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Introduction

Introduction

Planning to Mitigate the Impacts of Natural Hazards

Natural hazards, such as hurricanes, tornadoes, and earthquakes, are apart of the natural environment. In the
absence of built environment, a natural hazard causes damage only to a highly regenerative, adaptable, and resilient
natural environment. When a natural hazard intersects with the built environment, the result is often a catalyst for
disaster. Hazards are natural — disasters are not. Disasters are expensive, time-consuming, socially damaging, and
are largely avoidable with appropriate community planning.

Hazard mitigation planning is the beginning of a process upon which acommunity embarks when it wishesto
reduce the impact of natural hazards. Aswith any planning process, there are preliminary background information
gathering steps, followed by an analysis of the alternatives, adoption of policy, and an establishment of monitoring,
evaluating, and reporting procedures that lead to revisions and updates of the plan.

This Encylopediais designed for usein conjuction with Keeping Natural Hazards from Becoming Disasters: A
Mitigation Planning Guidebook for Local Gover nments. The Guidebook refers to the mitigation planning processin
the context of atree metaphor (see below). The background analyses (hazard identification and analysis,
vulnerability assessment, and capability assessment) are the roots from which the mitigation planning tree grows.
Goals are determined, and strategies for mitigation are developed for each planning areain the community. From the
strategies, policies are developed. It is at this point where thisEncyclopedia can help.
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Introduction

What followsisalist of the stepsin the mitigation planning process, as described in the Guidebook and in the tree
metaphor:

Step One: Identify Potential Natural Hazards

Step Two: Assess Hazard Vulnerability

Step Three: Assess Mitigation Capability

Step Four: Form Interim Conclusions (Acceptability Assessment)

Step Five: Establish Values and Goals

Step Six: Formulate Mitigation Policies

Step Seven: Establish Procedures for Monitoring, Evaluating, and Reporting Progress

Step Eight: Establish Procedures for Revisions and Updates of the Plan

Step Nine: Adoption

And, of course, the plan must be implemented.

This Encyclopedia is most useful during Step Six, when you are formulating the mitigation policies. The
Encyclopedia includes descriptions of policies that serve as the leaves of the mitigation planning tree. Thetools and
techniques described in this book will help your community to be moreresilient to natural hazards by making the
community safer and better able to quickly recover following adisaster. While many policy options are listed in this
Encyclopedia, it isnot all-inclusive. The Encyclopedia is designed to serve as a starting point, to offer optionsfor
carrying out mitigation planning strategies.

How To Use This Document

When acommunity plans to mitigate the impacts of natural hazards, there is anatural tendency to spend more time
and energy performing the background analyses than choosing the mitigation strategies. The purpose of the plan,
however, isto develop a set of mitigation strategies, or tools and techniques, to help the community carry out the
plan. This document, organized as an encyclopediaisintended to help in that process. An exanple entry follows:

Example Entry

Definition - - - -
This box contains a list of synonyms for this
The first portion of the entry isits Definition. This brief entry. Alsoincluded hereare*“ See Also”
description most commonly gives a broad definition of the references to entries that provide related
entry, and often includes information on its relevance to information.
hazard mitigation. Index Listing
. Sothat you can see how each strategy is

I mplementation indexed, thislist of relevant indicesis

. : ) : . . included.
This section explains the important things to consider when : .

o . All entries are indexed by Hazard
deciding whether or not to implement the strategy. - . J

g P oWy Activity, and North Carolina Region.
Critique Some are indexed by CRS Activity and
Post-Disaster relevance.

Most hazard mitigation strategies have both pros and cons.

The Critique section offers a perspective on the mitigation
strategy.

Example

L earning about how real communities have used certain mitigation
strategies helpsin the planning process. This section illustrates how
communities have used the mitigation strategy, and how it worked (or
didn’t work). When possible, references are included so that you can easily
get more information.
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This Encyclopedia can be used in four ways: (1) you can look up the tools and techniques in the encyclopedia
according to the common name; (2) you can use indexes to help you select which entries to look up; (3) you can
consult the Frequently Asked Mitigation Planning Questions to guide your search; (4) you can read the whole
document.

1. Look up thetools and techniques according to their common name.

The Encyclopedia is organized al phabetically according to the strategy’ s most common name. If you wish, for
example, to learn more about acquisition, look it up under the “A” section. When applicable, cross references have
been added to facilitate finding those entries with multiple names, and “ see also” prompts you to look at related
entries.

2. Usetheindexesto narrow your search for mitigation strategies.

We devel oped the following indexes to help you narrow your search search for strategies that will mitigate the
impacts of the natural hazards that your community may experience: Hazard, Activity, CRS, North Carolina Region,
and Post-Disaster indexes. What follows isadescription of each.

¢+ Hazard Index
The Hazard Index is meant to serve those who would like to look up the techniques that address the specific
hazards to which the community is vulnerable. It isimportant to note that many strategies may be indexed
under “All” as opposed to specific hazard events. The Hazards Index includes the primary natural hazards
experienced in North Carolina:

+ Drought: Resulting from below-average precipitation, adrought is a cumulative hazard, occurring
over time, that givesrise to other hazards such as wildfires or flash flooding (when an area that has
received little rainfall suddenly experiences torrential downpours, the group’s ability to absorb
rainwater decreases, causing increased velocity of runoff and potential for flash flooding.).

+ Earthquake An earthquake isasudden motion or trembling that is caused by arelease of strain
accumulated within or along the edge of the Earth’ s tectonic plates. The severity of the effects
depends on the amount of energy released from the fault or epicenter. North Carolina’s
vulnerability to earthquakes decreases from west to east in relation to the Eastern Tenessee
Seismic Zone. Generally, there are three different zones of seismic risk in North Carolina. The
eastern portion of the State faces minimal effects from seismic activity. Locationsin the middle
and southeastern areas of the State face a moderate hazard from seismic activity, while the area
from Mecklenburg County west through the Blue Ridge faces the greatest risk. The steep
topography of western North Carolina exacerbates the potential for damage, since ground
movement on steep slopes can result in human injuries, damage to property, road closures, and
more.

+ Erosion: Erosion is commonly used to describe the horizontal retreat of the shoreline along the
ocean. It is considered a function of larger processes of shoreline change, which includes
accretion. Erosion occurs when more sediment (for example, sand) islost along a particul ar
shoreline than is redeposited by the water body. Accretion results when more sediment is
deposited along a particular shoreline thanislost.

In assessing the erosion hazard in your community, it isimportant to realize that thereisa
temporal, or time aspect associated with the average rate at which a shorelineis either eroding or
accreting. Over along-term period (years), ashorelineis considered either eroding, accreting, or
stable. When you evaluate coastal erosion in your community, you should focus on the long-term
erosion situation. However, in the short-term, it isimportant to understand that storms can erode a
shorelinethat is, over the long-term, classified as accreting, and vice versa.

Erosion is caused by coastal storms and flood events; changes in the geometry of tidal inlets, river

outlets, and bay entrances; man-made structures and human activities such as shore protection
structures and dredging; long-term erosion; and local scour around buildings and other structures.

13
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Flood: A floodisanatural event for rivers, streams and coastal areas. Excesswater from
snowmelt, rainfall, or storm surge accumulates and overflows onto the banks and adjacent
floodplains. Floodplains are lowlands, adjacent to rivers, lakes and oceans that are subject to
recurring floods. Flooding isthe most commo n hazard in North Carolina, and thousands of
households are located within floodplains. Floods can occur at any time of the year, and at any
time of day or night. Floods generally fall into two categories: flash floods, the product of heavy
localized precipitation in a short period over a given location, or caused by a dam break or levee
failure; and general floods, which can occur in riverine, coastal, and urban settings.

Flash Flood: Flash floods occur within afew minutes or hours of heavy amounts of rainfall, from
adam or levee failure, or from a sudden release of water held by an ice jam. In North Carolina,
most flash flooding is caused by slow-moving thunderstorms, repeated thunderstormsin alocal
area, or heavy rains from hurricanes and tropical storms. Areas subject to rapid floodwater
inundation pose special threatsto life and property because there is insufficient time for warning,
evacuation, emergency floodproofing, or other protective measures. Flash floods can destroy
buildings and bridges, uproot trees, and scour out new drainage channels. Heavy rains that
produce flash floods can also trigger mudslides. Flash flooding is a serious problem in the
following areas: (1) steep rivers and streams in mountainous or hilly areas subject to sudden
rainfall and rapid runoff; (2) Areaswith steep slopes and little or no vegetative ground cover; (3)
Areas behind dams or levees subject to failure or overtopping; (4) Barrier islands and other areas
along the coast which may be subject to relatively rapid hurricane storm surge; (5) Urban areas
where much of the ground is covered by impervious surfaces, or where fixed drainage channels
may be unable to contain the runoff that is generated by intense rainfall events; and (6) Areas
behind levees or dams where the protective structure suddenly fails or the design capacity is
suddenly exceeded.

Hurricane: A hurricaneis a category of tropical cyclone characterized by thunderstorms and
defined surface wind circulation. Hurricanes develop over warm waters and are caused by the
atmospheric instability created by the collision of warm air with cooler air.

Hurricane winds blow in alarge spiral around a calm center called the eye, which can be 20-30
mileswide. When a hurricane nears land, it may bring torrential rains, high winds, storm surges,
coastal flooding, inland flooding, and sometimes tornadoes. A single hurricane can last for more
than two weeks over water and can extend outward 400 miles. The hurricane season for the
Atlantic Coast is June 1 to Noverrber 30, with a peak around mid-September.

Landdlide: Common throughout the mountainous Appalachian region, landslides are described as
downward movement of a slope and materials under the force of gravity. Landslides are
influenced by human activity (mining and construction of buildings, railroads, and highways), and
natural factors (geology, precipitation, and topography).

Debrisflows are flows of rock, earth, and other debris saturated with water. They develop when
water rapidly accumulates in the ground, such as during heavy rainfall or rapid snowmelt,
changing the earth into aflowing river of mud or “slurry.” Slurry can flow rapidly down slopes or
through channels and can strike with little or no warning at avalanche speeds. Slurry can travel
several milesfrom its source, growing in size asit picks up trees, cars, and other materials along
theway. Other types of landslidesinclude: rock slides, slumps, mudslides, and earthflows. All of
these differ in terms of content and flow.

Nor’Easter: Nor’ Easters are extra-tropical eventsthat produce gale-force winds and precipitation
in the form of heavy rain or snow. They can cause increasesin tidal elevations (storm surge),
wind speed, and erosion. These cyclonic storms, called Nor’ Easters because of the direction of the
storm winds, can last for several days and can be very large — 1,000-mile wide storms are not
uncommon. The coastal counties of North Carolina are most vulnerable to the impacts of

Nor’ Easters. Since the storms often occur at night, and typically make landfall with less warning
than hurricanes (due to their rapid formation right along the coast), residents may be caught at
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home unprepared. On the other hand, Nor’ Easters typically occur during the off-season when
fewer non-residents are visiting the coast.

Thunderstorm: A typical thunderstorm may be three miles wide at its base, rise to between
40,000 to 60,000 feet in the troposphere, and contain half a million tons of condensed water.
Conglomerations of thunderstorms along cold fronts (with squall lines) can extend for hundreds of
miles. Thunderstorms contain tremendous amounts of energy derived from condensation of water.
The half million tons of condensed water release 300 trillion calories of energy, equivalent to
about 100 million kilowatt-hours of electricity, or several Hiroshima-sized atomic bombs.

According to the National Weather service, a severe thunderstorm is one that produces tornadoes,
hail 0.75 inches or more in diameter, or winds of 50 knots (58 mph) or more. Structural wind
damage may imply the occurrence of a severe thunderstorm. Hail, formed by the accretion of
supercooled liquid water on ice particles in athunderstorm updraft, can pose a serious threat to
agriculture and exposed objects. Likewise, strong winds can potentially wreak havoc on fragile or
flimsy structures, or yield secondary damage through the downing of trees. Lightning associated
with thunderstorms poses a threat to people and animalsin unsheltered areas. The tornado,
however, is by far the greatest natural hazard threat from a severe thunderstorm.

Tornado: A tornado isaviolently rotating column of air extending to the ground. Over water, a
tornado is called awaterspout. The most violent tornadoes are capabl e of tremendous destruction
with wind speeds of 250 mph or more. Damage paths can be in excess of 1 mile wide and 50
miles long. Among the most unpredictabl e of weather phenomena, the tornado season runs
ordinarily from March through August, but tornadoes can strike at any time of the year if the
essential conditions are present. Thunderstorms and hurricanes spawn tornadoes when cold air
overrides alayer of warm air, causing the warm air to rise rapidly. The winds produced from
hurricanes, earthquake-induced fires, and wildfires have also been known to produce tornadoes.

Wildfire: A wildfireisan uncontrolled fire spreading through vegetative fuels, exposing and
possibly consuming structures. They often begin unnoticed and spread quickly and are usually
signaled by densesmoke that fills the air for miles around. Both naturally occurring and non-
native species of grasses, brush, and trees fuel wildfires. A wildland fireisawildfirein an areain
which development is essentially nonexistent, except for roads, railroads, power lines and similar
facilities. An Urban-Wildland Interface fireis awildfire in ageographical areawhere structures
and other human devel opment meet or intermingle with wildland or vegetative fuels. People start
more than four out of every five wildfires, usually as debris burns, arson, or carel essness.
Lightning strikes are the next leading cause of wildfires.

North Carolina, with its large amount of wooded areas, is included among the states with a high
risk of wildfire. Asdevelopment has spread into areas of North Carolinawhich were previously
rural, new residents have been relatively unaware of the hazards posed by wildfires and have used
highly flammable material for constructing buildings. This hasincreased the threat of loss of life
and property, and has also resulted in a greater popul ation of people less prepared to cope with
wildfire hazards. The southern coastal plain and mountain region areparticularly vulnerable to the
wildfire hazard.

Severe Winter Storm: Severe winter storms can produce an array of hazardous weather
conditions, including heavy snow, blizzards, freezing rain and ice pellets and extreme cold.
Extreme snow events are the most potentially disruptive to society, for they can bring down power
lines, trees and lead to roof collapses. All forms of severe winter weather can make traveling
treacherous. Severe winter storms are extra-tropical cyclonesfueled by strong temperature
gradients and an active upper-level jet stream. The winter storms that impact North Carolina
generally form in the Gulf of Mexico or off the southeast Atlantic Coast. Few of these storms
result in blizzard conditions, defined by the presence of windsin excess of 35 mph, falling and
blowing snow, and a maximum temperature of 20° Fahrenheit. While the frequency and
magnitude of snow events are highest in the mountains due to elevation, the geographical
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orientation of the mountains and Piedmont contribute to a regular occurrence of freezing
precipitation events (e.g., ice pellets and freezing rain) in the Piedmont.

The above descriptions of North Carolina' s natural hazards were extracted from Appendix A in Keeping
Natural Hazards from Becoming Disasters: A Mitigation Planning Guidebook for Local Governments,
available from the North Carolina Division of Emergency Management. Y ou may find it useful to refer to
the complete appendix in the Guidebook for more information on assessing the natural hazards to which
your community is vulnerable.

Activity Index

The Activity Index is especially useful in illustrating that mitigation practices are the job of the entire local
government, not just the planning or emergency management departments. |f you are the head of a specific
department, thisindex will help you determine what your department can do to further mitigation efforts. If
you are atown or city manager, thisindex will help you delegate hazard mitigation tasks. If you are part of
the planning department, thisindex will help you determine who should serve on committees, and may spur
involvement in the planning process from individual s across disciplines.

CRS Index

The CRS Index relates to the Community Rating System, which is a component of the National Flood
Insurance Program (NFIP). Those communities who regulate development in the floodplain are eligible to
participate in NFIP, and those communities who take measures beyond NFIP minimum standards earn CRS
points. These points are used to reduce the insurance rate premiums that residents in the community pay.
Therefore, since CRS can be a cost saver for residents, those communities that participate in NFIP may be
interested to know which mitigation strategies may serve the objective of NFIP rate reduction through the
accumulation of CRS points. While this encyclopedia cannot be used in lieu of the CRS Manual, it can
provide ideas for accomplishing a community goal of lowering flood insurance premiums. Encyclopedia
entries are indexed according to its relevant CRS activity. The following list of CRS activitieswere used in
developing theindex (the numbers correspond with the section of the 1999 CRS Application document,
found online at http://www.fema.gov/nfip/crsappl.pdf).

[ 310 Elevation Cerificates

(] 320 Map Infarmatian

[ 330 Qutreach Projects

[] 340 Hazard Disclosure

D 350 Flood Protection Library

[} 260 Flood Protection Assistance

[ 4005H Special Hazard Areas

[] 410 Additional Flood Data

D 420 Open Space Preservation
NFIPICRS D 430 Higher Regulatory Standards

(] 430LZ Low Density Zoning

[ ] 440 Flood Data Maintenance

[] 450 Stormwater Management

(] 500 Repetitive Loss Areas

D 410 Floodplain Management Planning

D 520 Acguisition and Relocation

(1530 Retrofitting

D A40 Drainage System Maintenance

D 540 Drainage System Maintenance

D 610 Flood Warning Program

[ 6520 Leves Safety

[] 630 Dam Safety

D 710 Community Growth Adjustment

[ 720 Community Total Points
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+ North Carolina Region
North Carolina’ s landscape is diverse, and consequently the hazards resulting from storm events can vary
greatly. For example, torrential rainfall and flooding associated with large storm events may cause erosion
on the coast and landslides in the mountains. Therefore, the mitigation strategies employed may be quite
different from region to region. Thisindex is useful for identifying only those strategies pertinent to your
community’ s region. Note that many tools and techniques are relevant throughout the state, thusindexed as
“ Statewide.”

¢+ Post-Disaster
A small number of entries are indexed as “Post-Disaster.” This means that these are the toolsto turn to if
you are approaching mitigation immediately following a disaster in your community.

3. Consult the Frequently Asked Questions

During the mitigation planning process, it is necessary to conduct background analyses that provide information on a
community’ s vulnerability. After conducting these analyses, certain questions arise. For example, acommunity has
discovered, through the background analyses, that a bulk of the tax baseisin the floodplain. The community is
unsure which mitigation strategies might help to solve this problem. The community can look at the Freguently
Asked Questions index for the question, “What if alarge portion of my tax baseis currently in a hazardous area?’
This question has a bulleted list of answers that correspond to encyclopedia entries. To learn more about each
suggested remedy, simply look it up in the encyclopedia.

4. Read the whole document.

This document, for all of itsindexing and cross referencing, may actually be best read cover-to-cover. After all, asa
creative public servant, you may have ideas for how you can apply a certain strategy to your specific situation— you
can make connections and come up with creative implementation ideas. For example, some policies, in content, may
not apply to your community or the hazards to which you are vulnerable, but these seemingly irrelevant strategies
might be of interest to you for the implementation concerns that might be similar to those your community could
experience. Or, you may find examples that are relevant to your community because of the size and politics of the
area. Therefore, you may find it beneficial to read each of the entries.
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Frequently Asked Mitigation Planning Questions

Frequently Asked Mitigation
Planning Questions

What follows are seven questions that often arise after the background analyses are compl eted and the process
begins to determine the tools and techniques that will be used to mitigate the impacts of natural hazards. The
guestions below include alisting of answers that correspond with entriesin this Encyclopedia. Thelistsare
certainly not exhaustive. We recommend that you use consider the answers as a starting point. Keep in mind that
additional tools and techniques may work in your community.

What if community features (existing infrastructure, critical facilities, existing development) are in a

hazardous areas?

Access to Neighborhoods
Acquisition

Capability Analysis

Capital Facilities Plans
Community Awareness Programs
Comprehensive Plans

Critical Facilities

Drainage Culverts

Drainage System Maintenance
Earthquakes

Elevation

Emergency Thoroughfares
Firebreaks

Floodplain Management Plans
Fuel Loads

Grassy Swales

Hazard Identification

Hazard Mitigation and Post-Disaster Reconstruction Plans
Home Inspection Programs
Impervious Surface Limits
Mapping Hazards

Moratoria

Porous Pavement

Real EstateDisclosure Requirements
Retention Ponds

Scenario Analysis

Setbacks

Slowing Development

Smart Growth

Stormwater Drain Maintenance

L4
L4
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
L4
L4
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
L4
L4
¢
¢
¢
¢

What if a large portion of your tax base is currently in a hazardous area?

Audits of Small Businesses
Building Codes
Commercial Park
Development Caps

* o o o
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¢
L4
L4
L4
¢
¢
¢
¢
¢
¢
¢
¢
¢
L4
L4
L4
¢

What can you do about repetitive loss structures?

Firebreaks

Floating Zones

Floodplain Management Plans
Grassy Swales

Hazard Identification

Hazard Mitigation and Post-Disaster Reconstruction Plan
Impervious Surface Limits
Industrial Park

Moratoria

Overlay Zones

Porous Pavement

Relocation

Retention Ponds

Scenario Analysis

Smart Growth

Stormwater Drain Management
Mapping Hazards

Frequently Asked Mitigation Planning Questions

-

L4
L4
¢
¢
¢
¢
¢
¢
¢
¢
¢
L4
L4
L4
¢

What if there are indications that development patters may occur in hazardous areas?

Acquisition

Building Codes

Detention Basin

Drainage Culverts

Drainage System Maintenance

Dune Protection and Shoreline Setbacks
Elevation

Firebreaks

Floating Zones

Floodplain Management Plans
Floodproofing

Moratoria

Real Estate Disclosure Requirements
Relocation

Sewage Lift Station

Stormwater Drain Mai ntenance

® & & 6 6 6 6 6 6 o 6 6 o o o o o o o

Acquisition

Bonus and Incentive Zoning

Capital Improvements Plans (CIP)
Comprehensive Plans

Concurrency

Developer Exactions

Development Density

Differential Assessment

Dune Protection and Shoreline Setbacks
Environmental Impact Ordinances

Government Expenditure Limitation in High-Hazard Areas

Impact Fees

Infill Development

Mapping Hazards

Marginal Cost Pricing
Performance or Impact Zoning
Planned Unit Devel opment
Purchase of Development Rights
Smart Growth
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+ Transfer of Development Rights

My vulnerability analysis revealed that some of the undeveloped areas in the hazard area of my

community are zoned for residential development. What can | do?
Acquisition

Agricultural Use Zoning

Bonus and Incentive Zoning

Concurrency

Contract Zoning, Conditional Zoning and Special Exceptions
Developer Exactions

Environmental Impact Ordinances

Impact Fees

Infill Development

Purchase of Development Rights

Setbacks

Slowing Development

Subdivision Regulations

Transfer of Development Rights

¢
¢
¢
¢
¢
L4
¢
¢
¢
¢
¢
¢
¢
¢

What tools can | use to implement green infrastructure in my community?

>

Easements

Grassy Swales

Green Infrastructure

Impervious Surface Limits

Land Treatment

Mapping Hazards

Natural Environmental Features
Onsite Sediment Retention

Parks

Purchase of Development Rights
Slope Stabilization

Soil Conservation and Steep Slope Stabiliziation
V egetation

Wetlands Preservation

¢
¢
¢
¢
¢
L4
L4
¢
¢
¢
¢
¢
¢

My community is on a barrier island. The problem is that barrier islands naturally move. What can | do?

>

Acquisition

Beach Management Plans

Beach Nourishment

Carrying Capacity

Dredging

Dune Protection and Shoreline Setbacks
Floating Zones

Groins

Jetties

Offshore Breakwaters

Revetments

Roadway Realignment

Sand Dunes

Sand Scraping

Seawalls and Bulkheads
Sediment-Trapping Vegetation, Coastal

* & 6 & 6 o 6 o+ o+ o o o o o o



Description of the Indexes

Strategies by Index

Description of the Indexes

Activity Index: Mitigating the impacts of natural hazardsis ajob for more than just the planning department. All
local government departments can be involved, as well as federal and state agencies and organizations. The Activity
Index highlights the mitigation strategies under the interest and purview of the various local, state, and federal
organizations.

CRSIndex: The CRSIndex relatesto the Community Rating System, which is a component of the National Flood
Insurance Program. If your community participatesin the NFIP, you might be interested in which mitigation
strategies may contribute to NFIP rate reduction through the accumulation of CRS points. While this encyclopedia
cannot be used in lieu of the CRS Manual, it can provide ideas for accomplishing a community goal of lowering
flood insurance premiums.

Hazard Index: Fortunately, every community is not vulnerable to all natural hazards. Once you have established to
which hazards your community is vulnerable, you can look to thisindex to point you to the mitigation tools and
techniques that address specific hazards. "All" indicates that the strategy can be useful in mitigating the impacts of
al natural hazards.

North Carolina Region Index: What works in the mountains might be irrelevant on the coast. Thisindex is meant
to guide your selection of mitigation strategies by the region in which your community falls. Note that many tools
and techniques fall under the “ Statewide” category.

Post-Disaster Index: The Post Disaster index is meant to guide you to those strategies that are specific to a post-
disaster situation. For example, your community has just experienced extensive flooding from a storm. Which tools
should you reach for first? Thislist provides you with a starting place.

Activity Index

Beach Management
Beach Management Plans, 47
Beach Nourishment, 47
Dredging, 72
Dune Protection and Shoreline Setbacks, 73
Groins, 90
Jetties, 99
Offshore Breakwaters, 111
Revetments for Beach Management, 129
Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131
Sand Dunes, 134
Sand Scraping, 135
Seawalls and Bulkheads, 137
Sediment Trapping V egetation, Coastal, 138
Building I nspection
Building Inspectors, 52
Development Impact Tax/Improvement Tax, 67
Elevation, 77
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Activity Index

Home Inspection Program, 93
Hotel Room Occupancy, 94
Housing Code, 94
Moratoria, 107
Permitting Fees, 116
Safe Room, 133
Tax Abatements, Subsidies, Low-Interest Loans, and Other Incentives, 153
Windproofing, 166
Coastal Engineering
Beach Nourishment, 47
Dams and Reservoirs, 65
Dikes, Levees, Floodwalls and Berms, 69
Dredging, 72
Groins, 90
Jetties, 99
Offshore Breakwaters, 111
Revetments for Flood Control Works, 129
Sand Scraping, 135
Seawalls and Bulkheads, 137
Wetlands Preservation and Riparian Habitat Protection, 164
Coastal Management
Beach Nourishment, 47
Dredging, 72
Dune Protection and Shoreline Setbacks, 73
Groins, 90
Jetties, 99
Offshore Breakwaters, 111
Revetments for Beach Management, 129
Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131
Sand Dunes, 134
Sand Scraping, 135
Seawalls and Bulkheads, 137
Sediment Trapping V egetation, Coastal, 138
Wetlands Preservation and Riparian Habitat Protection, 164
Community Development
Education and Training, 76
Emergency M anagement
Acquisition, 42
Audits of Small Business, 46
Capability Analysis, 55
Disaster Warning, 70
Education and Training, 76
Emergency Shelters, 78
Emergency Thoroughfares, 78
Hazard I dentification, 91
Mapping Hazards, 105
Orientation of New Development, 113
Public School Buildings, 121
Real Estate Disclosure Requirements, 125
Risk Assessment, 131
Vulnerability Assessment, 161
Wildfire Mitigation, 165
Windproofing, 166
Engineering
Access to Neighborhoods, 41
Acquisition, 42




Activity Index

Building Codes, 50

Capital Facilities Plans, 55

Channelization, 58

Community Awareness Program, 60
Concurrency, 62

Dams and Reservoirs, 65

Dikes, Levees, Floodwalls and Berms, 69
Diversions, 70

Drainage Culverts, 71

Elevation, 77

Emergency Thoroughfares, 78

Environmental Impact Ordinances, 79

Fire Hydrant Inspection and Elevation, 80
Floodplain Management Plans, 82
Floodproofing, 84

Freshwater Well, 85

Government Expenditure Limitation in High Hazard Areas, 87
Grassy Swales, 83

Hotel Room Occupancy, 94

Impervious Surface Limits, 96

Library Protection, 102

Minimum Residential Street Width Ordinance, 106
Natural Environmental Features, 109
Notification of Location of Hazards, 110
Onsite Sediment Retention, 112

Orientation of New Development, 113

Porous Pavement, 118

Relocation, 126

Retention Ponds, 128

Revetments for Beach Management, 129
Revetments for Flood Control Works, 129
Review of Site Plan by Specialist, 130

Risk Assessment, 131

Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131
Safe Room, 133

Sefe Site, 133

Sand Scraping, 135

Seismic Preparedness and Retrofitting, 139
Seismic Retrofit of Critical Facilities, 140
Service Areas, 140

Setbacks, 141

Sewage Lift Station, 141

Sewage Treatment Plant Retrofit, 142

Sewer Manholes, 143

Slope Stahilization, 144

Soil Conservation and Steep Slope Preservation, 147
Stormwater Basin, 148

Stormwater Drain Maintenance, 149
Stormwater Management, 149

Traffic Lights and Other Traffic Controls, 154
Tree Limb Removal, 156

Utility Lines, 157

Vegetation, 159

Water Mains, 163

Wetlands Preservation and Riparian Habitat Protection, 164
Windproofing, 166



Activity Index

Fire
Home Inspection Program, 93
Hotel Room Occupancy, 94
New Construction, 109
Fire Prevention
Fire Breaks, 81
Fire Hydrant Inspection and Elevation, 80
Retrofit of Fire Stations and Police Stations, 128
Tie Downs, 154
V egetation None or Slow Burning, 160
Water Mains, 163
Wildfire Mitigation, 165
FireProtection
Safe Site, 133
Geographic Information Systems
Mapping Hazards, 105
Health Services
Seismic Retrofit of Critical Facilities, 140
Housing
Public Housing, 120
I nspection
Building Codes, 50
Law Enforcement
Retrofit of Fire Stations and Police Stations, 128
Safe Site, 133
Library Services
Library Protection, 102
Public Records, 120
Parksand Recreation
Acquisition, 42
Green Infrastructure, 89
Parks, 115
Vegetation, 159
Planning
Accessto Neighborhoods, 41
Acquisition, 42
Advance Acquisition and Land Banking, 44
Aerial Lines, 45
Agricultural Use Zoning, 45
Animal Shelter Location, 46
Audits of Small Business, 46
Beach Management Plans, 47
Beach Nourishment, 47
Bonus and Incentive Zoning, 49
Bridges, 50
Building Codes, 50
Building Inspectors, 52
Business Exchange Program, 53
Capability Analysis, 55
Capital Facilities Plans, 55
Carrying Capacity, 57
Cemeteries, 58
Channelization, 58
Commercia Park, 59
Community Awareness Program, 60
Comprehensive Plans, 61
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Concurrency, 62

Contract Zoning, Conditional Zoning and Specia Exceptions, 63
Critical Facilities, 64

Dams and Reservoirs, 65

Developer Exactions, 66

Development Density, 67

Development Impact Tax/Improvement Tax, 67
Differential Assessment/Taxation, 68

Dikes, Levees, Floodwalls and Berms, 69
Diversions, 70

Drainage Culverts, 71

Dredging, 72

Dune Protection and Shoreline Setbacks, 73
Easements, 75

Education and Training, 76

Elevation, 77

Emergency Shelters, 78

Emergency Thoroughfares, 78

Environmental Impact Ordinances, 79

Fire Breaks, 81

Floating Zones, 81

Floodplain Management Plans, 82
Floodproofing, 84

Freshwater Well, 85

Government Expenditure Limitation in High Hazard Areas, 87
Grassy Swales, 88

Green Infrastructure, 89

Groins, 90

Hazard Identification, 91

Hazard Mitigation and Post-Disaster Reconstruction Plan, 92
Home Inspection Program, 93

Hotel Room Occupancy, 94

Housing Code, 94

Impact Fees, 95

Impervious Surface Limits, 96

Infill Development, 96

Jetties, 99

Land Gains Taxation, Transfer or Development Taxes, 101
Land Treatment, 102

Library Protection, 102

Mapping Hazards, 105

Margina Cost Pricing, 106

Minimum Residential Street Width Ordinance, 106
Mobile Home Parks Storm Shelter, 107
Mobility Concerns, 107

Moratoria, 107

Natural Environmental Features, 109

New Construction, 109

Notification of Location of Hazards, 110
Offshore Breakwaters, 111

Onsite Sediment Retention, 112

Orientation of New Development, 113

Overlay Zones, 113

Parks, 115

Performance or Impact Zoning, 115

Permitting Fees, 116

Activity Index
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Planned Unit Development/ Average Density/ Cluster Development, 117
Porous Pavement, 118

Prescribed Burning, 119

Public Housing, 120

Public Records, 120

Public School Buildings, 121

Purchase of Development Rights, 121

Purchase Option/Right of First Refusal, 122
Purchase Sellback/L easeback, 123

Real Estate Disclosure Requirements, 125
Relocation, 126

Retention Ponds, 128

Retrofit of Fire Stationsand Police Stations, 128
Revetments for Beach Management, 129
Revetments for Flood Control Works, 129
Review of Site Plan by Specialist, 130

Risk Assessment, 131

Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131
Safe Room, 133

Safe Site, 133

Sand Dunes, 134

Sand Scraping, 135

Scenario Analysis, 135

School Facility, 136

Seawalls and Bulkheads, 137

Sediment Trapping Vegetation, Coastal, 138
Seismic Preparedness and Retrofitting, 139
Seismic Retrofit of Critical Facilities, 140
Service Areas, 140

Setbacks, 141

Sewage Lift Station, 141

Sewage Treatment Plant Retrofit, 142

Sewer Manholes, 143

Sideyards, 143

Slope Stahilization, 144

Slowing Development, 145

Smart Growth, 146

Soil Conservation and Steep Slope Preservation, 147
Special Assessment Districts, 147

Stormwater Basin, 148

Stormwater Drain Maintenance, 149
Stormwater Management, 149

Subdivision Ordinance, 150

Subdivision Regulations, 150

Sustainable Development, 151

Sword of Damocles Provision, 152

Tax Abatements, Subsidies, Low-Interest Loans, and Other Incentives, 153
Tie Downs, 154

Traffic Lights and Other Traffic Controls, 154
Trailer Parks Storm Shelter, 155

Vegetation, 159

Vegetation None or Slow Burning, 160
Vulnerability Assessment, 161

Water Mains, 163

Wetlands Preservation and Riparian Habitat Protection, 164
Wildfire Mitigation, 165
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Windproofing, 166
Public Works
Accessto Neighborhoods, 41
Aerial Lines, 45
Bridges, 50
Capital Facilities Plans, 55
Cemeteries, 58
Channelization, 58
Concurrency, 62
Dams and Reservoirs, 65
Dikes, Levees, Floodwalls and Berms, 69
Diversions, 70
Drainage Culverts, 71
Drainage System Maintenance, 71
Elevation, 77
Emergency Thoroughfares, 78
Fire Hydrant I nspection and Elevation, 80
Floodplain Management Plans, 82
Floodproofing, 84
Freshwater Well, 85
Fuel Loads, 85
Government Expenditure Limitation in High Hazard Areas, 87
Grassy Swales, 88
Impervious Surface Limits, 96
Library Protection, 102
Minimum Residential Street Width Ordinance, 106
Natural Environmental Features, 109
Notification of Location of Hazards, 110
Onsite Sediment Retention, 112
Orientation of New Development, 113
Porous Pavement, 118
Relocation, 126
Retention Ponds, 128
Revetments for Flood Control Works, 129
Review of Site Plan by Specialist, 130
Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131
Safe Site, 133
Seismic Preparedness and Retrofitting, 139
Seismic Retrofit of Critical Facilities, 140
Service Areas, 140
Setbacks, 141
Sewage Lift Station, 141
Sewage Treatment Plant Retrofit, 142
Sewer Manholes, 143
Slope Stahilization, 144
Soil Conservation and Steep Slope Preservation, 147
Stormwater Basin, 148
Stormwater Drain Maintenance, 149
Stormwater Management, 149
Tie Downs, 154
Traffic Lights and Other Traffic Controls, 154
Tree Limb Removal, 156
Utility Lines, 157
Vegetation, 159
Water Mains, 163
Wetlands Preservation and Riparian Habitat Protection, 164

Activity Index
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Activity Index

Schoals
Public School Buildings, 121
Safe Room, 133
School Facility, 136
Shor e Protection
Beach Management Plans, 47
Beach Nourishment, 47
Dredging, 72
Dune Protection and Shoreline Setbacks, 73
Groins, 90
Jetties, 99
Offshore Breakwaters, 111
Revetments for Beach Management, 129
Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131
Sand Dunes, 134
Sand Scraping, 135
Seawalls and Bulkheads, 137
Sediment Trapping Vegetation, Coastal, 138
Town/City Manager
Acquisition, 42
Advance Acquisition and Land Banking, 44
Agricultural Use Zoning, 45
Audits of Small Business, 46
Beach Management Plans, 47
Beach Nourishment, 47
Building Codes, 50
Building Inspectors, 52
Business Exchange Program, 53
Capability Analysis, 55
Capital Facilities Plans, 55
Carrying Capacity, 57
Community Awareness Program, 60
Comprehensive Plans, 61
Concurrency, 62
Contract Zoning, Conditional Zoning and Special Exceptions, 63
Dams and Reservoirs, 65
Developer Exactions, 66
Development Impact Tax/Improvement Tax, 67
Differential Assessment/Taxation, 68
Dikes, Levees, Floodwalls and Berms, 69
Disaster Warning, 70
Drainage System Maintenance, 71
Dredging, 72
Dune Protection and Shoreline Setbacks, 73
Easements, 75
Education and Training, 76
Emergency Shelters, 78
Environmental Impact Ordinances, 79
Fire Breaks, 81
Floating Zones, 81
Floodplain Management Plans, 82
Floodproofing, 84
Freshwater Well, 85
Government Expenditure Limitation in High Hazard Areas, 87
Green Infrastructure, 89
Groins, 90

