wildfire risk.
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Resources

Naturally Resilience Communities—
https://nrcsolutions.org/rain-gardens/

US—Green Infrastructure Design and Implementation (Links to
regional design manuals, tools, and more information.)
https://www.epa.gov/green-infrastructure/green-infrastructure-
design-and-implementation#Design%20Manuals

Green Infrastructure Foundation—
https://greeninfrastructurefoundation.org/

American Society of Landscape Architects—Water and
Stormwater Management
https://www.asla.org/waterandstormwater.aspx

American Society of Civil Engineers—Water Quality Impact &
Solutions
https://www.asce.org/communities/institutes-and-technical-
groups/environmental-and-water-resources-institute/water-quality-

impact-solutions

FEMA - Building Community Resilience with Nature

Based Solutions—
https://www.fema.gov/emergency-managers/risk-management/
nature-based-solutions

Exhibit 5-33. Rain Garden

FEMA illustration of a rain garden (left), a type of nature-based solution. The High Point
development in Seattle, Washington, (right) incorporated many rain gardens and other
natural drainage features into the site design. Sources: Federal Emergency Management
Agency (left); MAKERS (right)
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Floodwater Detention and
Retention Basins

When needed, increase onsite stormwater storage by
including detention and retention basins in the project.

Stormwater detention basins are designed to capture and slow
stormwater during typical precipitation events and large storms, thus
reducing flood impacts. Dry detention ponds gather stormwater and
then release the water slowly into the system. Wet detention ponds and
retention basins are designed to retain a permanent pool of water at all
times of the year, while often providing temporary stormwater storage
above the permanent pool.?’®

Exhibit 5-34. Stormwater Detention Basin

Stormwater detention pond in Memorial Park, Kimberly, Wisconsin. Source: Aaron
Volkening, November 2017 CC by 2.0, Flickr

As an added benefit, some detention basins are designed for water
treatment. Some flood detention strategies can also be designed to
become an amenity for the site, similar to a central water feature.

In some wildfire-prone sites where there is water availability, wet-
detention ponds may offer storage solutions that can be used to fight
wildfires.?”” Wet detention ponds can also be located within an open
space to provide a fuel break. If detention basins are to be used as a site
amenity, however, careful consideration must be given to water quality
and access concerns. Stormwater can carry harmful contaminants, and
the nutrients (phosphorus and nitrogen) present in stormwater can
sometimes lead to harmful algal blooms (HABs) in detention basins that
are toxic to humans, pets, and wildlife.?’®

Resource

e https://nrcsolutions.org/floodwater-detention/
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Mitigation Benefits

swoy| Reduces some flood impacts
during storm events.

Y| Stores water on the site and/or
A" promotes infiltration of water
into soil.

u Serves as fuel breaks and
provides some back-up water

supply for fighting wildfires.

. Helps reduce flooding and
erosion, which can increase

landslide risks.

Mitigation Considerations

M.  Detention basins should

A1  be carefully designed and
integrated into the site in a
way that promotes safety
for local residents and
provides amenities (trails,
attractive plantings, etc.)
whenever possible.

See Streets as Site

Protection - Green Streets.
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Permeable Paving Mitigation Benefits

Use porous paving strategies to further reduce

impervious surface coverage. el |nfiltrates and/or retains
222y stormwater, helping to reduce
Porous paving, sometimes called permeable paving, is a pervious runoff and downstream
alternative to traditional hardscape areas and works in concert with flood impacts.
natural drainage strategies to reduce flood hazards and infiltrate
water, which can be beneficial in drought-prone locations. Pervious Reduces impervious surface
concrete, porous asphalt, and modular concrete pavers are all forms of coverage and provides
porous paving. Permeable pavements are often used in low-traffic and green space and shade that
pedestrian spaces, and designs that support higher volumes of traffic lowers temperatures.
are available for use in city streets. Permeable sidewalks need to ensure
that surfaces meet Americans with Disability Act (ADA) requirements, Infiltrates water, reducing some
although most products currently available meet ADA standards. Site wildfire risk.
planners should consider the following when weighing permeable
pavement strategies: Helps reduce flooding and
erosion, which can increase
e Reference local stormwater manuals and design guides for best landslide risks.
practices that take into account local climate and precipitation
patterns. Permeable pavements also have specific benefits for Exhibit 5-35. Permeable Paving

cold-weather climates, potentially reducing the need for salt and
promoting faster ice melting.?’®

e Assess soil types on the site and test infiltration rates before
installing permeable paving.

* Assess maintenance requirements before selecting a paving
solution, as all permeable pavement systems require regular
maintenance. Some permeable pavements may be unsuitable
where salts are used for deicing.

Resources

e EPA—Soak Up The Rain—Permeable Pavement
https://www.epa.gov/soakuptherain/soak-rain-permeable-

pavement

e USGS—Evaluating the potential benefits of permeable pavement on
the quantity and quality of stormwater runoff
https://www.usgs.gov/centers/upper-midwest-water-science-
center/science/evaluating-potential-benefits-permeable-pavement

¢ NACTO—Permeable Pavement
https://nacto.org/publication/urban-street-stormwater-guide/
stormwater-elements/green-stormwater-elements/permeable-

pavement/

e FEMA—Building Community Resilience with Nature Based Solutions FEMA illustration of permeable paving (top)
https://www.fema.gov/emergency-managers/risk-management/ a type of nature-based solution. Bottom:
nature-based-solutions Car parked on permeable pavers. Sources:

Federal Emergency Management Agency
(top); Normand Lemieux, September
2021 CC by SA 4.0, Wikimedia Commons
(bottom)

Site Planning for Disaster Mitigation Guidebook 172



Coastal Shorelines—Edge
Protection Strategies

Given the complex forces that drive flood challenges in coastal
environments, combining both traditional (aka grey) and nature-based
solutions (aka green or soft) at the site or neighborhood scale is often
needed to meet site needs for resilience and protection.?®® Despite the
limitations and challenges of grey infrastructure, these approaches are
still effective at protecting sites and communities from some impacts
and may be needed where nature-based solutions are unable to provide
adequate protection. For example, while researchers recognize the
negative effects of sea walls on shoreline habitat and morphology, they
also highlight that sea walls can provide important protection to existing
coastal communities, particularly those vulnerable to tsunamis and
large storm surges.?®! In cases such as this, opportunities to implement
nature-based solutions alongside grey infrastructure can lead to robust
improvements in overall site resilience.

The following strategies reflect a range of approaches that can be
combined across a site to protect from coastal flooding while utilizing
nature-based solutions. There are many different types of shorelines
across the United States and significant regional differences between
coastal areas. Consult local resources prior to identifying site strategies.

Impact Reduction Strategies

Consider near-shore opportunities to protect coastal
sites from floods (large site or district scale).

Near-shore features and in-water structures can reduce the impacts
from storm surges and high-tide flood events in coastal communities,??
although these strategies are more often taken at a regional or
community-wide scale. Hard engineering approaches typically use
concrete, riprap, armored blocks, or other hard infrastructure to
manage flood events. Such strategies include breakwaters, groins,
jetties, tide gates and surge barriers, and polders. Walls installed below
the water’s surface can reduce some risk from tsunami waves.?®

Nature-based solutions can be integrated into or used alongside hard
infrastructure to further reduce the impacts of floods on sites while
also enhancing ecological functions. Such strategies include constructed
wetlands, artificial reefs, living breakwaters, and floating islands.

Resources

e NYC Urban Waterfront Adaptive Strategies
https://www1.nyc.gov/assets/planning/download/pdf/plans-
studies/sustainable-communities/climate-resilience/urban

waterfront.pdf

e Naturally Resilient Communities—https://nrcsolutions.org/
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Mitigation Benefits

W Protects coastal and shoreline
298 development from some storm
surges and sunny-day flooding.

¥ 9§ Nature-based approaches may
el disrupt or dissipate some winds.

Calms wave action, which
can reduce landslide risks
from erosion.

Reduces some wave energy.

[d

Exhibit 5-36. Constructed Reef
Breakwater

U.S. Department of Fish and Wildlife
(DFW) employees construct an oyster reef
breakwater structure at Gandy’s Beach,
New Jersey. Source: U.S. DFW, May 2016,
Flickr
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Living Shorelines

Use nature-based strategies to recreate and restore
living shoreline edges.

In addition to protecting and restoring existing natural systems,
planners and designers are also exploring how to create or use natural
systems to increase site resilience against natural hazard impacts. Living
shorelines are stabilized shoreline edges made of natural materials
such as plants, sand, and/or rock that are designed to grow over time.
Living shorelines can consist entirely of vegetation or can be combined
with structures to help anchor the shoreline in place. These shorelines
are often hybrid strategies, where structural solutions are employed
alongside strategies that provide ecological benefits. Living shorelines
are more resilient against storms than some coastal structures, such
as bulkheads, as they can absorb impacts and continue to grow and
provide protection.?*

Living shoreline strategies include the following:2%

Vegetated Shorelines. Vegetated shorelines employ the root structures

of native coastal plants to reduce erosion, dissipate wave energy, and Mitigation Benefits

hold the shoreline in place. These strategies are most appropriate in

sheltered locations where there is low-wave action. These approaches WWR  Provides space for coastal flood
do not protect upland areas from storm surges. Structural elements can sl and storm surges.

be added to further stabilize the slope. Linear edging material such as

geotextile tubes, rock gabion baskets, or living reefs can anchor the toe Reduces some wind speeds

of the slope and help hold the shoreline in place. Sills of rock or living LN i/\0ugh varied topography
reef material can also be placed parallel to the shoreline to reduce wave and vegetation.

action and allow more space for marsh and wetland restoration behind

the sill.>® Often incorporates vegetation,

which can reduce air and

Beaches and Dunes. Beaches and dunes are naturally changing water temperatures

environments that respond and shift in response to coastal winds,

waves, tides, and storms. They can help mitigate storm impacts by Absorbs wave action, reducing

serving as a buffer between the coastal edge and upland development. coastal erosion that can
Restoring shorelines to provide new beach and dune habitats can increase landslide risk.

help buffer communities from storm impacts and reduce erosion

impacts by providing a natural material source that can be transferred Exhibit 5-37. Dune Restoration

to other areas along the coastline through natural wave action and

tidal forces. These forces need to be carefully understood to ensure
shoreline restoration is resilient to current forces and future change.
Communities that have pursued beach nourishment strategies, in which
sand is imported to the site to repair previous beach erosion, have often
found that the sand has eroded again within a short period of time.?’

Planners and designers are also starting to think of new ways to

integrate the natural protective aspects of dune landscapes into urban

coastal areas.
Restored vegetation at NASA’s Kennedy
Space Center, Florida, beaches in 2019.
Source: KSC-20190415-PH_KLS01_0047,
© 2019 NASA Kennedy, CC BY-NC-ND 2.0,
Flickr
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e Sand engines are large deposits on dredged sand material that are
placed on the shoreline (rather than the beach) to allow tidal and
wave action to naturally extend the beach and create protective
barrier forms.?®

Resources

¢ NYC Urban Waterfront Adaptive Strategies—
https://www1.nyc.gov/assets/planning/download/pdf/plans-
studies/sustainable-communities/climate-resilience/urban

waterfront.pdf

e Landscape Architecture for Sea Level Rise (Book)

e NOAA Guidance for Considering the Use of Living Shorelines—
https://www.habitatblueprint.noaa.gov/wp-content/
uploads/2018/01/NOAA-Guidance-for-Considering-the-Use-of-
Living-Shorelines_2015.pdf
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Coastal Structures Mitigation Benefits

Use shoreline structures, such as seawalls, bulkheads,
or revetments, only in areas with pre-existing el Protects developed areas
hardened shorelines to protect sites that have existing - itgjr'gftsﬂgg flood risks and
development or other important community resources.

Absorbs wave action, reducing
coastal erosion that can
increase landslide risk.

Given the prevalence of development in coastal areas throughout the

United States, there is a crucial need to protect coastal areas from

increasing flood risks. While nature-based solutions are necessary

tools for increasing resilience, structural solutions are still needed

in some cases to protect existing communities, commercial centers,

and infrastructure. Shorelines hardened with structural solutions can —

result in negative ecological impacts on or adjacent to a site, including

increased wave action and erosion at the edges of the structure,

destruction of wildlife habitat, and reduction in water quality. Coastal

structures are also limited to the forces and flood levels that they are

designed to withstand, and they can fail in major storms if water levels é Can increase erosion on

and wave action surpass those design parameters. adjacent shorelines, which
increases flood risks.

Provides some protection
for developed areas
against tsunamis.

Mitigation Considerations

Despite these impacts, such strategies are sometimes needed to protect

existing development and resources or to protect against major flood Can increase erosion on
risks, such as tsunamis. Consider opportunities to combine with soft ‘ § adjacent shorelines, which
shoreline strategies or integrate ecological design elements to help increases landslide risks.

support ecological functions.

Examples of shoreline structures include:

Exhibit 5-38. Seawall Helps to

Seawalls and Bulkheads. Seawalls are stone, concrete, and or metal Protect From Erosion

structures that run parallel to the shore to protect upland site areas
during major storm surges. They are effective in environments with
high wave energy that are vulnerable to large surges.?® As a secondary
benefit, seawalls that are designed with public access in mind can
provide space for passive recreation opportunities. Seawalls may not
be a suitable mitigation strategy in areas where surge heights are
lower, where natural shorelines are desired, or where land availability
is low.?° By nature, seawalls are inflexible and cannot adapt to sea level
rise. They also increase erosion through increased wave action and
disruption of sediment transport along the shoreline.?*!

