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Chapter 1 Introduction

Chapter Updates

e This chapter was a complete rewrite.

e The Introduction section was expanded upon to discuss the hazard mitigation plan requirement
and potential project funding.

¢ Planning Requirement section provides a further breakdown of required elements as discussed in
the FEMA's Local Mitigation Planning Policy Guide effective April 19, 2023.

e The Planning Process portion provides how each of the six phases of the planning process were
completed to satisfy the requirements.

e The Hazard Mitigation Planning Committee (HMPC) listing includes member’s name, position, and
agency as well meetings attended and invites, notes, and draft chapters received.

e Small group meetings and National Flood Insurance Program (NFIP) coordination was discussed.

e Municipal coordination and participation in the plan were documented and detailed in this chapter.
All municipalities participated in the plan update process.

e Regional coordination occurred during the planning process and was discussed.

e The Hazard Identification and Risk Assessment (HIRA) was discussed in Phase 2-Develop a Risk
Assessment.

e Phase 3- Develop a Capability Assessment and Phase 4- Finalize Mitigation Strategy discussed
information provided in Chapters 12 and 13.

e Phase 5- Review of Plan and Plan Revisions reviews the cohesive draft plan. This section also
provides information on how the public was included in the plan updated and provided multiple
ways to participate.

e Phase 6- Plan Maintenance and Updates provides a synopsis of Chapter 14.

e The last section of this chapter reviews the plan’s organization and an overview of updates
completed during the plan process.

INTRO
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[ Introduction ]

The Hazard Mitigation Plan forms the foundation for Caroline County and its municipalities' long-term strategy
to reduce disaster losses and break the cycle of disaster damage, reconstruction, and repeated damage. The
purpose of this plan is to identify, plan, and implement cost-effective hazard mitigation measures through a
comprehensive approach known as hazard mitigation planning. The Federal Emergency Management Agency

(FEMA) requires hazard mitigation plans to be updated every five years. To that end, Caroline County and its
ten (10) municipalities present the 2024 Caroline County Hazard Mitigation Plan Update.

The 2024 Hazard Mitigation Plan has been prepared for Caroline County and its ten (10) incorporated
communities. The purpose of this Plan is to identify, plan, and implement cost-effective hazard mitigation
measures through a comprehensive approach known as hazard mitigation planning. This document is the
result of participation from a cross-section of community members including County and municipal officials,

residents, business owners and other agencies.

Caroline County Department of Emergency Services (DES) was
awarded a FEMA Hazard Mitigation Assistance Planning Grant to
update the 2019 Caroline County Hazard Mitigation Plan Update.
DES was the lead agency for this Plan update. In May of 2023, Smith
Planning and Design (SP&D) was contracted to assist in the
development the 2024 Caroline County Hazard Mitigation Plan
Update, in accordance with the Robert T. Stafford Disaster Relief and
Emergency Assistance Act (Public Law 93-288), as amended by the
Disaster Mitigation Act of 2000, and 44 CFR Part 201-Hazard
Mitigation Planning.

The Disaster Mitigation Act of 2000 (DMA 2000) was signed by the
President on 30 October 2000. The act requires state and local
governments to prepare and adopt hazard mitigation plans as a
condition for receiving Hazard Mitigation Grant Program (HMGP)
assistance after November 1, 2004. The Caroline County Hazard
Mitigation Plan was first adopted in 2006 as a long-range strategic
plan prepared to fulfill the requirements of DMA 2000 as
administered by the Maryland Department of Emergency

k. 2019 HAZARD MITIGATION PLAN
CAROLINE COUNTY, MARYLAND

C@(‘}L?H’# Caroline County

om Department of e
ot Emergency Services

Prepared by:

{
A& | 9391 Double Hills Road

EMERGENCY | Denton, MD 21629

Smith Planning & Design

76 Baltimore Street.
Cumberland, MD 21502

Management (MDEM) and the Federal Emergency Management Agency (FEMA) Region lI.

Section 409 of the Robert T. Stafford Disaster Relief and Emergency
Assistance Act (Public Law 93-288, as amended), Title 44 Code of
Federal Regulations (CFR), as amended by Section 102 of DMA
2000, provided the framework for state and local governments to
evaluate and mitigate all hazards as a condition for receiving federal
disaster assistance. A major requirement of the law is the
development of a local hazard mitigation plan.