28



Activity Index

Hazard Mitigation and Post-Disaster Reconstruction Plan, 92

Impact Fees, 95

Infill Development, 96

Jetties, 99

Land Gains Taxation, Transfer or Development Taxes, 101

Margina Cost Pricing, 106

Minimum Residential Street Width Ordinance, 106

Mobile Home Parks Storm Shelter, 107

Mobility Concerns, 107

Moratoria, 107

New Construction, 109

Notification of Location of Hazards, 110

Offshore Breakwaters, 111

Overlay Zones, 113

Parks, 115

Performance or Impact Zoning, 115

Permitting Fees, 116

Planned Unit Development/ Average Density/ Cluster Development, 117

Prescribed Burning, 119

Public Housing, 120

Public Records, 120

Purchase of Development Rights, 121

Purchase Option/Right of First Refusal, 122

Purchase Sellback/L easeback, 123

Real Estate Disclosure Requirements, 125

Relocation, 126

Retrofit of Fire Stations and Police Stations, 128

Revetments for Beach Management, 129

Revetments for Flood Control Works, 129

Review of Site Plan by Specialist, 130

Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131

Sefe Site, 133

Sand Dunes, 134

Sand Scraping, 135

Scenario Analysis, 135

Seawalls and Bulkheads, 137

Sediment Trapping V egetation, Coastal, 138

Sewage Treatment Plant Retrofit, 142

Sideyards, 143

Smart Growth, 146

Special Assessment Districts, 147

Stormwater Drain Maintenance, 149

Subdivision Ordinance, 150

Subdivision Regulations, 150

Sustainable Development, 151

Sword of Damocles Provision, 152

Tax Abatements, Subsidies, Low-Interest Loans, and Other Incentives, 153

Trailer Parks Storm Shelter, 155

Vegetation, 159

Vulnerability Assessment, 161

Wetlands Preservation and Riparian Habitat Protection, 164
Transportation

Emergency Thoroughfares, 78

Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131

Setbacks, 141

Traffic Lights and Other Traffic Controls, 154



CRSIndex

310 Elevation Certificates
Elevation, 77
330 Outreach Projects
Audits of Small Business, 46
Community Awareness Program, 60
Education and Training, 76
Home Inspection Program, 93
Notification of Location of Hazards, 110
340 Hazard Disclosure
Real Estate Disclosure Requirements, 125
400SH Special Hazard Areas
Beach Management Plans, 47
Dune Protection and Shoreline Setbacks, 73
Sand Dunes, 134
Sediment Trapping V egetation, Coastal, 138
Wetlands Preservation and Riparian Habitat Protection, 164
410 Additional Flood Data
Hazard Identification, 91
Mapping Hazards, 105
Risk Assessment, 131
Vulnerability Assessment, 161
420 Open Space Preservation
Acquisition, 42
Comprehensive Plans, 61
430 Higher Regulatory Standards
Building Codes, 50
Government Expenditure Limitation in High Hazard Areas, 87
Moratoria, 107
Sewage Lift Station, 141
Sewer Manholes, 143
430 LZ L ow Density Zoning
Development Density, 67
450 Stormwater M anagement
Grassy Swales, 88
Impervious Surface Limits, 96
Onsite Sediment Retention, 112
Performance or Impact Zoning, 115
Retention Ponds, 128
Stormwater Management, 149
Vegetation, 159
510 Floodplain Management Planning
Floodplain Management Plans, 82
Hazard Mitigation and Post-Disaster Reconstruction Plan, 92
Porous Pavement, 118
Stormwater Basin, 148
520 Acquisition and Relocation
Acquisition, 42
Capital Facilities Plans, 55
Commercia Park, 59
Critical Facilities, 64
Emergency Shelters, 78
Parks, 115
Public Housing, 120
Public Records, 120
Relocation, 126




Hazard Index

Safe Site, 133
School Facility, 136
530 Retrofitting
Dikes, Levees, Floodwalls and Berms, 69
Elevation, 77
Floodproofing, 84
Public Housing, 120
Public Records, 120
Public School Buildings, 121
Retrofit of Fire Stations and Police Stations, 128
Sewage Treatment Plant Retrofit, 142
540 Drainage System Maintenance
Drainage Culverts, 71
Drainage System Maintenance, 71
Retention Ponds, 128
Stormwater Drain Maintenance, 149
610 Flood Warning Program
Capability Analysis, 55
Disaster Warning, 70
620 L evee Safety
Dikes, Levees, Floodwalls and Berms, 69

630 Dune Safety
Dams and Reservoirs, 65

All
Accessto Neighborhoods, 41
Advance Acquisition and Land Banking, 44
Agricultural Use Zoning, 45
Animal Shelter Location, 46
Audits of Small Business, 46
Bonus and Incentive Zoning, 49
Building Codes, 50
Building Inspectors, 52
Business Exchange Program, 53
Capability Analysis, 55
Capital Facilities Plans, 55
Carrying Capacity, 57
Commercia Park, 59
Community Awareness Program, 60
Comprehensive Plans, 61
Concurrency, 62
Contract Zoning, Conditional Zoning and Specia Exceptions, 63
Critical Facilities, 64
Developer Exactions, 66
Development Density, 67
Development Impact Tax/Improvement Tax, 67
Differential Assessment/Taxation, 68
Disaster Warning, 70
Easements, 75
Education and Training, 76
Emergency Shelters, 78
Emergency Thoroughfares, 78
Environmental Impact Ordinances, 79
Floating Zones, 81
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Hazard Index

Freshwater Well, 85
Government Expenditure Limitation in High Hazard Areas, 87
Hazard Identification, 91
Hazard Mitigation and Post-Disaster Reconstruction Plan, 92
Home Inspection Program, 93
Hotel Room Occupancy, 94
Impact Fees, 95
Infill Development, 96
Land Gains Taxation, Transfer or Development Taxes, 101
Mapping Hazards, 105
Margina Cost Pricing, 106
Minimum Residential Street Width Ordinance, 106
Mobility Concerns, 107
Moratoria, 107
Notification of Location of Hazards, 110
Overlay Zones, 113
Parks, 115
Performance or Impact Zoning, 115
Permitting Fees, 116
Planned Unit Development/ Average Density/ Cluster Development, 117
Public Housing, 120
Public Records, 120
Public School Buildings, 121
Purchase of Development Rights, 121
Purchase Option/Right of First Refusal, 122
Purchase Sellback/L easeback, 123
Real Estate Disclosure Requirements, 125
Retrofit of Fire Stations and Police Stations, 128
Review of Site Plan by Specialist, 130
Risk Assessment, 131
Safe Site, 133
Scenario Analysis, 135
School Facility, 136
Service Areas, 140
Slowing Development, 145
Smart Growth, 146
Special Assessment Districts, 147
Subdivision Ordinance, 150
Subdivision Regulations, 150
Sustainable Development, 151
Sword of Damacles Provision, 152
Tax Abatements, Subsidies, Low-Interest Loans, and Other Incentives, 153
Trailer Parks Storm Shelter, 155
Vulnerability Assessment, 161
Drought
Fire Breaks, 81
Housing Code, 94
New Construction, 109
Sideyards, 143
V egetation None or Slow Burning, 160
Wildfire Mitigation, 165
Earthquake
Relocation, 126
Safe Room, 133
Seismic Preparedness and Retrofitting, 139
Seismic Retrofit of Critical Facilities, 140
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Hazard Index

Traffic Lights and Other Traffic Controls, 154
Tree Limb Removal, 156
Utility Lines, 157
Water Mains, 163
Erosion
Beach Management Plans, 47
Beach Nourishment, 47
Channelization, 58
Diversions, 70
Drainage System Maintenance, 71
Dredging, 72
Dune Protection and Shoreline Setbacks, 73
Grassy Swales, 88
Green Infrastructure, 89
Groins, 90
Jetties, 99
Land Treatment, 102
Offshore Breakwaters, 111
Onsite Sediment Retention, 112
Porous Pavement, 118
Relocation, 126
Revetments for Beach Management, 129
Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131
Sand Dunes, 134
Sand Scraping, 135
Seawalls and Bulkheads, 137
Sediment Trapping Vegetation, Coastal, 138
Soil Conservation and Steep Slope Preservation, 147
Stormwater Drain Maintenance, 149
Vegetation, 159
Wetlands Preservation and Riparian Habitat Protection, 164
Flash Flooding
Acquisition, 42
Aerial Lines, 45
Bridges, 50
Cemeteries, 58
Channelization, 58
Dams and Reservoirs, 65
Dikes, Levees, Floodwalls and Berms, 69
Diversions, 70
Drainage Culverts, 71
Drainage System Maintenance, 71
Elevation, 77
Fire Hydrant Inspection and Elevation, 80
Floodplain Management Plans, 82
Floodproofing, 84
Grassy Swales, 88
Green Infrastructure, 89
Impervious Surface Limits, 96
Library Protection, 102
Orientation of New Development, 113
Porous Pavement, 118
Relocation, 126
Retention Ponds, 128
Revetments for Flood Control Works, 129
Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131



Hazard Index

Setbacks, 141

Sewage Lift Station, 141

Sewage Treatment Plant Retrofit, 142

Sewer Manholes, 143

Stormwater Basin, 148

Stormwater Drain Maintenance, 149

Stormwater Management, 149

Tie Downs, 154

Traffic Lights and Other Traffic Controls, 154

Utility Lines, 157

Vegetation, 159

Wetlands Preservation and Riparian Habitat Protection, 164
Flooding

Acquisition, 42

Aerial Lines, 45

Bridges, 50

Cemeteries, 58

Channelization, 58

Dams and Reservoirs, 65

Dikes, Levees, Floodwalls and Berms, 69

Diversions, 70

Drainage Culverts, 71

Drainage System Maintenance, 71

Elevation, 77

Fire Hydrant Inspection and Elevation, 80

Floodplain Management Plans, 82

Floodproofing, 84

Grassy Swales, 88

Green Infrastructure, 89

Impervious Surface Limits, 96

Library Protection, 102

Orientation of New Development, 113

Porous Pavement, 118

Relocation, 126

Retention Ponds, 128

Revetments for Flood Control Works, 129

Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131

Setbacks, 141

Sewage Lift Station, 141

Sewer Manholes, 143

Stormwater Basin, 148

Stormwater Drain Maintenance, 149

Stormwater Management, 149

Tie Downs, 154

Traffic Lights and Other Traffic Controls, 154

Utility Lines, 157

Vegetation, 159

Wetlands Preservation and Riparian Habitat Protection, 164
Hurricane

Acquisition, 42

Aerial Lines, 45

Beach Management Plans, 47

Beach Nourishment, 47

Bridges, 50

Cemeteries, 58

Channelization, 58



Hazard Index

Dams and Reservoirs, 65
Dikes, Levees, Floodwalls and Berms, 69
Drainage Culverts, 71
Drainage System Maintenance, 71
Dredging, 72
Dune Protection and Shoreline Setbacks, 73
Elevation, 77
Fire Hydrant Inspection and Elevation, 80
Floodplain Management Plans, 82
Floodproofing, 84
Groins, 90
Impervious Surface Limits, 96
Library Protection, 102
Mobile Home Parks Storm Shelter, 107
Natural Environmental Features, 109
Offshore Breakwaters, 111
Orientation of New Development, 113
Relocation, 126
Retention Ponds, 128
Revetments for Beach Management, 129
Revetments for Flood Control Works, 129
Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131
Safe Room, 133
Sand Dunes, 134
Sand Scraping, 135
Seawalls and Bulkheads, 137
Sediment Trapping Vegetation, Coastal, 138
Sewage Lift Station, 141
Sewer Manholes, 143
Stormwater Basin, 148
Stormwater Drain Maintenance, 149
Stormwater Management, 149
Tie Downs, 154
Traffic Lights and Other Traffic Controls, 154
Tree Limb Removal, 156
Utility Lines, 157
Vegetation, 159
Wetlands Preservation and Riparian Habitat Protection, 164
Windproofing, 166

Landdlide
Relocation, 126
Setbacks, 141
Slope Stabilization, 144
Soil Conservation and Steep Slope Preservation, 147
Vegetation, 159

Nor’ easter
Acquisition, 42
Beach Management Plans, 47
Beach Nourishment, 47
Bridges, 50
Cemeteries, 58
Channelization, 58
Dams and Reservoirs, 65
Dikes, Levees, Floodwalls and Berms, 69
Drainage Culverts, 71
Drainage System Maintenance, 71



Hazard Index

Dune Protection and Shoreline Setbacks, 73
Elevation, 77
Fire Hydrant I nspection and Elevation, 80
Floodplain Management Plans, 82
Floodproofing, 84
Groins, 90
Impervious Surface Limits, 96
Library Protection, 102
Offshore Breakwaters, 111
Orientation of New Development, 113
Retention Ponds, 128
Revetments for Beach Management, 129
Revetments for Flood Control Works, 129
Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131
Safe Room, 133
Sand Dunes, 134
Sand Scraping, 135
Seawalls and Bulkheads, 137
Sediment Trapping Vegetation, Coastal, 138
Sewage Lift Station, 141
Sewer Manholes, 143
Stormwater Basin, 148
Stormwater Drain Maintenance, 149
Stormwater Management, 149
Tie Downs, 154
Traffic Lights and Other Traffic Controls, 154
Tree Limb Removal, 156
Utility Lines, 157

Thunderstorm
Acquisition, 42
Aerial Lines, 45
Beach Management Plans, 47
Beach Nourishment, 47
Bridges, 50
Cemeteries, 58
Channelization, 58
Dams and Reservoirs, 65
Dikes, Levees, Floodwalls and Berms, 69
Diversions, 70
Drainage Culverts, 71
Drainage System Maintenance, 71
Dune Protection and Shoreline Setbacks, 73
Fire Breaks, 81
Fire Hydrant Inspection and Elevation, 80
Floodplain Management Plans, 82
Floodproofing, 84
Groins, 90
Impervious Surface Limits, 96
Library Protection, 102
Mobile Home Parks Storm Shelter, 107
Natural Environmental Features, 109
Offshore Breakwaters, 111
Orientation of New Development, 113
Retention Ponds, 128
Revetments for Beach Management, 129
Revetments for Flood Control Works, 129



North Carolina Region

Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131
Safe Room, 133
Sand Dunes, 134
Sand Scraping, 135
Seawalls and Bulkheads, 137
Sediment Trapping Vegetation, Coastal, 138
Sewage Lift Station, 141
Sewer Manholes, 143
Stormwater Basin, 148
Stormwater Drain Maintenance, 149
Stormwater Management, 149
Tie Downs, 154
Traffic Lights and Other Traffic Controls, 154
Tree Limb Removal, 156
Utility Lines, 157
Vegetation, 159
Wetlands Preservation and Riparian Habitat Protection, 164
Windproofing, 166
Tornado
Mobile Home Parks Storm Shelter, 107
Natural Environmental Features, 109
Safe Room, 133
Tie Downs, 154
Traffic Lights and Other Traffic Controls, 154
Utility Lines, 157
Windproofing, 166
Wildfire
Fire Breaks, 81
Fuel Loads, 85
Housing Code, 94
New Construction, 109
Prescribed Burning, 119
Sideyards, 143
Tree Limb Removal, 156
V egetation None or Slow Burning, 160
Wildfire Mitigation, 165
Winter Storm
Tree Limb Removal, 156
Utility Lines, 157

North Carolina Region

Eastern/Coastal
Beach Management Plans, 47
Beach Nourishment, 47
Dune Protection and Shoreline Setbacks, 73
Government Expenditure Limitation in High Hazard Areas, 87
Groins, 90
Offshore Breakwaters, 111
Revetments for Beach Management, 129
Roadway Realignment, Dune Gap Plugs and Sediment Mounds, 131
Sand Dunes, 134
Sand Scraping, 135
Seawalls and Bulkheads, 137
Sediment Trapping V egetation, Coastal, 138
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Statewide
Accessto Neighborhoods, 41
Acquisition, 42
Advance Acquisition and Land Banking, 44
Aerial Lines, 45
Agricultural Use Zoning, 45
Animal Shelter Location, 46
Audits of Small Business, 46
Bonus and Incentive Zoning, 49
Bridges, 50
Building Codes, 50
Building Inspectors, 52
Business Exchange Program, 53
Capability Analysis, 55
Capital Facilities Plans, 55
Carrying Capacity, 57
Cemeteries, 58
Channelization, 58
Commercial Park, 59
Community Awareness Program, 60
Comprehensive Plans, 61
Concurrency, 62
Contract Zoning, Conditional Zoning and Special Exceptions, 63
Critical Facilities, 64
Dams and Reservoirs, 65
Developer Exactions, 66
Development Density, 67
Development Impact Tax/Improvement Tax, 67
Differential Assessment/Taxation, 68
Dikes, Levees, Floodwalls and Berms, 69
Disaster Warning, 70
Diversions, 70
Drainage Culverts, 71
Drainage System Maintenance, 71
Dredging, 72
Easements, 75
Education and Training, 76
Elevation, 77
Emergency Shelters, 78
Emergency Thoroughfares, 78
Environmental Impact Ordinances, 79
Fire Breaks, 81
Fire Hydrant Inspection and Elevation, 80
Floating Zones, 81
Floodplain Management Plans, 82
Floodproofing, 84
Freshwater Well, 85
Fuel Loads, 85
Government Expenditure Limitation in High Hazard Areas, 87
Grassy Swales, 88
Green Infrastructure, 89
Hazard Identification, 91
Hazard Mitigation and Post Disaster Reconstruction Plan, 92
Home Inspection Program, 93
Hotel Room Occupancy, 94



North Carolina Region

Housing Code, 94

Impact Fees, 95

Impervious Surface Limits, 96

Infill Development, 96

Jetties, 99

Land Gains Taxation, Transfer or Development Taxes, 101
Land Treatment, 102

Library Protection, 102

Mapping Hazards, 105

Margina Cost Pricing, 106

Minimum Residential Street Width Ordinance, 106
Mobile Home Parks Storm Shelter, 107
Mobility Concerns, 107

Moratoria, 107

Natural Environmental Features, 109

New Construction, 109

Notification of Location of Hazards, 110
Orientation of New Development, 113
Overlay Zones, 113

Parks, 115

Performance or Impact Zoning, 115
Permitting Fees, 116

Planned Unit Development/ Average Density/ Cluster Development, 117
Porous Pavement, 118

Public Housing, 120

Public School Buildings, 121

Purchase of Development Rights, 121
Purchase Option/Right of First Refusal, 122
Purchase Sellback/L easeback, 123

Real Estate Disclosure Requirements, 125
Relocation, 126

Retention Ponds, 128

Retrofit of Fire Stations and Police Stations, 128
Revetments for Flood Control Works, 129
Review of Site Plan by Specialist, 130

Risk Assessment, 131

Safe Room, 133

Safe Site, 133

Scenario Analysis, 135

School Facility, 136

Service Areas, 140

Sewage Lift Station, 141

Sewage Treatment Plant Retrofit, 142
Sewer Manholes, 143

Sideyards, 143

Slowing Development, 145

Smart Growth, 146

Special Assessment Districts, 147
Stormwater Basin, 148

Stormwater Drain Maintenance, 149
Stormwater Management, 149

Subdivision Ordinance, 150

Subdivision Regulations, 150

Sustainable Development, 151

Sword of Damocles Provision, 152

Tax Abatements, Subsidies, Low-Interest Loans, and Other Incentives, 153



Post Disaster

Tie Downs, 154
Traffic Lights and Other Traffic Controls, 154
Trailer Parks Storm Shelter, 155
Tree Limb Removal, 156
Utility Lines, 157
Vegetation, 159
Vegetation None or Slow Burning, 160
Vulnerability Assessment, 161
Water Mains, 163
Wetlands Preservation and Riparian Habitat Protection, 164
Wildfire Mitigation, 165
Windproofing, 166
Western/M ountains
Fire Breaks, 81
Prescribed Burning, 119
Seismic Preparedness and Retrofitting, 139
Seismic Retrofit of Critical Facilities, 140
Soil Conservation and Steep Slope Preservation, 147
Wildfire Mitigation, 165

Post Disaster

Acquisition, 42

Beach Nourishment, 47

Green Infrastructure, 89

Hazard Mitigation and Post-Disaster Reconstruction Plan, 92
Moratoria, 107

Beach Purchase of Development Rights, 121

Relocation, 126

Slowing Development, 145

Smart Growth, 146

Transfer of Development Rights, 155




Access to Neighborhoods- Access to Neighborhoods

The Encyclopedia
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Access to Neighborhoods

Definition
Provide additional means of access into single-entry Neighborhood Access
neighborhoods, in order to prevent residents from Index Listing
becoming trapped in a hazardous area during awildfire Hazard
or flood. - All
Engineering
I mplementation - Planning
“Gated” communities and other single-entry Public Works .
L . North Carolina Region
subdivisions have been apopular style of neighborhood "
L Statewide
development over the past couple of decades. Within

these types of subdivisions, thereisonly one,
sometimes-guarded, means of entry; residents have only one means of exit. The danger of an unexpected hazard is
particularly great if the path of exit is subject to blockage by wildfires or floodwaters. Consequently, single-entry
neighborhoods that are partially surrounded by woods are at exceptional risk. Providing additional means of access
or breakaway gates lessens such arisk. Pointsto consider in determining whether to provide additional means of
access for at-risk neighborhoods include:

+ Fast-onset fire can trap citizens or permit escape paths accessible only by foot, which is problematic for

those with mobility challenges, such asinfants and elderly and disabled persons.
+ Personal property islesslikely to be salvaged if emergency vehicles cannot access the scene.
¢+ Multiple pathsinto a neighborhood promote interconnections with the larger community.

Critique

Some citizens may feel that multiple entries will produce athroughway, resultant traffic, and alossin their sense of
security. However, concerns over through-traffic may be alleviated by designating the new street as one-way, or by
using one-way (exit only) breakaway gates.

41



Acquisition - Acquisition

Definition

Land ownership is often defined as a bundle of rights, of which the
right to develop is only one. When one person owns all therights
associated with a parcel of land they are said to own theland “in
fee simple.” Acquiring a property in fee simple means buying the
land outright. It providesalocal government with the greatest
level of control over the use and disposition of a parcel.

I mplementation

The power of acquisition can be a useful tool for pursuing
mitigation goals. Local governments may find the most effective
method for completely hazard-proofing a particular piece of
property isto remove it from the private market, thereby
eliminating or reducing the possibility of inappropriate
development. Given its cost, this technique should be used only for
property in the most hazardous areas, where property and lifeis
subject to repeated damage or extremerisk.* Properties that match
this description must not return to the marketplace. Communities
may not have to pay full price for damaged structures acquired in
the wake of a disaster. Often they can purchase a property for the
difference in value between its full price and payments already
made to the landowner, such asinsurance settlements and FEMA
loans. Downzoning can help reduce development pressure on
privately-held land, making it easier and less expensiveto acquire
for mitigation purposes.2 Checkerboard purchases should be

Fee Smple Acquisition of Land and
Damaged Structures
See Also: Green Infrastructure
See Also: Parks
See Also: Relocation
See Also: Beach Nourishment
Hazard:
Flash Flooding
Flooding
Hurricane
Nor’ easter
- Thunderstorm
Activity:
Engineering
Parks and Recreation
Planning
Emergency Management
Town/City Manager
CRS-Compatible Activity:
420: Open Space Preservation
520: Acquisition and Relocation
North Carolina Region:
Statewide
Post Disaster

avoided whenever possible since dispersed properties are more costly and difficult to maintain.

Fee simple acquisition can be used to meet several community objectives at once. One example would be the
purchase of beachfront properties to ensure recreational access and reduce hazard risk. Acquisition can also be used
where general land-use regulations are not sufficient or where environmental objectives are sought. Acquiring
propertiesin the floodplain and reverting them to open space can restore the natural function of the floodplain or
wetlands. Similar gains can be made if parks and recreation areas replace flood-prone buildings. Acquisition policies
could also target beachfront properties where redevel opment would be permitted under current regul ations but

would impact the beach and dune system.

There are four types of buyouts where built property isinvolved. Basic buyouts are community-run programs
without arelocation element. Buyout and infill programs are designed to encourage the relocation of families and
structures from the floodplain to vacant lotsin less hazard-prone neighborhoods. Communities operating Buyout and
reorganization plans often create new subdivisionsinto which they actively relocate houses and businesses. The
community will usually sponsor the planning and installation of infrastructure. Buyout and complete relocation is

the construction of a new town using new or relocated old buildings*

Examples

In the aftermath of Hurricane Floyd in 1999, FEMA and the State of North
Carolina engaged in a buyout program of homes, hog farms and waste
treatment plantsin the floodplain that totaled $254 million as of September
2000, making the acquisition effort FEMA’s largest ever. More than 4,200
homes were purchased and demolished, and are planned as open space for
the future®. The buyout of hog farmsin the floodplain wasinspired by the
concern for public health and potential for fish kills after Hurricane Floyd
flooded hog waste lagoons on 40 farms. The buyout was concentrated on
purchasing those farms with the highest risk for future pollution in aflood®.

&




Acquisition - Acquisition

FEMA Director James L ee Witt stated that the acquisition would ultimately
save federal taxpayers money because “ every dollar we spend saves $2 or
$3in future losses’.”

An example of ahighly successful local hazard mitigation acquisition
program can be found in Tulsa, OK. After the 1984 Memorial Day Flood
the city undertook an extensive buy-out program in areas that were
historically repeatedly flooded. The city used FEMA funds and bonds
financed with sales tax revenues to acquire more than 500 flood-damaged
homes. This program, in conjunction with the installation of retention
basins, has substantially reduced the costs of property damage and
emergency relief in subsequent floods® Tulsa's acquisition program
achieved several non-mitigation community objectives, including
neighborhood redevel opment and the provision of recreation space”’
Between 1990-94, Dade County, FL, acquired 104 acres of hazard -prone
land through its Environmentally -Endangered Lands program. The program
isfunded by a voter-approved bond measure.

The Town of Wrightsville Beach, NC acquired four undevel oped
beachfront |ots for roughly $240,000 in August 2000. The land had been
purchased by three brothersin 1914, who platted it and planned a
subdivision of 60 lots, but erosion and an inlet created by a nearby jetty
submerged almost all of thelots. 1n 1980 the construction of another local
jetty resulted in the reclamation of the land from the water, and heirs of the
three brothers lobbied for the rezoning of the land from conservation to
residential uses. However, the rezoning effort was obviated by the passage
of Hurricane Fran in 1996; the storm once again submerged the land. The
Town of Wrightsville Beach chose to purchase those lots least susceptible
to erosion and submersion, and thereby most vulnerable to development. In
making the purchase, the town applied for and received grants of more than
$270,000 from the Federal Emergency Management Agency and of more
than $300,000 from the U.S. Department of Housing and Urban
Development™®.

The Wapello Levee District, Louisa County, IA, chose to buy out farmers
after the 1993 Midwest Floods damaged the local levee system. The land
has been annexed by the neighboring Mark Twain National Wildlife Refuge
and is being returned to natural uses. In addition to providing permanent
flood mitigation, the program is restoring natural habitats and allowing the
river to return to its origina course, which includes a curve over much of
the district. Approximately 2,600 acres were purchased using a combination
of federal and state funds.

Cherokee, 1A, developed a flexible acquisition program following the 1993
floods. Homeowners could sell their property to the city and buy outside the
floodplain or they could sell the land and rel ocate the structure (if it was
repairable). In addition, the city bought 36 homes that it re-sold to the
general public to relocate outside the floodplain. These resales allowed
Cherokee to recoup some of the cost of acquiring the structures. The city
designed a new subdivision to accommodate rel ocated homes, but it also
encouraged relocatersto choose infill sites. The city used state grants to
provide down payment assistance to low-income families!!

Lincoln County, MO, officials used pre-disaster tax databases to assess the
pre-1993 Flood value for local homes. This was the basis for determining
the amount of damage to each home. Establishing a consistent process for
damage assessments reduced the chances of unfairness. The criteriafor
purchase were: 1) primary residence, greater than 50% damaged; 2) primary
residence, less than 50% damaged; 3) secondary residence (vacation and
investor-owned homes); and 4) all other homes, including those bought
after the buyout program began.*?



Adequate Public Facilities Requirements - Advance Acquisition and Land Banking

St. Charles, MO, elected to acquire owner-occupied homes in the floodplain
first, followed by investor-owned homesin the floodplain. The remaining
purch%ses extended geographically outward from higher to lesser risk

areas.

Critique

Fee-simple purchase is usually the most expensive method of land acquisition. In addition to the cost of buying the
property, alocal government must del ete the property from its property tax rolls and assume its mai ntenance costs.

Adequate Public Facilities Requirements

See: Concurrency

Advance Acquisition and Land Banking

Definition .
Land Banking
Advance site acquisition, also known as land banking, involves Index Listing
the purchase of land by the government for future public facilities Hazard:
or for resale to the private sector. The goal isto influence the - Al
character and/or timing of growth. Municipalities may acquire Activity:
sites in advance through the power of eminent domain, in . Town/City Manager
conjunction with official maps or master plans”. Acquisition - Planning
through purchase is aso possible. North Carolina Region:
Statewide

I mplementation

By exercising control over the release of land for development, alocal government can avoid the private
development of hazardous parcels™®. 1t can also ensure that |ess hazard-prone property is available for siting public
facilities, such as schools or emergency services departments. County or regional governments may be the most
appropriate users of thistechnique, since land markets are often regional and therefore beyond the power of local
jurisdictions.

Examples:

The city of Richmond, VA, has had a policy of advance land acquisition
since 1946. The city’ sfirst master plan was based on a 20-year growth
projection that identified the location of future capital improvement
projects. In 1949, a city ordinance was enacted enabling the municipality to
acquire any real property on which private construction was contemplated if
the property in question was designated on the master plan for some future
public use. The city has realized significant savings by acquiring sites early
for expressways, street widening and school additions.

Montgomery County, MD, is authorized to acquire land adjacent to
proposed public facilities at the time the land for the facility itself is
acquired. The county can then make any necessary improvements and
dispose of the land for private development in a manner consistent with the
nature of the public facility.

Critique

Private landowners may have several objections: first, the public sector, rather than private landowners, receives the
benefits of increasesin the property value between purchase and devel opment. Second, the val ue of land outside the
land bank may be reduced because there isless possibility of developer-contrived scarcities, and because the
government may sell land at below market prices. Thistechnique requires ahigh level of expertise on the part of



Aerial Lines- Agricultural Use Zoning

planning staff. Financing may be tricky: for example, bridging the gap between the purchase of the land and
revenues from its sale may require debt financing, which will create pressure to increase sale prices.

Aerial Lines

Definition

Index Listing
Avoid use of “aerial” or non-underground extensions of Hazard:
water, sewer and gas lines, and/or regularly clear - Flooding
sediment build-up on riverbanks near aerial lines, in - Flash Flooding
order to decrease the likelihood of damming due to the Hurricane
placement of utilities. Aerial lines tend to span - Thunderstorm
watercourses at a height reasonably close to the water’ s Activity:
surface, and pipes may extend from one sloped bank to - Planning
another, creating a damming hazard similar to low- - Public Works
lying bridges. North Carolina Region:

Statewide

If debris and sediment accumulate at the points where

an aeria line meets the bank, a dam may form that will
be added to by future floodwaters.

Critique

Aerial lines may be unavoidableif their burial underneath the riverbed proves cost prohibitive or environmentally
detrimental.

Agricultural Use Zoning

Definition

: : . . Zoning, Agricultural Use
Agricultural use zoning restricts the density of Index Listing 9 Ad

structures allowed on land used for agricultural i

. L . Hazard:
purposes, usually by setting a minimum lot size that Al
correspondsto the size of aviable farm. Theintent isto

- Activity:
reorllu(fj ttSrealde\r/sl %[r)?eint pressure on traditionally Town/City Manager
a prop ) Planning
I mol tati North Carolina Region:
mplementation _ Statewide

Thisregulation can be used to restrict the amount of
residential and commercial property in hazard areas
(see also Differential Assessment/Taxation).

Examples:

Northampton, MA, reserved 1,500 acres within the Connecticut River
floodplain as an agricultural use district.

Glastonbury, CT, created an agricultural use district for 800 acres along the
Connecticut River®®.

Critique

While these regulations are designed to ensure that agricultural production isthe only economically -productive use
of the land, they do not ensure that land remains as working farms. Some farmers use the value of their as residential
parcels as leverage when borrowing money. They may oppose these regulations since they reduce the value of land
for that purpose.



Analysis - Average Density

See: Scenario Analysis

Animal Shelter Location

Definition
Disallow animal sheltersin hazardous areas to avert the need for
evacuation and temporary housing of alarge numbers of animals

during ahazard. Caged animalsin particular do not have a good
chance of surviving anatural hazard.

Critique

This practice may not be essential if an emergency housing
agreement can be arranged with another local shelter in aless
hazardous area.

See Also: Disaster Warning
See Also: Education and Training
Index Listing
Hazard:
All
Activity:
Planning
North Carolina Region:
Statewide

Audits of Small Businesses

Definition

Offer hazard-susceptibility auditsto local small businesses to
lessen the percent of small businesses that are vulnerable and
unprepared for hazards. Considering the contribution of small
business to the tax base and job market, these audits are a
worthwhile investment of inspection resources. In addition, the
voluntary hazard-susceptibility audit presents achanceto
distribute material s concerning mitigation to an engaged
audience. If budgets are tight, the program could include the
request of asmall donation to make this service available to other
local businesses.

I mplementation

For home and business retrofit measures that are appropriate for

Business Audits
Small Business Audits
Index Listing
Hazard:
All
Activity:
Town/City Manager
Emergency Management
Planning
CRS-Compatible Activity:
330: Outreach Projects
North Carolina Region:
Statewide

the type and level of hazard facing your community, see publications and online manuals of the Institute for
Business and Home Safety (http://www.ibhs.org) and FEMA’s“Mitigation How To Series’

(http://www.fema.gov/mit/).

Average Density

See: Planned Unit Development




Basin - Beach Nourishment
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Basin

See: Stormwater Basin

Beach Management Plans

Definition

Beach management plans can be used to collect a number of
erosion protection and hazard mitigation techniquesinto asingle

directive for action. They may be one component of a

comprehensive plan. More likely, however, they act as stand-

alone plans for the coastal ecosystem as awhole and its
component habitats.

I mplementation

Beach management plans could address the following, among
other issues: sand-trapping structures; beach management;
shoreline protection works; elevation; relocation; zoning; and

acquisition.

Plans, Beach Management

Index Listing
Hazard:

Erosion

Hurricane

Nor’ easter

Thunderstorm
Activity:

Beach Management

Shore Protection

Planning

Town/City Manager
CRS-Compatible Activity:

400SH Specia Hazard Area
North Carolina Region:

Eastern/Coastal

Beach Nourishment

Definition

A beach that isrelatively stable or growing provides
natural protection to structures behind it. Beaches that
are losing sand though erosion or starvation may,
however, endanger property. Asthe water line
advances inland, the danger of damage increases.
Beach nourishment is the artificial replacement or
addition of sand to beaches to widen the backshore and
move the high-water line offshore. Thistechniqueis
expensive, temporary, and reguires maintenance at
great cost; sometimes, although not always, the federal
government will assume a percentage of beach
nourishment’s cost. Acquisition of at-risk properties
and shorelineis an alternative to beach nourishment
that should be explored. If shoreline properties can be
purchased prior to development, exemplified by the
Town of Wrightsville Beach's acquisition of four
undevel oped, erosion-prone lots, this technique may be

Nourishment
Renourishment
See Also: Acquisition
Index Listing
Hazard:
Erosion
Hurricane
Nor’ easter
Thunderstorm
Activity:
- Coastal Engineering
- Beach Management
Shore Protection
Town/City Manager
Planning
- Coastal Management
North Carolina Region:
Eastern/Coastal
Post Disaster
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Beach Nourishment - Beach Nourishment

less expensive than beach nourishment in the long run; however, after development has occurred, acquisition may be
prohibitively expensive.

I mplementation

The effectiveness and longevity of a beach nourishment project depends on the type of imported sand, the slope of
the beach, the strength of cross-shore currents, and the frequency of storms. The slope of the nourished beach should
match as closely as possible the beach’ s original slope, and fill should resemble the original beach material, since
finer fill will erode more quickly than the native beach. Conversely, fill that istoo coarse or has too high a shell
content can disrupt the burrowing habits of coquina clams and mole crabs: if it istoo difficult for these organismsto
dig into the sand, they may be washed out to seain higher proportions, and shore birds will have lessprey. Turtle
nesting habits may also be adversely affected by coarse or shell-filled nourishment sand. Any beach construction
project should be timed to interfere as little as possible with natural ecological processes, such as the breeding or
nesting seasons of shoreline birds and animals.

Planners should consider the beaches' natural erosion process when evaluating the long-term cost-
effectiveness of any beach nourishment program, as well as the potential for one or more high sand loss events, such
as hurricanes or winter storms, to strike the beach in the post-nourishment period. The true price of nourishment
depends on the rate of loss from the beach and the frequency of subseguent renourishment projects, whichis
influenced by the frequency of hurricane and storm events.

CAMA regulations govern the nourishment of coastal beaches. A CAMA permit is required for each
nourishment, and the effects of prior nourishment efforts are evaluated as part of the permitting process. In general,
permits will not be issued where high erosion rates will require frequent maintenance or renourishment of the beach.
Many experts believe that dredge material should be used for nourishment only if the material matches the existing
beach in grain size, if it is handled properly, and if it is allowed to dry before being applied*’.

Examples:

Replenishment of the severely eroded Miami Beach cost $64 million dollars
for 15 miles of new sand.

Carolina Beach, NC, saw increased development along the beachfront
following its beach renourishment program?®.

In 1992, dredged sandy material from a navigation project in Port
Canaveral, FL, was dispersed downdrift of the harbor, but into the sand
cycle of neighboring Cocoa Beach. A study performed shortly afterward
found that the material was moving toward Cocoa Beach. In the meantime,
it was acting as an offshore buffer dampening the waves that were causing
Cocoa Beach to experience high erosion rates™®.

Carteret County, NC placed a $30 million bond issue on the March 2000
ballot for voter approval of a 17 mile beach nourishment project on Bogue
Banks, marking the first time in the state' s history that alocal community
financed its own nourishment project without the state or federal
government contributing funds?®. The nourishment project prompted an
informal but well-publicized public debate over whether beach nourishment
represented a subsidy to beachfront homeowners or a benefit to the county
economy as awhole since the nourished beach would continue to support
local tourism. The bond was not approved, providing the incentive for the
beach town of Pine Knoll Shoresto place its own successful $8 million
bond referendum on the March 2001 ballot. The referendum provided for
the nourishment’ s financing at atwo-tiered rate for beachfront property
owners and property owners not on the beach, who paid 41 cents per $100
property tax valuation and 4 cents per $100 valuation, respectively®*. The
subsequent nourishment project has also been marred by unfavorable
reviews of thefill compatibility, which is much darker, coarser, and has a
much higher shell content than the original beach sand, and by the death of
anumber of seaturtles protected by the Endangered Species Act that were
sucked into the hopper dredge.