Behind the Seawall, Cape Hatteras, North
Carolina. Source: © 2012 Zach Frailey,
CC BY-NC-ND 2.0, Flickr

Similar to seawalls, bulkheads are vertical retaining walls that hold
soil in place to stabilize the shoreline edge. They are not designed to
provide protection from major flood events but can prevent erosion
impacts from typical wave and tidal action.?®? They can sometimes
provide recreational space in urban environments, but they also share
many of the same ecological limitations of sea walls. Twenty-five
percent of New York City’s shoreline is protected by bulkheads.

More recent approaches to seawalls and bulkheads have incorporated
strategies to increase ecological functions while also protecting
infrastructure, such as roughened surfaces to allow near-shore
habitat growth and light penetration for overhanging structures to
support wildlife.
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Revetments. Revetments are common in urban areas where the Exhibit 5-39. Tetrapod in
shoreline edge is armored with large rocks or concrete blocks to protect Brighton, England

the underlying sloped shoreline from erosion. They mitigate wave

action, and although they do not provide protection from flooding

or major storms, they are relatively resilient to flood damage, as rock

material can typically resettle in place.?® Revetments can have negative

impacts on intertidal habitats and lead to increased erosion on adjacent

unreinforced sites. They are best used in sites where there are pre-

existing hardened shoreline structures.

Revetment edging material can be made of human-made or natural

materials and typically use irregular forms rather than solid-wall

materials. Specific approaches include:** Concrete Sea Defenses. Source:
Dominic Alves, © 2010, CC BY 2.0, Flickr

e Riprap.
e Concrete jacks or tetrapods.
o Artificial reefs.

e OQyster reefs.

In-Water Surge Barriers. These structures are made of steel and
concrete, providing protection from storm surge (e.g., post-Sandy
feasibility studies in Gowanus, Newtown Creek, and Coney Island).

Breakwaters. Breakwaters are off-shore structures that are constructed
to reduce wave action and protect the shoreline area from erosion.
Integrating living elements into the breakwaters can help increase
overall shoreline resilience. Strategies include: >

e Living Breakwaters—Incorporate natural features, such as
oyster habitat.

¢ Rubble Mound Breakwaters—Traditional rock barriers that absorb
wave energy through voids in rock material.

e Segmented Breakwaters—Wave action is reduced, but some waves
and sediment are still allowed to reach the shoreline.

¢ Floating Breakwaters—Protects shoreline with lesser impacts to
shoreline water circulation.

Resources

e NOAA Office for Coastal Management—Digital Coast - https://coast.
noaa.gov/digitalcoast/

e NYC Urban Waterfront Adaptive Strategies— https://www1.nyc.
gov/assets/planning/download/pdf/plans-studies/sustainable-
communities/climate-resilience/urban_waterfront.pdf

e San Francisco Bay Shoreline Adaptation Atlas— https://www.sfei.
org/adaptationatlas

e Landscape Architecture for Sea Level Rise, Edited by Galen D.
Newman and Zixu Qiao, 2022.
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Upland Flood
Protection Strategies

Floodable Open Space

Design waterfront and riverfront parks with flooding in
mind, especially when considering building materials,
lighting or electrical systems, and vegetation.

Waterfront and riverfront parks can provide the residents of a
community with open space for active and passive recreation and can
preserve a physical connection to the water. Using this space for flood
protection as well as a park can create redundancy and foster social
sustainability. Maintaining open space also provides flexibility for
further adaptation to climate change.?*® Site planners should consider
the following design and management needs:

e Design approaches such as shoreline terracing can be used within
floodable open spaces to provide space for flood storage, retain
sediment during high-water events, and disperse wave action while
also connecting people using the site to the waterfront.?’

e Consider maintenance, both prior to a flood and clean-up afterward.

Site furnishings and other elements in the park may need to be
anchored to ensure they are not damaged or moved by floodwaters
and cause damage to other areas of the site.?*®

e Floodable parks in marine areas need to carefully select plants that
are salt tolerant and resistant to erosion.
Resources

e Naturally Resilient Communities—Waterfront Parks
https://nrcsolutions.org/waterfront-parks/

e NYC Parks—Designing and Planning for Flood Resiliency
https://www.nycgovparks.org/planning-and-building/planning/
resiliency-plans/flood-resiliency

¢ FEMA - Building Community Resilience with Nature Based Solutions
https://www.fema.gov/emergency-managers/risk-management/
nature-based-solutions
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Mitigation Benefits

Provides space for floodwaters
during storms and/or for sunny

day flood events.

Integrates green space into the
site, reducing air temperatures.

& Encouraging infiltration reduces
wildfire risk.

Dissipates wave action from
storms, reducing erosion along
the shoreline.

‘. Can help dissipate wave action
bsaa) from some small tsunamis.

iy Provides natural and open
DAY space for people.

Exhibit 5-40. Constructed
Wetland as Part of Brownfield
Restoration

Constructed wetland, Renaissance Park,
North Chattanooga 7, Tennessee. Source:
Lawrence G Miller, ©2009, CC BY-NC-ND
2.0, Flickr

Exhibit 5-41. Floodable Park

FEMA illustration of a floodable park, a type
of nature-based solution. Source: Federal
Emergency Management Agency
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vegetated Berms Mitigation Benefits

Use vegetated berms for flood and tsunami protection

within floodable open space areas. Provides Floodable Open Space.

Vegetated berms can be used to provide flood protection, disperse &

wave action, and provide tsunami protection. They can be integrated el

into open spaces at different scales and provide different levels of .

site protection. In coastal areas, vegetation should be salt tolerant to S0- Reduces air temperatures
. o . ! 4t | through shade and vegetation.

provide greater site resilience.

Reduces some wind speeds.

Dissipates wave action,
reducing erosion and
landslide risks.

Dredging and mounding is one approach for creating vegetated berms
by removing silt from the riverbed and strategically placing it on the
shore. This tactic can lower water levels by deepening or widening
the riverbed and reduce the extent of flooding by creating physical
barriers on the riverbank.?®® When conducted at a regional scale it can
also effectively address erosion and moderate storm surge. However,
dredging and mounding can have large-scale environmental impacts.

Helps dissipate wave action
from some small tsunamis.

Provides natural and open
space for people.

¢
>¢

=E

Consider lines of sight and natural surveillance goals to ensure the
addition of vegetated berms maintains human comfort and safety.

Mitigation Considerations

A Ensure clear sightlines to
DA promote safety and comfort.

Flood-Friendly Culverts

Mitigation Benefits

Size culverts to appropriately disperse water in the

event of a flood. et Allows for movement of large
volumes of water during floods.

Adequately sized culverts can be an effective means to disperse water

during a flood without impacting traffic on roadways or rail lines. "W Reduces runoff outside of the
Culverts that are too small to handle large amounts of water passing L stormwater system, which can
through can cause flooding and impact roadways. Additionally, they lead to erosion and increase
may increase the speed of the water that flows through, resulting in landslide risks.

downstream erosion and increased turbidity.3®

Resource

e Naturally Resilient Communities—Flood Friendly
Culverts— https://nrcsolutions.org/flood-friendly-culverts/
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Large-Scale Flood Protection Mitigation Benefits
Flood Control Infrastructure =] e e e eross

. . . P . floodwaters, altering the water
For larger sites, or for sites employing district strategies table, and/or draining water

for hazard mitigation, consider structural and hybrid away from a site.
strategies for flood control.

Although typically regional strategies, structural flood control Mitigation Considerations

strategies can reduce flood risks on individual sites, such as a planned

development. As with Coastal Structures, flood control infrastructure Can create barriers between
is engineered for certain flood conditions and can fail if flood levels 2418 water and community and
exceed the design parameters. isolate neighborhoods from

their surroundings.
Levees and Dikes. Levees and dikes are structural or earthen barriers
that stretch along shorelines or rivers. When incorporated at the
district-wide scale, they can offer protection to low-lying areas from
surge events and flooding. As a secondary benefit, levees and dikes
can provide passive recreation opportunities and areas for roadways.3%*
Without proper design and implementation, levees can reduce
sightlines and accessibility and create a sense of separation from the
water. By nature, levees and dikes are inflexible and cannot adapt to Exhibit 5-42. Temporary Levee
sea level rise or increasing severity of storm surges caused by climate Holds Back Flood
change. This result can create a levee effect, where development
is drawn to areas behind the levee, assuming a higher degree of
protection than exists.3?

Open Ditches. Providing drainage in the simplest form, open ditches
are linear landforms that collect and convey water away from roads
and fields. Mostly common in agricultural and conservation contexts,
variations on open ditch strategies can be employed to create new
opportunities for flood resilience.

Polders are low-lying land between dikes or other landforms that can Temporary levee in Velva, ND. Source:

be drained by pumps and ditch systems to reclaim land for agricultural Source: Patrick Moes, 2011 U.S. Army Corps
or other uses.3” Water management strategies in the Netherlands of Engineers, Flickr

have famously employed polders, dikes, and other water management

strategies to reclaim large amounts of land that was once covered by Exhibit 5-43. Canal in Amsterdam,
the sea. The Netherlands

Canals, which have served transportation and freight functions in
many European cities for centuries, also play an important role in
water management. Canal networks can also help lower groundwater
levels, potentially reducing flooding impacts and providing space for
development. Although these drainage strategies often rely on dikes
and other regional flood-protection infrastructure, in some low-lying
communities, these strategies may provide some opportunities for
adapting to rising water levels and flood impacts.

Amsterdam’s canals reflect the underlying
water management and engineering that
allows the city to thrive despite being

below sea level. Source: D Enchev CC BY 2.0,
Pxhere
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Case Study - Netherlands Water Management in
Residential Developments

The Netherlands is a global leader in innovative water management.
The following residential development examples illustrate different
ways that green infrastructure, development, and water management
infrastructure can work together across different sites.

e Stad van de Zon, Heerhugowaard, the Netherlands—Planned
community within a polder area that is CO2 neutral and has many
innovative water strategies. https://www.urbangreenbluegrids.com/
projects/stad-van-de-zon-heerhugowaard-the-netherlands/

e Plan Tide, Dordrecht, the Netherlands—Example of “unpoldering” a
landscape to reconnect site with tidal forces
https://www.urbangreenbluegrids.com/projects/plan-tide-
dordrecht-the-netherlands/

e Ruwenbos district in Enschede—Example of a community that
developed around natural drainage, and it also employs open
space strategies. https://www.urbangreenbluegrids.com/projects/
ruwenbos-enschede-the-netherlands/
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Open Space
and Green
Infrastructure

This section explores how open space elements,
such as soil, trees, and water, can be used to
increase overall resilience. Open spaces with
healthy natural systems can absorb hazards’
impacts and protect sites. This section explores
how open spaces (e.g., parks and trails) can serve
as hazard-mitigating green infrastructure while
also providing recreation and other functions in

a community.



Healthy Soil

Healthy soils provide important ecosystem services that can help

sites be more resilient when exposed to natural hazards, including
storing water, improving water quality, reducing dust, and promoting
vegetation growth. Soil is also a habitat for plants, microbes, and soil
animals, many of which provide important services that support overall
ecosystem functions.?®* However, in urban areas and other infill sites,
soils are often degraded through disturbance, compaction, loss of
vegetative cover, and pollution.3%

Construction Impact Reduction

Follow best practices to reduce soil compaction,
preserve soils, and protect existing drainage
and vegetation.

Construction activities, heavy equipment, and material storage can
disturb and compact soils, create dust, cause erosion, and impact trees
and vegetation. Developing a plan to preserve existing soils valuable
for vegetation and following best practices during construction can
help ensure onsite soils are impacted to the least degree feasible and
restored at the end of construction, minimize negative impacts to air
and water quality, and protect existing trees.3’ This plan provides a
broad foundation for overall site resilience that can help mitigate some
hazard risks, from reducing runoff, preventing erosion that can increase
landslide risks, infiltrating water into soils, and reducing stress on trees
and vegetation from heat and drought.

Checking the weather ahead of construction activities can also help
reduce the chance for construction to trigger wildfire during times
when wildfire risk is high.3%”

Resources

e Sustainable Sites Initiative—From the ground up: Sustainable sites
start with healthy soils
https://www.sustainablesites.org/ground-sustainable-sites-start-

healthy-soils

e Sustainable Landscape Construction, Third Edition by Kim Sorvig
and J. William Thompson—
https://islandpress.org/books/sustainable-landscape-construction-
third-edition

e Up By Roots: Healthy Soils and Trees in the Built Environment by
James Urban—
http://www.jamesurban.net/up-by-roots
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Mitigation Benefits

W Reduces soil compaction,
228 which promotes onsite water
retention and infiltration.

& Promotes healthy trees

== and vegetation, which are
less vulnerable to damage
from windstorms.

Reduces soil disturbance and
compaction, which promotes
water retention and aids

soil conservation.

Promotes healthy trees and
vegetation that provide shade
and lower temperatures.

Promotes healthy trees and
vegetation, which can be less

vulnerable to wildfires.

Reduces overall site impacts
from construction, which can
increase landslide risk.

Exhibit 5-44. Soil and Stream
Protection During Construction

“Environmental Protection” in Statesville,
North Carolina. Source: © 2012
NCDOTcommunications, CC BY-2.0, Flickr
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Soil Amendments

Amend soil when appropriate to improve soil health
and boost productivity.

Soil amendments, such as compost or other organic materials, are
commonly added to soils in landscape areas and some agricultural
lands. Mulches, often placed on top of the soil to retain moisture, can
also add beneficial nutrients and structure to the soil.