When applying for certain types of non-emergency disaster
assistance, FEMA requires a hazard mitigation plan. These
requirements are part of the laws, regulations and policy surrounding
hazard mitigation planning.

As defined by DMA 2000-

Hazard Mitigation: any substantial
action taken to reduce or eliminate the
long-term risk to human life and
property from hazards.

Planning: the act or process of making
or carrying out plans; specifically, the
establishment of goals, policies, and
procedures for a social or economic
unit.

Approved and locally adopted hazard mitigation plans are necessary for specific FEMA grant project funding

eligibility.
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Hazard Mitigation Grant Program (HMGP)

Flood Mitigation Assistance Grant Program (FMAG)

Building Resilient Infrastructure and Communities (BRIC)
Rehabilitation of High Hazard Potential Dam (HHPD) Grant Program

The County is comprised of mainly rural communities. The ten (10) incorporated municipalities within Caroline
County include: the Towns of Denton, Federalsburg, Goldsboro, Greensboro, Henderson, Hillsboro, Marydel,
Preston, Ridgely, and Templeville. All incorporated municipalities participated in the Plan update.
Representative(s) from each municipality provided information, reviewed draft plan elements, and completed
questionnaires.

[ Purpose ]
Hazard mitigation is any sustained action taken to reduce or The purpose of the Hazard Mitigation
eliminate the long-term risk to human life and property from hazards. Plan is to prevent or reduce loss of life
Natural hazards can take many forms: tornadoes, floods, hurricanes, and injury as well as limit damage costs
severe storms, winter weather, droughts, landslides, or earthquakes from various hazards through the
resulting from natural phenomena. To better prepare to face these development of mitigation methods
natural hazards, communities can plan for and implement mitigation which lessen or eliminate future

techniques for almost any type of hazard that may threaten its people | damage. This is accomplished by
and property. reviewing, assessing, and updating the

county's vulnerabilities to natural
This Plan establishes an ongoing hazard mitigation planning program | hazards. The result of the assessment

by: will be short-term and long-term
strategies that address hazards
Identifying and assessing potential natural hazards that may identified in the Plan. Strategies are an
pose a threat to life and property. effort to prevent future damage and loss
Evaluating which local mitigation measures should be of life of Caroline County residents.
undertaken.

Outlining procedures for monitoring the implementation of mitigation strategies.

The Plan update provides guidance to Caroline County officials on local mitigation activities that should be
implemented over the next five-year planning cycle. It encourages activities that are most cost-effective and
appropriate for mitigating the effects of all identified natural hazards.

[ Planning Requirements ]

As an incentive for State and local governments to develop hazard mitigation plans, the federal government
requires mitigation planning as a component of eligibility for hazard mitigation project funding. The 2015
Hazard Mitigation Assistance Unified Guidance and Addendum, produced by the Federal Emergency
Management Agency (FEMA), states that mitigation plans are the foundation for effective hazard mitigation.

As such, local jurisdictions must have a FEMA-approved local hazard mitigation plan at the time of obligation of
grant funds in order to be eligible for grant funding under the unified Hazard Mitigation Assistance (HMA)
programs. This requirement reinforces the importance of mitigation planning and emphasizes planning for
disasters before they occur.

Local Mitigation Plans follow a planning methodology that includes public involvement, a risk assessment for
various hazards, an inventory of critical facilities and other at-risk structures, a mitigation strategy for high-risk
hazards, and a method to maintain and update the Plan. Therefore, the requirements of a local hazard
mitigation plan include the development of hazard identification and risk assessment which leads to the
development of a comprehensive mitigation planning strategy for reducing risks to life and property.
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Additionally, the mitigation strategy section identifies a range of specific mitigation actions and projects that
reduce the risks to new and existing buildings and infrastructure. The mitigation strategy also includes an
action plan describing how identified mitigation activities will be prioritized, implemented, and administered.

The mitigation plan belongs to the local community. While FEMA has the authority to approve plans for local
governments to apply for mitigation project funding, there is no required format for the plan’s organization. The
following guiding principles informed this plan update.

Focus on the mitigation strategy - The mitigation strategy is the Plan’s primary purpose. All other sections
contribute to and inform the mitigation strategy and specific hazard mitigation actions. A total of sixty-three (63)
mitigation actions were developed for this plan update. These action items were identified and prioritized
during this plan update and are included in Chapter 13 Capability Assessment & New Mitigation Actions.