Berms - Bonusand Incentive Zoning

Critique:

L arge scal e nourishment programs can be very expensive, on the order of $1-$5 million per mile per application.
The frequency of nourishment required to maintain abeach is difficult to predict. Most Atlantic-seaboard
replenishment projects have a life-span of 2-10 years, depending on the frequency and intensity of storms?2.
Repl enished beaches tend to erode more quickly than natural beaches?®. Beachesin areas of high erosion may
require near-constant replenishment to maintain historic shoreline levels.

While nourishment programs may offer wider beaches for recreational use, they may also unintentionally worsen the
hazard risk. Renourishment sand is often taken from neighboring offshore banks because they offer an inexpensive
source of matching sand. Shearing these banks is shortsighted, since they provide the beach with an offshore “ speed
bump.” The result isthat larger waves reach the shore, causing more severe shoreline erosion. Nourishment
programs may also spur shorefront development, putting even more structures at risk®*.

Berms

See: Cemeteries
See: Dikes

Bonus and Incentive Zoning

Definition -

Zoning, Bonus
Bonus and Incentive Zoning refers to the practice of allowing Zoning, I ncentive
developersto exceed limitations imposed by current regulations, Index Listing
such as building height, floor area or density, in return for Hazard:
specific concessions. - All

Activity:

I mplementation - Planning
Communities can offer bonuses, in the form of increased North Caro!lna Reglon:
densities or floor space, to developers who avoid building in Statewide

hazard-prone areas or integrate mitigation into their designs. This
method could be used to exact dune walkovers, open space for
mitigation purposes, or on-site mitigation facilities such as retention ponds. Communities could also offer incentives
for the donation of hazard-prone portions of a property or for clustering development away from hazard-prone
portions of a property. This technique should be used in conjunction with traditional (use-based) zoning in order to
remain within the limits of the North Carolina enabling legislation?.

Examples:

The plan for Fernandina Beach, Florida calls for density bonuses for
developers who: make dedications of land for public beach access; dedicate
unprotected dune areas; cluster structures landward of and away from
dunes; elevate structures to protect existing dune vegetation; or build dune
walkovers. The plan goes on to require that the bonus system not increase
hurricane evacuation time or overtax infrastructure?.

Critique

Thistechnique has generally been limited to metropolitan areas, where land is scarcer and the market benefit to the
developer is more tangible. While similar to the accepted practice of dedication, bonuses and incentives may be
legally vulnerable as contract or conditional zoning. The extent of the connection that must be established between
the concession and the government purposeis not clear. At the very least, the public benefit must be clearly defined.
The technique can be counterproductive in some locations, such as coastal areas, if it encourages higher densities at
the fringe of the hazard zone?’.
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Breakwaters - Building Codes

See: Offshore Breakwaters

Definition
Raise low-1ying bridges, and/or routinely clean debris from the
support bracing underneath low-lying bridge, in order to decrease

the likelihood that large objects carried by floodwaters will lodge
against a bridge and subsequently dam the rivercourse.

Of particular concern are fallen trees, which, when swept into a
river and snagged by abridge, can quickly capture floating
debris, potentially forming a solid dam. As aresult, areas
upstream and adjacent to the unintended dam can receive flood
levels unanticipated by hazard mapping and risk assessments.
Finally, under the weight of a newly formed reservoir, the bridge
may tear from its foundation, allowing a destructive wall of water
to rush downstream.

I mplementation

See Also: Drainage Culverts

Index Listing
Hazard:

Flash Flooding

Flooding

Hurricanes

Nor’ easter

Thunderstorm
Activity:

Planning

Public Works
North Carolina Region:

Statewide

When a bridge is scheduled for repair or replacement, local government might evaluate whether it lieslow, relative
to base flood elevation, presenting adamming hazard. Other opportunities inherent in bridge repair/replacement
include the addition of a safe pedestrian walkway or bikelane, the coordination with historic preservation of covered,
or other significant, bridges, and the creation of a signature landmark for the town.

Critique

Elevation may be financially feasible only with relatively light, post-and-lentil type bridges, spanning tributaries or
narrow sections of amain river. In addition, a state or regional authority may be responsible for many local bridges.
However, regardless of jurisdiction, local crews can occasionally remove large debris trapped in the underbracing:
the best time to schedule cleaning sessionsisjust after heavy storm events.

Building Codes

Definition

Building codes are laws, ordinances, or governmental regulations
that set forth standards and requirements for the construction,

mai ntenance, operation, occupancy, use or appearance of
buildings, premises, and dwelling units. North Carolinahas a
mandatory state-wide building code, which is administered and
enforced at the local level by county or municipal inspectors who
are certified by the state. The NC Building Codes regulate for fire
resistance, in addition to seismic, flooding and high wind
resilience. These codes are reviewed annually and amended as
new reguirements and material s are introduced.

I mplementation

Local governments are not allowed to alter the state building

See Also: Education and Training

Index Listing
Hazard:

All
Activity:

Engineering

Inspection

Town/City Manager

Planning
CRS-Compatible Activity:

430 Higher Regulatory Standards
North Carolina Region:

Statewide

code. However, they may adopt codes that the state deems to meet “ adequate minimum standards’—usually those
that exceed state standards for a specific purpose, affording local governments the opportunity to write a superior




Building Codes - Building Codes

code that meetslocal standards of hazard resistance and provide an official certificate to ride with the estate. Not
every building needs to be built to the same standard. For example, North Carolina has a specific building standard
for coastal countiesthat is designed to ensure astructure’ ssurvival in 120 mph winds. Differences in the code could
be delineated within ajurisdiction. The code must require that the building be able to withstand the hazard risk for
its particular site, whatever those risks are. This may mean generating codes for various risk zones or to address
specific hazards. Some additional level of risk may be acceptable for uninhabited buildings.

Enforcement at the local level extends beyond construction inspections to the advance review of plans. An applicant
for abuilding permit must submit plans for approval. The local building department reviews the plans and elects to
approve or reject them or to require revisions. Construction cannot begin until local officials confirm that the plans
arein accordance with the code.

A building inspector must then visually monitor the construction of the building. The inspector’s duty is make sure
that the project follows the plans as approved. Inspectors are empowered to stop work on projects that fail to
conform to the plans. Any observed errors must be fixed before work can continue. The inspector must perform a
final review before an occupancy permit isissued.

One way to reguire non-conforming structures to come up to code is to establish passive or active code triggers,
such as achangein use. In order to qualify for achangein use, the building would have to meet or approach current
code. A different kind of code trigger would require that buildings that have suffered a certain degree of damage be
renovated to a higher level of natural hazards resilience. Another approach to code enforcement isto establish
financial incentive or voluntary compliance programs.

Disseminating public information is a good way to help the general public develop an appreciation for the purposes
that these codes and standards serve. Local communities can help build public support for strict enforcement of
building codes by initiating publicity campaigns with this objective in mind. Demonstration projects that display the
use of hazard-resilient building techniques can increase consumer awareness of and preference for hazard-resilient
construction.

Examples:

The city of Los Angeles established a code trigger to address the
rehabilitation of its unreinforced masonry (URM) buildings. The city
classified these buildings according to their emergency usefulness (as police
or fire stations or hospitals), their structural integrity, occupant load, and
historical importance. With this classification system, the city then
established a schedule for siting structures that ranged from "immediately",
for those buildings deemed "essential" to within 4 years for the "low risk"
buildings. The ordinance called for all buildings to be brought into
compliance within 15 years. When a structure was cited, an owner had
several optionsto extend or alter thistime limit. A partial compliance
provision allowed owners the option of extending the time to comply for up
to 10 years, depending on the building's classification. Owners also had the
option of appealing their property's classification, changing the use of the
building, or demolishing the property entirely. Results of subsequent studies
indicated that over time, owners of the URM s recouped the costs imposed
on them by the ordinance. The ordinance did not hurt resale value, and
retrofitting enhanced values. Compliance with the ordinance tended to raise
the sale price by 37 percent.

The barrier island community of Seabrook Island, SC developed a voluntary
program called “Value Added Quality.” VAQ isaset of building
specifications that are designed to make new and renovated homes more
resistant to high winds and wind-driven rain. Builders that follow the
procedures for VAQ certification are given a certificate that can be used to
promote the property during its subsequent sales. Studies have found that
regulations can be effective when supplemented with economic
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incentives®®,

In Charleston, South Carolina, the 113 Calhoun Street Sustainability Center
(apublic-private partnership involving the city, academic institutions and
the building community) is renovating a hazard-damaged old house to
demonstrate how hazard-resilient features can be incorporated into
restoration as well as new construction.

Critique

Building codes can be an effective way to ensure that development is built to withstand natural hazards. In
particular, seismic and floodproofing codes effectively save lives and reduce building collapse?®. Changesin the
codes are often difficult to enact and can be expensive for homebuilders to implement. The latter issueis of specific
concern to the owners of manufactured housing, which comprises a significant percentage of the affordable housing
stock in North Carolina.

Building codes apply primarily to new construction or buildings undergoing substantial alteration. Requiring old
buildings to be retrofitted to new standards can be politically contentious™. Building inspectors are often under
pressure to relax codes during post-storm reconstruction, even as the need for strict enforcement is most apparent.
Such conditions emphasize the need for prior planning to set government policies regarding reconstruction in
advance of adisaster.

At the same time, much of the responsibility for quality workmanship still resides with the builder. New buildings
can fail in adisaster if builders or inspectors do not adequately observe the code. Studies of the damage caused by
Hurricane Andrew in 1992 attributed one-quarter of the storm’s total damages to “ shoddy workmanship and poor
enforcement of the building codes®.” Adherence to existing codes and standards is essential to maintaining public
safety and promoting an effective local mitigation program—so much so that the insurance industry has moved to
rate comngémiti es according to their ability to enforce the building code and by the qualifications and training of
their staff<.

Building Inspectors

Definition . e
Inspection, Building
Promote advanced training for local building inspectorsto gain Index Listing
experienced, meticulous, and multi-talented staff on the local Hazard:
inspections team. Well-trained inspectors are more likely to - Al
recognize building practices that are suspect with regard to hazard Activity:
resilience, and can pass on their expertise to junior staff, thereby - Building Inspection
fostering atradition of sustainable education within the - Town/City Manager
inspections department. - Planning
North Carolina Region:
| mplementation . Statewide

Brief training sessions could be provided to county or privately
contracted inspectors who are working on local projects, to ensure that these supplemental staff are aware of local
codes that are more stringent than county or state codes (such as free-board requirements).

Bulkheads
See: Seawalls and Bulkheads

Burial of Utility Lines

See: Utility Lines
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Business Audits

See: Audits of Small Businesses

Business Exchange Program

Definition

Index Listing
Set up a business exchange program that offers Hazard:
expanded development rights for mitigation retrofits Al
Examples mc!ude greater density or rec.iuced par.k.| ng Activity:
requirements in exchange for hazard-wise rehabilitation . Town/City Manager
of astructure. However, ensure that granting the - Planning
expanded devel opment rights does not nullify the North Carolina Region:
mitigation action by exposing an inordinate number of . Statewide
people to the hazard.

I mplementation

The program must be advertised, although certainly not guaranteed, to all local businesses to avoid the appearance
of collusion. Businesses outside the areas of hazard could also participate in the exchange program by directly
contributing funds to public mitigation activities. The conditions and limitations of the program should be clearly
stated, and local government should retain the right of final discretion, to be used on a case-by-case basis.
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Capability Analysis

Definition
Capability analysis refersto the process of evaluating the ability

of acommunity to mitigate against, prepare for, respond to, and
recover from anatural hazard.

I mplementation

Thiskind of analysis should look at four areas of capability:

+ administrativel/institutional capability, including local
emergency management capacity and inter-local
government coordination.

+ legal capability, including ordinances that aid or hinder
mitigation efforts

Index Listing
Hazard:
All
Activity:
Town/City Manager
Planning
Emergency Management
CRS-Compatible Activity:
610: Flood Warning Program
North Carolina Region:
Statewide

+ fiscal capability, including the funds and funding sources are availabl e to the community to pay for

mitigation efforts

+ technical capability, including an assessment of the level of technical ability within the community to

design and implement mitigation measures

Capital Facilities Plans

Definition

Theterm *capital facilities’ refersto infrastructure and services
such as sewer, water and transportation systems, aswell as police
stations, fire stations, health clinics and schools®3. Capital
facilities form an important aspect of hazard mitigation in that
current facilities can be relocated to |ess hazard-prone areas or
retrofitted, and the planning of future facilities such as sewer and
water extensions can be used to avoid extending infrastructure
into hazardous areas. The latter tool isreferred to as a capital
improvements program (CIP), which sets public spending on
improvements for the ensuing five to ten years. CIPsdefine
when, where, and what level of municipal services a government
will supply and what level of expenditure should be expected.

| mplementation

A number of measures may be taken to ensure the resilience of
current or existing capital facilitiesto natural hazard events.
Public utilities should be relocated, upgraded or floodproofed.
Power and telephone lines may be buried underground (see

Capital |mprovements Program
Focused Public Investment Plan
Plans, Capital Facilities
Plans, Capital Improvements
Program, Capital | mprovements
Public Facilities
Index Listing
Hazard:
All
Activity:
Engineering
Planning
Public Works
Town/City Manager
CRS-Compatible Activity:
520: Acquisition and Relocation
North Carolina Region:
Statewide

Utility Lines). Wastewater treatment plants tend to be located at the lowest geographic point in the community in
order to maximize their gravity flow area. Since these points are typically in floodplains, treatment plants are
frequently flooded and shut down for temporary or extended periods of time. They should be relocated or




Capital Improvements Program (CIP) - Capital |mprovements Program(CIP)

floodproofed. Finally, public buildings that function as shelters following a disaster should be designed or upgraded
to operate safely in hazard conditions. Schools should be made earthquake-resistant throughout.

Examples:

Memphis (TN) Light, Gas and Water won a FEMA Hazard Mitigation
Grant Program grant to pay 75% of the cost of retrofitting its pump station
to withstand earthquakes. While the grant is valued at $480,000, estimated
cost of replacing the facility is $12M and each day of lost serviceisvaued
at $1.4M 3

Instead of requiring new schoolsto be entirely hazard-proofed, Dade
County, FL, requires new buildingsto have a“wind and debris resistant
storm pod.” The pod provides a shelter for the community while adding
only an estimated two percent to the cost of construction®

In contrast, the capital improvements program or CIP addresses the long-term growth of a community by providing
aframework for the location and expansion of capital facilitiesin the future. Typically a part of the comprehensive
plan, the CIP can be effective at managing growth because it israrely feasible for a devel oper to provide water,
sewer and other services without a public subsidy, and should be used to limit development in underserved, hazard-
prone areas. In addition to saving the cost of infrastructure, communities save the cost of mitigation and disaster
recovery. The CIP budgeting structure can be usal for tracking and usingimpact fees and exactions, which may be
dedicated for mitigation purposes®

Capital improvements can be addressed more narrowly than at the community-wide scale. A focused public
investment plan (FPIP) is a capital improvement plan for a specific small area. Like acommunity capital
improvements program, a FPIP coordinates public investmentsin water, sewer, streets, schools and parks.

Critique

In providing additional capacity, the retrofit or improvement of existing capital facilities to withstand natural
hazards may inadvertently encourage additional development in hazard-prone areas. For example, widening aroad
to reduce evacuation times may stimulate additional development. Asaresult, capital facilities planning that makes
improvements to existing infrastructure should be done in conjunction with other land use planning measures to
ensure that development in hazard-prone areas is not stimulated. (For more information, see Concurrency). On the
other hand, explicitly prohibiting post-disaster reconstruction of public facilitiesin hazard-prone areas may
encourage residents in these areas to relocate, since they cannot be sure that services will be restored after a disaster.

With regard to CIP, thistechnique is less expensive and less likely to face legal challenges than many other
growth management techniques because budgeting is a recognized function of local government. The drawback is
that municipalities often ignore their own capital improvements programs. Devel opers are sometimes willing and
ableto provide their own infrastructure. CIP should not be acommunity’s sole land-use policy because although it
directs the location and timing of development, it does not address its type or quality’

Capital Improvements Program (CIP)

See: Capital Facilities Plans
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Carrying Capacity

Definition Index Listing

Carrying capacity isaway of thinking about how much human Hazard:

impact an ecosystem can withstand. The concept of carrying - Al

capacity is borrowed from biology, where it refers to the amount Activity:

of growth an area can sustain before it reaches acertain - Town/City Manager
threshold, usually a point of irreversible change. Carrying - Planning

capacity can be used in planning to refer to the amount of use or North Carolina Region:
change that can be accommo dated within the limits of the - Statewide

natural or man-made environment, or the limits of institutional

change.

I mplementation

Carrying capacity can be used to evaluate the impact of development on the natural system, on man-made structures,
and on institutions. In the case of hazard mitigation, these limits could be designed to curtail development that
exceeds evacuation capacity; to direct development away from natural mitigation features whose effectiveness
would be diminished by building; or to restrict development in fragile and hazard-prone areas. It isimportant that
the linkage between the impact and the limit be quantified. Limits can be applied in terms of the realistic evacuation
capabilities, water supply, sewer and road capacities, and land area.

More abstractly, the carrying capacity concept could be applied to the institutional willingness of acommunity to
engage in hazard mitigation planning. It is possible that at some population size, at some socio-economic
composition, or at some distance from a hazard event, communities become less inclined to spend their resources on
hazard mitigation. For example, one study found that the greater the percentage of the floodplain that was already
developed, the less likely the community was to mitigate these properties. On the other hand, community wealth has
been found to positively influence mitigation because the cost of action is seen asrelatively lower, the tax base will
support innovative programs, and the community may be willing to regulate high-hazard, high-wealth areas.

Examples:

Sanibel, FL, estimated its population threshold based on this barrier island’s
carrying capacity. The community used two measures. environmental
carrying capacity, which is defined as the limits of the wetlands’' ability to
process pollutants, and structural carrying capacity, which isthe limit of the
evacuation capacity of itsroads. Estimates of the maximum capacity of
these systems provide the basis for Sanibel’ s comprehensive plan and the
justification for the island’s devel opment management program. Sanibel’s
development regulations are designed to match development to the specific
capacities of the various ecological zones on the island.

Critique

The links between development and its impacts can be difficult to quantify precisely. Carrying capacity should be a
method for evaluating public policy decisions, not away to make decisions.
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Cemeteries - Channelization

Cemeteries

Definition
When cemeteries are located in or near afloodplain, protect

public and private cemeteries with grassy bermsto protect burial
sites from floodwaters.

I mplementation

Ideally, the government-owned, roadside easement iswide
enough to build an adequate berm. Berms can also be used
strategically as part of the stormwater system, channeling water
into appropriate receptor areas such as natural lands, culverts, or
detention ponds.

Critique

There may be concerns with crime surveillance if berms are over
acertain height.

Berms

Index Listing
Hazard:

Flash Flooding

Flooding

Hurricane

Nor’ easter

Thunderstorm
Activity:

Planning

Public Works
North Carolina Region:

Statewide

Channelization

Definition

Channelization is a general term used to describe arange of
modifications to stream beds. These modifications can include
widening or dredging the channel or lining it with impervious
materials. All of these actions share acommon purpose: to
increase the volume and/or velocity of water flow in the channel.

I mplementation

Streams and channelsthat are intended to drain stormwater or
function as part of adiversion must be large enough for the
flood hazard. Increases inimper vious surface resulting from
development can significantly increase the storm runoff levels.
Channelization can improve a stream’ s ability to mitigate floods
by increasing the rate at which surplus water is carried away.
Where soil erosion and sediment deposition have partialy filled

Index Listing
Hazard:
- Erosion
Flash Flooding
Flooding
Hurricane
. Nor’ easter
- Thunderstorm
Activity:
Engineering
Planning
Public Works
North Carolina Region:
Statewide

in a channel, widening or dredging can restore its former drainage capacity. Care must be taken that channelization

does not significantly alter the stream dynamics downstream.

Channelization is designed to move water quickly away from built areas. One alternative is to absorb the water
onsite or nearby. This can be done by using wetlands and stream bank vegetation to slow, absorb and filter
pollutants out of stream water (see Floodplain Management Plans, Vegetation, Wetlands Preservation, and

Acquisition).

Examples:

The city of Los Angeles cleared, straightened, deepened and lined its flood
channels with concrete to reduce friction and increase velocities. The
channels have prevented flooding where they have not been overtopped by
floods that exceeded capacity. However, the channels are a drowning hazard
because the rapidly flowing water and concrete sides make the channels

difficult to escape.®®




Cluster Development - Commercial Park

Critique

Channelization can lead to erosion problems on unimproved stream banks by increasing the velocity at which water
moves along the bank. Anincreased stream flow rate can also diminish the ability of the natural streambed to
support many forms of aquatic life. This effect is most perniciouswhen the channel islined with an impervious
material like concrete.

An associated hazard can result from the channelization of storm-related runoff. Many flood channels or storm
sewers are designed to prevent water from flooding streets by directing itinto a nearby stream. If these stormwater
facilities are lined with cement or other impervious surfaces they may drain too quickly, overwhelming the target
stream’ s capacity and causing flooding. If the runoff that flows into streams has not been filtered, it can contaminate
downstream water bodies.

Finally, by removing theriver’s vegetated banks and riparian corridor, aswell as by straightening the natural
meander of theriver’s path, this measure irreparably alters the aesthetic value of theriver.

Cluster Development

See: Planned Unit Development

Commercial Park

Definition X
Industrial Park
Assemble parcels for alow-hazard commercial or light industrial Park, Industrial
park, viable for both large and small local businesses that are Index Listing
currently vulnerable to natural hazards. The security (and Hazard:
newness) of the commercial park may entice entry of new . Al
business or industry, thereby encouraging spatial economic Activity:
diversification. The resulting decentralization of the local - Planning
commercial vitality and tax base can decrease the probability of CRS-Compatible Activity:
economy -crippling destruction by hazards. - 520: Acquisition and Relocation
North Carolina Region:
I mplementation - Statewide

If possible, place business parksin areas designated in the master
plan to receive commercial development, in order to avoid traffic scenarios incompatible with residential
development. In choosing alocation, consider the feasibility of connecting the site with the public transit system.
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Community Awareness Programs

Definition
Community awareness programs may be used in conjunction
with or in place of real estate disclosure requirements to

directly educate homebuyers and the general public of hazard
risks and mitigation strategies.

I mplementation

Information can be presented in a number of ways, including
pamphlets, brochures, literature, workshops, radio and TV ads
or billboards. Marking historical disasters, such asflood
levels, in prominent places can be an effective way of
increasing community awareness of natural hazards.

Important topicsto cover with ageneral awareness program
include: things to consider when purchasing a home or
business; means of identifying hazards; and waysto limit
exposure and reduce future property damages. Awareness

See Also: Real Estate Disclosure Requirements
See Also: Disaster Warning
See Also: Education and Training
See Also: Home Inspection Programs
Index Listing
Hazard:
All
Activity:
Emergency Management
Town/City Manager
Planning
CRS-Compatible Activity:
330: Outreach Projects
North Carolina Region:
Statewide

programs that are specifically targeted at new home buyers should educate them on mitigation techniques and
features to look for when considering the purchase of ahomein ahazard area.

Both education and regulation are more effective when they are paired than when they stand alone. Planning could
be considered a community awareness program, since participation in the planning process can help communities
establish afeeling of “ownership” over mitigation measures. This, in turn, may help generate public support for
mitigation. Awareness and outreach programs should be targeted at people who are directly affected by mitigation
activities, such as acquisition programs, to address their concerns and to explain the importance and consegquences of

these actions.

Examples:

Fernandina Beach, FL, officials planned to establish a citizens' advisory
committee to participate in developing mitigation measures. They also
planned to make regular appearances at business group meetings, such as
the local Chamber of Commerce, to make businesses aware of mitigation

techniques.

Avalon Borough, NJ, developed and mass-mailed flood-level maps with a
letter of explanation to residents. Officials prepare and distribute a quarterly
newsletter outlining proposed evacuation routes, dredging and beach-fill

projects and shelter locations (1992).

Following severe flooding in 1990, South Holland, IL formed a Flood
Liaison Committee to bring residents and officials together to create aflood
hazard plan. The committee also studied flood control alternatives, hosted a
floodproofing open house, and enrolled the community in the Community
Rating System. The village established a Flood Assistance Program that
provides public information and technical assistance to homeowners.

Critique

General awareness programs have a“mixed” record of building public support for mitigation. More successful are
self-help programs with a narrow scope, such as residential floodproofing or earthquake mitigation drives.




Comprehensive Plans- Comprehensive Plans

Comprehensive Plans

Definition

Comprehensive plans identify how acommunity should be o Plans, Comprehensive
developed and where devel opment should not occur. They Index Listing

govern the rate, intensity, form and quality of physical Hazard:

development. A thorough comprehensive plan will also address ) ,A}”

economic development, environmental, social and hazard Activity: _

mitigation concerns. Their main advantage as a hazard planning - Town/City Manager

tool is that they guide other local measures, such as capital - Planning .
improvement programs, zoning ordinances, and subdivision CRS-Compatible Activity
ordinances. Comprehensive plans are useful for creating a body - 420 Open Space Preservation
of information about local hazard risks. On the one hand, they North Carolina Region:

help identify hazard areas. The appropriate land uses and Statewide

building (or retrofitting) standards can then be applied to those
areas. On the other hand, they identify areas that are less vulnerabl e to hazards, where devel opment should be
directed®®. Their main advantage as a hazard planning tool is that they guide other local measures, such as capital
improvement programs, zoning ordinances and subdivision ordinances.

I mplementation

Hazard mitigation is often addressed through separate, stand-alone plans created in the wake of a disaster. Some
hazard experts believe integrating mitigation into comprehensive plansis preferable to devel oping independent
hazard plans*®. In the former case, mitigation may be one element of a comprehensive plan or it may be integrated
with other elements. The typical elements of a comprehensive plan include land use, transportation, economic
development, environmental protection, dedication of open space, provision of infrastructure and other municipal
functiona.lThe drawback to making mitigation one of theseisthat it can be overshadowed by a community’s other
concerns’.

On the other hand, integrating mitigation into comprehensive planning can improve its effectivenessin four
important ways. First, it institutionalizes the process of addressing hazards. This may help make mitigation a habit
for community officials. Second, it can create a constituency for mitigation by making it a part of the public
discussion of community goals that should be a part of any comprehensive planning process. Third, it allows
communities to integrate mitigation with other community objectives. An example of this would be acquiring flood
prone properties to achieve both mitigation and open space goals*?. Fourth, integrating mitigation planning makes it
easier for communities to address multiple hazards at once, a process known as cross-mitigation.

Comprehensive planning requires local governments to collect and analyze information about land’ s suitability for
development. This process helps policy makers and local residents understand the limitations to development in
hazard-prone areas™®. In turn, land uses can be tailored to the hazard risk, typically by reserving dangerous areas for
lessintensive, hazard-compatibl e uses such as parks, golf courses, backyards, wildlife refuges or natural areas. Other
elements of aplan can directly address hazard risk. For example, the capital improvements element should address
the elevation or relocation of critical public facilities that could be incapacitated by natural hazards.

Plans can take four forms. Land classification plans are maps of districts that are subject to different growth
management policies. These districts may include areas with high hazard risk (and, preferably, strict restrictions on
growth). A land-use design plan presents a future image for the community. Thisimage may include open space
reservations that are purposely located in hazard-prone areas. A verbal policy plan is oriented toward policy
statements rather than spatial distributions. One segment of this type of plan may be dedicated to hazard mitigation
policies. A development management plan identifies a specific program for development, which may be in part
aimed at restricting development in hazard areas**. Plans may borrow components from more than one of these
varieties.

Specific development plans describe land uses and subdivisionsin greater detail and cover asmaller areathan do
comprehensive plans, zoning maps, or public facilities plans. They may designate specific uses or design standards
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Concurrency - Concurrency

that vary from the zoning ordinance and may even contain enough detail to allow approval of developments that
comply without a public hearing.

The objective of these plansisto preclude inefficient or hazardous land use by coordinating the development of
adjacent properties. Devel opers have an incentive to comply since appropriate designs ensure afast track for
approval.

Examples:

North Carolina’ s Coastal Area Management Act requires that each coastal
county produce a comprehensive land use plan, of which hazard mitigation
must be one element.

The objectives for Dade County, Florida’ s comprehensive plan include

mai ntaining or lowering evacuation times, increasing shelter capacity by 25
percent by the year 2000, and using pre- and post-disaster development
management techniques to reduce building in coastal high-hazard areas™.

Critique

Comprehensive plans have limited authority, even where they are required by the state. In North Carolinathey are
required in two cases: if the community is subject to the Coastal Area Management Act; or if the community wants
to establish a zoning code. Zoning codes must be in accordance with a comprehensive plan.

Concurrency

Definition - o .
Adequate Public Facilities Requirements
Concurrency measures are designed to match the pace of Public Facilities, Adequate Requirements
new growth (which requires public spending on roads, Requirements, Adequate Public Facilities
water and sewer service, etc.) tothe community’s ability Index Listing
to pay for infrastructure. Public services must be Hazard:
concurrent with the demand. “ Adequate public facilities” - Al
isameasure of the level of municipal services that must Activity:
exist when adevelopment is completed or within acertain . Engineering
period afterward. - Town/City Manager
Planning

I mplementation - Public Works
Communities should be aware that these programs can Nortgtg:taro! ina Region.

) : . ewide
redirect development into unexpected places. Cities

should be especially careful when promising or extending

services outside the city limits that they do not provide services to hazard-prone areas. Creating an urban services
district may help define where these services will and will not be provided. Clarifying the long-term devel opment
expectations this way may help shift the direction of development toward more acceptable locations.

Adequate Public Facilities (APF) programs can also require that an adequate degree of mitigation is provided for
new development. For example, amunicipality could require that the water supply for fire-fighting purposes meet
some APF level for all new development. APF or concurrency requirements are often written into comprehensive
plans as a means of timing development.

Critique

These requirements can have the effect of encouraging development in areas already well served by public facilities.
Thismight lead to higher densitiesin developed, hazard-prone areas. On the other hand, it might shift development
to hazard-prone areas with lower service requirements.
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Consultant - Controlled Burning

Development timing measures such as these must have the support of the community or they are likely to be
ignored. Development timing has been challenged in court in states like North Carolina, where local government is
limited to powers specifically granted by the state. Within city limits, amunicipality may be required to provide the
same service to everyone. Foreclosing on private provision of facilities by, for example, limiting septic permits may
belegally problematic.

Consultant

See: Review of Site Plan by Specialist

Contract Zoning, Conditional Zoning and Special Exceptions

Definition . "
Zoning, Conditional

Under contractual or conditional approaches, the property owner Zoning, Contract

agrees to certain conditions in exchange for rezoning or an Special Exceptions

exemption from other aspects of the zoning code. The conditions Index Listing

are negotiated on a case-by-case basis. The difference between Hazard:

contract and conditional zoning is that the government is - Al

contractually obligated to allow the use negotiated under contract Activity:

conditions. - Town/City Manager

The term special exception, which is often used interchangeably - Planning

with conditional or special use permit, is used for activities that North Carolina Region:

are permissible within a zone but require an additional layer of - Statewide

approval (unlike avariance, which is a departure from the
permissible usesin azone). This extralayer isrequired if the
conditional use needs additional scrutiny or must meet specific criteria. Special use permits are often required where
aproject would be approved if the developer is able to show that he or she could mitigate for the adverse
environmental impacts of their development. The community is not obligated to provide anything to the recipient of
aspecial exception.

I mplementation

Special use could be used to give communities a process for reviewing projects in hazard-prone areas. For example,
it might allow certain usesin higher-risk areasif the devel oper can demonstrate that mitigation techniques would be
incorporated.

Critique

Both contract and conditional zoning can be challenged on the grounds that all land in a zoning district must be
subject to the samerestrictions, asillegal spot zoning, or for contradicting the comprehensive plan. Both contract
and conditional zoning have been ruled invalid in North Carolina. The purpose of these techniquesisto provide
flexibility in dealing with a small number of land parcels, but they can nonethel ess be unpopular with developers
since the actual requirements for development may not be explicit until the project review stages.

Controlled Burning

See: Prescribed Burning



Critical Facilities- Culverts

Critical Facilities

Definition

Critical facilities are essential to the health, safety and viability of
acommunity. These arethe buildings, services, and utilities
without which residents and businesses cannot survive for long,
such as hospitals, police stations, fire stations and sewage
treatment plants. Therefore, the security of these facilitiesis
imperative to ensure the public’s health and safety in the aftermath
of ahazard event. Stepsthat communities can take to better
protect their critical facilitiesinclude such measures as retrofitting,
relocation and acquisition. See the cross-referenced entries above
for more ideas on how to increase the resiliency of your critical
facilitiesto hazard events.

See: Drainage Culverts

See Also: Freshwater Well
See Also: Safe Site
See Also: School Facility
See Also: Seismic Retrofits of Critical Facilities
See Also: Vulnerability Assessment
See Also: Capital Improvements Program
See Also: Acquisition
Index Listing
Hazard.
All
Activity:
Planning
CRS-Compatible Activity:
520: Acquisition and Relocation
North Carolina Region:
Statewide




Damaged Structures - Dams and Reservoirs

>~ D <

Damaged Structures

See: Acquisition

Dams and Reservoirs

Definition .
Reservoirs
A damisastructure built across a waterway to impound water. Index Listing
Dams act as flood control devices and also to maintain water Hazard:
depths for navigation, irrigation, water supply, hydropower and Flash Flooding
other purposes. Reservoirs are water storage facilities. Like Flooding
retention ponds, reservoirs can be used to hold water during peak Hurricanes
runoff periodsin order to promote groundwater infiltration or to Nor’ easter
allow for controlled release during non-peak periods. Thunderstorm
Activity:

I mplementation Coastal Engineering
Dams and reservoirs can serve as effective flood control measures _lE_ngl n;egrlngM
by retaining water and releasing it at a controlled rate that does OWN/Eity M anager

. Planning
not overwhelm the capacity of downstream channels. The storage Public Works
capacity of adam or reservoir should be a primary consideration CRS-Compatible Activity:
in its design and construction. The capacity should be large X :

o 630: Dam Safety

enough to accommodate historic-scale flood events. Any dam or North Carolina Region:
reservoir should include a spillway—a feature of a dam allowing Statewide :
excess water to pass without over-topping the dam. Usually a

spillway functions only during alarge flood.

A community should do athorough watershed analysisthat identifiesall of the effects of building a dam, including
the expected monetary, environmental and social costs. The study should identify the most effective and efficient
location for each potential dam. This study should also ensure that a dam that reduces flooding in one location will

not increase the flooding problem elsewhere.

Dam failureis difficult to mitigate. Local officials should monitor dam maintenance and pressure state officials and
private dam ownersto follow prudent safety procedures. Local governments should use land-use controls, including
zoning and acquisitions, to keep the floodway clear of development downstream of the dam. Building codes in these
areas should require that homes be elevated to a base flood elevation that assumes dam failure.

Critique

Aswith other structural projects, dams and reservoirs are expensive, occupy alot of land, require periodic
maintenance, and only prevent damage from floods for the capacity they are designed to handle. Dams have many
environmental costs and eli minate the natural and beneficial functions of the floodplain, including its ability to
absorb stormwater. The potential for dam failureis an additional hazard. The long-term viability of any dam
depends on the normal sediment load in the waterway to be dammed. Sedimentation can reduce the capacity of a
reservoir or increase its volume, decreasing its flood storage capacity.



Debris- Development Caps

Ownership and control of dams may not reside solely with local governments making it harder for local officialsto
direct their useand safety. Dam and reservoir projects are frequently managed with the help of state or federal
agencies, such asthe U.S. Army Corps of Engineers and the Natural Resources Conservation Service. Sometimes
dams are operated cooperatively by several local jurisdictions. Others are owned and operated privately.

Debris
See: Stormwater Drain Maintenance

Density, Development
See: Development Density

Detention Basin
See: Stormwater Basin

Developer Exactions

Definition

Exactions
Unlike impact fees, which are a use-based charge, exactions are See Also: Impact Fees
direct private investmentsin the public infrastructure needs Index Listing
created by new development. Exactions can take the form of on- Hazard:
or off-site improvements, land dedication or grants to the - Al
community. Unlike impact fees, exactions are negotiated on a Activity:
case-by-case basis. They are often a condition for development - Town/City Manager
approval. - Planning

North Carolina Region:

I mplementation - Statewide

Communities should be explicit about the importance of

mitigation efforts when negotiating exactions. Land dedications are generally a preferable form of exaction because
they have a close proportional relationship to the development. Fortunately, dedications of open spacein the
floodplain or other hazard-prone areas can be a significant aid to mitigation efforts. However, local governments
should be prepared to cover the costs of maintaining land acquired through an exaction. Cash exactions could be
dedicated to aland acquisition or post-storm reconstruction fund*®. Communities should require that public
facilities that are to be dedicated to the community be built to hazard-resilient standards®’.

Critique

There must be arough proportionality between the impact of development and the negotiated exaction. Negotiated
exactions can be very specific, but they also create problems: they usually reflect the needs of individual
developments and not the community as awhole; they are not predictable far in advance; particular conditions of a
project or the bargaining ability of the negotiators may make some exactions appear inequitable; small developments
may not be subject to the same kind or degree of exactions as large ones, even though they can have the same or
greater cumulative effect; and exactions do not cover maintenance costs. Land dedications, a common form of
exaction, do not pay for improvements.

Development Caps
See: Slowing Development



Development Density - Development Rights

Development Density

Definition

Lower the allowable intensity of development in hazardous areas
to prevent intense private devel opment within areas delineated as
high-hazard. Density ordinances can be applied within
floodplains, on hillsides, along fault lines, in the surcharge area

along the coast, or any other areathat can be demonstrated as a
high-risk zone.

I mplementation

There are two primary ways to regul ate residential development
density: set maximum housing density or set minimum lot size.