Many mulches contain woody material, which can be a fire hazard in
wildfire-prone places. Only non-flammable mulches should be used to
address soil health in these locations.>%

Biochar is another type of soil amendment that has been growing

in popularity in recent years due to its ability to both store carbon

and improve soil health. The technique has roots in indigenous land-
management practices in Brazil and is formed when biomass sources,
typically wood waste, are burned while deprived of oxygen to form a
porous carbon substance.3® Biochar does not add nutrients to the soil,
but it can help the soil retain both nutrients and moisture. Research on
biochar has mostly been done in the context of agriculture, but more
recently, researchers have been studying biochar in other contexts, such
as its potential to address the negative impacts of drought and salt
stress on soil fertility.31° Biochar can have some detrimental impacts on
plant growth, so a thorough investigation is needed to determine if it
will be beneficial to a site.3™

Resources

¢ Climate Hubs—U.S. Department of Agriculture
https://www.climatehubs.usda.gov/hubs/northwest/topic/biochar

e After the Fire—Wood Waste Put to Work
https://www.fs.usda.gov/features/after-fire-wood-waste-put-work
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Mitigation Benefits

g Provides broad benefits by
ensuring soils can infiltrate and

store water.

S Decreases tree and
et vegetation vulnerability to
windstorm damage.

2| Increases water retention and
aids in soil conservation.

Promotes trees and vegetation
that provide shade, lower
temperatures, and help retain
water in the soil.

ﬂ Helps retain water in the
soil and promotes healthy
vegetation, which can reduce
wildfire risks.

':\ Reduces impacts from runoff
and erosion by retaining water
in the soil.

Mitigation Considerations

Use non-flammable
mulches in arid and
wildfire-prone environments.
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Contamination and Water Movement

Address soil contamination to reduce the risk of
pollution spreading following a natural hazard.

There are several strategies to mitigate soil contamination. Small areas
of contamination can sometimes be removed from the site, removing
the future risk of spread. Capping, or adding a clean soil buffer on

top of contaminated soils, is a common strategy to address polluted
sites. Phytoremediation, which uses plants to clean soil pollution, is

an emerging strategy. However, phytoremediation takes time, which

is sometimes in conflict with development requirements. Mitigation
strategies should consider how changes in groundwater, or disruptions
due to natural hazards, can increase the risks of exposing or spreading

the contamination. Future impacts from natural hazards can also disturb

site soils and expose people or natural systems to contamination. In
coastal areas impacted by sea level rise, rising groundwater or flooding
can move toxins into a site.3*?
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Mitigation Benefits

Reduces the potential that:

g Floods and groundwater level
changes will disturb and/or
spread contaminated soil.

Contaminated soils could be
exposed following a wildfire.

A landslide will disturb and/or
spread contaminated soil.

E An earthquake will disturb and/

or uncover contaminated soil.

Exhibit 5-45. Flood Debris Can
Contaminate Soils

Debris after high flooding of the Mississippi
River in 2011. Source: “20110514-NRCS-
LSC-0194,” 2011 US Department of

Agriculture, Flickr
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Protecting Soils from Drought Mitigation Benefits

Incorporate green infrastructure strategies that

promote infiltration and aquifer recharge. el Promotes infiltration and
ey water retention in the soil and

Green infrastructure that facilitates onsite drainage, infiltration, and reduces runoff from overly

vegetation cover can increase resilience to droughts. Since drought- dry soils.

prone regions often have different native and adapted plant

communities, planners should use strategies specific to their locale. ®. Encourages infiltration and

A4t water retention in the soil and
aids soil conservation.

Resources
¢ National Drought Mitigation Center—https://drought.unl.edu/ Helps retain water in the
- .. . & soil and promotes healthy
e Naturally Resilient Communities—https://nrcsolutions.org/ vegetation, which can reduce

. ildfire risks.
e https://www.epa.gov/water-research/drought-resilience-and-water- WIATIre risks

conservation

Reduces runoff and
erosion, which can increase
landslide risks.

y

Reduces or slows some impacts
from subsidence.

i

See Soil Stabilization and
Shoring, Construction
Impact Reduction, Soil

Amendments, Greening

the Grey—Managing
Stormwater, and Native

Plants and Biodiversity.
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Site Restoration Post-wildfire N )
Mitigation Benefits

Stabilize and rehabilitate soils after wildfires.

As noted in the Site Analysis section, wildfires are part of healthy poey  Reduces some flood risks

. . anel following a wildfire.
wildland ecosystems and reduce fuels, provide space for new growth, &
and promote fire-adapted plants. However, fire can negatively impact - .

. . . > Y Helps retain soil on site and
soil health, particularly as climate change causes more intense and -0 oo

. g . . af | promotes infiltration through

frequent fires. Wildfires can burn through organic materials and remove : :

. . . : o restoration and vegetation.
vital nutrients, reducing soil fertility. Care should be taken after severe

wildfires to reduce soil fertility loss and mitigate risks from secondary Promotes healthier

hazards, such as landslides and floods. Restoration actions will be site forest regrowth.

specific but may include planting trees, reestablishing native species,

. . o) K 213
restoring habitats, and removing invasive plants. l\ Reduces some landslide risks

following a wildfire.

Resources
e Burned Area Emergency Response—U.S. Forest Service Exhibit 5-46. Habitat restoration
https://www.fs.fed.us/naturalresources/watershed/burnedareas- after wildfire

background.shtml

e Burned Area Rehabilitation—
https://www.doi.gov/wildlandfire/burned-area-rehabilitation

Sharps Fire Planting and Habitat Restoration
(21). Source: © 2019 BLMIdaho, CC BY 2.0,
Flickr
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Trees and Vegetation

Trees and vegetation provide a wide range of ecosystem
benefits, including:

e Significant shade and surface temperature reduction by up to 35
degrees Fahrenheit.3!*

e Cooling benefits through evapotranspiration and reduced
evaporation of water from the soil 3%

e Aerating compacted soils and assisting with
stormwater management.3®

e Water conservation and soil infiltration through native shrubs,
grasses, and understory vegetation root systems.

e Acting as windbreaks that can help reduce and prevent
soil erosion.?"’

e Structural and biological diversity by providing wildlife habitat.

e Carbon sequestration.

Given the value of these ecosystem services, trees and vegetation
contribute to site resilience and can aid in natural hazard mitigation.
That said, in some natural hazard contexts, including wildfires and high-
wind events, trees and vegetation can create some vulnerabilities. The
value of trees and vegetation typically outweigh the risks, although
landscapes should be carefully planned and managed in wildfire-prone
areas and in areas vulnerable to hurricanes and strong-wind events.
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Exhibit 5-47. Trees Integrated
Into the Streetscape

FEMA illustration of urban tree canopy
coverage, a type of nature-based solution.
For more FEMA guidance on using nature-
based solutions for risk management, see
Building Community Resilience with Nature-
Based Solutions, https://www.fema.gov/
emergency-managers/risk-management/
nature-based-solutions. Source: Federal
Emergency Management Agency
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Native Plants and Biodiversity Mitigation Benefits

Select native, drought-tolerant plants that promote
biodiversity, especially in dry climates.

Using native plants can provide multiple benefits for a site. Native

May have natural adaptations
that increase:

;s Resilience to floods.

plants tend to have stronger root systems and are naturally adapted to vvved

the local climate. Native plants also increase biodiversity on a site, both

at the species-scale, where native plants are typically more resilient to g/ Resilience to storms.
hazard impacts, and at the site-scale, where they create habitat and

attract wildlife. Wildfire resilience.
Selecting native plants that are drought-tolerant for the local site and ¥l Provides shade, helps lower
soil conditions can also be a way to reduce water usage on a site. Water- '/?\' temperatures, and typically
smart landscapes (e.g., xeriscaping) can offer solutions that require no requires less water.

supplemental irrigation.
N Provides strong root-structure
k to soil, helping retain soil and

Resources reduce some landslide risks.

e Water-smart Landscapes—EPA
https://www.epa.gov/system/files/documents /2021-12/ws- See Outdoor Water
outdoor-water-smart-landscapes.pdf Use and Irri ation, e

e Ladybird Johnson Wildflower Center—Research and Ecological Spacing, and Planting and
Design Resources Pruning.

https://www.wildflower.org/our-work

e USDA Forest Service Climate Change Atlas—
https://www.fs.usda.gov/nrs/atlas/

e (Climate Change Response Framework—
https://forestadaptation.org/
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Right Plant, Right Place

Select and manage plants appropriate to the local
ditions and needs of each site Promotes healthy trees and
condi : vegetation that:

Selecting the right plants for the local site conditions is a guiding g

Mitigation Benefits

Aid infiltration and reduce

principle of landscape architecture and is particularly relevant for some flood impacts.

hazard mitigation. Given the benefits of healthy trees and vegetation

in protecting sites from different types of natural hazards, sizing P9} Are more resilient to
plants appropriately, ensuring there is adequate space for growth, and Sl stormimpacts.

following planting best practices can help ensure that trees and other

plants will grow to maturity and be resilient to natural hazard impacts.

As temperatures rise and plant hardiness zones change, thoughtful

plant selection is needed to ensure the health and resilience of plants in

Can promote infiltration,
conserve soil, create shade, and
lower temperatures.

the future. Can reduce wildfire risks.

Specific approaches include: Can reduce some landslide risks.

¢ Include salt-tolerant vegetation when designing landscapes in
coastal areas that are susceptible to coastal flood impacts. Coastal Exhibit 5-48. Use Salt-Tolerant
landscape areas vulnerable to flooding should include vegetation Plants In Coastal Flood Zones
that can withstand salt-water flooding events. Plants should be
flushed with water and amendments following floods to remove
and bind toxic salt from soils.3®

e Avoid using plants with flammable characteristics in wildfire-prone
areas. Some plants can increase the intensity of fire behavior and
should be avoided on sites vulnerable to wildfire.3!° Choose plants

without the following characteristics that increase vulnerability to Dune Grass in Sandy Cove, Newfoundland,
wildfire: waxes, oils or resins, dense growth structure, fast growth, Canada. Source: Ryan Hodnett, © 2019, CC
and shedding bark.3% BY-SA 4.0

e Explore how planting trees might provide local flood and site Exhibit 5-49. Avoid Plants With
contamination protection. Some tree species (e.g., cypress, poplars) Flammable Characteristics in
can help raise the water table locally through osmosis. This strategy Wildfire-Prone Areas

can act as a mini dike on a site, providing some protection from
groundwater flooding and potentially insulating a site from the
spread of containments in nearby areas.

Resources

e USDA Forest Service Climate Change Atlas—

https://www.fs.usda.gov/nrs/atlas/ Peeling bark on trees and shrubs can

increase wildfire risks. Source: Pxhere

e Climate Change Pressures in the 21°" Century—Climate Hubs, USDA Exhibit 5-50. Trees Provide Local
https://usfs.maps.arcgis.com/apps/MapSeries/index. Flood and Site Protection
html?appid=96088b1c086a4b39b3a75d0fd97a4c40

Balsam Poplar (Populus balsamifera) thrives
in riparian zones. Source: Matt Lavin, June
2020, Flickr
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Tree Spacing

Consider hazard risks and landscape goals when
spacing trees and vegetation.

There are many considerations and areas of conflict when determining
how to space trees on a site, particularly along streets where
multimodal access, buried utilities, lighting, vegetation, and pedestrian
amenities are choreographed within a relatively narrow corridor. Trees
can also be significant sources of risk in areas susceptible to wildfires
and strong windstorms. (See Wildfire Mitigation and Open Space
Management.) Site planners need to consider the following:

Tree spacing should always be based on the width of the tree
at maturity.

Typical approaches to tree spacing are based on the centerline

of the tree and encourage closed canopies to produce shade on
streets and open spaces. In wildfire-prone areas, however, tree
spacing should be based on the overall width of the tree at the
widest point to reduce fuel loads and slow the spread of fire from
tree to tree.

In areas vulnerable to strong wind events, planting trees in
groupings can decrease the risk of damage to trees, as wind impacts
are distributed across the overall mass of vegetation. (See Trees

as Windbreaks.)

Distancing large trees from buildings and power lines in areas
vulnerable to strong wind events can help reduce the risk from
fall hazards, which are a common source of injury and death from
strong wind hazards. However, strict adherence to setbacks can
also eliminate opportunities for trees, which have many beneficial
aspects to site planning. Thoughtful location and massing of trees
are recommended in areas prone to strong windstorms.

There may be areas of conflict in tree spacing on sites exposed to
multiple hazards, such as sites exposed to both extreme wind and
wildfire. Site planners need to weigh the risks and benefits of each
strategy, ensure the final plan aligns with local regulations, and
identify alternative ways of mitigating hazard exposure on the site.
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Mitigation Benefits

'Y} Spacing or massing trees offer
—— . .
&4 some windbreak benefits.

Y Massing trees provides shade
-._
A1 and reduces temperatures.

Managing trees and vegetation
& around development can

reduce wildfire risks.

Mitigation Considerations

Trees can be significant

hazards to buildings, cars, and
people during wind and heavy
rainstorms. Additional potential
for conflict on sites with
multiple hazard vulnerabilities.

A Massing trees for shade or
windbreaks can increase

wildfire risks.

Spacing trees to reduce wildfire
A and/or wind risks can limit

shade options near structures.
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Exhibit 5-51. Trees Spacing Considerations to Reduce Hazard Risks

Wind

Massing trees helps distribute wind loads
and provides some windbreak benefit

to the site. Ensure planting area is large
enough to support multiple trees and
prune regularly. Locate large trees away
from structures to reduce potential for
damage from falling limbs during storms.