Process is as important as the Plan itself - In mitigation planning, as with most other planning efforts, the
Plan is only as good as the process and people involved in its development. The Plan should serve as the
written record, or documentation of the planning process. In addition to the plan document, a project webpage
was developed on the County’s website. Content was added to the project website throughout the plan update
process. The website served as a hub for public outreach materials, initiatives, and meeting information.
Social media was used throughout the plan update process to direct people to the project website, online
public survey, and outreach events.

This is our community’s Plan - To have value, the plan represents the current needs and values of the
community and is useful for local officials and stakeholders serving our community’s purpose and people.

Smith Planning and Design, LLC (SP&D), completed a comprehensive review and update of the 2019 Caroline
County Hazard Mitigation Plan Update, resulting in a FEMA approved Hazard Mitigation Plan that met the
provisions of the Disaster Mitigation Act of 2000. This plan update included a complete plan review process
with associated revisions to reflect changes in development, progress in local mitigation efforts, and changes in
priorities. In addition, the most current information based on hazard events was incorporated. Finally,
integration of related planning documents and data was completed during the update process, including but
not limited to, Caroline County Comprehensive Plan, Zoning Ordinance Updates, Emergency Operatlons Plan,
and 2020 U.S. Census Data. In addition, integration of social equity and - §

vulnerability as well as updated climate change information, was prioritized in
the Plan Update. The scope of work followed FEMA's Local Mitigation
Planning Policy Guide effective April 19, 2023.

Required elements of the local mitigation plan were updated during this
planning process and include:

Element A: Planning Process. Local Mitigation Planning
Element B: Hazard Identification and Risk Assessment. Policy Guide

Element C: Mitigation Strategy
Element D: Plan Maintenance.
Element E: Plan Update.

Element F: Plan Adoption.

Element G: High Hazard Potential Dams (required for HHPD Grant Program).

Note: FEMA does not require any specific format for the plan or its content, and recognizes that many
variations and types of documentation, such as narratives, tables, lists, maps, etc., may meet a requirement.
SP&D used various types of documentation throughout the Plan update to meet these requirements.
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[ Planning Process & Preparation ]

The planning process is as important as the plan itself. It creates a framework for risk-based decision making
to reduce damages and improve resiliency. The six phases of the planning process are essential to the

successful update of the Hazard Mitigation Plan.
Establish
‘
Plan
. Develop Risk
Maint

Plan Review
and Adoption
-

Figure 1-1: Planning Process

Finalize
Mitigation
Strategy

Phase 1- Establish a Planning Team

Hazard Mitigation Planning Committee

In compliance with hazard mitigation planning requirements, extensive public participation was sought and
encouraged throughout the mitigation plan update process. As in the past, a Hazard Mitigation Planning
Committee (HMPC) was assembled to inform the Plan update. The HMPC included representation from the
following sectors:

Emergency management Safety and Security
Economic development Food, Water, Shelter
Land use and development Health and Medical
Housing Energy

Health and social services Communications
Infrastructure (including transportation and Transportation

other community lifelines) Hazardous Material

Natural and cultural resources

As the initial step in the hazard mitigation plan update process, Caroline County organized their resources and
ensured that they had adequate technical assistance and expertise to form a hazard mitigation committee.
The committee included representatives from key County departments such as Planning & Codes
Administration, Emergency Services, Geographic Information System (GIS) mapping, Public Works, Social
Services, Health Department, Recreation and Parks, Soil Conservation, and representatives from all the
municipalities. In addition, the Caroline County Department of Emergency Service served as the lead agency
for the Plan Update and Smith Planning and Design (SP&D) provided technical support. Thus, the Hazard
Mitigation Planning Committee (HMPC) was tasked with completing the Plan update. The committee was
formed in June 2023 and a series of regular HMPC meetings resulted in the development of an effective and
current countywide Hazard Mitigation Plan. The Hazard Planning Committee (HMPC) was tasked with
completing the Plan update. The following listing on Table 1-1 includes the members of the committee and the
agencies they represent.
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Table 1-1: Caroline County Hazard Mitigation Planning Committee