Density, Devel opment

Index Listing
Hazard:

All
Activity:

Planning
CRS-Compatible Activity:

430 LZ: Low Density Zoning
North Carolina Region:

Statewide

In terms of floodplain development, both approaches are complemented by limits on the percentage of impervious
surface within parcels. 11 Intensity can also refer to the type of development: new commercial development can
reasonably be precluded or dissuaded from hazardous areas in the interest of protecting these major contributorsto

the tax base.

Critique

Be aware of the possible inefficienciesin servicing dispersed development.

Development Impact Fee

See: Impact Fees/System Development Charges

Development Impact Tax/Improvement Tax

Definition

These are taxes on new construction, including alterations to
existing structures, usually paid while applying for abuilding
permit. Unlike an impact fee, this charge does not need to be in
proportion to the cost of improvements, and there are fewer
restrictions on how the revenues can be spent.

I mplementation

Because these funds are collected on new development, they
should be used to mitigate the impacts of that development.
Potential projects for hazard mitigation are discussed throughout
this document.

Development, Infill
See: Infill Development

Development Rights

Impact Tax
Improvement Tax
Taxes, Impact
Taxes, Improvement
Index Listing
Hazard:
All
Activity:
Building Inspection
Town/City Manager
Planning
North Carolina Region:
Statewide

See: Purchase of Development Rights (PDR)
See: Transfer of Development Rights (TDR)




Development Taxes - Differential Assessment/Taxation

Development Taxes

See: Land Gains Taxation

Differential Assessment/Taxation

Definition
See Also: Easements
Differential assessment is atechnique for reducing the tax burden Index Listing
on land facing development pressure by recognizing that Hazard:
undevel oped properties require fewer public services. This . Al
technique can moderate the pressure to develop land at its Activity:
“highest and best” use in one of several ways: by reducing the tax - Town/City Manager
rate applied to land so that payments are equal to its essential . Planning
services; by reducing the assessed value of land to a percentage of North Carolina Region:
urban land; or by assessing the value of land based on itsincome- - Statewide

producing capacity, as opposed to its market value.

I mplementation

Differential assessment istypically allowed for farm and forestland, open space and recreational uses*®. It could be
used for mitigation purposes to reduce the devel opment pressure on hazard-prone or hazard-mitigating open space.
Alternatively, it could be used as an incentive to reduce the density of proposed projectsin hazard-prone areas.
Easement and devel opment rights donations or sales could also be encouraged through differential assessment*®.

There are three major types of differential taxation. The first, pure preferential assessment, allows property to be
assessed at its current (rather than highest and best) use. The owner does not have to repay past taxesif he or she
changesits use. Deferred taxation requires the landowner to make up some of the tax benefit if the land use changes.
Restrictive agreements require that alandowner enter into awritten agreement to maintain the land in a certain use
for aspecified length of time. Penalties would apply if the landowner broke the agreement. The agreement could be
written to automatically renew each year after the minimum period unless the landowner explicitly chooses to end
the agreement™. Speculation can be combated with either a change in use/conveyance penalty, or a deferred
taxation system, where the difference between market and preferential tax rates are paid when the property is
converted to a higher use. Laws vary, but most penalties range between five to ten years of past taxes due. In rapidly
growing areas, the amount of accumulated past taxes may not be enough to offset profits.

Examples:

North Carolina allows the preferential taxation of farm and forestland under
adeferred taxation approach. Historic propertiesare also eligible for a
preferred tax rate®”.

Critique

The loss of tax revenue from this program can be substantial. It can aso have the unintended consequence of
encouraging speculators, who could purchase property with alow tax burden and sell it when the difference between
its assessed and market values grows. For this reason, differential assessment probably works best in a stagnant to
moderately-active real estate market, when the opportunity costs for holding land are low. It may be more effective
if used in conjunction with zoning that reduces the allowable density—thereby reducing the development pressure
on each parcel®®. Legal challenges to this technique have been based on uniform taxation provisionsin state
constitutions™>.



Dikes, Levees, Floodwalls and Berms - Dikes, Levees, Floodwalls and Berms

Dikes, Levees, Floodwalls and Berms

Definition
Levees
Dikes and levees are often used Floodwalls
synonymously. Dikes are usually an earthen or Berms
rock structure built partially across ariver for See Also: Sewage Treatment Plant Retrofit
the purpose of maintaining the depth and Index Listing
location of anavigation channel. Levees are Hazard:
earthen embankments used to protect low- - Flash Flooding
lying lands from flooding. Levees are built - Flooding
between the floodway and the structures that - Hurricane
they are intended to protect. A floodwall isa - Nor’ easter
reinforced concrete wall that acts as a barrier - Thunderstorm
against floodwaters. Floodwalls are usually Activity:
built in lieu of levees where the space between - Coastal Engineering
the floodway and neighboring structures is - Engineering
limited. Berms are barriers created by grading - Town/City Manager
or filling areas with soil and are meant to keep - Planning
flood waters from reaching buildings. - Public Works
CRS-Compatible Activity:

I mplementation - 620: Levee Safety
To be effective, levees (or any similar flood 530: R(.;tmf'tt' ng )

: North Carolina Region:
control structure) must be located outside of . Statewide
the floodway and must compensate for the

flood storage they displace. Levees, dikes and

floodwalls should not be used to reclaim land in the floodplain for development. Floodplain managers should
consider alternative, ecosystem-friendly mitigation techniques. These include protecting or restoring wetlands (see

V egetation and Wetlands Preservation) and acquiring flood-prone structures and properties for non-constructed uses,
such as recreational or open space (see Acquisition and Relocation).

Examples:

The city of Batavia, NY, constructed a dike and berm system as aresponse
to the repeated flooding of Tonawanda Creek. These flood control
structures were designed to channel high watersinto Kibbe Park, a
recreational areathat islocated on the banks of the creek onthe south side
of the city. By directing the watersinto the park, the city was able to contain
much of the flooding in this uninhabited arearather allowing it to continue
to drain into the surrounding residential neighborhoods.

The DesMoines, |A Floodwall, the only structural flood mitigation project
funded by FEMA after the 1993 Midwest Floods, includes a moveable
floodgate that completes a levee that was built to protect the city in 1961.
The gap in the levee that existed prior to the construction of the floodwall
was responsible for more than $117 million in flood-rel ated damage to
property in Des Moines. The floodgate cost $484,000.

Critique

The Midwest Floods of 1993 clearly demonstrated that each of these structuresis subject to being overtopped or
breached by floods that exceed their design. Despite thisrisk, their existence may encourage development in areas
they appear to protect.

These structures interfere with the environment’ s ability to naturally mitigate floods, which it can do by absorbing

high water into wetlands and low-lying areas. These walls prevent flood waters from flowing into the natural
floodplain. Asaresult, they frequently concentrate flooding in locations up- and downstream from their location.
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Disaster Warning - Diversions

Thesefl&od control structures can also deprive natural habitats, such as wetlands, of the water they need to
function™.

Disaster Warning

Definition :
Warning
Thefirst step in responding to a potential disaster isto See Also: Animal Shelter Location
know that one is coming. Disaster warning refers to both See Also: Community Awareness Programs
the monitoring of local conditions and the broadcasting of See Also: Education and Training
pre-event alerts. Index Listing
Hazard:
I mplementation - Al
Disaster warnings are issued through the National A‘Ct#\{_'tﬁn/c.t M "
Weather Service and can be administered in anumber of ' own/tity Manage
. . L . L Emergency Management
ways, including viasirens, radio, television, cable TV, CRS-Compatible Activity:
mobile public-address systems, telephone trees, and even 610: F[I)oo dWarnin \Igro ram
door-to-door contact. Posted signs can be used to identify s : _g 9
. . ; ; . North Carolina Region:
risks at a particular site. Multiple or redundant warning "
. Statewide
systems are most effective, asthey ensure that a message

will be received even if one part of the warning systemis

not heard.
Examples:
Avalon, NJ, installed a borough wide public address warning system that
includes television access through the local cable television company
(1992)°.
Critique

People ignore warnings for avariety of reasons: they misperceive the probability of a disaster; they underestimate
the effectiveness of mitigation measures; they have afatalistic belief that it isimpossible to control their fate. On the
other hand, people may rely too heavily on warnings, leading them to unnecessarily expose themselves to risk>®.

Disclosure Requirements

See: Real Estate Disclosure Requirements

Diversions

Definition
Index Listing
A diversion isanew stream channel that sends floodwater to an Hazard:
aternative location, reducing flooding or erosion along the primary - Flash Flooding
route. Diversions can be surface channels, overflow weirs, or tunnels. - Flooding
During normal flows, the water staysin the primary channel. Under . Erosion
flood conditions the stream spills over to the diversion channel or . Thunderstorm
tunnel, which carries the excess water to areceiving river, lake, Activity:
reservoir or retention pond. - Engineering
Planning
Public Works
North Carolina Region:;
Statewide




Drainage Culverts - Drainage SystemMaintenance

I mplementation

In addition to flood prevention, diversions can be used for slope stabilization and erosion prevention. In the latter
cases, the diversion is used to channel water away from loose soils. Care must be taken to ensure that the diversion
does not cause aflood problem in a new location. Even the appearance of transferring flood waters to someone
else’s neighborhood greatly complicates—and may halt—a diversion project.

Critique

Since diversions are limited by their need for areceiving site, they are not a solution for every case. Unless the target
water body isrelatively close to the flood-prone stream and the land in between islow and vacant, the cost of
creating adiversion can be prohibitive. Tunnels are no less expensive, but they can make a diversion possible where

the topography and land use are otherwise not favorable.

Drainage Culverts

Definition
Increase dimensions of drainage culvertsin the most troublesome
areas to improve stormwater removal in repetitively flooded

areas. Wider culverts enhance the ahility of the neighborhood
stormwater system to convey accumulated surface waters.

I mplementation

Prioritize culverts for upgrade according to their level of
susceptibility or the number of property owners affected, and err
on the side of overestimation when building culverts under new
streets. Downstream culverts, particularly culverts downstream of
large urban areas, might be enlarged to compensate for decreases
in pervious surfaces.

Drainage System Maintenance

Definition

Clogged or broken drainage systems can seriously impair
stormwater management efforts. Flood channels, storm sewers,
retaining ponds and erosion basins can become blocked by
overgrowth, debris, sedimentation, or components that fail with
age.

I mplementation

Drainage systems require perpetual maintenance. Replacement or
improvement of culverts, mains, stormwater lines, sewer pipes
and backup valves should be part of ageneral program of
maintenance and improvement to reduce flooding hazards.

Regulations should ensure that the system is allowed to function
asit was designed. For example, no one should be allowed to
dump in or alter drainage watercourses or flood storage basins.
Thefilling of wetlands and property in the floodplain should be
restricted because damage to these flood-mitigating natural

Culverts
See Also: Bridges
See Also: Drainage System Maintenance
Index Listing
Hazard:
Flash Flooding
Flooding
Hurricane
Nor’ easter
Thunderstorm
Activity:
Engineering
Planning
Public Works
CRS-Compatible Activity:
540: Drainage System Maintenance
North Carolina Region:
Statewide

Maintenance
See Also: Drainage Culverts
Index Listing
Hazard:
- Erosion
Flash Flooding
Flooding
Hurricane
Nor’ easter
- Thunderstorm
Activity:
City Manager
Public Works
CRS-Compatible Activity:
540: Drainage System Maintenance
North Carolina Region:
Statewide
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Drains- Dune Gap Plugs

features can create new hazards or worsen existing ones. Local officials should distribute public information
materials that explain the reasons for the rules as well as the penalties. Regular monitoring and inspections will be
necessary to help deter violators.

Examples:

Marooning County, OH, used television cameras to scan its stormwater and
sewage lines for breaks and clogs’’.

The city of Wilmington and New Hanover County, NC are using federal
funding for programs to help ensure that their storm sewers remain clean.

Critique

Drainage system maintenance can be alow priority for local officials since storms that test or exceed a system’s
capacity are infrequent. Likewise, alack of awareness among the general public can hinder the maintenance of
drainage systems. Residents may fill in front-yard street runoff drainage ditches without knowing their purpose.
Roadside drainage ditches can be a significant drowning hazard.

DI
See: Stormwater Drain Maintenance

Dredging
Definition

Dredging is the technique of deepening a channel by extracting

sediment. It is primarily used to maintain the navigability of _
channels and waterways. Offshore dredging is also used to Index Ij'St' ng
provide sand for beach nourishment projects. Hazard: )
Erosion

I mplementation . I—!urncane

Activity:
CAMA requires that, where appropriate, sandy dredge material . Coastal Engineering
should be used to renourish starving beaches. Thismay be a - Beach Management
revenue-generating step that could help offset some of the costs - Shore Protection
of dredging projects. Dredge spoil not used for nourishment must - Town/City Manager
be contained on land, away from coastal wetlands. - Planning

- Coastal Management
Critique: North Carolina Region:
Dredging projects, like beach nourishment projects, require Statewide

repetitive implementation since channels often refill with
sediment. Disposing of dredge material may be expensive, especialy if it is not suitable as beach fill. Disposal must
be done in away that does not endanger wetlands, shellfish beds or fish spawning and nursery areas®.

Dredging projectsthat harvest nearshore sand to be distributed on the beach may be counterproductive. By robbing
offshore banks, the project may increase the intensity and erosive power of the waves that strike the renourished
beach. Offshore banks of sand may also provide new sediment for these beaches through a natural process of
accretion in which sand drifts onto the beach. Dredging removes sediment from this sand “economy.”

Dune Gap Plugs

See: Roadway Realignment



Dune Protection and Shoreline Setbacks- Dune Protection and Shoreline Setbacks

Dune Protection and Shoreline Setbacks

Definition

Setbacks, Shoreline
The beach and its dunes provide coastal Shoreline Setbacks
development with itsfirst line of defense against See Also: Sand Dunes
storm winds and waves. Dune protection Index Listing
restrictions are designed to protect dunes from Hazard:
damaging development. Shoreline setback - Erosion
reguirements establish a minimum distance . Hurricane
between the existing shoreline and the buildable - Nor’ easter
portion of alot. - Thunderstorm

Activity:

I mplementation - Beach Management

Shore Protection

Town/City Manager

Planning

Coastal Management
CRS-Compatible Activity:

400SH: Special Hazard Areas
North Carolina Region:

Eastern/Coastal

CAMA requiresthat new development not cause
the “significant” removal or relocation of sand or
vegetation from primary and frontal dunes.
Frontal dunes are the first dunes landward of the
beach large enough to provide some measure of
storm protection. Primary dunes are the first
dunes with aheight equal to the mean flood level
plus six feet. CAMA requires that small
structures be located landward of the toe of the
frontal dune or the crest of the primary dune, whichever is further landward®®.

CAMA sets an “erosion setback line” which islocated landward of the first stable natural vegetation at a distance
egual to 30 times the annual erosion rate or 60 feet, whichever is further. No construction of small structuresis
allowed to occur seaward of that line. Large structures are subject to a setback of 60 timesthe annual erosion rate,
but no more than 105 feet further landward than small structures.

Local governments may require additional minimum lot size and setback requirements in addition to the CAMA
regulations. Setbacks from hardened structures should be required since water can run up to and over seawalls,
bulkheads and revetments. On the other hand, landward setbacks may be relaxed after a disaster in order to
encourage citizens to rebuild as far from the shoreline as possible®. Large lot or cluster development can help
protect dune areas and their sand supplies by reducing and concentrating impacts on a portion of each lot.

Any dune ordinance should provide clear guidance for the expected design of new dunes, guidelines for repairing
damaged dunes, improving existing dunes or placing structuresin adune zone. Although CAMA allows
development on interior dunes, local communities could require that development in these areas be elevated on stilts
to preserve the dunes®®.

Critique:

Dune protection regulations generally have weaknesses that seriousl%/ impair their performance. For example, these
regul ations are frequently extended only to the first, or frontal dunes®2. Interior dunes, which can also absorb storm
surgeif left undisturbed, are frequently damaged or destroyed by construction.. Dune protections often neglect the

fact that dunes are migratory. These regulations should identify and protect areas where dunes often (if not always)

ae®®. Theimpervious surfaces that accompany development can choke off dunes’ natural supply of sand.

Because dune protection restrictions are not sufficient to preclude development in hazardous areas directly landward
of the dunes, some communities supplement them with shoreline setbacks. Setback requirements can protect near-
shore development from serious, but not necessarily severe, coastal storms. Setbacks are frequently measured
against mean high tide, rather than observed erosion conditions. This allows buildings to be constructed where they
are vulnerable to the sudden erosion often experienced during severe storms. Setback requirements may spur
constitutional takings challenges when shoreline lots are shallow. As aresult, many communities grant variances,
which weakens the regulations’ effectiveness?.
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Dune Protection and Shoreline Setbacks- Dune Protection and Shoreline Setbacks

Exampl es

Florida has adopted a 30-year erosion setback standard that prohibits the
construction of new buildings seaward of the line where erosion islikely to
reach in the next 30 years. Thisline is determined by the Department of
Environmental Protection and private consultants®®.

The Wisconsin Shorelands and Wetlands Act established aminimum
setback of 75 feet from shorelines and wetlands to protect property against
seasonal high water.
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Earthquakes - Easements
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Earthquakes

See: Seismic Preparedness and Retrofitting
See: Seismic Retrofits of Critical Facilities

Definition X - -
See Also: Differential Assessment/Taxation

The owner of an easement has one or more of the rightsin

aproperty, leaving the rest of the “bundle” in the hands of Index Listing

the land owner. Easements either grant an affirmative Hazard:

right to use property, such as aright of access, or restrict - Al

the land owner’ s right to use the property in a particular Activity:

way. Local governments can prevent development by . Planning

purchasing a negative easement against building; - Town/City Manager

essentially, by owning the right to devel op the property North Carolina Region:

but not the property itself, local government can prohibit - Statewide

further development on a property that would otherwise

belegal.

I mplementation

Easements can be written either to allow public access or to prohibit it. For example, easements can be used to
ensure recreational accessto the beach. In other cases, easements may be used to aid community-run mitigation
programs. This technique is more appropriate than a purchase of development rights when mitigation is linked to
other community goals, such as open space acquisition, because it allows the community to acquire the rights of
public access.

Easements are flexible, in that they can be written to apply to only some portions of a property. They must be clear
about the restrictions placed on the property. They should also allow inspection by public officialsto ensure
compliance with the easement provisions. An administrative process for policing easements should be established®®.
The best incentive for encouraging the donation of a conservation easement is the fact that the donation may qualify
the donor for tax credits.

Critique

Easements that prevent development may be nearly as expensive to acquire as fee simple rights. Many governments
also prefer to own land in fee simple because easements must be policed. Many governments offer to lower the tax
burden for properties that cannot be developed due to an easement. As aresult, the local government would see its
property tgx rolls decrease with each donation. Easements have not frequently been used for hazard mitigation
purposes”’.



Education and Training - Education and Training

Education and Training

Definition

Education and training to generate awareness of hazards,
mitigation steps, and disaster response should be targeted
to public employees, agencies, public officials, the

general public and the private sector, especialy
developers and property owners.

I mplementation

Workshops can play avaluablerole in preparing
communities for adisaster. These workshops should
include education regarding the potential hazards,
possible mitigation steps that can be taken, and
instruction on how to respond after a disaster occurs.
Specialized workshops are often aimed at those who will
be implementing mitigation efforts, including members of
the building and devel opment industries.

Examples:

The Community Sustainability
Center at 113 Calhoun Street,
Charleston, SC, was designed to

Public Education

Public Information

See Also: Animal Shelter Location

See Also: Building Codes

See Also: Community Awareness Programs
See Also: Disaster Warning

See Also: Notification of Location of Hazards

Index Listing
Hazard:
All
Activity:
Community Development
Planning
Emergency Management
Town/City Manager
CRS-Compatible Activity:
330: Outreach Projects
North Carolina Region:
Statewide

show homeowners how to make their home more resilient to hurricane and
earthquake damage. The Center islocated in an antique house that was
renovated using disaster-resilient technigues and environmentally -sound
materials and practices. Cut-away walls allow visitorsto see how the
building was upgraded during its reconstruction. Sponsors include the
Charleston, the SC Sea Grant Consortium, Clemson Cooperative Extension,
the SC Emergency Preparedness Division and FEMA.

Since 1993, the city of Santa Barbara, CA, has been holding twice-a-year
public workshops on seismic retrofitting for residential structures. The
events draw several hundred people each. Funding comes from charging
contractors who want to display their products or services at the

workshops®®.

Project Blue Sky is aresearch and demonstration program located in
Southern Shores, NC. The program was designed to demonstrate the use of
hurricane-resilient building and roofing techniques.

The North Carolina Division of Emergency Management developed in 2000
avideo and slide show that describes why a community should plan to
mitigate the impacts of natural hazards. It is an excellent presentation tool
community group meetings, board meetings, council meetings, etc. To
receive a copy, contact NCEM at 919-715-8000.

Critique

Studies of education and training effortsin this field have found that they are of uneven quality and effectiveness®™.
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Elevation - Elevation

Definition

Elevation of abuilding or facility means raising the structure
abovethe flood level. In coastal areas, elevation may be used to
rai se shore-front buildings above storm surge and storm wave
heights. It isalso possible to elevate abuilding’ sinterior

components, such asthe electrical and heating systems, at a
fraction of the cost of elevating an entire structure.

I mplementation

Residential structuresin the high-hazard flood zone must be
elevated to National Flood Insurance Program standardsin order
to be eligible for federal flood insurance’®. Open foundations
should be required in higher-velocity flood zones to allow water
to flow beneath the structure. Pilings may also be used to elevate
structures for conservation purposes where dune vegetation
exists.

Index Listing
Hazard:
Flash Flooding
Flooding
Hurricane
Nor’ easter
Activity:
Engineering
Building Inspection
Planning
Public Works
CRS-Compatible Activity:
310: Elevation Certificates
530: Retrofitting
North Carolina Region:
Statewide

One less expensive way to reduce flood damage isto elevate only a structure’ s heating, ventilating, and cooling
(HVAC) equipment, such as furnaces and hot water heaters. This equipment can often be moved to an upper floor or
attic. However, relocating HVAC systemsislikely to involve plumbing and electrical changes. A less desirable
method of floodproofing this equipment is to build a concrete or masonry block floodwall around it in its existing
location. This kind of floodwall must be strong enough and high enough to protect the equipment’*. Electrical
system components, including service panels (fuse and circuit breaker boxes), meters, switches, and outlets should
also be elevated at least 1 foot above the 100-year flood. These components suffer water damage easily and could
short and cause fires’%. By elevating electrical and mechanical equipment, buildings should be able to recover more
quickly and less expensively. Property ownersshould be required to flood-proof the parts of their elevated buildings

that remain subject to flooding, such as basements or garages.

Communities should consider elevating bridges and other low-lying structuresin the floodplain that could be
affected by the force of aflood aswell as by wetness. Critical facilities (such asfire and police stations, shelters)
should be elevated so that they can continue to function during a hazard event. If elevation will not ensure the
emergency functioning of these structures, they should be relocated out of the floodplain. Coastal roads that are
subject to flooding should be elevated so that storm surge will not preclude their use. Elevated coastal roads may act

asastorm-surge barrier or seawall in a storm.

Mobile homes should not be located in the floodplain. Where such structures already exist, they should anchored to
their padsto keep them from becoming a floating hazard or elevated above the base flood elevation. FEMA has
developed a set of criteriathat may be used to evaluate whether a building can be elevated. It must be accessible
below the first floor for placement of jacks and beams, it must be light enough to be lifted, it must be small enough
to be elevated in one piece, and it must be strong enough to survive the elevation process’°.

Examples:

East Providence, Rhode Island has established regulations that differentiate
between high- and low-hazards areas, with different elevation standards that

apply to structuresin each.

Avalon, New Jersey elevated its municipal building, police headquarters
and public works garage above the base flood elevation™.




Elevation, Fire Hydrant - Emergency Thoroughfares

Critique

Elevation is one of the best techniques for protecting buildings that are, or for some reason must be, located in areas
prone to flooding. Elevation is cheaper than relocation and isless disruptive to the neighborhood.

Elevation of abuilding increases its vulnerability to high winds and earthquakes. Elevating buildings in areas that
are subject to erosion must be done carefully to ensure that the foundation is not swept away in a storm or over time.
This problem can be addressed by building on an open foundation and sinking the piles below the anticipated depth
of erosion. However, such techniques will not help if the annual rate of erosion leaves the building at sea. Many
buildings, including masonry buildings and multi-story commercial properties, are heavy to raise and very

susceptible to damage in the process.

Elevation, Fire Hydrant
See: Fire Hydrant Inspection and Elevation

Emergency Shelters

Definition

Identify and strengthen facilities to function as emergency shelters,
and/or relocate endangered public food banks to hazard-safe
structures. Thiswill promote the adequate access, capacity, and
resilience of emergency shelters and will ensure that food storage
and distribution services remain operational in times of hazard
emergency.

I mplementation

While school buildings remain popular locations for emergency
shelters, community centers and churches can be upgraded to
appropriate standards aswell. The emergency shelter farthest from
the hospital might function as afirst-aid care center if necessary.

Emergency Thoroughfares

Food Banks
Shelters
Index Listing
Hazard:
All
Activity:
Planning
Emergency Management
Town/City Manager
CRS-Compatible Activity:
520: Acquisition and Relocation
North Carolina Region:;
Statewide

Definition

Designate emergency thoroughfares and update to necessary
standards. Planning the designation and preparation of the most
appropriate roads for an evacuation scenario enables a
community to avoid traffic congestion in the event of a hazard-
related evacuation. This may be viewed as an opportunity to
accommodate unmet local traffic demands, maintain acceptable
levels of service, and provide on-street parking for homes and
businessesif local traffic demand is already met. On-street
parking can, in-turn, serve as a buffer between moving traffic
and pedestrians on the sidewal k
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Index Listing

Hazard:
All

Activity:
Engineering
Planning
Public Works
Emergency Management
Transportation

North Carolina Region
Statewide




Environmental Features - Expenditures

I mplementation

A series of wider roads leading from amajor highway to an in-town commercial district can accommodate freight
shipping and thus, be a selling point for the chamber of commerce. This may also be an opportunity to rejuvenate
interest in the redevelopment of brownfield sites along the upgraded thoroughfare.

Ideally, an evacuation-caliber route is central to or easily accessible by amajority of residential areas. Lastly, ensure

that adequate signage tofacilitate the proper lane reversals exists.

Environmental Features
See: Natural Environmental Features

Environmental Impact Ordinances

Definition . .
Ordinance, Environmental Impact

Environmental review of development proposalsis common, Index Listing

especially for projects that impinge on critical areas. Reportsto Hazard:

local governments on environmental impacts generally mention - Al

alternatives, mitigation strategies, and irreversible changes. It is Activity:

appropriate for such reviewsto consider what steps individual . Engineering

projects can or should take to mitigate for natural hazards. By - Planning

integrating mitigation review into previously -adopted - Town/City Manager

governmental processes, the idea of mitigation becomes North Carolina Region:

institutionalized into the design and development review . Statewide

process’.

I mplementation

By forcing developers to account for mitigation, local governments gain the opportunity to encourage hazard-
resilient building practices. In California, environmental impact assessments almost always include an assessment of
seismic hazards. Mitigation of these hazards may be a condition of approval for the development ’°.

Critique

To be effective, thelocal government must have the technical capacity to review the impact statements and the
administrative capacity to police any mitigation actions. While such review might be effective on a case-by-case
basis, it cannot control the overall pattern of development. For this reason, these ordinances should be used in
tandem with a sound land-use plan.

Erosion Control

See: Slope Stabilization
See: Soil Conservation and Steep Slope Preservation

Exactions
See: Developer Exactions

Expenditures
See: Government Expenditure Limitation in High-Hazard Areas
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Fee Simple Acquisition of Land and Damaged Strructures - Fire Station
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Fee Simple Acquisition of Land and Damaged Structures

See: Acquisition

Fees, Permitting
See: Permitting Fees

Fire Code
See: Hotel Room Occupancy

Fire Ecology
See: Prescribed Burning

Fire Management
See: Prescribed Burning

Fire Hydrant Inspection and Elevation

Definition ) )
Elevation, Fire Hydrant
Routinely inspect the functioning of fire hydrants, and/or Inspection, Fire Hydrant
raise fire hydrants above base flood elevation to ensure that Index Listing
immediate recourse is available to firefightersin times of Hazard:
structural fires, particularly during hazard emergencies. - Flash Flooding
Flooding
I mplementation - Hurricane
Hydrant inspections are best conducted by the fire department on ',I\'Ilfl)lrjne;j;rorm
at least amonthly basis during the dry season. Local government Activity:
may also wish to raise fire hydrants above the base flood QEL .
elevation, similar to the practice of elevating manhole openings, Finrgl gfg\r/'gr% on
because structural fires often accompany flood events and )
) Public Works
sometimes must be fought from aboard aboat. Asrowboats and North Carolina Region:
other craft available to the fire department on short notice are Statewide :
built for small loads, afire hose and water pump may be

excessive; thus, it isimperative for the fire department to have

access to the hydrant nozzle and pressurized flow. For communities vulnerable to deep flooding (five feet or
greater), the fire department might purchase a specialized watercraft that can handle the heavier load for such
occasions.

Fire Station

See: Retrofit of Fire Stations and Police Stations
See: Safe Site



Firebreaks- Floating Zones

Definition

Cut firebreaks into public wooded areas at the wildland-urban
interface to avert or stall wildland fires from spreading to
developed areas and vice versa.

“Wildfire professionals promote the strategic use of fuel breaks—
thinned vegetative areas—and firebreaks (or fire safes)—zero
vegetation zones such as dirt roadways, paved roads, bridges—to
reduce horizontal continuity in parts of the wildland.” 14

I mplementation

If possible, avoid running firebreaks near rivers, in an effort to
retain the flood-absorbing, runoff-filtering characteristics of a
vegetated stream buffer.

Index Listing

Hazard:
Drought
Thunderstorm
Wildfire

Activity:
Fire Prevention
Town/City Manager
Planning

North Carolina Region:
Statewide
Western/Mountains

However, they can be strategically placed to function as connector routes for fire-fighting paths that extend deep
into wooded areas. 3 Prescribed burns address the fire hazard attributable to “vertical continuity of vegetation™”. 14

Critique

Some concerns may exist over devalued land, resulting from unsightly cleared areas that are hundreds of feet wide
and perhaps mileslong. However, sports fields and revenue- generating recreational areas, such as golf courses, may

be located within fuel breaks and firebreaks.

Floating Zones

Definition

Floating zones are written into the zoning code but “float” above
the map until triggered by a set of conditions. Unlike overlay
zones, floating zones replace the existing code for the placesin
which they are implemented. Once certain conditions (usually
devel opment-related) are met, the ordinance becomes affixed to a
particular site. Floating zones are typically used when a
community knows that it wantsto apply a set of regulations to
certain uses (such as a shopping center), but iswaiting for events
to decide the location for those uses.

I mplementation

Zones, Floating

Index Listing
Hazard:

All
Activity:

Planning

Town/City Manager
North Carolina Region:

Statewide

One of the best uses of floating zones isto reduce the density in areas that have been hit by a natural disaster. For
example, areas where structures have suffered, on average, a certain degree of damage could anchor afloating zone
that reduces the allowable density in that area. The damage zones where these regulations would be applied could be

identified during the recovery phase.

Critique

Since one or several lots are subject to different regulations than their neighbors, floating zones are often attacked as
being aform of spot zoning’’. While the location of floating zones can be subject to special interests and politics,

they are usually based on facts, as opposed to speculated future needs.
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Floodplain Management Plans- Floodplain Management Plans

Floodplain Management Plans

Definition
Plans, Floodplain Management

Floodplain management addresses the hazard risk of communities See Also: Vegetation
partially or entirely located in afloodplain. The term also refers See Also: Wetlands Preservation and
to the application of structural mitigation measures and codes to Riparian Habitat Protection
existing or proposed buildingsin the floodplain. Index Listing

Hazard:
I mplementation - Flash Flooding
Studies of successful floodplain management efforts have shown ' ::l OOQ' ng
several things: first, devel opers should be made aware of the Ng:,rfg;
regulations before they subdivide land in the floodplain, sincethis

- Thunderstorm

allows them a chance to create parcels that are in compliance. Activity-
Second, the best time to encourage businesses and residents to C—'\Ilz'nll neerin
retrofit or relocate isin the immediate aftermath of the flood. ' 9 d

Third, local mitigation programs often exceed National Flood 1F;I() wn/ City Manager
Insurance Program (NFIP) standards for elevation or relocation. anning
Public Works

Fourth, pressure to devel 0[:7) in the floodplain is lessened when

other options are available 8 CRS-Compatible Activity:

510: Floodplain Management Planning
North Carolina Region:
Statewide

Structures built in the floodplain are subject to damage by rising
waters. In addition to increasing the number of properties at risk,

development in the floodplain reduces the flood storage capacity
of these areas, resulting in greater flood heights. Communities
should consider the relocation, elevation or acquisition of buildingsin the floodplain. Floodplain management
should include structural measures, such as building, rebuilding and retrofitting codes for flood-prone structures. At
aminimum, elevation and rel ocation guidelines should meet NFIP standards.

Floodplain management should incorporate an ecosystem approach to land-use planning. Left to their natural
function, floodplains can reduce or absorb seasonal peaks and floods. This function can be encouraged by reserving
floodplains for this purpose. Planners may find that conserving floodplain lands can al so achieve other
environmental goals, such as providing open space and habitat or filtering stormwater runoff. Land susceptible to
flooding may be appropriate for limited human uses, such as parks and recreational areas. (See Vegetation and
Acquisition.)

A floodplain management plan might define a floodplain overlay district in which specific regulations would apply;
it might identify specific propertiesto be acquired for relocation or wetlands protection; or it might propose
structural interventions, such as dikes or levees’®. Floodplain regulations should restrict development that would
increase flood heights°.

Examples:

The Association of State Floodplain Managers has anew policy called, “No
Adverse Impact.” The policy callsfor balancing structural and nonstructural
flooding solutions to ensure that no construction in awatershed will
adversely impact other property by increasing flood depths or velocities
upstream or down. For information, read a 2001 paper online by the
ASFPM’s Executive Director Larry Larsen and consultant Doug Plasencia
at http://www.ci.lincoln.ne.us/city/pworks/NA | paper.pdf.

Studies following the 1993 Midwest Floods recommended wetlands
preserv ation as a method of mitigating flood hazards®®. This approach has
been used successfully along the Charles River in Boston, where the
acquisition and conservation of wetlands precluded the need for expensive
flood prevention structures®?.
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Floodplain Management Plans- Floodplain Management Plans

South Holland, IL began to develop afloodplain management program
following severe floods in 1990. In 1994, a committee of citizens and
government officials recommended 37 actions to reduce flood risk,
including small flood-control projects, improvements to the flood response
plan, stronger regulatory standards, channel clearing projects and
preparations for post-disaster recovery and mitigation efforts. The channel
clearing project was carried out by an AmeriCorps service team. The
committee also established a Flood Assistance Program to provide public
information and technical assistance to property owners. Owners that
undegtsake approved floodproofing measures can qualify for rebates from the
town®°.

The Massachusetts Rivers Bill (1997) established a 200-foot protective zone
around every river in the state. Areas within those boundaries are under the
supervision of local conservation commissions, who also have jurisdiction
over the state’ swetlands.

Brattleboro, VT, created a set of regulations to govern mobile home parks
located in high-risk floodplains. The rules allow park owners to expand
outside the floodplain. However, one unit inside the high-hazard area must
be permanently removed prior to the owner’ s receiving permission to add
three new units outside the floodplain®.

Dallas, TX, usually requires that subdividers dedicate any portions of a
parcel located in the floodplain to the city as a condition of approval.
Floodplain areas of apartment parcels can be used as common open space if
an easement on the open space is dedicated to the city or maintained as
open space by the homeowners' association®®.

Instead of developing afloodplain management agency, the Denver
Metropolitan Region devel oped standards for local regulation by its 28
member governments with flood problems. These standards were adopted
individually by each locality®®.

Critique

Floodplain management plans are less comprehensive than either comprehensive plans or hazard mitigation plans.
As aresult, they may be more likely to be set aside or overlooked. Floodplain management programs can be foiled
by development pressures and alack of suitable sites outside the floodplain; by alack of information or monitoring;
or by contrary land-use regulations that encourage (rather than discourage) development in the floodplain. Flood
hazard risk reduction has often focused narrowly on the protection of structuresin the floodplain rather than the
preservation of the floodplain’s natural functions’.

Since floodplains rarely fall within asingle jurisdiction, floodplain management is often best addressed through
regional governing bodies. Such agreements acknowledge that the flood mitigation actions taken by one community
can affect its neighbors, both upstream and down. Such multi-jurisdictional management agreements can be very
difficult to achieve.



Floodproofing - Floodproofing

Floodproofing

Definition —
Index Listing
Floodproofing can be done in two ways: dry and wet. Dry Hazard:
floodproofing means that all areas below the anticipated flood - Flash Flooding
level are made to be watertight. With wet floodproofing, - Flooding
floodwaters are intentionally allowed to enter a building to reduce - Hurricane
the pressure exerted by deep water. The property owner - Nor’easter
floodproofs the interior by removing water-sensitive items from . Thunderstorm
parts of the building that are expected to flood. Activity:
Engineering

I mplementation - Town/City Manager
Dry floodproofing istypically done by coating walls with Eluabr;inér\llg\]/orks
waterproofing compounds or plastic sheeting and protecting CRS-Compatible Activity:
building openings with removabl e shields or sandbags. Dry 530: Retrofittin :
floodproofing cannot extend more than two or three feet above S 9 i

: L North Carolina Region:
the foundation of the building because the pressure exerted by Statewide
deeper water would collapse most walls and floors.

At aminimum, wet floodproofing involves the removal of valuable items. However, simple and relatively
inexpensive steps such as moving furniture, heating and electrical system components, and electrical appliances out
of the flood-prone area can dramatically reduce flood damages (see Elevation). Fuel tanks and their supply lines
should be securely anchored. Unanchored exterior fuel tanks are easily moved by flood waters and may be driven
into buildings. Tanksin flooding basements can tear free of their supply lines. Even buried tanks can become a
hazard if they are pushed to the surface by the buoyant effect of soil saturated by water. Fuel storage tanks need to
be inspected and, if necessary, repaired or reconstructed following hazard events.