Heat
Space trees to provide areas of
closed canopy and shade along
streets and in parks and open spaces.
Space trees according to defensible

space zones and based on outer edge
of vegetation at mature size. This helps
reduce fuel loads and slow wildfire spread.

Wildfire |

There are many factors that influence tree spacing on streets and in landscapes. This exhibit illustrates approaches that benefit specific
hazard risks. It also highlights potential areas of conflict on sites that are exposed to multiple hazards, such as heat and wildfire. Source:
MAKERS
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Planting and Pruning Mitigation Benefits

Utilize proper pruning and maintenance practices.

on Promotes overall tree

Proper pruning practices ensure that trees stay healthy and will not add g  health, which can aid
to risks from wildfires, hurricanes, and other extreme weather events.3?* stormwater management.
Completing a landscape management plan can help ensure a seamless
transition into maintenance after construction. Improper pruning P9 Promotes overall tree health
can lead to increased health risks for trees and can also increase risks B8 and helps manage risks from
to natural hazards, such as wind, by creating an imbalanced overall windstorms by removing
structure. For example, professionals suggest that the removal of weak branches, dead or dying
lower branches can actually increase wind stress on trees, as it puts limbs, etc.
significant stress on particular branches rather than allowing the
overall form of the tree to take on the wind.3? Pruning activities will Y& Promotes overall tree health,
also vary depending on the species of the tree and other pruning goals, @A which can increase shade,
which can include the production of fruit and flowers. Tree pruning by promote infiltration, and
certified arborists or other professionals is highly recommended and a reduce temperatures.
common requirement.

& Promotes overall tree health

. and manages potential risks for

Resources wildfire by removing dead or

. o .
e Up By Roots: Healthy Soils and Trees in the Built Environment by dying materials, etc

James Urban—http://www.jamesurban.net/up-by-roots

e Wind and Trees, Lessons Learned from Hurricanes—Duryea and
Kampf 2007
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Outdoor Water Use and Irrigation Mitigation Benefits

Reduce the need for outdoor water use.

0 Reducing outdoor water usage
conserves water for other
community uses.

Xeriscaping can reduce the
& accumulation of flammable

vegetation debris.

Outdoor water usage accounts for more than 30 percent of total
household water use on average, although that percentage can double
for households in arid regions.3?®* Reducing the need for irrigation can
have significant water conservation benefits.

Site planners should consider the following:

e Limiting areas that require irrigation (e.g., reduce lawn areas
and use alternative groundcovers, low water use landscaping, Mitigation Considerations
or xeriscaping).

e When needed, only use efficient irrigation systems. e Outdoor sprinkler systems
can be beneficial in providing
e The use of outdoor sprinkler systems to support emergency emergency fire breaks
firebreaks may be needed in some regions wildfire-prone to during wildfires.

slow fires. However, this design may conflict with outdoor water
usage limits in some areas. The use of outdoor irrigation should
supplement other mitigation strategies as exposed sprinklers can
be vulnerable to embers and may impact water levels to fight
fires elsewhere.’*

Resource

e WaterSense—Outdoors, EPA
https://www.epa.gov/watersense/outdoors

Exhibit 5-52. Xeriscaping Landscape to Conserve Water

Los Angeles, California, Air Force Base’s 61st Civil Engineering and Logistics
Squadron uses drought-tolerant plants and landscaping known as “xeriscaping”
to minimize water use as part of Air Force resource conservation efforts. Source
U.S. Air Force photo by Sarah Corrice via Flickr
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Trees as Windbreaks Mitigation Benefits

Select and maintain trees as windbreaks,

where appropriate_ g, Can reduce some wind

) ) impacts on a site and aid in
In agricultural landscapes, trees have long been used as windbreaks soil conservation.
and help conserve soils (prevent erosion), buffer winds, and slow
evaporatio'n.325 In coastal'areas exposed to hurrican'es, and other sites %8 promotes shade and helps
that experience strong wind events, thoughtful design and management A reduce temperatures.
of trees and landscape areas will ensure sites are safe and resilient to
natural hazards. Mitigation Considerations
Researchers studying the impacts of hurricanes on trees and urban
forests in Florida found that:32¢ Massing of trees can increase

) ) ) wildfire risks.
e The higher the wind speed, the more likely the tree was to fall.

e Stands of existing trees can provide some buffer for one another,
and planting clusters of at least five trees results in more resilience.

See Defensible Space

Zones, Tree Spacing.

Selecting strong tree species with healthy growth structures and
performing regular pruning also increased landscape resilience
following hurricane impacts.

e Older and unhealthy trees were more likely to fall during a strong
windstorm or hurricane.

e Trees with more space to grow were more likely to survive than
those with limited space or poor root conditions.

Trees can be valuable assets on sites with hurricane and strong wind
exposure, but landscapes with trees should be carefully designed,
selected, and planted according to best practices and receive regular
pruning to reduce the potential for damage during storms.

Exhibit 5-53. Examples of Windbreaks

Left: Trees along a roadway provide a windbreak “Windbreak (8639298497).” Right:
Using trees as windbreaks around farmland and structures is a common strategy

to reduce wind and promote soil conservation. Linker Farm, Judith Basin County,
Montana. June 2020. Sources: https://www.geograph.org.uk/photo/2188333 (left); U.S.
Department of Agriculture—Natural Resource Conservation Service Montana (right)
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Exhibit 5-54. Tree Windbreak on a Hillside

Setbacks from the top
of the slope can reduce
landslide challenges.

Prevailing Wind

Vegetation at the top of
the slope can increase
wildfire risks, but can
also be beneficial-for
landslides. Consult with
local professionals.

Trees can aid in slope
stabilization and provide
beneficial windbreaks

Using trees to buffer hillside communities from winds can be beneficial for reducing landslides and wind impacts, but setbacks and fuel
breaks are needed in wildfire-prone communities. Source: MAKERS updated from Department of Landscape Architecture, California State
Polytechnic University 1988, “Site Design for Hillside Development.”

Site planners using trees as windbreaks in wildfire-prone regions should Exhibit 5-55. Windbreak

follow local regulations, defensible space guidance, and open space Supporting a Natural Area Buffer
management best-practices. Providing adequate setbacks for structures,

at the tops of slopes, where winds can lead to the rapid spread of fire, is

particularly important.

Forested windbreak supports grassland
habitat buffer next to farmland near
Geraldine, Montana. Similar approaches can
be integrated around communities to help
buffer some of the impacts from winds.
Photo was taken August 2009.

Source: U.S. Department of Agriculture—
Natural Resource Conservation Service
Montana
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Wildfire Mitigation and Open
Space Management

Open spaces and vegetation in wildfire-prone regions are an asset for
recreation, flood protection, and stormwater management, reducing
heat and mitigating drought impacts, but they are also significant fuel
sources that can increase wildfire risk on a site. Thoughtful approaches
to integrating and managing trees, vegetation, and open space on and
adjacent to sites are critical in this context.

Defensible Space Zones Mitigation Benefits

Use Defensible Space zones to reduce wildfire risk.

Defensible Space is a strategy to reduce wildfire risk, particularly for ;eadnuacgeiz;vtllriz;e\::gl;:z/ion
residential properties. The strategy establishes zones with tailored and other poter;tial fuel ’
management recommendations, working outward from the primary sources around structures.
structure, to reduce wildfire fuel sources and risks. Each zone has
different management recommendations. States may have different
zone definitions and/or distance or spacing requirements, so

planners need to reference local codes and guidance. Exhibit 5-57

Mitigation Considerations

illustrates the framework established by the National Fire Protection May limit use of trees to shade
Association; however, there are many helpful resources that address buildings and/or areas of
Defensible Space. Site planners should reference local wildfire and land the site.

management agencies to ensure alignment with local regulations.

Exhibit 5-56. Defensible Space Zones

Overview of Defensible Space strategies. Source: National Fire Protection Association
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Fire Safe House: Although not always explicitly incorporated into
Defensible Space guidance, wildfire mitigation strategies start at the
structure. See the Buildings section for more information on how
building design and materials can reduce fire risks.

Immediate Zone—typically up to 5 feet from the structure: Remove
all combustible materials, including wood mulch, combustible
items (outdoor furniture, fencing, arbors, etc.), and dead or dry
vegetation. Replace with non-combustible materials such as gravel
or pavers.

Intermediate Zone—typically within 30 feet from the structure:
Remove low branches and dead vegetation, separate trees and
shrubs, and limit flammable vegetation.

Extended Zone—typically 30-100 feet or more, depending on site
conditions and local regulations: Remove fuel sources such as
debris and dead vegetation, create space between shrubs and trees,
and prune low branches and shrubs that can serve as ladder fuel.

Tree Spacing Considerations for Wildfire

Tree spacing recommendations will vary based on the underlying
defensible space zone and also in response to site topography. Tree
spacing should increase as the slope increases. Tree spacing
guidelines may also vary between regions—reference

local guidelines.

Tree spacing to reduce wildfire risk is based on the overall diameter
of the mature tree at its widest, often referred to as the dripline.
This approach differs from typical approaches to tree spacing, which
measures trees from the centerline of the trunk.

Tree spacing requirements for wildfire may reduce the use of trees
to provide shade for buildings and/or areas of the site that are
adjacent to the development.

Resources

Preparing Homes for Wildfire—
https://www.nfpa.org/Public-Education/Fire-causes-and-risks/
Wildfire/Preparing-homes-for-wildfire

Community Planning Assistance for Wildfire—
https://cpaw.headwaterseconomics.org/resources/
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See Tree Spacing.
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Exhibit 5-57. Tree Spacing

Tree spacing considerations across Defensible Space zones. Guidance for tree
spacing can vary; site planners should consult local resources. Sources: National Fire
Protection Association (top); Ready for Wildfire—Tree spacing on slopes (bottom)
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Exhibit 5-58. Vegetation Management Strategies

ZONE 3 ZONE 2  ZONE1
Thinned, Pruned Trees, and Reduced Spaced, Pruned, and Limited Low-Growing Reduced, Discontinous, and Intensively
Surface Vegetation Surface Vegetation Maintained Vegetation
Encourage a mix of age, size, and species of . Prune trees 6FT to max 1/3 of tree height from . Limit trees to provide adequate horizontal
appropriately spaced and pruned trees ground and vertical spacing
Appropriately maintain grasslands, through mowing, «  Create distance between conifer tree crowns in . Maintain grass to a maximum height of
grazing, or prescribed fire Zones 2 and 3, dependent on site conditions 6IN

Vegetation management approaches across wildfire zones. Source: Community Planning Assistance for Wildfire and Design Workshop
2019

Fire Breaks and Fuel Breaks N .
Mitigation Benefits

Use fire breaks and fuel breaks to slow or stop fires.
Firebreaks and fuel breaks are barriers that separate vegetated fuels Manages }A/ilr;lland fuel ona site
. . to slow wildfire spread.
from other structures or vegetation. They are often linear, such as paved
roads, dirt trenches, or zones planted with fire-resistant vegetation.
. . . ) . . See Trails and Open Space.

Firebreaks are strips of bare soil or fire retarding vegetation meant to _
stop or control fire. Firebreaks typically do not have any fuels, such

as trees. This type of break can be seen around structures or near
infrastructure, such as under power lines.

Fuel breaks are areas where vegetation has been altered to stop the
spread of fire.3?” Importantly, fuel break areas may still burn, but the
spacing of trees and careful management of vegetation slows the
spread of the wildfire. There are various types:

e Shaded fuel breaks are areas where vegetative fuels have been
thinned and/or removed, often created on forest lands.

e Greenstrip fuel breaks are areas planted with less
flammable vegetation.

e Guidance for overall widths of firebreaks and fuel breaks varies
based on local regulations, site conditions, and topography, so site
planners should follow local regulations and guidance and work
with trained forestry and fire professionals.
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Exhibit 5-59. Example Types of Fuel Breaks

Source: Smith, Sistare, and Nejedlo, (2011) “Fire Adapted Communities: The Next Step in Wildfire Preparedness.”
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Trails and Open Space Mitigation Benefits

Use trails and/or open spaces as a fire

management tool. . Can slow wildfire spread and
& buffer communities from

Outdoor recreational areas, agricultural lands, and/or open spaces can some impacts.

also be tools to mitigate fire. Well maintained trails can be used for

recreation while doubling as fire breaks and fuel breaks.??® Trails and open spaces offer
QAL amenities to local residents.

On a large scale, open spaces such as farmland can function as a fire
break,3?° while smaller open spaces like sports fields or parks can serve
as staging areas in emergencies. Such open spaces can play multiple
functions, providing trail systems, utility corridors, and general open
space recreation functions.3°

Exhibit 5-60. Trail Designed as a Firebreak

Paved trail surface for access Firebreaks along the trail Provide a fuel
and recreation. Wider trail comprised of crushed rock break between
widths can serve as redundant or non-vegetated, non- trail and existing
route for emergency evacuation. combustible surface. open space to
further protect
community.

Trail serving as a fire break between a community and open space. Source: MAKERS
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Exhibit 5-61. Community Adjacent to Irrigated Vineyard

Irrigated vineyard provides an open-space buffer between the Esencia planned community in Rancho Mission Viejo, California, and
wildfire fuel. “With sustainability as a key driver, SWA Group’s plan for the Esencia residential community in Southern California’s Rancho
Mission Viejo was established based on intensive scientific and ecological studies of the site, which resulted in the protection of the most
sensitive land within an extensive open space preserve of over 17,000 acres. Citrus groves ... were planted along a vulnerable hillside edge
as a form of a community-scale, irrigated agriculture wildfire buffer.” Source: SWA photo by David Lloyd - https://www.swagroup.com/
projects/esencia-planned-community/
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Water Mitigation Benefits
Connecting to Water oy Frovides opportunities
I for cooling.
Provide open space access to shorelines, rivers, and ,
treams where feasible to cool open spaces Managed open spaces with
S Y (Y . water may provide some
Integrating open space connections to streams, rivers, and shorelines protection from wildfire.

can help cool sites, as winds that pass over water tend to be cooler. i
Provides access to nature.

