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Section 2
Executive Summary

On October 30, 2000, the President signed into law the Disaster Mitigation Act of 2000, also known as DMA2K.
Among its other features, DMA2K established a requirement that in order to rdedenat ligsalstéor

assistance and grant funds, local and State governments must develop and adopt Hazard Mitigation Plans
(HMPs). On February 26, 2002, the Federal Emergency Management Agency (FEMA) published an Interim Fin
Rule (IFR) that set forth tieagae and regulations under which HMPs are to be developed. The IFR provides
detailed descriptions of both the planning process that States and localities are required to observe, and the
composition of the HMP itself. The original version of tidFRomastapproved by the Maryland

Emergency Management Agency (MEMA) and FEMA in 2005, and was subsequently adopted by the Anne
Arundel County Council. The IFR related to mitigation planning specifies that local jurisdictions must update the
HMPseverydv year s. This document represents the County

Hazard mitigation is defined as any substantial action taken to reduce or eliminateskhi® Ibagan life

and property from the effects of natural hazards in a communityMPigo2d1s consisted of a

comprehensive evaluation of the HMP, including hazard profiles, risk assessment, mitigation goals, strategies,
mitigation projects; local comprehensive plans, development, zoning, and construction codes; and studies, repc
polcies, programs, and standard practices that support local hazard mitigation efforts.

Contact information for the Anne Arundel County Government official submitting this Hazard Mitigation Plan upt
is:

Anne Arundel County Office of Emergency Management
Henry L. Hein Public Service Building

7480 Baltimore Annapolis Blvd.

Glen Burnie, MD 21060

Telephone: 410.222.0600
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2.1 How the Plan is Organized

The 2018 version of the Anne Arundel County HMP follows the structure provided in the Iri@rilh&inal Rule [IF
HMP has nine sections and six Appendites (A

Section 1 Table of Contents

Section 2 Executive Summary

Section 3 Background

Section 4 Approval and Adoption

Section 5 Planning Process

Section 6 Hazard Identification, Profiling, and Ranking
Sectia 7 Risk Assessment

Section 8 Mitigation Strategy

Section 9 Plan Monitoring and Maintenance

Appendix A National Flood Insurance Program Claims Data and Maps
Appendix B Mitigation Planning Committee Meeting Minutes

Appendix C  Public Notice Documents aetifdeMinutes

Appendix D Adoption Resolutions for Anne Arundel County and Highland Beach
Appendix E FEMA Approval Letters

Appendix F Key Terms

Appendix G Anne Arundel County High Risk Area Flood Maps

There are references to the Interim Final Rule(ftRuhthe updated document. Where possible, these
provide specific section and subsection notations to aid the review process.

2.2 Background Information on the Plan

The purpose of the 2018 HMP updagstiish priorities and actions that oedilioginate loteym risk

to human life and property through an assessment of commonly recognized natural hazards affecting the
County; the development of mitigation actions and projects to reduce potential losses from future disasters in th
communitgnd the establishment of a coordimateds to adopt and implement hazard mitigation goals,

strategies, and actions through local comprehensive planning and practices which meets the needs of the
community. This document includes the type, Ideatiandefxture probability of natural hazards affecting

Anne Arundel County; a risk assessment that describes the potential for damage and future losses to human lif
property, and critical infrastructure; a set of goals, objectives, stratagidhanailhgliide the County in

adopting local ordinances and policies to reduce future risks and potential losses from natural hazards in the
community; and a detailed plan for implementing, monitoring, and updating the HMP. The 2018 HMP update
focusesn the natural hazards that pose the greatest risk and potential for damages and losses to human life,
property, and critical infrastructure in the Bmsghhazards are riverine and coastal floods, hurricane

winds, tornadoes, and winter stbhm<208 HMP update provides additional data on other types of natural

hazards that have the potential of affecting the County including dam failure and release, severe thunderstorms
and hail, extreme heat, drought, earthquake, and erosion. To narobtheéh2db8udMP update, the

Hazard Mitigation Planning Committee (HMPC) performed a numerical hazard ranking process to identify the
natural hazards of greatest concern. The results ofl ttemkiagaanalysis are showakble 6-4.
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2.3 Hazards and Risks

Hazards

Sections 6 and 7 of this HMP update include a detailed description of the process that was used to assess and
prioritize Anne Arundel Countyds risks from natur
whole, and moretdiled assessments for certain asset classes. The most recent prior (2012) HMP update
process identified twelve hazards that the HMPC determined should be included in the initial hazard
identification and risk assessment. These are carried oveent 204 pteMP update. These hazards

include:

Riverine flooding

Coastal flooding

Dam failure and release
Hurricane, tropical storm and nor beaster
Drought

Earthquakes

Extreme heat

Severe thunderstorm and hailstorm
. Severe winter storm

10. Tornado

11. Wildfire andhan interface fire

12. Erosion

CoNoTr~WNE

For each of these hazards, the profiles in Section 6 include:

Description of the Hazard
Location and Extent of the Hazard
Severity of the Hazard

Impact on Life and Property
Occurrences of the Hazard

c oo oo

Risks

Risk is a numericalculation of potential future damages. Although the range of events from erosion to winter
storms all have some potential to affect the County, the hazard ranking determined that the flood, hurricane
wind, tornado and winter storm hazards wouldeldenrtieaanore detailed risk assessment in Section 7

because of either their prevalence and/or potential to cause greater damage and losses. See Section 6.4 for
additional details about the criteria used to rank each hazard and the compldiazasitznidirtige

Section 7 includes details about calculation methodologies and results of the risk assessment, which are
summarized in Table12.3
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Table 2.3-1
Summary of Anne Arundel County Flood, Hurricane Wind, Tornado and Severe Winter Storm Risks
by Asset and Hazard Type (100-year horizon)

Hazard Risk (100-year horizon)
Residential Repetitive Loss properties Floods $2,039,989
Most built assets; populations Hurricane wind (physical damage) $464,470,004
Most built assets; populations Tornado wind (life safety) $23,528,949
Many built assets; infrastructure Severe Winter Storm $9,934,091

2.4 Summary of Goals, Objectives, Strategies and Actions

Section 8 of this document descri besectitmne Arundel
prioritizes the actions, describes the funding required, potential sources of funding, and the estimated timing of
the action. The section also includes the Countyo

Anne Arundel C d Minigagyod Soalda z a r

1. Protect residents and minimize loss of human life and damage to property from natural hazards affecting
County

2. Increase public awareness to hazard mitigation and natural hazards affecting the community

3. Build community resilienceugh the adoption of building, construction, and development standards for
existing and new development and critical infrastructure

4. Build local capacity and commitment to adapt to the natural hazards and changing conditions affecting
community

5. Priorize funding for hazard mitigation projects that maximizes the investment of County funded project:
high risk areas or for rhaltard projects

6. Reduce the potenti al i mpact of natural disaste

7. Reduce the potential impefict nat ur al di sasters on the Countyds

Objectives and Strategies

Objectives are wadfined intermediate points in the process of achieving goals. Strategies are specific courses
of action to achieve the objectives. Anne Arundel [@atiatyptahning objectives are found in Section 8.3
Mitigation Objectives and Strategies.

Action Items for the Anne Arundel County

The 2018 Mitigation Action Plan was updated to re
achievehe seven goals. The fourteen Action Items included in the HMP update are described in Section 8.4,
and listed in Table-8.Zhis part of Section 8 includes information about the parties responsible for

implementing the actions, and about potenéiglafdurcling for mitigation actiVhiesection also

integrates specific hazard mitigation projects that have been identified and scoped in accordance with the
requirements of the STAPLEE criteria. The 2018 HMP update process includesvaotiétail&dti@vi

Plan and County mitigation strategies. The section incorporates and highlights changes in these HMP elements
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2.5 The Planning Process

Section 5 provides details about the process that was used to develop this HMP updaiselhe process ¢
foll owed the guidance in the FEMA -8t&6pmocessefori es

developing mitigation plans.

1.0rganize the Planning Process and Resoiurths =\
step focuses on assembling the resources needed for
successful mitigation planning process. This includes, = ..
technical expertise, defining the planning area, and idg*/
key individuals, agencies, neighboring jurisdictions, r
businesses, and/or other stakeholders to participate i
process. Thitep includes ensuring opportunities for th
public to comment on the plan.

2. Assess Risks and Capabilitiékhis step identifies the - '
characteristics and potential consequences of hazard Local Mitigation
including what hazards might impact the planning are .

whatpeople, property, or other assets may be vulnera Plannmg Handbook
County and jurisdictional capabilities for reducing risk RzeuE

evaluated, and potential gaps are identified. The follo
areas are examined: planning and regulatory; adminis
and technical; finaficand education and outreach.

3. Develop a Mitigation Stratédihe County develops

priorities and letggm strategies for avoiding or minimizing the undesired effects of disasters. The mitigation

strategy addresses how the mitigation actiomapléhtenied and administered.

4. Adopt and Implement the Rldris step is focused on how the County will implement various aspects of the
plan, specifically mitigation projects and strategies. This step also establishes a plan review and maintenance

proess that ensures the plan remains a #fAli vi
makers, and that it continuously reflects natural hazard risks to the jurisdictions.

2.6 Approval and Adoption Processes

Section 4 discussapproval and adoption of the updated HMP. The Anne Arundel County Council was
responsible for approving and adopting the 2018 version of the document. The Council reviewed and approved

the HMP update lBiSERT DATE WHEN KN(B&Bause it is a separatmrporated jurisdiction, the

Town of Highland Beach was responsible for separately adopting the HMP. The Town adopted the updated

document dhlSERT DATE WHEN KNOWN
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2.7 Implementation Process
The implementation process is described as part didfaetspes in the Mitigation Strategy section.

2.8 Monitoring and Updating the Plan

Section 9 (Plan Monitoring and Maintenance) describes the schedule and procedures for ensuring that the HMF
stays current. The section identifies when the HMPpdatsidbevho is responsible for monitoring the document

and ensuring that the update procedures are implemented. This section provides a combination of cyclical date
(oriented toward FEMA requirements) and triggering events that will initiate cdunedates tistlae HMP. A
representative from the Anne Arundel County Office of Emergency Management (OEM) is responsible for moni
the document and initiating the periodic update process.
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Section 3
Background

Contents of this Section

3.1 Introduan
3.1.1 Scope of the Plan
3.2 Anne Arundel County Organization and Objectives
3.2.1 Local Government
3.2.2 County Council and Councilmanic Districts
3.2.3 Planning, Regulatory, and Technical Partners
3.2.4 Administrative, Financial, asd¢uartners
3.2.5 Incorporated and Unincorporated Jurisdictions
3.3 Background
3.3.1 Geography
3.3.2 History of the County
3.3.3 Climate
3.3.4 Transportation
3.3.5 Community Assets
3.3.6 Population and Growth of the Planning Area
3.4 Resiliency, Chite Change and Sea Level Rise Considerations
3.4.1 Resiliency
3.4.2 Climate Change
3.4.3 Sea Level Rise
3.4.4 Local Plan Integration

3.1 Introduction

In the year 2000, the U.S. Congress passed legislation kidisastes tdigation Act 0028so

calledMA2Kthe legislation established a requirement that jurisdictions nationwide must develop and
implement natural Hazard Mitigation Plans in order to remain eligible for various FEMA grant programs,
including those that provide fundivazémd mitigation projects. In 2004, FEMA and the Maryland

Emergency Management Agency (MEMA) provided Anne Arundel County a grant to develop its first
mitigation plan, or HMP. The2@® 5 ver si on of Anne Arundel Countyods
lorgterm strategy for reducing its risks from natural hazards. The first version of the HMP was approved by
MEMA and FEMA on December 7, 2004. On August 18, 2009, those same agencies again provided grant
funds for Anne Arundel County to update its Hgatoth Aiain. The first HMP update was adopted by

the County and approved by MEMA and FEMA in November 2012. In 2017, FEMA again provided the
County with a mitigation program grant to support the HMP update process. This document represents the
result ohtat effort.

3.1.1 Scope of the Plan
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The original Anne Arundel County HMP was an effort on the part of the County-tmzanddop an all
Countywide approach to disaster damage (risk) reduction. The County empjgyededriEbbess

to identify drassess all potential hazards that may affect the community and develop an Action Plan to
address those hazards and th¢dongisks they create.

The 2018 update process entailed a complete review of the 2012 version of the document, modifying and
updting parts of each section as appropriate.

3.2 Anne Arundel County Government Organization and
Objectives

3.2.1 Local Government

Since 1964, Anne Arundel County has had a charter form of government in accordance with State law. The Col
government is cors@ad of a legislative branch, known as the County Council, and an Executive branch that is
headed by the County ExecllitieeCounty Executive oversees the Executive branch of the government, which
consists of various offices and departments. The lEsecitisecharged with implementing County law and
overseeing the operation of the County government. The County Executive is elected every four years and is lir
to two terms.

i 3.2.2 County Council and Councilmanic Districts

The Anne Arundel CountynCil is the elected legislative body of the county and is vested with lawmaking power.
The County Council may enact public local laws or ordinances for the County, and is authorized to repeal or an
local laws. The County Council may also préndenfordement of all ordinances and resolutions adopted by

fines, penalties, and imprisonment, within the limits prescribad Bplawy Council, as the legislative

branch, adopts ordinances and resolutions, and has all of the Counpgsvigisidiey€ounty is divided into
severcouncilmandistricts, each of which elects a representative to the County Council (&8 Ikégure 3.2

County Council has the exclusive power to enact, repeal, and amend all local public lawsakesthiglation must
form of ordinances, most of which are subject to Executive veto. Five Council votes are necessary to override a
Executive veto. The Council may also draft resolutions, which are not subject to Executive veto and may only b
temporary or admiaiste in nature.

TheAnne Arundel County Charter provides rules and procedures for the Anne ArundeTBednite Council.

Arundel County Charter requires the Council Chair to schedule a public hearing within 7 days for any new
legislation, and the AAnendel County Council may not adopt any legislation until a public hearing is held. The
legislative process provides an additipaetlinity for public participation and input on the 2018 Hazard

Mitigation Plan update once the legislation haoteeedrt the Anne Arundel County Council. OEM wiill

request to receive documentation of any public comments received during the public hearing, and will incorpore
any key revisions to ensure the final Hazard Mitigation Plan meets the needsyofAng cewvisiauns will be

submitted to MEMA and FEMA for final review and approval before the legislation is adopted.
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Figure 3.2-1
Anne Arundel County Council Districts
Source: aacounty.org

j, Baltimore
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1 3.2.3 Planning, Regulatory, and Technical Partners

The Counigentified the Planning, Regulatory and Technical partners and stakeholders based on their
expertise and authority to adopt local ordinances, regulate development, implement mitigation strategies,
and provide technical guidance throughout the plammitageapibcess of the Hazard Mitigation Plan

(HMP). The Planning, Regulatory, and Technical partners and stakeholders also have authority to expand
existing policies and programs to achieve the mitigation strategies identified in the 2018 HMP update, and
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work collaboratively at the local and regional level to adopt and implement mitigation strategies that
complements and supports one another to meet the overall hazard mitigation needs of the community.

The Planning, Regulatory, and Technical parstakehaltlers having the expertise and authority to

adopt ordinances, regulate development, expand upon existing policies and programs, provide technical
guidance, and implement best management practices for the mitigation strategies andractions identified
the 2018 HMP update include:

TheOffice of Planning and Zoning (GRZgsponsible for planning the physical growth and development

of Anne Arundel County. OPZ is responsible for updating and revising the general development plan (GDP);
updating theles governing subdivision and development of property; reviewing and revising the zoning

| aws that regulate use of property; and administe
ordinance. OPZ is dedicated to managing Anne Arundel Copniatdevest efficient and equitable

manner, balancing the interests of diverse parties. OPZ provides information to the public concerning the
planning and development activities within the County. OPZ works in partnership with the Department of
Inspectianand Permits and Department of Public Works to operate the Customer Service and Intake
Center. OPZ is also involved in many other planning activities that assist in implementing the adopted
policies of the General Development Plan. These actigifpestioigiation in the planning and update

of the Anne Arundel County Master Plan for Water Supply and Sewerage Systems (WSMP), the Anne
Arundel County Transportation Plan, and in the revitalization of older communities. The Planning Advisory
Board (PAB) & charter mandated body consisting of seven citizens responsible for reviewing and advising
OPZ on all county plans and making recommendations on the capital budget, OPZ policies and program
development. OPZ is also responsible for administerintpgromeen€ounty resources. These

programs include the Historic & Archaeological Resource Program and the Critical Area Program. The
programs are responsible for historic and archaeological site review prior to development, and regulatory
tasks to admster Critical Area compliance.

TheDepartment of Inspections and Perpntwides the citizens of Anne Arundel County with the

highest inspection standards consistent with the adopted codes and regulations. Their work is accomplished
through the consistand equitable application of regulations in the built and natural environment, through
plans review, inspections, enforcement, and the issuance of permitsTéredCicenses a

participant in the National Flood Insurance Program (NFIPpted lsaeeal ordinance to manage

development and minimize future flood damage on properties widzinftbeddainhe

Department of Inspections and Permits is responsible for administering and implementing both the Building
and Construction Cadd the Floodplain Management program for th&h@obapartment of

Inspections and Permits uses both the Building and Construction Code and Fiag4. ftommpéain

applications and ensure development within the floodplain meetsitige dtavadidnaitdand the local

fl oodplain program requirements. More i nformation
can be found in Section 5.5 in Other Local Planning Mechanisms.

TheDepartment of Public Works (Di®W@sponsible for updatisgAnne Arundel County Master Plan

for Water Supply and Sewerage Systems (WSMP). The WSMP serves as an important and effective
document , addressing and i mplementing the goal s a
documenting existingewegsources and wastewater treatment capacities, identifying needed mechanisms

to meet future demand and guiding development within the County by setting the criteria for which public

and private water and sewer services are provided. The WS Pareflests plolicies of the 2009

GDP, Small Area Plans, Town Center Plans and related planning policies. DPW is comprised of 4 Bureaus:
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Bureau of Engineering, Bureau of Highways, Bureau of Utility Operations, and Bureau of Waste
Management Services. TheaBLof Engineering is responsible for the design, support, and oversight of
construction projects within the County's Capital Improvement Program and engineering support for the
Watershed Protection and Restoration Program. Capital projects igaydgadesivemlid waste

facilities, landfill infrastructure, police and fire infrastructure, stream restorations, and other stormwater
management infrastructure. The Countyds CIP is
projects thatcludes roadway upgrades, solid waste facilities, landfill infrastructure, police and fire
infrastructure, stream restorations, and other stormwater management infrastructure. The Bureau of

Hi ghways manages, o0oper at estructuee ina prodactivae, efaciemiand t he Cou
environmentally responsible manner, providing high quality service to the citizens of Anne Arundel County.
The Bureau of Highways is responsible for all ma i
rodls or approximately 1,815 centerline miles of

Operations provides customers with the highest quality services at the lowest possible cost by being
environmentally responsible, safe, efficient, amdtivest Effch year, the Bureau produces, treats, and

safely delivers nearly 12 billion gallons of public water to more than 119,230 properties and collects and
treats 13 billion gallons of wastewater from our 127,453 customers. The Bureau of Waste Managemen
Services is responsible for the curbside collection of trash and recycling for more than 165,000 customers,
and the management, maintenance, oversight, and preservation of the Millersville Landfill. Waste
Management Services also oversees the Namien a8d Southern recycling centers, as well as

special programs like Household Hazardous Waste events and Special Collections.

3.2.4 Administrative, Financial, and Outreach Partners

The County identified the Administrative, Financial, and @uérsaamhdostakeholders with expertise

and authority to support hazard mitigation planning throughout the planning and update process. The
Administrative, Financial, and Outreach partners and stakeholders work collaboratively with the Planning,
Regulatorgnd Technical partners and stakeholders at the local level to implement mitigation strategies to
meet the overall hazard mitigation needs of the community.

The Administrative, Financial, and Outreach planning partners and stakeholders wittl the expertise a
authority to support hazard mitigation activities include:

TheOffice of Lawrovides all legal services for the County. The Office of Law provides legal services to all
County offices, departments, boards, commissions, and agencies; and tia! Givaftt abol

facilitates local legislatoadopt local ordinances that regulate development, and assists County
departments and agencies in implementing and enforcing mitigation strategies, and to expand existing
policies and programs to impleesnhanagement mitigation strategies of tAéélMFice of Law

issues advice and opinions on legal questions affecting the interests of the County. It reviews all deeds,
bonds, contracts, and other legal papers involving the County's intécedtanthes @i¥il litigation in

which the County or its officers and employees are involved.

TheOffice of Central Servicissresponsible for Administrative Buildings, Libraries, Police and Fire

Stations, Senior Centers, and Health Centers thro@mouytt@ne of their primary functions is to

assist County Agencies in their procurement activities for goods and services. The Fleet Administration is
responsible for vehicle maintenance of Police vehicles, ambulances, Fire Trucks, SeniargCitizen vans, d
trucks, and snow plow equipment. Risk Management services the County's insurance needs, handles all
claims, sets workplace safety standards, and works with commercial markets for all other coverage.
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ThePublic Information Officé?10) is the lead ri@econtact. The PI1O serves as a liaison between the

media and Anne Arundel County Office of Emergency Management to provide concise and accurate
information to the public through the news media and other mechanisms. The PIO coordinates and serves
as the pmary point of contact for all media releases from the Office of Emergency Management and the
Emergency Operation Center. The PIO develops and disseminates complete, accurate, and consistent
information about life safety procedures, public healthauVisoréggencies, relief and assistance

programs, and other vital information to the community in affected areas. The PIO coordinates messaging
with other County and-@ouanty Public Information Officers.

3.2.5 Incorporated and Unincorporated Jurisdictions

There are only two incorporated communities within Anne Arundel County. These are Annapolis and Highland
Beach. Annapolis has independent land use authority and has developed and updated its own HMP. Highland
Beach is included in the County HMP.

TheCity of Annapolis (the Citig)a municipal body that has the power to execute municipal functions

within the boundaries of the City of Annapolis, Maryland. TheaDityani th@dopt local

ordinances, regulate development, and implementstnaiggiesthat are independent of Anne

Arundel County (the Coumty City and County have the ability to coordinate and integrate efforts when
support or resources are needed to respond or recover from a disaster or a declared local, regional, or
natonal civil emergency. The relationship between the coordination of efforts between the City and the
County is further outlined in the Emergency Operations Plan, Basic Plan and Emergency Support Functions
(ESFs), of the Anne Arundel County Office ofdyriveagagement, 2019 Edition.

Highland Beach has zoning authority only. The community has a Commission that performs reviews for compli
of established zoning standards such as the appearance of a structure, setbacks, and improvement of roads. In
other matters, the County is the primary agent. Highland Beach is subject to County coastal floodplain and grad
requirements. The County is responsible for issuing and reviewing permits. Because the County is primarily
responsible for the types of seaand the location of those structures, as well as enforcing County standards, it
is the Countydés position that this HMP is suffici
jurisdiction in Anne Arundel County, the Town of HighlandtBdscapprove the updated HMP with its own
resolution.

In addition, a number of entities within the County are commonly perceived to be independent areas such as P«
Glen Burnie, and Odenton. These are in fact unincorporated entitie<Clounthiptothdes services (See
Figure 3:2).
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Figure 3.2-2
Anne Arundel County Incorporated Jurisdictions
and Unincorporated Town Centers
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3.3 Background Information about Anne Arundel County

Prior to addressing the natural hazards to Which Anr@goaniypdeexposed, this HMP presents a brief
overview of the jurisdiction, describing its geography, history, climate, transportation, community assets, and
population and growth.

3.3.1 Geography

Anne Arundel County is located on the western shaze oChes apeake Bay. The Count
constitute more coastline than any other part of Maryland. According to the U.S. Census Bureau, the County ha
total area of 588 square miles. Of that, 416 square miles is land and 1718 se¢aiare miles

The elevation of the County ranges from sea level in the eastern portion of the County to 317 feet in the wester
part. Over thousands of years, a series of peninsulas fanning out from the higher elevations in the west has fori
due to depasih from numerous creeks and rivers.

Figure 3.3-1
Anne Arundel County Location Map, State of Maryland
Source: Wiki Commons, 2007
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3.3.2 History of the County

The area that would become Anne Arundel County has a long history of human habitation. Prehistoric people w
drawn to the areaits abundant animal and plant life, and its access to fresh water and the Chesapeake Bay.
Native Americans are known to have lived in Anne Arundel County as far back as 11,000 B.C. Beginning about
12,000 years ago, Native Americans quarried maigiabfbigh quality stone tools and projectile points from

the Magothy Quartzite Quarry near Pasadena. This quarry may have spawnedigedhstalimthloegyvork

among native peoples.

In addition, Native Americans found the 533 miles of i@ lareexcellent location for seasonal harvesting
of oysters and fish from the Chesapeake Bay. Evidence of this activity, dating from 500 A. D. to 1400 A. D., is f
in numerous oyster shell middens found along the Bay and its tributaries.

The area ggraphical position, within a larger regional system of migratory and trade routes, created the first trai
and footpaths, which | ater became the early trans
the first European settlenmméter, native Algonquin tribes had virtually abandoned the present day area of the
County because of raids by the warlike Susquahannocks from the north.

In 1649, Protestant Governor William Stone approached a group of Virginia Puritans ardlasiféred them la
guaranteed freedoms in the colony of Maryland. Several hundred of these settlers subsequently arrived at the
mouth of the Severn River and established a settlement they called "Providence" or "Siayefmhia present
Arundel County. Their déggehamlet was centered on the north shore of the Severn River, but by the 1660s it
had shifted to Actonds Cove across the river at t

By 1650, enough settlers had moved into the area to warrant designation as adasantdygtvelmghadly

known as Providence or Anne Arundel in its early years. Although London Town served as the original seat of
County government, Providence quickly became the population center of the County and the colony. In 1695, tt
Governor moved tapital of Maryland from St. Mary's to Anne Arundel Town, later renamed "Annapolis" in honol
of Princess Anne, daughter of Queen Mary. Annapolis remained the capital and seat of government when
Statehood was achieved on April 28, 1788.

European settlenetitroughout the Chesapeake colonies relied upon tobacco as their main cash crop. The soils
and climate were favorable, but tobacco had several limitations that proved important in the history of the Coun
Due to the labiatensive nature of the cemmdrs were forced to rely on slaves and indentured servants. To

meet these labor requirements, a 1664 law sanctioned slavery. Because crop rotation was not practiced during
time period, fertile soils were rapidly depleted, affecting the gaatity ahthg harvest. Although many

marginal farmers were forced to relocate, the population of the County tripled between 1700 and 1750, from 4,1
to 12,520.

After the Revolutionary War, Bal ti moftheCit¢i t yds har
Concurrently, because of its proximity to Baltimore City, the economy of northern Anne Arundel County began t
change from agrarian to industrial. Iron ore outcrops, timber, and water resources promoted the rise of an iron
smelting indusegrly in the 18th century. Puddling furnaces and roughing mills for converting pig iron into bars
operated until wood and iron ore were depleted. Many of the local furnaces ceased to exist afterwards.
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Within a century, the area had become a regspoalatian center for delivering goods. In addition to water
transportation, a road system was developed soon after settlement in the late 17th century, becoming more cor
by the early 18th century. The routes of several early colonial roadie cm®hteettos day. For instance,

Crain Highway (Route 3) follows the path of an important colonial roadway stretching from Philadelphia to
Williamsburg; Annapolis Road (Route 175) connected Annapolis with Frederick and beyond, and Generals Higl
(Roue 178) stretched from Annapolis to Baltimore.

In 1840 the Annapolis & Elkridge Railroad was completed, linking northern Anne Arundel County to the Baltimo
Ohio Railroad. The advent of the railroad in the County was crucial to its developssmiaasvilages or

small railroad station communities sprung up. These nodes of development frequently included stores, post offi
blacksmith shops, schools, and a handful of residences. By 1868 the Baltimore & Potomac (B & P) Railroad
connected Batibre and Washington, D.C. This line was later absorbed by the Pennsylvania Railroad and is
presently used by Amtrak. In 1887 the Annapolis and Baltimore Short Line Railroad (renamed the Baltimore an
Annapolis Short Line Railroad in 1894 and the Wadlimgtime and Annapolis Railroad in the early 20th

century) was constructed. It formemhitedbk between Baltimore and Annapolis; it was the most direct route
between the two cities and quickly superseded the longer Annapolis and Elkrid JeoBaji b line

serves as a poplar hikiitking trail.

The reliance on tobacco as the major cash crop was lessening throughout the County during the nineteenth cer
but it took the socioeconomic changes brought on by the Civil Wae todiaiadyrfars to diversify.

Maryland's Fourth Constitution, adopted on November 1, 1864, freed the remaining slaves throughout the State
this labor source disappeared, farmers in the southern portion of the County increasingly shifted to crops such
corn, wheat, hay, and fruit though tobacco was, and is, still grown. Seafood and associated industries such as
shucking houses also became significant factors in the economy of that area. Farmers in the northern portion o
County discovered thaptiegalent sandy soils were ideal for truck farming. Eastern European families living in
Baltimore were transported to the farms to harvest the fruits and vegetables. Initially, Baltimore was the primary
market, but over time Anne Arundel County psastraedrerries and cantaloupes became famous throughout

the eastern seaboard. Canning and fertilizer plants were opened in northern Anne Arundel County in support of
truck farming.

Through the efforts of Secretary of the Navy George BancabfctimoNaras established without

Congressional funding ataci® Army post named Fort Severn in Annapolis, Maryland, on October 10, 1845. In
1850 the Naval School became the United States Naval Academy. A new curriculum went into effect requiring
midsipmen to study at the Academy for four years and to train aboard ships each summer. That format remains
basis of the curriculum to this day. As the U.S. Navy grew over the years, the Academy expanded. The campus
10 acres increased to 338. Theabsigident body of 50 midshipmen grew to a brigade size of 4,000. Modern
granite buildings replaced the old wooden structures of Fort Severn.

By the late 1800s, steamboats plied the Chesapeake Bay, transporting produce, oysters, crabs, and fish to
commeial markets and passengers to recreational opportunities. The numerous steamship lines provided anott
important means of transporting people and commercial goods to and from Baltimore and elsewhere. These
steamers continued to provide service utiié &teat Depression.

In the late 1880s, recreation became a major business throughout the County with the opening of numerous
summer resorts along the Chesapeake Bay. These resorts, for bathing and relaxation, became popular destina
with hotels,gpiic pavilions, and amusement parks. Readily available rail and steamboat access from Baltimore a
Washington brought visitors to the areads resorts
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In 1893, Major Charles R. Douglass, the son of abolitionist Frederick Douglass, establishezkHighland Bea
exclusive resort for African Americans. Many prominent African Americans, including Booker T. Washington, Pe
Laurence Dunbar and Mary Church Terrell, either visited or owned homes in the community.

In 1899, the U. S. Revenue Cutter Serviacsthation for the repair of lifeboats at Arundel Cove on Curtis Creek.
The Cutter Service became the U. S. Coast Guard in 1915 and its facility on Curtis Creek was expanded to incl
shipbuilding and a repair yard. Known as the U. S. Coast Gudisl Baydit@as a leader in wooden ship

production prior to World War Il. During the war, the facility converted to steel vessel construction. Due to its
significant role in maritime and military history, the Yard was listed in the Natiois&difitel|atersoinH

1983.

Increased industrialization in the County began during World War 1l and the national movement towards suburb
living that followed the war caused significant changes to occur in Anne Arundel County. Major employers such
NationbPlastics Corporation (now Nevamar) and Westinghouse relocated to the County.

Fort George G. Meade was established during World War | to train troops for battle in France, but was greatly
expanded during World War II. The influence of this landtase AnngeArundel County was further
expanded in the 1950s with the establishment of t

property.

The growing predominance of the automobile in the early 20th century brought signifee@utnmtgatts to t

1941, the State Roads Commission purchased ayrieatédrry service, and shifted its western terminal from
King George Street in Annapolis to Sandy Point. Incr&¥sdd Wt || development brought excessive traffic
congestion fadrose individuals trying to reach the Eastern Shore. In 1949, construction of the Chesapeake Bay
Bridge was begun. It was completed in 1952, officially opening to the public for a toll of $1.40.