Homeowners should be encouraged to install backflow valves, which are designed to block drain pipes temporarily
and prevent the reverse flow of sewage into the house. Communities should consider flood proofing manholes and
lift stations, elevating sewage access ports and installing backflow preventor valves. Once-mobile structures, such as
RV's, can be moved again by high water and driven into nearby objects. For this reason, they should be securely
anchored to their pads or moved prior to flooding.

Examples:

After the 1993 Midwest floods, the City of Darlington, Wisconsin decided
to undertake an extensive flood mitigation project to protect 12 historic
structuresin its downtown from future damage. The floodproofing
consisted of filling the basements with sand and suitablefill, elevating the
first floors, constructing vestibules, and installing removable floodshields.
Floodshields in the interiors of the buildings would allow water to infiltrate
the vestibules, which were constructed with drainholes and made of
material that could easily be hosed down after amajor flood®e.

South Holland, IL, avillage of 5,000 residents, established a Flood
Assistance Program to encourage residents to floodproof their property.
This program provides public information and technical assistance to
property owners. A fund of $100,000 was set aside by the town to provide
rebates to residents who undertook approved floodproofing activities. Since
1994, there have been 112 rebates issued at a cost to the village of
$69,875%.



Critique

Floodwalls - Fuel Loads

Although floodproofing raises construction costs, it is an effective mitigation tool and provides ahigh level of
protection from water damage. Floodproofed buildingsin the flood zone are still subject to damage from floating
debris and may not provide shelter during flood events. The availability of good floodproofing techniques may
actually spur development in the floodplain and encourage local governments to be more lenient in zoning for flood

hazards.

Floodwalls

See: Dikes

Focused Public Investment Plan

See: Capital Facilities Plans

Food Banks

See: Emergency Shelters

Freshwater Well

Definition
Dig afreshwater well to serve a hospital or other critical facility
in times of water outage, in order to eliminate the possibility of

water supply interruption to this facility. Vulnerability is
exacerbated for aerial, or aboveground, lines.

Fuel Loads

Definition

Fuel loads are anything that may contribute to the life of afire,
and include accumulated masses of dead or dry vegetation, such
as grasses, branches, leaves, pine needles and shrubs. In
developed areas, check for and clear fuel loads created by
downed trees to prevent the formation of natural fuel loads that
giveriseto rampant forest fire. It is costly to suppress even
modest forest fires, and that cost multiplies when aircraft
watering is necessitated. Dried trees, particularly those that have
fallen and piled, create fuel-loading situations.

Index Listing

Hazard:
All

Activity:
Engineering
Town/City Manager
Planning
Public Works

North Carolina Region:
Statewide

Critical Facilities
Well, Freshwater

Index Listing
Hazard:

Wildfire
Activity:

Public Works

North Carolina Region
Statewide




Fuel Loads- Fuel Loads

I mplementation

The most important time to check for fuel loadsis after periods of relative drought that can dry accumulated, dead
vegetation and cause old and less hearty treesto crack and fall.

Critique

Some ecol ogists warn that the removal of decomposing matter in the forest is the removal of an important link in the
biological system, so not developing within or near potential tinderboxesis the better practice. In addition, wildfires
are known to play an important role in the revitalization of ecosystems and replenishment of nutrients to the soil;
controlled burning is one way for developed or devel oping communities to allow this natural processto take place
while protecting homes and businesses.



GIS (Geographic Information Systems) - Government Expenditure Limitation in High-Hazard Area
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GIS (Geographic Information Systems)

See: Mapping Hazards

Government Expenditure Limitation in High-Hazard Area

Definition

Regional and local governments should limit their expenditures
for roads and other infrastructure in high-hazard areas. This
technique will discourage development in these areas, which can
greatly reduce disaster-related damage and recovery costs.
Government facilities, especially those that house emergency
services, should not be located in high-hazard areas. By avoiding
these areas, local governments can help ensure these facilities
will function during and in the immediate aftermath of an
emergency. They can also reduce the cost of post-disaster repairs
to public structures.

I mplementation

Especially on barrier islands, the public provision of road access
appears to be the primary catalyst for development®™. Whilethis

Expenditures
Infrastructure
Index Listing
Hazard:
All
Activity:
Engineering
Town/City Manager
Planning
Public Works
CRS-Compatible Activity:
430: Higher Regulatory Standards
North Carolina Region:
Statewide

effect islikely to be less dramatic in more accessible locations, it is almost certainly true that the provision of
services facilitates growth. To be effective, expenditure limitations should be used in tandem with other land-use
programs and tax policies to discourage development in hazard -prone areas®. Ironically, other government policies,
such as permitting high-density development through zoning, may make it easier for developersto finance their own
improvements. Local governments should make sure that policies present a consistent measure of opposition to
development in unwanted locations. High-hazard areas must be specifically identified and mapped.

Examples:

Nags Head, NC, has implemented a policy not to expend public funds to
repair any private road that is damaged or destroyed as aresult of a severe
storm, except in conjunction with the repair of the town’ s water system®.
CAMA regulations prohibit the construction or placement of publicly-
funded facilities (such as sewers, waterlines, roads, etc.) in high hazard
areas unless: thereis an overriding public benefit; it will not promote
development in Areas of Environmental Concern; it will not damage natural
mitigating features or worsen hazard risk; and it is designed to withstand

erosion and flood damage.

Dade County, Florida’'s 1988 Comprehensive Development Master Plan
prohibited “public expenditures that subsidize additional development in
Coastal High Hazard Areas,” and prohibited all public facilitiesin such

areas, with the exception of beach access and evacuation enhancements




Grassy Swales - Grassy Svales

(such as bridge and roadway improvements). The plan also prohibited the
construction of critical facilities (such as hospitals, emergency services and
emergency command centers) in Coastal High Hazard Areas®.

Critique

Restricting public services will not be popular with property owners who require public servicesin order to develop
their land. Local governments may feel obligated to limit the geographic scope of the program to make it more
acceptable politically ®*. Local governments may also count on receiving federal support to rebuild non-critical
public facilitiesin the event of adisaster, and therefore have little reason to spend their own funds on protecting
them®®. Relocating these structuresin advance of a disaster may have little effect on the overal| pattern of

development.

Grassy Swales

Definition

A grassy swale consists of grass beds or grassy expanses at the
side of the road where a concrete ditch or other hard structure
might have been placed; it filters or treats stormwater in addition
to conveying it to the drainage system. Grassy swales along the
roadside, and/or natural vegetative bedsin stormwater channels,
aid in decreasing the velocity of stormwater flow. Velocity isa
major component of erosion, runoff amount, and in the case of
floods, structural damage.

I mplementation

To convey stormwater, the sidewal ks should slant slightly away
from the streets and toward the grassy swales. Grassy strips and
linings also provide a modest degree of absorption and sediment
filtration. Additions of vegetation to the environment should be
indigenous for ecological soundness and ease of maintenance.
These “green” pieces of infrastructure are generally more visually
appealing than their “gray” counterparts.

Critique

Swales
See Also: Impervious Surface Limits
See Also: Land Treatment
See Also: Porous Pavement
See Also: Stormwater Management
Index Listing
Hazard:
Erosion
Flash Flooding
Flooding
Activity:
Engineering
Planning
Public Works
CRS-Compatible Activity:
450: Stormwater Management
North Carolina Region:
Statewide

Swales and vegetated channel beds may require insect management techniques (preferably all-natural) and

occasional aeration.




Green Infrastructure - Green Infrastructure

Green Infrastructure

Definition:

Theword “infrastructure” is customarily applied to the systems
and buildings that support acommunity’s most basic functions.
These structures and systems, called “ built infrastructure,”
include hospitals, schools, roads and power/sewer lines. In
comparison, “green infrastructure” refersto the “network of open
space, woodlands, wildlife habitat, parks and other natural areas
that sustains clean air, water and natural resources and enriches
our quality of life®®.” A key component of the concept of green
infrastructure isthat due to their life and heal th-sustaining
functions (for example, vegetated stream buffers filter out
pollutantsin runoff and improve water quality), open space and
natural habitat is a necessity for any community, and not merely
an amenity. Asaresult, green infrastructure must be improved,
upgraded and expanded in a manner similar to built
infrastructure®. It should be noted that the term is also used by
some engineers and academics to indicate environmentally
friendly structures and systems such as solar panels or water
treatment facilities.

I mplementation:

See Also: Acquisition
See Also: Natural Environemental Features
See Also: Riparian Habitat Protection
See Also: Smart Growth
See Also: Vegetation
See Also: Wetlands Preservation
Index Listing
Hazard:
Erosion
Flash Flooding
Flooding
Activity:
Parks and Recreation
Planning
Town/City M anager
North Carolina Region:
. Statewide
Post Disaster

Green infrastructure is composed of hubs and the links that connect them. Hubs are larger parcels of land that
sustain wildlife and ecological processes. Examples of hubs include reserves(national and state parks), working
lands (private farms, forests and ranches), regional parks and preserves, and community parks and natural areas®.

Links are parcels of land of varying size that run between the hubs and act as a source of connectivity for the entire
system. They include landscape linkages (protected habitat that is large in size), conservation corridors (protected
areas that take alinear shape, such as a stream and its buffer) and greenways (land that is used for conservation and
recreation and is also customarily linear in shape®®). Green infrastructure takes the form of hubs and links because
it giveswildlife alarger range rather than isolating it in separate parcels, and because certain ecological features
such as watersheds or rivers are best managed on a holistic basis rather than a piecemeal one. See
http://www.greeninfrastructure.net/ and http://www.sprawlwatch.org/greeninfrastructure.pdf for more information.

Examples: .

The State of Florida has created a series of greenways and trailsin every
region of the state. The Marjorie Harris Carr Cross Florida Greenway isa
110 mile corridor that crosses central Florida, linking habitats and
ecologically sensitive areas that range from the Gulf of Mexico to the St.
John’sRiver. One of itsfeaturesisa“land bridge,” or landscaped overpass
of Interstate 75 that enables hikers and wildlife to safely traverse the road.
See http://www.floridagreenwaysandtrails.com for more information.
Following a period of rapid growth in the 1990s, the Town of Cary, North
Carolina created an Open Space and Historic Resources Plan in 2001 to
“identify parcelswith significant resource value and open space potential
and rank them according to the quality and quantity of resources present,
threat of loss, and other factors.” The plan is meant to act in concert with
Cary’s Parks, Greenways, and Bikeways Master Plan to develop the town’s
green infrastructure. Among the benefits of open space preservation listed
by the town are the preservation of wildlife and native plant habitat, the
protection of water quality and the prevention of floods. In addition, the
Open Space and Historic Resources Plan is meant to preserve lands
historically used for agriculture and forestry, promote recreation and a sense
of place, and improve air quality inthe Town. See



Groins- Growth Phasing

http://www.townofcary.org/depts/dsdept/P& Z/openspace/oshrpplan. pdf for
more information.

Groins

Definition

Index Listing
Groins are wall -like structures, built of timber, concrete, metal Hazard:
sheet piling or rock, placed perpendicular to the beach to capture - Erosion
material drifting along the shoreline. Usually constructed in - Hurricane
groups called groin fields, their primary purposeisto trap and . Nor easter
retain sand, filling the beach compartments between them'%°. . Thunderstorm
Groins can be effective at nourishing eroding beaches when there Activity:
isasignificant littoral drift. - Coastal Engineering
- Beach Management
I mplementation - Shore Protection
A groin’s effectivenessis primarily afactor of the length and the ;gnv Qi/r(]:lty Manager
spacing of the groin field. The appropriate length for agroin 9
, . . 2 . - Coastal Management
depends on the beach’ s dominant sediment size: shorter groins North Carolina Region:
for larger grain sizes and longer groins for smaller grain size. The Eastern/Coastal
spacing between groins must be wide enough that the updrift

groin will not be starved of sand and undermined. On the other

hand, the groins must be narrow enough to effectively act as a sediment trap. Ideally, when agroin field fills to
capacity with sand, sediment transport along the shore continues at about the same rate as before the groins were
built, and a stable beach is maintained'®".

CAMA strictly regulates the construction of groins. In general, groins must not reach more than 25 feet waterward
from the mean high water level; they must be spaced at |east 100 feet apart; and they must not be taller than 1 foot
above the mean high water level. The material used to build the groin must be large enough to resist being dislodged
and becoming debrisin a storm'%2.

Critique

Groins are mainly designed to provide awider beach for recreational purposes and to reduce the frequency of beach
nourishment. A wider beach may cause storm waves to break further seaward, but it is not an effective means of
protecting shorefront buildings from coastal surge or high winds. By interrupting normal patterns of drift, groins
starve “downstream” beaches of sand and may worsen a shoreline’ s overall erosion problem. Downdrift |andowners
whose beaches are narrowing may pursue legal action against the builders of updrift groins'®.

Growth Phasing

See: Slowing Development



Hazard |dentification - Hazard | dentification
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Hazard ldentification

Definition —
Index Listing
Hazards identification refers to the process of defining hazard- Hazard:
prone areas, estimating the probability and severity of the hazard - Al
risk, and evaluating existing mitigation efforts. Activity:
Emergency Management
I mplementation - Planning

CRS-Compatible Activity:
410: Additional Flood Data
North Carolina Region:
Statewide

Hazards identification should define the following: the hazard’s
impact; the potential magnitude or intensity of an event of each
type; and the likelihood of each event. It may be preferableto
divide some hazards into their component parts. For example, one

method might be to divide hurricanes into wind, high water and
wave hazards. Other optionsinclude defining each area by its primary hazard risk or creating likely risk groups. An
example of the latter might be to group wildfiresin areas with steep slopes since fires there may result in landslides.

Many coastal hazard areas have been identified as Areas of Environmental Concern by the Coastal Area
Management Act. CAMA categories with high hazard risk include: estuarine shorelines, ocean erodible areas, high
hazard flood areas, inlet hazard areas and unvegetated beach areas. (For more information, see Mapping Hazards).

Note: To learn more about the hazard identification step in developing your community’ s hazard mitigation plan, see
Keeping Natural Hazards from Becoming Disasters: A Mitigation Planning Guidebook for Local Governments,
produced by the North Carolina Division of Emergency Management. To get a copy, go to
www.ncem.org/mitigation/document_index.htm.

Critique:

One of the drawbacks to hazards identification isthat a degree of inaccuracy isinherent in estimating probability of
risk. Asaresult, these efforts are only a“best guess’ at the potential for disaster. Delineating hazard-prone areasis

even less effective for non-spatially-defined hazards, such as hurricanes and tornadoes, since their location is harder
to predict. Thistype of program may be difficult to implement on the local level without state or federal support, at
least in the formof sources of information.
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Hazard Mitigation and Post-Disaster Reconstruction Plan - Hazard Mitigation and Post-Disaster Reconstruction
Plan

Hazard Mitigation and Post-Disaster Reconstruction Plan

Definition .

Mitigation Plans
A hazard mitigation plan specifies actions a community will take to Plans, Hazard Mitigation and Post-Disaster
reduce its vulnerability to natural hazards or to minimize the impact Plans, Post-Disaster Reconstruction
of ahazard event. Post-disaster reconstruction plans outline the Post-Disaster Reconstruction Plans
policies or planning instruments that community officials will rely on Index Listing
for post-disaster decision-making. The two are often linked because Hazard:
the post-disaster window is considered an opportune time to make a . Al
community more disaster resilient. A hazard mitigation plan consists Activity:
of four major sections: goals and objectives; hazard identification; - Town/City Manager
capability analysis; and implementation, monitoring, evaluation and - Planning
update'©. Post Disaster

CRS-Compatible Activity:

I mplementation - 510: Floodplain Management Planning
Mitigation plans should address pre- and post-event actions. Pre- Nortgtggleil :jréa Reglon:
event mitigation is appropriate for directing future development,

while post-disaster mitisgati on alowsfor redevelopment in aless

hazard-prone manner'®. Communities should not postpone planning until after a disaster. However, it should be
noted that embarking on the mitigation planning processis often more successful in the wake of a disaster, when

interest in protecting the commu nity from future eventsis highest. Planners may find they are able to accomplish
more innovative or extensive planning during the post-disaster “window of opportunity” than they can at other

times?®.

One way to create pre-event support for hazard mitigation planning is to integrate mitigation policies into already
existing and accepted comprehensive plans'®’. If the plan is created independently (after a disaster, for example) it
is often possible to integrate it with comprehensive plans at alater date’®®. Stand-alone mitigation plans are
preferable when communities lack a comprehensive plan or when their plan is considerably out-of-date.

Natural hazards planning should address all of the hazards that endanger the community and should use approaches
that mitigate several natural threats at once (cross-mitigation). Approaching mitigation from a big-picture
perspective by, for example, considering the impact of a project on an entire watershed, can result in positive actions

that are more sustainable in the long-term than projects with a strictly local scope®®®.

Reconstruction plans should be designed to be in concert with the long-range goal's of the community (as measured
by the comprehensive plan). In particular, they should outline the rules and priorities for any post-disaster
acquisition of damaged properties. Two typical targets are buildings that have suffered damage amounting to a
certain percentage of their value or properties that lie within the hazard area. The degree of damage that would
qualify abuilding for public acquisition should be identified in the plan, as should any other criteriafor prioritizing
purchases.

A reconstruction plan should also outline a post-disaster permitting process that facilitates repairs but remains
steadfast to the need to mitigate against future disasters. One element of the plan should emphasize the need to obey
the building code. One way to create time to assess the damage and plan for recovery isto institute a short-term
building moratorium (moratoria). Another isto do much of the planning in advance and create an overlay zone that
istriggered by the hazard event.

Mitigation plans should also include a historic preservation element, since the actions taken to save significant
buildings may be different than those adopted for other structures. This element should include an inventory that
lists historoic properties, their owners, the basic construction materials used, and their existing condition and
location™*°.

Examples:
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Home Inspection Programs - Home I nspection Programs

LosAngeles' reconstruction planisdivided into pre-event, short-term post-
event and long-term post-event actions. The role of every city agency in
implementing this plan is defined**.

Avalon Borough, New Jersey’s 1992 hazard mitigation plan for the
Borough identifies goal's, objectives, programs, hazard avoidance strategies,

and beach protection strategies™?.

Critique:

Hazard mitigation and post-disaster plans allow for a substantial amount of decision-making to occur prior to a
disaster event and aid in better decision-making after the event. However, because these types of plans deal with less
widely recognized policy problems and less frequently occurring events, they have not enjoyed broad political or
administrative support. Non-structural mitigation actions may be particularly unpopular because they require
developers and landowners to revise their expectations about development.

There are several problems with stand-alone mitigation plans. First, they are often designed to improve a
community’ s defenses against a disaster of the type that most recently occurred. This approach assumes that the next
event will be similar. Such assumptions may |ead planners to ignore other appropriate mitigation actions that would
be relatively easy to undertake at the same time. Second, the time-frame for constructing stand-alone plansis often
too short to allow for sufficient data collection. Third, these plans may be difficult to implement unless they are
integrated with other community goals and values™2. Thisfinal critique also applies to post-disaster reconstruction
plans. If communities are not dedicated to their post-disaster recovery plan, it may be quickly discarded in an
emergency.

Home Inspection Programs

Definition -
Inspection, Home
Couple a hazard-susceptibility checklist with current home See Also: Community Awareness Programs
inspection programs to offer a personalized vulnerability Index Listing
assessment to homeowners during the course of arequested Hazard:
inspection (for fire safety, carbon monoxide inspection, energy - Al
efficiency inspection, etc. Activity:
Fire
| mplementation . Building Inspection
i . . . Planning
Fire department staff or whoever is responsible for employing the CRS-Compatible Activity:
inspection checklist must understand the fundamentals of 330: gutreach Pro'egté
structural hazard vulnerability; this type of assessment should be T . J_
) o S North Carolina Region:
clearly described or disclaimed as general and liability-free. Statewide
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Hotel RoomOccupancy - Housing Code

Hotel Room Occupancy

Definition X
Fire Code
Permit, through the fire code, only four occupants per hotel room Index Listing
to facilitate the evacuation of crowded and/or tall structuresin the Hazard:
case of afast-onset hazard. - Al
Activity:
Engineering
Fire
Building Inspection
Planning
North Carolina Region:
Statewide

Housing Code

Definition —
Index Listing
Require, through the housing code, afire extinguisher in all Hazard:
multi-family structures to present occupants with an accessible - Drought
fire-fighting tool and to help contain firesinitiated in the home to - Wildfire
asingle structure. Activity:
Building Inspection
Public Works
North Carolina Region:
Statewide




Impact Fees/System Devel opment Charges - Impact Zoning
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Impact Fees/System Development Charges

Definition

Development Impact Fees
Impact fees require new developments to share in the financial System Devel opment Charges
burden that their arrival imposes on atown. These assessments See Also: Developer Exactions
are typically one-time, up-front charges (although some Index Listing
jurisdictions allow payments over time) against new development Hazard:
to pay for off-site improvements. The fees can also be set up to - Al
allow new development to buy into existing services with exc ess Activity:
capacity. Impact fees are typically based on ratios that show what . Town/City Manager
services the average new resident will require. - Planning

North Carolina Region:

I mplementation Statewide

Every impact fee must meet athree part legal test. First, the need

for improvements funded by the fee must be created by the new devel opment. Second, the amount charged the new
development must be proportionate to the cost of itsuse. Third, all revenues must be spent in proximity to the new
development and within areasonable period of time. If any of these are not met, the community may face legal
action. Communities should have a comprehensive plan and capital improvements program in place to defend their
use of impact fees or exactions™*.

Impact fees can be linked to environmental impact analyses in order to charge proportionate fees for projects that
will have broader or lesser impacts. While there are several methods for analyzing impacts (checklists or spreadsheet
models, for example), most look only at individual project impacts™*®. An alternative is a cumulative impact
assessment, which look at the total effect of all development in a particular environment. This approach might allow
planners to estimate the combined effects of several potential developments on reducing the flood storage capacity
of asingle watershed. The feein this case would go toward mitigating increased flood heights, perhaps by creating
flood storage elsewhere in the floodplain.

Critique:

Impact fees can be applied to awider variety of servicesthan either exactions or special assessment districts. Unlike
land dedications, these can be payments that cover the full costs of needed improvements. They aretypically used in
place of negotiated exactions because they take less time and are more predictable and equitable. Impact fees do not
help with maintenance costs.

Impact Tax

See: Development Impact Tax

Impact Zoning

See: Performance or Impact Zoning



Impervious Surface Limits - Infill Development

Impervious Surface Limits

Definition
Impervious surfaces such as paved roads and parking lots cause
water to run, exacerbating flooding and contributing to water

quality problems. Impervious surface limits cap the amount of
development-related surface area that isimpenetrable by water.

I mplementation

Techniques for limiting impervious surfaces include narrowing
roads and sidewalks, restricting the clearing of land, limiting
parking lot size, and clustering development. Where possible,
vegetated islands should be used instead of paved ones and
porous paving materials, such as paving bricks, bark or gravel
should be used instead of non-porous materials. Impervious
surface limits are especially useful in beachfront communities,
where dunes depend on the sand that may be buried beneath
parking lots.

Examples:

North Carolina s Coastal Area

See Also: Grassy Swales
See Also: Land Treatment
See Also: Porous Pavement
See Also: Stormwater Management
Index Listing
Hazard:
Flash Flooding
Flooding
Hurricane
Nor’ easter
- Thunderstorm
Activity:
Engineering
Planning
Public Works
CRS-Compatible Activity:
450: Stormwater Management
North Carolina Region:
Statewide

Management Act limits the introduction of

impervious surfacesin Areas of Environmental Concern. In these areas,
impervious surfaces cannot exceed 30 percent of the parcel. Developers can
be exempted if they can show that the requirement would prohibit any use
of thelot or if they can propose a design that would achieve an equivalent
outcome. Outside the AEC, the regulations require that impervious surfaces

be limited to “the minimum size necessary™*.”

Improvement Tax
See: Development Impact Tax

Incentives
See: Tax Abatements

Industrial Park
See: Commercia Park

Infill Development

Definition -
Development, Infill
Encourage infill development through a streamlined approval Index Listing
process. Thiswill promote development in areas of low hazard Hazard:
risk which are already served by infrastructure, through the All
promise of reduced hassle and wait in the review process. Activity:
However, the practice assumes that potential infill areas are not Town/City Manager
prone to severe hazard. Planning
North Carolina Region:
Statewide




Infrastructure - Inspection, Home

“Effective capture and use of theseinfill parcels for housing and other uses may take pressure off efforts to develop
in virgin lands on the city periphery that may be more hazard prone'’,” which is especially important when those

natural lands provide a mitigation buffer.

I mplementation

This practice is employed through the site plan review process, so the local planning staff and planning commission
should be involved with assessing the appropriateness of streamlined approval and with determining what aspects of
review get streamlined. Government should be careful that thoroughnessis not sacrificed for expedience: since
development will be within an already-populated area, many people will be exposed to the repercussions. A related
benefit isthat more efficient use of existing roads and utilities can equal more budgetary reservesfor usein
mitigation.

Other considerations regarding infill development:
+ A more concentrated population can allow for better information dissemination in time of emergency.
+ Thewaiving of application or permitting fees could be an even greater incentive.
+  “Variance and relaxing of development standards may be necessary to take into account irregular lot

configurations or other constraints*8.”

Critique:

Resistance to infill from nearby landownersis unavoidable, and government may have to demonstrate that new
development will not harm adjacent land values.

Infrastructure
See: Government Expenditure Limitation in High-Hazard Areas

Inspection, Building
See: Building Inspectors

Inspection, Fire Hydrant
See: Fire Hydrant Inspection and Elevation

Inspection, Home
See: Home Inspection Programs

97






Jetties - Jetties
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Definition -
Index Listing

Inlets and areas with significant littoral drift may fill with sand Hazard:

deposits. Jetties are wall-like structures built perpendicular to the - Erosion

coast (often in pairs) to keep sediment from axitlzgmulating in these Activity:

passages, especially those used for navigation—. Jetties main . Coastal Engineering
function isto allow safe passage for boats. They must be wide - Beach Management
enough to provide a navigable channel (narrow channels can be a - Shore Protection
hazard to navigation and produce an unacceptably fast current). If . Town/City Manager
they are spaced too widely, they will act like groins and trap - Planning

drifting sediments in the intended channel. - Coastal Management
North Carolina Region:

| mplementation - Eastern/Coastal

Designing an effective system of jetties requires that the length of

the jetty be sufficient to allow enough water in and out of the channel to generate a natural scouring action. This will
keep the channel open*?’. It isimportant to keep in mind that jetties will almost invariably keep sand from reaching
downdrift areas. The effects of these systems are sometimes difficult to predict and are frequently not evident until
years or decades | ater.

Examples:

Engineers at Charleston Harbor installed ajetty system in 1896 to preserve
the channel at the harbor entrance. The jetties sand-starved Morris Island,
which is on the south side of the channel; traditionally, sand drifted from
the north. Erosion rates on Morris Island increased. When the jetties were
constructed, Charleston Lighthouse on Morris Island was 2,700 feet inland
from the coast. Since then, the shoreline has eroded nearly amile. Today,
Charleston Lighthouse stands 2,000 feet offshore**.

Critique:

While the primary function of jettiesisto protect navigation channels, they incidentally restrict the movement of
sediment traveling parallel to the shore. They more completely interrupt thislittoral drift than do groins‘??. By
stopping the natural cycle of movement, jetties can starve downdrift beaches. Long jetties may also create currents
that transfer sand offshore, leading to net sand loss from the beach'®3. While sand bypassing systems have been
shown to mitigate the offshore currents created by jetties, these systems do not work during storm events, when
most sediment transfer occurs'?*.






Land Banking - Land Gains Taxation, Transfer or Development Taxes
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Land Banking

See: Advance Acquisition and Land Banking

Land Gains Taxation, Transfer or Development Taxes

Definition .
Taxes, Land Gains
Land gainstaxes are assessed in inverse proportion to the length Taxes, Transfer or Development
of timeland is held in order to discourage speculation. They Transfer Taxes
apply only to the value of land, not improvements, and thereis an Development Taxes
exception for the principal residence of seller. Transfer taxes are Index Listing
assessed against the sellers of land devoted to certain designated Hazard:
uses. Development taxes are charged against developers when - Al
they convert land in certain categories to more intense uses. Activity:
Town/City Manager

I mplementation - Planning
Land transfer taxes could be used to establish a land bank, which NortgtCaro_I na Region.

; atewide
would use these funds to purchase open space, either through

easements or in fee-simple. Thiswould be one way to both
acquire open space and prevent development in high-hazard areas. Devel opment taxes could be used to discourage
theimprovement of land in high-hazard areas, such as floodplains.

Examples:

Vermont isthe only state to employ atax on the profits gained from the sale
of land.

Critique:

These taxes discourage conversion to higher density, slow rapid growth rates, and discourage speculation, but they
are not effective for long term protection and may limit needed economic development if owners hold their property
out of the market. A land gains tax may be vulnerable to legal challenge under the uniformity clause in state
constitutions or for discriminating against non-residents (because of the principal residence exception). On the other
hand, the Vermont law sustained a Fourteenth Amendment challenge of arbitrary discrimination against owners of
less than six years.
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Land Treatment - Library Protection

Land Treatment

Definition

While retention ponds are designed to slow the rate of runoff,
land treatments reduce other effects of runoff, including soil
erosion and pollution, through the use of plants and specific

planting techniques. Land treathents may help reduce landslide
hazards.

I mplementation

Land treatment may help integrate mitigation and stormwater
treatment goal s by capturing and filtering runoff while also
preventing landslides. Typical land treatment measures include:
maintaining trees, shrubbery, and vegetative cover; terracing;
stabilizing slopes; requiring grass filter strips; contour plowing
and strip farming, which isthe growing of cropsin strips or
bands along a contour. The use of perennial vegetation, such as
grasses, shrubs and trees provide cover for the soil, prevent
erosion, slow the rate of runoff, increase infiltration, and reduce

Treatment
See Also: Grassy Swales
See Also: Impervious Surface Limits
See Also: Porous Pavement
See Also: Stormwater Management
Index Listing
Hazard:
Erosion
Activity:
Engineering
Planning
Public Works
CRS-Compatible Activity:
450: Stormwater Management
North Carolina Region:
Statewide

water pollution. Terracing refersto araised bank of earth with vertical or sloping sides and aflat top for controlling
surface runoff. Other measures include vegetated swales, infiltration ditches and permeable paving blocks.

Critique:

Land treatments may mitigate persistent stormwater problems, but they are unlikely to stop the major, stormrelated

flowsthat can trigger floods or serious mud- or landslides.

See: Purchase Sellback/L easeback

Levees

See: Dikes

Library Protection

Definition

Store books on the upper floor(s) of your local library, and/or
place books on shelves above the base flood elevation if the
library is single-story. Thiswill protect the material resources of

the library and avoid any prolonged interruption of library
service.

If floodwaters invade a fully-stocked ground floor library, the
community stands to lose many irreplaceable items, such asrare
writings, genealogy materials, and local newspaper archives. Due
to heavy demands on public allocations following aflood, local
government may have little choice but to postpone recovery of
thelibrary. Theresult, the absence of an operational library, is
the loss of avital resource for primary and secondary education
and the loss of arecreational activity for many.
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Index Listing
Hazard:
Flash Flooding
Flooding
Hurricane
Nor’ easter
Thunderstorm
Activity:
Library Services
Engineering
Planning
Public Works
North Carolina Region:
Statewide




Low-Interest Loans- Low-Interest Loans

I mplementation

If the library is multi-story, the most cost-effective method may involve moving books to upper floor(s). Book
sales, late fees, donations, and low-cost children’s programs can help pay for the manpower of an “up-the-stairs”
move, and local service organizations may be willing to donate time and effort. Some older materials may have to
be placed in offsite storage for access by special request in order to compact library holdings into the space provided
by the upper floor(s).

Critique:

If books remain on thefirst floor, but are raised above the flood level, two problems remain: in aflood event, they
will be subject to mold and mildew, as well asto bookshelf collapse, and before the flood, the elevated books will be
unreachabl e to those below a given height.

Low-Interest Loans

See: Tax Abatements
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Maintenance - Mapping Hazards
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Maintenance
See: Drainage System Maintenance

Manholes
See: Sewer Manholes

Mapping Hazards

Definition . .
GIS(Geographic Information Systems)
Applying hazard information, such as vulnerability, risk analysis, Index Listing
and inventories of at-risk populations or structuresto mapsisan Hazard:
important first step in hazard mitigation. - Al
Activity:
I mplementation - Geographic Information Systems
Hazard mapping can be accomplished in cooperation with a Emergency Management
. Planning
number of federal and state agencies. A number of hazards are . R
: o : CRS-Compatible Activity:
already identified through these agencies. For example, storm 210: Additional Flood Data
surge hazard zones are identified through SLOSH and SPLASH e .
. o : North Carolina Region:
models. Flood hazard areas are identified in National Flood .
L ) Statewide
Insurance Program flood maps. Local officials may wish to

supplement NFIP maps with local knowledge about flood hazard

areas. Seismic risk zones are delineated by earthquake fault zone maps. CAMA has identified and mapped a series
of high-hazard coastal zones as well as the annual erosion rates for the coast. Geographic information systems (GIS)
are especially useful for overlaying these previously-identified high risk areas on existing property maps.

Through the Division of Emergency Management, atechnical guidebook for using GIS in hazard mitigation is
available as aresource.

Examples:

North Carolina’s Coastal Management Program produces erosion rate maps
that show the average rate of erosion on each segment of the coast for the
past 50 years.

Critique

Mapping can be an expensive task due because it requires staff time and technical expertise. While maps can be
produced effectively using geographic information systems (Gl S), these tool s require both technology and staff
training.
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Marginal Cost Pricing - Mitigation Plans

Marginal Cost Pricing

Definition —
Index Listing
Under this system, new development is responsible for the Hazard:
incremental cost of the service needsit creates. Thisis opposed to - Al
average cost pricing, which refers to charging everyone the same Activity:
price regardless of any differencein real costs. Average cost - Town/City Manager
pricing makes it less expensive to develop further from existing - Planning
services because new devel opment shares the cost with higher North Carolina Region:
density, close-in development. - Statewide

I mplementation

Marginal cost pricing is best used to contain development within a given area. Thistechnique is most effective when
existing development is already concentrated, preferably in a hazard -resilient location. It can then be used to make
development that sprawls onto hazard-prone territory, such as afloodplain, pay ahigher cost. Marginal cost pricing
can help preserve affordable housing by pricing services so they are proportional to the size and value of property.
Preserving affordabl e housing can be a significant challenge in communities where the available property is limited
by hazard risks or where mitigation requirements raise the cost of housing.

Critique

True marginal costs can be very difficult to estimate on a case-by-case basis. This may lead some governments to
create price districts rather than pricing each development. Problems will arise at the district borders when property
owners (understandably) ask why they have to pay more than their next -door neighbor.

Minimum Residential Street Width Ordinance

Definition Ordinance, Minimum Residential Street Width
Pass a minimum residential street width ordinanceto Street Width Ordinance
ensure that devel opment sites are reachable by emergency Index Listing
response vehicles. Narrow streets, particularly those with Hazard:
parked cars or debris resulting from a disaster, do not - Al
accommodate sizeable fire trucks, ambulances, or other Activity:
rescue vehicles. - Engineering
Town/City Manager

| mplementation - Planning

. Public Works
Thg ordinance can apply to new development and/or be a North Carolina Region:
policy for corrective improvements. It should . Statewide
additionally apply to dirt and stone roads, aswell as
paved.
Critique

This practice should not be interpreted as condoning wide streets, only wide-enough streets. Wider streets produce
more runoff; however, grassy swales can mitigate such increases.

Mitigation Plans

See: Hazard Mitigation and Post-Disaster Reconstruction Plans
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Mobile Home Par ks Storm Shelter - Moratoria

Mobile Home Parks Storm Shelter

Definition
Require that mobile home parks of agiven size build astorm

shelter for their residents, whose housing is susceptible to
destruction by relatively minor high-wind events.

I mplementation

The shelter has the potential to be an attractive building that
functions as a community meeting room and gives a greater sense
of permanence to the mobile home park. Asaresult, it may
increase |ot values.

Mobility Concerns
Definition
Disallow, within hazardous areas, new facilities housing

populations with mobility concernsto avoid the difficulties and
complicated logistics of evacuating these citizens.

I mplementation | ssues:

Prisons, nursing homes, hospitals and mental health institutes are
facilities whose populations require special assistance (or controls
in the case of prisoners) for evacuation. Schoolsand day care
facilities might also be included on the list. Disallowed uses can
be implemented through the zoning ordinance.

Trailer Parks Storm Shelter
See Also: Tie-Downs
Index Listing
Hazard:
Hurricane
Thunderstorm
Tornado
Activity:
Planning
Town/City Manager
North Carolina Region:
Statewide

Ordinance, Mobility Concerns
Special Populations
Index Listing
Hazard:
All
Activity:
Town/City Manager
Planning
North Carolina Region
Statewide

Moratoria

Definition

A moratorium is a short-term suspension of the right to develop,
usually accomplished by not issuing permits.

I mplementation

Moratoria can play an important role following a disaster. They
give officials time to assess the damage and set priorities for
response, planning and mitigation efforts. They are often used to
prevent property owners from building damaged structures before
an acquisition program can go into effect. They can also allow
officialsto expand high-hazard designated areas to reflect the
actual damages from a hazard event.

Examples:

Index Listing
Hazard:
All
Activity:
Building Inspection
Planning
Town/City Manager
CRS-Compatible Activity:
430: Higher Regulatory Standards
North Carolina Region:
- Statewide
Post-Disaster

The Nags Head (NC) Mitigation and Reconstruction Plan callsfor building
moratoria of various lengths following adisaster. Aninitial, 48-hour
moratorium goes into effect immediately. Replacement of destroyed
structuresis halted for 30 days. In the meantime, planners and the Board of
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Moratoria - Moratoria

Commissioners may adjust the zoning code to reflect new inlets or eroded
areas or to incorporate mitigation tools. All replacement construction must
comply with the new ordinances and building codes established during the
30-day moratorium. Building permitsissued prior to the storm are revoked
for at least 30 days'?®

Scituate, MA, adopted a moratorium after a 1978 northeaster seriously
damaged some 700 buildings. The moratorium was eventually relaxed to
allow construction of structures that complied with upgraded building
standards, includi ng] regulations requiring buildings to withstand wave
heights of 21 feet.**®

Sanibel Island, FL, appliesits moratorium in three grades or degrees, based
on the severity of the damage. The “redevelopment” district, which would
be defined as the hardest hit areas, would be subject to a complete
moratorium. Propertiesin the “restoration” district could be repaired during
the moratorium period only with a permit. Homes and businesses located in
the “impacted” district could be repaired without a permit.*?’