Providing public access to shorelines, adding bridges across small
creeks, and trails around stormwater retention basins are all ways that
sites can connect people to water and offer opportunities for cooler
outdoor recreation, even in hot weather. Managed open spaces around Mitigation Considerations
water, such as riparian areas, may also provide some buffer protection
from wildfire.33!

Consider flood risks when

. . . .. connecting sites to water.
Flood risks do need to be considered when connecting to existing areas &

of open water. Using trails and open space for these connections can
also provide opportunities for floodable open spaces, which helps
mitigate risks.

Exhibit 5-62. Accessible Beach
Near Residences

Weather Watch Park in Seattle, WA.
Source: John M Feit, Seattle Department of
Transportation Blog
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Water Features e .

Mitigation Benefits
Use spray parks, fountains, and/or open water features
to mitigate urban heat stress. 9% Provides opportunities

A for cooling.

Water features are popular amenities for children in community parks
and can help mitigate urban heat stress.*? In the context of warmer
future temperatures, site planners should ensure water sources can 24
support the demand of these features. Water-saving approaches, such

as misters, may offer similar delight on sites with tighter water budgets

but are less effective in high-humidity climates. Planners should ensure

surface materials can stay cool and safe on hot weather days. In areas

vulnerable to wildfire, open-water features can also be located to break

up the continuity of fuel across the site, potentially reducing the speed

and/or intensity of the wildfire’s impact on the site.

Provides recreation space.

Exhibit 5-63. Spray Parks

Spray parks can help people cool down during hot weather.
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Utilities

This section covers the utilities that typically serve
communities, including power, water supply,
sewer and wastewater, and waste and recycling.
Extreme weather and storms can severely impact
utilities and, thus, the community’s ability to
function normally. Locating utilities carefully

and strengthening them against impacts can
increase site resilience and reduce the scale of a
disaster following a major storm or other event.
Considering future resource availability and
emergency response needs can also help ensure
communities are resilient to service disruptions
and/or fluctuations in the water supply. Energy-
efficient communities also mitigate climate change,
which can prevent natural hazard impacts from
worsening over time.



Locating Utilities On Site

Resilient Utility Easements

Plan and design onsite utility easements to minimize
vulnerability to hazards and increase overall
site resilience.

Easements for utilities, both above and below ground, should be

sited to minimize risk from natural hazards. Utility easements should
be located outside of flood and landslide hazard zones whenever
feasible.33 Utility transmission lines located in flood hazard areas
should be redundant with other systems whenever possible to ensure
continued service to the area in the event of a flood or natural hazard.
Any utility transmission lines that contain toxic or flammable materials
should be buried at least below the calculated maximum depth scour
for a 1-percent annual chance of flood.**

Infrastructure that must be located within tsunami hazard areas should
serve as small an area as possible. Where infrastructure connections
cannot be avoided, redundant infrastructure connections can increase
resilience. Larger infrastructure, such as switching stations, should not
be located in tsunami hazard areas.

Utility easements on wildfire-prone sites can be designed to serve as a
wildfire break which both minimizes the risk to the utility and increases
overall community resilience.%®
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Utilities

Mitigation Benefits

Reduces some impacts by:

Locating utilities outside of
flood-prone areas.

g,. Buffering utilities from winds.

2| Buffering utilities from extreme
2N
| heat.

Locating utilities underground
or buffering them

from wildfires.

Locating utilities outside of

landslide-prone areas.

y

Locating utilities outside of
high-risk seismic areas, such
as liquefaction-prone sites,
where feasible.

i

Locating utilities outside of
tsunami inundation areas,
where feasible.

[d

See also Strengthen
Above-Ground Utilities,

Trees and Vegetation, and
Wildfire Mitigation and
Open Space Management.
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Power Utilities

Above-ground power lines and poles and other facilities are the most
vulnerable component of the electric grid.**® Overhead electrical and
communication lines are major contributors to the ignition of wildfires,
as seen in the California Camp Fire Wildfire of 2018. Overhead power
lines can also be significantly damaged by wildfire, as well as pose a risk
to first responders and the heavy equipment used for fire suppression.
Overhead power lines are also vulnerable to damage from hurricanes in
coastal areas, strong wind events, floods, and earthquakes. Due to the
colocation of power lines and rights-of-way, downed power lines can
also impede egress in the event of a natural disaster.?*’

The effects of power outages on a community can be widespread,

and the loss of power and communications in the event of a natural
disaster can have catastrophic effects. An interruption of power can
have major impacts on critical infrastructure such as water treatment
plants, pumping stations, and hospitals. Impacts can also be felt by the
community in their homes as power outages can lead to loss of heating
and cooling, which can be especially harmful in events of extreme
temperatures, as well as loss of refrigeration which can impact food
storage. These effects are exacerbated in many rural and indigenous
communities where monitoring is more difficult and response times

to address power outages are longer.3® To better understand the
overall resilience benefits, the American Planning Association (APA)
has recommended communities analyze the resilience benefits of
underground electric distribution systems in coastal areas, places
vulnerable to strong wind events and wildfire, and areas vulnerable to
severe winter weather, and require underground power lines in places
where it would be most beneficial.?* New, decentralized approaches
to power supply, such as microgrid strategies, can also reduce a
community’s reliance on long-distance power transmission and limit the
local impacts to power supply following a natural hazard.3*
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Exhibit 5-64. Power Lines
Damaged by Wildfire

Utilities

“East Troublesome Fire damage” in Colorado.

Source: Ron Burbridge, © 2020
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Locate New Power and Communication
Lines Underground

Consider locating site power utilities underground to
increase site resilience, particularly in coastal areas
and places vulnerable to strong winds, wildfire, and
extreme heat.

Site planners should carefully weigh the resilience benefits against
potential risks and costs when making decisions about locating power
and telecommunication lines above or below ground. Underground
power lines can avoid some of the site-scale impacts that above-ground
utilities face and allow for faster recovery post-disaster once regional
service is restored.3! The APA highlights the hazard mitigation benefits
of undergrounding utilities in high-risk areas in their Hazard Mitigation
Policy Guide.?*? Furthermore, locating power and telecommunication
lines below ground can provide the added benefit of freeing-up right-
of-way space, allowing site planners to plant larger street trees, expand
sidewalks, and/or add bike lanes. Despite these benefits, underground
utilities can still be vulnerable to damage from some natural hazards,
including earthquakes, major floods, extreme temperatures, excavation
work, and corrosion. Additionally, higher installation and maintenance
costs, as well as longer wait times for locating and repairing damaged
lines, are associated with undergrounding of utilities.?* Site planners
must also ensure power utility infrastructure aligns with local
regulations and power utility service requirements.

Site Planning for Disaster Mitigation Guidebook

Chapter 5. Mitigation Strategies

Utilities

Mitigation Benefits

el Protects utilities from above-
=== ground damage during floods.

Protects utilities from
wind damage.

Ve May offer some protection
A0 from heatwave impacts.

Protects utilities from wildfires

ﬂ and reduces risk of new
wildfires starting from contact
with overhead lines.

May reduce some impacts to
overhead utilities from shaking
in smaller earthquakes.

Frees up right-of-way space
A1 fortrees, pedestrians, and/or
multimodal facilities.

Mitigation Considerations

meet strict standards to ensure
they are safe during floods.

Major earthquakes
A can disrupt or damage

underground infrastructure.

g Underground utilities must
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Utilities

Exhibit 5-65. Underground Versus Strengthening Above-Ground Utilities

Underground Strengthen
Utilities Above-ground Utilities

Use metal poles and elevate
vaults when possible to
increase resilience against
flood and wind hazards.

Locate utilities underground Overhead power lines limit
to (1) avoid wind, wildfire, the size of street trees.
and heat risks and (2) provide
more space for large shade
trees, sidewalks, and/or bicycle
infrastructure.

Source: MAKERS
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Strengthen Above-Ground Utilities

Strengthen above-ground power utilities in areas
vulnerable to natural hazards where locating
service underground is not feasible or will not
increase resilience.

Strengthening utility poles and other infrastructure elements associated
with electrical power services is a strategy that can be beneficial to
multiple natural hazards, although the specific approaches may vary
depending on the specific risks. Hardening utilities against extreme
weather includes elevating equipment, reinforcing poles and other
equipment against wind loads, and installing physical barriers.3*
Hardening strategies to combat wildfires may include using non-
combustible poles to support above-ground power lines.?* Emerging
remote monitoring technology can also be installed on utility poles to
allow for early detection of potential wildfire risks.34

Careful coordination of site trees and vegetation around above-ground
utilities is critical to ensure the trees will not create hazards and
maintenance challenges as they grow to a mature size. Vegetation
should be kept clear of above-ground power lines. Tree setbacks,
selection of fire-resistant understory plants, and regular pruning and
maintenance of vegetation in areas adjacent to overhead power lines
are all strategies that can reduce wildfire risks. See Trees and Vegetation
for more information.

In areas prone to flooding, hardening strategies like waterproofing

and raising electrical boxes and conduits above the floodplain may
reduce the impacts to the power grid and service. The use of proper
materials is also essential where coastal flooding may cause corrosion
and damage from saltwater inundation. **’ Design approaches, such as
using different circuits for site lighting in areas of the site that are more
vulnerable to flooding, can prevent the failure of the entire system if the
low-lying areas flood.3*

Case Study—Babcock Ranch

Babcock Ranch is a planned community located 12 miles inland from
Fort Meyers, Florida. The community was planned and designed around
goals for sustainability and hazard resilience. The community was
located on a naturally high-ground site with elevations up to 25’ above
sea level, and all development areas are outside of flood zones. Surface
water management incorporates natural systems, native plants, and
historic drainage flows, and all structures are designed to withstand
winds of up to 145 MPH.3* Utilities are located underground, and the
site is powered by a large solar farm that also feeds energy back into
the grid.

When Hurricane lan hit the Fort Meyers area in 2022, the community
withstood the storm with minimal damage and no loss of power. For
more information, see:

e https://babcockranch.com/babcock-ranch-resilient-design/
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Mitigation Benefits

Protects utilities from some
flood damage.

i

Protects utilities from some
wind damage.

Protects utilities from some
wildfire damage.

Protects utilities from some
earthquake damage.

B & .

Exhibit 5-66. Steel Utility Pole

Aaron Manning, Saint Tammany Parish,
Louisiana, March 2011.
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e https://resilience.iii.org/resilience-blog/general/advance-
mitigation-better-building-codes-pay-off/

e https://www.resilientdesign.org/babcock-ranch-a-solar-town-
proves-resilient-during-hurricane-ian/

Resource

e UC Berkeley Disaster Lab—
https://disasterlab.berkeley.edu/

Microgrid Approaches for Power Supply
and Emergency Back-Up

Consider opportunities for microgrid power
connections emergency power supply from onsite
power generation and storage.

As areas have become more frequently impacted by power service
interruptions, either from storms, wildfire risk, or resource management
needs due to drought, local power generation and emergency power
supply are strategies that site planners and emergency managers are
increasingly using to augment site resilience. Advancements in meters,
switches, and microgrids have made it easier to compartmentalize
outages and control the electric grid, while renewable energy
technologies have also made local energy production feasible

and increasingly cost-effective. Microgrids can offer a solution to
disturbances to the main electrical grid because they allow disruptions—
planned or not—to be isolated to one part of the electric grid.3*°
Microgrid communities are designed to operate when grid-connected
and as an island, meaning that microgrids can disconnect and generate
power locally during a service interruption. Conversely, disruptions to
supply within a microgrid can be compartmentalized and will avoid the
impact of disruptions to the main grid.?>!

Microgrids bring the added benefits of increasing renewable energy
sources that reduce carbon emissions, as wind and solar are both
decentralized power sources commonly used in microgrids. Lowering
carbon emissions aids climate change mitigation and reduces the
potential for increasing natural hazard impacts in the future. Generating
energy closer to where it will be used is also more efficient, reducing
the amount of energy lost during transmission.3** Rooftop solar
installations have become common in recent years, but creative
approaches can sometimes offer multiple site benefits. Examples
include shade structures for parking areas, installations over pathways,
integrating solar panels with agricultural areas, and covering reservoirs
to limit evaporation.

Emergency backup supplies can be added to a microgrid community
through battery storage on site. As electric vehicles become more
common, some car manufacturers and urban planners are exploring
how vehicles can be used to supply back-up power.33
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Mitigation Benefits

Offers power service stability
during:

vy
&
"*

4

Ea

Outages caused by floods.
Outages caused by windstorms.

Disruptions caused by
heat waves.

Outages and disruptions caused
by wildfire.

Outages caused by landslides.

Outages caused by
some earthquakes.
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Exhibit 5-67. Localized Micro-Grid Electrical Infrastructure Strategies

Provide electric vehicle charging Integrate solar panels into buildings,
options on streets and in parking parking lots, and open spaces to
areas, particularly where there is provide on-site energy generation,

multifamily housing. back-up power sources, and shade.

Construct efficient
buildings to help conserve

energy and water usage. / \
Provide EV charging stations or outlets Locate power utilities

at SF homes. Some electric vehicles can underground, especially in
be used as a back-up power source. wildfire-prone regions.