Using the local Log Inn Road, the State expandednitisaoutdiane highway, known as John Hanson

Highway, or Route 50. Today, this area serves as a major transportation crossroads for the region, a factor that
made it a magnet for commercial, economic, and residential development. Cotheglé&atimde54,

Washington Parkway was designed as a defense highway and alternative chodanyieremains a

scenic corridor between Washington, D.C. and Baltimore; however, it also serves the purpose intended by its
planners in providing actegevernment installations and residential communities of commuters along its route.
The areads strategic | ocation g¢gene-R0htcantdry:thhbe need
Baltimore beltway and the Harbor Tunnel Thruway JRoutg&96d in the 1970s. Interstate 97 was the

product of the Baltiménmapolis Transportation Study (BATS) that started in 1978. Although several corridors
were studied, a westerly corridor was chosen because it served both local andfinterregional tra

In the 1940s, the Baltimore Aviation Commission selected northern Anne Arundel County as the site for a new

metropolitan airport. The Commission obtained 3,200 acres of farmland just south of Linthicum. In 1947 constrt
began for the Friendshiprnational Airport. The name was changed to Baltimore Washington International (BWI)
Airport in 1973, and subsequently updated again to the Baltimore Washington International Thurgood Marshall

Airport. As BWI Airport has grown, the surrounding teggombaa magnet for business and industry.

Because of the Countyédés |l ocation adjacent to the
development and commercial activities. Commercial seafood harvesting, recreationehfishailg and recr
boating provide a host of economic opportunities. The traditional watermen of the area are slowly disappearing
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because of a general decline in the water quality and available seafood in the Chesapeake Bay. However, the ¢
is thriving economical the loss of traditional watermen is being offset by a dramatic increase in sport fishing an
recreational motor and sail boating activities. In addition, nunrtdaies duatrichrds and sailing centers draw

visitors from a wide area. The papolatiee County tripled in the decades between 1940 and 1960 from 68,375

to 206,634 with approximately 70% of the population living north of the South River.

3.3.3 Climate

Anne Arundel Countyds climate iidtohat anein#é winterinio der a
typically moderate. The highest average temperatures occur in July, averagimgpertBesnicow
temperatures tend to occur in January, the coldest month, averaging in the 20s.

Table 3.3-1
Anne Arundel County Temperature and Precipitation by Month

Normal Normal '\’;Ig;Th?l
Month Maximum Minimum Precipitat)ilon
Temperature Temperature :

(inches)
January 44 29 331
February 48 31 2.95
March 57 38 453
April 68 47 3.66
May 77 57 421
June 86 67 4.17
July 89 71 457
August 87 71 3.90
September 81 64 4.76
October 69 52 3.90
November 59 42 3.82
December 48 33 3.54
Annual 68 50 3.94

3.3.4 Transportation

Anne Arundel County is a suburban jurisdiction with identified town centers, extendaittoatomerdisil dis
major arterial highways such as MD 2 and MD 3aaddrediwalensity residential uses in other areas. As a
suburban jurisdiction located between the two major urban centers of Washington, D.C. and Baltimore, the
transportation inveents (both highways and transit) have been made to support travel between those areas
through the County.

Highway facilities that carry traffic within the County experience significant travel demand in part because of exi
development patterns amgitles. The relatively low residential densities over much of the County make it difficult
to support mass transit opportunities and tend to
consists of approximately 4,850 lane miles ofd@tisegpredominant mode of travel used by residents and
employees in the County.

! https://www.usclimatedata.com/climate/annapolis/maryland/united-states/usmd0585
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Baltimore Washington Marshall International Airport accommodates over 21 million passengers annually and is
largest airport in the State. Owned by the State dfavidrgiaerated by the Maryland Aviation Administration

(MAA) the airport is located in Linthicum, approximately 10 miles south of Baltimore and 30 miles north of
Washington, D.C. Close proximity to the Baltimore/Washington Parkway, Fort Meatielpad M8Rehave

the airport one of the biggest economic engines in Maryland, serving the federal government, technical, hospita
and tourism industries.

1 3.3.5 Community Assets

9 Critical Facilities and Infrastructure

Critical facilities are those faclhiieprovide essential services to the community and must be functional after a
hazard event. Anne Arundel County considers the following facilities to be critical: hospitals, fire stations, police
stations and public shelters. Taklds3z3list ofd#ities that the County has designated as critical, current as of

July 2019. There are no critical facilities in Highland Beach.

Table 3.3-2
Anne Arundel County Critical Facilities
Source: Anne Arundel County Office of Emergency Management (current as of August 2019)

Facility Name Address Jurisdiction ZIP Code
Anne Arundel Medical Center 2001 Medical Parkway Annapolis 21401
Baltimore Washington Medical Ctr. | 301 Hospital Drive Glen Burnie 21061
Fire Station 10 3725 Mountain Road Pasadena 21122
Fire Station 11 7549 Solley Road Glen Burnie 21060
Fire Station 12 161 Ritchie Highway Severna Park 21146
Fire Station 13 8506 Ft. Smallwood Road Pasadena 21123
Fire Station 17 1505 Ritchie Highway Arnold 21012
Fire Station 18 7726 Baltimore Annapolis Blvd. | Glen Burnie 21060
Fire Station 19 1411 Cape St. Claire Road Annapolis 21401
Fire Station 2 529 Londontown Road Edgewater 21037
Fire Station 20 4642 Mountain Road Pasadena 21122
Fire Station 21 1367 Dorsey Road Hanover 21076
Fire Station 22 551 Pure Water Way Edgewater 21037
Fire Station 23 960 Ritchie Highway Arnold 21146
Fire Station 26 7880 South Crain Highway Glen Burnie 21061
Fire Station 27 3498 Laurel Ft. Meade Road Laurel 20724
Fire Station 28 1425 Annapolis Road Odenton 21113
Fire Station 29 7891 Max Blobs Park Road Jessup 20794
Fire Station 3 3123 Riva Road Riva 21140
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Facility Name Address Jurisdiction ZIP Code
Fire Station 30 304 Mountain Road Pasadena 21122
Fire Station 31 5100 Ritchie Highway Brooklyn 21225
Fire Station 32 309 Camp Meade Road S Linthicum 21090
Fire Station 33 15 Central Avenue Glen Burnie 21061
Fire Station 34 4 Broadview Boulevard Glen Burnie 21061
Fire Station 4 7870 Telegraph Road Severn 21144
Fire Station 40 121 Jennifer Road Annapolis 21401
Fire Station 41 6270 Shady Side Road Shady Side 20764
Fire Station 42 6007 Drum Point Road Deale 20751
Fire Station 5 1300 Waugh Chapel Road Gambrills 21054
Fire Station 6 391 Hall Road Crownsville 21032
Fire Station 7 2380 Davidsonville Road Gambrills 21054
Fire Station 8 991 Bay Ridge Road Annapolis 21403
Fire Station 9 6165 Solomons Island Road Lothian 20711
Annapolis High School 2700 Riva Road Annapolis 21401
Meade High School 1100 Clark Road Fort Meade 20755
Northeast High School 1121 Duvall Highway Pasadena 21122
Severna Park High School 60 Robinson Road Severna Park 21146
Southern High School 4400 Solomon Island Road Harwood 20776
Eastern District Police Station 3700 Mountain Road Pasadena 21122
Northern District Police Station 939 Hammonds Lane Baltimore 21225
Southern District Police Station 35 Stepney's Lane Edgewater 21037
Western District Police Station 8273 Telegraph Road Severn 21113

9 Total Exposure

The total net worth of the building stock in Anne Arundel County is estimated to be $61.37 billion. Obviously not
of these assets ate=qual risk from the effects of natural fidh&rdsformation is intended only as a general
indication of the total value of potentiakyaasets. Table-3.Below shows the total exposure, by occupancy

class. Information regarding the noihple@ple and housing units is from the U.S Census Bureau (current 2015
and 2016, respectivel y). Data on tvMiHé¢oolwardionMR b f e x p
The HAZUS data was not available for the 2018 HMP update, soriéheal@dfrersion of the document

were brought to 2018 values using the U.S. Bureau of LaborIBtatisfiai@ncalculator. The resulting

values should be considered estimates only, because they do not reflect additional bulttimgy siotdss of bui

since the last version of HAZUS data.
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Table 3.3-3
Anne Arundel County Population, Housing Units, and Total Exposure ($ value) by Land Use Category

Category Value

People 564,195 (1)
Housing Units 219,319 (2)
Residential $50.02 billion
Commercial $10.70 billion
Industrial $4.60 billion
Education Exposure $4.32 billion
Government $2.85 hillion
Agriculture $134 million
Religious $4.41 billion

(1) 2015 population per U.S. Census
(2) U.S. Census American Community Survey, estimates for 2010 - 2016

3.3.6 Population and Growth of the Planning Area

Table 3-8 summarizes population, household and employment statistics for Anne Arundel County, the Baltimort
region, and the State of Maryland. These are also discussed briefly inghekuinsection

Table 3.3-4
Population, Household, and Labor Force Statistics and Projections
Source: County forecasts from Anne Arundel County Office of Planning & Zoning, Round 9 Forecasts,
December 2017. Regional and State forecasts from the Maryland Department of Planning, Planning Data Services,

January 2018
Population 2015 2020 2025 2030 2035 2040
Anne Arundel Co. 562,867 572,340 582,566 594,303 608,928 621,771
Baltimore Region 2,737,800 2,800,350 2,851,950 2,897,800 2,934,300 2,989,250
Maryland 5,988,400 6,141,900 6,336,500 6,518,750 6,676,900 6,834,500
Households 2015 2020 2025 2030 2035 2040
Anne Arundel Co. 207,338 210,959 217,565 224,575 231,253 237,951
Baltimore Region 1,056,650 1,092,312 1,124,857 1,152,507 1,171,750 1,195,769
Maryland 3,258,460 3,321,570 3,382,370 3,430,500 3,475,790 3,533,870
Employment 2015 2020 2025 2030 2035 2040
Anne Arundel Co. 369,580 382,795 397,236 413,039 431,305 451,373
Baltimore Region 1,474,300 1,501,460 1,511,350 1,517,100 1,523,340 1,545,440
Maryland 3,258,460 3,321,570 3,382,370 3,430,500 3,475,790 3,533,870
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Population

Anne Arundel County has seen steady increases in its population over the past fifteen to twenty years. Betweer
1990 and 2017, the population grew fr2894@571,031, a 33.7% increéde.e Count y6s rate o
increase has historically exceeded that of both the Baltimore region and the State of Maryland.

Current forecasts indicate moder ad3®eaforecast h i n t he
period, but that the rate of growth will slowly begin to decline. The total County population is forecast to increas
621,771 by the year 2040, representing a 10.1% increase from 2015 to 2040. This is slightly higher than the rat
population increase forecasted for the Baltimore region over the next few decades (9.1%). These figures were
developed for the Transportation Cooperative Forecast. The population estimates are product of potential resid
land use. Therefore, the dgtas predicated on residential holding capacity, which is in turn based on existing
zoning and development regulations. Thus, as the amount of land remaining for development is gradually reduc
so does the projected population.

Households

Anne Arundel County continues to experience growth in households as well. The County experienced a
19.8% increase in households between 1990 and 2000, a higher rate of growth than in the Baltimore region
or the State as a wheleusehold growth is expected to continue over the next 30 years, based on County
forecasts. Household growth in the Baltimore region is also expected to continue at a moderate pace, with
forecasts indicating a 13.1 % increase in households frobd@0AS sh@wn in Tabled3tRe

number of households in Anne Arundel County is projected to increase by 14.7% over the same period.

Employment

Forecasts indicate County employment will increase by 22.2% between 2015 and 2040, compared to a 4.8%
increae in the Baltimore region. Employment in Anne Arundel County is distributed across several general sect
Major employers are shown in Tablé 3.3

Table 3.3-5
Major Anne Arundel County Employers

Employer Sector Number Employed
Fort George B. Meade Public/Government 56,000
Anne Arundel County Public Schools Public/Government 14,000
State of Maryland Public/Government 12,132
BWI Marshall Airport Public/Government 9,717
Anne Arundel County Government Public/Government 5,190
U.S. Naval Academy Public/Government 2,340

2 http://worldpopulationreview.com/us-counties/md/anne-arundel-county-population/
3 https://www.aaedc.org/business/county-profile/top-employers/
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Employer Sector Number Employed
Anne Arundel Community College Public/Government 1,939
U.S. Postal Service Public/Government 600
U.S. Coast Guard Yard Public/Government 598
Northrop Grumman Private 8,465
Anne Arundel Health System Private 4,000
Southwest Airlines Private 4,835
Live! Casino and Hotel Private 3,000
U. of Maryland Balt./Wash. Medical Center Private 2,932
Booz Allen Hamilton Private 2,100
Allegis Group Private 1,500
CSC Private 1,229

The Maryland Department of Licensing, Labor and ReigiRtiorovides statistics about employment across
the State. For 2017, DLLR reporting indicates tha
was 273,090. Of this overall figure, government employment was 47,243 (17.3¢@¢eata alnpioyment

was 225,847 (82.7%). Within psaettr employment, sespiogiding employment was 196,676 (72% of the

County total), and gepdwiding business employment was 29,170 (10.7% of the County total).

Age and Gender Profile

Sirce the 2012 version of the Hazard Mitigation Plan, the U.S. Census modified and simplified the way it
reports age and gender statistics. Anne Arundel County currently comprises 6.2% people under the age of
five years, 22.4% under the age of 18 yearsydth¢hage of 65 years, and 50.5% female.

Race Characteristics

Anne Arundel County is predominantly Caucasian, making up approximately 75% of the total racial compositior
according to 2010 survey estimates from the U.S. Census Bureau. Thacdiakgtarges/as Black/African

American persons, who comprise approximately 17%. All other races combined make up less than 7% of the
County population.

Educational Attainment

One of the most beneficial assets to a local jurisdicti@tigad@ibpulation. Census estimates

show that approximately 91% of Anne Arundel Count
diploma or a higher degree (American Community Survey§.dralildes 2 breakdown of education

levels for Anne Arun@eunty and the State of Maryland.

4 https://www.dlIr.state.md.us/Imi/emppay/tab4anne42017.shtml
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Table 3.3-6
Education Attainment
Source: 2016 American Community Survey, U.S. Census Bureau
Note: Counts for ages 25 years and older.

Jurisdiction Less than H.S. .H.S. Associate Bachel o Graduate
Education Diploma Degree Degree Degree

Anne Arundel Co 30,952 93,862 28,736 88,157 62,476

Maryland 410,756 1,030,305 259,899 838,733 717,979

Household Income

Anne Arundel County has a uniform distribution in terms of the number of households in each income
braclkt. Census estimates from 2016 indicate household incomes that are fairly evenly distributed within the
Ssix income classes selected. The Countydés mean ho

Land Use and Development Trends

The 2009 Gener@@ el opment Pl an ( GD-ahge lars use plan. lt@dowsitheysadme c ur r
trends from the 1990s by continuing to concentrate new growth in specific target areas and in the Priority Fundi
Area (PFA), and maintaining the rural aréaBhataemmunity favors most of these trends in support of
preserving their communityds character and histor
201820. At this time it is anticipated that new growth will primarily ®eoat iim $fesific targeted growth

areas as identified in the GDP, and rural areas will experience minimal new growth.

Housing growth will continue in Anne Arundel County but is likely to slow, as is expected in a maturing jurisdicti
Currently, tH®uéng distribution for Anne Arundel County is weighted toward townhomes (single family attached)
followed by singémily detached and multifamily dwellings, based on new construction permits being issued. As
shown in Table J.3between 2013 and 201 T thmty issued 11,472 residential permits. Among these permits,
4,473 (39%) were for townhome units, 3,565 (31%) we+amahsdefkeched units, and 3,240 (28%) were for
multifamily unit®uring this period the Baltimore region as a whol84aev@2¢3idential permits, and Anne

Arundel County accounted for 11,472 (36%) of these.

In the longer term, the land use planning priorities in the County are likely to gradually shift from a focus on new
development to a focus on redevelopmentaizditionit as the County matures, and as vacant land for
development becomes more scarce. While the existing development capacity is expected to be adequate to sel
new growth over they@r horizon, any significant increases in capacity in thaduiked/wequire shifts in

existing land use policies. Along with these changes, a priority for both the short and long term is strategic plani
for water resource protection and a focus on mitigation to address the impacts of existidguaed planned lan
water resources. Additionally, strategic planning to ensure that adequate public facilities (schools, roads, public
safety services) will be in place to serve new growth will be focused on in the near term.
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Table 3.3-7
Anne Arundel County Residential Permits Issued (2013-2017)
Source: Baltimore Metropolitan Council Building Permit Data System.

Classification Permits 2013 Permits 2014 Permits 2015 Permits 2016 Permits 2017

Single-family detached 700 687 606 713 859
Single-family attached 705 879 913 904 1,072
Two-family 8 18 16 58 20
Multi-family 439 535 1,060 635 571
Mobile homes 1 1 1 20 51
Other shelter 0 0 0 0 0
Mixed use 0 0 0 0 0
TOTAL 1,853 2,120 2,596 2,330 2,573

The 2009 Land Use Plan is shown in Figuiee3/8lopmiepatterns are well established in most parts of the
County. Hi gher density residenti al uses and most
concentrated in the northern parts of the County and in Odenton, Severn, Maryland @#ayolerdftan, an

rural land base still covers much of the Crownsville area and virtually all of South County with the exception of t
Deale, Churchton, Shady Side, and Galesville communities. Low to medium density residential uses are spreac
throughout buteamost predominant on the peninsulas (Lake Shore, Broadneck, Annapolis Neck, Edgewater and
Mayo) and in Severna Park, Pasadena, Severn and Jessup.prabiee3.§eneral descriptions of the land

use categorigdote that the notationonthe uggdertri si de of t he mapithisndi cat es
refers to the plan document for which the map was created.
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Figure 3.3-2
Land Uses in Anne Arundel County
(Source: Anne Arundel County Office of Planning and Zoning)
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Table 3.3-8
Description of Land Use Plan Categories

Source: Anne Arundel County Office of Planning and Zoning

marinas.

Rural Agricultural wses and single family detached | RA, RLD
homes.

Residential Low Density Single family detached homes. RI, R2

Residential Low-Medium Density | Single family detached homes. (Townhouse | R2, RS
and duplex units may be allowed as Speaal
Exception or Conditional uses.)

Residential Medium Density Single family detached, duplex, townhouse, and | R5, R10
multifamily dwellings.

Residential High Density Generally multifamily dwellings. RI5, R22

Commercial Community retail, commercal office, gemeral | CI, C2, C3, C4
retail, and highway commercial uses.

Small Business Community commerdal uses, home occupations, | 5B
and single family detached homes.

Industrial Industrial park, light industrial, and heavy | W1, W2, W3
industrial uses.

Haritime Community marinas, yacht clubs, commercal | HAI, MAZ, HA3, HB, MC

Hixed Use Categories

A mix of residential, commercial, employment,
and public uses.

MXD-R, MXD-C, HXD-E, MXD-T

Town Center

A mix of general commercial and multifamily
residential uses. Also includes Odenton Growth
Hanagement Area

TC, Odenton Growth Management
Area districts

Natural Features

Passive use parks, conservation lands, floodplains
and other environmental preservation areas.

05 (Open Space) typically, but any
zoning may apply.

Government / Institutional

Land owned and used by Federal, State, or
local governments, such as public schools,
active use parks, and BWI Airport. Hay also
include private institutional uses.

Rl typically, but any zoning may
apply.

Transportation/Utility

Road and public utility rights-of-way.

Any zoning may apply.

Anne Arundel County, Maryland 2018 Hazard Mitigation Plan Update

Page 3-27




3.4 Resiliency, Climate Change and Sea Level Rise Considerations

To ensure lotgrm viability, the Office of Planning and Zoning (OPZ) developed a ClimagsChange polici
and strategies working draft that will be used as a framework for discussion purposes and inclusion in the
Anne Arundel County General Development Plan update, Plan 2040. Several of the Climate Change
policies and strategies have already been iedargoraéctions of the draft Plan 2040. The policies

and strategies will be made available for public review during the summer of 2020. The working draft
identifies two fundamental approaches to addressing climate change, namely adaptation and mitigation
Adaptation reduces the vulnerability of people and property to the impacts from climate change, while
mitigation refers to reducing emissions of greenhouse gases (GHG) and increasing storage of GHGs. The
policies and strategies will ensure a cohgsiaetan addressing climate change and resilience

planning within the County, and in making recommendations on the type of projects that will be considered
by the County in relation to natural resource management, public infrastructure, ddgi@ispment regula
emergency response, and operation of County facilities and critical infrastructure. The policies and
strategies were developed based on three County reports and initiatives including the Sea Level Rise
Strategic Plan (2011), Energy Efficiencyhaed/&@imn Plans (2009 and 2013), and the Climate

Resilience Action strategy (2019 and ongoing).

In addition to the comprehensive planning, Anne Arundel County remains prepared and stands ready to
work with local, State, and Federal partners, supjes; ageieather organizations to address the

current and future needs of our communities. The resiliency of the County depends upon effective
leadership, implementation of local and regional Plans, coordination of resources and assets with our State,
Federh and local partners, and our ability to adapt to the changing environment and conditions affecting
our communities. Anne Arundel County embraces an all hazards approach to comprehensive planning that
is aimed to protect life, property, and reducntied footfuture losses and damage from the effects of

natural hazards. Anne Arundel County will utilize the Emergency Operations Center (EOC) to assist with
response and recovery efforts. Once activated, the Incident Commander will remdiazaidsast of the

and changing conditions affecting our communities. The Incident Commander and our partner agencies will
be responsible for collecting and assessing current information on the risks and hazards affecting the
community, and taking steps to mitiggridgh loss and damage to life, property, and critical

infrastructure. The Office of Emergency Management maintains the capability of warning the public of
hazards affecting our communities through mass notification systems and IPAWS. Tibe County will uti
these systems as well as implement mutual aid agreements with neighboring jurisdictions to protect life,
property, and critical infrastructure from all hazards affecting our communities.

Since coastal communities are most vulnerable to climareldemigeel rise, future updates of the

HMP will focus on mitigation strategies and actions that assess the vulnerability of coastal communities to
sealevel rise, coastal flooding, and nuisance flooding; incorporates the Climate Resiligies Action strate
and actions into local comprehensive plans; improves resilience of critical infrastructure to flooding and the
impacts of climate change; and identifies protective measures for cultural and historic resources to flooding,
erosion, and sea level ngmcts.

Table 8-2 identifies the mitigation actions that will assist in building more resilient communities that have
the ability to adapt to the changing hazards and conditions affecting the County including sea level rise and
climate change. To that @artners and stakeholders of the HMP will be responsible for incorporating the
policies, and strategies of Resilience, Climate Change, or Sea Level Rise into their respective local plans,
programs and initiatives. The vision for Resiliency, Clgeatn@Gl@®a Level Rise outlined in this
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section are under consideration by the County for local plan integration. For more information on
incorporating the policies and strategies of Climate Change, refer to Section 3.4.4.

3.4.1 Resiliency

The StatedMar yl and Smart, Green and Growing Act of 200¢
pl anning visions with 12 visions that reflect the
and development policy. Eight of the twelve visions tet facttspeak directly to the preservation of
natural resources and the environment:

1. Quality of Life and Sustainability: A high quality of life is achieved through universal
stewardship of the land, water, and air resulting in sustainable comnotetties and p
of the environment.

2. Community Design: Compact,-omsee@valkable design consistent with existing
community character and located near available or planned transit options is encouraged to
ensure efficient use of land and transportatiorsrasdyeservation and
enhancement of natural systems, open spaces, recreational areas, and historical, cultural,
and archeological resources.

3. Infrastructure: Growth areas have the water resources and infrastructure to accommodate
population and businegsaasion in an orderly, efficient, and environmentally sustainable
manner.

4. Economic Development: Economic development and natubslseddwsiaesses
that promote employment opportunities for all income levels within the capacity of the
St at eabresouncast public services, and public facilities are encouraged.

5. Environmental Protection: Land and water resources, including the Chesapeake and
coastal bays, are carefully managed to restore and maintain healthy air and water, natural
systems, andifig resources.

6. Resource Conservation: Waterways, forests, agricultural areas, open space, natural
systems, and scenic areas are conversed.

7. Stewardship: Government, business entities, and residents are responsible for the creation
of sustainable communltiecollaborating to balance efficient growth with resource
protection.

8. Implementation: Strategies, policies, programs, and funding for growth and development,
resource conservation, infrastructure, and transportation.

3.4.2 Climate Change

Given its lotian and very large extent of coast line, Anne Arundel County is keenly aware of the

i mplications of c¢limate change. The Countyds focu
by climate change. Sea level rise is discussed in sortfeedaibiéation immediately below this one.

The County does not presently have any resources dedicated specifically to climate change issues, but

does have a range of policies and activities that are tangentially related.

According to the Maryland Commuss{olimate Change 2017 Annual Report, Maryland is facing
consequences of climate change including, but not limited to:

1. Changes expected to negatively impact coastal, bay, and inland water quality parameters and
potentially change the viable uses oésuater, such as irrigation, recreation, or human
consumption
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2. More frequent disruptions to urban and coastal infrastructure in Maryland caused by extreme
weather events and sea level rise that may indirectly impact the economy of the region by
restrictinthe flow of goods and affecting days worked

3. Common stressors experienced among ecosystems, agriculture, fisheries and forestry, such as
those caused by general changes in temperature and precipitation regimes; increased extreme
weather events; and in@eégsessures from weeds, diseases and pests

4. Changes in the severity, frequency, or distribution of human health issues which are affected
either directly or indirectly by climate, including impacts on food and water supply, air quality,
and extreme weatheents; and

5. A higher probability of negative outcomes for individuals and communities inherently more
sensitive or with a reduced adaptive capacity for responding to the impacts of climate change.

The County has various specific actions in Sedtism@tightion plan that are related to mitigating the
effects of climate change, although they are categorized by natural hazard, not under the general heading of
climate change.

Additionally, the Assaociation of Climate Change Officers (ACC@hezednilittpthe State of

Maryl and to form the Maryland Climate Leadership
capacity of state and local government agencies, businesses, and other organizations to develop and
implement sound climate chairt@ives in order to ensure current and future public health, security and
economic prosperity. A number of staff from the Office of Planning and Zoning patrticipated in the Academy

in 2019, and additional County staff will be participating ins2&?@lsdwompleted the requirements

to become a Certified Climate Change Professional
well educated and informed of the science and the public policy implications of climate change.

3.4.3 Sea Level Rise

Anne Arundel County is acutely aware of the implications of sea level rise on the jurisdiction, and has been
working for some years on various plans and efforts to fully understand its potential effects, and to develop
strategies for addressingagtmpr ehensi vely. One i mportant basis of
Rise Strategic Plan (November 2011, Anne Arundel County Office of Planning and Zoning; prepared for the
Maryland Chesapeake & Coastal Program, Coastal Communities $aciject offthis HMP is

intended to summarize this document to provide co
address climate change and sea level rise. Page 1 of the Strategic Plan states:

Historical records indicate a relative seailese¢ occurring al ong Maryl and:
a rate of one foot per 100 years, and it is predicted that this rate will continue into the

foreseeable future or possibly accelerate due to a variety of factors. The County is therefore
susceptible to thiéeets of climate change and sea level rise and has a need to better
understand the scientific findings to date and
General Development Rldopted in 2009, includes recommendations to develop a

strategiclan for a phased implementation response to avoid or reduce sea level rise impacts

to property, infrastructure, and other resources, and to establish policies to guide the

relocation, extension or expansion of public infrastruttkrareaat

To tlis end, the County partnered with the Maryland Department of Natural Resources (DNR)
through the Coastal Communities Initiative Program to conduct a study of potential sea level
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rise impacts and develop adaptation strategies. The project includeonipaomnerats:

1) a vulnerability assessment to identify potential areas impacted by sea level rise and develop
inventories of resources at risk; 2) development of a framework for interagency strategic
planning; 3) development of a strategic plan; lidaltmeach and education to promote

public awareness of sea level rise issues.

The Anne Arundel County Climate Resilience Action Strategy {@6ih§)asdhtanproduct of that

study. The Pl an fisummar i z e sfort$ rblaed ® sea tevelGise; r ecent r e
discusses the key findings from the vulnerability assessment and other planning analysis; identifies the

major planning issues for Anne Arundel County as related to sea level rise; and recommends future actions

to protecesources and minimize impacts.

AUsing the range of sea | evel rise projections re
undertook a study to gain a better understanding of its vulnerability to sea level rise in terms of both the
locationghat may be impacted and the resources that may be threatened. The results were published in
2010 in the Anne Arundel County Sea Level Ri se Ph

The Maryland Department of Natural Resources (DNR) assistedithadgchnitgl modeling work
basedonLiDARased topographic data and the Statebds of fi
land areas that may become inundated with water under various sea level projections. The model projected
areas of inundatfon two ranges of potential sea levelxige:0ddd dThe model ing provid
basis for further planning and policy decisions related to the effects of sea level rise, including not only

where these effects are likely to occur, but vaticaiandedata, as shown in the series of tables below.

The tables in this Section were selected because of their specific relation to natural hazard risk, and

eventual full incorporation into the HMP.

In the context of this HMP, it should be cleestgachtigt this information was developed about eight

years ago, and various of the inputs have likely changed in the interim. Moreover, inundation projections are
necessarily based on predictions about the degree of sea level rise, and ithislisdsytdafirdind

thus so are the results. The series of tables that follow should be understood in this context, and regarded
only as a partial starting point for further development of policies and practices related to coastal flooding.
Note that seat®used verbatim from the Strategic Plan are indicajiestifretutiyxt sections below.

The first table simply shows the land area inundated in the two inundation depth ranges. These values
appear to be relatively small, given the extensiveiattbee{founty.

Anne Arundel County, Maryland 2018 Hazard Mitigation Plan Update Page 3-31



Anne Arundel County, Maryland i 2018 Hazard Mitigation Plan Update - DRAFT
Section 3 Background

Table 3.4:3
Anne Arundel County Land Areas Inundateelb§ 0 &6rdbd QA n Acr e s
(Source: 2011 Sea Level Rise Strategic Plan, Table 1, Page 5)

by Type

Type of Land Cover 0-2 ft Inundation 0-5 ft Inundation
Commercial 13 182
Forested Wetland 5 29
Industrial 4 27
Open Land 262 650
Open Wetland 622 964
Pasture/Hay 1 17
Residential 1-acre 24 116
Residential 1/2-acre 44 249
Residential 1/4-acre 66 332
Residential 1/8-acre 68 499
Residential 2-acre 78 381
Residential Woods 20 59
Row Crops 1 37
Transportation 7 70
Utility 1 7
Water 234 383
Woods 743 2,903
Total Acres 2,193 6,905

The next table provides several metrics related to sea level rise and ridevalireberfspmioperties at
risk. Note that the dollar figures are the assessed values of the properties, likely including the land value, not
the dollar amount of damages expected in inundations in the two ranges.

Table 3.4:3
Anne Arundel County Land &sdnundated by®d &brdd O al ue
(Source: 2011 Sea Level Rise Strategic Plan, Table 2, Page 5)

Metrics

0-2 ft Inundation 0-5 ft Inundation
# of Properties at Risk 11,607 18,850
Average Assessment Value $223,854 $202,018
Median Assessment Value $143,027 $133,700
Total Assessment Value $2,904,959,889 $4,135,714,067
next table provides the numbers of HAprincipal

predominates on a specific tractaddoiethat the values do not express any detailed information about
flood depths at individual properties, only the intersection of flood inundation limits and the parcels on which
the structures are built.
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Anne Arundel County Land Areamtiated by@ 0
(Source: 2011 Sea Level Rise Strategic Plan, Table 3, Page 7)

Section 3 Background

Table 3.4:3

Building Use Type 0-2 ft Inundation 0-5 ft Inundation
Commercial 13 62
Educational 0 2
Other Institutional 2 8
Place of Worship 0 2
Residential 125 2,324
Total 140 2,398

&rod @Principal

Structures

The final table in the series shows public infrastructure at risk from the two levels of inundation. The
information does not providectual risk calculation, i.e. expected damages.

Table 3.4:3
Anne Arundel County Land Areas InundateeRlb§ 0 e6rdd @®u bl i ¢ I nfrastructur
(Source: 2011 Sea Level Rise Strategic Plan, Table 4, Page 8)

Facility 0-2 ft Inundation 0-5 ft Inundation

Water Lines (pipe length in feet) 26,684 53,729
Water Hydrants 2 9

Sewer Gravity Lines (pipe length in feet) 12,169 169,202
Sewer Force Mains (pipe length in feet) 21,602 137,663
Sewer Manholes 36 591

Sewer Pumping Stations 1 24

Storm Drain Pipes (pipe length in feet) 22,880 66,212
Stormwater Management Facilities 1 9

In addition to the range of buiklghdgsfrastructure, the report includes some discussion about several specific
community elements that are at risk of sea level rise: marinas, park lands, and historic and archaeological resot
The subsections about marinas and park lands arerpattedrom the report.