Critique

Since moratoria are frequently subject to legal and political challenges, communities must be prepared to show
adequate justification for taking this action. With such justification, amoratorium is likely to withstand legal
scrutiny.
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Natural Environmental Features - New Construction
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Natural Environmental Features

Definition
Preserve natural environmental features as wind buffers to deflect

some of the force of destructive straight-line winds and hurricane
currents.

I mplementation

Ten to twenty foot coniferous trees provide year-round wind
deflection and may help cut heating costs during the winter. This
practice is also a useful method of soil retention, which is of
particular importance around farmlands. appropriate vegetation
might be planted in public easements between road and cropland
or the practice might simply be suggested to farmers. Itisalso
advisable to build at a distance from tall trees with thick trunks,
to avoid the hazard of toppling trees. On the coast, this practice
can betransferred as the preservation of sand dunesto break

Environmental Features
Wind Deflection
See Also: Green Infrastructure
Index Listing
Hazard:
Hurricane
Thunderstorm
Tornado
Activity:
Engineering
Planning
Public Works
North Carolina Region:
Statewide

strong coastal winds, aswell asto beautify the coast and deter unnatural rates of shore erosion.

Example:

Cary, North Carolina has compiled alisting of tools to preserve open space,
along with their strengths and weaknesses. This can be viewed online at

http://www.townofcary.org/depts/dsdept/P& Z/

openspace/thepreservationtool box. pdf.

Neighborhood Access

See: Accessto Neighborhoods

New Construction

Definition
Ban the use of wooden shinglesin new construction in areas

prone to wildfires to prohibit one of the most flammable elements
on residential exteriors.

Critique

A ban on wooden shingles may be difficult for communitiesto
accept if the style has become atradition, a signature element of
local structures.

Ordinance, New Construction

Index Listing
Hazard.

Drought

Wildfire
Activity:

Fire

Planning

Town/City Manager
North Carolina Region:

Statewide

109




Notification of Location of Hazards- Nourishment

Notification of Location of Hazards

Definition

The location of hazards and the risks associated with them
should be available to public officials, public employees and
agencies, the general public, and the private sector. Itis

important that information on the location of hazardsis also
shared between public agencies.

I mplementation

One good technique is to develop a communication network
that can disseminate hazard information to various groupsin
the community. Notification should also be given through
workshops, information pamphlets, brochures, newsl etters,
literature, videotapes, websites, etc. Another effective form of
notification isareal estate disclosurerequirement.

Examples:

See Also: Real Estate Disclosure Requirements
See Also: Education and Training
Index Listing
Hazard:
All
Activity:
Engineering
Planning
Public Works
Town/City Manager
CRS-Compatible Activity:
330: Outreach Projects
North Carolina Region:
Statewide

Palo Alto, CA, used a notification program to encourage the voluntary
seismic retrofitting of vulnerable commercial buildings. The city identified
buildings at risk and required their owners to prepare areport outlining
potential strengthening actions. These reports were made public, and
buildings that did not take action were required to post signsin public
places warning that the building could be arisk in an earthquake. The city
published an annual report on the status of repairs. After four years, 35% of
the at-risk floor area had been retrofitted or destroyed!?®

See: Beach Nourishment
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Offshore Breakwater s - Offshore Breakwaters
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Offshore Breakwaters

Definition
Breakwaters

Breakwaters are small structures placed parallel to the shorein :_|ndex dlf'St' ng
relatively shallow water (usually one tothree hundred feet out). ﬂE. .
Unlike seawalls, revetments and bulkheads, breakwaters protect Hros! on
the shoreline by diffusing incoming waves before they reach the Nur,nc;;a;\e
shore. Drift material carried by those wavesis deposited behind or easter

Thunderstorm

the breakwater. This accumulating sand protects the shore and

may also extend the beach. Activity: : .
- Coastal Engineering

Beach Management
- Shore Protection
Breakwaters may be either fixed or floating, depending on water - Town/City Manager

I mplementation

depth and tidal range. They must be strong to be effective - Planning

because they receive the full force incoming waves. The amount - Coastal Management

of sand deposited behind a breakwater depends on the North Carolina Region:

characteristics of the site and the design of the breakwater. *2° . Eastern/Coastal
Exampl es:

Avalon, New Jersey installed breakwaters off its coast to reduce sand loss
from erosion. The community included such beach protection measuresin
its hazard mitigation plan.*

Critique

Breakwaters interrupt the littoral movement of sand, resulting in more sand behind the structure, but lessin
downdrift areas. ™! Consequently, downdrift beaches are deprived of anatural source of sand, thereby transferring
the erosion problem from one areato another. Breakwaters can al so be a hazard to navigation and to swimmers.
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Onsite Sediment Retention - Ordinance, Subdivision

Onsite Sediment Retention

Definition
Sediment Retention

Require developersto plan for onsite sediment retention to See Also: Retention Ponds
decrease sedimentation and clogging of stormwater channels and See Also: Vegetation
reservoirs. See Also: Wetland Preservation and

Riparian Habitat Protection
I mplementation Index Listing
Sediment retention practices can be employed during construction Haz_aéd. .
and for long-term residency. These measures include the Activirto's on
replanting of grassimmediately after grading the land, disturbing ﬁneerin
the smallest portion of the site as possible, and providing arun- Plagnni n 9
off detention pond. ning

Public Works

CRS-Compatible Activity:

450: Stormwater Management
North Carolina Region:

Statewide

Ordinance, Environmental Impact
See: Environmental Impact Ordinances

Ordinance, Minimum Residential Street Width

See: Minimum Residential Street Width Ordinance

Ordinance, Mobility Concerns
See: Mobility Concerns

Ordinance, New Construction
See: New Construction

Ordinance, Subdivision

See: Subdivision Ordinance
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Orientation of New Development - Overlay Zones

Orientation of New Development

Definition
Regulate the orientation of new development to convey wind or
floodwaters. This allows the destructive force of dominant

currents to lose momentum through ground friction rather than
building interference (and subsequent destruction).

I mplementation

To orient buildings properly, government must be able to identify
dependable paths of flow. Interms of floodplain development,
structures should be arranged with their greater length component
parallel to the course of theriver.

Critique

Orientation for optimal conveyance does not guarantee structural
resilience and should not be viewed as a substitute for hazard
avoidance.

Index Listing
Hazard:
Flash Flooding
Flooding
Hurricane
Nor’ easter
Thunderstorm
Activity:
Engineering
Emergency Management
Planning
Public Works
Emergency Management
North Carolina Region:
Statewide

Overlay Zones

Definition

Overlay zones are independent zones that co-exist with the base
zoning code. Development in these zones isinitially regulated by
the standard zoning ordinance. However, under certain conditions

the unique requirements of the overlay zone take precedence over
regular land use controls.

I mplementation

A community might create an overlay zone for high-hazard
districts that establishes mitigation requirements for devel opment

Zones, Overlay

Index Listing
Hazard:

All
Activity:

Town/City Manager

Planning
North Carolina Region:

Statewide

in those districts. Overlays are also useful for periods of reconstruction. A recovery overlay zone would include
temporary planning regulations that might strictly limit reconstruction in the hazard area or could require any new
development to include hazard mitigation techniques. The overlay zone would remain transparent until it was

triggered by a disaster event.

Overlay zones can be used as a short-term fix, to be repeal ed when the need that triggered them dissi pates or after
the base zoning ordinance has been fixed. For this reason, overlays are sometimes used to test potential revisionsto

the base ordinance.*?

Examples:

The coastal community of Fernandina Beach, Florida relies on an overlay
zone to enact its mitigation density bonus program, in which density
bonuses are granted to new developments that incorporate mitigation
technigques. The zone was created as an overlay to allow plannersto lift it
following a hurricane. While the zone is inactive, planners can evaluate
whether the mitigation actions encouraged by the program effectively
reduced hazard damage among the new developments. The overlay would
go back into effect onI%/ once the program had been evaluated and, if

necessary, amended.*®
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Overlay Zones - Overlay Zones

Critique:

Overlay zones allow communities to isolate and protect certain areas or to devise regulations that apply in specific
situations. However, like any zoning ordinance, the protections of overlay zones can be changed or removed.
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Park, Industrial - Performance or Impact Zoning
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Park, Industrial
See: Commercial Park

Definition See Also: Fee Smple Acquisition of Land & Damaged Structures
Acquire parcels of land in See Also: Relocation
hazardous areas to conserve or Index Listing
restore as parks, in order to reduce Hazard:
the number of structures and - Al
infrastructure elements vulnerable Activity:
to natural hazards. - Town/City Manager
Planning
I mplementation - Parksand Recreation
In general, purchasing hazardous CRS-Compatible Activity:
e 520: Acquisition and Relocation
lands prior to development (and North Carolina Region:
heavy development interest) isa Statewide :
cost-effective method of hazard

management: in a post-hazard
situation, natural lands can generally recover of their own accord, with recreational uses resuming after the hazard
subsides, while devel oped areas may require expensive recovery.

Performance or Impact Zoning

Definition -
Impact Zoning

Rather than specifying permitted uses, performance zoning sets Zoning, Performance
standards for the allowable effects or levels of impact of Zoning, Impact
development. The standards typically address specific Index Listing

environmental conditions. They may also govern traffic, Hazard:

stormwater runoff, or viewsheds. This technique could - Al

theoretically allow any use that meets the standards, but in Activity:

practice most performance controls are used in conjunction with - Town/City Manager

traditional zoning. - Planning

CRS-Compatible Activity:

450: Stormwater Management
I mplementation: North Carolina Region:
Statewide

Performance standards can be used to govern the risk-inducing

impacts of development. One standard that local governments
might useisto set amaximum allowable degree of stress on mitigating natural features, such as wetlands and
dunes** Thiswould permit developers to propose methods for reducing the stress of their projects on on-site
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Permitting Fees - Pervious Surfaces

wetlands or dunes. Performance zoning could also be designed as a point system that “counts” impacts. Projects that
exceed a certain number of impacts would be disqualified.

Critique

Performance or impact zoning requires that a devel oper who creates an impact be responsible for mitigating it, but
does not restrict the approaches he or she may take. Thisrequires strict review and monitoring to be effective. The
number and level of expertise of the staff required to implement performance or impact zoning ordinances depends
on the comprehensiveness of the standards and how much of the jurisdiction they encompass. Devel opers generally
enjoy the greater flexibility thistechnique affords, but planning staffs may find that it is more difficult to enforce
standards than typical regulations. In part thisis because some impacts are difficult or impossible to quantify.
Communities may find that performance-oriented zoning codes may be too flexible to achieve their preferred degree
of mitigation.

Permitting Fees

Definition —
Fees, Permitting
Waive permitting fees for home construction projects related to Index Listing
mitigation, and/or reimburse a percent of the cost for home Hazard:
hazard retrofit projects. In addition, recruit financial institutions - Al
to participate in “good neighbor” lending, through alocal Activity:
government subsidy or favorable loan conditions, to encourage - Building Inspection
home retrofit projects and hazard resilient development. - Town/City Manager
Planning

I mplementation North Carolina Region:

. . : Statewide
“Estimate the average per unit or square footage costs for the risk

reduction activities and to provide a tax abatement for a period of
time to allow property ownersto recover all or aportion of that cost in temporarily abated taxes*>®.”

“Rebate of hazard reduction retrofit costs at the time of home purchase or construction by giving up a portion of the
city’ sreal estate tax revenues for certified retrofit projects™*®.” This offer could be extended to small businesses that
wish to complete mitigation projects, such as elevation of their heating-ventilation-air conditioning systems above
the base flood elevation.

If government is not in a position to sacrifice short term funds, local financial institutions may be willing to offer

reduced interest |oans to encourage home and business retrofit projects; participating banks would benefit from a
heightened local reputation and presumably increased business during the building season.

Pervious Surfaces

See: Porous Pavement
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Planned Unit Development/ Average Density/ Cluster Development - Plans, Beach Management

Planned Unit Development/ Average Density/ Cluster Development

Definition -
Average Density
These types of regulations allow the flexible design of large- or Cluster Development
small-scale developments that are constructed as aunit. While the Index Listing
actual design isamatter of negotiation, the basic premiseisthat Hazard:
some areas are developed more intensively than would normally - Al
be allowed and others are used less. The average density of the Activity:
siteremains at or near the allowable limit. . Town/City Manager
Planning
Planned unit development (PUD) places regulations on an area North Carolina Region
rather than on individual lots and allows for mixed use. Since - Statewide

PUDs are typically negotiated between the devel oper and city
officials on a project-by-project basis, this approach allows for
flexibility in meeting subdivision regulations. Clustering typically refersto the concentration of housing on a portion
of asite. Clustering can be integrated into a zoning code instead of being negotiated.

I mplementation

Shifting density away from hazard-prone areas is a good way to limit development in these areas without instigating
a‘taking.’ In shorefront areas, governments should encourage property owners to cluster buildings on theinland
portions of their parcels, while reserving areas adjacent to the beach for recreational open space and parking.**’
Ownership of such hazard-prone areas can be shared among the owners of the remaining properties or dedicated to
the community or a conservation organization as an easement. The latter option would prevent the open spaces from
ever bei nlgsdevel oped. Whereit is applicable, PUD plans should be negotiated to include hazard mitigation

features.

Examples:

The Portland (OR) Metro draft regional plan callsfor allowing cluster
development where it would help keep buildings out of the floodplain
(1997).1%

Kent County, MD, encourages clustering by providing density bonuses to
landowners who comply with a series of site guidelines. The incentives
allow landownersto double or triple their allowable density from twenty or
thirty acres per unit to ten acres per unit.*°

Critique

The government’ sgoal for this designation is to preserve open space and protect sensitive natural areas. The
developer benefits from higher dwelling unit density or floor arearatios. Planned unit developments generally
require large areas of undeveloped land, which not all communities have. Intensively clustering developrrent, even
on non-sensitive lands, may cause unintended environmental impacts. This technique should be implemented in
conjunction with acomprehensive plan to avoid ‘leap frog' development. When developers move rapidly outward
from an established community in search of large parcels of land, the costs of extending public servicesto the
ensuing developments can be high.

Like any zoning ordinance, clustering is subject to changesin the political environment. It is possible that clustering
ordinances could be modified to allow development on the open space portions of clustered parcels.

Plans, Beach Management

See: Beach Management Plans
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Plans, Capital Facilities - PorousPavement

Plans, Capital Facilities

See: Capital Facilities Plans

Plans, Capital Improvements

See: Capital Facilities Plans

Plans, Comprehensive

See: Comprehensive Plan

Plans, Floodplain Management

See: Floodplain Management Plans

Plans, Hazard Mitigation and Post-Disaster Reconstruction

See: Hazard Mitigation and Post-Disaster Reconstruction

Plans, Post-Disaster Reconstruction

See: Hazard Mitigation and Post-Disaster Reconstruction Plans

Police Station

See: Retrofit of Fire Stations and Police Stations

Porous Pavement

Definition .
Pervious Surfaces

Substitute porous or open-grid pavement for impervious See Also: Impervious Surface Limits

pavement to limit the amount of stormwater runoff that
contributesto localized flooding.

I mplementation

Pavement will ideally be pervious enough to absorb
rainfall but with pores small enough not to clog with
debris or cause problems for pedestrian traffic. Some
brands of asphalt or concrete that lack the finer sediment
of conventional cement hold promise. Several websites
containing photographs and/or useful information
regarding porous and open-grid pavement include:

¢ http://www.gcpa.org/pervious concrete paveme

nt.htm
¢ http://www.greenbuilder.com/sourcebook/Pervio

usM aterials.html

Critique:

See Also: Land Treatment
See Also: Grassy Swales
See Also:  Stormwater Management
Index Listing
Hazard:
Erosion
Flash Flooding
Flooding
Activity:
Engineering
Planning
Public Works
CRS-Compatible Activity:
510: Floodplain Management Planning
North Carolina Region:
Statewide

Reservations apply to the use of open-grid, or open-cell, pavement: it is treacherous for those with mobility
challenges (and those in high heels) and is also expensive to install. However, open-grid pavement is appropriate for

limited-use access routes or overflow parking lots.
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Post-Disaster Reconstruction Plans- Public Education

Post-Disaster Reconstruction Plans

See: Hazard Mitigation and Post-Disaster Reconstruction Plans

Prescribed Burning

Definition:
Controlled Burning

The term “prescribed burning” or “controlled burn” refersto Fire Ecology
burning forest, brush, or grassland in a controlled and confined Fire Management
manner to accomplish “planned land managemnt objectives'**.” See Also: Wildfire Management
Frequently, fire management officials use prescribed burning to Index Listing
reduce the amount of biomass and organic fuel (i.e., dry grasses, Hazard:
shrubs, leaves, branches and dead or very dry trees) that can . Wildfire
heighten the risk of large-scale, uncontrolled, natural forest fires, Activity:
which can threaten public safety and personal property. - Planning

Town/City Manager
Prescribed burning has long been used to promote the regrowth of North Carolina Region:
vegetation that will better support new types of floraand fauna. . Western/Mountains
For example, North Carolina s Landowner Hazard Reduction
Prescribed Burning Program lists among its goals wildlife habitat
improvement for quail, deer and wild turkey. While historically

forest fire suppression was practiced by turn-of-the-century

foresters such as Gifford Pinchot, who believed that fire's destruction of both standing trees and young seedlings
was detrimental to the continued growth and health of the forest, today’ s foresters recognize fire as contributing a
number of benefits to the life of aforest!*?. Among those benefitsis fire’s ability to “clean” the forest of diseased
trees, replenish the soil’ s nutrients, and remove invasive or competing species of trees.

I mplementation:

Under the Landowner Hazard Reduction Prescribed Burning Program, prescribed burns are supervised by the North
CarolinaDivision of Forest Resources. The Division advises landowners on weather conditions suitable for
prescribed burns, provides the necessary training on prescribed burn methods, and plows control linesfor the
landowner at no cost. Please see the following link for more information:
http://www.dfr.state.nc.us/protecting/hazard_reduction.htm

Critique:

One author has argued that prescribed burning should be used not merely to reduce fuel load and suppress future
fires, but as amanagement tool to be applied only to those ecosystems or tree types that naturally rely on firein their
life cycles, such as ponderosa pine and lodgepole pine'*®.  Prescribed burning may not be applicable to all forest
management situations.

Program, Capital Improvements
See: Capital Facilities Plans

Propane Tanks
See: Tie-Downs

Public Education
See: Education and Training
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Public Facilities - Public Records

Public Facilities
See: Capital Facilities Plans

Public Facilities, Adequate Requirements
See: Concurrency

Public Housing

Definition: -
Index Listing
Relocate hazard-prone public housing units to areas of non- Hazard:
hazard, and/or All
retrofit hazard-intensifying elements within public housing units Activity:
to protect the welfare and meaningful possessions of residents, Planning
for whom personal property insurance may be unaffordable. Town/City Manager
Housing

I mplementation CRS-Compatible Activity:
520: Acquisition and Relocation
530: Retrofitting

North Carolina Region:
Statewide

This proposal must be presented to the public housing authority
of the city, county, or region. A Community Development Block
Grant (CDBG) could be sought to partially fund the retrofit,
relocation, or reconstruction project. This measure may also be

seen as an opportunity to:
+ replacetraditional high-rise design with clustered public housing structures of no more than three stories,
which have been characterized as less institutional and more community-oriented,
+ placepublic housing in closer proximity to jobs, education and training facilities, and public transit routes,
al of which may have shifted since the original siting of the units, and
+ create ashowcase for both hazard-wise design and green (environmentally conscious) building practices.

Public Information

See: Education and Training

Public Records

Definition

Perform a hazard-wise retrofit of the primary local government
records building, and/or store digital or hard copies of public
records in a hazard -free offsite location to protect important or
irreplaceable documents.

Implementation

Documents that local government might consider copying and
relocating include: original town charters; books of court rulings;
local ordinances; deeds and cadastral maps; special use permits;
detailed crime records; budget records; birth, death, and marriage
certificates; demographic or geographic information collected
through intensive research; and historic photographs of local
figures, architecture, and events. Other important considerations
for local government to note in deciding whether or not to retrofit
public records buildings or relocate these documents include:
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Records, Public

Index Listing
Hazard:

All
Activity:

Library Services

Planning

Town/City Manager
CRS-Compatible Activity:

520: Acquisition and Relocation

530: Retrofitting
North Carolina Region:

Statewide




Public School Buildings- Purchase of Development Rights (PDR)

+  Certain legally defined relationships between alandowner(s) and between the city may not be binding
without official documented proof; the further back an agreement was reached or an exception granted, the

more difficult the deal isto verify.

+ Re-collecting information is a time-consuming and expensive endeavor, often fraught with incomplete

mental recollections.

+ |If City Hall or another downtown records building is architecturally significant, aretrofit might be

accomplished in conjunction with historic preservation efforts.

+ Inthe case of adocument relocation, this may be viewed as an opportunity to digitize paper documents and

build an electronic, and perhaps online, database.

+ At aminimum, documents should be moved from flood-prone basements to upper floors.

Public School Buildings

Definition

Retrofit hazard-intensifying elements within public school
buildings to ensure the safety of schoolchildren and faculty by
minimizing therisk of falling or propelled objects. Dueto their
dispersion throughout the community, school buildings are also
prime candidates to function as emergency sheltersfor
surrounding neighborhoods.

I mplementation

For specific measures, refer to the FEMA’s “Mitigation How To
Series” (http://www.fema.gov/mit/). Note that thisisan
opportunity to install new and up-to-date audio-visual equipment,
aswell as energy efficient lighting and air control systems. The
retrofit may also be utilized to locate and remove any residual
materials that may threaten health, such aslead, asbestos, etc.

School, Public
See Also: Safe Room
Index Listing
Hazard:
All
Activity:
Schools
Emergency Management
Planning
CRS-Compatible Activity:
530: Retrofitting
North Carolina Region:
Statewide

Purchase of Development Rights (PDR)

Definition

Purchase of a property’ s development rights
(PDR) issimilar to acquiring a negative
easement against development, in which a Hazard:
holder purchases the right to develop the - Al

See Also: Transfer of Development Rights (TDR)
Index Listing

Development Rights

property but not the property itself. Local Activity:
governments can use this technique as an Planning
aternative to fee simple acquisition or Town/City Manager
easements when the only purposeisto North Carolina Region:;
prevent development. - Statewide

Post Disaster

I mplementation

PDR is particularly suited to land in forestry or farming, where the current use is compatible with hazard-mitigation
goals. In this case, PDR can prevent the land from changing into a higher-risk use. PDR also help preserve or
enhance resource devel opment uses by providing the landowner with alump -sum payment in return for

development rights.}**

PDR isimplemented generally through aformal program that sets criteria for prioritizing purchases**° Such a
program might give preference to the purchase of development rights in hazard-prone areas. Communities may find
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Purchase Option, Right of First Refusal - Purchase Option, Right of First Refusal

it helpful to “lease” the development rights for a certain period of time (until a purchase can be made, or until public
facilities can be upgraded) rather than purchasing them outright. 4

Examples:

In Maryland, farmers wishing to sell their development rights submit bids to
the state Agricultural Land Foundation. The foundation evaluates the bids

with the goal of acquiring the highest-value land for the lowest sale prices.
147

Critique

The purchase of development rights may not be significantly less expensive than fee-simple acquisition. By owning
development rights the government assumes avery high level of control over property without being responsible for
its maintenance. However, the government does lose money in making the purchase and subsequently reducing tax
burden on the property. In North Carolina, PDR property must be taxed at arate that recognizes the diminution of
value resulting from its loss of development rights.X*® The government must al'so police the easement, since
unenforced rights may eventually be forfeited. PDR ma%/ not be cost-effective in rapidly suburbanizing areas
because the development rights may be very expensive.**°

PDR is not useful when hazard mitigation is only one part of a multiple-objective approach, such as acquiring open
space for recreational purposes, sinceit allows the owner to maintain the right to restrict public access. It should also
be noted that PDR does not preclude all uses of land, which may run counter to some mitigation objectives.

Purchase Option, Right of First Refusal

Definition

Index Listing
Purchasing aright of first refusal guarantees the government the Hazard:
first opportunity to acquire a property, while an option prevents - Al
the sale of the property to any another party for a specified Activity:
period. - Planning

Town/City Manager
I mplementation North Carolina Region:
. . . Statewide

Itisprobably not legal to enact a blanket right of first refusal over

all properties within ajurisdiction.®® As aresult, the best use of

this technique for mitigation purposes would be to monitor the use of specific hazard -prone properties. The
government could acquire an option or right of first refusal to prevent these properties from changing to a more
intensive use or to preclude post-disaster sales to developers. This technique might be more effective in conjunction
with sellback/leaseback, which would allow the local government to recoup some of the costs of purchasing the
option. Options may give communities enough time to find or devel op sources of financing for a purchase.

Critique

Thistechniqueisinitially less expensive than an outright purchase. However, if the community islikely to acquire a
property eventually, an option may add unnecessary cost to the purchase. Options do not preclude price increases, so
the government may have to pay more for afuture purchase than an immediate one. If the government marks the
property for acquisition and then fails to purchaseit, it may be liable for any diminution in value that results from

the presence of the option.
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Purchase Sdllback/Leaseback - Purchase Sellback/Leaseback

Purchase Sellback/Leaseback

Definition
Leaseback
A local government can control the use of itsland by selling or Sellback
leasing it to the private sector with restrictions, covenants or Index Listing
negative easements. This approach allows the government to Hazard:
maintain control of the property or prevent development on it - Al
without having to actually manageit. Activity:
_ Planning

I mplementation - Town/City Manager
The sellback/leaseback option allows the government to recover North Caro_l na Reglor:

o : X s Statewide
some of the cost of acquisition and can be done in conjunction

with acquisition, or as a condition of acquisition.*** Negative

easements, in which a holder purchases the right to develop the property but not the property itself, should be used
to prevent development on hazard-prone property sold or leased to the private sector, since allowing intensive uses
is contrary to the original intent of the public purchase.

These techniques can help restore businesses that have suffered a disaster-related loss of capital. The local
government would buy the damaged businesses out of their property, thenlease the properties back at alow rate.
Local authorities could also use this technique, where appropriate, to permit farming, forestry and similar activities
to occur on property that is not suitable for more intensive uses. These techniques can help local governments that
want to retain businesses within their jurisdiction.

Examples:

Lincoln County, MO, established aleaseback program after the 1993
Midwest Floods. Some of the land in the floodplain that the county acquired
after the flood will be leased back to its former owners, with the caveat that
nothing can be parked on the land from October to April. Regular lots are
leased at $50/year and waterfront |ots are $300/year. The revenues will be
used to pay the salary of afull-time floodplain manager. The county is also
|easing wetlands to the state Department of Conservation. The county
retains ownership of the property but the state manages it.1%2

Critique

Governments responsible for leasing or selling property must monitor compliance with the terms of the contract,
which is probably less of a burden than maintaining the property. If the government sells a property with
restrictions, those limits must be reflected in the tax burden on the new owner. As aresult, sellback may not be the
most lucrative way of returning government properties to the tax rolls.
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Rate Allocation Systems - Real Estate Disclosure Requirements

>R <

Rate Allocation Systems

See: Slowing Development

Real Estate Disclosure Requirements

Definition . -
Disclosure Requirements
Real estate disclosure laws require that the buyer and lender be See Also: Community Awareness Programs
notified if property islocated in a hazard-prone area. Advocates See Also: Notification of Location of Hazards
argue that a better-informed marketplace should result in better Index Listing
decision-making: lenders will be hesitant to extend credit in Hazard:
hazard zones; and well-informed consumers will chooseto avoid . Al
purchase in hazard areas, demand alower price or pursue Activity:
mitigation actions after purchase.>® - Emergency Management
Planning
I mplementation - Town/City Manager
Local practices by local real estate boards can make notification CRS:;SS_ mgztiglrz /I-Z\)(i:;lc\lllgjre
practices effective by requiring that newcomers be advised about C )
; . : North Carolina Region
hazard risks thoroughly and early in the home-buying process. Statewide
Real estate boards may also require prospective homeowners to

disclose past disaster events, regardless of whether the property
isin amapped high risk zone. Terms and maps used for disclosure of hazard risk should be understandable to
homebuyers. Notification could be required in newspaper advertisements for the property.

Hazard notification must be clear and easily understood to be effective. One way to simplify the notification process
would be to produce acommunity map or brochure that outlines the areas of high and moderate hazard vulnerability,
aswell as recommended mitigation techniques.!** These documents could be made available to prospective residents
through real estate offices. Ideally, notification should be paired with community awareness programsto ensure their
influence. Sellers should not have the option to make “no representation” about the hazard risk of the property.>®

Some examples of the hazard conditions that may require disclosureinclude: settling from any cause, or slippage or

other soil problems; flooding, drainage, or grading problems; flood insurance requirements; and property or
structural damage from fires, hurricanes, earthquakes, floods or landslides.**®

Examples:

There are three states that have adopted mandatory hazard disclosure
provisions: California, Tennessee, and South Carolina. In California, the
responsibility for disclosure is placed on the real estate agent representing
the property being sold. In Tennessee, the owner of the property is
responsible for disclosing information about hazards. South Carolina’' s
provision requires only that the purchasing contract include a disclosure
statement >’
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Records, Public - Relocation

Critique

Studies have shown that notification may have alimited impact on home-buyers. Often thisis because notification
came too late in the process, the warning message was weak or confusing, the warning message lacked credibility,
or because the consumer was not concerned*®

Currently, federally-regulated lending institutions must advise applicants for a mortgage or other loan if the building
isin afloodplain as shown on the Flood I nsurance Rate Map. Since this requirement has to be met only five days
before closing, the applicant is significantly committed to purchasing the property when he or shefirst learns of the
flood hazard.

Records, Public
See: Public Records

Regulations, Subdivisions
See: Subdivision Regulations

Definition .
See Also: Acquisition
Relocation means moving a building or facility to aless See Also: Parks
hazard-prone area, either within the same parcel or on anew Index Listing
parcel. Thistechniqueistypically used to avoid coastal or Hazard:
riverine flood hazards. “Relocation” can also be used to . Earthquake
describe the process of demolishing a building and - Erosion
reconstructing it outside the hazard area. - Flash Flooding
- Flooding
I mplementation - Hurricane
- Landslide

One way to make relocation work isto adopt what Pilkey et Activity:
al. call a10/100-year relocation plan. Under this approach, a 4

community develops arelocation strategy for its hazard-prone Engklneer(;ng i
structures within 10 years, then implements that plan over the Plaer\nﬁiin ecreation
ensuing 100 years.*® | ssues that need to be addressed in the Public V?/orks

planning stage include: cost-benefit comparisons of relocating
structuresintact or rebuilding; and whether buildings can be
relocated on the same property or if new property must be

Town/City Manager
CRS-Compatible Activity:

. 520: Acquisition and Relocation
ed 160 ) -
acquir North Carolina Region:
. . . Statewide
M obile homes and manufactured housing have been shown to Post Disaster

be highly vulnerable to floods and should not be located in the

floodplain. Where such housing can be relocated, this step
should be taken. Communities may wish to require a bond against the damage to public streets and utilities incurred
during amove.

Examples:

Nags Head, NC, is planning with relocation in mind. The town has limited
the waterfront development of structures that are difficult to move, such as
condominium complexes and hotels. Its building standards are very
restrictive and incentives are used to encourage development to occur away
from the ocean side.®! Nags Head also requires that the dunes at the former
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Renourishment - Retention Basin

site of arelocated building be stabilized or rebuilt. The former sites of
relocated buildings are subject to inspection to ensure that these
requirements are followed. ¢

Soldiers' Grove, WI, voluntarily moved itself out of the Kickapoo River
floodplain in the mid-1970s. Using federal funds, the town moved its entire
central business district and other flood-prone properties a half-mile from
the floodplain. The former downtown became ariverside park.'%

The city of Darlington, W1 developed a business park on a 35-acre parcel
south of the city to house some of its repeatedly-flooded downtown
businesses. The city relied on Economic Development Administration funds
to provide the necessary infrastructure, including a water main, gravity
sewer and force main, on-site sewage lift station, an access road and
drainage improvements. After completion of these improvements, several of
the businesses in the flood prone areas of the city were moved to this parcel
and became the heart of the new business park. The former sites of these
businesses were acquired by the city and converted to open space!®*
Relocating can be the stimulus for other community redevelopment goals.
Pattonsburg, Missouri adopted a Charter of Sustainability when it relocated
after the 1993 Midwest Floods. The portions of the community that have
been relocated outside the floodplain are designed to energy-efficient and
resource-conservation standards*®°

Brattleboro, VT, created a set of regulations to govern mobile home parks
located in high-risk floodplains. The rules allow park owners to expand
outside the floodplain. However, one unit inside the high-hazard area must
be permanently removed prior to the owner’ s receiving permission to add
three new units outside the floodplain.*®®

Critique

Relocation of some structures or facilities may not be feasible. At the very least, it is costly and inconvenient. The
cost of anew lot, a new foundation, new utility connections, |andscaping, moving fees and mitigation of the former
site (including the removal of foundations, utility connections, concrete and asphalt) may outweigh the value of the
structure. Adding to these costsis the fact that prices for |ots outside the floodplain are often more expensive. The
residents of North Carolina s floodplain are often low-income or members of a minority population or both. Local
governments must provide sufficient support for anyone it encourages or requires to relocate. Even so, local officials
should be prepared to address issues of equity if residents who must move are distinct from the community at large.

Renourishment
See: Beach Nourishment

Requirements, Adequate Public Facilities
See: Concurrency

Reservoirs
See: Dams and Reservoirs

Retention Basin
See: Stormwater Basin
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Retention Ponds- Retrofitting

Retention Ponds

Definition
Retaining or retention ponds (used here interchangeably with

detention ponds) are basins designed to catch surface runoff and
prevent its flow directly into a stream or river.

I mplementation

High volumes of stormwater runoff should be controlled because
they can create flood and landslide hazards. A typical stormwater
standard isthat stormwater must not leave a parcel at a higher
rate after the parcel has been developed than it did before. One
way to achieve thisisto require retaining ponds as a condition of
subdivision regulations. It is also possible to create a shared off-
site retention pond to collect stormwater from a number of
developments. Watershed planners should identify the most
effective common location. Developers can be required to
contribute to the construction of afacility that will be shared
among several projects. On-site retention ponds can be avaluable
source of water for fire fighting.

Critique

See Also: Onsite Sediment Retention

Index Listing
Hazard:

Flash Flooding

Flooding

Hurricane

Nor’ easter

Thunderstorm
Activity:

Engineering

Planning

Public Works
CRS-Compatible Activity:

540: Drainage System Maintenance

450: Stormwater Management
North Carolina Region:

Statewide

Retention ponds are arelatively inexpensive way to prevent localized flooding, provided that ample undevel oped
land is available, and have the added advantage of not altering the character of the streams they protect. These ponds
can act as groundwater recharge sites and reduce water pollution through soil filtering.

Retrofit of Fire Stations and Police Stations

Definition

Perform a hazard-wise retrofit of fire and police stationsto ensure
that in times of hazard, emergency service personnel and
equipment are not impaired by a damaged facility. Potential
scenarios to be avoided include the collapse of roof members
onto emergency vehicles and the jamming of bay doors through
which vehicles exit.

This practice will ensure that the fire or police station will be able
to serve as the operations center in the event of natural hazard.

Fire Sation
Police Sation
Safe Site
Seismic Preparedness
Index Listing
Hazard.
All
Activity:

Fire Prevention

Law Enforcement

Planning

Town/City Manager
CRS-Compatible Activity:

530: Retrofitting
North Carolina Region

Statewide

See: Seismic Preparedness
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Revetments for Beach Management - Revetments for Flood Control Works

Revetments for Beach Management

Definition
Revetments are created by placing hardened materials atop the
existing shoreto protect them from high tides, surges and floods.

Revetments disperse wave action and backwash and reduce
shoreline erosion.'®’

I mplementation

Proper revetment design includes afilter cloth backing that
prevents sediment from seeping through gaps in the hardened
material.1®® Revetments may be constructed out of a number of
materials and configurations, from boulders placed along the
backshore, to gabions*, to pre-cast armor units.

Critique

Revetments have some advantages over other structural
techniques. They absorb waves rather than redirecting their

Index Listing
Hazard:
Erosion
Hurricane
Nor’ easter
Thunderstorm
Act|V|ty
Coastal Engineering
Beach Management
Shore Protection
Town/City Manager
Planning
Coastal Management
North Carolina Region:
Eastern/Coastal

energy to unprotected areas. 1°° Most revetments do not significantly interfere with the movement of sand along the
shore. However, sand eroding from the shore before the construction of arevetment may have nourished a
neighboring area. Theinstallation of a revetment in this case may |ead to accel erated erosion on those beaches.*"

Revetments typically cover sandy spaces previously used for recreational beach activities. Any sandy areas | eft
exposed seaward of steep revetments are prone to erosion. Revetments also require perpetual maintenance, since

loose material can become a hazard in storm events.

Revetments for Flood Control Works

Definition

Revetments are created by placing hardened materials atop an
existing riverbank or slope to protect it from storm surges, floods
or on-going erosion. Revetments disperse waves, improve the
flow of water through the channel and reduce erosion of the
stream bank.*"*

I mplementation

Proper revetment design includes afilter cloth backing that
prevents shoreline sediment from seeping through gapsin the
hardened material.>"?> Revetments may be constructed out of a
number of materials and configurations, from boulders to
gabions* to pre-cast armor units.