Source: MAKERS

The microgrid model can also work at a small scale and help residents
and/or local businesses function following a natural hazard. Power
outages can be devastating to small restaurants, which lose money

on spoiled food, etc. The Get Lit Stay Lit program in New Orleans,
Louisiana, helps local restaurants purchase and install solar panels and
batteries, reducing energy costs and helping to prepare for hurricane
and flood impacts. The program also provides work training on solar
panel installation.

Resource

e Get Lit, Stay Lit program—
https://www.feedthesecondline.org/programs/getlitstaylit

Exhibit 5-68. Electric Vehicles and Microgrids

Testing electric vehicles (EV) at the National Renewable Energy Laboratory in Jefferson County, Colorado. The Optimization and Control
Lab’s EV grid integration research bays perform advanced high-power chargers to determine how they can be added to the grid,
potentially combining buildings and EV charging. Source: Department of Energy via Flickr
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Waste and Recycling

Damage from natural hazards creates a significant amount of waste
material that can be burdensome for communities during the post-
disaster recovery phase. Key issues include the volume and composition
of waste, availability of temporary sites to manage the debris,
hazardous materials and environmental concerns, economics, and social
considerations.® Although post-disaster recovery is often beyond the
scope of when site planners are typically involved, for places highly
vulnerable to natural hazards, or those that have been impacted in

the past, site planners may consider the following strategies. For more
information, visit the following source:

e Converge Natural Hazards Centers—University of Colorado, Boulder
Extreme Events Reconnaissance and Research Networks—
Sustainable Material Management Extreme Events
Reconnaissance (SUMMEER).
https://converge.colorado.edu/research-networks/

Onsite Waste Anchoring and Enclosure
Mitigation Benefits

Protect outdoor waste and recycling areas from natural
hazard impacts through anchoring, secure enclosures, Reduces site damage during:

or relocation to buildings. Floods.

In the event of a natural hazard, such as a flood, onsite waste and
recycling areas (i.e., dumpsters, waste receptacles, etc.) that are not
properly anchored or enclosed can cause further site and structure
damage (projectile that damages other structures, flammable material,
etc.). Enclosed waste areas can have positive co-benefits to people-
friendly design by improving aesthetics and creating a place for chance
social interaction.

Windstorms.

Wildfires, if potentially
flammable waste is stored
on site.

Q@]

A landslide.

An earthquake.

i

PP Enclosing waste and recycling
ORI areas can have aesthetic
benefits for the site.
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Space for Post-Disaster Waste
and Recycling

Consider post-disaster waste management needs when
developing site plans in coastal areas and other places
highly vulnerable to natural hazards.

Open spaces, surface parking lots, and other areas of the site could

be used post-disaster for temporary waste and recycling staging and

management. Well-designed open spaces provide community gathering
spaces, as well.
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Mitigation Benefits

Increases resilience post-disaster
by providing adequate space for
community clean-up and waste
removal from:

Flood damage to site
and buildings.

Wind damage to sites
and buildings

Wildfire damage to site
and buildings.

Landslide damage to site
and buildings.

Earthquake damage to site
and buildings.

Identifying spaces for post-

)} disaster recovery coordination
can increase community
resilience by raising awareness
of potential risks.

HRQEQNO M
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Wastewater

Wastewater infrastructure is an important consideration for site
planners when developing new residential areas. In many rapidly
urbanizing areas, communities oversee a public sewage system that
can be updated or extended to provide service for the community,
sometimes as an incentive to promote more housing and economic
growth. Sites that are connected to existing infrastructure are typically
the most resilient, but community-based approaches can allow for
improvements to aging systems that are a key hazard vulnerability in
many communities. See the following resource for more information:

¢ Climate Change and Onsite Wastewater Treatment Systems in the
Coastal Carolinas, North Carolina Sea Grant—
https://ncseagrant.ncsu.edu/program-areas/sustainable-
communities/climate-change-and-onsite-wastewater-treatment-
systems-in-the-coastal-carolinas/

Sewer System Connections

Connect new development to municipal sewage
systems when possible.

Sites that are connected to municipal sewage systems are more

resilient to impacts from floods and natural hazards and provide greater
protection for the natural environment.*** Aging septic systems can
pollute water during floods, especially in coastal areas.**® Upgrading
from septic to municipal systems can reduce this risk. Sites that are
connected to existing infrastructure also typically align with local and
regional growth planning and provide better opportunities for compact
development, multimodal access, and other smart-growth development
practices. In areas where existing infrastructure is limited or must be
extended, work with local planners and emergency managers to identify
potential opportunities for increasing community resilience through
wastewater system upgrades.
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Mitigation Benefits

W8 Supports compact development
== and promotes water quality.

Supports
compact development.

Newer infrastructure designed
E for seismic risks may withstand

greater earthquake impacts.

Mitigation Considerations

& On sloped sites or where there
may be landslide risks, locate
sewer lines to drain away from
the slope.
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Community Wastewater Systems

Replace and upgrade aging wastewater systems where
connections to public infrastructure are not available
or feasible.

In some rapidly urbanizing communities, connections to municipal
sewer systems are not available, and site planners must look to
onsite options for managing wastewater. Community wastewater
systems, which are similar to septic systems but take a community-
scale approach to wastewater treatment, can provide options for
effective, safe wastewater treatment for communities and the local
environment.?*” Such strategies may be particularly valuable in infill
development situations where a community-based approach could
replace older septic systems that are vulnerable to flooding, particularly
in coastal areas. Site planners should work with local planners to
determine the infrastructure solutions that work best for the site.

Outfall Location and Protection

Locate and protect outfalls to reduce the risk of back-
flooding, particularly in coastal areas.

Stormwater pipes can be vulnerable to back-flooding where open
pipes outfall in areas where water levels fluctuate during high tides,
storm surges, and/or flood events. Installing outfall flap gates where
appropriate can prevent contaminated floodwaters from traveling up
into pipes.3°®

Resource

e Preventing Stormwater Flooding Along the
Hampton River—WaterWorld
https://www.waterworld.com/water-utility-management/
article/14207511/red-valve-company-preventing-stormwater-
flooding-along-the-hampton-river
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Mitigation Benefits

g Addresses pollution and water
quality concerns in coastal

communities vulnerable
to flooding.

Mitigation Benefits

Addresses back-flow flooding

issues in coastal communities.

Exhibit 5-69. Backflow Device
Prevents Stormwater Flooding in
Australia

May reduce back-flow flooding
issues during small tsunamis.

“Backflow devices installed in Chelmer
along the Brisbane River in Queensland,
Australia, for preventing stormwater
flooding”. Source: Kgbo
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Water Supply

A safe and consistent water supply is fundamental to housing
development and is a resource that is carefully managed at local,
regional, and state levels. However, as climate change disturbs weather
and precipitation patterns, water resources in many areas of the
country are under threat from extreme heat and prolonged drought.?*
Communities, particularly in the western United States, are starting to

make difficult decisions on how to allocate diminishing water resources.

Some communities have halted plans for growth as a result.*®® Other
communities, particularly those that rely on resources from adjacent
communities, have faced disruption or the elimination of water service
to their homes as a result of prolonged drought.®%!

The impacts to water resources are not limited to extreme heat and
drought. In recent years, floods have impacted municipal water
treatment plants, temporarily threatening water service to large
numbers of people. Coastal areas are also susceptible to contaminants
like saltwater infiltrating aquifers due to sea level rise, compound flood
events, or rising water tables.**2 This contamination could result in
drinking water becoming unsuitable for consumption or degradation of
ecosystems that rely on freshwater from aquifers.

As discussed in Site Analysis, site planners should carefully review
existing water sources for a site and assess the potential for water
source instability in the future. In areas where water instability is
possible, compact development, green infrastructure and nature-
based solutions, low-water landscapes, efficient irrigation, and water
harvesting and storage are all water conservation strategies that can be
integrated into a site.
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See the related strategies
in the following sections
for more information: Site

Layout, Circulation, and
Access, Open Space and
Green Infrastructure, and

Buildings.
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Firefighting Water Supply

Work closely with local planners and fire and
emergency management officials to ensure
sufficient water supply infrastructure in
wildfire-prone communities.

Water supply challenges and limitations can be major challenges during
a wildfire. Access to water for fire suppression may be obstructed

if lines or hydrants are exposed to fire.?** The amount of water that

is available during a wildfire may also be reduced due to increased
demand at the community level. Rapidly urbanizing communities,
particularly in wildland-urban interface (WUI) areas, may rely on

older infrastructure that has limitations in flow or supply.3* Rural and
indigenous communities may rely on wells and pumps, which may

be unmaintained or unregulated, for fire suppression.®®> Non-gravity
water pumps that use electricity may become inoperable during a

fire if power to the pump is interrupted or not accessible, requiring

the use of back-up generators or diesel-fueled pumps.*® Site planners
should work closely with local planners and fire and emergency
management officials to ensure the site has robust water infrastructure
that is sufficient to meet current needs and resilient to changing

future conditions.

Efficient Water Infrastructure

Use high-quality and efficient water supply
infrastructure on site.

Using high-quality, efficient water infrastructure on site can help
minimize the risk of leaks and waste. If a site will be using some

existing infrastructure, careful inspection of underground systems and
monitoring may be needed to ensure the system is not vulnerable to
damage due to changes in groundwater levels, salt-water intrusion from
sea level rise, flooding, subsidence, and landslides.
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Mitigation Benefits

Ensures development has
adequate water supply for

wildfire response or a plan for

alternate water sources.

Exhibit 5-70. Forest Fire Water
Supply

Dry Fire Hydrant in East Haven, Vermont.
Source: Artaxerxes

Mitigation Benefits

Can reduce risk of leaks that
cause local flooding.

_‘6'_ Conserves water for other uses
A within the community.

Conserves water for other uses
& within the community, such as

wildfire response.

Mitigation Considerations

Underground systems can
be vulnerable to changes in
groundwater levels, etc.
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Back-up Water Supply

In areas highly vulnerable to wildfire, drought, and
floods, work with local planners and emergency
officials to identify opportunities for backup water
supply sources, either via municipal resources or
onsite storage.

Access to safe drinking water is essential for the post-disaster recovery
of a community. Essential health and emergency facilities, such as
hospitals, have to prepare for the possibility of water shortages in the
event of an emergency.?*” While site planners may not always be able
to provide onsite sources for emergency use, early coordination with
local planners and emergency management officials can help identify

potential challenges and opportunities, which can increase the overall
resilience of the site.3¢®

Case Study—San Diego Water Management and
Successful Water Conservation

Some communities that have taken steps to address water conservation
are seeing success. The City of San Diego, California, and other
Southwestern communities have been able to reduce water through
adaptation strategies, allowing these communities to continue to
explore growth even during severe drought conditions. Adaptation
strategies range in scale from home and site to regional and include:

e Replacing lawns with low-water landscapes and limiting outdoor
water use.

¢ Low-flow plumbing fixtures.
e Preventing leaks.
e Water recycling and desalination.

e Shifting water rights.

Resource

¢ Yale Environment 360—“A Quiet Revolution: Southwest Cities Learn
to Thrive Amid Drought”
https://e360.yale.edu/features/a-quiet-revolution-southwest-cities-

learn-to-thrive-amid-drought
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Provides water source stability in
areas highly vulnerable to:

W Service disruptions due

POy

=== to floods.

Service instability and
disruptions due to heat waves
and droughts.

Service disruptions and
& emergency response needs due

to wildfire.

Exhibit 5-71. San Diego’s Plan for
Water Management

2020 Urban Water Management Plan.
Source: City of San Diego, California
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Buildings

This section, at a high level, addresses strategies
for the shell or form of a building and how it
connects to the site, such as elevating buildings
and green roofs. Considering how building
surfaces reflect or absorb heat, withstand and
direct wind, and manage or produce runoff are all
important considerations that influence resilience.

This section does not provide detailed guidance
on architectural and structural design of buildings,
material selection (including recycled materials,
lower carbon generating materials, etc.) details,
or interior systems (i.e., energy efficient, low
carbon approaches, etc.) However, these issues
are important subjects that can contribute
significantly to overall site resilience and play

a critical role in climate change mitigation.

All construction must meet or exceed the
requirements of the local building code or the
consensus state or national code if no local code
has been adopted. Site planners should reference
sources from FEMA, HUD, local building codes,
and local planning and emergency management
offices for guidance in this area.



Local Building Codes

Many strategies are included in local building codes, such as structural
systems and materials for: 3%

e Wind hazard resilience (e.g., tie-downs for hurricanes).
e Seismic hazard resilience.
e Fire.

¢ Flood.

Follow Local Building Codes

Plan projects to align with most recent local building
codes and reference standards.

Building codes are updated regularly to ensure local codes align with
best practices and current approaches. Careful adherence to local codes
has been shown to reduce property losses from natural hazards across
the country.3’° As areas are exposed to more natural hazards, ensure
that projects comply with the most recent local building codes and
reference standards.

If there are cases where local standards are outdated or unavailable,
or if emerging resilience strategies conflict with local standards, work
closely with local community planners to determine the best approach
for the project. All construction must meet or exceed the requirements
of the local building code or the state building code if no local code

has been adopted. If the state has not adopted a building code, then
the latest edition of the relevant International Code Council consensus
codes must be used. For one-and two-family residential construction,
use the International Residential Code (IRC). For all other buildings
follow the International Building Code (IBC).