MarinasThe marine industry is an important segment of the local economy in Anne Arundel
County given its many miles of shoreline. Based on a recent inventory, there are 221 marinas
currently operating in the County includimgh@grmarinas, commercial marinas, and

yacht clubs. The principal services that are provided at marinas are facilities for storing,
launching, and hauling boats although other services often include fresh water supply for the
docked boats, electric paepajr, fuel, grocery sales, marine supplies, hardware,

restaurants, restrooms, tennis, swimming pools, ice, boat sales, boating schools, and
sometimes motels. As would be expected, the majority of marinas are vulnerable to sea level
rise under the scanaranalyzed, with 208 marinas vulnerable urBdothsdenario

and all vulnerable under {0t scenario.
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Park LandsMost of the public park properties vulnerable to sea level rise are County parks.
Many are open natural areas, but thahelpeoperties also include active recreation parks

with sports fields, public school recreation areas, and public piers. It appears that most of the
physical infrastructure on park properties is located outside of the projected inundation areas.
Stillfuture park development plans will need to take into consideration these potentially
vulnerable are&3f the 59 vulnerable park properties, 12 are located in South County, 11 in
Deale/Shady Side, 8 in Edgewater/Mayo, 6 in the Lake Shore area, Snatkhe Broa
peninsula, and the remainder in other communities.

Archaeological and Historic Resourdegotal of 371 archaeological sites are vulnerable

under a2 foot sea level rise scenario. The number rises to-8Z2oh s level rise.

The 422 thatened sites account for nearly 30% of the total sites recorded in the County.
Ninetyone of these sites date from the historic period (froseteatsedtita. 1650,

through the early twentieth ceturyt940), and 215 are from the prehistodc(qer

Native American sites thatgte the arrival of Europeans to Anne Arundel County ca.
1650AD to ca. 8,000 BC). The remaining sites either contain both historic and prehistoric
components or date to an unknown time periodbTplbeides infoation about the

numbers of archaeological sites inundated by the two levels of sea level rise.

Table 3.48
Anne Arundel County Land Areas Inundateelb§ 0 &6rdd QAr chaeol ogi c al Site
(Source: 2011 Sea Level Rise Strategic Plan, Table 6, Page 10)

Cultural Affliation 0-2 ft Inundation 0-5 ft Inundation
Prehistoric 192 215
Historic 80 a1
Prehistoric & Historic 43 52
Unknown 56 64
Total 371 422

Fortyseven recorded structures listed on the Maryland Inventory of Historic Properties (MIHP)

may be vulnerable wihf@et of sea level rise, while 74 are vulnerable with up to 5 foot of

rise. These sites include historic buildings, bridgesedightibusistoric roads and

di stricts, along with several Feder al hi stori
Some of the recorded historic sites are historic districts that may contain multiple resources

within a confined geographic area.\itilesthe table below indicates 12 historic districts

may be vulnerable, the number of individual buildings and landscape features that are within

those districts could number in the hundreds and may comprise a much larger threat.
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Table 3.48
Anne Aondel County Land Areas Inundated-Byd®0 &rdd MHi st ori ¢ Properti es
(Source: 2011 Sea Level Rise Strategic Plan, Table 7, Page 11)

Recorded Historic Sites® 0-2 ft Inundation 0-5 ft Inundation

Structures/Dwellings 12 26
Bridges 8 11
Lighthouses 4 4
Historic Roads 1 2
Historic Districts 12 12
Federal - US Coast Guard & US 10 19
Navy resources

Total 47 74

Key Conclusions from the Vulnerability Assessment

The vulnerability assessment proved very valuable in eQahlinty thebetter understand the level of threat

posed by a future rise in sea I€oehpared to other nearby jurisdictions such as Dorchester County, which has
significantly large land areas that may become inundated, Anne Arundel Countyhi ftstaneds of

potential vulnerability to sea level rise are not expansive, and the number of public and private facilities
structures that could be at risk is relatively small.

Nevertheless, the value of properties, infrastructure, andonatesathatscould potentially be damaged or
rendered unusable is significant, and to this end the County will pursue the next stages to determine w
preventive planning measures and actions should be undertaken to minimize any damages tor loss of impo
resources.

The key conclusions of the analysis which will help to guide the strategic planning process are summarized bel

1
)l

In terms of land cover, some of the most significant impacts of a rise in sea level will be a loss of woode
areas and open laatls which are valuable components of the coastal ecosystem.

A majority of the developed land in vulnerable areas is used for residential purposes, with primarily sing!
family detached homes. Some homes may require elevation or relocation.

With a sea lelrise of less than two feet, impacts to principal structures may be relatively small. If a rise ir
sea level between two and five feet should occur, impacts may be much more significant with as many ¢
2,400 structures that could be damaged or teqaiienre

Structures at risk are located in most coastal communities, but the majority is located on the Deale/Shac
Side peninsula.

Local roads in many coastal communities may be impacted, particularly on the Lake Shore, Annapolis
Neck, Mayo, and Deal@qmilasHowever, the total amount of road miles is not large. Impacts would
occur at a neighborhood level but could render some properties inaccessible.

Impacts to public utility infrastructure are difficult to assess. Even if the surfaoe land area is n
permanently inundated, the higher water table associated with a rise in sea level may cause undergrour
infrastructure including water supply and sewer lines and storm drains to malfunction or collapse. In tern
of the quantity of public utility in@tase, the amount that may be at risk is not large. But it is located in

a more scattered pattern amongst almost all coastal communities, making planning for retrofits or
alternatives more complex.
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Sewer pump stati ons irservitecateas (Boohdndck Annapalia)jMayoy 6 s p u
Glebe Heights, and Broadwater) are located in potential inundation areas under a sea level rise of betw:
two feet and five feet.

Several thousand properties that rely on individual water supply weldbptindystsites could be

impacted by rising sea level causing septic systems to fail and wells to become contaminated by saltwat
intrusionln many cases, these properties are not within a feasible distance for connection to a public
utility system, amgy not be concentrated enough in density to allow installation of community well or
septic systems as a viable alternBlilgemakes mitigation planning for such situations even more

difficult.

The marina industry will likely be the most impaetgidb$digeriocal economy since virtually every

marina business could be impacted by a rise in sea level.

As many as 46 County parks could be at least partially inundated in the future. Park development plans
need to take into consideration thesiafigteninerable areas.

Over 400 archaeological sites may be susceptible to loss or damage due to sea level rise, as well as 80
historic properties. This is of particular concern to the County given the extremely high value of some of

the archaeologifiabls discovered to date in the C&itrategic planning to prevent loss of these
irreplaceable resources is a priority.

T Shoreline erosion has generally been slight
miles have experienced somed®f erosion. Very small areas of shoreline have experienced

moderate to high rates of erosion. Significant areas of shoreline have protection mechanisms in place, |

identification of additional areas in need of future protection is needed.

Initiatives to Address Vulnerability of Historic and Archaeological
Resources

Because the Sea Level Rise Vulnerability Assessment indicated a large number of historic and
archaeological sites that may be vulnerable to sea level rise impacts, as wébtedifgcdersed

to climate change, the Office of Planning and Zoning has concentrated efforts toward these resources
in recent years.

In 20187, a Hurricane Sandy Grant was awarded through the Maryland Historical Trust and National
Park Service to excasatecral endangered archaeological sites.

In 20147, the County participated with the City of Annapolis in the Weather It Together / Keeping
History Above Water workgroup and conference which focused on cultural resouces mitigation for sea
level rise.

In 201618, Hazard Mitigation Grant funds were obtained to identify and prioritize endangered historic
and archaeological sites in thgeEdGloodplain of three areas: Pasadena, Shady Side, and
Jessup/Laurel/Maryland City. The assessment was ashdsaedefik audit using both archival

research and spatial analysis with GIS. The audit resulted in mogbedtenfiaf/higihsk

survey areas and a preliminary assessmesk aésburcesubsequently, field survey of

prioritized areadmterest was conducted within the defined survey areas by both an archaeologist
and also an architectural historian.

The archaeological field survey resulted in the registration and documentation of 11 new archaeology
sites on the Maryland Archaeol8gesaSurvey, along with the submission of five updated
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archaeology site forms to the Maryland Historical Trust. Limited Phase | survey of these sites was

conducted with surface reconnaissance, with a couple including shovel test pit excdlyation. Addition

as a result of the architectural field survey, five new Maryland Inventory of Historic Properties forms

were submitted to the Maryland Historic Trust, and one survey district was also identified and recorded

on the Maryland Inventory with pendingedéation. Architectural resource data was also compiled

during the windshield survey of Pasadena and Shad
Architectural Survey Form for Hazard Mitigation Planning to define the database fields.

Assessing Development Potential in Vulnerable Areas

Based on the analysis and conclusions to date, the County has determined that its immediate focus for
sea level rise planning efforts will be more on reducing impacts and future losses to existing
development and r@ses. Consideration for limiting or restricting the extent of future development in
areas subject to flooding and to sea level rise will be completed during the comprehensive planning
process of the General Development Plan update and as bettreashiaized by the County

on sea level rise projections. The existenedesfdityvzoning and development regulations

currently in place are expected to limit the future development potential in areas vulnerable to flooding
and to sea level rise. 8\dnihumber of infill parcels or lots still exist in these areas, the County does

not anticipate a surge of new subdivisions or major development applications within these areas. The
County will consider legislation and other mitigation strategresiaresdiprone to flooding

and sea level rise that reduces potential losses and damages to life and property.

Existing Development Regulations in Vulnerable Areas

The Countyés subdivision code, zonlanmdgseor di nance,
and development in areas subject to flooding and to sea level rise. The State Critical Area regulations
as well as FEMA floodplain regulations provide additional controls on future construction and
development in vulnerable areas. Article 87stablishes a 466t buffer for development and
redevelopment on properties within the Critical Area from thevatealinggt tidal waters,

tributary streams, and tidal wetlands. An expanded buffer is required if there are cohtiguous slopes
15% or greater; nontidal wetlands, nontidal wetlands of special State concern, and hydric soils or highly
erodible soils. The establishment of these buffers along the shoreline sgoieg hazaran

mitigation action by the County that méietaiasiral environment of a stream; protects riparian

wildlife; establishes and maintains an area of transitional habitat between aquatic and terrestrial
communities; minimizes adverse effects on wetlands, shorelines, stream banks, tidal water and aquatic
resources; and provides for the removal or reduction of sediments, nutrients, and potentially harmful or
toxic substances. The County will conérplete scientific studies and implement best

management practices to enhance local mitigatiorde#ddsepotential damages and losses

from future disasters.

FEMA Regulations

Floodplain management is regulated in Airtid@odiflain Management, Erosion and Sediment

Control, and Stormwater Management in the Anne Arundel County Codefasialelasson

delineating the FEMA floodplain districts. As shown below, most of the sea level rise vulnerable areas
are located within a delineated FEMA floodplain district, primarily the AE zor@dé@ldaMand non

year floodplain with known @ayatherefore, the development and building requirements applied
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Section 3 Background

within those districts will to some extent serve to lessen future sea level rise impacts to those
properties. As with the Critical Area overlay, the floodplain management ordidaraa®thay prov
existing regulatory mechanism that can be used to apply additional protective measures for
development within sea level rise vulnerable areas.

This offers some insight into the correlation between flood zone designations and eiskserom sea lev
Table 3.4:3

Anne Arundel County Potential Sea Level Rise Inundation in FEMA Flood Zones
(Source: 2011 Sea Level Rise Strategic Plan, Table 9, Page 23)

0-2 ft Inundation 0-5 ft Inundation
Area of Inundation Inside FEMA 93 % 89 %
Special Flood Hazard Areas (A,
AE, and VE zones)
Inside FEMA A Zone 0% 1%
Inside FEMA AE Zone 04 9% 94 %
Inside FEMA VE Zone 6% 5%

Sea Level Rise Strategic Plan Goals

In addition to the detailed vulnerability asseagnogetall analysis, the Strategic Plan incorporates a series of goals
and recommendations related to sea level rise. These are briefly summarized below, and the document is incor
by reference. The HMP update includes an additional migggttbatstssterts that the County will work to
incorporate these goals and strategies into that document. The County has requested that specific goals and
recommendations that are included in #2020 Birategic Plan not be included in the HMPaas thatybeen

formally adopted or approved. The goals are by definition fairly general, and focus on the need to incorporate s
rise considerations into County policies and activities, and to further study the issue going forward. The
recommendat®imclude a very detailed series of actions and policy updates that are aimed at increasing the leve
technical knowledge about sea level rise and its effects, and in mitigating such effects on existing and future
development. The goals are listed artbthhe recommendations may be reviewed via the Strategic Plan.

1. Incorporate sea level rise planning into all related County functions.

2. Protect coastal ecosystems to reduce the impacts of sea level rise, coastal flooding and
shoreline erosion.

3. Reduce sdavel rise impacts to existing and future development.

4. Reduce potential impacts to public infrastructure serving existing communities and future
development.

5. Ensure safe and adequate water supply and wastewater management for communities
vulnerable to skxvel rise impacts.

6. Protect significant cultural resources from loss or damage due to sea level rise impacts.
Ensure that citizens in the County are educated and informed about sea level rise and have
access to current information and resources.

7. Ensure it citizens in the County are educated and informed about sea level rise and have
access to current information and resources.

Anne Arundel County, Maryland 2018 Hazard Mitigation Plan Update Page 3-38



3.4.4 Local Plan Integration

As explained briefly in this HMP, Anne Arundel County does not include any Hwisgditiated sub

within its boundaries, so there is no opportunity or need to integrate local plans. The City of Annapolis has
its own HMP, but this is not integrated into the County Plan. The Office of Emergency Management (OEM)
will remain the lead agency fatication of future HMP updates and planning activities. As part of future
reviews and updates, OEM will explore opportunities with our partners and key stakeholders on how to
integrate the mitigation goals, strategies, actions and projects irlted geativprograms and

initiatives. The County intends to use the HMP, namely the actions and projects dese2ibed in Table 8.4

as the local process for prioritizing and recommending hazard mitigation and risk reduction projects for
consideratonmé Countybés Capital | mprovement Program. As
reduction projects identified in Tal2levBlége completed by the OEM Deputy Director on an annual

basis.
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Section 4
Approval and Adoption

Contents of this Section

4.1 IFRRequirement for Approval and Adoption
4.2 Authority

4.3 Approval and Adoption Procedure

4.4  Adoption Resolution

4.1 IFR Requirement for Approval and Adoption

44 CFR8201.6 Local Mitigation Plajighe local hazard mitigatiorspimcludedlocumentation that
the plan has been formally adopted by the governing body of the jurisdiction requesting approval of the pl;
(e.g., City Council, County Commissioner, Tribal Council).

4.2 Authority

Authority for the preparation of both the agirdiMitigation Plan (HMP) and both updates is derived from the
Robert T. Stafford Disaster Relief and Emergency Assistance Act ofZ88&am@ded by the Disaster
Mitigation Act of 2000, P.L:3206The Disaster Mitigation Act of 2000KDMAand At he Act 0) r €
local governments to develop and formally adopt natural Hazard Mitigation Plans by November 2003 in order tc
eligible to apply for Federal assistance under the HMGP. The Act was further amended tagextend the plannin
requirement deadline to November 2004.

When the DMA 2000 was signed into law on October 30, 2000, the Robert T. Stafford Disaster Relief and Emel
Assistance Act was amended by adding a new seictititig88@n Planning. Section 322 placespleasis

on local mitigation planning. It requires local governments to develop and submit Hazard Mitigation Plans as a
condition of receiving Hazard Mitigation Grant Program (HMGP) project grants and certain other types of FEMA
assistance. An InterimIfRude (IFR) for implementing Section 322 was published in the Federal Register, 44 CFR
Parts 201 and 206, on February 26, 2002. The requirements for local HMPs, or Local Mitigation Plan Criteria, a
found in part 201.6.

In addition to the requirefioeripproved HMPs, the DMA2K also requires communities to utilize a specific
planning process developed forrezalttds approach to mitigation planning.-$tepforgcess is crucial to

ensure that the effective planning by a community mekPadiaihient criteria required by the Act. The Act

requires adoption by the local governing body and specifies a stringent review process, by which States and FE
Regional Offices will review, evaluate and approve HMPs.

4.3 Approval and Adoption Process

Anne Arundel County submitted its original HMP to the Maryland Emergency Management Agency (MEMA) for
review in late 2004. After FEMA and MEMA reviewed and approved the HMP, the Anne Arundel County Counc
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formally adopted the document. The incorpoevatetiHighland Beach also approved and adopted the HMP.
Section 5 provides details about public presentations for both the original HMP and updates.

Throughout the 2018 HMP update process, the HMPC and Stakeholders Group had opportunities to provide
comments and feedback. The County submitted the initial draft of the update to MEMA for review and comment
INSERT DATE HERI#er addressing MEMA comments in the document, the HMP was resubmitted for final
consideration and approval by MEMA and REMArdvitled a letter of Approval Pending Addp&arirdn

DATE HERE&Nd the document was forwarded to the Anne Arundel County Council for adoption, which occurred
INSERT DATE HEREe adoption resolution is provided as Appendix D in the 2(i8.HidRouig

adoption, the document was resubmitted to FEMA for final approval, whictiSiéoeiried th HERE

This section will be updated when the 2018 version of the HMP is updated and approved.

4.4  Adoption Resolution

The County Council adoiie@018 HMP updateNMBERT DATE HEREe Resolution can be found in
Appendix D. The Town of Highland Beach approved the HMIR 8ptRteDoklr E HERBe Resolution can
also be found in Appendix D.
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Section 5
Planning Process

Contents of this Section

5.1 44CFRRequirements for Hezard MitigatiBtanning Process

52 FederaHazardMitigation Planning Requirements

5.3 Description of tHazard MitigatiBfanning Process

5.4 How the Public was Involved

55 Other Local Planning Mechanisms

5.6 Review and Incorporation of Plans, Studies, Reports and other Information

As part of the 2012 Anne Arundel Hazard MitigdkidmFR laatate, portions of the original (HMP) were
preserved, includilngne of the terms and langUdg€ountynade vasus decisions about adding and

removing information from the original document. In many cases these changes are simply editorial in nature, a
are not noted or highlighted specifically as changes.

In developing the fiysheration HMP, @euntystabkhed @ommitte® guide the process. During the 2012

update, th€ountylecided testablish a core group (the Hazard Mitigation Planning Committee, or HMPC) and a
Stakeholders groughjch has carried over to the 2018 update, by consensus d¥if€.Z0&SskHucture and

some of the contents of the 2012 HMP have been retained for this update.

Anne Arundel County understands the importance of a public information, outreach, and stakeholder campaign
in seeking participation, input, and invobfaimepiublic and stakeholders throughout the planning and

update process. The public information, outreach, and stakeholder campaign provides the public, planning
committee members, and stakeholders with the opportunity to participate andnazasideritigaition

planning activities. The public is able to comment on proposed local mitigation projects and assist the County
with prioritizing local mitigation projects to meet the needs of the community. The public information, outreach,
and stakeld#r campaign also allows planning committee members and stakeholders the opportunity to
participate, provide input, and incorporate goals and strategies of the HMP into other local plans and planning
tools to ensure the needs of the community can be met.

The County acknowledges a shortcoming in-8@.24BIP update, in that there was inadequate

coordination with gymsblic and privatector organizations that could have provided additional input into the
process, and various suBjgetific partstble updated document. The County affirms that this will be

addressed in detail in the next update, with various organizations being identified early in the process, and
engaged in providing input and reviewing drafts of the HMP as it is developed.

The Ofte of Emergency Management (OEM) agrees to retain documentation involving the public information,
outreach, and stakeholder campaign including, but not limited to, press releases; website and social media
postings; public participation and input aheetitigs; and email communications with the public, planning
committee members, and stakeholders until FEMA has granted final approval of the Hazard Mitigation Plan.
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5.1 FEMA Requirements for the Planning Process

44 CFR 201.6 Local Mitigation Pl@ingPlanning proces#n open public involvement process is
essential to the development of an effective plan. In order to develop a more comprehensive approsz
to reducing the effects of natural disasters, the planning process shall include:

(2)An oppaunity for the public to comment on the plan during thiageadingpsior to plan
approval

(2)An opportunityr neighboring communities, local and regional agencigshavalved
mitigation activitiemnd agencies that have the authoegylate development, as well as
businesses, academia and other private-prafinorierests to bedlved in the planning process
and

(3)Review and incorporation, if appropriate, of existing plans, studies, reports, and technical informa

5.2 Federal Mitigation Planning Requirements

As mentioned in Section 4.2, the Disaster Mitigation Act of 2000 (The Act) requires State and local government
devéop and formally adopt natamalk¢iNtigation Plans in order to be eligible to applydassidance

under the HMGFhe Act authorizes up to seven percent of HMGP funds available to a State after a disaster to be
used for the development of, Stalbal, and local HMPs.

In addition to the Disaster MitigatiofiZ000, further hazat@ationlpnning requirements are set forth in six
programs administered by FIEEMSe ardescribed belafthough slightly differentradrgms outline the

same basidgnning procedsote that during the time theH@P2update was conductei|A=initiated the

HMA program integration, which aligned certain policies and timelines of the various mitigation programs. Five
the six programs are grant programs available through DHS and FEMA as a part of the Hagtanachlitigation Assi
(HMA) hified Guidancenese HMA programs present a critical opportunity to reduce the risk to individuals and
property from natural hazards while simultaneously reducing the reliantsasteF édwistates,

Territories, Indi@iribagovernments, acmmmunities are encouraged to take advantage of funding provided by
HMA programs in both gnd postlisaster timeframes.

Together, these programs provide significant opportunities to reduce or eliminate potentiaibasasd to State,
local assts through hazard mitigationipdpand project grant funéiagh HMA program was authorized by

separate legislative action, and as such, each program differs slightly iargcidpe guidante applies to

these programs: Hazard MitigationReésgram (HMGP),-Bigaster Mitigation Program (PDM), Flood Mitigation
Assistance Program (FMA), Repetitive Flood Claims Program (RFC), and Severe Repetitive Loss Program (SR
While the statutory origins of the programs differ, all share treatofmedhrcong the risk of loss of life and

property due to natural hazards.

With regard Anne Arundebunty i n gener al , t hepploicadadidiple enttythmtme nt i
submits a stdpplication for FEMA assistartice &ppl c a nt .  Toh e cés&tiphpel State af Maryland.
If HMA funding is awarded, thegup | i cant mWeanmes 0t merdidwsb responsi bl
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grant and complying with program requirements and other applicable Fed&@ia§tdialand local laws

and regulatiorBy incorpating the five prograthe,HMA consolidates the common requirements for all

programs and explains the unique elementogfahespn individual sectionsoanization improves the

clarity and ease of use of the guidance by presenting information common to all programs in general order of th
grant lifeycle.

a Flood Mitigation Assistance Program (FVAQualify to receive grant funds to implement projects
that mitigate damagedtdibrone structurkescal jurisdictions must prépazard Mitigation Plans
(HMPs). HMsust include specific elements and be prepared following the process outlined in the
Nati onal FIl ood I nsurance Programdés (NFI P) Co

a Hazard Mitigeon Grant Program (HMGR).qualify for palsaster mitigation funds, local
jurisdictions must have ada@ptédMPRhat is approved by FEMA.

0] PreDisaster Mitigation Grant Program (ID)Nlo qualify for pdesaster mitigation funds, local
jurisdictienmust adoph HMPhat is approved by FEMA.

0] NFIP Community Rating System (CRf®)CRS offers recognition to communities that exceed
minimum requirements of the National $toaxicks PrograRecognition comes in the form of
discounts on flood ineaeaplicies purchased by citizEms.®S offers credit for H¥RAS are
prepared acading to a mudtiep process.

0] FEMA/NFIP Severe Repetitive Loss Program TBRISRL program was authorized by the Flood
Insurance Reform Act of 2004 to providg famdduce or eliminate theédomgisk of flood
damage to residendialictures under the NFIFhthat suffered repetitive losses. SRL properties
have at least four NFIP claim payments over $5,000, wiiilo &if [Heesclaims withinygehd
period. SRL properties are also residential structures that have at leastlaio peyarates
made within a-¢6ar period with the cumulative amount of the building portion of thelioigims excee
the value of the property.

5.3 Description of the Planning Process

5.3.1 How the Hazard Mitigation Plan was Prepared and Updated

The 2018 ver HMBvas pepared by the @fceuohBEmergesicy Management (OEM). It was
developed in accordance with the provisions of the DisastecMifig@dén(Rublic Law-398) the44

Code of Federal Regulations Part 206, and the planning standards adopted by the Maryland Emergency
Management Ageritghould also be noted that both the GagingHMP and the updated HMP were
prepared in amtlance with the process established in the FEMigs386mitigation planHmgToguides,

as well as the requirement® @pplicable section in the 44 CFR guibl@mpeocess established in the guides
comprises several steps, shown belgurin5=8-1.
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Figure 5.3-1
FEMAG6s Haz ar dPlakhing Prgeaessi o n

Organize» Assess Risk
Resources

Implement t Develop a

Plan & Moni Mitigation
Progress « Plan

The 38&eries of guides provided the structure for the process that was used to develoCandtypdate the
HMPEach section of this updated docinoleites spiics about how the FEM#gation planning

requirements were met, as well as the process that was used to obtain and interpret data, determine and priorit
goals, strategies and actions, and im@athamanitor elements of the HMP.

Public Information, Outreach and Stakeholder Campaign From the start of this updat&€dbaty
developed a strategy that provided opportunity for sectors of the engageratygecome involved in the
process or comment on the final product. This procéssiimipedomprehensive and Coulity
community approach waentak developing this document.

After the 20I8stdraft was completed, copies were distributed to the County Executive and the County Council fc
review and comment. Copies were aikotdsto the HMPC and Stakeh@deup for review and comment.

A summary of the planning process to engage public invélge2féBtupdate includhedfollowingine

public presentation (Monday, June 4; see minutesnasttesigim Appen@x and one subsequent public

outreach during the final draft stag&unéhdublic meeting was publicized by various means including the

County website, the OEM webpage, and via Facebook. At these meetings, copies of the draft HMP were distrib
theHMP was expl ained, and questions were answered.
Public Meeting Monthly Calendar. In addition, copies of the document were placed in libraries around the Coun
residents to examine with an @BEMofontact for comments and quesgtiddiionally, a copy of the 2018 first

draft HMRas placed on tBeuntyVeb siteThe documenas discussed at the HMPC meetings and committee
members were encouraged to nd&éhgoes and the public thrdlugjr own outreach initiatives.

The Office of Emergency Management undertook a public information, outreach, and stakeholder campaign to
engage citizens in the planning and update of the HMP, and ensure the final product represented the needs of 1
conmunity. The process involved issuing a public notice and announcement in the form of a press release to loc
print media on May 4, 2018; incorporating the public notice and announcement on the Anne Arundel County we
news and events section on N2&1 8; hosting a public meeting on Monday, June 4, 2018 at 6:30 p.m. at the
Henry L. Hein Public Service Building; and placing copies of the 2018 HMP first draft at local libraries. These ac
were taken to seek public involvement and input onvesy afitfeetHMP. The press release and information
posted on the Countyds website included the follo
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1 The Office of Emergency Managementds intent to
1 The purpose of the HMP update and Federal Ritigatianin order to remain eligible for certain kinds
of federal aid and grants following natural disasters;
1 The announcement of a public meeting on Monday, June 4, 2018 at the Henry L. Hein Public Service
Building and invitation for the public tpatariicthe planning and update process of the HMP update.

The public meeting presented the key objectives of the 2018 HMP update, which included the following elemen
1 An overview of the Federal requirements for receiving assistance followwing puilszstef doing

the HMP update;

The overall process of how the County is undertaking the 2018 update of the HMP;

The main elements of a HMP update including Hazard Identification and Risk Assessment and ldentifice

of local Mitigation Strategies;

1 The types of natural hazards that are likely to impact the County for the 2018 HMP update as compared

the 2012 HMP;

The potential effects and losses to property and life from the identified natural hazards;

The number of claims made to the Natmh&h$tioance Program since 1977,

The mitigation goals, strategies, actions and projects the County is considering for the 2018 HMP updat

that are targeted to reduce the potential of damages and losses to live and property from the identified

natural hazds;

The proposed monitoring and maintenance schedule of the 2018 HMP update; and

Next steps related to local, State and Federal approval of the 2018 HMP update.

f
f

=A =4 =4

f
f

At the conclusion of the presentation, OEM staff and the consultant fielded sevidralmusitioes
interested in knowing:
1 where the County was in the process of the 2018 HMP update;
1 whether the HMP considered other hazards such as terrorism and accidents; and
1 what the relationship was between reports required by Medicare/Mesiptaddf&milay for their
emergency response planning versus hazard mitigation plans.

OEM staff responded to public input in the following manner:

1 The material distributed during the public meeting was a first draft and it would likelgdkke at least 6 w
before the draft document would be ready to submit to MEMA for review;

1 The 2012 HMP included twice as many hazards as compared to the 2018 HMRdp thatzarslsan
such as terrorism were no longer required by FEMA and were subsequentlihdrapp8dikiP
update; and

1 The only identifiable relationship between emergency response and hazard mitigation planning is the
potential effects and losses of the natural hazards identified in the 2018 HMP update to property and life

In addition to thiece, the legislative process will provide adppantaity for public participation and input

once the legislation for the 2018 Hazard Mitigation Plan update has been introduced to the Anne Arundel Coun
Council. Thenne Arundel County Charteiresghe Council Chair to schedule a public hearing within 7 days for
any new legislation, and the Anne Arundel County Council may not adopt any legislation until a public hearing i
Sincea public hearing is required before the legislatiodl@Haedtd Mitigation Plan update can be adopted,

the public will have additional opportunity to comment on the 2018 HMP update. OEM will request to receive
documentation of any public comments received during the public hearing, and willepcerpsicaie ey k

ensure the final Hazard Mitigation Plan meets the needs of the community. Any revisions will be submitted to M
and FEMA for final review and approval before the legislation is adopted.
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An Additional Note on the Hazard Mitigation Plan Update Process

As part of tt2018 HMPpdate, ceritaelements of the original dochaenbeen retained, and irrelevant or
outdated information has been summarized or removed. In some cadetothengidatades cross
references to particultsrmation in the originaiee of the documéiat: the current version, the focus has
shiftel to incorporating new hazémaiation, reevaluatingbentyisk assessment, and describing meetings
and presentations halghart of the updalbeHMPC revaluated the goals, actions, arehgtgaincluded in

the most recent approved version of tHi2G1®ighd updated each to show their statusptestedndeleted,
deferred or ongoing.

Step 1 Organize Resources
The County used a standardigeach to the HMP update, a process organizeiis:three

1. Hazard Mitigatiomaftling Committee (HMPC
2. Stakeholders Group
3. Anne Arund€buntyLouncil

As noted elsewhethe Anne Arundel County lgi#Reuwas funded through a grant from FEMAtHear
update process, tbeuntygecured the services of a professional planunitentondacilitate the work.

5.3.2 Composition of the Hazard Mitigation Planning Committee

As part of the upd&euntyfficials from various departments wigratsto be part of the HNMIREOffice

of Emergency Management identified and engaged key stakeholders in the planning and update process of the
Hazard Mitigation Plan. The stakeholders were selected based on their respective role andtaeutratity to: reg
use and development of property within the floodplain; adopt local ordinances, policies, and procedures that su
the goals and strategies of the 2018 HMP update; provide administrative and managerial support to engage pul
participation tinle HMP update process; procure capital and grant funds necessary to support mitigation projects
and programs within the County; incorporate the goals and strategies of hazard mitigation planning into local pl
and other planning tools during rowtatesj@and expand on and improve existing policies, programs, and
resources that support Hazard Mitigation Planning activities.

The HMPC included representatives from the Office of Planning and Zoning (OPZ), the Department of Inspectic
and Permits (I&®)e Department of Public Works (DPW), the Office of Central Services (OCS), the Public
Information Officer (P10O), the Office of Law, and the Office of Emergency Management (OEM). A summary of t
Departments and Offices with respect to their refatydaath local and regional hazard mitigation planning is
described below.

The Office of Planning and Zoning is responsible for planning the physical growth, development, and land use i
County. OPZ has aut ho rveldpmenttplan (@DFY adopelocal bréinarCes,u nt y 0 s
policies, and procedures in land use governing subdivision of property, zoning or use of a property, Critical Are:
requirements, and protection of County resources including historic andsiteb&@Blograalidentified as

a key stakeholder in the update of the Hazard Mitigation Plan based on their respective role and authority to reg
land use and development of property; adopt local ordinances, policies and procedures that the support the goe
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ard strategies of the Hazard Mitigation Plan; and incorporate goals and strategies of the Hazard Mitigation Plan
local plans and planning tools during routine updates.