County Representatives

Name Position Adenc Attended Attended Attended Received Invites, Notes,
gency Meeting 1  Meeting 2 Workshop Draft Chapters
*Mark . Emergency
Sheridan Director Services X X X
DES-
Doug Jones  Division Chief Emergency X X X
Management
DES-
Samuel Division Chief Emergency X X
Grant Management,
LEPC
. Director/Deputy .
Daniel Fox County Administrator Finance X
Matt . Planning and
Kaczynski Floodplain Manager Codes X X
Leslie . . Planning and
Grunden Assistant Director Codes X X X X
Megan GIS and Data Planning and X X
Gallagher Coordinator Codes
Jamie . Recreation and
Beechey Director Parks X
Ryan White Director Public Works X X X
Bryan North  Roads Public Works X X
Kelli . Emergency
Schanken Office Manager Services X X
Jeremy - .
Goldman County Administrator ~ Caroline County X
Crystal . Planning and
Dadds Director Codes X
iathleen County Administrator ~ Caroline County X
reeman
Donald Sheriff cCso X X
Baker
James A Captain ccso X
enning
Don Reed Compuyer Network Information X
Specialist Il Technology
Jason Computer Network Information X
Collins Lead Technology
Municipal Representatives
Name Position Agenc Attended Attended  Attended Received Invites,
gency Meeting 1 Meeting 2 Workshop  Notes, Draft Chapters
Tammy Town of
Kelledes Town Manager Greensboro X X
Helen Knotts  Mayor Town of . X
Templeville
Cindy Burns Circuit Rider Town Town of _ X
Manager Templeville
Stanley
Wilcox Mayor Town of Marydel X
Lawrence Town of
DiRe Town Manager Federalsburg X
Kristy L. Town of
Marshall Town Manager Federalsburg X
Scott Town Manager Town of Denton X X
Getchell 9
Mark . Denton Public
Chandler Director Works X X X X
Stephanie .
Berkey Clerk Town of Ridgely X
Town of
Sandy Cook  Mayor Henderson X
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. Attended Attended Attended Received Invites, Notes,
NS HOSITn) Agency Meeting 1 Meeting 2 Workshop Draft Chapters
Jamie Mavor Town of X
Yeager Y Goldsboro
Amber Town of
Korell Town Manager Preston, LEPC X X
Sandra L Town of
Higdon Commissioner Hillsboro X
Sally Town Commission Town of X
Campbell President Hillsboro
Ross Town Commission Town of X
Benincasa President Hillsboro
Henderson,
Jeannette Circuit Rider Marydel & X X
DelLude
Goldsboro
State Representatives
. Attended Attended  Attended Received Invites, Notes,
ETIS Position Agency Meeting 1  Meeting 2 Workshop  Draft Chapters
Tina Kinto Public Health Health X
P Emergency Planner Department
Heather Public Health Health X X
Grove Emergency Planner Department
. Health
g?";tzm A Deputy Health Officer  Department, X X X
LEPC
Bill MDEM Eastern Shore
Hildebrand Liaison MDEM X
Shari Blades Director Social Services X
Katie Assistant
P Director/Emergency Social Services X
edersen
Mgmt.
. Maryland
I:rrllsah man Department of X
p Health
. Maryland
Joshua L. D|re_ct0r of Department of X X
Parker Environmental Health
Health
Additional Representatives
Attended Attended  Attended Received Invites,
Name Position Agency Meeting 1 Meeting 2 Workshop Notes, Draft Chapters
Eric Helm Regional Watershed University of
: g Maryland X X X
Buehl Restoration Specialist .
Extension
M'.ChaEI Caroline County
(Rico) . X
Public Schools
Gestole
Jeffrey Disaster Program American Red X X
Baggett Manager Cross
Renee Delmarva Power X
Stephens
Choptank
Matthew Electric X X
Teffeau .
Cooperative
Saoil
%%Zr::)ar d Conservation X
District

Source: 2023 Hazard Mitigation Planning Committee

The HMPC was actively involved in reviewing previously identified hazards within the communities identified in
the 2019 Caroline County Hazard Mitigation Plan and in the review of the new hazard data gathered during the
Plan update process. Hazard data coupled with local knowledge from various committee members was utilized
to assess the County’s vulnerability to hazards. Following this assessment, the Committee reviewed the status
of the 2019 Mitigation Strategies recommendations to reduce and prevent potential damage from these
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hazards. Following the Mitigation Strategies review, the HMPC then worked together to update, review, and
select the most appropriate and feasible mitigation measures to address the County’s hazards for the 2024
Hazard Mitigation Plan update.

A series of meetings were held throughout the Plan update development process. SP&D staff met with key
Emergency Services staff members to develop project schedules, obtain data, and review progress. Three (3)
HMPC meetings were held, as well as a small group topical meeting for Social Equity. Note, all HMPC
members were invited to attend the meetings and all members received meeting notes.