Site planners should also consider surpassing building code
requirements, as this approach can increase site and building resilience.
The code is a minimum that is calibrated to limit structural collapse.
Going beyond code reduces that probability even further. Programs
like FORTIFIED can be a tool for achieving higher levels of performance,
and, in some areas, building to these standards can reduce insurance
premiums. Also, several FEMA products, such as FEMA 232, Home
Buildings Guide for Earthquake Resistant Design and Construction, and
FEMA P-804, Protect Your Property from High Winds: Wind Retrofit
Guide for Residential Buildings, identify a series of “above code
recommendations” to provide better performance.

Resources

e FEMA Building Code Playbook—
https://www.fema.gov/sites/default/files/documents/
fema_building-codes-adoption-playbook-for-authorities-having-

jurisdiction.pdf
e FORTIFIED—https://ibhs.org/fortified/
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Mitigation Benefits

Following codes can reduce:

Wl Floodwater damage to
%wood  building materials and
mechanical systems.

Windstorm damage to building
—
e envelopes and roofs.

Heat wave and drought
impact on building systems
and materials.

Potential for ignition
during wildfire.

&

Landslide damage to structures
or foundations.

Earthquake damage to
buildings or foundations.

Tsunami wave impacts to
buildings and foundations,
and floodwater impact

to building materials and
mechanical systems.

[d B
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e FEMA 232—Homebuilder’s Guide to Earthquake-Resistant Design
and Construction
https://www.fema.gov/node/homebuilders-guide-earthquake-
resistant-design-and-construction

e FEMA P-804—Wind Retrofit Guide for Residential Buildings
https://www.fema.gov/sites/default/files/2020—08/fema_p804
wind_retrofit_residential buildings complete.pdf
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Building Form

The form of the building and how it connects to the site is an important
consideration when building on sites that are vulnerable to natural
hazards, such as floods and strong windstorms. These strategies are
particularly common, and in many cases required, when building in
coastal areas, which are vulnerable to storm surges and hurricanes,

in addition to nuisance flooding and sea level rise. Many of these
strategies are also employed in areas vulnerable to riverine flooding.
The ultimate strategy used to address flood and/or storm hazards is
influenced by federal, state, and local regulatory requirements, so site
planners must be familiar with relevant regulations.

Resources

e Coastal Climate Resilience: Urban Waterfront Adaptive Strategies
(New York City) —
https://www1.nyc.gov/assets/planning/download/pdf/plans-
studies/sustainable-communities/climate-resilience/urban

waterfront.pdf

e (Coastal Flood Resilience Design Guidelines (Boston) —
https://www.bostonplans.org/getattachment/d1114318-1b95-
487c-bc36-682f8594e8b2

e Coastal Construction Manual: Principles and Practices of Planning,
Siting, Designing, Constructing, and Maintaining Residential
Buildings in Coastal Areas (Fourth Edition)—FEMA, 2011
https://www.fema.gov/sites/default/files/2020-08/fema55_voli

combined.pdf

e Reducing Flood Risk To Residential Buildings That Cannot Be
Elevated—FEMA, 2015
https://www.fema.gov/media-library-data/1443014398612-
a4dfc0f86711bc72434b82c4b100a677/revFEMA_HMA
Grants 4pg 2015 508.pdf
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Elevating Buildings

Elevate buildings above the design flood elevation by
raising the existing grade below the structure or by
using structural solutions, such as piles or floodable
ground floors.

Elevating buildings above the design flood elevation is a strategy to

address flood hazards at the building scale. The following considerations
are important when weighing options for building elevation:

In coastal areas, assess and integrate future sea level rise
projections into the design flood elevation to ensure sites and
buildings are resilient to future sea level rise risks.?”*

FEMA requires and restricts mitigation strategies for sites and
buildings based on the underlying flood hazard zone. Site planners
must meet or exceed any requirements associated with the site’s
flood hazard zone.?"?

Elevating homes can negatively impact human interaction at

the street level when inactive uses (e.g., garages) fill the ground
floor. On the other hand, elevating up to about 6 feet can have
positive benefits for compact development (in this case, narrow
setbacks between the home and the street) for clearly delineating
a transition to private space and providing a natural viewing area
onto the street.

Elevating buildings above street level can impact ADA accessibility,
so ramps, elevators, and stair lifts may be necessary.

Elevating commercial uses above sidewalk level can make it harder
to provide ADA-accessible frequent entries, which is helpful

for supporting smaller business spaces and providing a lively
street environment.

Elevating on Fill*73

On larger sites, elevating buildings can be done by raising the grade
of the building site to be above the design flood elevation.

Elevating building sites can create complications when connecting
to adjacent streets and infrastructure. Site planners should consider
both the feasibility and benefits of elevating larger portions of a site
rather than just the building site.

The type of fill material used to elevate the structure is an important
consideration with implications for public safety, resilience, and
environmental health. Site planners must follow federal, state, and
local regulations.

In some cases, elevating structures using fill can reduce flood
insurance requirements or allow for the site to be removed from
the flood hazard zone.

Elevating on fill can also provide opportunities for open space
improvements around the structure.
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Mitigation Benefits

Weeot| Can reduce harm to buildings
during floods.

Can provide vertical evacuation.

Mitigation Considerations

A Use fire-resistant materials to
elevate and enclose structures

in wildfire-prone regions.

Elevated buildings are more
vulnerable to seismic risks,
requiring specialized structural
and/or foundation designs.

A\ Can create access challenges
RAId and awkward connections
between site and the building.
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Technical Considerations

Structural stability

Buildings and sites elevated on fill must be
designed to structurally resist site-specific design
flood loads, be geotechnically stable, and be
protected from scour and erosion.

Use Restrictions

Use of this strategy should not result in habitable
spaces below the SLR-DFE, such as basement
units.

Foundations

Solid foundation walls below the lowest
occupiable floor should be designed with flood
openings to relieve flood pressure, should water
exceed 1" of depth above the lowest adjacent
grade.

Materials

Building materials below the SLR-DFE should be
resistant to water damage.

Source: City of Boston, Massachusetts, Coastal Flood Resilience Design Guidelines

Site Planning for Disaster Mitigation Guidebook
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Exhibit 5-72. Elevation of a New Building on Fill in an Urban Environment

Sloping to Adjacent Grade

Fill may be graded to slope up from adjacent
ground level or be held in place by retaining
structures. The toe and surface of fill slopes must
be protected from erosion and scour under design
flood conditions, and maximum fill slopes must
not be exceeded.

Fill must be designed so as not to adversely
affect nearby structures by diverting harmful
floodwaters and waves or increasing flow velocity.

Buildings
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Elevating on Piles and Open Foundations:

e On smaller sites, or where grading activities are restricted or cost-
prohibitive, buildings can be elevated using piles, which allow
floodwaters to pass underneath the structures.

e This strategy is most applicable to coastal sites where there will
be strong wave action and is a requirement for new buildings in V
Flood Risk Zones. (See exhibit 4-7 FEMA Flood Hazard Zones in Site_
Analysis for flood zone definitions.)

e Breakaway walls or lattice walls are sometimes used to enclose
the space below the first floor but uses are typically limited to
parking and some storage areas below the structure. Such passive
uses can create a sense of vacancy at the street level, which can be
challenging when designing to create pedestrian-oriented spaces.

e Although elevating on piles has many benefits for floods, structures
raised significantly above grade can have increased natural
hazard risks from strong wind and earthquakes and may need
engineering upgrades.®’
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Exhibit 5-73. Elevation of a New Building on an Open Foundation

Technical Considerations

Suitability

Inside FEMA V Zones, new, substantially dam-
aged, and substantially improved buildings must
be elevated on piles, piers, or posts with open
foundations in these zones, the use of fill to ele-
vate a structure is prohibited. In FEMA Coastal A
Zones, the same practices are recommended.

o

Stairs, Decks, Porches Structural stability
Appurtenant structures (e.g., stairs, decks, Elevated open pile, pier, or post foundations must
porches) must be designed either to structur- be designed to structurally resist site-specific
ally resist design flood loads or break-away design flood loads, be geotechnically stable, and
without damaging the building or its founda- be protected from scour and erosion. The diagram
tion. Decks and porches must be designed below illustrates NFIP-compliant foundations.
to allow flooding to pass through them, so
as to not adversely affect adjacent or nearby
structures by diverting harmful floodwaters Below-grade Enclosures
and waves.

Existing below-grade enclosures (basements,

crawlspaces, etc.) should be filled to match the Examples of NFIP-compliant foundations: piers /
Materials adjacent grade. The fill must be compacted and columns on pier footings, columns on micropiles,

designed to resist scour and erosion. and piles.

Source: FEMA. May 2013. Foundation
Requirements and Recommendations for
Elevated Homes.

Building materials below the DFE should be

resistant to water damage. Enclosures below the lowest floor should be

designed either to be free of obstruction or with
breakaway walls and flood openings.

Source: City of Boston, Massachusetts, Coastal Flood Resilience Design Guidelines
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Elevating on Enclosed Foundations and
Wet Floodproofing?’s

Elevating structures on solid foundations that are made from flood-
damage-resistant materials and are designed to withstand forces
during flood events is another strategy to mitigate flood risks.

Often accompanied by wet floodproofing strategies, these
foundation spaces are designed so that water can enter and exit
the space by gravity. These approaches require foundations to be
above existing grade (or existing subgrade spaces filled to match
existing grade) so that no water is trapped within the structure,
and there are equal rates of rise and fall within the enclosed space
and outside.

Wet floodproofing protects a building from some structural damage
during floods but not from wave action or high-velocity flows. Thus,
this strategy is best suited to A flood risk zones, and FEMA does not
allow this approach in V flood risk zones.

Utility connections for these structures must either be elevated or
dry floodproofed.

Enclosed wet floodproofed spaces can be designed to provide
parking, building access, and limited storage.

Exhibit 5-74. Coastal Home Elevated on Piles Under Construction,
Wilmington, North Carolina

Source: MAKERS
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Technical Considerations

Foundations

Elevated solid wall foundations must be designed
to structurally resist site-specific design flood
loads, be geotechnically stable, and be protected
from scour and erosion. For retrofits of existing
structures, this may require structural reinforcing
and other modifications of framing, walls,
footings, and floor slabs.

Solid foundation walls below the lowest
occupiable floor should be designed with flood
openings to relieve flood pressure, should water
exceed 1’ of depth above the lowest adjacent
grade

Access

Access from grade to the lowest floor should

be carefully considered for design integration
into both the building and the public realm. The
modification of building access and height may
trigger building, accessibility, and other applica-
ble code requirements, and therefore should be
coordinated.

Scour and erosion depths and the need for
structural fill should be considered to ensure that
the foundation will not be undermined in design
flood conditions.

Stairs, Decks, and Porches

Appurtenant structures (e.g., stairs, decks,
porches) must be designed either to structurally
resist design flood loads or break away without
damaging the building or its foundation.

Decks and porches must be designed to
allow flooding to pass through them, so as to not
adversely affect adjacent or nearby structures by
diverting harmful floodwaters and waves.

Chapter 5. Mitigation Strategies

Basements

Existing below-grade enclosures (basements,
crawlspaces, etc.) should be filled to match the
lowest adjacent grade. The fill must be compacted
and designed to resist scour and erosion.
Materials that can be used for fill include
compacted soil, crushed stone encased with
aconcrete slab, and controlled low strength
material (“flowable fill"). Consult with a contractor
or engineer to determine the most suitable
material depending on project requirements.
Building materials below the DFE should
be resistant to water damage.

Buildings

Exhibit 5-75. Elevation of a New Building on a Closed Foundation That Utilizes Wet Proofing Strategies

Source: City of Boston, Massachusetts, Coastal Flood Resilience Design Guidelines

Resource

e FEMA Technical Bulletins—
https://www.fema.gov/emergency-managers/risk-management/
building-science/national-flood-insurance-technical-bulletins
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Flood Protection and Dry Floodproofing

Protect buildings from flood events by installing flood
walls around the structure or by designing the ground
floor to resist flood water loads and infiltration.

Flood protection and dry floodproofing strategies protect buildings from
flood damage by preventing floodwaters from entering the building.
Flood protection barriers around structures include flood walls and
other structural site protection strategies.

Permanent Flood Walls

e Typically, flood walls are constructed from concrete or other durable
material and are typically between the structures and the shoreline
to provide a protective barrier.

Deployable Flood Walls®"’

e Deployable floodwalls are typically stored when not needed and
only installed in the event of a storm or flood. These strategies
require space for storage and onsite management and operations to
ensure proper installation and regular maintenance checks.

e Deployable floodwalls can vary in form. Those that use hydrostatic
pressure to lift the floodwall into place may be most appropriate
in more urban environments and for multi-family and mixed-use
developments. Others are inflatable, using either air or water to
form a temporary barrier around a site, and can be installed by
property owners to protect smaller structures.

e Sandbags are a common temporary flood wall approach that many
communities have used to protect structures from floods. While
they can be effective as an emergency response, they take time,
resources, and some group labor to install. In areas where floods
are common, having deployable strategies in place increases site
resilience and offers protection against fast-moving foods.

Dry Floodproofing?7s37°

e Dry floodproofing strategies focus on preventing water from
entering the building envelope and include the following:

¢ Walls and slabs resistant to water pressure and debris impacts.
e Watertight doors and windows when closed.

e Impermeable door and window coverings (removable
or permanent).

e Paints, membranes, gaskets, and sealants to prevent, and sump
pumps to control, water seepage.

e Backflow or shutoff valves to protect floodwater from entering
sewer and drainage systems.
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Mitigation Benefits

POy
pPOvOYY

Prevents flood water from
entering building.

Exhibit 5-76. Flood Wall

Floodwall in Sunbury, Pennsylvania. Source:
Jakec

See Coastal Structures and

Upland Flood Protection
Strategies.