The Department of Inspections and Permits has authority to regulate lesdhusagictivit adoption of local

building, grading and site development codes; implementation of the local Floodplain Ordinance or floodplain
management program; review of building, grading, and site development plans; and inspections, enforcement &
issuance of permits and licerdes Department of Inspections and Permits was identified as a key stakeholder in
the update of the Hazard Mitigation Plan based on their respective role and authority to review plans and issue
building, grading, and sitelderent permits; inspect, regulate, and enforce building, grading, and site
development requirements within the floodplain; implement the local floodplain management program; and ado|
local ordinances, policies and procedures that support the rgoedsesnaf $he Hazard MitigBtem.

The Department of Public Works is responsible for
Suppl and Sewerage Systems (WS WSMP reflects the land use policies the 2009 GDP, Sma]l Area Pla
Town Center Plans andedlplanning policiese WSMP identifies the mechanisms needed to meet future

demand and guide development within the County by establishing criteria for which public and private water ant
sewer services can be providledivas identified as a key stakeholder in the update of the Hazard Mitigation Plan
based on their respective role and authority to incorporate the goals and strategies of the Hazard Mitigation Pla
the WSMP and other planning tools during routisicadpgaiecal ordinances, policies and procedures that

support the goals and strategies of the Hazard Mitigation Plan; and ensure the design and construction of publi
hazard mitigati on pls&apital I mpgovemenvoRrogrant. s wi t hin t he Co

The Public Information Officer (PIO) serves as the liaison between the Anne Arundel County Office of Emergen
Management and the media in disseminating press releases to the news media that seeks public involvement &
inpubn hazard mitigation planiimg P10 is responsible for drafting press releases, responding to media

inquiries, and participating in publingadetfield media questibms.P1O is also responsible for coordinating
messaging with other County ar@aury Public Informationdefs.

The Office of Central Services is responsible for providing administrative and managerial support by assisting F
representatives, County Departments and Offices with procuremelatedtigities 2018 HMP updhée.
OfficeofCentral'Se i ces i s also responsible for administer:i
buildings and facilities, and providing risk management services that meets the County's insurance needs by
handling all claims, setting workplace safatylstamdl working with commeikéts for all other coverage.

The Office of Law provides legal services to all County offices, departments, boardgguciesnasibting

County Coundihe Office drafts and facilitates local legiskdiolat® land use and development of property

within the floodplain as well as other areas of the County; issues advice and opinions on legal questions affectir
interests of the County and reviews all deeds, bonds, contracts, and othemtebavpapergint he Count
interests.

The Office of Emergency Management is responsible for implementing a comprehensive emergency managem
program that is aimed to prevent, protect, mitigate, respond, and recover from-metdeshanardsatnat

threata the lives or propeftgitizens of the Coufitye Emergency Operations Center (EOC) allows proper
coordination of resources and assets among local, State, and Federal partners to mitigate the effects of hazard:
the community. OEM is also redpdosieducating the public about emergency preparedness, mitigation
strategiesnd disaster recovery systems.
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A full description of the roles and responsibilities of the Departments and Offices is irR:i@eaf ith&ection

2018 HMP update.

TheHMPC is comprised of the following individuals:

Committee
Member

Table 5.3-1

Anne Arundel County 2018 Hazard Mitigation Plan Update
Hazard Mitigation Planning Committee

Organization

Interest in Hazard Mitigation Planning

Local

Regional

Neighboring

Jurisdiction Other

Christina . Anne Arundel County Office = =
Cornwell Deputy Director of Emergency Management d a
Anne Arundel County
Bill Bryant* Assistant Director Department of Inspections a
and Permits
. Assistant Planning Anne Arundel County Office x
*
Lynn Miller and Zoning Officer of Planning and Zoning a
. . Anne Arundel County =
*
Karen Henry Assistant Director Department of Public Works a
Nancy Deputy Central Anne Arundel County Office 5
Noonan Services Officer of Central Services
Jason Attorne Anne Arundel County Office 3
Fetterman y of Law
Owen McEvoy Public Information Anne Arundel County Office 5

Officer

of Public Information

5.3.3 Hazard Mitigation Planning Committee Meeting Schedule

The HMPC and the consultant hireddayrivere respaible for completing the HpdRate and all of its
compoent section$he HMPC met two timemgduhe HMP update process. fetengs took place at the
Anne Arund€buntyDffice of Emergency Managemeripfenrdix ©r all meetimginutes and list of

attendees.
Meeting 1 March 9, 2018
Meeting 2 June 4, 2018

A key part of the HMpielate process wihat the HMPC reviewed the docasiemtas developedyjuied

feedback, and approgiedt and final versions of the document.

5.3.4 Composition of the Stakeholders Group

The stakeholdegmoupvas engaged early in the planning and update process as the 2018 first draft HMP was
being developed. The composition of the stakeholders group included representatives friStatmcahdegional,

Federal agencies, public and private, and from neighboring communitiesteitbsh wetid SHMP
updateorwho have programsamstituent groupsit woulde affected by mitigation actimiti@ejects.

The 2018 Stakeholdereup was provideithregular updates on the planning processraeduested to
review the documankey pointturingts development. H&PC determined the intiamlposition of the
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Stakeholder grodmable 5:3 provides the names, tdled representation of the various members of the
Stakeholder grodprepresentative from the Town of Highland Beach wasthetudeg with the same
responsiliies as other group membéis.provided the opportunity for the Town to revasdarfdgrback
necessary to include in the HMP and mitigation efforts.

As drafts of the updated HMP were pr&taviedyised members of the Stakeholder group about the status of

the update, and provided a general summary of changes via emgiit Staketfbdded the opportunity to

review sections and provide comments, and needed only to advise the County afithéyg wistsedtamido

so. The group was requested to provide feedback through email or by telephoning the Ann@@yundel County P
Christina Cornwell or a member of the consultant team. The consultant was responsible for compiling the comn
and including them in edited versions of the HMP. These groups and the outreach effort are described in Sectic

Stakeholder

Table 5.3-2

Anne Arundel County Hazard Mitigation Plan, Stakeholders Group

Organization

Local | Regional

Neighboring
Jurisdiction

Interest in Hazard Mitigation Planning

Other

3. Kevin Anne Arundel County . 5
’ Director Office of Emergency a a
Aftung
Management
. Emergency Anne Arundel County = x
Debbie Saylor Management Department of Health a a
Jeffrey Emergency = =
McClendon Manager Fort George G. Meade a a
Assistant Plannin e Arundelgpunig
Lynn Miller & Zonin Officerg Office of Planning and a
9 Zoning*
. University of Maryland
Dave Myers Prlnmpal Agent, Cooperative Extension a Academia
Agriculture X
Service
County Executive
Nancy Schrum Director Office, Constituent a
Services
John Lane Fire Marshal Anncgigdel County a
Fire Department
Supervisor of Anne Arundel County =
Doyle Batten School Security Public Schools a
Rick Anne Arundel County
. Director Office of Information a
Napolitano
Technology
Herbert . - Anne Arundel County ~ x
Hasenpusch Police Capiigg Police Department a a
Betsey Chief of Park gnne ArundeIfCounty ~
LaBroad Operations epartment o a
Recreation and Parks
. External Affairs = = Private
Brittany Jones Specialist BG&E a a industry
Geographic Anne Arundel County
Joanie Appel Information System | Office of Information a
Specialist Technology
John . Anne Arundel County = =
Czajkowski District Manager Soil Conservation a a
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District

\évall”nlggl]'sﬂ'll Mayor City of Highland Beach a
City of Annapolis

David Mandell Deputy Director Emergency a
Management

David . City of Baltimore Office 5

McMillian Director of Emergency a
Management
Baltimore County Office

Jay Ringgold Director of Emergency a
Management
Calvert County Office of

Alfred Jeffrey Director Emergency a
Management
Harford County Office

Rick Ayers Director of Emergency a
Management
Howard County Office

Mike Hinson Director of Emergency a
Management

Courtney Prince George's County .

. Regional Planner : Office of Emergency a

Mariette

Management

Step 2 ldentify Hazards and Assess Risks

In accadance witheneral mitigatidanming practice, as well as the process FEMA established in its |
HowToseries of guides, the risk assessment formed the basis of the original HMP by identifying a
vulnerabilities across the County. As mbéedtks part of the original document met FEMA requireme
the result that the HMP was approved by MEMA and FEMA Region Ill. However, during the 2012
the County recognized that there were several opportunities for intheonergentiration document. Ti
HMP was updated to include more detailed ri

and prioritizing mitigation actions and strategiggdated structure is retained in the 2018 HMP updat

As required by FEMA rules and guidance, Sections 6 and 7 of this HMP:

A Identify the natural hazards that are most likely to affect the County
A Describe how often hazards are expected to impact the County

A Explain the expected severity and extent pédtte im

A Describe what areas of the County are likely to be affected

A Estimate expected future losses if the risk is not mitigated

1.1.1 Identifying Hazards

Early in the first update process (2012), the HMPC recommended significant edits to themifigatabiazard ide
and profiling sections of the original HMP. The reason for this is to reduce the emphasis on low probability and
made disasters and to focus on the most probable natural hazard events. The original list of hazards was modif
include dy the following:
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Riverine flooding

Coastal flooding

Dam failure and release

Drought

Earthquake

Extreme heat

Hurricane, tropical storm and nor beaster
Severe thunderstorm and hailstorm
. Severe winter storm

10. Tornado

11. Wildfire, urban interface fire

12. Erosion

CoNoogrWNE

Duing its first meeting, the 2018 HMPC determined by consensus that this same list of hazards would be retain
the 2018 update. Each of thesards is addressed in detail in Section 6, which includes discussions of hazard
history and occurrencessigvand extent of the hazards, and expected probabilities. The subsections are
structured to closely parallel FEMA requirements from the Interim Final Rudmbgdidabse and

regulations.

1.1.2 Assessing Risks

During the first HMP update (201RMH€ determined that detailed, quantitative risk assessments would be
completed for four of the most significant hazards in the master list. These include flooding, hurricane wind,
tornadoes and winter storms. In each case, Section 7 includespegténtatblwsdes. The 2018 HMP update
retains this approach and updates the risk assessments based on the most current data available.

Step 3 Develop Mitigation Strategies
The Mitigation Strategies process in the 2018 HMP update process inphatsssseveral

1. HMPC reviewed goals, objectives, strategies and actions from the original HMP.

2. HMPC and consultant determined the status of each strategy and action from the original HMP.

3. Subjecmatter experts and County officials met repeatedly to idemsfyatethnical information for
additional hazard mitigation actions and strategies.

4. Subjecmatter experts made a general assessment of the cost effectiveness of actions.

5. The HMPC completed a STAPLEE evaluation of all strategies and actipimeinding idBe that
were part of the original document and were retained.

6. The HMP was modified to include tables with all strategies and actions, with related information about c
effectiveness and prioritization (Section 8).

1.1.3 Develop Mitigation Strategies

Mitigation goals and objectives were formulated with the intent to reduce or elietiaisktie kangan life
and property from each hazard. An action plan was developed that identifies future mitigation actions, estimate:
costs, defineghefits, identifies the responsible organization(s), provides an implementation schedule, relates to
mitigation objectives, establishes priorities, and identifies potential funding sources for each action.
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For the 2018 HMP update, the HMPC arglitardoumsed a somewhat simpler process for updating the

mitigation actions and strategies than was used in the 2012 version. The various actions and strategies docume
in Section 8 were listed in separate documents and sent to the approprased@ awatiy&ion and

feedback, mostly regarding the current status of the actions, and to solicit input on any new actions that are beil
considered or implemented. County departments and offices participating in the development of mitigation strat
included: the County ExecOffftee, the Office of Central Services, the Office of Emergency Management, the Fire
Department, the Department of Health, the Office of Information Technology, the Department of Inspections an
Permits, the Office of PlaranidgZoning, the Police Departiner@ffice of Latwe Department of Public

Works, and Anne Aru@elntyPublic Schools.

Step 4 Develop the Mitigation Plan

The proas employed to develop thisiid&taevas based entirely on the FEMgeB86 ajuideghat
describe hazard mitigatianning procedureEMA guidance and ratidress localitigation planniagd
identifjpewmitigationlanning requirements.

States and FEMA Regional Offices ugviARl&n Review Toolevaluate HMP updaflThe tod based on
theMultiHazard Mitigation Planning Guidance under the Disaster Mitigatiofr BbtAi12660Q04) This

Plan Review tool is consistent wibiistster Mitigation Act of 2B00 10890) enacted October 30, 280D

44 CFR Part 20Mitigation Planning, Interim FingtiRuRulepublished February 26, 2082 HMBannot

be approved if it has not been formally adopted. Each requirement includes separate elements. All elements of
reqguirementtmgétcheryated B8der for the requireme
iSatisfactory. o

Step 5 Implement the Plan and Monitor Progress

The County HMRust be updated every five years in ordeCéomtiye maintain its eligibility for variEMe
grant progmas and funds. During thisyéae periothe County will review the HMP anowssure

compliance with FEMW State requirements for documerienance (See SectibRI&n Monitoring and
Maintenance foore details). Aftee updated documisrdpproved, tuntyvill implement specific actions to
achieve the goals and objectives described in the Mitigation Strategies section.

The Anne Arun@auntyCouncil governs theuntyand has the final decisiowbat projecse implemented

and how they will be fun@led.Council will coordinate with the Office of Emergency Métaganuent

project managers for the mitigationitaoonheproject managevdl follow any curr€ountyprocedures in
conpleting the Aon ltems.nd progress reports and status reports (meeting minutes) will be submitted to the
Countyouncil.

The OEM is responsible for overall HMP monitoring and maintenance, arré\reatfiedHAMIP every year
to consider changes in lanélgilewent, population growth, or recent programs and activitedgetitat may
mitigation initiativBge Section 9.3 for the complete mettsnthesae for updating the. HMP
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5.4 How the Public was Involved

Anne Arundel County OEM initiated fhweimifies for the public to review and comment on the 2018 HMP
updateThere was one public presentatiohesiadvill be osabsequent outreach afiming the legislative

process to adopt the 2018 HMP upufatee initiplublic meeting, natifiens were prepared on the County
website and OEMés Facebook page. This informed th
invitedhe public to participatthe process. éfithe meetings were open discussions, where each person

atending had the opportunity to volunteer information about the community and present ideas. Data was also
collected from the respective jurisdiction representatives and used to assist with the HMBfdesklbpment.

HMP were available for pubilesareand the public was invited to provide input on the document. In accordance
with legal requirements, the County published public notices about the presentation on the County website in
advancef theoutreach initiative (See Appendix C, Publicdéativeni¥). The ads explained the purpose of the
meeting, amtovided the date, time, and location of the meeting place. The meeting minutes and attendee list fo
the public meetings are included in Appertdis @botiment.

The public presentaticdhetraft plan was held at the Office of Emergency Management on the following date:
Outreach Initiative 1 June 4, 2018

Outreach Initiative 2 Anne Arundel County Council Public Hearing (TBA)
on legislation to adopt the 2018 Hazard Mitigation Plan

TheCounty?OC placed copies of the draft and electronic web access Givectihsaires for public

commen# letter on the library display described the purpose of the HMP, and a copy of the draft and contact
information were providbeédacumentvas uploaded to tbeuntyvebsite 0BATEITO BE ADDEdnd

provided contact information for the public to megkeiscand/or provide feedfidekHMPC and Stakeholders
groupwvere also provided with these directions of access todmfisevdion of thgpdate, neardlend of the

planning procegs1 email was sent to the HMPC and Stakeholders group explaining the purpose of the mailing,
and provided details on the process for providing comments.

5.5 Other Local Planning Mechanisms

As regired by FEMA Interim Final Rule that governs mitigation planniogalsiarotimgpols and
mechanismaill be reviewed and upddieiehg the routine evaluation and opdate

Anne Arundel Countypsmicipant theNational Flood Inswa PrograNFIR and hasdoptea local

ordinancéo manage development and minimize risk from future damage and losses on properties within the 10C
year floodplain from flodtie Counhas adopted a loE&odplain Ordinamtdrticle 16, Titlefzhe Anne

Arundel County Code, whashlast updated®Bi10The program enables properties in the floodplain district with

the abilly to obtain flood insurafnbe.Floodplain Ordinance establishes areas within the County subject to
inundation of wed of a 10¢ear flood as the floodplain district. The floodplain district consists of the following
subdistricts: Zone A, Zone AE and Z8@eZdhe AH and Zone AO, Zone B and Zone X (shaded), Zone C and
Zone X (unshaded), and Zone VE and Bthé&Mbdplain identification and mapping risks are determined by

the Flood Insurance Study for Anne Arundel County, Maryland and Incorporated Areas (revised February 18, 2
and accompanying flood insurance rate and floodway maps, and all subssgaedensisoed by FEMA.

The general provisions of Floodplain Ordinance applies to all development, construction and substantial
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improvements to existing structures in the floodplain, and includes applications for subdivision development, an
building ahgrading permits.

In addition to the County Floodplain Ordinance, the County has adopted the 2015 International Building Code a
2015 International Residential Code fan@ievd-amily Dwellings, and the administrative changes of each
supplement, #se local Building and Construction Code of the County. The Building and Construction Code and 1
local Floodplain Ordinance are used in conjunction with the FEMA Floodplain maps to determine compliance fo
development, new construction, and sulistartieEdments to existing structures on properties located in the
floodplairthe Department of Inspections and Permits is the agency responsible for administering and enforcing
Building and Construction Code and the local Floodplain Ordinanegyfoatide<required to maintain all

records associated with flead district permit actions.

The local floodplain ordinance applies to all development, construction and substantial improvements to existin
structures in the floodplain, and inahplestions for subdivision development, and building and grading permits.
The following is a summary of the local floodplain ordinance in the review and approval of applications by the
Department of Inspections and Permits withiydlae fl@@dplain

A. The local floodplain ordinance limits development in the 8patigaiatifze location exists.
The local floodplain ordinance also limits encroachment inside the floodplain for structures when
disturbance of the 4@@r floodplain is unavad&la

B. The local floodplain ordinance provides authority to repair or rehabilitatingsistirfigaldy
hazard areaghe applications are initially reviewed to determine whether the proposed cost of
work meets the definibiba substantial improeat!f the proposed cost of work equals or
exceeds 50 percent of the current market value before the damage occurred, full compliance wit
Building and Construction Codes including raising the lowest habitable level of the structure to al
elevation of erioot above the flood protection elevation level for the property is required.

C. The local floodplain ordinance provides authority to issue permits for new construction or
substantial improvements to nonresidential structures when the follovang metditions
Aa floodproofing design is submitted to ensure areas below the flood protection elevation
are watertight with walls substantially impermeable to the passage of water and with
structural components capable of resisting hydrostatic and hyasddyaraimic
effects of buoyancy for flooding to the flood protection elevation; and
Aa FEMA floodyfing certificate is provided.

D. The local floodplain ordinance requires new construction, substantial improvements, and habitak
space applications withén10§ear floodplain to elevate the lowest floor to one foot above the
flood protection elevation level of the propertheiot@sstruction, reconstruction, and
rehabilitatianvolves

Aanexpansion to address a violation of State or Coyrsgfagaltr sanitary codes;
or
A the construction consists esibstamtiall acces :
improvement to an existing dwelling that meets the following criteria:
0 the structure is constructed so as to minimize flood damage;
0 the structure is firmly anchored to prevent flotation;
o0 the structure is used for parking, storage, or building access;
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o the floor elevation of the structure is at or above existing grade and does not
qualify as a basement; and

0 the structure is equippedfleitd equalization vents in accordance with
the Building and Construction Code.

Applications for building and grading permits must include the following information to ensure the Construction
Building Code and the local Floodplain Ordinance e bapaipimet:
{1 the elevation of the-y6@r flood; higlelocity water and wave action including its relation to a
stream channel, shoreline, floodplain district, and floodplain subdistrict; elevations of the existing
ground contour and proposed twlal g the property; and the elevations of the lowest floor
level(s) and the floor area below the lowest floor;
1 the methods used to elevate a proposed structure, including details of proposed fill, pile structures,
retaining walls, foundations, and gyosiection measures;
the methods used to protect electrical, plumbing, and mechanical systems and utilities from flooding;
the assessed value of existing structures or a
structure, excluding lanceyalod
{1 a statement on the building plans for accessory structures indicating there will be no conversion of
the area to habitable space unless the lowest floor is elevated to one footyaloviedue 100
elevation.

=A =4

A substantial improvensatgfind asany reconstruction, rehabilitation, addition, or other improvement of a
building, the cost of which equals or exceeds 50 percent of the market value of the building before the start of
construction of the improvement. The term includes builauegstuated substantial damage, regardless of

the actual repair work performed.

A norconversion agreement is redugfedsan accessory structure, attached garage,-snlolstenmtial
improvement of an existing dwehlinde constructdthin thd00year floodplaifihe noftonversion
agreement prohibits conversion of the accessory structure, garagbstndialimprovement unless the
structure is raised to the flood protection elevation. The County reguinegtsiemagreemertie
recorded in land records to assure future property owners are nsifiaddbdbdueipadicyitations.

When the Countiydergoes arpdate it®caFloodplain OrdinarBeilding and Construction, and Development
Codesthemitigation strategiand actions identifiechthe 2018iMPupdate and future updatidse

requested to be reviewed and incorpotatgpropriate sections of the Anne Arundel County Code as well as
integrated into programs, policies andiooiim@ents-ollowig local adoption, the 200 update will be

made available to eptanningommittemembeinvolvedh the 2018 HMP updateCountyollows the

International Building Code guidelines, and maintains a General Development Plan (whélyeénguarently und
major update), a Capital Improvprograamand Site Development Regulations. Like most jurisdictions, Anne
ArundeCountyeriodically reviews and updates its standards and guidelines. As part of these future reviews and
updates, theountyvil explor@pportunities howio integrat@nd adogtazard mitigatistnategies and actions
intoexisting ordinance=sgulationpolicieandstandard practicdse County intends to use the miiviie)y

the actions and projects described in §exgtbie locgbrocessorprioriting and recommending hazard

mitigation and risk reduction projects for consideration inGapi@buptgvemeptogram.

5.6 Review and Incorporation of Plans, Studies, Reports and other
Information
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Other plammg documeraseused as a resource for integrating hazard rsiigeggies and actions tien
2018HMPupdateThe2018HMPupdaténcludeareview of othkical comprehengplans, studies, and reports
for the purpose of determining wherevana incorpordite hazamhitigation strategies and agtensified

from the 20V PupdateAdiscussion on new plans, studies, andwegatso conducted to idédintify

results of those plans, studies, and reports need incorpttra@ii #dPupdate

The 2018IMPupdatevas made available to édidifcommittemember and stakeholder

Before the next HMP update, the Office of Emergency Managemesst4OIEk avgtiocess by widctmers
and stakeholders will work collsdetydo identify hazards, assess vulnerabilities, identify significant risks, and
develop hazard mitigation actions to meet the needs of the community. The process will involve an annual revie
and assessment of existing comprehensive plans ito ddeettiythow the hazard mitigation strategies and
action®fthe 2018IMPupdate can be integratéalocal comprehensive plans, policies, and psagheass
theGeneral DevelopmlatnandCapital Improvempragramrheprocessvill involve méw with the HMP
committee members and stakeholders on an annual basis to:
1 evaluat¢he progressexisting mitigatiprojects and actions listed in TaldeoBthe 2018 HMP
update showing the High, Medium, and Low Priority Mitigation Asctiforstide@iifinty; and.
9 identify anyew projects theed tdheaddedo the HM&nd Table 82lof the 2018 HMP update
showing the High, Medium, and Low Priority Mitigation Actions identified for the County.

The result of this coordinaffont withable the Countyrtaintaian up to date HMP as well as increase the

level of awareness about hazard mipdgtiting, projects, and actions occurring within the County. The new
process will also ensure HMP committee members and stakeholderohavetyhte provide input and have

the capability integrateazard mitigation strategies, actions, and best practices into local comprehensive plans,
programs, policies, and standard practices

Table 5.6-1
Incorporating Plans, Studies and Reports

Planning and Zoning

Plan Name Update Process Incorporating Mechanism/s

The GDP is currently undergoing
a comprehensive update. The
schedule for adoption of the Plan
is now anticipated in late 2020.
Therefore, the County is still in the
early stages of Plan development.

The current Plan was adopted Strategies and actions from the
General Development Plan in 2009. An update is in 2018 HMP update will be
(GDP) progress with expected reviewed and considered by the

adoption by late 2020. County to address climate

change, sea level rise, and
resiliency planning as well as
limiting or restricting the extent of
future development in areas
subject to coastal flooding, climate
change, and sea level rise.
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Article 16- Floodplain
Management, Sediment &
Stormwater Management

Last update occurred in 2015.
Article 16 is amended to meet
State criteria as needed.

OEM will assess the local
Floodplain management program
and ordinance with the HMPC;
submit recommendations to
improve local building standards,
as necessary, in coastal high
hazard areas, or
subject to high velocity wind,
wave action and tidal flooding;
and recommend floodplain
mitigation projects involving high
flood risk areas into hazard
mitigation planning. The purpose
of any amendments will be to
reduce potential damage and
future losses to property, life and
critical infrastructure.

Article 17- Subdivision &
Development Regulations

Last comprehensive update
occurred in 2005. Individual
amendments occur on a regular
basis as needed. Next
comprehensive update will
occur after2020.

OEM. will provide
recommendations to improve local
development regulations or
implement best practices for
development in Coastal high
hazard areas, or
County that are subject to high
velocity wind, wave action and
tidal flooding.

Article 18- Zoning Ordinance

Last comprehensive update
occurred in 2005. Individual
amendments occur on a regular
basis as needed. The next
comprehensive update will
occur after2020.

During the comprehensive
planning process for the GDP, the
Office of Planning and Zoning will
evaluate the Zoning Ordinance
with regard to future development
and land use potential in areas
subject to flooding, sea level rise,
and climate change.

Landscape Manual

Last updated in 2010.

OPZ will implement the
Landscape manual for shoreline
restoration projects that achieves
a balance between restoring
natural systems and habitats with
protecting public and private
investments and partnerships.
There are not currently any
elements in this manual that are
directly related to hazard
mitigation, and at this time the
County has no specific plans to
include such elements going
forward. The Draft Climate
Resilience Action Strategy
contains strategies to incentivize
the installation of living shorelines
on private properties. Related
guidance can be incorporated into
the Landscape Manual as
needed.
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Office of Emergency Management

Plan Name

Update Process

Incorporating Mechanism/s

Recovery Plan

The most recent update was
completed in December 2017.
The final version is pending
approval by the County Office of
Law.

OEM will assess and incorporate
hazard mitigation strategies and
actions into the Recovery Plan
that reduces the potential for
future damage and losses to
critical infrastructure and
enhances recovery operations.

Emergency Operations Plan
(EOP)

A comprehensive EOP update
was completed in July 2018,
and as of September 2018 was
under review by the County
Office of Law.

The EOP describes how the
County will respond to
emergencies within the County.
Mitigation strategies are essential
in easing the burden and
recovering from the effects of a
disaster. Developed strategies to
include in plan.

Continuity of Operations
Plan (COOP)

An update was completed in
July 2018.

The COOP indicates how OEM
and other agencies and
departments will continue to
provide essential services within
the County and to the public.
COOP planning is a fundamental
aspect of establishing resiliency
within the community by
identifying the systems, facilities,
and resources that are needed by
County government to recover
from disaster events.

Department of Inspections and Permits

Plan Name

Update Process

Incorporating Mechanism/s

Article 157 Construction and
Property Maintenance
Codes

The Codes were last updated in
2003. They are generally
updated every three to six
years.

During the annual HMP review
process, the HMPC will discuss
whether changes to international
building codes have been or
should be adopt to reduce the
potential impact of natural
hazards on human life, property,
and critical infrastructure.

Department of Public Works

Plan Name

Update Process

Incorporating Mechanism/s
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Water Supply and Sewage
Systems

The last comprehensive update
occurred in 2017. The
document is updated every
three years, or as needed.

DPW will continue to identify best
management practices and risk
reduction measures that protects
water supply and wastewater
systems, and other critical
infrastructure from potential
damage and future losses.

Capital Improvement
Plan/Projects Program

The Capital Projects list is
continuously updated as
projects are initiated, approved
and completed. The list varies
by year, and currently includes
at least one project (the
Shipleyds Dam
with some hazard mitigation
elements.

r

The Capital Improvement program
does not currently have a review
process to incorporate hazard
mitigation actions. OEM intends to
work with the HMPC to develop a
process by using the hazard
mitigation actions listed in Table
8.4-2 as the local mechanism for
prioritizing and recommending
projects for consideration in the
County Capital Improvement
program.

10-Yr Solid Waste
Management Plan

The currently adopted plan is
for 2013-2023, with several
updates occurring since 2013
via the legislative process.

OEM will continue to support
regulations imposing constraints
upon the establishment of solid
waste acceptance facilities to
minimize the impacts on citizens
and environment. (i.e. 1
floodplains are unacceptable
areas).

This Plan outlines the elements of
the solid waste system in use by
Anne Arundel County during the
planning period, and includes
existing and planned facilities --
both public and private.
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Section 6

Hazard Identification, Profiling and Ranking
Contents of this Section

6.1 44CFR Requirement for Hadandification and Profiling
6.2 Hazard Identification

6.3 Overview of Type and Location of all Natural Hazards that can Affect Anne Arundel County

6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6
6.3.7

Riverine Flooding
Coastal Flooding

Dam Failure and Release
Hurricane, TropicalrSto,
Drought

Earthquakes

Extreme Heat

6.3.8 Severe Thunderstorm and hailstorm
6.3.9 Severe Winter Storm

6.3.10 Tornado

6.3.11 Wildfire, urban interface fire

6.3.12 Erosion

and

6.4 Methodology for Identifying Natural HazAddktiomal Analysis

Nor 6easter

The original (2004) Anne Arundel County Hazard Mitigation Plan included analyses of 2mhadéural and man
hazards. During the first update (2012), the HMPC determined that the HMP would shift to a focus on natural
hazards and themefonarmade hazards (such as cyber crime, communication failure) were eliminated from

the document. Note that eliminating thesadeanazard®es not suggest that these hazards do not exist

and are not of concern to the County, only that thegtaral iaizards, and would not be included in the

update.

During its first meeting (March 2018) the 2018 HMPC determined that the existing master list of hazards would

be retained unchanged from the 2012 HMP.
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6.1 Requirement for Hazard Identification and Profiling

Note that the 44 CFR reference in this section is the same as that in Section 7 (Risk Assessment) of this
mitigation plan. This is the case because the hazard identification and risk assessment elements are very close
related, and are désed in the same 44 CFR section.

(i)A description of the type, location, and extent of all natural hazards that can affect the jurisdiction. The p
shall include information on previous occurrences of hazard events and on the probaility of future haz
events.
(i)A description of the jurisdiction's vulnerability to the hazards psgibet (T)(2){)this section.
This description shall include an overall suneaenhazard and its impact on the community. All plans
approved after October 1, 2008 must also address NFIP insured structures that have been repetitively
damaged by floods. The plan should describe vulnerability in terms of:
(A)rhe types and numbeesxidting and future buildings, infrastructure, and critical facilities located in the
identified hazard areas;
(BAN estimate of the potential dollar losses to vulnerable structurepadagriiad(ic) (2) (igA)
this section and a description of the methodology used to prepare the estimate;
(CProviding a general description of land uses and development trends within the community so that
mitigation options can be cenmesidn future land use decisions.
(ii)For muKurisdictional plans, the risk assessment section must assess each jurisdiction's risks where the:
vary from the risks facing the entire planning area.

6.2 Hazard Identification

In accordance with IFRIie@ments, the Hazard Mitigation Planning Committee (HMPC) completed an
assessment and ranking of the natural hazards that have the potential to affect the County. Ranking natural
hazards allows the County to focus resources on the natural haeatdontgreavhile mapping

identifies high risk areas and vulnerable populations. The coupling of these two practices enables the County tc
integrate hazard mitigation goals and strategies into local comprehensive plans as well as the ability to adopt
locd ordinances aimed at reducing potential losses to life, property, critical facilities and infrastructure, and othe
structures in high risk areas and with vulnerable populations. The process further identifies the areas in need
and will assist the Cotmiyrioritize mitigation strategies, actions, and initiatives that will help to guide future

land use, development, and comprehensive planning practices in the County. The following are the resources
used to identify and rank the natural hazards wthilch @deinty: the 2016 Maryland Hazard Mitigation

Plan, the National Climatic Data Center, Flood Insurance Rate Maps, and the Anne Arundel County Flood Risk
Report dated 12/31/2019. The following subsection provides a description of tlatyprtidotafiaf,

natural hazards that can affect the County. Hazard identification affecting the County was largely based on pas
events. Section 7 (Risk Assessment) includes detailed information about past and potential losses (risk) for the
natural hazds hazards having the highest potential to affect the County.