Examples:

Index Listing
Hazard:
- Flash Flooding
Flooding
Hurricane
Nor’ easter
Thunderstorm
Act|V|ty
Coastal Engineering
Engineering
Town/City Manager
Planning
Public Works
North Carolina Region:
Statewide

Batavia, NY, used revetments to improve

* Gabions are wire mesh baskets filled with rock or rubble used as “bricks” in retaining walls and erosion control
structures. The bricks are tied together with heavy wire as construction progresses to form the compl ete structure.
* Gabions are wire mesh baskets filled with rock or rubble used as “bricks” in retaining walls and erosion control
structures. The bricks are tied together with heavy wire as construction progresses to form the compl ete structure.
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Review of Site Plan by Specialist - Riparian Habitat Protection

channel flow in Kibbe Creek. Several sections of the stream bank were
cleared to reduce snagging. Riprap revetments then placed on some of these
areas and stabilized with gabion baskets. These improvements keep the
creek waters from eroding the shore and also prevent floating objects from
snagging on the bank and causing backups.

Critique

Revetments require perpetual maintenance, since they are typically constructed of loose material that, if dislodged,
can become a hazard during storms or floods. Unlike vegetation, revetments may reduce resistance to water in a
channel. This canincrease the velocity of the water and discourage its infiltration to groundwater.

Review of Site Plan by Specialist

Definition
Consultant

Retain services of aqualified specialist for technical review of Site Plan Review by Specialist
site plans; this enables asite-by-site review of structural Index Listing
resilience to hazards and the devel opment proposals’ potential for Hazard:
the exacerbation of ahazard. Technical review isa particularly - Al
good option when a hazard is highly unlikely but the Activity:
conseguences could be devastating. . Engineering

Planning
I mplementation - Town/City Manager
The lead reviewer may be a scientist, engineer, or planner by Nortﬁuggr%}/i\ggseqion'
trade, but should have a special knowledge of hazard-resistant Statewide :
design pertinent to thelocality. Thelocal planning director or

other official with an understanding of the larger community and

economic context should coordinate with all development review individuals and boards. Finally, one source
cautionsthat, “It isimportant to use (hazard) information before lots are subdivided. Once this opportunity islost, it
becomes very difficult to deny individual lot owners the use of their unstable property.”

Critique

Specialists come at a price; however, if development pressures are mild, quality of reviewers may be substituted for
quantity.

Riparian Habitat Protection

See: Vegetation
See: Green Infrastructure
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Risk Assessment - Roadway Realignment, Dune Gap Plugsand Sediment Mounds

Risk Assessment

Definition

Risk assessment is a tool that evaluates the likelihood of a hazard
event and the probable degree of damage that would result. Risk
assessment may also take into account secondary damage, such as
the likelihood of well contamination following a flood.

Assessment should be based on hazard identification to target
more accurately the areas and properties that are most at risk.

Examples:

Portland, OR’ s regional Metro government
is evaluating earthquake risks using

Index Listing
Hazard:
All
Activity:
Engineering
Emergency Management
Planning
CRS-Compatible Activity:
410: Additiona Flood Data
North Carolina Region:
Statewide

geographic information systems software. Officials have produced maps
showing areas subject to liquefaction, ground motion amplification and
slopeinstability. They combined these maps to highlight areas with one or
more of these hazards. The maps were then compared with maps showing
buildings and lifelines to evaluate the risk to these facilities, to prioritize
retrofit programs, to improve emergency response and to minimize the risk

from future development (1993).

FEMA conducted a hazard assessment for Beebe Medical Center in Lewes,
DE. The assessment found that floods could close the two primary access
roads leading to the center. FEMA also discovered that disaster-related loss
of power, water supply or wastewater treatment failure, flying debris, or
wind or water penetrating the building could impair the hospital just when it
ismost needed. As aresult of the assessment, the center began to acquire

temporary and permanent wind shutters for its windows and doors:

174

Roadway Realignment, Dune Gap Plugs and Sediment Mounds

Definition

Roadway realignment is the technique of re-orienting near-shore
roads so that they are parallel to the beachfront rather than
perpendicular to it. The latter orientation tends to channel storm
surge and wind inland. Dune gaps are breaks in the dune field that
are created to provide beach access or ocean views. These can
also act aschannels for the elements. Sediment mounds are large
piles of material, usually sand, that act as artificial dunes or plugs
for these gaps in the natural system. These mounds are an
inexpensive way to slow theinland progress of storm-related
wind and water.

I mplementation

Planners must determine whether rearranging or eliminating

roads that are in improper alignment would preclude access to
private property. In the event that realignment is not possible, one
alternative isto construct sand dunes or seawalls at the beach end
of through streets. It is also possible to create sediment moundsin
the shape of the letter “t” at some through street intersections.
While these mounds will slow or stop overwash, they do require
the reorientation of traffic. T-shaped sediment mounds can be

Dune Gap Plugs
Sediment Mounds
Index Listing
Hazard:
Flash Flooding
Flooding
Hurricane
Erosion
Nor’ easter
Thunderstorm
M}L
Beach Management
Shore Protection
Engineering
Planning
Public Works
Transportation
Coastal Management
Town/City Manager
North Carolina Region:
Eastern/Coastals

131




Roadway Realignment, Dune Gap Plugsand Sediment Mounds- Roadway Realignment, Dune Gap Plugs and
Sediment Mounds

used as flood dams to prevent finger canals* from becoming flood conduits!”® Other communities may wish to dam
these canals entirely at their oceanfront ends.

It isimportant to note that flooding along streets works in both directions: water that washes inland will likely retreat
along the same path back to the sea. It has been noted in some cases that sound-side boat ramps can channel
returning water back onto barrier islands*”® This could be prevented by locating T-shaped sediment mounds located
near these ramps.

Where mounds have been built to plug dune gaps, access can be restored by providing public dune walkovers.
Walkovers not only provide a public route to the beach, they also help preserve theintegrity of the dunes as natura
mitigation structures (see Sand Dunes).

Examples:

Plannersfor Emerald Isle, NC, designed that community’ s roadsto be
curved (rather than straight) to prevent water from coursing inland along
them during storms. Emerald Isle’ s roads cross dunes; they go over them
instead of creating agap in the dune system. The roads were also designed
to not end on the beach””

A pilot study for Fernandina Beach, FL, called for plugging street-end dune
gaps with artificial dunes. Since these gaps had long provided pedestrian
access to the beach, planners anticipated that visitors would try to walk over
the new dunes. To protect the dunes and the vegetation that stabilizes them,
the Fernandina Beach study recommended building dune walkovers and
installin% sand fencing to direct and minimize the effects of pedestrian
traffic.™’

Critique

Blocking or re-aligning roads will change the local traffic pattern. This can raise issues of accessto private property,
which may in turn raise constitutional takings challenges. Such challenges can often be avoided by providing
aternative routes of access for property owners. Since many roads provide public access to the beach, realignment
can inadvertently restrict accessto the shore unless careful planning takes place.

* Finger canals are ditches or channels that are dug across a barrier island in order to maximize the number of
waterfront lots.
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Safe Room- Safe Site

- S <

Definition
Require construction of a“safe room” in new schools, daycares,
and rest homes to provide aroom, or adequate space, that is

capabl e of withstanding extreme wind forces and the force of
collapsing or propelled materials.

I mplementation

The room should be large enough to hold the anticipated number
of daily occupants of the building. Existing schools, daycares,
and rest homes could potentially receive government subsidy (see
Section 12) to reinforce aroom or hallway to function as a safe
room.

See Also: Public School Buildings
Index Listing
Hazard:
- Earthquake
Hurricane
Nor’ easter
Thunderstorm
Tornado
Act|V|ty
Engineering
Building Inspection
Planning
Schools
North Carolina Region:
Statewide

Definition

Determine whether or not public facilities
such as fire and police stations are currently
located on a hazardous site; if they are, Index Listing

acquire asafe site for afuturefire or police Hazard:
(sub)station to ensure that public safety . Al

services are sited outside hazardous areas, Act|V|ty
while still within range of development that Engineering

isthreatened by natural hazards. Residential
areas tend to proliferate around new fire and
police stations, creating the potential for the
site to be exploited as a devel opment
guidancetool. Co-location would also
facilitate ease of transition to an emergency

Planning

Retrofit of Fire Sations and Police Sations

Fire Prevention

Law Enforcement

Public Works

Town/City Manager
CRS Compatible Activity:

Fire Sation

School Facility

response center when need arises.

520: Acquisition and Relocation
North Carolina Region:

Statewide
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Sand Dunes - Sand Dunes

Definition

Dunes can provide asignificant level of protection against
building damage from severe storms and long-term shoreline
erosion. They prevent overwash flooding during storms and
minimize the scouring that occurs when this water retreats to the
sea. Dunes also shelter buildings from high winds. In thelong
term, dunes hel p replenish beach sands and maintain beach width.
Dunes can be constructed artificially by trapping sand with fences
or by piling sand into dunes with bulldozers. Dune stabilization is
atechnique for anchoring sand in dune form using plants.

I mplementation

Constructing new sand dunes requires an understanding of the
biological and physical processes of the coastal zone. The most
effective method of creating new dunesisto interrupt airflow
with fences made of porous materials. This technique encourages
sand to deposit where the airflow has been disrupted. Itis
important that the fences alter the airflow but do not halt it. One
note: other factors can also affect airflow and the subsequent
shape of the dune field. Predominant among these is construction
ontheshoreline.

See Also: Dune Protection
See Also: Sediment-Trapping Vegetation,
Coastal
Index Listing
Hazard:
Erosion
Hurricane
Nor’ easter
Thunderstorm
Activity:
Beach Management
Shore Protection
Planning
Coastal Management
Town/City Manager
CRS-Compatible Activity:
400 SH Specia Hazard Areas
North Carolina Region:
Eastern/Coastal

Dunes can also be built using vegetation. It isimportant to note the distinction between vegetation used for dune

construction and for dune stabilization, asthey are usually of different species. It isalso important to note that such
methods are less likely to work at restoring interior dunes, since much of the sand that would feed them is covered
by buildings, lawns and roads”® In these cases, it is necessary to create dunes by depositing sand manually. Sand
used fcl)gt;this purpose should match the existing sand type. New dunes should resemble and be in line with existing
dunes:

Dune stabilization can be achieved through grading or the rapid construction of new dunes with earth-moving
equipment. It is also possible to anchor the surface of the dune by adding chemicals or planting vegetation (such as
grasses, shrubs and trees).

Shorefront dunes are often protected by state |egislation; however, interior dunes rarely receive the same degree of
protection®* CAMA requires that new development not cause the “significant” removal or relocation of sand or
vegetation from primary” and frontal” dunes. CAMA also requires that small structures be located landward of the
toe of the frontal dune or the crest of the primary dune, whichever is further from the water. 82

Examples:

A 1994 hazard mitigation study for the City of Fernandina Beach, FL,
called for reconstructing damaged dune fields through sediment capture
with sand fencing. The capture stage isto be followed by the planting of
native sea oats that will anchor the dunes. The Fernandina plan notes that
the end of the sand fencing should be connected with neighboring dunes to
establish a continuous dune system. 183

Duxbury, MA created two “sacrificial” dunesto protect the town’ sinner
bay. Thetwo 16-foot artificial dunes consist of 60,000 cubic yards of sand.

" Overwash is when ocean-side waves are driven onto an island, usually through gaps in the dune field. Because of
their vulnerability to overwash, dune gap areas should be considered hazardous.

" Primary dunes are the first dunes with a height equal to the mean flood level plus six feet.

" Frontal dunes are the first dunes landward of the beach large enough to provide some measure of storm protection.
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Sand-scraping - Scenario Analysis

Town administrators recognize that the dunes could wash away in the next
major storm. However, they hope that the dunes will absorb the impact of
that storm and that the sand will continue to exist within the local sand
“economy” to be brushed back onto the beach over the following years.*%*

Critique

Dune fields can be difficult to integrate with existing beachfront residences. To provide any storm protection, dune
fields must be wide. A study of dune fields in South Carolina following Hurricane Hugo discovered that the

minimum effective field size was 100 feet wide, with dunes 10 feet high on average.

Dune fields must be intact in

order to protect the structures behind them. Dune gaps created for public access and for ocean views are vulnerable

to storm overwash.!®

will have trouble building dunes artificially.'%

® Dunes migrate as part of their natural life cycle. Attempts to anchor dunes in place generally
result in “seawall” dunesthat narrow beaches and may cause erosion at their ends:

187 Areas with low sand supplies

Sand-scraping

Definition

Sand scraping is atechnique for reinforcing the beach without
adding new sand. The top foot of sand is scraped from the beach
with bulldozers and deposited above the high-tide line. This may

result in new sand drifting onto those parts of the beach that are
below the high-tide line.

I mplementation

Scraping should dig no deeper than one foot below the existing
surface to prevent the beach from becoming too steep. Stipend
beaches erode more quickly than those at their natural slope.

Critique

While sand-scraping is less expensive than beach nourishment, it
isalso only atemporary solution to beach erosion. Scraped
beaches continue to erode, and may erode more quickly than
natural beachesin storms. 18 If so, this technique would not be

Index Listing
Hazard:
Erosion
Hurricane
Nor’ easter
Thunderstorm
Act|V|ty
Coastal Engineering
Beach Management
Shore Protection
Engineering
Town/City Manager
Planning
Coastal Management
North Carolina Region:
Eastern/Coastal

well-suited for mitigation. Some research has shown that beach scraping may actually help beaches recover after a

storm event

loss on downdrift beaches®:

% However, since no new sand is added to the system, gains on scraped beaches amount to a net sand

Scenario Analysis

Definition

Scenario analysisis amethod of consciously recognizing both
immediate and secondary impacts of undertaking a particular
activity. Many of the beneficial impacts associated with hazard
mitigation are not easily quantified by traditional methods of
benefit-cost assessment. While aformal hazard vulnerability
assessment provides a nice foundation for scenario analysis,
general knowledge of the community’s political, economic, and
social atmosphere isintegral to this forecasting exercise. Below
are five questionsto ask in conducting a scenario analysisto aid
in selecting the most vital mitigation practices for your

Analysis

Index Listing
Hazard:

All
Activity:

Planning

Town/City Manager
North Carolina Region:

Statewide
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community.

1) If a“worst-case” hazar d occurs, what does my community stand to lose?
Human casualties (including residents, tourists, and rescue personnel)
Pet and livestock casualties

Infrastructure damage and loss of critical facility function

Damage to historic structures

Loss of vital records and documents

Temporary business closings

Personal property loss

* & & o o o o

2) What reactionary expenses and further losses are associated with original set of |osses?
Facility and infrastructure repairs

Debris and contamination clean-up costs

L ost wages and sales tax revenue from prolonged closings

Permanent business closings and economic stagnation

Environmental costs (often from secondary technological hazards)

Homeowner relocation costs

* & o o o o

3) Can any of the suggested mitigation practicesreduce primary or secondary losses?

4) Can any mitigation practices also enhance local livability or sustainability?
+  Conservation of natural lands

Enhanced recreational opportunities

Reduced overhead costs for emergency preparation

Improved access to community facilities

Heightened efficiency of utilities or introduction of better technology

Attraction of business and industry

Improved air and water quality

“Green” building practicesin private devel opment

Increased transportation choices and reduced congestion

* & & o o o o o

5) Arethe most promising mitigation practices feasible in the context of local constraints?
+  Technical feasibility

Affordability (potential for enterprise funding or general obligation bond)

Political willingness and public acceptance

Maintenance or management requirements

Environmental repercussions

State enabling legislation or special permission

* & o o o

School Facility

Definition -
Safe Site
Acquire asafe site for afuture school facility to ensure that Index Listing
schoolchildren are not exposed to any degree of natural hazard Hazard:
that is avoidable within the local context. . Al
Activity:
I mplementation - Planning
_ Schools
Advance acquisition may actually lead devel opment away from CRS.Compatible Activity:
hazards: homebuyerstend to value proximity to a new school - paliie / Y .
o ) . 520: Acquisition and Relocation

building (or promise thereof), and developers tend to listen to . .
homebuyers North Carolina Region:

' Statewide

136



School, Public - Sediment Retention

School, Public
See: Public School Buildings

Seawalls and Bulkheads

Definition
Bulkheads

Seawalls are vertical coastal walls designed to protect buildings Index Listing
against shoreline erosion. They may or may not also protect Hazard:
against storm wave attacks. Bulkheads are vertical walls set back . FErosion
from the shoreline, often constructed of wood or steel. Unlike - Hurricane
seawalls, bulkheads are primarily designed toretain loose fill and - Nor’ easter
sediment behind them. Despite their differences, the terms . Thunderstorm
seawall and bulkhead are often used interchangeably. Activity:

- Coastal Engineering
I mplementation - Beach Management
Seawalls must be constructed of durable, immovable materialsin ﬁr:nrﬁl rl:gr}otecnon
order to withstand the power of storm waves. They should betall Coastal Manacement
enough to prevent being overtopped, but extend deep enough into vianag
the sand to prevent being undermined.**> Seawalls may be curved . Town/City M anager

: . T North Carolina Region:

or stepped in design. These shapes help dissipate waves. Eastern/Coastal

CAMA strictly regulates shoreline stabilization measures. In

general, bulkheads must be located above the mean high water level and landward of marshland. They cannot
impede public accessto the shore. CAMA regulations state a preference for the use of riprap (revetments), gabions
and vegeltgastion rather than seawalls because the former are less expensive and more effective at mitigating erosion
impacts.

Critique

Seawalls are costly to build and strictly regulated by CAMA. Seawalls reflect waves and intensify currents,
steepening the profile of the beach and inducing erosion in front of the wall and on property located beyond the ends
of thewall. Seawalls require continual maintenance and investment since loosened materials can become a hazard
during storms** Temporary seawalls constructed from sandbags are unlikely to withstand the force of a storm and
should be used only to repel normal erosion until the structure they are protecting can be relocated.

Since the purpose of bulkheads is to retain material rather than provide protection from the sea or |ake, they do not
provide good protection from storms or other flooding events.

Sediment Mounds
See: Roadway Realignment

Sediment Retention
See: Onsite Sediment Retention
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Sediment-Trapping Vegetation, Coastal - Sediment-Trapping Vegetation, Coastal

Sediment-Trapping Vegetation, Coastal

Definition

Plants help make the coast more resilient to severe storms by
collecting sediment in protective features such as dunes or barrier
islands. Dunes absorb waves, slow the inland progress of storm
surges and shield coastal buildings from high winds. Plant roots
and stems help build and preserve dunes by trapping sand grains
and forming an erosion-resistant surface. Sound-side marsh
plantings can help trap sediments, leading to increased barrier
island width and height1*°

I mplementation

Planting for sediment-trapping mitigation purposes may include
introducing new vegetation, replanting removed vegetation, and
preserving existing vegetation. Several steps should be followed
when developing a planting program. These include: identifying
the type of vegetation to be planted; finding a source for the
plants; and creating a post-planting maintenance program. 1%
Native plants fare better than other species, especialy in the harsh
coastal environment or in marshes.

Vegetation, Coastal
See Also: Sand Dunes
Index Listing
Hazard:
Erosion
Hurricane
Nor’ easter
Thunderstorm
Activity:
- Beach Management
Shore Protection
Planning
Coastal Management
- Town/City Manager
CRS-Compatible Activity:
400 SH Specia Hazard Areas
North Carolina Region:
Eastern/Coastal

Officials should take several stepsto protect vegetation from human traffic. Dune walkovers should be constructed
prior to the planting of vegetation. The walkover should not rest on the dune. Any plants that are disturbed in the

construction of dunes should be replaced as quickly as possible.

It is possible to encourage maritime forest to grow on dunes that are first stabilized with grasses. Marshes, like
wetlands, can be created artificially for mitigation purposes. Existing coastal wetlands are considered Areas of
Environmental Concern under CAMA and, as aresult, are granted many protections against devel opment.

Examples:

In an effort to preserve the maritime forest where it still remains, Pine Knoll
Shores, NC requires a permit to cut down any tree over two inchesin
diameter.®” Much of the town’s maritime forest is protected as publicly -
owned conservation areas. Pine Knoll Shores has experienced moderate
success slowing sound-side erosion by using artificially -cultivated salt

marshes!%

Dune grass planting can be planned as part of abeach preservation program,

aswas donein Avalon, New Jersey 1%°

Critique

Vegetation is an effective and inexpensive way to stabilize dunes and protect marshes from erosion. In addition to
mitigating against storms, plants enhance the natural beauty of the landscape and provide food and habitat to many

types of animals.

While vegetation may reduce some storm impacts, it does not protect against hurricanes and is more fragile than
hardened structures like groins or jetties. Shoreline plants are sensitive to human intervention and must be protected,

wherever possible, by restricting pedestrian and vehicular traffic.
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Seismic Preparedness and Retrofitting

Definition

Earthquakes
Seismic retrofitting means preparing Retrofit of Fire Sations and Police Sations
existing and new buildings to withstand the Retrofitting
shaking force of an earthquake. Index Listing
Preparedness al so includes non-structural Hazard:
improvements to reduce earthquake damage . Earthquake
within a structure. Activity:

Engineering

I mplementation - Planning
Nearly every structure, both public and Nortlr?u(t:)zlalr((:)l\:\r/](;rgst;qion-
private, is acandidate for seismic Western/Mountai n.s
retrofitting of some sort. Public buildings,

especially those that also serve as shelters,

should be made earthquake resilient. Structural improvements typically include adding braces and removing
overhangs. Bridges, water towers and other non-occupied structures should also be retrofit with earthquake-resilient
materials. Sources of secondary damage, such as sprinkler pipes, water and gas service lines should be secured or
fitted with shutoff valves. Fuel tanks and their supply lines should be securely anchored so that they are not
dislodged by earthquakes. Unanchored basement tanks can tear free of their supply lines. Fuel storage tanks need to
be inspected and, if necessary, repaired or reconstructed following hazard events.

Homeowners should be encouraged to undertake relatively simple but effective non-structural mitigation actions.
Thesemight include: securing bookcases, light fixtures and computer monitors; covering high-hazard windows with
shatter-resistant film; and locating hazardous materials where they are unlikely to be spilled in an earthquake.
Government and public buildings should be inspected for equivalent mitigation opportunities. Education and
awareness programs can help raise public interest in mitigation activities.

Examples:

Officialsin San Leandro, CA, offer (for aminimal charge) an inspection of
residents' homes for earthquake preparedness, a handbook and videotape
outlining possible retrofits, and a post-retrofit certification of the
upgrades?®* Such certification could be an asset for home sellersin
earthquake-prone communities.

In 1996, officialsin Bartlett, TN, are planning to retrofit the wells that
provided the public water supply with seismic fittings to resist earthquake-
induced failure. Memphis Gas, Light and Water intends to install
emergency generators as a part of its seismic retrofitting program. 2%

Critique

While effective, seismic retrofitting can be expensive and may be alow public priority in areasthat are rarely
affected by serious earthquakes. However, some analysts believe therisk of earthquakesin North Carolina,
especially in the western counties, has been grossly underestimated. As aresult, most communities in the state have
not taken any of the many simple, inexpensive steps that could significantly increase their earthquake resilience.
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Seismic Retrofits of Critical Facilities

Definition

Brace generators, elevators and other vital equipment in critical
facilities such as hospitalsto ensure that the usual operations of
hospitals are not disturbed by the jarring associated with an
earthquake. There are numerous procedures taking place at any
given moment in a hospital that cannot be interrupted by
equipment or power-source failure.

I mplementation

Earthquake retrofits are most valuable for unprepared hospitalsin
regions such as western North Carolina, where earthquake risk
abounds but seismic activity has been dormant for many years.

Sellback

See: Purchase Sellback/L easeback

Service Areas

Critical Facilities
Earthquakes
Index Listing
Hazard:
Earthquake
Activity:
Engineering
Health Services
Planning
Public Works
North Carolina Region:
Western/M ountains

Definition

Local governments, under their taxing authority, can designate
areas that will receive services and ones that will not, and tax the
former at a higher rate. (For avariation on this, see Special
Assessment Districts.) Local governments could use this

technique to provide differing levels of servicesto higher and
lower-risk areas.

I mplementation

This technique should be used in conjunction with aregulatory

Index Listing
Hazard:
All
Activity:
Engineering
Planning
Public Works
North Carolina Region:
Statewide

program, such as zoning, that actively li mits development in areas with lower, more attractive tax rates.

Critique

Ironically, under-served areas may be more attractive to residents because of their lower tax rate. Thiswould run
counter to the intent of a program that limits services in hazard-prone areas. This technique may face uniform

taxation legal challenges under the uniformity of taxation provision.
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Setbacks, Sopes - Sewage Lift Station

Setbacks, Slopes

Definition

Use large sethacks when building roads near slopes of marginal
stability in order to steer development away from a potential
hazard while protecting drivers and roads. Roads built near
dynamic slopes will eventually require removal, indicating an
incompatibility with the business activity, residential life, and
traffic patterns that have been built around this assumed-
permanent infrastructure. The intermittent weight-loading of
heavy traffic volume may contribute to slope instability, and
slopes immediately adjacent to roads present a hazard for drivers
who are forced to veer from the roadway.

I mplementation

Thisisaconcern to be expressed to the Municipal Planning

See Also: Sope Sabilization
Index Listing
Hazard:
Flash Flooding
Flooding
Landslide
Activity:
Engineering
Planning
Public Works
Transportation
North Carolina Region:
Western/Mountains

Organization or responsible road authority. Natural geographic featuresto take into consideration in planning the
placement of anew roadway or evaluating the stability of the previous one:

+  Therisk of earthquake multipliesthe risk of landslide and should consequently increase length of the

setback applied.

+ Riverbanks are exceptionally dynamic by nature and are suspect as structural supports.
+ When siting aroad near the coast, consider erosion rates, the potential for hurricane-accelerated erosion,

and how erosion can undermine the base of slopes.

+ Know the qualities of the underlying rock and water table to avoid placing roads on potential liquefaction

sinkholes (water-saturated soils temporarily |ose support capability). 12

Employ similar considerations when siting scenic overlooks at the roadside, and note that roads that are not set back
from slopes will likely require the purchase of reinforced guardrails. Finally, road placement can influence the
course of development: if anew road islocated at a distance from alandslide hazard, subsequent devel opment will
also tend to be sited farther away from the hazard area.

Setbacks, Shoreline

See: Dune Protection

Sewage Lift Station

Definition

Raise electrical components of the sewage lift station or stations
above base flood elevation, and/or install aflood telemetry
system. Furnish the station with “quick connect” emergency
generator hook-ups to keep sewage lift pumps operational during
aflood event. Commonly situated at low elevations, sewage lift
stations often fall victim to flooding. Simple telemetry
equipment offers early detection of high water levels at the lift,
and timely response can keep the station operational.

I mplementation

Evenif some floodwatersinfiltrate the pipes, aslong as
pressurization is avoided, sewage flow will continuein the proper
direction. Inundation and malfunction of a sewage lift station

Index Listing
Hazard:
Flash Flooding
Flooding
Hurricane
Nor’ easter
Thunderstorm
Activity:
Engineering
Planning
Public Works
CRS-Compatible Activity:
430: Higher Regulatory Standards
North Carolina Region:
Statewide
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Sewage Treatment Plant Retrofit - Sewage Treatment Plant Retrofit

marks the seizure of motion in the sewage system: waste is no longer ushered up inclines and toward the treatment
plant and widespread surcharging is possible. Raise the electronics of the lift station above base flood elevation to
protect the vital and costly switchboard. If thelift has become disconnected from the city’ s electrical grid, yet the
onsite electronics remain dry and functional, service personnel can safely use a“quick connect” hook-up installed in
the station to access power from an elevated onsite generator. Consider using customer feesto fund these
improvements, a practice used to finance watertight manhole covers.

Sewage Treatment Plant Retrofit

Definition

Build an earthen dike around a flood-threatened
water or sewage treatment plant to avoid
inundation of the local water or wastewater

treatment plant, two of the most crippling
occurrences wrought by flood.

Businesses served by the plant, even those outside
hazardous area, might be forced to cease
operations. Moreover, if awater treatment plant
becomes inundated by floodwater, residents may
have to find a substitute source of potable water for
days or weeks. Chemicalsto fortify the tainted
treatment process are expensive.

I mplementation

The state can assess afine to the water treatment
authority for prolonged failure to regain adequate
drinking water standards after a disaster. In

Water Treatment Plant Retrofit
See Also: Dikes, Levees, Floodwalls and Berms
Index Listing
Hazard:
Flash Flooding
Flooding
Hurricane
Nor’ easter
Thunderstorm
Activity:
Engineering
Planning
Public Works
Town/City Manager
CRS-Compatible Activity:
530: Retrofitting
North Carolina Region:
Statewide

planning the dike’ s construction, alocal earthmoving company might wish to charitably assist as an excellent
advertising opportunity and perhaps more compellingly, atax write-off. Finally, an earthen dike may hide lotsand
structures, deflect some odors associated with treatment plants, and raise nearby property valuesin the process.

Critique

Each flood may wear away layers of the rammed-earth dike and warrant significant maintenance. However, an
earthen dike can be strengthened several-fold with concrete lining, corrugated metal, or masonry stone, particularly

around the base.
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Sewer Manholes - Sideyards

Sewer Manholes

Definition

Install watertight covers or inflow guards on sewer manholes,
and/or raise manhole openings onto concrete pillars to prevent
floodwaters from infiltrating sewerage pipes and causing sewer
overflow, pipe pressurization, and household surcharge of
untreated wastewater. Watertight manhole covers or inflow
guards prevent floodwaters, as well as common stormwater
runoff, from infiltrating sewerage pipes. Surcharge can result in
damage to home interiors via sinks, toilets, and basement drains.
While surcharge can be partially controlled with household
backflow guards, sewage that surcharges onto streets during a
flood is quickly disbursed by floodwater and can contaminate
yards and gardens; outdoor recreation and the health of family
pets are threatened by the subsequent contamination. In addition,
the sewer plant may process more efficiently with less runoff
volume occupying pipe space and consuming treatment
chemicals.

I mplementation

Manholes

Index Listing
Hazard:

Flash Flooding

Flooding

Hurricane

Nor’ easter

Thunderstorm
Activity:

Engineering

Planning

Public Works
CRS-Compatible Activity:

430: Higher Regulatory Standards
North Carolina Region:

Statewide

If relatively few manholeslie in the floodplain, the cost of watertight models/ inflow guards should be modest and
within the scope of wastewater servicerevenue. A temporary increase in sewage system user feesispossibleif a
great number of manholes are at risk. For sewer lines running alongside ariver, acommon practiceisto raise
manhol e openings onto concrete pillars, well above base flood elevation.

Shelters

See: Emergency Shelters

Shoreline Setbacks

See: Dune Protection

Sideyards

Definition

Require large sideyards between adjacent buildingsin residential
and commercial areasto increase the distance between
susceptible structures and lessen the potential for adjacent
ignition. Non-structural buffers between buildings can buy time
for fire service response and improve the chances of fire
containment. “Urban settings with short sideyard setbacks may
increase fire hazard and intensity since ignition from adjacent
structures becomes feasible through multiple channels—radiative
heat, convection and firebrands.” **

I mplementation

Index Listing
Hazard:
Drought
Wildfire
Activity:
Planning
Town/City Manager
North Carolina Region:
Statewide

V egetation should be minimized in sideyards if they are to be maximized as defensible spaces.
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Site Plan Review by Specialist - Sope Stabilization

Site Plan Review by Specialist

See: Review of Site Plan by Qualified Specialist

Slope Stabilization

Definition

Erosion Control
Most slopes greater than 15 degrees have enough soil and loose See Also: Setbacks, slopes
rock to cause alandslide. Slopes can release debris at any time, See Also: Soil Conservation
but are most stable when dry. Avalanche risk greatly increases Index Listing
when steep slopes and loose soils are drenched with water. While Hazard:
the most common source of excess water isintense rainfall, - Landdlide
broken water pipes and misdirected runoff concentrated by roads, Activity:
roofs, or large paved areas have also been known to cause - Engineering
landslides. - Planning

Public Works

Slope stabilization refers to avariety of methods for reducing the North Carolina Region:
risk of landslides by reinforcing dangerous slopes or those slopes - Western/Mountains

weakened by development. The practice of slope stabilization is
applicable for both “land-locked” slopes and riverbanks, since a
collapsed bank can severely hedge or pinch the flow of ariver. Thisisalso awise practicein recreational lands for
the safety of hikers.

I mplementation

There are awide variety of bio-engineered methods of slope stabilization. To learn about mattressing, blanketing,
living revetments, and other plant-related stabilization techniques, see the North Carolina State University Water
Quality Group’s suggestions at:

http://h2osparc.wg.ncsu.edu/estuary/rec/strmbnks.html. 10

Some methods of stabilization involve changes to the structure of the slope, such as reducing its steepness, placing
additional support material at its foot to prevent a slide, or reducing the load by removing some of the materials high
on the slope. The hazard from debris flows that occurs in modified slope cuts can be decreased by 1) limiting the
height and slope of cuts and fills, 2) properly compacting fills and keying them into bedrock, and 3) properly
controlling the flow of water onto slopes?®®

Other stabilization techniques are designed to anchor loose material in place on the slope. It is possible to either
cement potential slide material or bolt loose rocks. Reforestation or vegetation may also help to anchor loose slopes.
Vegetation that is disturbed during hillside development should be replaced as quickly as possible.

Another set of techniques are designed to contain slide materials behind a solid structure, such as aretaining wall.
The most successful of these tend to be low, thick walls placed at the toe of aslide. In some cases, walls can be built
to deflect potential mudflows away from or around structures. To be effective, diversion walls must be carefully
designed, properly built and regularly maintained.

Since water greatly increases the risk of landslides, wise water management can help reduce the hazards associated
with steep slopes. One method is to cover the surface with impermeable material to prevent water from reaching the
loose material beneath it. Thistechnique will increase stormwater runoff and may create flood hazards downstream.
A more promising technique is to keep excess water away from steep slopes, either by redirecting runoff or by
installing a subsurface drainage system. Officials could conduct a stormwater “audit” to discover any unnecessary
sources of water, such as misdirected runoff from streets. Improperly designed highway culverts and watering of
lawns can create unstabl e slopes. Subdivision regulations should require stormwater management programs that
prevent runoff from filtering onto steep slopes and |oose soils.



Sowing Development: Rate Allocation Systems, Growth Phasng, Total Population Charter Limits; Development
Caps- Sowing Development: Rate Allocation Systems, Growth Phasing, Total Population Charter Limits;
Development Caps

Critique

Many erosion problems can be prevented through proper site design or with regulations that limit development on
severe slopes. These measures can help avoid costly stabilization work.?%*

Slowing Development: Rate Allocation Systems, Growth Phasing, Total Population Charter Limits;

Development Caps

Definition Development Caps
Growth Phasing

Thesetermsall refer to techniques for limiting a Rate Allocation Systems

community’s rate of growth. Unrestrained growth can Total Population Charter Limits

spread communities into hazardous areas; the pressing Index Listing

need for housing and community space may outweigh Hazard:

the inclination to identify hazardous areas and enact the - Al

appropriate ordinances and policies for the Activity:

community’ s protection. The rate allocation and growth - Planning

phasing tools are annual caps on the percentage of total North Carolina Region:

growth or acap on the number of units or square - Statewide

footage allowed per year. Total population charter Post Disaster

limits and development caps are absolute limits on
population or housing units. To belegal, they must be
applied on an annual basis. Asaresult, they are essentially another rate allocation mechanism.

I mplementation

There are two predominant approaches to slowing development: a“cap” on total future growth; and an annual limit
to growth. The former, in which some upper limit is defined and the zoning set to match that limit, is likely to be
considered too arbitrary to be constitutional. An annual cap could be implemented by restricting the number of
building permitsissued each year. Communities could use the time granted by the latter approach to finance the

purchase of hazard prone property or install emergency facilities, such as upgraded evacuation routes®®®

These limits may be particularly applicable where hazards are geographically concentrated and where emergency
facilities are limited, such as barrier islands. They are more commonly used to protect the aesthetics of a community
or to ensure that anatural resource is not overburdened2°® Rate limits can also be used to ensure that “lumpy”
investments, such aswater treatment plants, that cannot be provided incrementally are adequate for the demand.

Rate limiting growth systems allow communities to establish a competition for alimited number of annual permits.
In some cases devel opers try to accumulate a certain number of points, which will allow them to build. In other
cases, the proposals are eval uated against specific criteria, with the best plans being granted permits. These
competitions can be used to affect the quality, type and location of growth. For example, adeveloper could earn
approval by including mitigation actionsinto hisor her proposal. Another approach to limiting the speed of growth
is to make the conditions of building permit approval very stringent.2°” Such an approach is likely to meet with
resistance from local residents.

Examples:

Petaluma, CA, enacted an annual limit to the number of building permits
issued each year. Development permits are eval uated according to the city’s
general plan and environmental design plans?>°®

A rare attempt to use atotal population cap was invalidated by the courtsin
BocaRaton, FL. Thelegal challenge argued that substantive due process
had not been observed since no rational link between the limit and the
actual capacity of the city had been established. Opponents also argued that
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Small Business Audits - Smart Growth

the cap amounted to ataking of property without compensation, and that it
impeded the right to travel. The courts found that Boca Raton had violated
due process and that the limit failed to meet a rational municipal

objective. 2%

Critique

Competition-based all ocation systems can be complex and time-consuming to administer. On the other hand, limits
that are not based on competition do not address the quality, type and location of growth. If the rate or phases are
slower than market rate, property values will increase, which can affect the character of the community. A slower-
than-market growth rate can also cause development to |eapfrog to neighboring jurisdictions.

While limiting the speed of growth through an annual cap may reduce hazard risk in the short run, in the long run
the total growth of acommunity will be unchanged. (A cap on total growth isunlikely to withstand legal scrutiny.)
Communities must take advantage of the extratime afforded by these growth slowing mechanisms to reduce their
hazard risk through land use and hazard mitigation planning.

Small Business Audits
See: Audits of Small Businesses

Smart Growth

Definition
See Also: Green Infrastructure
When a community experiences a disaster, there exists aunique See Also: Sustainable Devel opment
window of opportunity to redevel op the community using the Index Listing
principles of smart growth. By reducing vulnerability to natural Hazards:
hazards and adhering to smart growth principles, acommunity . Al
can become even better than it was before. Activity:
Planning

The definition of smart growth differs fromcommunity to - Town/City Manager
community, but essential principles of smart growth, based on North Carolina Region:;
those from www.smartgrowth.org, are as follows: . Statewide

1. Mixland uses. Post Disaster

2. Takeadvantage of compact building design.

3. Create arange of housing opportunities and choices.

4. Create walkable neighborhoods.

5. Foster distinctive, attractive communities with a strong sense of place.

6. Preserve open space, farmland, natural beauty, and critical environmental areas.

7. Strengthen and direct development toward existing communities.

8. Provideavariety of transportation choices.

9. Makedevelopment decisions predictable, fair, and cost effective.

10. Encourage community and stakeholder collaboration in development decisions.

11. Protect life, property, and the economy by minimizing present and future vulnerability to all natural

hazards.