Exhibit 5-77. Deployable Flood
Wall

Flooded road, Medina, North Dakota rest
area flood protection. Source: Bri Weldon,
2011
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e Sealed joints and utility penetrations.

e Electrical equipment and circuits that are protected to the flood
protection level.

e Back-up or emergency power for pumps and other seepage
control measures.

e FEMA currently recommends dry floodproofing strategies only
for commercial and mixed-use buildings and not for residential
structures. Local regulations may restrict the use of dry
floodproofing to mitigate flood risks for residential structures. Dry
floodproofing is also not allowed by FEMA in V flood risk zones.

Manufactured Homes Placement

Protect manufactured and mobile homes and similar
detached accessory dwelling units from flood and
wind hazards.

Manufactured homes should be located outside of flood risk zones.
In areas vulnerable to strong winds, manufactured homes should
not include carport attachments and/or open coverings and should
be anchored to the site as much as is feasible.3¥° Guidance for
manufactured homes may also be applicable to detached accessory
dwelling units.

Resource

e FEMA P-85 Protecting Manufactured Homes from Floods and Other
Hazards—
http://www.fema.gov/library/viewRecord.
do?fromSearch=fromsearch&id=1577
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Mitigation Benefits

Reduces risk for a housing
powey  type vulnerable to damage
from floods.

Reduces risk for a housing
=24 type vulnerable to damage
from windstorms.
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Floating and Amphibious Structures

Mitigation Benefits

Consider non-traditional and emerging strategies,
such as for amphibious and floating structures, as e
techniques evolve and mature.

Floating structures are designed to float on water at all times and can
respond to local tidal fluctuations as long as the water is relatively
protected. Although not common in the United States, pocket floating
house communities have existed for decades, including some in major
west coast cities, such as Sausalito, California, and Seattle, Washington.
Floating structures differ from houseboats in that they are permanently
anchored to a site. They can also have negative impacts on shoreline
ecology, increasing the risk of pollution into adjacent waters and
reducing opportunities for natural shoreline areas. As a result, local
regulations often discourage or prohibit the construction of new
floating structures. In other parts of the world, these strategies are
more common. In the Maldives, planning is underway for an entire
floating city.

Amphibious structures are an emerging architectural concept where
structures are constructed on the ground but are designed to float
during floods. Utilities are designed to either break away or extend

via long connections. Many approaches utilize modular homes as

these types of structures are relatively easy to retrofit with a floating
foundation.3®! Amphibious structures may also provide an alternative to
the significant elevation of structures, which can also lead to wind and
seismic hazard risks in coastal and earthquake-prone environments.

Neither floating nor amphibious structures are currently recognized by
FEMA as a flood mitigation strategy.

For more information visit:

e https://www.prosunarchitects.com/lifthouse

¢ The Buoyant Foundation—
https://www.buoyantfoundation.org

e Urban Green Blue Grids for Resilient Cities—
https://www.urbangreenbluegrids.com/projects/amphibious-
homes-maasbommel-the-netherlands/

e Maldives—
https://maldivesfloatingcity.com/gallery/

Site Planning for Disaster Mitigation Guidebook

Structures can adapt to
changing water levels.
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Reducing Wind Risks through
Building Form

Consider wind risk when massing and locating a Reduces wind risk via overall
building on a site == structural design.

Mitigation Benefits

A building’s form influences the overall risk in strong wind
environments. Consider the following strategies to protect buildings
from wind damage:

e Consider wind risk and overall airflow when massing buildings and
laying out site development areas. (See also Buildings.)

 Avoid gable roofs, or locate the gable ends to not be oriented in the Exhibit 5-78. Wind Damage to
primary wind direction (but weigh this design against considerations Roof
for rainwater and snow drainage and loads). Wind-resistant roof
shapes, such as hip-over-gable, can increase overall resilience
by protecting buildings from damage and the site and adjacent
structures from wind-borne debris.?®2

e For elevated buildings, covered crawlspaces and enclosed elevated
piers help prevent wind pressures on the underside of the building.
Wind loads on the underside of elevated buildings can be as high as
wind pressures on the roof if the structure is elevated too high.

¢ Avoid roof material that can add to air-borne debris in the event of

a strong wind event.
Roofs and other building materials can be

e Consider shutters for windows to prevent windows breaking and vulnerable to wind damage during storms.
subsequent building damage. Source: Pxhere

Site Planning for Disaster Mitigation Guidebook 234



Surfaces

Fire Safe Structures

Harden structures to reduce wildfire risk.

In wildfire-prone environments, strategies that focus on hardening
structures complement defensible space zones for managing trees,
vegetation, and open spaces close to the structures and further

reduce wildfire risks. Structure hardening strategies focus on reducing
flammable material and limiting opportunities for embers to ignite fires.

CalFire’s Get Prepared website recommends the following
structure-hardening strategies.’®

Roof and Gutters
e Fire-resistant roof materials, such as composite, metal, clay, or tile.
e Installing spark arresters on chimneys

e Cover rain gutters or keep open gutters free of plant debris. Install
corrosion-resistant and non-combustible drip edges for extra
protection of the roof’s edge.

Vents

e Cover all vent openings with 1/16- to 1/8-inch metal mesh. Do not
use fiberglass or plastic mesh.

e Use ember and flame-resistant vents.

Eaves and Soffits
e Eaves should be boxed in and protected with ignition-resistant or
non-combustible material.
Windows

e Install dual-paned windows with one pane of tempered glass to
reduce the chance of windows breaking during a fire.

e Consider limiting the size and number of windows that face large
areas of vegetation.

e Install screens in all windows that can be opened to increase
ember resistance.

Walls

e Use ignition-resistant building materials such as stucco, fiber
cement wall siding, fire retardant, treated wood, or other
approved materials. This precaution is particularly important when
neighboring homes are within 30 feet of other homes.
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Mitigation Benefits

Reduces wildfire risk via
& building materials and

structure design.

Exhibit 5-79. Ignition Resistant
Clay Roof

Source: Santiago Manuel
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Fill gaps in siding and trim materials with good quality caulk and
replace poor condition building materials.

Decks, Patios, and Fences

Replace deck boards that are less than 1-inch thick or in poor
condition with thicker, good condition boards. Use metal flashing
on decks.

Remove plant debris from the deck surface and gaps between the
decking and the house.

Use the same ignition-resistant material for patio covers as a roof.

Remove plant debris, wood pile, and other potential fire fuel
materials under decks. Consider enclosing the side of decks with
materials that are properly vented or 1/8-inch wire mesh. Do not
use wooden lattice to enclose decks.

Maintain wooden fences in good condition and create a non-
combustible fence section or gate next to the house for at least
5 feet.

Store firewood at least 30 feet away from home.

For more information, see:

Ready for Wildfire-Hardening your Home—
https://www.readyforwildfire.org/prepare-for-wildfire/get-ready/
hardening-your-home/

Living with Fire—Fire Safe Homes
https://www.livingwithfire.com/get-prepared/
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Shade Structures

Use shade structures on buildings and over parking
areas to reduce heat gain in urban areas and where
extreme heat is common.

Overhead canopies are commonly integrated into the ground floors of
commercial and mixed-use buildings to provide weather protection for
the adjacent sidewalk and pedestrian space. These overhead structures
also help shade the sidewalk and main temperatures for pedestrians.
Structural canopies can be used in combination with street trees

to provide more robust shade solutions, which may be particularly
helpful on east-west streets where adjacent buildings are less helpful in
providing shade.

In hot environments, shade structures can reinforce community
gathering places, such as park shelters, a canopy (which can also serve
as rain cover) over a plaza or courtyard, wide shaded sidewalks, or
private or shared backyards and open spaces. To keep pedestrians

at the street level comfortable, shade structures should not radiate
absorbed heat or reflect heat down onto the sidewalk, and structures
should be designed to accommodate appropriate visual connections for
natural surveillance.

Guidance for Comfortable Pedestrian Routes3:+

e For walking routes that are safe during the entire summer, target
shade coverage on walking corridors should be greater than or
equal to 62 percent.

e For walking routes that are safe for 95 percent of summer afternoon
hours, target shade coverage should be 30 percent or more.

e For walking routes that are safe for 90 percent of summer afternoon
hours, target shade coverage should be 20 percent or more.

Shade structures over parking areas that have green or reflective roof
coverings can also help reduce heat in urban areas. Shade structures
that incorporate solar panels can provide multiple benefits by providing
sustainable energy sources while also shading impervious surface lots.
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Mitigation Benefits

Reduces heat gain on
buildings, parking areas, and
pedestrian routes.

Promotes a healthier
pedestrian environment.

E@ﬁ\ﬁ
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Mitigation Considerations

A Ensure shade structures over
RAId sidewalks do not trap or direct
heat toward pedestrians.

Exhibit 5-80. Shade Strategy
Over a Courtyard

Shade feature over a courtyard increases
comfort for people using the space, reduces
temperatures, and provides some overhead
weather protection. Source: MAKERS
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Cool and Collecting Surfaces

Use cool, green, and/or blue roof strategies to reduce
heat, help manage runoff, and provide amenity space
for people.

Traditional roof surfaces that use dark, impervious surfaces are a major
source of heat gain in urban environments that contribute to the overall
urban heat island effect. Cooler roof surface strategies include:

e Cool roofs, which use lighter-colored roof surface material to reflect
light and reduce heat gain.

e Green roofs, where plants provide green space and help manage
and treat runoff from the roof surface.

e Blue roofs are non-vegetated systems that focus on collecting
stormwater for use on site or for temporary detention to reduce
storm impacts on local infrastructure.

Cool and green roof strategies can also apply to exterior wall surfaces
to further reduce heat gain within urban environments. Green walls are
vertical plant systems that attach to external or internal building walls.
They are less common than green roofs but offer an innovative and
attractive way of cooling the urban environment while also integrating
plants and green space.

Exhibit 5-81. Effects of Roof Type on Heat Absorption

When sunlight hits a black roof: When sunlight hits a white roof:
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Buildings

Mitigation Benefits

W88 Helps manage stormwater and
= reduce runoff.

Y& Reducing heat gain can reduce
heat and drought impacts.

& Reducing heat gain can reduce
wildfire impacts.

By Following codes can reduce the

DR1d impact of tsunamis on buildings.

Mitigation Considerations

Green roof designs in wildfire-
prone environments must
follow local building codes and
maintain green roofs to reduce
wildfire risks.

See Greening the Grey—

Managing Stormwater.

38% 52% 10% 8%

@ 5%  4.5% 10% 8%
. . . is reflected

heats the heats the is heats the heats the heats the
atmosphere city air reflected building atmosphere  city air

1.5%
o

heats the
building

Difference between traditional roof surfaces with dark, impervious materials and cool roofs with lighter materials. Source: Campbell et al.

(2021), “Beating the Heat: A Sustainable Cooling Handbook for Cities”
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Green roof and wildfire risks
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Sedum

Despite the multiple benefits of green roofs in reducing urban heat,
managing stormwater runoff, and providing green spaces for people
and wildlife, special consideration is needed in wildfire-prone regions
to ensure this strategy contributes to a site’s overall resilience. In-
depth research into this topic is limited, but a series of small studies
and observances following individual instances of fires on green
roofs in the United States (Portland, OR), Canada (Montreal), and the
United Kingdom (London) suggest the following considerations for
site planners:

Per the 2018 edition of the International Building Code, vegetative
roof systems have to meet the same fire classification requirements

. . Source: Pxhere
as the roof covering and assembly materials.3®

Soil is not a highly combustible material, and green roof substrates
typically are not high in organic material that could increase
wildfire risk.

It is challenging to directly compare traditional roofs with green
roofs in terms of wildfire risk, but test studies did show that thicker
and denser green roofs provide greater protection than thinner
green roof systems, although these thin systems also provided
some protection. Steel decking below the green roof resulted in
better performance of the green roof under fire conditions.3%

Plant material, such as grasses, that could easily dry out or require
maintenance can be a significant flammability risk in drought-prone
environments. Such plants should be avoided in wildfire-prone
environments, and all green roofs should be carefully managed to
ensure the space is clear of dry plant material.3®’

Sedums naturally retain moisture and do not tend to dry

out and shed material the way grasses can. Many green

roof experts recommend at least 60-percent coverage of
sedums in a green roof, a threshold that could be increased in
wildfire-prone environments.38®

Emerging research is showing that appropriately designed green
roofs can actually outperform some traditional roof structures in
terms of wildfire resilience, although more research is needed to
fully verify these findings.3®

Resources

General Information about Green Roofs—
http://www.greenroofs.org/

NYC Department of Environmental Protection Blue Roof and Green
Roof Study—
http://www.nyc.gov/html/dep/html/stormwater/green_pilot
project_ps118.shtml
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Exhibit 5-82. Green Roof With
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Water Conservation and Recycling

Harvest runoff from building surfaces and consider
options for onsite water recycling.

In drought-prone environments, conserve and store water on and
within a building to help with overall site resilience. Harvest water
from roof surfaces and downspouts and store it on site to supplement
outdoor water sources. This strategy is relatively common and is
growing in use. Harvesting water for reuse within the building is also a
strategy that some planners and designers are pursuing, although this
strategy is more challenging, as it must navigate local regulations for
grey water and recycling processes, which vary widely. Work closely
with local community planners and public works officials to determine
what is feasible for their projects.
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Mitigation Benefits

Helps manage stormwater and
reduce runoff.

‘@', Conserves water for other

A0 community uses.
& Retaining and infiltrating water
on site can reduce wildfire risks.

Exhibit 5-83. Water Conservation
and Re-Use

Rain Barrel. Source: Aqua Mechanical,
© 2016
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