The term Aplanning areao is used frequently in th
Arundel County.
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6.2.1 Natural Hazards Affecting the County

AccordingtotheNatnal Oceanic Atmospheric Administrationos
database, Anne Arundel County experienced 1,010 natural hazard events that affected the County from 1950 tc
2017 8. The 1,010 natural hazard events resulted iartdd#athpiries. The County divided the 1,010

natural hazard events into 12 natural hazard categories. The frequency, location, extent, and future probability
the 12 natural hazard categories are summarized iALTdble Br@bability for detemgininre natural

hazard events was made based on the historical data. The future probability is defined as follows:

T AHighly I|ikelyd is the prdbyedssi | ity that an eve
T ALi kelyodo is the pradieberylBDyesgrs.t hat an event i s |
T AUnlikelyo is the probability that an event i s

More information on natural hazard categories and their potential to affect the community is provided in Section
6.3. The histasy natural hazards affecting the County and data provided-inwablehihed based on

a February 2020 query of the NCDC database, since previous data from prior versions of the 2018 HMP update
could not be duplicated. (Source: www4.ncdc.cgimargavcgi.dli?wwevent~storms).

Table 6.4

History of Natural Hazard Events Affecting the Count2B%0
NOAA National Climatic Data Center database

Natural Hazard Previous Deaths Injuries Location Future
Occurrence Probability
Riverine Flooding 131 2 Floodplain Highly likely
Coastal Flooding 26 Coastal Highly likely
Floodplain
Dam Failure/Release Dam EAP unlikely
Hurricane, Tropical 3 1 County likely

Stor m, and N

Drought 12 County likely
Earthquakes County likely
Extreme Heat 48 1 61 County likely
Severe Thunderstorm 513 4 29 County Highly likely
and hailstorm

Severe Winter Storm 196 1 1 County Highly likely
Tornado 23 County Highly likely
Wildfire, urban interface 1 2 County unlikely

fire
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Erosion 57 1 4 County Highly likely

Various federal agencies maintain records of property losses and damages associated with natural hazards.
Unfortunately, no single source offers a definitive accounting of such losses, many of which are covered by
private insurers. The FFaldemergency Management Agency (FEMA) maintains records on federal

expenditures associated with declared major disasters. The U.S. Army Corps of Engineers and the Natural
Resources Conservation Service collect data on losses during the coutssrabrsgomeggériojects and

studies. Additionally, NOAA and the NCDC collect and maintain data about natural hazards in summary format.
The data includes occurrences, dates, injuries, deaths, and costs.

In the absence of definitive data on some ofdahbaratds that may occur in the County, illustrative

examples are useful. Tabl frdvides brief descriptions of particularly significant natural hazard events
occurring in Anne Arundel Count y &wenttha lcas affectech i st or y
the area, rather lists examples of the types of events that have occurred in the County in the past.

In 1965, the federal government began to maintain records of events deemed significant enough to warrant
declaration of a majeaster by the U.S. President. Presidential Disaster Declarations are made at the County
level. Anne Arundel County has received eleven Presidential Disaster Declarations since 1953. Some of the
more significant Presidential Disaster declarationsdpidad8tdrm Agnes-3aR) in 1972, Hurricane

Floyd (DR303) in 1999, Hurricane Isabdl48R in 2003, and Hurricane Sandy i ablE26-2

represents actual natural hazard events affecting the County which resulted in a declaftade of a local o
emergency. Information on the extent of the event in terms of strength or magnitude is provided in the
description section of Tabi2.6l2ble 6:2 also includes the number of deaths and injuries associated with

each historical natural hazeedt.
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History of Natural Hazards and Declared Major Disasters impacting Anne Arundel County, Maryland

Disaster (DR)

Table 6.2-2

(FEMA, NOAA National Climatic Data Center database)

NATURAL

Description

Deaths

& Date HAZARD

August 17, 1971 Severe storms & | No detailed open-source information is 0
(DR-309) flooding presently available.

The entire State of Maryland was declared

a disaster area. In Anne Arundel County,

. structures were flooded along Old

382632461’ 1972 I\ronpelgal Storm Annapolis Road, in North Pumphery, and 0
(DR-341) 9 in a trailer court on Belle Grove Road. It

was estimated that Agnes exceeded a

100-year flood.
October 4,1975  Heavy rains & No detailed open-source information 0
(DR-489) flooding presently available.
September 14, Severe storms, No detailed oben-source information
1979 tornadoes & resen";‘l' avaﬁabl s urce informat 0
(DR-601) flooding P y :
March 16, 1994 Severe winter No detailed open-source information 0
(DR-1016) storm presently available.

The Blizzard of 1996 is ranked by some

winter weather experts as the second-

worst snowstorm ever to strike the

Northeast in modern times. The

11,1 ! i i

January 11, 1996 Blizzard of 1996 Nor'easter buried portions of Maryland 0

(DR-1081)

under three to four feet of snow. Baltimore
recorded 26.6 inches over three days at
BWI Marshall Airport. Snowfall totals in
Anne Arundel County ranged from 15 to
18 inches.
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Description Deaths Injuries

Disaster (DR) NATURAL
& Date .~ HAZARD

September 24,
1999

(DR-1303)

Hurricane Floyd

Hurricane Floyd made landfall just east of
Cape Fear, North Carolina in the early
morning hours of the 16th and moved
north-northeast across extreme southeast
Virginia to near Ocean City, Maryland by
evening on the 16th. The event resulted in
over 1,000 homes reported flood damage
and over 100 roads closed. In Anne
Arundel County, between eight and 12
inches of rain were reported. Strong
southerly winds ahead of the hurricane
pushed tides two to three feet above
normal, flooding several low lying areas in
St. Mary's, Calvert, Harford, and Anne
Arundel Counties. High water destroyed
five homes, caused major damage to 23
others, and caused minor damage to an
estimated 1,000 homes in the eastern
portion of Anne Arundel County.

April 10, 2000
(DR-1324)

Severe winter
storm

No detailed open-source information
presently available.

March14, 2003
(DR-3179)

Severe winter
storm

No detailed open-source information
presently available.

September 19,
2003

(DR-1492)

Tropical Storm
Isabel

On September 18, 2003, Hurricane Isabel
made landfall on the North Carolina coast.
By the time Isabel moved into central
Virginia, it had weakened and was
downgraded to a tropical storm. Isabel's
eye tracked well west of the Chesapeake
Bay. However, the storm's 40 to 50 mph
sustained winds pushed a bulge of water
northward up the Bay and its tributaries,
producing a record storm surge. The
Maryland western shore Counties of the
Bay and along the tidal tributaries of the
Potomac, Patuxent, Patapsco and other
smaller rivers experienced a storm surge
that reached five to nine feet above
normal tides. Over 2,000 people were
evacuated from their homes. In Maryland
alone, 472 homes and buildings were
destroyed. Of these, 3,260 had major
damage and over 3,600 more were
affected. In Anne Arundel County, FEMA
initially estimated the storm caused
approximately $500 million in damages.
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Disaster (DR)

Description

Deaths Injuries

& Date

NATURAL
. HAZARD

One winter storm in late 2009, and two
December 18-20, severe s@orm.s in early February 2010
2009 and resulted in widespread power_ou_ta_lges,
! . closed roads, and caused a significant
February 5-11, Winter Storms d f | The 0 0
2010 (DR-1875 need for emergency snow removal.
and DR-1910) two disasters were de_clared to provide the
State and Counties reimbursement funds
primarily for snow removal.
The remnants of Tropical Storm Lee
September 6, Remnants of brought torrentia_l ra!nfall anld flooding to
2011 (DR-4038) Tropical Storm Lee numerous counties in Maryland. A 1 0
Pasadena (Anne Arundel County) man
died by drowning.
Sandy created heavy rainfall and relatively
high winds in Anne Arundel County, with
some 57,000 Baltimore Gas and Electric
October 26 1 customers losing power in the County. A
November 4, 2012 : Hurricane Sandy  falling tree killed a Pasadena man. 1 0
(DR-4091) Overall, damages in Anne Arundel County
were relatively minor compared to other
jurisdictions and States on the eastern
seaboard.
January 22- Heavy snow caused widespread
23, 2016 (DR- Winter Storm disruptions and resulted in a long clean-up
4261) period after the event.
TOTAL 2 0

6.2.2 Weather-Related Deaths and Injuries

Note that in the interim between when this infornailmti®dsand the final draft of the HMP, NOAA has
significantly modified its hazard database, with the result that many of the historical events being eliminated fro
the publiaccess data set. The numbers of deaths and injuries indicated hatedWfssendbmmore

robust data set, but cannot presently be assigned to individual events or years.
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6.3 Overview of the Natural Hazards that can affect Anne
Arundel County

The HMPC met in early March 2018 and determined that the followingabwesblidizamfsns still valid for
the 2018 update.

Riverine flooding

Coastal flooding

Dam failure and release
Hurricane, tropical storm and nor 6easter
Drought

Earthquake

Extreme heat

Severe thunderstorm and hailstorm
. Severe winter storm

10Tornado

11 Wildfireurban interface fire
12Erosion

CoNoUA~WNE

The following section profiles the 12 hazards listed above, and includes a description of the hazard, location an:
extent of the hazard, severity of the hazard, impact on life and property, and past occurreraas. A scoring syst
is then used in Section 6.4 to broadly characterize the level of risk each hazard poses to the County. A scoring
classification of low (1), medium (2), and high (3) was given to each hazard, based on five criteria. The resulting
numerical rankings wesed to determine which hazards would be given priority in developing detailed risk
assessments later in the process. The hazard ranking determifleddhiiutineane Wind, Tornado

and Winter Storfmazardsvould be included in the more detaikesbseisgment in Section 7. See Section

6.4 for additional details about the criteria used to rank each hazard and the complete results of the hazard
ranking.

1 6.3.1 Riverine Flooding

6.3.1.1 Description of the Flood Hazard

Flooding is defined as the adation of water within a water body and the overflow of excess water onto adjacent
floodplain lands. The floodplain is the land adjoining the channel of a river, stream, ocean, lake, or other waterc
or water body that is susceptible to flooding.

Hurdreds of floods occur each year in the United States, including overbank flooding of rivers and streams and
shoreline inundation along lakes and coasts. Flooding typically resiitsieonetiigs systems generating
prolonged rainfall. FloodiAgime Arundel County can be the result of the following weather events: hurricanes,
thunderstorms (convectional and frontal), storm surge and witeydit@yinem hurricanes is covered in

Section 6.3.2 and flooding from storm surge is covéigt6r3&:c
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6.3.1.2 Location and Extent of the Flood Hazard

Anne ArundelCountyscat ed on the western shore of the Ches:
constitute more coastline than any other part of Maryland. Accordi@gtsuiseBur8au, the County has a

total area of 588 square miles. Of that, 416 square miles is land and 172 squarérmijesated/&end

Insurance Study (FIS) and Flood Insurance Rate Maps (FIRMs) for Anne Arundel County were published by FE
ard adopted by Anne Arundel County in 2015. This study characterizes flooding in Anne Arundel County and th
surrounding area, describes its causes, and identifies flood protectibhenfd&sadisates that the principal

cause of flooding within the is from severe thunderstorms, hurricanes and tropical storms that follow a
northern route along the Atlantic coastline (Source: Anne Arundel County FIS, final 2015).

Topography in the County ranges from level to very steep. Nearly levepangiggelstigre located in large

areas north of the Severn River and Magothy River orStiedgdke flats and in the southwestern portion of

the County adjoining the Patuxent River. The steepest slopes are fesmatlinsactarththat rumsuph the

central part of the County, where many small streams haveshapddamNeys into the soft unconsolidated
materials of the coastal plain. Broad alluvial terraces border many of the large streams and rivers that flow into
Chesapeake Btymore than 300 feet in the northwestern p@oafithéSource: Anne Arundel County 2015
Floodnsurance Studyjhe average annual precipitation varies from 40 to 44 inches and is fairly evenly distributec
throughout the year. Most precipitatiercotder half of the year is the resulpraddseure systems moving

northeast along the coast. In the summer, precipitation occurs in the form of showers and thunderstorms.
Thunderstorms occur on an average of 31 days per year, with alrmgsfréthddeyrthrough August.

The specific causes and effects of flooding within the planning area are discussed in more detail in Section 7 (R
Assessment). The FIS produced for the County also includes Flood Insurance Rate Maps (FIRMSs) depicting the
year floodplaifihe FIRMs covering Anne Arundel ®ewmtasevised in 201BRMs identify the 1&¢d

500year floodplain boundaries, shaded in gray on the map (and shown in green and purple shading in the grap
below). This area, also knowmeaSpecial Flood Hazard Area (SFHA), includes numbered contours to identify the
100year flood elevations. Review of the FIRM shows that the approximately five percent of the County is within
100year floodplain. FigurelésBows the 1:Gihd 50§ear floodplains for Anne Arundel County.
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Anne Arundel County, Maryland i 2018 Hazard Mitigation Plan Update - DRAFT
Section 6 Hazard Identification, Profiling and Ranking

Figure 6.3-1
Anne Arundel County 100- and 500-year Floodplains
(Source: FEMA RAMPP)

i:. Anne Arundel County
| 2018 Hazard Mitigation Plan

% T E
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6.3.1.3 Severity of the Flood Hazard

Flood severity is measured in several ways, including depth, velocity, duration eotgmésatioa,of

among others. Since 1902, the National Weather Service (NWS) has compiled annual estimates of the number
of lives lost and flood damage, excluding losses to agriculture. Despite known problems with the NWS data, the
provide the most conepdetd consistent information over the longest period of record. For the period 1916 to
1989, there has been a definite increase in flood damage in the United States. With adjustment for population
and inflation, the average annual damage was $962thellia16 to 1950 period, and $2.15 billion for the

1951 to 1985 period. These figures will certainly increase with the eventual inclusion of several major floods
since then, including Katrina (and the numerous other events of that same ygdsaivel tISaneyt

Harvey, Florence and various other hurricanes.

Floods have been and continue to be the most common natural hazard affecting Anne Arundel County. This is
supported by a review of the Statewide Risk Assessment for the MarylaatdfiaR2knd étitign 5.4

(Flood) of the State Plan includes a table of the highest average annual flood losses determined from reviewing
National Flood Insurance Program (NFIP) records. As of April of 2005, Anne Arundel County was ranked third i
Statewith an average of slightly less than $5 million in annual NFIP claims. Note that the current (2016) version
the State Hazard Mitigation Plan does not include this data, so this County HMP update reiterates the existing
information from the previous HMP

6.3.1.4 Impact on Life and Property

The National Climatic Data Center (NCDC) database indicates that there have been 32 inland floods in Anne A
County in the period from 1950 to 2009. Hurricanes and all the associated damages, such asdlasding, are track
a separate hazard category in the NCDC database. Figures maintained by NCDC indicate that Anne Arundel C
has experienced no deaths and two injuries due SoflocelSGAA/NCDC database). Note that as of March

2018, the NOAA NCDC database has not been updated since it was last queried for this information. The impa
floods on life and property in AnrdeA@ounty are discussed in more detail in the subsection related to National
Flood Insurance Program information.

6.3.1.5 Occurrences of the Flood Hazard

Past versions of this HMP included more detailed summaries of past flood events, based dh@a&apdosgided in
National Climatic Data Center (NCIM2) msource. Since the 2012 version of the HMP, the NCDC website has
changed, and now provides only limited summaries of past events. This is not particularly significant, since the
previous data set wagdbrincomplete as well. The 2012 County HMP indicated that the NCDC database listed 4
flood events between 1993 and 2009, with 15 resulting in property damage. The most recent query, shown in T
6.31 summarizes the flood events that have causgddampge within Anne Arundel County between 2003

and 2017. This should be considered a significant underestimate of damages, presumably because of the repol
processes used by NOAA. The NFIP claims data discussed elsewhere in the HMEraffgiciurettstbe

magnitude and locations of flood losses.
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Table 6.3-1
Inland Flood Events Resulting in Property Damage,
Anne Arundel County, 20037 2017

Totals: 1 0 106.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/22/2003 08:00 EST Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 12/11/2003 05:00 EST Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 07/07/2005 18:00 EST Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 10/08/2005 13:00 EST Flood 0 0 0.00K 0.00K
SEVERN ANNE ARUNDEL CO. MD 11/16/2006 14:30 EST-5 Flood 0 0 0.00K 0.00K
GLEN BURNIE ANNE ARUNDEL CO. MD 03/16/2007 14:00 EST-5 Flood 0 0 0.00K 0.00K
FT MEADE ANNE ARUNDEL CO. MD 04/15/2007 08:00 EST-5 Flood 0 0 0.00K 0.00K
ANNAPOLIS ANNE ARUNDEL CO. MD 05/12/2008 01:00 EST-5 Flood 0 0 100.00K 0.00K
REVELL ANNE ARUNDEL CO. MD 08/18/2010 07:05 EST-5 Flood 0 0 0.00K 0.00K
SEVERNA PARK ANNE ARUNDEL CO. MD 08/18/2010 08:47 EST-5 Flood 0 0 0.00K 0.00K
ARNOLD ANNE ARUNDEL CO. MD 09/30/2010 09:30 EST-5 Flood 0 0 0.00K 0.00K
RUTLAND ANNE ARUNDEL CO. MD 04/17/2011 13:30 EST-5 Flood 0 0 0.00K 0.00K
JACOBSVILLE ANNE ARUNDEL CO. MD 07/08/2011 15:50 EST-5 Flood 0 0 0.00K 0.00K
GREEN HAVEN ANNE ARUNDEL CO. MD 07/08/2011 16:32 EST-5 Flood 0 0 0.00K 0.00K
LYONS CREEK ANNE ARUNDEL CO. MD 08/28/2011 06:00 EST-5 Flood 0 0 0.00K 0.00K
RIVA ANNE ARUNDEL CO. MD 09/06/2011 00:45 EST-5 Flood 0 0 0.00K 0.00K
EARLEIGH HGTS ANNE ARUNDEL CO. MD 09/07/2011 20:15 EST-5 Flood 1 0 0.00K 0.00K
GLEN BURNIE ANNE ARUNDEL CO. MD 09/08/2011 03:15 EST-5 Flood 0 0 0.00K 0.00K
LYONS CREEK ANNE ARUNDEL CO. MD 09/08/2011 03:45 EST-5 Flood 0 0 0.00K 0.00K
ANNAPOLIS ANNE ARUNDEL CO. MD 09/08/2011 23:35 EST-5 Flood 0 0 0.00K 0.00K
TIPTON AAF ARPT ANNE ARUNDEL CO. MD 10/02/2012 12:30 EST-5 Flood 0 0 1.00K 0.00K
ORDNANCE ANNE ARUNDEL CO. MD 10/29/2012 10:29 EST-5 Flood 0 0 0.00K 0.00K
NORTH LINTHICUM ANNE ARUNDEL CO. MD 04/30/2014 09:30 EST-5 Flood 0 0 0.00K 0.00K
GLEN BURNIE ANNE ARUNDEL CO. MD 04/30/2014 09:34 EST-5 Flood 0 0 0.00K 0.00K
GLEN BURNIE ANNE ARUNDEL CO. MD 05/16/2014 06:58 EST-5 Flood 0 0 0.00K 0.00K
CROFTON ANNE ARUNDEL CO. MD 05/19/2015 03:58 EST-5 Flood 0 0 0.00K 0.00K
FT MEADE JCT ANNE ARUNDEL CO. MD 05/19/2015 04:08 EST-5 Flood 0 0 500K 0.00K
RUTLAND ANNE ARUNDEL CO. MD 06/21/2016 17:15 EST-5 Flood 0 0 0.00K 0.00K
CROFTON ANNE ARUNDEL CO. MD 09/29/2016 07:03 EST-5 Flood 0 0 0.00K 0.00K
LAUREL SURBURBAN ARP ANNE ARUNDEL CO. MD 05/05/2017 09:40 EST-5 Flood 0 0 0.00K 0.00K
RAYNOR HGTS ANNE ARUNDEL CO. MD 07/29/2017 01:45 EST-5 Flood 0 0 0.00K 0.00K
CROFTON ANNE ARUNDEL CO. MD 07/29/2017 06:44 EST-5 Flood 0 0 0.00K 0.00K
Totals: 1 0 106.00K 0.00K

A review of past Presidential Disaster Declarations and historical records suttuadeh€dumte FIS,

showed that there have been several other flood events in Anne Arundel County that are not listed in the datab
Highlights of the declared events and other significant past floods are providedaloWallesti¥lusion of

a Disaster (DR) Number indicates a Presidealzaithgl event. Note that flooding associated with Hurricane

Isabel in September 2003 can be found under Section 6.3.2, Coastal Flooding.
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Table 6.3-2
Description of Significant Flood Events in
Anne Arundel County from 195071 2018

(Sources: Anne Arundel County Flood Insurance Study, NCDC database)

Event & Date

June 26, 1972
(DR-341)

Flood Description
Tropical Storm Agnes. The entire State of Maryland was declared a disaster
area. In Anne Arundel County, structures were flooded along Old Annapolis
Road, in North Pumphery, and in a trailer court on Belle Grove Road. It was
estimated that Agnes exceeded a 100-year flood.

June 19, 1996

Heavy rains from severe thunderstorms, combined with runoff from earlier events
upstream, pushed the Patapsco River out of its banks along the
Howard/Baltimore County line shortly after noon. For the second time in three
days, portions of Baltimore City were flooded. In Anne Arundel County, Defense
Highway (near Annapolis) was closed due to high standing water. Numerous
basements were flooded, as were low-lying neighborhoods especially in Arnold
near the Magothy River. Five other County roads were closed as well. The event
caused an estimated $25,000 in damages in Anne Arundel County.

December 13,
1996

A north-south band of moderate to heavy rain dumped between two and three
inches onto fairly saturated soil across northern and central Maryland, producing
several areas of flooding and flash flooding. In Anne Arundel County, six
thoroughfares were closed prior to and during the evening commute, including
the intersection of State routes 32 and 198 near Laurel, Route 450 at St.
Stephens Church Road near Annapolis, and route 648 at Dorsey Road. Several
motorists were stranded in the high water.

February 4, 1998

A powerful Nor'easter, carrying copious moisture from the Gulf of Mexico and
Caribbean region, dumped between two and four inches of rain across much of
Maryland between the foothills and the Chesapeake Bay. The highest totals,
ranging from three to five inches, fell in lower southern Maryland, causing
widespread flooding of low-lying areas and small streams and creeks. The
Nor'easter caused tides of three to four feet above normal from the Calvert/Anne
Arundel County line south to Point Lookout in extreme southeastern St Mary's
County. The flooding closed seven roads in Anne Arundel County. The event
caused approximately $650,000 in damages in Anne Arundel County.

August 26, 1999

Significant flooding of low-lying areas and streams resulted in many roads
submerged. A line of intense thunderstorms moved across much of Maryland
during the afternoon, producing damaging winds and frequent lightning. Anne
Arundel County reported significant flooding after two to seven inches of rain fell
in less than four hours. In Anne Arundel County, Brock Bridge, Mill Creek, Race,
River, Rideout, and Severn Side Roads were closed by high water.

September 16,
1999
(DR-1303)

Hurricane Floyd. Hurricane Floyd made landfall just east of Cape Fear, North
Carolina in the early morning hours September 16, 1999, and moved north-
northeast across extreme southeast Virginia to near Ocean City, Maryland by
evening. The event resulted in over 1,000 homes with flood damage, and over
100 roads closed. In Anne Arundel County, between eight and 12 inches of rain
were reported. Strong southerly winds ahead of the hurricane pushed tides two
to three feet above normal, flooding several low lying areas in St. Mary's, Calvert,
Harford, and Anne Arundel Counties. High water destroyed five homes and
caused major damage to 23 homes, and minor damage to an estimated 1,000
homes in the eastern portion of Anne Arundel County. The NDCD database
estimated damages totaled approximately $2 million.
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Event & Date Flood Description

Tropical Storm Tammy. The remnants of Tropical Storm Tammy caused
widespread heavy rainfall between three and seven inches across the region.
October 8, 2005 Many roads flooded due to the prolonged rains. Localized areas received close
to 12 inches of storm total rainfall. Several roads were flooded and closed across
Anne Arundel County due to high water.

The NDCD database indicates that a weak cold front settled over area from June
23 until June 27. Waves of low pressure rode northeast along the front. As a
result, double-digit rainfall totals affected parts of the region through the five day
June 27, 2006 period. Scattered areas of flash flooding began on June 23 and continued into
June 24. In Anne Arundel County, secondary roads near Annapolis were
flooded. A foot of water flooded a basement in Annapolis. Route 450 east of
Crofton was closed due to high water.

On May 12, 2008, widespread showers and thunderstorms produced heavy rain.

May 12, 2008 Anne Arundel Emergency Management as well as newspapers reported
widespread flooding that closed roads across Anne Arundel County.
October 5, 2011 Remnants of Tropical Storm Lee. Some flooding in Anne Arundel County.

Hurricane/Tropical Storm Sandy. This event is discussed in detail in the
October 29, 2012 | Hurricane hazard section of the County mitigation plan update, and is noted here
for clarity.

Based on past and recent history, certain parts of the County of Anne Arundel County clearly have a high probe
of flooding repeatedly in the future. Based on open source recomtysexberi@&nces a flood event on average
slightly less than once every year. Section 7 of this HMP includes detailadqut @stiniléies of potential

future losses for various areas of the County.

National Flood Insurance Program Participation

Anne Arundel County has been a participant in the National Flood Insurance Program since May 1983. The
County is Community Number 240008B. The initial Flood Hazard Boundary map was adopted in November
1974, and the initial Flood Insurance Rate Map samddagt1983. The current effective FIRM is dated

February 18, 2015. The Town of Highland Beach also participates in the NFIP (Community Number 240161B).
The Town joined the program in November 1981. Its current effective FIRM is dated February 18, 2015.

Appendix A includes a detailed discussion of National Flood Insurance Claims history, including Repetitive Los:¢
Properties, as required by FEMA mitigation planning guidance. The information has been moved to the append
for the 2018 HMP update in ordsgintain the structure of the present section.

Flood Hazards in Highland Beach

As its name indicates, the Town of Highland Beach is an incorporated jurisdiction within Anne Arundel Count. It
founded in 1893, and presently comprises atemihafree square mile of land area, and is home to a population

of 96 (2010 U.S. Census). There are 74 housing units in the area, and according to the census, 46 are presentl
occupied and used for residences. Figish6évs the location of the Town essteen side of the County,

south of the City of Annapolis. The town is surrounded on three sidbs Ghesapeake Bay on the east,

and Blackwalnut Creek and Oyster Creek on the north and south sides, respectively.
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Figure 6.3-2
Town of Highland Beach Location Map
(Source: Google)
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Because of its location on the western side of the Chesapeake Bay, the Town is potentially subject to the effect
flooding and storm surge. The current effective Flood Insurance Rate Map (FIRM) isSdat&tbFahdiary 1
shows that part of the Town is in the floodplain, either inAlesigggtedivizones, as shown in the figure

below. It appears from the FIRM and a review of Google Earth aerials that there are a few siyreigtures in the 100
floodpla in the northeast quadrant of the Town, north of Bay Street and east of Walnut Street.
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Anne Arundel County, Maryland 7 2018 Hazard Mitigation Plan Update - DRAFT
Section 6 Hazard Identification, Profiling and Ranking

Figure 6.3-3
Town of Highland Beach Flood Insurance Rate Map (2015)
(Source: FEMA Map Service Center)
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Over time, the small amount of development that hhindd@mhtend Beach has moved inland from the
Chesapeake Bay, with the result that there is only a very small residual exposure to flooding for structures in the
jurisdiction. A review of NFIP flood insurance records supports thiswtoleclhsi@mty overall has 81

designated Repetitive Loss properties, none are listed in Highland Beach. Part of the reason for this may be the
residents have not chosen to buy flood insurance (or to make claims if they had policies and were flooded), but
notdle that in an area with such exposure to potential flooding, there is little evidence to suggest that there is
significant risk, and potential impacts should be considered small except in extreme events.
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6.3.2 Coastal Flooding

6.3.2.1 Description of the Coastal Flooding Hazard

Coastal flooding refers to the inundation of land areas caused by water levels exceeding above normal tidal act
Winds generated from tropical storms and hurricanes or intensepoffsbure $gatems can drive water
inland and cause significant flooding. This is known as storm surge.

Storm surges occur when the water level oiriltidaltyd body of water increases above the normal high tide.
Storm surges occur with coastal storms caused by maresgarwsieams with cyclonic flows that are typical

of hurricanes. Storm surges are particularly damaging when they occur at the time of a high tide, combining the
effects of the surge and the tide. This increases the difficulty of predicting the maysuugke lod cast® it

requires weather forecasts to be accurate to within a few hours. Coastal flooding occurs in seasonal patterns.
Tropical storms tend to come togethdufieomtil Octob8ee Appendix A for a more detailed description of the
coastaldoding hazard.

6.3.2.2 Location and Extent of the Coastal Flooding Hazard

The storm surge hazard associated with hurricanes and other severe storms are responsible for coastal floodin
erosion along the Maryland Gulf Coast. In the Anne Arunlleld@astalyflooding hazard is greatest along

areas adjacent to the Chesapeake Bay. The effects of coastal flooding can be felt in the County from hurricane:
make landfall as far away as New Jersey, Virginia and the Carolinas

6.3.2.3 Severity of the Coastal Flooding Hazard

Storm surges inundate coastal floodplains by tidal elevation rise in inland bays and ports, and backwater floodir
through coastal river mouths. Severe winds associatgdesihri®wsystems cause increase in tide levels and

water surface elevations. Storm systems also generate large waves that run up and flood coastal areas. The
combined effects create storm surges that affect the beach, mdysig doddplains. Shallow offshore

depths can cause storm driven wal/édesto pile up against the shoreline and inside bays. Seefdable 6.3

factors that can influence the severity of coastal storms.

The morphology of the continental shelf also influences the level of surge in a particular area. #eshallow slope c
coast, like what is found off the coast of Maryland, will allow a greater surge to inundate coastal communities.
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Table 6.3-3
Factors that Influence the Severity of Coastal Storms

Factor Effect

Wind Velocity The higher the wind velocity the greater the damage.
Storm Surge Height The higher the storm surge the greater the damage.

Concave shoreline sections sustain more damage because
the water is driven into a confined area by the advancing
storm, thus increasing storm surge height and storm surge
flooding.

Then slower the storm moves, the greater damage. The
Storm Center Velocity worst possible situation is a storm that stalls along a coast,
through several high tides.

Damage is most severe on low-lying island barrier
Nature of Coast shorelines because they are easily over washed by wave
action.

A coast weakened by even a minor previous storm will be
subject to greater damage in a subsequent storm.

With increased development, property damage increases
Human Activity and more floating debris becomes available to knock down
other structures.

Coastal Shape

Previous Storm Damage

6.3.2.4 Impact on Life and Property

Persons and property located near the coast of the Chesapeake Bay are most vulnerable to coastal flooding in
Couty. Loss of life and property, reduced recreation opportunities, loss of environmental quality, and alteration «
traditional coastal uses are just a few of the detrimental impacts of shoreline erosion and coastal flooding. Majo
flooding can cause maltiplths, completely shut down critical facilities and businesses.

Coastal flooding usually occurs with some warning. The greatest impact would be in those areas of the County
are adjacent to the Chesape aikeameaBleghore $heraistbe patentey o f
for considerable loss of human life, and the economic effects may bAastiniespgeadhe NCDC there have

been no injuries or deaths death from coastal flooding in Anne Arundel County. For Atyne Arundel Cou
approximately $2.1 million has been reported in property damages related to this hazard, although the figure is
much greater because the NCDC database is based on open sources of information that are not always reliable
Appendix A of this doeut discusses National Flood Insurance Program claims data, much of which is along the
County coastline.