Because the definition of smart growth varies from community to community, one person’s “smart growth” is not
another’s. Not all definitions of smart growth adhere to the principles mentioned above. In fact, in some cases the
term “smart growth” has been captured for political reasons and does little to promote the principles. Assuch, it is
necessary to judge smart growth initiatives by its policies, not by the title alone.

Examples:

Asheville, NC created its own definition of smart growth and revised its
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Soil Conservation and Steep Slope Preservation - Special Assessment Districts

comprehensive plan to reflect the principles. For more information, see
http://www.ci.asheville.nc.us/business/smart.htm

Kinston, NC suffered widespread damage during Hurricane Floyd, and
many of the city’s properties were part of the state buy out program.
Kinston recognized the need to apply smart growth principles when
redevelopment began. By encouraging infill development and

redevel opment within the city limits, Kinston began the process of planning
to mitigate the impacts of natural hazards using principles of smart growth.
For information on the city’s smart growth hazard mitigation plan, see
http://www.p2pays.org/ref/14/13614.pdf

Soil Conservation and Steep Slope Preservation

Definition -

Erosion Control
Sail conservation and steep slope preservation are measures that See Also: Sope Stabliziation
aretypically implemented as ordinances that place restrictions on Index Listing
the grading of hillsides and that establish development limits on Hazard:
landslide-prone slopes. Erosion

Landslide
I mplementation Activity:
It is often possible to reduce erosion and stabilize slopes using IEIZ?: :i?]en ng
non-invasive structural measures. For example, planting Public V%/orks
vegetation or maintaining slope terraces can slow slope runoff. . _
See Slope Stabilization for further discussion Hont Carolin Remo_n.
' Western/Mountains

Examples:

The North Carolina Sedimentation Pollution Act specifies several soil
conservation and slope preservation actions. These include: planting
erosion-restraining ground cover within 30 days of final grading of asite
and requiring that no project shall include a slope too steep to be retained by
vegetation or other erosion-control devices?*°

Special Assessment Districts

Definition

Special assessment districts apply to property owners who
directly benefit from a specific public improvement. These
owners of both new and existing development in the district are
charged afee that is proportional to the benefits received from the
improvement.

I mplementation

There are anumber of waysto apply thistechnique, from

Index Listing
Hazard:
All
Activity:
Planning
Town/City Manager
North Carolina Region:
Statewide

temporary assessments that raise revenue for a specific improvement to indefinite assessments that fund
independent, special purpose governmental entities. The former could be used to fund structural projects, such asa
seawall, while the latter could be used to establish aregional floodplain management organization. Another example
might be the creation of a*“special storm services” district, where funds would go toward mitigation, recovery and
response activities. In other cases, the fee could be used to pay for the upkeep of stormwater management system or
asaway of providing for the future replacement of roads and utilities at the public expense. These charges may or

147




Spoecial Exceptions- Stormwater Basin

may not have the effect of discouraging development in the assessment district. However, they do transfer some of
the cost of living or doing business in a hazard-prone areato those who choose to do so.

Critique

This technique shifts the financial burden for improvements from the general public to those directly benefiting. The
revenues are more predictable than sources that depend on devel opment cycles, which makesit easier to issue bonds
for theimprovement. Since this is not atax, special assessment districts are free from constitutional requirements
regarding uniformity, equality and double taxation. However, communities should be prepared to the cost estimates
on which any assessment is based.

Special Exceptions
See: Contract Zoning

Special Populations
See: Mobility Concerns

Stormwater Basin

Definition -
Basin

Increase the capacity of stormwater retention/detention basins to Detention Basin
reduce the potential for localized flooding through the storage and Retention Basin
gradual releaseof runoff. Asageneral definition, detention Index Listing
basins hold water for less than 24 hours while retention basins Hazard:
hold water for more than 24 hours, and sometimes indefinitely. - Flash Flooding
Release of stormwater occurs through evaporation, infiltration, - Flooding
and/or engineered methods. - Hurricane

Nor’ easter

Thunderstorm

Activity:

Engineering

Planning

Public Works

CRS-Compatible Activity:

510: Floodplain Management Planning
North Carolina Region:

Statewide
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Stormwater Drain Maintenance - Stormwater Management

Stormwater Drain Maintenance

Definition

Routinely clean and repair stormwater drains to avoid unnoticed
clogs that may hamper the efficiency of the stormwater system.
Drains are the major entryways into the stormwater system and
thefilters of large floating debris. When drain covers are broken

or clogged, the stormwater system does not function well and
localized flooding is possible.

I mplementation

Service announcements via utility bills can recruit citizens as
surveillance of the drainsin their respective neighborhoods, as
well asremind them that poor stormwater collection can lead to
flooded yards and basements. The task of inspection and
maintenance, particularly of remote drains, could be on the
monthly schedule of the public works staff, with a special round
of drain inspections after major storm events.

Definition

Drainage can be affected naturally by the geology of an area, but
development that results in an increase in impervious surface will
impair the ability of the land to absorb water:. The result will be
an increase in the volume and peak flow rate of runoff. Without

effective stormwater management, excess runoff can cause
flooding, erosion and water quality problems.

I mplementation

Effective stormwater policies call for both structural and non-
structural measures to control runoff. Structural measures should
include retention and detention facilities that minimize the
increasesin runoff caused by impervious surfaces and new
development. Detention systems store water during peak runoff
periodsto be released at off-peak times. Retention facilities hold
stormwater long enough to allow it to seep into the groundwater.
Non-structural stormwater mitigation projectsinclude

mai ntai ning existing drainage systems and establishing policies
that restrict the amount of new impervious surface.

Examples:

Debris
Drains
Maintenance
Index Listing
Hazard:
- Erosion
Flash Flooding
Flooding
Hurricane
. Nor’ easter
- Thunderstorm
Activity:
Engineering
Planning
Public Works
Town/City Manager
CRS-Compatible Activity:
540: Drainage System Maintenance
North Carolina Region:
Statewide

See Also: Grassy Swales
See Also: Impervious Surface Limits
See Also: Land Treatment
See Also: Porous Pavement
Index Listing
Hazard:
Flash Flooding
Flooding
Hurricane
Nor’ easter
Thunderstorm
Activity:
Engineering
Planning
Public Works
CRS-Compatible Activity:
450: Stormwater Management
North Carolina Region:
Statewide

Pattonsburg, MO, has planned a system of built wetlands and land treatment
to act as a natural filter for stormwater runoff. The town is creating
wetlands adjacent to existing streams and altering existing farm ponds to act
as detention basins. In addition to filtering pollutants and slowing flood
velocities, the program will provide a site for recreational trails and

corridors for wildlife. 2!
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Street Width Ordinance - Subdivision Regulations

Street Width Ordinance
See: Minimum Residential Street Width Ordinance

Subdivision Ordinance

Definition
Ordinance, Subdivision
Include setback regulationsin subdivision ordinances to keep Index Listing
development clear of the most hazardous areas. The borders of Hazard:
natural hazard areas are often “fuzzy,” or difficult to define: All
setbacks provide amargin for error in assessing where damageis Activity:
likely to occur. Planning

Town/City Manager
North Carolina Region:
Statewide

Implementation

The length of the required setback varies with the type and degree
of hazard, as well as the type of development.

Subdivision Regulations

Definition i .
Regulations, Subdivision

Subdivision regulations govern the division of land for Index Listing

development or sale. In addition to controlling the configuration Hazard:

of parcels, they set standards for developer-built infrastructure. . Al

Many communitiesinclude developer exactions and impact Activity:
fees/system development charges in their subdivision Planning

regulations. Town/City Manager
North Carolina Region:

Statewide

I mplementation

Subdivision regulations can be used for mitigation purposesin

several ways. They primarily prohibit the subdivision of land subject to flooding. When hazard zones can be
identified on amap of the parcel, communities may require minimum distances between those zones and
development. If land dedications are required as part of the subdivision regulation, they can be used to reserve
hazard-prone land for non-intensive uses.

Subdivision regulations may also set a standard for public infrastructure that ensuresit is adequate for the assessed
risk. For example, the installation of adequate drainage and stormwater management facilities should be required in
flood-prone or landslide-prone areas. If local governments are responsible for managing of developer-built
infrastructure, they should require that all improvements be built to hazard-resilient standards. This may help reduce
the public cost of post-disaster reconstruction.

Subdivision regulations can require that developments be built in a hazard-resilient manner. In order to reduce fire
risk, for example, subdivision ordinances may require wide building spacing, fire breaks, on-site water storage, and
multiple access points. They should require “deep” lotsin shorefront areas. These |ots allow homes to be moved
inland on the same parcel in the case of shoreline erosion. 22 The site plan review stage is another time at which it is
possible to require devel opers to site buildings away from hazard-prone portions of the area. Local governments
may require mitigation actions, such as the protection or creation of wetlands, dunes or natural vegetation, as a
condition of subdivision approval .22

Some experts recommend establishing land use restrictions for each property before it is subdivided. After a

property is subdivided, the various owners may demand compensation for the loss of use of their property. As a
result, the city might have to acquire land that it could have otherwise regul ated without a purchase.?'*
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Subsidies - Sustainable Devel opment

North Carolina' s enabling statute authorizes cities and counties to exact from developers adequate recreation areas
within asubdivision to serve its residents. Cash exactions may give a community more flexibility in where it
purchases land to serve the subdivision. Subdivision plans can be rejected where it is shown that the development
will cause undesirable off -site problems, including the creation of hazards or the overloading of public facilities
(such asroads) 2'°

Examples:

The Portland (OR) Metro draft regional plan callsfor subdivision
regulations that require developersto locate public facilities and utilities
(such as sewer and water systems) in away that would minimize flood
damage to those structures (1997).2*°

Critique:

Subdivision regulations are not as broad as zoning and only indirectly affect the quality and type of development
that occurs on subdivided land. Since these regulationsapply only when land is subdivided and sold, they do not
address development of small or undivided parcels of land.

See: Tax Abatements

Sustainable Development

Definition See Also: Smart Growth
Two primary concepts drive the definition of Index Listing
sustainable devel opment — environmental protection, Hazards:
and economic development. The most commonly sited - Al
definition is from the Brundtland Report: “ Sustainable Activity:
development is devel opment that meets the needs of the - Planning
present without compromising the ability of future - Town/City Manager
generations to meet their own needs™’.” North Carolina Region:
Statewide

Examples:

Following Hurricane Floyd, the North Carolina Division of Emergency
Management put forth principles of sustainability to guide the quality
redevelopment of Eastern North Carolina. These principlesinclude the
following:

Community Sustainability: Encourage people to work together to create
healthy communities where people have opportunities to improve their lives
and those of future generations through preserved resources, available jobs,
limited sprawl, secure neighborhoods, lifelong education, and accessible
transportation and health care;

Housing: Ensurethat all persons have equal access to safe, affordable, and
adequate housing;

Infrastructure: Ensure that efficient public infrastructure is provided and
maintained in away that avoids sprawl, yet achieves safe, responsible and
desirable patterns of community devel opment;

Agriculture: Stimulate productivity for the agriculture industry through
economic benefits and advantages for large and small farming operations;
Vulnerability to Natural Hazards Protect life, property, and the economy
by minimizing present and future vulnerability to all natural hazards;
Conservation of Nature and a Healthy Environment: Protect, conserve, use,
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Swales - SystemDevelopment Charges

and restore natural resources to ensure long-term social, economic, and
environmental benefits for present and future generations.

Economic Prosperity: Sustain a growing healthy economy that creates
meaningful jobs, reduces poverty, nurtures agriculture and small business,
thus providing a high quality of life;

Justice and Opportunity: Provide equal accessto education and life-long
learning to give all people the means to achieve social, economic, and
environmental well-being, preparing them for meaningful work, and
allowing them to participate in the decision-making processes that affect
them;

Aesthetics: Maintain the unique and attractive aesthetic features of the
physical environment that cultivate acommunity’s sense of place and
beauty.

Sewardship: Maintain an ethic that strongly encourages individual's,
institutions, and corporations to take full responsibility for the social,
economic, and environmental costs of their actions.

SEES
See: Grassy Swales

“Sword of Damocles” Provision

Definition —
Index Listing
Thisrefersto asituation in which agovernment or agency with Hazard:
the power of eminent domain condemns a parcel covered by a - Al
comprehensive plan, but suspends the condemnation as long as Activity:
the land use remains compatible with the plan. If the landowner - Planning
proposes a use not compatible with the plan, the land is taken into - Town/City Manager
public ownership. North Carolina Region:
Statewide

| mplementation

Rising land values may encourage property owners to devel op incompatible uses. At the same time, the increasing
price of land may make the cost of condemnation prohibitive. On the other hand, if land values are suppressed by
the fear of condemnation, governments may be pressured to remove them.

Critique

Thistype of provision allows land to remain in private ownership and is an effective, inexpensive protection tool in
the short run. However, it is heavy-handed and may engender significant community hostility over time.

System Development Charges

See: Impact Fees
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Tax Abatements, Subsidies, Low-Interest Loans, and Other Incentives - Taxes, Transfer or Development

T <

Tax Abatements, Subsidies, Low-Interest Loans, and Other Incentives

Definition —
Subsidies
Incentives (such as tax abatements or low-interest loans) can be Low-Interest Loans
used to encourage landowners and developersto integrate Incentives
mitigation into the process of building new developments or Index Listing
retrofitting existing properties. Hazard:
All
I mplementation Activity:
These tools can be especially effective at encouraging the Elljalrlfrj]: ?]g Inspection
mitigation of existing structures. Incentives have been used for 9
. . . . . Town/City Manager
storm proofing, flood proofing, wind mitigation, and seismic . LY
L North Carolina Region:
retrofitting programs. Statewide

Examples:

Dade County, FL, encouraged homeowners to retrofit existing homes by
offering a subsidy for upgrades. Participantsin the Dade County Home
Inspection and Retrofit Program were eligible for up to $1500 in retrofits to
their home, including the installation of shutters, structural bracing and the
elevation of the electrical box. The homeowner was required to pay only the
cost of theinitial inspection.2*®

The South Florida Strategic Regional Policy Plan calls for local
governments and insurance companies to provide incentives for
homeowners outside the storm surge areato retrofit their homesto serve as
sheltersin the case of astorm. It recommends establishing arevolving low-
interest fund to hel p low-income homeowners prepare shelters.

Taxes, Impact
See: Development Impact Tax

Taxes, Improvement
See: Development Impact Tax

Taxes, Land Gains
See: Land Gains Taxation

Taxes, Transfer or Development
See: Land Gains Taxation
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Tie-Downs- Trailer Parks Storm Shelter

Definition
Propane Tanks

Mandate standard tie-downs of propane tanks and mobile See Also: Mobile Home Parks Storm Shelter
homes to prevent tanks and mobile homes from being lifted Index Listing
by floodwaters or winds and becoming ballistic hazards. Hazard:
Due to inexpensive land values, mobile homes are often - Flash Flooding
located in floodplains, elevated mobile homes are at an - Flooding
increased risk of wind uplift and should be securely attached . Hurricane
to foundation. - Nor’ easter

Thunderstorm
I mplementation . Tornado
Enforcement of atank tie-down ordinance may need to be —Mt'v'_t : .
coordinated with the State Agriculture Department. E:;igrneventl on
However, even with tie-downs, residents should not remain ning
, . ; Public Works
in mobile homes during severe storms. . .

North Carolina Region:
Statewide

Total Population Charter Limits
See: Slowing Development

Traffic Lights and Other Traffic Controls

Definition —
Index Listing
Protect traffic lights and other traffic controls, and/or install Hazard:
resilient street signs for navigation in an emergency to avoid - Earthquake
traffic signal malfunction, which can produce backups and - Flash Flooding
accidents at intersections and subsequently impede evacuation or - Flooding
emergency response. - Hurricane
- Nor'easter
I mplementation - Thunderstorm
- Tornado

Housing for electronics should be watertight, and traffic lights Activity:
securely connected to suspension wires. Arching or “trunk-and- 4

branch” metal poles used to suspend traffic lights are more Eg%;ier' ng
expensive; however, they are also more durable than wooden ning
Public Works

polesin the face of strong wind and water forces. For earthquake
hazards, traffic hardware should be resistant to malfunction
associated with jarring. The local government might
simultaneously install crosswalk equipment to aid the blind

Transportation
North Carolina Region:
Statewide

and/or pedestrian signals that offer a countdown of the time

remaining to traverse the street safely. Finally, signswith street names should be resilient: emergency service crews
from neighboring towns might join the rescue effort; presuming that personnel from outside the locality are
unfamiliar with the road network, the survival of street signs could promote atimely response.

Trailer Parks Storm Shelter

See: Mobile Home Parks Storm Shelter
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Transfer of Development Rights (TDR) - Transfer of Development Rights (TDR)

Transfer of Development Rights (TDR)

Definition
Development Rights
Like Purchase of Development Rights (PDR), See Also: Purchase of Development Rights (PDR)
TDR programs treat development as a
commodity separate from the land itself. The Index Listing
local government first awards each property Hazard:
owner in the sending area a set of development . Al
rights based on the value or acreage of land. The Activity:
sending areas contain land the local authority - Planning
seeks to protect. The government then . Town/City Manager
establishes areceiving areafor these rights that North Carolina Region:
isapreferred site for development. Landowners - Statewide
in the sending area are typically prohibited from Post Disaster

developing their land; however, they can sell
their rightsto developersin the receiving areas.
Developers who acquire devel opment rights can build to higher densities than would otherwise be permissible.

I mplementation

TDR could be used for mitigation purposes by designating high hazard areas as sending zones. The devel opment
rights for parcels within this zone would be targeted at a receiving zone |ocated outside the hazard area. The zone
would need to have sufficient room to accommodate the sending rights. In jurisdictions with limited avail able space,
the program could be aimed at redevel opment rather than new development. Alternatively, the community could
completely downzone itself.?*® Both options could help create a market for development rights.

One way to ensure that people participate in the program is to make it mandatory, although the legality of mandatory
TDR programsis currently under challenge. In amandatory program, the marketability of the rights would have to
be guaranteed. One way to do so would be to create amunicipal land bank that would purchase the rights and resell
them when demand was sufficient to generate value.??° Suitable receiving areas outside the hazard area must be
available for TDR to be successful. TDR can be used to achieve avariety of associated community goals, including
promoting compact development with lessimper vious surface and preserving agricultural, rural or open spaces.
Since TDR can be applied to areas of acommunity, rather than individual parcels, it can be more thoroughly
effective than acquisition or cluster development techniques.

I mplementation

TDR isacomplex system, which makesit difficult for planning staffs to implement and for landowners to
understand and accept. It isfrequently unpopular with residents in the receiving zone, who are subject to
development that exceeds the apparent zoning limits. Perhaps most importantly, a region must have a significant
amount of development pressure to make the rights marketable.

Examples:

Collier County, FL, began a TDR program in the 1980s to protect 40,000
acres of coastal barrier islands, mangroves, salt marshes and beaches. These
areas were designated as sending zones. The receiving zones were already
set for multi-family housing, but could be built to a higher density using the
development rights. Parcels for which the development rights have been
sold must be protected by arestrictive covenant or by donation to the
county or a conservation organization. A moratorium was placed on the
program when the transfer resulted in density concentrating in only one
receiving site and overwhelming it.??*
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Transfer Taxes- Tree Limb Removal

Transfer Taxes

See: Land Gains Taxation

Treatment

See: Land Treatment

Tree Limb Removal

Definition

Routinely clear tree limbs hanging in the right-of-way to prevent
trees from damaging utility wires during high wind events.
Nationwide, falling trees and swinging tree limbs are the greatest
source of power outages. In addition, tree limbs entangled in a

frayed and sparking electrical wire create the perfect conditions
for an uncontrolled fire.

I mplementation

Take care not to trim more than is necessary to avoid denying
citizens the shade and beauty that afull tree offers.
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Index Listing
Hazard:
- Earthquake
Hurricane
Nor’ easter
Thunderstorm
Wildfire
- Winter Storm
Activity:

Engineering
Public Works
North Carolina Region:

Statewide




Utility Lines - Utility Lines

> U <

Utility Lines

Definition

Bury electric, telephone, and cable lines, and/or reinforce the
connections on existing utility linesto avoid line damage
resulting from high winds. The force of tornadoes and hurricane
windsis strong enough to torque high-tension wires from their
connections on utility poles. Even if the wind does not break the
wires, objectslifted by the high winds can catch upon and tear
utility wires. Better connections between lines and support
structures are also ameans of ameliorating the vulnerability, but
the burial of lines can avoid the aforementioned risks, as well as
prevent damage due to winter weather (hanging ice formation).
In addition, utility poles are susceptible to uplift by floodwaters.
Finally, if lines are buried, neither reinforced utility connections
nor the practice of regular tree trimming near utility linesis
necessary.

I mplementation

Burial of Utility Lines
Index Listing
Hazard:
- Earthquake
Flooding
Flash Flooding
Hurricane
Nor’ easter
Thunderstorm
Tornado
- Winter Storm
Activity:

Engineering
Public Works
North Carolina Region:

Statewide

When reinforcing the connections, ground electrical, telephone, and cable lines to reduce the possibility of fire being
ignited by downed lines* When ground is broken to bury lines, there is an opportunity to install high- speed
internet lines that are attractive to both business and the current generation of homebuyers. Strips of easement land
above buried wires are available as pedestrian or cyclist pathways, and this may also be seen as an opportunity for
streetscape beautification by eliminating industrial-looking poles and overhead lines. Coastal communities may wish
to consider whether pipes could be placed further from the shoreline, and whether increasing pipe burial depths

would minimize erosion-related impacts.
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Vegetation - Vegetation
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Vegetation

Definition

Plants provide natural mitigation against storm-related hazards
and landslides. They capture and slow the pace of stormwater,
which can promote infiltration and reduce the volume of
flooding. In salt marshes, wetlands, and along stream banks,
plants absorb waves and slow flood currents. On hillsides, plants
anchor loose soils. Dense vegetation, such as maritime forest, can
provide significant protection from high winds and wind-driven
debris. Planting is a natural and often inexpensive technique for
reducing hazard risk. (see also: Wetlands Preservation,
Sediment-Trapping Vegetation) However, plants offer many
benefits in addition to mitigation. They enhance the natural
beauty of the landscape and provide food and habitat to many
types of animals. On barrier islands, sound-side marsh plantings
can hel 5) trap sediments and stimulate growth in island width and
height.??* Retaining athick vegetative cover on public lands
flanking ariver increases the absorption of floodwaters and
reduces sedimentation of theriver, while also achieving wildlife
preservation objectives.

Riparian Habitat Protection

See Also: Floodplain Management Plans
See Also: Green Infrastructure

See Also: Wetlands Preservation

See Also: Onsite Sediment Retention

Index Listing
Hazard:

Erosion

Flash Flooding
Flooding
Hurricane
Thunderstorm
Landslide

Act|V|ty

Engineering

Parks and Recreation
Public Works
Planning

Town/City Manager
CRS Compatible Activity:

450: Stormwater M anagement
North Carolina Region:

Statewide

I mplementation

Planting for mitigation purposes may include introducing new
vegetation, replanting removed vegetation, and preserving
existing vegetation. Several steps should be followed when

developing a planting program. These include: identifying the

type of vegetation to be planted, preferably native species; finding a source for the plants; and creating a post-
planting maintenance program that does not involve mowing or thinning the vegetation?2® Steps should also be
taken to protect plants from human traffic. When disturbed, plants should be replaced as quickly as possible. Many
communities require that vegetation disturbed during construction be replaced within afew weeks of completing the
building.

It is possible to encourage maritime forest to grow on dunes that are first stabilized with grasses. For this purpose, as
well as many others, native plants fare better than other species. Thisis especially true in harsh coastal environments
or in marshes. Marshes, like wetlands, can be created artificially for mitigation purposes. Existing coastal wetlands
are considered Areas of Environmental Concern under CAMA and, as aresult, are granted many protections against
development.

Within riverside vegetated zones, also called riparian corridors, thick foliage can retain greater amounts of water
than bare soil and thus help to mitigate flood level. Theroots of plants hold soil in place and slow the velocity of
floodwater, lessening erosion, sedimentation, and the resultant embankment of ariver, while increasing groundwater
infiltration. If thick enough, vegetation deters human activities near the river, which contribute to sedimentation. An
additional benefit isthe ability of avegetated river buffer to provide greater filtration of run-off, reducing the
amount of sediment and pollutants flowing into the stream or river and thereby improving water quality.
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Vegetation, Coastal - Vegetation- None or Sow-Burning

Communities might require dedications or easements from all new subdivisions along theriver, and long,
continuous buffers might function as greenways or linear parklands, often among waterways or abandoned rail lines
1 These parklands “connect different parts of the community, and when equipped with good trail systems, provide
safe, long-distance transportation routes for bicyclists and pedestrians. Because of their linear form, they maximize
parkland access for alarge population, in many different parts of town. They may connect larger parks together, and
serve as migration corridors for wildlife.” **

Examples

Napa County, California, has an ordinance protecting natural riparian cover
located within a specific distance of a stream from being cut or planted
over.??*

The Massachusetts Rivers Bill (1997) established a 200-foot protective zone
around every river in the state. Areas within those boundaries are under the
supervision of local conservation commissions, who also have jurisdiction

over the state’ s wetlands.

Critique

While vegetation may reduce some flood impacts, it is more fragile than hardened flood control structures. Shoreline
plants are sensitive to human intervention and must be protected, wherever possible, by restricting pedestrian and
vehicular traffic.?®

Vegetation, Coastal
See: Sediment-Trapping V egetation, Coastal

Vegetation- None or Slow-Burning

Definition —
Index Listing
Require no vegetation or slow-burning vegetation in easements to Hazard:
help create a defensible space around each residential structure. - Drought
A “defensible zone” isterm, most applicable during fire season, - Wildfire
that refers to a vegetation-free area encircling a structure. Activity:
Easements are one element of the defensible zone that - FirePrevention
government can control. - Planning
North Carolina Region:
Cleared vegetation is especially important in easements lying on - Statewide

downslopelot lines: “As afire moves up slope, it spreads much
more rapidly than on flat terrain as aresult of the flame front
preheating upslope fuels.” ** Inform residents of native plant types that function as fire-stalls: “V egetation with high
resin or oil content tends to burn more intensely and quickly in dry conditions than other fuels.” *
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Vulnerability Assessment - Vulnerability Assessment

Vulnerability Assessment

Definition —
Index Listing
Vulnerability assessment isthe process of estimating disaster Hazard:
potential in terms of what in the community is susceptible to - Al
damage. Typical indicatorsinclude: the number of peopleliving Activity:
or working in a hazard-prone area; the amount and value of - Emergency Management
property; and the amount, value and emergency necessity of - Planning
public buildings and facilities. - Town/City Manager
CRS-Compatible Activity:
I mplementation - 410: Additional Flood Data
A vulnerabil ity assessment should evaluate the following: the Nortgtgg,\cl)il g;a Region:
number of people at risk; the value of property at risk; the number

and function of exposed critical facilities; the danger of secondary

hazards (hazards caused by the onset of thefirst event), including the danger from hazardous facilities located in the
risk area; the danger of exposure to hazardous materialsin the wake of the disaster; the potential demand for shelter;
evacuation needs and capabilities; and potential environmental impacts?® It may be preferable to divide popul ations
into specific risk groups, such as the elderly, the hospitalized, the handicapped and children in schools, so their
needs can be addressed directly 2%’ A vulnerability assessment should also evaluate the effectiveness and reliability
of existing mitigation methods.

Vulnerability assessments need to consider growth trends and any existing devel opment management policies that
will effect growth. As density in an areaincreases, so does vulnerability. Real estate property can be divided into
improved and undevel oped parcel s since impacts on devel oped and undeveloped land vary.

Examples:

Portland, Oregon’s Metro regional government is working with the National
Institute of Building Sciences and the Oregon Department of Geology and
Mineral Industries to develop earthquake vulnerability scenarios. These
scenarios would allow plannersto forecast the number of casualties, the
need for emergency shelter, potential for utility outages, demand for
medical facilities, repair and replacement costs, and potential economic
losses from earthquakes. This program began in 1993.2%8
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Warning - Well, Freshwater
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Warning
See: Disaster Warning

Water Mains

Definition -
Index Listing
Install shut-off valves and emergency connector hoses where Hazard:
water mains cross faults to avoid the loss of system - Earthquake
pressurization, which can render nearby fire hydrants uselessin Activity:
times of emergency and interrupt water service to homes and . Engineering
businesses. - FirePrevention
Planning
Public Works
North Carolina Region:
Statewide

Water Treatment Plant Retrofit
See: Sewage Treatment Plant Retrofit

Well, Freshwater
See: Freshwater Well
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Wetlands Preservation and Riparian Habitat Protection - Wetlands Preservation and Riparian Habitat Protection

Wetlands Preservation and Riparian Habitat Protection

Definition

Wetlands are areas that are cyclically inundated with water.
These ecosystems are essential habitat for avariety of species of
fish and wildlife. Wetlands have been shown to be an effective
pollutant filter. Wetlands also act as natural flood controls by

storing tremendous amounts of floodwaters and slowing and
reducing downstream flows.

I mplementation

Wetlands can serve many environmental purposes in addition to
providing flood mitigation, including providing habitat and
filtering pollution. As aresult, the number of funding sources
available for wetlands acquisition or restoration may be greater
than those dedicated to mitigation purposes.

Typical restrictions on activities in wetlands include the
prohibition of or limitsto filling or dredging. Some jurisdictions
alow the use of fill to elevate existing buildings at the edge of
the floodplain.

Examples:

CAMA permits only water-dependent
uses, such as navigation channels,

See Also: Floodplain Management Plans
See Also: Green Infrastructure
See Also: Onsite Sediment Retention
See Also: Vegetation
Index Listing
Hazard:
- FErosion
Flash Flooding
Flooding
Hurricane
Thunderstorm
Act|V|ty
Coastal Engineering
Engineering
Planning
Public Works
Coastal Management
Town/City Manager
CRS Compatible Activity:
400 SH Specia Hazard Areas
North Carolina Region:;
Statewide

dredging projects, boat ramps and bridges, to occur in coastal wetlands.
Nags Head, NC defines water-dependent to include “ uses which enhance
the estuarine shoreline experiences,” including restaurants and wildlife

observation areas??®

The US Army Corps of Engineers elected to acquire and preserve 8,500
acres of natural wetlands in Massachusetts’ Charles River watershed as a
flood control measure. The approach has been successful at mitigating
floods for one-tenth the cost of the structural alternative.?*

A 1995 study in Illinois has found that 5.7 acres of recreated marsh can
absorb the natural runoff of awatershed area of 410 acres.?**

The Massachusetts Rivers Bill (1997) established a 200-foot protective zone
around every river in the state. Areas within those boundaries are under the
supervision of local conservation commissions, who also have jurisdiction

over the state' s wetlands.

Critique

A major study following the 1993 Midwest Floods found that wetlands restoration could be effective for small and
medium floods, but its useful ness as a mitigation technique diminished as the size of the flood increased.?*? Stand-
alone wetlands preservation programs have had varied success. Coastal wetlands and marsh protection efforts have
been more successful, largely because they are part of broader federal and state management programs.23 Many
analy sts believe that engineered wetlands, which are often used to replace natural wetlands destroyed by

development, do not function as well as natural wetlands.
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Wildfire Mitigation - Wind Deflection

Wildfire Mitigation

Definition
See Also: Prescribed Burning
High rates of construction along the edge of forests (known asthe Index Listing
urban-wildland interface), combined with a century-long policy Hazard:
of fire suppression in these areas are creating an ever-growing . Drought
risk of damaging fires.?** Wildfire mitigation techniques reduce . Wildfire
thisrisk by limiting the number of structuresin high-risk areas or Activity:
by increasing their fire resistance. - Emergency Management
Fire Prevention
I mplementation - Planning
Most structuresthat are destroyed in afirearelost in the first few North Caro_lma Region:
hours. Many of these losses could be prevented or reduced \?tvaetﬁewlde
- ) i o ern/Coastal
through the use of fire-resistant landscaping and building

practices. Flammabl e vegetation should be removed or relocated
away from buildings and facilities. Where necessary, fire-resistant plant species can be planted as a replacement.
Building codes may require that roofs be finished with fire-resistant materials such as slate, tile or metal roofing.

Clearing brush, creating fuel breaks and staging controlled burns are all excellent methods for reducing flammable
material and limiting the areain which afire could spread. Fuel break construction should be a part of any open
space management program. However, it should be noted that fuel breaks alone will not stop afire: the 1991
Oakland Fire jumped an eight-lane highway. Rather, fire breaks are designed to allow firefighters a chance to attack
afire.

Fires can increase the risk of landslides by destroying the vegetation that anchors steep slopes, so fires should be
addressed as part of a multi-hazard approach. Communities should consider increasing their fire-fighting capacity
through equipment purchases, capital facilities planning or subdivision regulations.

Critique

The factors that determine adequate fire protection include: zoning regulations, fire and building codes, and basic
fire protection infrastructure. Buildings that are close together, poorly constructed, or difficult to reach with fire-
fighting equipment are most at risk for fire damage. However, the cost of improving code compliance, equipment,
access, and water delivery may exceed the ability of many communities to pay for them. Many effective fire
mitigation efforts, such as planting and re-roofing, require the cooperation of individual homeowners. Other
techniques, such as mandatory large-lot zoning, clearing vegetation or replacing native species may raise equity or
environmental concerns.

Wind Deflection

See: Natural Environmental Features
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Windproofing

Definition —

Index Listing
Windproofing is the modification of the design and construction Hazard:
of buildingsto withstand wind damage. It typically involves Hurricane
improvements to the aerodynamics of a structure, the materials Thunderstorm
used inits construction, or the addition of features such as storm Tornado
shutters. Windproofing can also help protect abuilding’'s Activity:
occupants and their possessions from broken glass and flying Engineering

objects. Emergency Management

Building Inspection

I mplementation Planning
Several structural measures can significantly increase buildings' Nortgtggzil anea Reglon;

windproofness without raising the cost of construction by more

than afew percent. These include: using larger than usual

timbers; using boltsinstead of nails; and strengthening wood frames with cross-cables. Roof braces should be
reinforced and rafters should be anchored with screws. Diagonal bracing should be installed on metal buildings.
Building tie-downs and foundation bolts should be used to secure roofs to buildings and buildings to their
foundations. Similar steps can be taken to reinforce existing buildings.

Property owners should properly prepare the exterior of their homes. Garage doors should be reinforced to prevent
them from blowing open. Roof-mounted structures should be securely attached to buildings. Residents should
reduce the number of potential airborne objects around their homes, since such items can puncture a home and
render it vulnerable to the elements. Doors and windows should be strengthened to resist flying debris. In the case of
asevere storm warning, home and business owners should cover their windows with plywood boards or storm
shutters. Other techniquesinclude securing fan and light fixtures to ceilings and strapping or bolting generators to
walls.

Taller buildings are more subject to wind damage than lower buildings because wind vel ocity increases with
altitude.*® Manufactured housing has also been shown to be very susceptible to wind damage. These structures
should be securely anchored to their foundations. Mobile homes should be tied down to their pads to prevent them
from being blown apart. Windblown debris from mobile or manufactured housing can be a hazard to structures
located nearby.

Windproofing will not protect structures from tornadoes. As aresult, tornado shelters should be provided in areas
with high tornado likelihood, or where structures lack basements and underground protection (such as mobile home
parks). Manufactured housing has proved to be especially vulnerable to damage from tornadoes.

Public facilities and structures al so need to be windproofed. Traffic lights should be protected from high winds to
prevent them from becoming airborne.

Examples:

Project Blue Sky, a private-public partnership in Southern Shores, NC,
researches and tests hurricane-resilient construction practices, including
wind-resistant roofing construction. These voluntary standards generally
exceed typical building codes. North Carolina coastal building codes
require that new construction be built to withstand 120 mph winds.

The South Florida Building Code (1957) requires that structures be able to
withstand wind pressures of 120 m.p.h. at a height of 30 feet. Dade County,
FL, updated the codein itsjurisdiction following Hurricane Andrew (1992)
to reflect the 116-mile national wind standard that takes into account gusts
and thelift on building edges and corners created by wind pressure. The
updated code requires protection for windows and doors on all new homes;
requiresthat all structural plans be reviewed by a structural engineer;
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reguires concrete columnsin single-story homes; requires gable ends to be
built of concrete block when the home is built of concrete block; and
required afinal roof inspection of all new homes?%®

Dade County, FL, also encouraged homeowners to retrofit existing homes
by offering a subsidy. Participants in the Dade County Home I nspection and
Retrofit Program were eligible for up to $1500 in retrofits to their home,
including the installation of shutters, structural bracing and the elevation of
the electrical box. The homeowner was required to pay only the cost of the
initial inspection.?’

Critique

Residential structures are never completely windproof, only wind-resistant. Nonethel ess, windproofing may
encourage people to build in hazardous areas or to believe that their homes provide effective shelter from serious
storms. Shingle design is generally poor and shingles may fail in high winds even if installed properly to high-wind
standards. These shingles can become wind-borne projectiles. Roofs are subject to uplift from wind and could come
off entirely, leading to failure of the entire structure. However, many buildings that remain intact can suffer serious
interior damage as aresult of tearsin the roof. These tears allow water to run in and soak the interior.
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> <

Zoning, Agricultural Use
See: Agricultural Use Zoning

Zoning, Bonus
See: Bonus and Incentive Zoning

Zoning, Conditional
See: Contract Zoning

Zoning, Contract
See: Contract Zoning

Zones, Floating
See: Floating Zones

Zoning, Impact
See: Performance or Impact Zoning

Zoning, Incentive
See: Bonus and Incentive Zoning

Zones, Overlay
See: Overlay Zones

Zoning, Performance
See: Performance or Impact Zoning
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