6.3.2.5 Occurrences of the Coastal Flooding Hazard

The NCDC indicates there have been 30 events to impact Anne Arundel County betwedrati@98-and 2018.
4 summarizes the major coastal flooding events that have impacted Maryland and Anne Arundel County since :
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Coastal Flooding Events, Anne Arundel County 19987 2018

Table 6.3-4

(Source: NOAA/NCDC)

Location County/Zone St. Date Time | TZ Type Mag Dth|inj| PrD CrD
Totals: 0 0 50.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/04/1988 08:00 EST  Coastal Flood 0 0 50.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 06/28/2006 03:00 EST Coastal Flood 0 0 000K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 10/28/2006 08:00 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 01/25/2010 12:23 EST-5 Coastal Flood 0 0 000K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 09/30/2010 13:00 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 10/01/2010 00:00 EST-5 Coastal Flood 0 0 000K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 03/10/2011 17:38 EST-5 Coastal Flood 0 0 000K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 04/16/2011 14:30 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 05/18/2011 04:54 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 06/17/2011 04:24 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 10/13/2011 16:08 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 06/02/2012 01:07 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 06/06/2012 04:42 EST-5 Coastal Flood 0 0 000K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 09/18/2012 17:54 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 10/30/2012 03:00 EST-5 Coastal Flood 0 0 000K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 04/30/2014 05:12 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 10/03/2014 21:40 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 10/04/2014 10:10 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 10/04/2015 20:54 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 10/05/2015 22:00 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 01/10/2016 17:38 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/08/2016 04:42 EST-5 Coastal Flood 0 0 000K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/08/2016 16:55 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/24/2016 20:15 EST-5 Coastal Flood 0 0 000K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 10/01/2016 16:48 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MO 10/24/2017 04:36 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 03/06/2018 19:12 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 03/07/2018 06:03 EST-5 Coastal Flood 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 04/16/2018 06:11 EST-5 Coastal Flood 0 0 000K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 04/16/2018 15:12 EST-5 Coastal Flood 0 0 0.00K 0.00K
Totals: 0 0 50.00K 0.00K

Although not listed under the CBhiding events for Anne Arundel County, perhaps the most significant coastal
flooding event in the past ten years occurred on September 19, 2003 as a result of GiurGiept@ribabel.

18, 2003, Isabel made landfall on the North Carolinhugestints field was already piling water up into the
southern Chesapeake Bay. By the time Isabel moved into central Virginia, it had weakened and was downgrads
a tropical storm. Isabel's eye tracked well west of the Bay, but the storm's dtaboesOwimals aushed a

bulge of water northward up the Bay and its tributaries, producing a record storm surge. The western shore Col
of the Chesapeake Bay and along the tidal tributaries of the Potomac, Patuxent, Patapsco and other smaller riv
experience a storm surge reached five to nine feet above normal tides. In many locations, Isabel's surge was hig
than the previous record storm known as the ChPsapeaceHurricane of 1933. Over 2,000 people were
evacuated from their homes. In Maajdae, 472 homes and buildings were destroyed, and 3,260 had major
damage. Extensive damage occurred to Maryland's shoreline, which rarely sees storms of this intensity (Source
NOAA/NCDC databaSe.e Secti on 6. 3. 4, H w, for ai deseriptien of tHerwmg i ¢ a | S
damages in Anne Arundel County associated with HurricaneSksgieehber 19, 2003 a Presidiaséater

Declaration was declared for the entire State of Maryland. In Anne Arundel County, FEMA initially estimated
damaes from the storm totaled approximately $500 million.

Anne Arundel County, Maryland 2018 Hazard Mitigation Plan Update Page 6-79



Probabilities for the most significant coastal flooding are closely related to occurrences of tropical storms and
hurricanes that produce storm surge in the Chesapeake Bay. As discussedtieo®3isthsaverage

return period for all hurricanes (Categories 1 through 5) is slightly less than 50 years, and for major hurricanes
(Categories3 it is greater than 97 years. Because they are less severe (i.e. below a categoryidahurricane), trop
storms are by general definition more likely to occur and impact the County.

Coastal Flood Hazards in Highland Beach

See discussion at the end of Section 6.3.1 above.

6.3.3 Dam Failure and Release
6.3.3.1 Description of the Dam Failure Hazard

Adam is defined as any artificial dike, levee or other barrier that is constructed for the purpose of impounding w
on a permanent or temporary basis, that raises the water level five feet or more above the usual, mean, low wa
height when measurenhfiioe downstream-tddam to the emergency spillway crest or, in the absence of an
emergency spillway, theofdam. Most dams in Maryland consist of an earthen embankment to store water and a
combination of spillways designed to pass water saf@lytarough the facility.

Dam failures can result from a variety of causes including lack of maintenance, seismic activity, improper desig
construction, or the effects of large storms. Significant rainfall can quickly inundate an afleatand wause floo
overwhelm a reservoir. If the spillway of the dam cannot safely pass the resulting flows, water will begin flowing
areas not designed for such flows and failure may occur.

Dams are typically ranked by hazard classification that id betivenoéential for infrastructure and property
damages downstream if a dam failure were to occur. The three hazard classifications include high hazard (H),
significant (S), and low (L) and are defined as follows:

A High Hazard DanRrobable loss aflimajor increases in existing flood levels at houses, buildings,
major interstates and state roads with more than six lives in jeopardy.

A Significant Hazard Danf®ssible loss of life, significant increased flood risks to roads and buildings with
no mor¢han two houses or six lives in jeopardy.

A Low Hazard Danisoss of life is unlikely; minor increases to existing flood levels at road and buildings.

6.3.3.2 Location and Extent of the Dam Failure Hazard

There are just over 400 dams in Marylangd,inamgiight from six to 296 feet in height. The majority of
Maryland's dams are earth fill or earth and rock fill embankment structures. There are also several large
concrete and "slab and buttress" dams such as Liberty, Prettyboy and Brighstor éigat forodraeking

water. The Maryland Department of the Environment (MB&jieetlesitdat as of March, 2017 across
Maryland there are:

5 (http://mde.maryland.gov/programs/Water/DamSafety/Documents/FactSheet-Daminventory.pdf)
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http://mde.maryland.gov/programs/Water/DamSafety/Documents/FactSheet-DamInventory.pdf

U 85 high hazard dams
U 125 significant hazard dams
U 330 low hazard dams
U 66 breached dams
Accordingtothdonne sites PTapeszontbeardi 8US tot al of si x

following table is a listing of all Anne Arundel County dams including the municipality name, the elevation, and t
name of the dam. TableébgpBovides an @ntory of County dams, including the name, location, owner, elevation,
and the current status of any Emergency Action Plan (EAP) for the dam.

Table 6.3-5
Inventory of Anne Arundel County Dams (Ownership and Status of Required Emergency Action Plans)

Hazard

Dam Name Municipality Name Classification Elevation
Burba Lake Dam Odenton; Ft. Meade (DoD) (no EAP) Significant 138 feet
Heritage Harbour Site One Dam South River; homeowner association (no EAP) Low 105 feet
Lake of the Pines Dam Millersville; County (EAP updated April 2018) Significant 102 feet
Lake Waterford Dam Pasadena; County (EAP updated May 2018) Significant 23 feet
Saefern Recreation Lake Dam Round Bay; no records (unknown) Low 26 feet
Soldier Lake Dam Odenton; no records (unknown) Low 118 feet

Note that the USACE National Inventory of Dams (NID) provides basic information about more than 91,000 dan
the U.S. As of 2019, the NID database included three of the six dams listed above, and provided Hazard Potent
Information for thrééhem, as noted in Tablé&6.3

In addition to these dams, Anne Arundel County OEM also has recent records of several other dams in the CoL
including: River Trace dam (not County owned, EAP
CountyEAP updated April 2018, scheduled to be removadbid ; Shi pl eyés Crossing
management pond #1 (owned by Homeowner Associatio
North waste management pond #2 (owned by HOA; EARhuptat2@.6); Windgate stormwater

management pond #3 (HOA, EAP updated May 2016).
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Figure 6.3-4

Locations of Dams in Anne Arundel County
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6.3.3.3 Severity of Dam Failure

The severity of a dam failure event depends on variowdaegdotthe size of the dam, the extent of the
failure, the velocity of the floodwaters released, and the intensity of the downstream development. There is the

potential for total collapse of a dam, but less significant failures are moreltikEly @seatopging

(inadequate spillway design, debris blockage), foundation defects, or seepage. Overtopping of a dam during a
event due to clogged debris has the potential to be catastrophic. As mentioned above, dams are typically categ

intothree hazard classifications consisting of high, significant, and low hazard.

6.3.3.4

According to the U.S. Army Corps of Engineers (USACE) National Inventory of Dams Program, as of 2016 ther
were 90,580 dams in the Usteeds. Approximately one third of these pose a "high" or "significant" hazard to life
and property if failure oc@am failure has the potential for catastrophic impact on life and property. This risk can

Impact on Life and Property

be reduced by proper design, constructimmiaedmaintenance and inspection.
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In Anne Arundel County, people and property located in the watershed of the Patuxent River most vulnerable tc
a dam failure at one of two high hazard dams located upstream in Howard County. The two high hazard dams
areBrighton and T. Howard Duckett. FigufedBi&ts the 190ar floodplain for the Patuxent River in

Anne Arundel County. The Census Blocks that intersect the floodplain contain 30,886 people who would
potentially be affected by this hazard. Atedskihrb billion in building and contents are exposed to this

hazard. No Anne Arundel County critical facilities are exposed.

To prevent or reduce the probability of a failure, professional engineers periodically inspect existing dams. The
of Margind has been assuring the safety of dams since 1934 through a permit and inspection program. Marylan
Department of the Environmentdés (MDE) Dam Safety
constructed, operated and maintained safely td grevenf ai | ur es and the conseque
responsibilities include conducting inspections of dams based on their hazard classification issuing permits for
construction, repairs or for modifying dam structures; conducting constructiod iwspidotiongh dam

owners and emergency management professionals to develop and exercise Emergency Action Plans to be use
the event of dam failure (Sourcei B Safety Program).

Periodic safety i nspect i onPsogran. ldighpazarddamsmre ishspdacted o u g h
every year. Significant hazard dams are inspected every three years. Low hazard dams are inspected every fivi
seven years.

6.3.3.5 Occurrences of Dam Failure

The 2004 and 2012 County HMPs indicated thea haddilures of high hazard dams over the past 25 years
(according to the Maryland Department of the Environment). A thorough search of open sources for the 2018 H
showed this is still the case, that there have been no recent dam failureteirCooné/ABased on no past

dam failures in the County, the probability of future failures is considered low.

Dam Failure Hazards in Highland Beach

There are no dams in or near Highland Beach, and thus no dam failure hazards. Potentigiilihepacts are negl
6.34 Hurricane, Tropical Storm and Nor 0ec:

6.341 Description of the Hurricane, Tropical St ¢
A

A Hurricanes, tropical storms, and typhoons, collectively known as tropical cyclones, are among the most
devastating natllyabccurring hazards in the United States. They present flooding, storm surge, and high wind
hazards to the communities that they impact. A hurricane is defipreds.w@ évea of clesidulation

winds that originates over tropical waterigahidbegins as a tropical depression with wind speeds below 39

mph. As it intensifies, it may develop into a tropical storm, with further development producing a hurricane.

A

Nor 0 e a s t-eopical s@methaederive their strength fromltyyedaes in temperature. These storms

form as a result of a drastic drop in temperature as cold, arctic air flows south where it collides with warmer air
moving northward. This tends to cause the storm to begin to revolve. Winds around-treyst@meenter

moist air from over the Gulf Stream, up and over the colder inland air. The air rises, cools, and snow begins to
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Winds around the Nor'easter's center can become intense, with wind gusts that exceed hurricane force in inten:
The winduilds large waves that batter the coastline and sometimes pile water inland causing major coastal flooc
and severe beach erosion. Unlike a hurricane, which usually comes and goes within one tide cycle, the Nor'eas
can linger through several tidels,agee piling more and more water on shore and into bays and dragging more
and more sand away from beaches.
6342 Location and Extent of the
Hazard

Hurricane, Tr oj

Hurricane risk in the United States extends alongdhst @at@st from Main to Florida, the Gulf Coast (including
Florida, Alabama, Louisiana, and Texas), and Hawaii. The southeastern U.S. and Gulf Coast are at greatest ris
based on historical storm tracks and the warmer waters of the Gulf of MéxiCceaudl Risks associated

with hurricanes include wind and flooding from storm surgesompemeultinature of the hazard means that

all areas of Anne Arundel County are subject to the effects of hurricanes, including high winds, flooding and sto
surge. In the middle Atlantic region, Maryland and Anne Arundel County are at moderate risk from Hurricanes,
Tropical Storms, and Nordeasters. See the Occurre
for a map showing the histbricatane tracks for nine previous tropical storms that have impacted the region.
6.343 Severity of the Hurricane, Tropical St or m,
The severity of hurricanes and tropical storms is measured primarily by wind vehocgtgriftoeding. a

Hurricane severity is expressed in numbered categories. Hurricanes are classified as Categories 1 through 5 be
on central pressure, wind speed, storm surge height, and damage potential. As skbtre in Table 6.3
Saffir/Simpson Humie&cale is used to classify storms by numbered categories.

Table 6.3-6
Saffir/Simpson Hurricane Scale
(Source: NOAA)

Central Pressure Sustained Winds

Storm Category Storm Surge

Potential Damage

1 > 980 mbar 74 - 95 mph 47 51t Minimal

2 9651 979 mbar 96 - 110 mph 61 8ft Moderate
3 94571 964 mbar 1117 130 mph 971 12 ft Extensive
4 9201 944 mbar 1317 155 mph 137 18 ft Extreme

5 < 920 mbar > 155 mph > 18 ft Catastrophic
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6.3.4.4 Impact on Life and Property

For Anne Arundel County fromtd 2809, there was one death and 200 injuries reported in the NCDC database
for hurricanes and tropical storms. Property damage was estimated at $531.3 million (Source: NOAA/NCDC).
Nor 6easters have effects o0 n catGydone®eentnThege stoimadanhawvee s i
a tremendous impact on the County, with a high potential for loss of life and property and the capacity to greatly
impact the economy. The intensity of a tropical storm is directly related to its impacts.

The origal County HMP used a HAAI&d process to model ay2@6 probabilistic storm passing just west of
Annapolis (as illustrated in Figubg. 8\8nd damage from a storm of this magnitude would potentially create a loss
of $633,320,000 to building@meérts. Such a storm could potentially put the entire population of the County at
risk. All 47 critical infrastructure facilities have the potential to be impacted by this hazard. Noteghat the potenti
value from the 2004 version of the HMPateastmthe indicated figure using the U.S. Bureau of Labor Statistics
ondine inflation calculator.
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Figure 6.3-5
Anne Arundel County: HAZUS Hurricane Potential Track Scenario
With a 200-year Return Period
(Source: Anne Arundel County Office of Emergency Management)
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6.345 Occurrences of the Hurricane, Tropical St

The original 2004 County HMP indicated that, according to the National Weather Service, over the last 104 yea
Anne Arundel County has experiereted hurricanes, trogcalor ms, or Nor 6deasters.

As part of the 2018 HMP update, several data sources were researched to identify historical hurricanes and tro
storms that have impacted thathaittic region and Anne Arundel County. The BIGZB€ iddicated there

were two tropical storms impacting Anne Arundel County between 1950 and 2009. The first event, Hurricane Fl
occurred in September 1999 and the second event, Hurricane Isabel, occurred iniSaqiteeNeErt2003

were downgratieo tropical storm status by the time they impacted the County. Hatei¢a2® E3ndy

impacted nearly the entire east coast of the U.S., including Anne Arundel County. The NCDC database appeatr:
omit numerous tropical storm events that heteslithpaarea, many of which occurred prior to 1999. Some of the
events missing include Tropical Storms Bertha, Dean, and Diane. Note that recent changes to the NCDC datab
appear to eliminate much of the historical data, particularly before the 1990s.

Figure 6:8 shows historic hurricane tracks through or near the State of Maryland. Note that in the legend the TS
designation is Tropical Storm, TD is Tropical Depression, ET is Extra Tropical-eeeert anduircihes.
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Figure 6.3-6
Historic Maryland Hurricane Tracks
(Source: https://coast.noaa.gov/hurricanes/; query July 2019)
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The NHC query did not include the two tropical storms identified in the NCDC database (Floyd and Isabel).
Counting the nine tropical storms reported by the NHC and the three from the NCDC database, Anne Arundel
County has experienced a total of 12 tropical storms since 1950. Based on approximately 60 years of historical
data from the NHC, the probabilityreftfopical storms impacting Maryland and Anne Arundel County is
moderate, averaging approximately one event every five to six years (Source: National Hurricane Center
Historic Hurricane Tracks).

As noted elsewhere in this section of the 2018rHdARe Hsabel made landfall along the North Carolina

Coast. The storm was downgraded to a tropical storm by the time it readbaloeViaeylanchcked well

west of the Chesapeake Bay, with sustained winds of 40 to 50 mph. Althoughagesvas tiedatieato

storm surge, high winds from Isabel still resulted in moderate wind damage. The NCDC database indicated that
Patuxent Naval Air Base recorded wind gusts to 69 mph and Quantico Marine Base recorded a wind gust of 78
mph. Unofficial windtgreadings of up to 110 mph were reported, but not confirmed. Wind damage to trees in
the area was extensive and widespread to the region. Soil moisture was high from previous rains making it
easier for trees to uproot. Also, the trees were aiifiopyulvhich acted like a sail to catch the wind. High

winds caused trees to fall on electrical and utility wires taking out power and phone service. Trees also fell on
roads, cars, and homes. In Anne Arundel County, 196,000 out of a possiten2id |J080pmser

(Source: NOAA/NCDC datalfase)Section 6.3.2, Coastal Flooding, for a description of the flood damages in
Anne Arundel County associated with Hurricane Isabel.

In 2012, Hurricane Sandy tracked up the east coast of the U.8vaatatingccdnsequences for New
York City in particular. Anne Arundel County experienced fairly high winds and some coastal flooding, but effec
and damages were limited, particularly compared to other locations on the east coast.

The NCDC databasewase d t o i dentify past Norbeaster events
dat abase does s pe c Trdpicat Stolchtegoryt wasareviewedlto idehtdygevioasrsgch t h e
events that have impacted Anne Arundel County. Thegfis wayspo know if this category description is

anal ogous to Norbeasters, so the data should be r
1999, 2003 and 2011, years that correspond to flood, wind and surge events diselissbis alsetidn of

the HMPTable 6-3 summarizes the tropical storm events that have impacted Maryland and Anne Arundel Count
since 1950. As discussed in various other sections, it is unclear why NCDC data is truncated before 1999.

Table 6.3-7
Tropical Storm Events, Anne Arundel County 19507 2018
(Source: NOAA/NCDC)

Totals:
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 09/16/1989 08:00 EST  Tropical Storm

0 4.420M 0.00K
0 100.00K 0.00K
0 4.020M 0.00K
0
0

ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 09/18/2003 15:00 EST  Tropical Storm
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 08/27/2011 13:00 EST-5 Tropical Storm
Totals:

300.00K 0.00K
4.420M  0.00K

oo o o o
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Figures 6-3 and 6-8 (below) show the expected return frequencies and wait times for all hurricanes and

major hurricanes, respectively. Return frequency is analogboilisytaptbtiee figures indicate that Anne

Arundel County may be impacted by a hurricane of some magnitude about every 50 years, and a major
hurricane (categories) Bess than once every 100 years (the graphic indicates >97 years). Tropical storms will
presumably occur more frequently because they are less severe. In fact, storm history shows fairly clearly that

many hurricanes decay to tropical storms before they reach Maryland.

Figure 6.3-7
All Hurricane Event (Categories 1-5) Return Frequencies and Wait Times
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Figure 6.3-8
Major Hurricane Event (Categories 1-5) Return Frequencies and Wait Times
(Source: Hurricanes of the North Atlantic, Elsner, James, and Kara, A. Birol, Oxford University Press, 1999)
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Hurricane and Tropical Storm Hazards in Highland Beach

Highland Beach is subject to effects from both surge and high winds related to hurricanes and tropical storms.
However, as discusabdve in the flood subsection, there are few structures idietifiedAgone SFHA.

As shown on the effective FIRM (see Subsection 6.3.1), about a third of the land area in Highland Beach appez
be in the SFHA, much of izon¥. Howeverpsh of the small amount of development in the Town is outside this
zone, and thus the hazard should be considered relatively minor.

As noted elsewhere, Highland Beach has no properties on the NFIP Repetitive Loss (RL) list. Many of the prop
that a& on the list had claims from Tropical Storm Isabel (2003), but Highland Beach is not among them, which
provides some evidence that there is minimal surge risk here, except in the most severe potential events. Howe
this should not be consideredidefibi#cause it is possible that there was flooding during Isabel, but that there
were no claims submitted to the NFIP, or that policy holders may have submitted too few (or such low dollar
amounts) of claims over time that they did not appear sin Tihe RIMPC reviewed NFIP claims as part of the

2018 HMP update and found no RL claims for Highland Beach. Because of its position on the coast of the Bay,
Highland Beach is more exposed to the effects of high winds than are the inland paftkesEthecGminty

open source records that can be consulted to identify past wind damages (private insurance covers losses, and
information is proprietary). It is reasonable to assume that structures in Highland Beach have about the same le
exposuras other coastal areas of the County, and that the housing stock is likely somewhat older than much of
remainder of the County. This suggests that the vulnerability of these structures is comparatively high, although
without detailed engineering stigdyifficult to quantify the risk.

There are no opsource records that indicate Highland Beach had any significant damage (wind or surge) from
Hurricane Sandy.

6.3.5 Drought
6.3.5.1 Description of the Drought Hazard

Adroughis an extendelly climate condition when there is not wataghsupport urban, agricultural,
human, or environmental water needs. It usually refers to a periothwdtbitallbut can also be
caused by dryibhgresorlakes or anything that reducesnimuat of liquid water available. Drought is a
recurring feature of nearly all the world's climatic regions.

The State of Maryland uses the U.S. Army Corps of Engineers definition of drought. It states, "droughts are per
of time when natural or mahagger systems do not provide enough water to meet established human and
environmental uses because of natural shortfalls in precipitation or stream flow." Droughts unfold at an almost
imperceptible pace with beginning and ending times thattaréetiéfioute, and with effects that often are

spread over vast regions. While maintaining water supplies for human use is an important aspect of drought
management, drought can also have many other dramatic and detrimental effects on the &Elif@onment and wi

In order to monitor potential drought conditions in a uniform manner, the State uses four indicators of water
sufficiency. The indicators are based on the amount of precipitation and the effect of the precipitation (or lack of
precipitation) drethydrologic system. These indicators include:

A Precipitation levels
A Stream flows



http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Rainfall
http://en.wikipedia.org/wiki/Water_well
http://en.wikipedia.org/wiki/Lake

A Ground water levels
A Reservoir storage

The indicators are used in conjunction with historic data to determine if a current deficit is within a commonly
experienced range whether it is unusually large. Ground water levels in confined aquifers are responsive to
pumping stresses at distances far removed from pumping centers. No baseline exists for measuring changes ir
water levels for confined systems. Thereforeedeeceietiicies are not available for wells in these systems.
Evaluation of drought impacts in these systems will be analyzed as a departuterfncsiowredardytrend in

water levels.

Reservoirs are designed to provide adequate storage wheweedsaredervoir inflow. As stream flows are
lowest during the summer period and demand is also greatest, the most critical time begins at the onset of sum
Adequate storage is presumed to be enough to lastrfonth fperiod or 120 days.

6.3.5.2 Location and Extent of the Drought Hazard

Droughts may occur anywhere in the United States. Effects seen in different regions vary depending on normal
meteorological conditions such as precipitation and temperature, as well as geologibaenditiges su

and subsurface water levels. Drought is possible throughout the planning area, but the data has revealed no
significant drought history since 1950. The entire County is at some risk from drought events.

Drought does not have patrticafects in any one geographical section of the County. However, this hazard would
have the greatest impact on the agricultural communityOrigpiet$iBe areas of the County that are devoted

to agricultural pursuits. These areas containetplgswhm will potentially be affected by this hazard. The

economic impacts of this hazard cannot be evaluated geographically. Critical County infrastructure is unlikely tc
affected by this hazard.
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Figure 6.3-9
Agricultural Areas of Anne Arundel County
(Source: Anne Arundel County Office of Emergency Management)
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6.3.5.3 Severity of the Drought Hazard

A droughtds severity depends on numerous factors,
regional watsupply demands by humans and vegetation. The severity of drought can be aggravated by other
climatic factors, such as prolonged high winds and low relative humidity (FEMA, 1997). Due to its multi
dimensional nature, drought is difficult to definéermesxait! also poses difficulties in terms of

comprehensive risk assessments. Drought can cause extensive damage to commercial and residential structur
foundations, framing and walls, agricultural crops, roads, bridges, pipelines, utilities and railroads

Precipitation amounts are evaluated based on the water year (beginning October 1). Water years are a natural
dividing point for water supply as precipitation that falls in the first six months of a water year is analogous to pu
money in the bankiigher percentage of this rainfall or snowfall ends up recharging the ground water system,
which sustains the stream flows and ground water levels during dry periods. Deficits during this time are more c
for later water levels than deficits tthergigwing season. If a precipitation deficit outside of the normal range
exists at the end of a water year, the precipitation records will carry forward until a normal condition is reached.
Because the significance of a precipitation deficit chengesesis/ear progresses, drought stages will trigger at
different percentages of normal depending upon the date of evaluation. St ti#e6e8ipitation

drought triggers.

Stream flow gages are used to measure stream flow. Usatygeseaga flows, the median flow for an

evaluation period is compared with low flows representing historical occurrence frequencies of 25%, 10% and &
the same date for the period of record. A 25% frequency equates to a one in four year oguanenee, 10% fre
one in 10 year occurrence and 5% frequency a‘yeer inc20rrence.

Representative wells are used for monitoring ground water levels. Ground water conditions are evaluated on a
monthly basis. The monthly levels are compared with vaéregathev2bth, 10th, and 5th percentiles of
historical records.

The State of Maryland uses a staged process for defining drought conditions. Drought indicators are monitored
ongoing, yeaound basis, and drought status is determined oa eimrafiable according to drought stage
(See Tables 63%and 63 below).

The frequency of evaluation increases if the drought intensifies:
1 Stage 1Monthly

1 Stage Biweekly

1 Stage 3Weekly

1 Stage 4Weekly or as needed
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Table 6.3-8
Drought Indicators
(Source: Maryland Department of the Environment)

Precipitation As Ground Water

Percent of Normal for |Stream flow As Levels As Reservoir
Evaluation Percentile of Normal? |Percentile Storage in days
Period * of Normal?

Stage 2
25 25 120
Watch See Table 8-14

1 These values vary depending of length of review period. For more detail see Table 7-10.

2 At the 25th percentile, it means that historical stream flows or ground water levels are lower than this value only
25% of the time for the evaluation period. 10th and 5th percentiles represent increasingly lower stream flows or
ground water levels and more severe drought events.

Source: Maryland Department of the Environment, http://www.mde.state.md.us/Water/Drought/assessing/index.asp

Table 6.3-9
Precipitation Triggers
(Source: Maryland Department of the Environment)

Number of Months Watch
Analyzed (% of
Normal
Precipitation)
3 75.0
4 80.0
5 80.0
6 80.0
7 81.5
8 82.5
9 83.5
10 85.0
11 85.0
12 85.0
Source: Maryland Department of the Environment, http://www.mde.state.md.us/Water/Drought/assessing/index.asp
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6.3.5.4 Impact on Life and Property

Drought usually occurs slowly with some Wamanylives may not be lost, but life styles could be
dramatically altered and the economic effects felt Countywide. The NCDC database indicates there are no kno
deaths or injuries from droughts in the planning area.

6.3.5.5 Occurrences of the Drought Hazard

The NCDC data was queried again for the 2018 HMP update. As of March 2018, the database indicated 12
droughts in Anne Arundel County from 1997 to 2007. The site reported three events that caused agricultural
damage totaling $1.67 milliorh(whiall from one event, in 1998). It is unclear from the data set if NCDC has

stopped recording droughts as of 2007, or if there have simply been no droughts to report.

Based on the 12 events between 1997 and 2007, on average, a drought Anaiet AncaeliCounty

approximately every 1.7 years. From these previous occurrences, it is reasonable to assume that droughts will
continue in Anne Arundel County, but with no previous injuries, deaths, or property damage the impacts will
probably be mimiln

Drought Hazards in Highland Beach

Highland Beach has about the same level of exposure and vulnerability to droughts as the rest of the County.
However, as noted in text, the County generally has little risk from this hazard. Potentjidjibipacts are ne

6.3.6  Earthquakes
6.3.6.1 Description of the Earthquake Hazard

An earthquake is a sudden release of energy from
become stuck, putting a strain on the ground. When the straio gesairtes rocks give way, fault lines

occur. At the Earth's surface, earthquakes may manifest themselves by a shaking or displacement of the groun
which may | ead to |l oss of |ife and daeaanttativelyasi on of
magnitudend local strength of shakimngessity

6.3.6.2 Location and Extent of the Earthquake Hazard

The entire planning area is equally susceptible to the effects of Eaytinguakegisplays thénited States

Geobgical Survey (US®8thquake hazard map produced in October of 2002. The map shows peak ground
acceleration (pga) with a 10% chance of being exceeded over 50 years. In Maryland, the majority of the State f:
the low seismic risk rangeFEMA HoWwo guidance, Understanding Your RRiggests the earthquake

hazard should be profiled if the pga is greater than 3% ddurmiio guidance, Understanding Your

Risks)The map shows that Maryland, including Anne Arundel County, is 286gtezheiHew risk area.

The earthquake hazard affects the entire planning area.

Anne Arundel County, Maryland 2018 Hazard Mitigation Plan Update Page 6-97



Figure 6.3-10
United States Seismic Hazard Map, Showing Peak Ground
Acceleration in Percent of G, With 10% Exceedance In 50 Years.
(Source: USGS, October 2002)
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6.3.6.3 Severity of the Earthquake Hazard

The miditlantic and central Appalachian region, including Maryland, is characterized by a moderate amount of |
level earthquake activity, but their causes are largely a matter of speculation. In Mdeyldretefarexamp
numerous faults, but none is known or suspected toAseshativie.in the figure above, the probability of any

severe earthquake in the area is minimal. The severity of earthquakes is influenced by several factors, includin
depth athe quake, the geology in the area, and the soails.

Measurement of the severity of an earthquake can be expressed in several ways, the two most common being
intensity and magnitude. The intensity, reported on the Modified Mercalli Intensitg QibhjécBoale, is

measure in terms of eyewitness accounts (See-TabletérZities are ranked oHevéPscale and range

from barely perceptible (1) to total destruction (XII)). The lower intensities are described in terms of people's rea
and sasations, whereas the higher intensities relate chiefly to observable structural damage. Magnitude is an
objective measure of earthquake severity and is closely related to the amount of seismic energy released at the
of an earthquake. It is basdédeoamplitude of seismic waves as recorded on standardized seismographs. The
standard for magnitude measures is the Richter Scalendadpeale expressed in whole numbers and

decimal fractions. The Richter Scale is logarithmic, meaningdbakeroéarftgnitude 5.0 has 10 times the

wave amplitude of a magnitude 4.0 and 100 times the ground vibration amplitude of a magnitude 3.0 event (Se
Table 6:30).
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Intensity
I

Table 6.3-10
The Modified Mercalli Intensity Scale of 1931 (abridged)

Effect

Not felt except by very few people under especially favorable conditions.

Felt by a few people, especially those on upper floors of buildings. Suspended objects
may swing.

Felt quite noticeably indoors. Many do not recognize it as an earthquake. Standing
motorcars may rock slightly.

\Y

Felt by many who are indoors; felt by a few outdoors. At night, some awakened.
Dishes, windows and doors rattle.

\Y

Felt by nearly everyone; many awakened. Some dishes and windows broken; some
cracked plaster; unstable objects overturned.

\!

Felt by everyone; many frightened and run outdoors. Some heavy furniture moved;
some fallen plaster or damaged chimneys.

Vil

Most people alarmed and run outside. Damage negligible in well constructed buildings;
considerable damage in poorly constructed buildings.

Vi

Damage slight in specially designed structures; considerable in ordinary buildings;
great in poorly built structures. Heavy furniture overturned. Chimneys, monuments,
etc. may topple.

Damage considerable in specially designed structures. Buildings shift from foundations
and collapse. Ground cracked. Underground pipes broken.

Some well-built wooden structures destroyed. Most masonry structures destroyed.
Ground badly cracked. Landslides on steep slopes.

Xl

Few, if any, masonry structures remain standing. Railroad rails bent; bridges
destroyed. Broad fissure in ground.

Xl

Virtually total destruction. Waves seen on ground; objects thrown into the air.
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General

Description

Table 6.3-11

Relationships Between Intensity & Magnitude

Richter
Magnitude

(Source: USGS 1981, 1989)

Modified
Mercalli
Intensity

Expected
Annual
Incidence

Distance
Felt
(miles)

(Worldwide)

Microearthquake below 2.0 - 600,000 --
Perceptible 2.0-2.9 I--I1 300,000 --

Felt generally 3.0-3.9 -1 49,000 15

Minor 4.0-4.9 V-V 6,000 30
Moderate 5.0-5.9 VI-VII 1,000 70

Large (Strong) 6.0-6.9 VII-VII 120 125

Major (Severe) 7.0-7.9 IX-X 18 250

Great 8.0-8.9 XI-XII 11 450
Approximate relationships among earthquake magnitude, intensity, worldwide occurrence, and area affected
(after U.S. Geological Survey, 1981, 1989).

However, an earthquake of magnitude 5.0 located in the center of the County, as illusttdteddnl&igure 6.3

have substantial effects on the County. An eadghtipigknagnitude would potentially create a loss of
$8,393,000,000 to buildings and their contents. Note that the HAZUS database that was originally used to estin
total building and contents values is no longer available, so these figutatedreamtthp@012 hazard

mitigation plan using the U.S. Bureau of Labor Sthtistiofiaiion calculator. A significant earthquake could
potentially put the entire population of the County at risk, although potential losses woulddiagyreatly depe
specific conditions at the time, and by site.
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Figure 6.3-11
Earthquake Scenario - Anne Arundel County
(Source: Anne Arundel County Office of Emergency Management)
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6.3.6.4 Impact on Life and Property

There are no knodeaths, injuries, or property damage from earthquakes in Anne Arundel County. The very low
probability of an event suggests that potential for these impacts is minimal. The HMPC and its consultant reviev
various open sources of earthquake probédbiliy this region of the country. As shown in Fiure 6.3

seismicity in Maryland is negligible, with a predicted percent ground acceleration (PGA) of about 3% with a 10%
exceedance probability in 50 years. This means that g@rebabildyw(higihseverity) events, the potential risk

to the built environment is minimal because of the low predicted levels of shaking.

6.3.6.5 Occurrences of the Earthquake Hazard

For 2018 HMP update,WSGS historical earthquake data by State was udgdastdearthquakes in Anne

Arundel County. The earliest recorded earthquake in Maryland occurred in Annapolis, on April 24, 1758. The st
lasted 30 seconds and was preceded by subterranean noises. In recent yszes wadegaiEkes in nearby

staes have been felt in Maryland with only negligibkneffegtsndel County has experienced few and minor
earthquakes of low magnitude and intensity over tpéugasat8. The U.S. Geologic Survey (USGS)

earthquake history for Maryland intleatebave been three earthquakes statewide between 1969 and 2009,

with no detailed records of any since. There have been at least two other earthquakes since then in which shak
was felt in Marylanihese had epicenters in Virginia (7/10) ande¥¢\d/a). The Virginia event initiated the
activation of the Anne Arundel County Emergency Operations Center, and some damages were reported in the
CountyThree other events reported by the USGS are listed below:

November 19, 1969, earthquake (madr8)untrurred near Elgood, West Virginia. The event was felt
as far away as West Hyattsville.

The February 10, 1972, tremor at Wilmington, Delaware, was felt at Elkton, Maryland.

On February 28, 1973, residents throughout a broad area eAtlagtimiédien of the United States
were jolted out of their sleep by shock waves from a minor earthquake neaiNbe Detagsare
Pennsylvania border. Numerous points in northeastern Maryland reported this earthquake.

In addition to these USGS suitiet County OEM reports that there have been several earthquakes since 1973,
including an event in July 2010, the epicenter of which was in Virginia. It resulted in the activation of the County
Emergency Operations Center. There have also beerr anfear @hehquakes since that time that have been

felt in Anne Arundel County, including a Richter 4.1 event in 2017 that originated in Dover, Delaware.
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Figure 6:32 shows the epicenters of earthquakes originating in Maryland 1758 to 20GieMiesfithese
minor events with minimal reported damage. Most of the more significant earthquake in the State have originate

elsewhere.
Figure 6.3-12

Historic Earthquake Epicenters in the State of Maryland
(Source: Maryland Geological Survey)

Approximate Epicenters of Maryland Earthquakes, 1758-2005
(Numbers refer to ID numbers in the preceding list.)

9-12 14 o4 51
o

Earthquakes in Maryland
Since 1758

Maryland Geological Survey
FactSheet 13

updated March, 2005

Based onistorical records over the past 75 years the probability of significant future earthquakes occurring in Ar
Arundel County and the planning area is minimal.

Earthquake Hazards in Highland Beach

Highland Beach has about the same level of exposueeadnilitytdrearthquakes as the rest of the County,

although it is possible that local soils may differ from other parts of the County due to the coastal location. Howe
as noted in text, the County generally has little risk from this hazatddoeeguksvogeismicity in the region.

Potential impacts are negligible.
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9 6.3.7 Extreme Heat

6.3.7.1 Description of the Extreme Heat Hazard

Extreme heat kills by pushing the human body beyond its limits. Under normal conditions, the body's internal
thermostat produces perspiration that evaporates and cools the body. However, in extreme heat and high humi
evaporation is slowed and the body must work extra hard to maintain a normal temperature.

Temperatures that hover 10 degrees or morecadb@ragle high temperature for the region and last for several
weeks are defined as extreme heat. Humid or muggy conditions, which add to the discomfort of high temperatu
occur when a "dome" of high atmospheric pressure traps hazy, dampoainchelartbegively dry and hot

conditions can provoke dust storms.

There are seasonal patterns to excessive heat waves, with an event most likely to occur in the summer months
Excessive heat can also cause utility outages due to an increasedetdritatyd (iiliey outages could
severely hamper the Countybds ability to provide s
lack of power or water.

6.3.7.2 Location and Extent of the Extreme Heat Hazard

Most areas of the Whf& at some risk of extreme heat events, but these are much more common in the west
and southwest. Nevertheless, th&tlantic in general, and Anne Arundel County in particular are at some risk
from extreme heat, particularly during the June thiemblkerSapnths, when temperatures exceeding 100

degrees Fahrenheit are always a possibility. High temperatures may be exacerbated by humidity and poor air
quality, presenting additional risks to vulnerable populations. The potential for extismpitueat frents

all of Anne Arundel County. All people and assets are considered to have the same degree of exposure.

6.3.7.3 Severity of Extreme Heat

Heat kills by pushing the body beyond its limits. Under normal conditions an internal #sermostat produc
perspiration that evaporates and cools the body. The human body dissipates heat by varying the rate and deptt
blood circulation, by losing water through the skin and sweat glands, and as a last resort, by panting, when bloc
heated above 98.6°®egting cools the body through evaporation. However, high relative humidity retards
evaporation, robbing the body of its ability to cool itself. When heat gain exceeds the level the body can remove
body temperature begins to rise, and heat relatedafidedisorders may develop.

Most heat disorders occur because the victim has been overexposed to hes¢midesfovéiis or her age
and physical condition. Héa&t IndexHl) is the temperature the body feels when heat and humiditg@re comb
Tables 6-32 and 6-33 illustrate the heat index and its potential effects on the human body.
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Table 6.3-12
Temperature Versus Relative Humidity
(Source: National Weather Service)

Temperature (F) Relative Humidity (%)

90% 80% 70% 60% 50% 40%
80 85 84~ 82" 81 80 79
85 101 96 92~ 90" 86 84
90 99 94 90—
95 98~
100 4
105 48

110
*This chart is based upon shady, light wind conditions; exposure to direct sunlight can increase the HI by up

to 15°F.
** Due to the nature of the heat index calculation, the values in the table has an error +/- 1.3F.

Source: National Weather Service: http://www.crh.noaa.gov/pub/heat.htm

Table 6.3-13
Heat Index Versus Possible Effects
(Source: National Weather Service)

Hi Temperature Possible Heat Disorder

80°F - 90°F thtil\%ltjf possible with prolonged exposure and physical

90°F - 105°F Heat stroke, heat cramps and heat exhaustion possible.

130°F or greater _ Heat stroke highly likely with continued exposure.
Source: National Weather Service: http://www.crh.noaa.gov/pub/heat.htm

6.3.7.4 Impact on Life and Property

Excessive heat can have a major impact, causing multiple deaths, but sparing property. With extreme heat, the
little physical destruction, although roads can buckle, trains derail, and livestock die. Extreme heat conditions cz
pose problems foose not accustomed to the climate or who are outside for prolonged periods of time. Extreme

heat can create a threat even to individuals and communities that are accustomed to high temperatures. Exces
heat can also cause utility outages dued@aseid demand for electricity.

Older adult residents, young children, those who are overweight, individuals who live alone, residents who lack
access to transportation afmbaditioning, and people suffering from serious illnesses are egpiecially pron
heatrelated problems. According to the Federal Emergency Management Agency, between 1936 and 1975, ne:
20,000 people succumbed to the effects of heat and solar radiation. Extreme heat disorders include sunburn, h
cramps, heat exhaustion, aaidstreoke.

People living in urban areas may be at greater risk from the effects of a prolonged heat wave than people living
rural regions. An increased health problem can occur when stagnant atmospheric conditions trap pollutants in L
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areas, thusdding contaminants to excessively hot temperatures. Moreover, high temperatures in urban areas ar
often magnified by the presence of large areas of pavement rooftops, which can create heat island effects, incre
temperatures and holding heat evarhelsin has gone down.

Excessive heat does not have particular impacts in any one geographical section of the County. The most vulne
individuals to this hazard are the older adults and the young, as well as those individeata@rmise socio

status prevents them from having access to artificial cooling methodS. prigseats.the Census Blocks in

the County where the highest concentrations of vulnerable populations reside. These areas contain 2,985 peop
who will potentially be affideyethis hazard. The economic impacts of this hazard cannot be evaluated
geographically. Critical County infrastructure is unlikely to be affected by this hazard.
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Figure 6.3-13
Census Blocks in Anne Arundel County with the Highest
Concentration of Vulnerable Residents
(Source: Anne Arundel County Office of Emergency Management)
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6.3.7.5 Occurrences of the Extreme Heat Hazard

The 2012 version of the HMP indicated that the NCDC database showed 34 deaths and 432 injuries from extre!
heat events ihe planning area between 1950 and 2009 (with $30,000 in property damage). A query of the
database for the 2018 update shows only five events between 2000 and 2016. This change is likely a result of
modifications in how NCDC manages and reportsutaabliprdse longerm figures offer a more accurate
characterization of heat risks. In addition to the NCDC database, the State of Maryland Department of Health, C
of Preparedness and Response, provides weekly reports during the warmeao(teyahtioeigh

September) with data on the numbersrefdiedtillnesses and deaths by jurisdiction and age group. These

reports indicated hedated deaths in Anne Arundel County in 2016 and 2017, but none in 2014 or 2015. The dat
does not extefather back in tifne.

Based on the reported previous occurrences listed above, it is reasonable to assume that extreme heat events
will continue in the County, but the impacts to the planning area will most likely be minimal.

1
Extreme Heat Hazard in Highland Beach

Highland Beach has about the same level of exposure and vulnerability to extreme heat as the rest of the Coun
However, as noted in text, the County generally has little risk from this hazard because the climate of the area c
not suggesixtreme heat events are particularly common. Potential impacts are negligible.

6.3.8 Severe Thunderstorm and Hailstorm
6.3.8.1 Description of the Severe Thunderstorm and Hailstorm Hazard

Thunderstorms are th@toglucts of atmospheric instabilitit, prbimotes vigorous rising of air particles. A

typical thunderstorm may cover an area three miles wide. The National Weather Service considers a thunderstc
Afsevereo if it produces tornadoes, penhlourbrmoré. 0. 75 i
Structural wind damage may imply the occurrence of a severe thiaieastonm gfrecipitatiaccomprised

of sphericiimps dte Known as hailstones, these ice balls typically range from five mm to 50 mm in diameter or
average, with much larger hailstones forming thuselenstorms$he size of hailstones is a direct function of

the severity and size of the storm.

6.3.8.2 Location and Extent of the Severe Thunderstorm and Hail Hazard

Thunderstorms affect relatively small areaswbered with hurricanes and winter storms. The typical
thunderstorm is 15 miles in diameter and lasts an average of 30 minutes. Of the estimated 100,000 thunderstor
that occur each year in the United States, about 10 percent are classified as severe.

Hailstorms occur more frequently during the late spring and early summer, when the jet stream migrates northw
across the Great Plains. This period has extreme temperature changes from the ground surface upward into the
stream, which produces thegstipdraft winds needed for hail formation.

6 https://preparedness.health.maryland.gov/Pages/Reports.aspx
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Peak periods for hailstorms, | ate spring and ear |l
crops such as wheat, corn, barley, oats, rye, tobacco, and fruisteessicldovegetatis particularly

vulnerable to damage by hail impacts and winds. The land area affected by individual hail events is not much si
than that of a parent thunderstorm, an average of 15 miles in diameter around the center of a storm.

6.3.8.3 Severity of the Severe Thunderstorm and Hail Hazard

The severity of hailstorms is measured by duration, size of the hail itself, and by geographic extent. All of these
factors are directly related to the weather phenomena that create the hail, thundestdenmmtdiiae
variation in these severity components.

Data on the probability and frequency of occurrence of hailstorms is limited, with little recent research. What da
is available shows that only a localized area along the bordeColoradosind southern Wyoming

experiences hailstorms eight or more days each year. Outside of the coastal regions, most of the United States
experiences hailstorms at least two days each year.

The entire County is at risk from hailstorms. Hdfistbrmna Arundel County equally and uniformly. Hailstorms
have affected the entire County at one time or another.

6.3.8.4 Impact on Life and Property

Severe thunderstorms or hailstorms do not have particular impacts in any one geogridughicalisgction of
However, hail and heavy rain typically have the greatest impact on the agricultural community. Such areas
contain 74,857 people in the County who will potentially be affected by this hazard (this value is from the 2012
version of the HMP; moewecent data is available for the 2018 HMP update). The economic impacts of this
hazard cannot be evaluated geographically. Critical County infrastructure is unlikely to be affected by this hazat

There are no known instances of injuries or déaihdvemts in Anne Arundel County. Although typically not

life threatening, severe hailstorms have the potential to cause significant property damage, particularly to
automobiles and some building Typedevelopment of hailstorms from thundeesttrcaeses nearly $1

billion in property and crop damage eadingdd€DC database indicates there were no deaths and 16

injuries from thunderstorm events in the planning area between 1950 and 2009. During this same time period tt
NCDC reported a katsapproximately $8.7 million in property damage.

6.3.8.5 Occurrences of the Severe Thunderstorm and Hailstorm Hazard

The NCDC database indicates that there have been 54 hailstorm events in Anne Arundel County between 195(
2009A requery of thegatabase for the 2018 HMP update shows 14 more events (for @&letd el/68)s

produced hail ranging in size between 0.75 and 2.0 inches in diameter. Of the 68 hail events, five resulted in pr
damage (there was no additional property régpmdge in the 2018juery).
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1 Based on historical records from the NCDC database the future probability of hailstorms in Anne Arundel
County is reasonably high. However, property damage and impact to on life in the County is minimal
compared to thegraial damage from other hazards.

The NCDC database indicates that between 1950 and 2009, Anne Arundel County experienced 130 severe
thunderstorms (16 of which had greater than 60 knot winds) -Juer201&1eeNCDC database showed an
additional 20events through 2017, with no additional reported damages or deaths. It should be noted that the
database cannot accurately report damages from thunderstorms, since presumably the large majority of such
damages are either not reported, addressedeviaguiaace (the data for which is highly proprietary), or simply
repaired by utilities or public entities without any specific reporting requirements.

Based on historical records from the NCDC database, the future probability of thundetstdeh€ausiyne A

is very highthunderstorms occur very often in the County, particularly during the spring and summer months.
However, generally speaking, property damage and impact on life in the County are minor compared to the pot
damage from etthazards.

Thunderstorm Hazard in Highland Beach

Highland Beach has about the same level of exposure and vulnerability to thunderstorms as the rest of the Cou
The County has a moderate exposure to this hazard, but the impacts are geadrally insignific

1 6.3.9 Severe Winter Storm
6.3.9.1 Description of the Severe Winter Storm Hazard

Winter storms typically form along a front generally following the meandering path of the jet stream. These stort
called mitatitude cyclones or ettwpical @ones, differ from hurricanes in that they move from west to east as
opposed to east to west. These weather patterns carry cold air from Canada and the Rockies into the southern
A severe winter storm event includes a storm with heavy sremgjngerainditl of which can cause

significant problems for residents.

Heavy snowfall and extreme cold can immobilize an entire region. Even areas that normally experience mild
winters can be hit with a major snowstorm or extreme cold. Wimteestdrinsfloading, storm surge,
closed highways, blocked roads, downed power lines and hypothermia.
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Figure 6.3-14
Annapolis Street during the February 2016 Snowstorm

The Countyds gr eat e s lttaked arspedfic comtioroaf cormditions teget'hdboyr ' e a s t
snow and wind from a Norbdeaster. First, an arctic
England, cold, arctic air flows south. This dense cold air is unable to move west over the Appalachian Mountai
and thus is funneled south down the valleys and along the Coastal Plain. This is called "cold air damming." To
the east of the cold air is the warm water of the Gulf Stream. The contrast of the cold air sliding south into the
Carolinas and the warrmitting over the Gulf Stream creates a breeding ground for storms. With the correct
position of the jet stream, storm development off the Carolinas may become "explosive" (sudden, rapid
intensification with a dramatic drop in the central pressarmpitberstb e ast er s can produce
conditions. The National Weather Service (NWS) definition of a blizzard is a winter storm that produces the
following conditions for three hours or longer: sustained winds or frequent gusts 35 mphngr greater and falli
and/or blowing snow reducing visibility frequently to lesputirder onide on a widespread or local basis.

The ideal position of the jet stream has it crossing the West Coast of the United States and then splitting. The
northern branch crosseatirthern Rockies and Canada and the southern branch dips down to the Gulf Coast
states. The latter branch then turns northeast across Virginia and rejoins the northern branch near Newfoundlar
The northern branch of the jet supports the southygardidiakinThe southern branch carries a disturbance

from the Gulf Coast northeast to the Carolina coast where it intensifies into a Nor'easter. Winds around the stor
center carry warm, moist air from over the Gulf Stream up and over the Aslthnkindses, it cools and

causes snow to begin falling.
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During winter storm events, it is quite commondoow taia to develop over the Richiasiingten
Baltimor@hiladelphia metropolitan areas. The heaviest snow band generallytilurgide swath

about 150 miles northwest of thdsaure center (represented as an "L" on FigireObo3er to the low,

the warm ocean air changes the precipitation over to sleet, freezing rain, and eventually rain. The track of the
storntan mean the difference between heavy rain, freezing rain, or sleet (marked as mixed precipitation in the
diagram), and a foot or more of snow.

Figure 6.3-15
Typical Nordeaster Snowfall Map
(Source: NOAA)

Light snow,

6.3.9.2 Location and Extent of the Severe Winter Storm Hazard

Nearly the entire United States is considered at risk for severe winter storms. Heavily populated areas are
particularly impacted when severe winter storms disrupt communication and power due to downed lines from hi
winds and icing. Delassociated with heavy icing may impact utility systems and transpoFtaion routes.

potential for winter storms is uniform for all of Anne Arundel County. All people and assets are considered to ha
the same degree of exposure.

Seasonal snowfalMaryland varies from an average of about 12 to 14 inches on the eastern shore to about 80
to 100 inches in Garret County. There is, however, significant variation from year to year. February is the montt
when maximum accumulations on the ground wareachued. Figure-6&@shows the average annual

snowfall for Maryland. The map shows the average yearly snowfall in Anne Arundel County ranges from 12 to 1
inches.
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Figure 6.3-16
Average Annual Snowfall Map - Maryland
(Source: NOAA)

Maryland Average Annual Snowfall Map
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6.3.9.3 Severity of Severe Winter Storm

Blizzards are the most severe tyeterf storsrcharacterized by temperatusestrongvinds and heavy
blowingnowMany winter depressions give rise to exceptionally heavy rain and widespread flooding. Conditions
worsen as the temperature drops, rain turns to ice, and accumulation of ice begins to occur. Winter storms are
known to spawn other natural hazards, such as coastal flooding and erosion, severe thunderstorms, tornadoes,
high winds, and severe ice.

Ice sbrms can often be as disruptive as blizzards. Trees, cars, roads, and other surfaces develop a coating or
glaze of ice making even small accumulations of ice an extreme hazard to motorists and pedestrians. The most
prevalent impacts of heavy accumubdimmare slippery roads and walkways, collapsed roofs from fallen

trees, telephone poles and lines, electrical wires, and communication towers. As a result of severe winter storm
telecommunications and power can be disrupted for days.

6.3.9.4 Impact on Life and Property

Severe winter storms do not have particular impacts in any one geographical section of the County. The most
vulnerable individuals to this hazard are the very old and the young, as well as those individuals whose socio
economic statprevents them from having access to adequate shelter and heat. The economic impacts of this
hazard cannot be evaluated geographically. Critical County infrastructure is unlikely to be affected by this hazat
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The NCDC database shows one death, pnaridj8d winter storms between 1999 and 2018 in Anne Arundel
County. In December 2009 and February 2012, the State of Maryland (and othet/ttaasdn the mid

experienced a series of very significant winter storms that in many areas droppadahessotihsnow

(total). As noted elsewhere, the President declared disasters for both events, primarily in FEMA Public Assistan
Category B (Emergency Protective Measures). Similar events occurred in 2015 and 2016, though the NCDC
database does npesify any damages, deaths or injuries.

The potential power outage hazard (which may be caused by winter storms) was not specifically considered in 1
HMP development process. Although power outages occur periodically in the County, sofratimes as effects
natural hazards, there is little to suggest that power outages themselves present significant risks. Most Anne
Arundel critical facilities have generators, which are maintained and tested regularly, and these can support
essential functions duringt pmwer outages.

Section 7.3.4 of the HMP update includes a risk assessment for the Severe Winter Storm hazard. This section
includes detailed risk projections for 4eaf fithe horizon.
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6.3.9.5 Occurrences of the Severe Winter Storm Hazard

TheNCDC database indicates that between 1999 and 2018, Anne Arundel County experienced 31 winter storm
events. Of these, two events resulted in property damage totaling $2.003\ufabkri@es the winter

storm events that resulted in property dilotaghat the NCDC data extends back only to 1999, so not all

historic winter storms are included in the data set. Note that Section 7 of the HMP incorporates a slightly differe
of data as the basis of the risk calculation, because of ilrsonsibeeN€EDC data periods.

Table 6.3-13
Winter Storm Events Resulting in Property Damage,
Anne Arundel County 19997 2018
(Source: NOAA/NCDC)

Inj CrD
Totals: 1 1 2.005M 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 03/09/1899 02:00 EST  Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 01/20/2000 00:00 EST  Winter Storm 0 1 0.00K 0.00K
ANNE ARUNDEL (ZONE)  ANNE ARUNDEL (ZONE)  MD 01/25/2000 03:00 EST  Winter Storm 1 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ~ ANNE ARUNDEL (ZONE)  MD 01/30/2000 03:00 EST  Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/22/2001 09:00 EST  Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 12/05/2002 00:00 EST  Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/06/2003 19:00 EST  Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/14/2003 08:00 EST  Winter Storm 0 0 2.000M O0.00K
ANNE ARUNDEL (ZONE)  ANNE ARUNDEL (ZONE)  MD 01/25/2004 12:00 EST  Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE)  ANNE ARUNDEL (ZONE) ~ MD 01/22/2005 07:00 EST  Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/24/2005 11:00 EST  Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/28/2005 21:00 EST  Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/12/2007 22:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ~ ANNE ARUNDEL (ZONE)  MD 01/27/2009 05:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ~ ANNE ARUNDEL (ZONE)  MD 03/01/2008 18:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 12/18/2009 19:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 01/30/2010 10:00 EST-5 Winter Storm 0 0 0.006 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/02/2010 17:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ~ ANNE ARUNDEL (ZONE) ~ MD 02/05/2010 11:00 EST-5 Winter Storm 0 0 500K 0.00K
ANNE ARUNDEL (ZONE) ~ ANNE ARUNDEL (ZONE)  MD 02/09/2010 17:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 01/17/2011  20:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 01/26/2011 16:00 EST-5 Winter Storm 0 0 0.006 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 01/02/2014 16:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ~ ANNE ARUNDEL (ZONE)  MD 01/21/2014 09:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ~ ANNE ARUNDEL (ZONE) ~ MD 02/12/2014 19:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 03/03/2014 02:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 03/16/2014 18:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 02/16/2015 16:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ~ ANNE ARUNDEL (ZONE) ~ MD 02/21/2015 10:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ~ ANNE ARUNDEL (ZONE) ~ MD 03/05/2015 08:00 EST-5 Winter Storm 0 0 0.00K 0.00K
ANNE ARUNDEL (ZONE) ANNE ARUNDEL (ZONE) MD 01/22/2016 14:00 EST-5 Winter Storm 0 0 0.00K 0.00K
Totals: 1 1 2.005M 0.00K
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Several of the events listed in the table above caused millions of dollars in damage cthedinst event oc

1999 whensdrong arctic cold front moved slowly southeast acreaidahédvibion. This front brought a

thick layer of sub freezing air to the lowest levels of the atmosphere, but just off the surface warmer air moved i
The ice storragulted in accumulations frorquamger to nearly one inch occurred across all of Western and

Central Maryland. Winds gusted over 40 mph after the precipitation ended and trees weighed down by the hea
ice accumulations fell on homes, across roads) podwer lines across the area. An estimated 2,000 power

lines were reported down in PEPCQ's Maryland power service area leading to a loss of power for 230,000 of th
utility companies 680,000 customers.

The second event occurred on February 1he20@&ardreaking snow and sleet accumulations were

reported. Across Western and North Central Maryland, and the Baltimore metropolitan area, snow
accumulations of mainly ranged from 20 to 32 inches. In Anne Arundel County, two middle schools suffered
patial roof collapses. Other buildings that suffered structural damage included a church, warehouse, athletic
club, shopping center, mall, grain silo, awning on a house and a restaurant, garage, boat storage structure, and
a grocery store. The stormedsdted in four deaths in Anne Arundel County due to heart attacks after

shoveling snow.

Figure 6.3-17
Snowfall Totals, Blizzard of February 2003

February 15-18, 2003
Snowfall (inches)

C I T . .
1-4 4-10 10-20 20-30 30+
NESIS = 7.50 +/- 0.16
Category 4

Anne Arundel County, Maryland 2018 Hazard Mitigation Plan Update Page 6-116



In addition to the events listed in the table above, Anne Arundel Coumgetes bisthe Blizzard of

1996. Winter weather experts have ranked this storm aswestermwistorm to strike the Northeast in
modern times. The Nor'easter buried portions of Maryland under as much as four feet of snow. Baltimore
recorded 26.6 Imes over three days at BWI Marshall Airport. Snowfall totals in Anne Arundel County ranged
from 15 to 18 inches.

More recently, the Mithntic was impacted with blizzard conditions abrkeddogdsnow on Februdary 6

2010. The event occurredhjtesty weeks prior to the NCDC database query for the HMP update, so loss data did
not appear there. On FebrtfaB030 atrong storm moved across the Gulf of Mexico and up the East Coast of

the United States. This storm produced heavy snowgshikanNéwv Jersey. Many sites in Pennsylvania,

Virginia, Maryland, Delaware, and New Jersey received record snowfall. Snowfall totals at some sites exceedec
inches in Maryland and Pennsylvania. Reports of snowfall in excess of 20 inchestivefeittsinumrydn in

Harrisburg, Philadelphia, Washington, and Baltimore metrogdiharNaeasal Weather Service (NWS)

indicated that blizzard conditions were recorded at Baltimore/Washington International Thurgood Marshall Airpc
Februarytrom approximately 12 midnight to 5 a.m. Saturday. During this time period wind gusts were reported
37 mph, with visibility at or belcguanter mile with heavy snow.

The storm caused major disruption to the area and left hundreds of thoysaneisfreithddirginia to
Pennsylvani@he storm caused massive power outages in the Washington and Baltimore areas, where
temperatures were close to freezing at the height ofAlseostoivtaryland, approximately 100,000 residents
were without powdeavy snow and blowing snow closed roads, rails, and major airports threughout the Mid
Atlantic region Friday into Saturday.

Anne Arundel County and Maryland have experienced several additional winter storms of varying magnitudes s
the 2012 HMP update The most signi ficant of these occurred
300 of snow on BWI Mar shall Airport, and resulted
reliable way to estimate damages from th&w&bama administration declared a major disé2tdr) DR

Maryland to assist with the recovery.

As with all climated weathdyased hazards, there is no completely reliable way to estimate probabilities of future
occurrences, except ovairly long period of time. However, given the long history of winter storms on the Atlantic
seaboard, it is reasonable to expect an average of one or more significant events every year. These can include
storms and snowstorms, and the definitiso caciade extreme cold.

7National Weather Service Qffitate College PA. The HistoratMittiSnow Storm of February 5
6 2010 (Draft).
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Severe Winter Storm Hazard in Highland Beach

Highland Beach has about the same level of exposure and vulnerability to severe winter storms as the rest of tf
County. The County has a moderate risk from this hazard overtike Wowevarundel and Highland Beach
experience winter weather often enough that the jurisdictions are well prepared for it. While potential impacts at
serious, there is nothing to suggest that these would be catastrigstiicgor long

1
M 6.3.10 Tornadoes

6.3.10.1 Description of the Tornado Hazard

A tornado is a rapidly rotating vortex or funnel of air extending to the ground from a cumulonimbus cloud. Most
time, vortices remain suspended in the atmosphere. When the lower tip cfsaeanttextheutciinado

becomes a force of destruction. Approximately 1,000 known tornadoes are spawned by severe thunderstorms ¢
year.

6.3.10.2 Location and Extent of the Tornado Hazard

From 1953 to 1993, Texas experienced the highest averagelmrmfabmnadoes with 128, followed by
Oklahoma (52), Kansas (47), Florida (46), and Nebraska (38). Maryland has more than 25. In Maryland, peak
tornado occurrence is in March through May, and in November.

Anne Arundel County, Maryland 2018 Hazard Mitigation Plan Update Page 6-118



Figure 6.3-18
Tornado Activity in the United States
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An area covering portions of Texas, Oklahoma, Arkansas, Missouri, and Kansas is known as Tornado Alley, wt
the average annual number of tornadoes is the highest in the United States. Cold air from the north collides witl
warm air from the Gulf of Mexico, creating a temperature differential on ti8)atdgred#?C. Most

tornadoes in this area occur in the spring. People living in manufactured or mobile homes are most exposed to
damage from tornadoes. Even drad¢cimobile homes do not withstand high wind speeds as well as permanent,
sitebuilt structures.

6.3.10.3 Severity of the Tornado Hazard

Tornado damage severity is measured by the Fujita Tornado Scale. The Fujita Scale assigns numerical values
onwi nd speeds and categorizes tornadoes from 0O to
are related to larger vortex formations, and therefore often form in convective cells such as thunderstorms or in
right forward quadrarat biéirricane, far from the hurricane eye. See -Idbier & lescription of the Fujita

Tornado Measurement Scale.
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Table 6.3-14
Fujita Tornado Measurement Scale
(Source: National Weather Service)

. : Number in 0
Category Wind Speed Examples of Possible Damage Maryland % of Total

Gale Light damage. Some damage to chimneys;
FO break branches of trees; push over shallow 321 22%
(40-72 mph) . .
rooted trees; damage to sign boards.
Moderate Moderate damage. Peel surface off roofs;
F1 mobile homes pushed off foundations or 698 48%
(73-112 mph) . X
overturned; moving autos pushed off roads.
Considerable damage. Roofs torn off frame
Significant houses; mobile homes demolished; boxcars

F2 (113-157 mph) pushed over; large trees snapped or 292 20%
uprooted; light-object missiles generated.
Severe damage. Roofs and some walls torn
F3 Severe off well constructed houses; trains 132 9%
(158-206 mph) overturned; most trees in forest uprooted;
cars lifted off ground and thrown.
Devastating damage. Well-constructed
Fa Devastating houses leveled; structures with weak 18 1%
(207-260 mph) foundations blown off some distance; cars
thrown and large missiles generated.
Incredible damage. Strong frame houses
lifted off foundations and carried
F5 Incredible considerable distance to disintegrate; 5 0%

(261-318 mph) automobile sized missiles fly through air in
excess of 100 yards; trees debarked;
incredible phenomena will occur.

In February of 2007 ti&ckle was replaced with a more accurate Enhanced Fujita Scaleq€albgihced F

was the Jarrell, Texas tornado of May 27, 1997 and the Oklahoma City/Moore tornado of May 3, 1999 that brou
the forefront the problem that perhaps the wind estimates were toeSamjkTié¢hehBnges to the original

scale were propose@impmmittee of meteorologist and engineers searching for a more accurate method of
assessing the magnitude of tornadoes. The modifications msckiaontbie Fimited to ensure that the new
Enhanced-§cale could continue to support the origidal datahase found within the NDCD.

The EnhanceesEale is a set of wind estimates (not measurements) based on observed damages after a tornadc
Its uses thremecond gusts estimated at the point of damage based on a judgment of eight leve& of damage to
indicators that include various commercial and residential building types, transmission towers, poles and trees.
Similar to the original scale, the new Enhacaledificludes five classes ranging fbto EFS (NOAA

Enhanced Fujita Scaleg. Wwimd speeds from the Fujita Scale were used as the basis for development of the
Enhanced-§cale. The following table displays the wind speed ranges for the original Fujita Scale, the derived wi
speeds (Enhanceddale), and the new EnhansedlEi6 use since February 2007).
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Table 6.3-15

Wind Speed Comparison of the Fujita Scale and Enhanced Fujita Scale
(Source: NOAA i National Weather Service)

Fujita Scale Derived EF Scale Operational EF Scale
Fhumper | Fosestis | 2Sseond | enmoer | 25PN | erumber | 3500000
0 40-72 45-78 0 65-85 0 65-85
1 73-112 79-117 1 86-109 1 86-110
2 113-157 118-161 2 110-137 2 111-135
3 158-207 162-209 3 138-167 3 136-165
4 208-260 210-261 4 168-199 4 166-200
5 261-318 262-317 5 200-234 5 Over 200

Between 1975 and 1995, 106 major Federal disaster declarations included impacts caused by tornadoes. The ¢
with the greatest number of terakded disasters were: Mississippi (14); Alabama and Illinois (9 each);
Cklahoma (8); Wisconsin (7); Ohio (6); and Missouri, Minnesota, Maryland, Georgia, and Arkansas (5 each).

The tornadoes identified in the NCDC database for Anne Arundel County ranged in severity from an FO to an F.

6.3.10.4 Impact on Life and Property

Although technology and warning system capabilities have improved significantly in recent years, tornadoes cal
occur with little or no warning, bringing a great deal of destruction amtiddsatairéié Climatic Data Center

reports that 2drnadoes have occurred in Anne Arundel County between 1950 and 2018. The tornadoes caused
estimated $7.121 million in property damage. There were no deaths and one injurySounese events.
NOAA/NCDdatabase

Within the planning area, tornadoes have an impact on Anne Arundel County equally and uniformly. However, ¢
typical storm track (300 yards wide, 15 miles long, tracking from the southwest to the sedhkesipthat pas

the five most densely populated areas of the County, as illustrate€li®, Emulcei&2e major effects on the

County. Persons and property located in Census Blocks through which these storms pass are most vulnerable |
hazard. TheLCensus Blocks contain 15,375 people who will potentially be affected by this hazard. $3,861,000 ir
buildings and contents are exposed to this hazard. Note that Section 7 of this HMP update includes a general ri
assessment using the FEMA Tornado@aestefihalysis tool. Note also that the value for exposed buildings and
contents is extrapolated from the value in the 2012 version of the HMP, because the HAZUS database from wh
the original figure was derived is no longer available.
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Figure 6.3-19
Anne Arundel County: Model Tornado Tracks
(Source: Anne Arundel County Office of Emergency Management)
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6.3.10.5 Occurrences of the Tornado Hazard

As mentioned above, a total of 21 tornadoes were identified in the NCDC database@muAtne Arundel
between 1950 and 2018. Of the 21 tornadoes, eight were F/EF 0, 12 were F/EF 1, and one was F/EF 3. The tol
events for Anne Arundel County are summarized below-b6Table 6.3

Table 6.3-16
Tornado Events, Anne Arundel County 19507 2018
(Source: NOAA/NCDC)

0.00K

Totals: 0 1 7TA21M

ANNE ARUNDEL CO. ANNE ARUNDEL CO. MD 07/02/1953 20:00 CST Tormado F1 0 0 0.25K 0.00K
ANNE ARUNDEL CO. ANNE ARUNDEL CO. MD 04/26/1960 15:30 CST  Tornade F1 0 0 250K 0.00K
ANNE ARUNDEL CO. ANNE ARUNDEL CO. MD 06/09/1961 15:30 CST Tornade F3 0 0 250.00K 0.00K
ANNE ARUNDEL CO. ANNE ARUNDEL CO. MD 07/13/1961 15:00 CST Tornade F1 0 0 25.00K 0.00K
ANNE ARUNDEL CO. ANNE ARUNDEL CO. MD 056/12/1974 14:15 CST Tornade F1 0 0 2.50K 0.00K
ANNE ARUNDEL CO. ANNE ARUNDEL CO. MD 07/14/1975 05115 CST Tornade F1 0 0 25.00K 0.00K
ANNE ARUNDEL CO. ANNE ARUNDEL CO. MD 08/14/1976 16:20 CST Tornade F1 0 0 250.00K 0.00K
ANNE ARUNDEL CO. ANNE ARUNDEL CO. MD 09/0511979 12:556 CST Tornadoe F1 0 1 25.00K 0.00K
ANNE ARUNDEL CO. ANNE ARUNDEL CO. MD 08/28/1992 15115 CST Tornade FO 0 0 0.00K 0.00K
ANNE ARUNDEL CO. ANNE ARUNDEL CO. MD 08/28/1992 15:32 CST Tornadoe FO 0 0 0.00K 0.00K
ANNE ARUNDEL CO. ANNE ARUNDEL CO. MD 05/12/1993 17:55 EST Tornade FO 0 0 5.00K 0.00K
Crownsville, Arnold,1 ANNE ARUNDEL CO. MD 10/05/1995  16:57 EST Tornade F1 0 0 60.00K 0.00K
Odenton to ANNE ARUNDEL CO. MD 10/05/1995 20:31 EST Tornade F1 0 0 250.00K 0.00K
Amold ANNE ARUNDEL CO. MD 10/05/1995 20:32 EST Tornade FO 0 0 1.00K 0.00K
UPPER MARLEQORO ANNE ARUNDEL CO. MD 06/24/1996 16:39 EST Tornade F1 0 0 100.00K 0.00K
MARYLAND CITY ANNE ARUNDEL CO. MD 07/10/2000 16:32 EST Tornade F1 0 0 5.00K 0.00K
SEVERNA PARK ANNE ARUNDEL CO. MD 09/28/2006 17:34 EST Tornade F1 0 0 6.000M 0.00K
LAKE SHR ANNE ARUNDEL CO. MD 09/30/2010 08:46 EST-5 Tornado EFO 0 0 15.00K 0.00K
CONAWAYS ANNE ARUNDEL CO. MD 04/05/2011 03:56 EST-5 Tormnade EF0 0 0 2.00K 0.00K
(EME)TIPTON AAF FT M ANNE ARUNDEL CO. MD 06/01/2012 16:46 EST-5 Tornado EFO 0 0 3.00K 0.00K
TIPTON AAF ARPT ANNE ARUNDEL CO. MD 06/01/2012 18:06 EST-5 Tornado EFO 0 0 100.00K 0.00K
Totals: 0 1 7TA21M 0.00K

The event causing the most damage occurred on September 28, 2006 when an F1 tornado touched down in the
of Severna Pat its maximum the storm was 250 yards wide with winds of 90 mph. 34 homes were severely
damaged by falling tneéth 13 of those homes rendered uninhabitable. The tornado then reached its most intense
and widest extent as it passed through the community of Lower Magothy Beach. Many of these trees knocked ¢
in this area were largefwd diameter hardwood tiestisvere 60 to 80 feet tall. The tornado caused an

estimated $6 million in property damage.

Based on previous occurrences listed in the NCDC database, the probability of future tornado events in Anne
Arundel County is one event approximately everyahreears, and this estimate is valid for the 2018 version of
the HMPThe overall impact to the planning area from tornadoes will most likely be low to moderate considering
frequency and magnitude of the past occurrences.
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Tornado Hazard in Highland Beach

Highland Beach has about the same level of exposure and vulnerability to tornadoes as the rest of the County.
County has very low risk from this hazard overall. The housing stock in the area is fairly vulnerable to the hazar
however, thery low probability of a tornado strike in such a small, specific area is so low that potential impacts

must be considered negligible.

6.3.11 Wildfire, Urban Interface Fire
6.3.11.1 Description of the Wildfire Hazard

Wildfires are uncontrdikesl often occurringnitdlan@reas, which can consume houses or agricultural
resources if not contained. Wildfires/urban intefeeslias the area where structures and other human
development blend with undeveloped wildland.

Forest and grassland fires can occur any day throughout the year. Most of the fires occur during the spring sea:
The length and severity of burnindsdarigely depend on the weather conditions. Low humidity, high winds,
belownormal precipitation, and high temperatures that are frequently present during the spring result in extreme
high fire danger. Drought conditions can also hamper effess twildfipgs as decreased water supplies may

not prove adequate to quickly contain the fire. The second most critical period of the year is fall. Depending on 1
weather conditions, a sizeable number of fires may occur Betkessr mud late Novemb

As more people choose to build homes, operate businesses, and engage in recreational activities in areas whe
wildlands border more urban areas, the threat to private property from wildland fire increases. Creating
"defensible” or "survivable" spaced structures can make the difference between returning to an intact home

or a smoldering pile of ashes if a wildfire moves through the area.

6.3.11.2 Location and Extent of the Wildfire Hazard

The potential for wildfires exists over theaamting girea. Howevddfires have the greatest potential to
affect those parts of the County that are forested or at the interface between forest and other land cover.

6.3.11.3 Severity of Wildfire Hazard

The frequency and severity of wildfirpsngeia® on weather and on human activity. In the planning area,
severity has historically been very low, and duration a matter of hours to a day. Very few acres have burned in t
last ten years, and this trend will likely continue.

6.3.11.4 Impact on Life and Property
Figure 6:20 depicts the wildfire hazard for Anne Arundel County, according to Maryland Department of Natural

Resources (MDNR) Forest Service data. As part of the Wildfire analysis, the impact on the County was be restr
to Census Riks in the area classified as being at extreme risk from wildfire. These Blocks contained 12,594 peo
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who will potentially be affected by this hazard. A total of $764,707,900 in buildings and contents is exposed to tl
hazard. No critical County infcaste buildings are exposed within the extreme wildfire risk category (shown in red
on the map). Note that the HAZUS database on which the value of buildings and contents were based in the 20

mitigation plan is no longer available, so the 2012resiliésted to present day via the U.S. Bureau of Labor
Statistics dine inflation calculator.

Figure 6.3-20
Anne Arundel County: Wildfire Risk Map
(Source: Anne Arundel County Office of Emergency Management)
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Anne Arundel County, Maryland 7 2018 Hazard Mitigation Plan Update - DRAFT
Section 6 Hazard Identification, Profiling and Ranking
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There are no records of deaths m@sigjnd no recorded loss of property from wildfires in the planning area.

6.3.11.5 Occurrences of the Wildfire Hazard

Forest fire incident data shows that fires in Maryland are a frequent and annual occurrence. Between 2003 and
2015, records from theNRR[F-orest Service indicate an average of 379 wildfires that burned 3,652 acres of
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forestland each y&d&able 6-37 summarizes the number of fires and acres burned in Maryland in this period.
For years 2012 to 2105 the MDNR published WildlandgHiraReplode information about numbers of

fires and acres burned by County. Anne Arundel County experienced two wildfires in this period, in 2013 and
2014. A total of 7.5 acres burned in 2013, and 10.41 in 2014.

Table 6.3-17
Number of Forest Fires and Acres Burned in Maryland
(Source: Maryland Department of Natural Resources)

Year Total Number of Fires Total Acres Burned
2003 753 6,074
2004 253 3,149
2005 441 4,344
2006 753 6,074
2007 622 5,102
2008 583 2,339
2009 408 4,853
2010 170 1,503
2011 125 8,310
2012 159 837
2013 122 161
2014 158 1,078

Total 4,547 43,824

Based on historical records from the NCDC database and the MDNR, the future probability of wildfires in Anne
Arundel County is fairly high. However, property damage adifieiimpihet Gounty is considered minimal
compared to the potential damage from other hazards.
Wildfire Hazard in Highland Beach
Highland Beach has about the same level of exposure and vulnerability to wildfire as the rest of the County, altt

open ar@s near water are clearly less likely to burn than areas that have more potential fuel. The Town has a mi
risk from this hazard overall. Impacts can be considered negligible.

6.3.12 Erosion

6.3.12.1 Description of the Erosion Hazard

8 Maryland Department of Natural Resoup¢¢3-(drest Service
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Erosion is deéd ashte group of natural processes, including weathering, dissolution, abrasion, corrosion, and
transportation, by which material is worn away from the earth's surface. One typasthlezossirnis ¢

which is a dynamic process that is dgrestantring at varying rates along the coasts and shorelines of the

U.S. Numerous factors can influence the severity and rate of coastal erosion including human activities, tides, tl
possibility of rising sea levels, and the frequency and intensitesf &trong storms and hurricanes can

erode large sections of coastline with a single event. The process of coastal erosion results in permanent
changes to the shape and structure of the coastline. Human activities such as poor land use practices and
boating activities can also accelerate the process of coastal erosion.

6.3.12.2 Location and Extent of the Erosion Hazard

The potential for erosion exists over the entire planning area. Although possible to occur anywhere in the Count
erosionismdsti kely t o occur during Norbdeastersd or downi(
shoreline areas of the CoAntye Arundel County has hundreds of miles of shoreline, most of which is within
close proximity to major metropolitan center8siltin@®, Annapolis and Washington D.C.

Protecting the Chesapeake Bay and its tributaries is considered one of the highest priorities for Anne Arundel
County. To reduce water pollution and prevent erosion, the County places material uctatss topsoil, jut
grass seed, rip rap, etc. by hand or by machine enauaintgd propérty.

Figure 6.3-21
Rip-Rap Placed by Hand to Reduce Erosion
(Source: Anne Arundel County website)

® Anne Arund€buntyrg
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6.3.12.3 Severity of Erosion Hazard

Episodic storms generate thesigoificant erosion along the Anne Arundel shoreline. Typically these storms
can i mpact the coast over periods of hours (tropi
events are shdisted, the resulting erosion can be equivdésratdes of letegm coastal change. The actual

guantity of sediment eroded from the shore is a function of storm tide elevation relative to land elevation, the
duration of the storm and the characteristics of the storm waves. During sevesgitdeastal storm

uncommon for the entire berm and part of the dune to be removed from the beach. The amount of erosion is al:
dependent on the-pterm width and elevation of the shoreline or beach. If the beach has been left vulnerable to
erosion due to thffects of recent storms, increased erosion is likely. The time necessary for the beach to
naturally recover from significant erosion can be years to decades.

6.3.12.4 Impact on Life and Property

Erosion from coastal storms has the potential igrificastgproperty damage particularly to properties located
along the shoreline areas of Anne Arundel County. Potentially millions of dollars of shoreline development may
damaged or destroyed by the effects of erosion. Additionally, the $besalifeeeah also have a negative

impact on a community due to the potential loss of tourism.

6.3.12.5 Occurrences of the Erosion Hazard

Table 6:328 highlights some of the major events that have caused coastal erosion in Anne Arundel County.

Table 6.3-18
Major Coastal Erosion Events impacting Anne Arundel County (1990 i 2018)
(Sources: FEMA, NOAA/NCDC)

Event date &

Disaster (DR) Erosion Event

A powerful Nor'easter, carrying copious moisture from the Gulf of Mexico
and Caribbean region, dumped between two and four inches of rain
across much of Maryland between the foothills and the Chesapeake
Bay. Highest totals, ranging from three to five inches, fell in lower
southern Maryland, causing widespread flooding of low-lying areas and
small streams and creeks. The degree of erosion was greater than that
associated with the remnants of hurricane Fran in 1996.

February 4,
1998

Hurricane Floyd made landfall just east of Cape Fear, North Carolina in
the early morning hours of the 16th and moved north-northeast across
extreme southeast Virginia to near Ocean City, Maryland by evening on
September 24, the 16th. The event resulted in over 1,000 homes reported flood
1999 damage, over 100 roads closed. In Anne Arundel County between 8 and
12 inches of rain were reported. Strong southerly winds ahead of the
(DR-1303) hurricane pushed tides two to three feet above normal, flooding several
low lying areas in St. Mary's, Calvert, Harford, and Anne Arundel
Counties. The NCDC database indicated that erosion was reported on
the South River and Broad Creek.

Anne Arundel County, Maryland 2018 Hazard Mitigation Plan Update Page 6-129



Event date & Erosion Event

Disaster (DR)

On September 18, 2003, Hurricane Isabel made landfall on the North
Carolina Coast. By the time Isabel moved into central Virginia, it had
weakened and was downgraded to a tropical storm. Isabel's eye tracked
well west of the Bay, but the storm's 40 to 50 mph sustained winds
pushed a bulge of water northward up the bay and its tributaries

September 18, producing a record storm surge. The Maryland western shore counties of
2003 the Chesapeake Bay and along the tidal tributaries of the Potomac,
(DR-1492) Patuxent, Patapsco and other smaller rivers experienced a storm surge

of five to nine feet above normal tides. The NDCD database indicated
that in Baltimore County alone, $3 million in damage was estimated to
have occurred from erosion of the shoreline. The NDCD did not indicate
the severity of erosion in Anne Arundel County, but based on the degree
of flooding, it mostly like was comparable to Baltimore County.

There is no readily available evidence that Hurricane Sandy created
October 27, 2012 | significant erosion problems in Anne Arundel County. The event is listed
(DR-4091) in this table to recognize that it was reviewed and considered in the HMP
update.

Erosion is an ongoing problem along many areas of the AQmaiArusdeteline. It is difficult, if not

impossible, to assign a probability to the near constant small, ongoing erosion that may occur over a continuous
period of ti me. However, a probabil i trnicanessand be ass
coastal storms that can result in significant storm induced coastal erosion.

As described earlier in this section, there were
erosion in Anne Arundel County between 1990 and 866&,sance the last version of this HMP (2012). This
translates to about one event approximately every nine years. In addition to the larger events noted above, smé
Nor beasters and other coastal s trageomstotwctimes@erer osi 0
year. The period of time over which this data is provided suggests the probability of erosion will be about the sa
the future, with y¢@year variations.

Erosion Hazard in Highland Beach

Highland Beach has a higher @eptasthe erosion hazard than many other parts of the County, because of its
coastal location. There are no reliabisoopes records indicating the degree of damage to Highland Beach from
past erosion events, which are usually related to stdime purtgetial impacts to Highland Beach may be
considered moderate, but absent further study it is impossible to characterize them more precisely.
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6.4 Methodology for Identifying Natural Hazards for Additional
Analysis

In accordance with the regemenof the Interim Final Rule, all hazards with potential to affect Anne Arundel
County are profiled in the present section of the HMP. However, because-tbieldhazaodmbjtigation

plan, it is useful to identify the hazards that aresvfcitvecera Countywide, so these can be the focus of more
detailed assessment. It is important to note, however, that many hazards and risgeafie,\&@asitecal
municipalities perform more detailed risk assessments and identiftiongigaeypstaauld recognize that this
process and the resulting table should be used only as a guide.

Various national, regional and local sources were used to identify and classify different hazards for Anne Arund
County. The criteria used were:

1. Hisoryi incorporating historical accounts and records that the hazard has affected the County often in tt
past, and that the hazard has occurred often and/or with widespread or severe consequences.

2. Potential for mitigatidhacknowledgirnigat there are vgap address the hazard, and that the methods
are technically feasible and have the potential tfleetoos(i.e. mitigation measures are available at
a reasonable cost, and damages to property, lives and/or community functions would be reduced or
eliminated).

3. Presence of susceptible areas or vulnerabititgticatinthat Anne Arundel County has numerous
facilities, operations or populations that may be subjected to damage from the hazard.

4. Data availability demonstrating tisafficient qualigta is available to permit an accurate and
comprehensive risk assessment.

5. Federal disaster declarations and local emergency declaratimivaghat Anne Arundel County has
received numerous disaster declarations for the particular hazard.

The tablen the following pages lists the hazards, describes the rationale for identifying (or not identifying) hazar
as significant, shows sources of information that were consulted for the determination, and the disposition of the
hazard with regard to hadarttification and risk assessment in this HMP. The initial hazards in the shaded portior
of the table are those that were identified by the Anne Arundel County HMPC as significant enough to warrant ¢
risk assessment.
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Hazard

Riverine Flooding

Table 6.4-1
Anne Arundel County Qualitative Hazard Ranking

Rationale

Widespread impacts, history of
occurrences in the County,
potentially significant annual
damages.

Sources

FEMA Flood Insurance
Studies, FEMA Flood
Insurance Rate Maps, FEMA
Public Assistance records,
FEMA National Flood
Insurance Program claims
data, US Army Corps of
Engineers (USACE), and
National Oceanographic and
Atmospheric Administration
(NOAA), studies and records

Disposition

Profile and risk
assessment

Hurricane, Tropical
St orm, st&dor 6 ¢

Hurricanes: Relatively low
historic probability; potential for
widespread impacts.

Tropical Storms: Low to
moderate probability; potential
for widespread impacts
Nor 6easter s:
probability of more extreme
events, potential for moderately
widespread impacts.

Mo ¢

NOAA and National Climatic
Data Center (NCDC) records,
National Hurricane Center,
NOAA Coastal Service Center
T Historic Hurricane Tracks
database

Profile and risk
assessment

Severe Winter Storm

High annual probability,
widespread impacts, but losses
generally limited except in most
extreme events.

NOAA, NCDC, National
Weather Service (NWS)

Profile and risk
assessment

Tornadoes

High annual probability, localized
impacts, but losses generally
limited except in most extreme
events.

NOAA -NCDC

Profile and risk
assessment

Coastal Flooding

Widespread impacts, history of
occurrences in the County,
potentially significant annual
damages.

FEMA Flood Insurance
Studies, FEMA Flood
Insurance Rate Maps, FEMA
Public Assistance records,
FEMA National Flood
Insurance Program claims
data, USACE, and NOAA
studies and records

Profile and risk
assessment
(combined with
flood hazard in
risk calculations)

Earthquake /
Geological

Low annual probability.

United States Geologic
Survey (USGS)

Profiled, but not
part of detailed
risk assessment

Dam Failure and

Low annual probability based on
historical data, but impacts

Maryland Department of the
Environment - Dam Safety

Profiled, but not
part of detailed

Releases g?ézztlally significant in specific Program risk assessment
. . NOAA i NCDC; New Jersey Profiled, but not
Drought High annual probability, but State Department of part of detailed

impacts are generally limited.

Agriculture NJDEP

risk assessment

Anne Arundel County, Maryland 2018 Hazard Mitigation Plan Update

Page 6-132




Rationale Sources Disposition
Relatively high annual

probability, but impacts are NOAA, Maryland Department = Profiled, but not
Erosion minimal relative to other hazards | of Natural Resources (MDNR) | part of detailed

and mainly limited to coastal 7 Shore Erosion Control risk assessment

areas.

Relatively high annual Profiled, but not

- . NOAA i NCDC, National .
Extreme Heat probability, but impacts are Weather Service part of detailed

limited. risk assessment
High annual probability but NOAA i NCDC. National Profiled, but not
impacts are limited in severity Weather Servicé part of detailed

and area. risk assessment
High annual probability of site- Profiled, but not
specific events, but impacts georc‘iﬁ‘éMDNR - Forest part of detailed

generally limited. risk assessment

Severe Thunderstorm
and hailstorm

Wildfire, Urban
Interface fire

Summary

Based on gqualitative ranking above, the HMPC recommended including four natural hazards in the more detaile
assessments in Section 7:

A Riverine Flood (including coastal storms)

A Hurricane, Tropical Storm, and Nordeast
A Severe Winter Storm

A Tornado

Summary Description of the Countyds Vulner at

The DMA 2000 legislation and related FEMA planning guidance require hazard mitigation plans to include disct
of community vulnerability to natural hazards. Vulnerability is genesalhe disfinagea(including direct

damages and loss of function) that would occur when various levels of hazards impact a structure, operation or
population. For example vulnerability can be expressed as the percent damage to a building vthen it is flooded,
number of days that a government office will be shut down after a wind storm, etc., assuming there is sufficient
detailed data available to support the calculations.

Because this HMP update is at the scale of an entire County, it is natrppéeticaliboerability assessments

on the many individual assets, operations and populations in the planning area. It is possible, however, to make
some general observations based on the hazard identifications and risk assessments that are the subjects of
Sections 6 and 7 of this update.

As illustrated in Section 6 (Hazard ldentification), Anne Arundel County is subject to numerous natural and man
made hazards, although in some cases the hazards have rarely impacted the area, or their effects have been
rehtively minor. As is the case with many parts eAtlaetiojcalthough relatively localized, flooding is the most
frequent and most damaging natural hazard in Anne Arundel County. However, it is important to recognize that
several other hazards presignificant risks (i.e. potential for future losses) to the County, even though they have
occurred infrequently in the past, or have not caused much damage. For example, the occurrence of tornadoes
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Anne Arundel County may have been relativelgtinfrégupast, but still presents a significant enough risk to
warrant a more detailed assessment.

Section 7 (Risk Assessment) of this HMP update demonstrates that there is some vulnerability to wind in the Ce
mainly from hurricanes and tropitas sWhile hurricanes are rare events inrAtiantia tropical storms and

Nor 6easters are fairly common, and many structure
as discussed in Section 7, the vulnerability is widespréael ydlaticely large risk figure. In addition to the
flood, high wind (hurricane, tropical stor m, Nor 6

winter storm and coastal flooding hazards (the latter as part of the gensdladéotenmeMost of the other

hazards are either localized or improbable, and therefore, while various elements in the communities may be
vulnerable to such hazards, the likelihood of them occurring in any specific location is very small or the impact
corsidered relatively minimal.
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Section 7 Risk Assessment

Section 7
Risk Assessment

Contents of this Section

7.1 44CFRRequirement for Risk Assessments

72 Overview and Anal y ¥ilnsrabiityto Aagzands Ar und el Cou
7.3 Estimate of Potential Losses

7.4 Future Devgdment Trends in Anne Arundel County

7.5 Summary of Risk Assessment

7.1 Interim Final Rule Requirement for Risk Assessments

44 CFR 201.6 Local Mitigation Pl§RArisk assessmerthat provides the factual basis
for activities proposed in the stri@megduce losses from identified hazards. Local risk
assessments must provide sufficient information to enable the jurisdiction to identify and
prioritize appropriate mitigation actions to reduce losses from identified hazards. The risk
assessment shaltlude:
() A description of the type, location, and extent of all natural hazards that can affect the
jurisdiction. The plan shall include information on previous occurrences of hazard events and
on the probability of future hazard events.
(i) A descripn of the jurisdiction's vulngrabithe hazards describpdrigraph
(c)(2)(ipf this section. This description shall include an overall summary of each hazard and
its impeat on the community. All plans approved after October 1, 2008 must also address
NFIP insured structures that have been repetitively damaged by floods. The plan should
describe vulnerability in terms of:
(A)The types and numbers of existing and futimgsbinfrastructure, and critical
facilities located in the identified hazard areas;
(B)An estimate of the potential dollar losses to vulnerable structures identified
inparagrap (c)(2)(ii) (Af this section and a description of the methodology used to
prepare the estimate;
(C)Providing a general description of land uses and development trends within the
community so that mitigation options can be considered in futdeeiEodsuse
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7.2 Overview and Analysisof Anne Ar undel County
Vulnerability to Hazards

As discussed in Section 6 of this HMP (Hazard Identification), Anne Arundel County identified twelve natura
hazardghat can affect the community. The likelihobgrefreatural hazard event affecting the County

was made based on an assessment of historical data and a prediction if a future event is likely to occur.
Many of the natural hazards, outside of the 4 natural hazards Hiates logdquvobability affecting

the County that would result in a Presidential Disaster Deetdiatié¥ descelbewthe County

narrowed the focus fraelve tfoumatural hazartizat create tlggeatestisk tdwuman life, property,

infrastructure, critieallfties, and buildings in vulnerable areas. For the purpose of the 2018 HMP update,
the County narrowed its focus to 4 natural hazards posing the greatest risk to the community, which include
the following:

A Riverine and coastal Flooding

A Hurricane, rpi c a | Storm, and Nordeaster (wind)
A Tornado

A Severe Winter Storm

As part of the 2018 HMP update, the HMPC conducted detailed research into potential vulnerabilities to
natural hazards, for County assets, as well as private structures, populatidBis es dhastest

version of the HMP was approved, thelasarperienced some damage from Hurricane Isabel and

other events such as the snowstorms-2020@thd 2016. Thase generally described here and in

Section Gjlazard Identification aradilihgGiven the relatively low damages from natural hazards in the
past, the County can be considered to have limited vulnerability to hazards, except in the most extreme
events. The County hasegédblished and successful programs for mitidatieveswion efforts, and

intends to continue these indefiGitety the relatively low incidence efdalg@atural hazards, the
Countyds efforts in this regard have focused mos:s
this migjation plan, or via various other approaches, such as monitoring flooding and erosion in various
areas (and addressing them through implementation of public works projects, and developing and
implementing a shelter plan that serves to mitigate. [bise Gfdifaty also has effective building

controls that serve to limitdheerabilities of structures and people, so future risks will likely remain fairly
low, and hopefully will be reduced even further as mitigation projects and polieyesffand are init
completed.

This section addresses the risk related to the four hazards listed above, and estimates future expected
losses from them, in accordance with FEMA requirements. The most significant natural hazard to which
Anne Arundel County is ®gbés floods. Flooding in Anne Arundel County is the result of various weather
events including hurricanes, thunderstorms (convectional and frontal), storm surge and winter storms. See
Section 6 of the HMP update for additional details about jgastdioms ac Anne Arundel County.

The second most significant hazard to which Anne Arundel County is exposed to is wind from hurricanes,
tropical storms and nordeasters. As discussed ir
Climatic DatCenter (NCDC) database, two tropical storms have impacted Anne Arundel County between
1950 and 2008. As of September 2018, the database did not include information about Hurricane Sandy,
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which occurred in 2012, and made landfall in Maryland adarroploalsame was true of Hurricane
Floyd (1999) and Hurricane Isabel (2003).

The County is also at some risk from tornadoes. The entire County is equally exposed to the potential
effects of tornadoes. Past events in Anne Arundel County hasevernityddoim an FO to an F3 event

(Fujita Scale). The County is also exposed to the severe winter storm hazard. The NCDC indicates that the
County has experienced 31 winter storms between 1999 and 2018.

7.3 Estimate of Potential Losses (Risk Assessment)

THs sedbn describes the risks to the County, including its citizens, residential, government and commercial
assets, and County operatiseoted abeyrisk is an expressioexpected future monetary losses

resulting from the impacts of naturalshRislt assessment methodologies differ based on the nature of

data that is available, the hazard, and the way results are expressed. The sections below provide brief
descriptions of the methodologies.

7.3.1 Flood Risk in Anne Arundel County

This sulection provides estimates of future flood losses, i.e. risk. Each of the loss calculations is based on
best available data, but they must be considered estimates because highly detailed engineering studies
were not performed as part of this planning ploe@sesent section is intended to provide a
moderatelgetailed overview of risk in the Anne Arundel County. Note that Appendix A includes additional
details and graphics related to National Flood Insurance Program (FIP) claims data in the County.

Flood Risk Assessment Method 1
Analysis of NFIP Repetitive Loss and Severe Repetitive Loss Data

The first risk assessment method is based on analysis of NFIP data for repetitive flood loss properties. The
NFIP defines repetitive loss properties asathiosectineceived least two NFIP insurance payments of

more than $1,000 each in any rollyeptemeriod. As of February 2018, Anne Arundel County had 93

such properties, based on a query of the FEMA BureauNet NFIP interface. Of this number, seven are no
residential, and 86 residential. Talilsuh@mnarizes the NFIP claims value and number of claims

statistics for all repetitive loss properties. The table also indicates that the majority of the paid claims, 69
percent, are associated with resideihdizgodamages.

Table 7.3-1
Summary of Residential and Non-Residential NFIP Repetitive
Loss Statistics, Anne Arundel County
(Source: FEMA/NFIP Query, February 2018)

Repetitive Loss

Category Properties Structure Contents Total # Claims Average

Residential 86 $3,978,631 $738,933 $4,717,565 204 $23,125
Non-Residential 7 $1,142,095 $904,967 $2,047,062 24 $85,294
Total 93 $5,120,726 $1,643,900 $6,764,627 228 $29,669
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Figure 7-2 shows the locations of the 93 residentiab@sitieotial repetitioss properties in the
County. The map shows the majority of the repetitive loss properties are concentrated along the eastern
border of the County, along the shoreline and tributaries of the Chesapeake Bay.

Figure 7.3-1
Residential and Non-Residential NFIP Repetitive
Loss Properties, Anne Arundel County
(Source: FEMA/NFIP Query, Spring, 2018)
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