Table 1-2: Hazard Mitigation Planning Committee Meetings
HMPC Meetings

July 19, 2023
HMPC Kickoff The first meeting was introductory in nature, to explain the overall process being used in developing the plan.
Meeting This meeting also allowed planning team members an opportunity to review hazards and their impacts to the
County. Discussion also included members role, the Municipal & Public Surveys, as well as the Project Website.
HMPC September 18, 2023
Midpoint Members review the Mitigation Status Update, HIRA Results, and Public Survey Result. Members then
Meeting participated in the Capability Assessment Work Session.
Mitigation January 25, .2024 L L L . i . L
Workshop Members review mitigation action items to determine if they should be included and/ or modified for inclusion in

the plan.

In addition to attending meetings, HMPC members received plan update information, draft plan chapters, and
surveys throughout the planning process.

Table 1-3: Hazard Mitigation Planning Committee Communications

Date Types of Communications
July 24, 2023 Kickoff Meeting Notes & PowerPoint
July 24, 2023 HMPC & Municipal Surveys
July 24, 2023 Link to Project Website
July 31, 2023 & August 15, 2023  Utility Outage Data Request
August 14, 2023 GIS Data Coordination
August 14, 2023 Draft Chapters Review
August 21, 2023 2019 Mitigation Action Status Update Form
September 1, 2023 Draft Chapter Review
September 8, 2023 Draft Chapter Review
September 13, 2023 Draft Chapter Review
September 20, 2023 Draft FEMA NFIP Questionnaire
September 21, 2023 Midpoint Meeting Notes & PowerPoint
September 26, 2023 Draft Chapters Review
November 27, 2023 Draft Chapter Review
November 27, 2023 Draft Chapter Review
November 30, 2023 Draft Goals and Objectives
January 16, 2024 Draft Chapter Review
February 14, 2024 Mitigation Action Prioritization Survey
March 5, 2024 Mitigation Workshop Notes
March 27, 2024 Cohesive Draft Chapter

HMPC meeting notes were uploaded on the Department of Emergency Services website under the Hazard
Mitigation table following each meeting for public review and are included in Appendix B HMPC Meeting Notes
& Municipal Participation Documentation.

Social Equity Meeting

In addition to HMPC meetings, a small group topical meeting was held during the planning process. This
topical meeting focused on social equity.
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Table 1-4: Small Group Meeting

Small Group Meeting

Social Equity January 18, 2024
Meeting Discussion for integration of social equity into the hazard mitigation plan update.

NFIP Coordination

In addition, SP&D coordinated with the Floodplain Manager to complete the FEMA Region 3 Hazard Mitigation
Plan Guidance Checking in on the National Flood Insurance Program (NFIP) — Community Worksheets. The
completed worksheets demonstrate the county’s capabilities related to floodplain identification and mapping,
floodplain management, and flood insurance and are included in Chapter 13 beginning on page 13-18.

NFIP Community Worksheets Coordination occurred on September 20, 2023, October 25, 2023, and
November 27, 2023

Note, the County administers and enforces the floodplain management for unincorporated areas of the County.
To be a part of the NFIP, each local community has to join the program and administer the minimum NFIP
regulations; however, the State of Maryland requires that each jurisdiction must follow the State Model
Ordinance at a minimum, which is more restrictive than the NFIP regulations outlined in the Code of Federal
Regulations.

Municipal Coordination

The ten (10) county municipalities, which all participated in the previous planning process, were invited again
to participate in the updated planning process and have their mitigation concerns made part of the County
Plan. These municipalities include the Towns of Denton, Federalsburg, Goldsboro, Greensboro, Henderson,
Hillsboro, Marydel, Preston, Ridgely, and Templeville. Data collection and municipal input was sought
throughout the plan update process. Municipalities were invited to all HMPC meetings and municipal outreach
materials, including the municipal survey, were distributed to all municipalities. In addition, all municipalities
received meeting notes and draft chapters for review and comment. Direct emailing and phone calls were also
conducted throughout the process to municipalities to obtain necessary information.

Municipal hazard rankings, capabilities, municipal level data and perspective were obtained from the municipal
survey, Appendix B. Mitigation status updates on the 2019 action items were obtained from the Mitigation
Action Status Update form as well as direct email, when necessary. This participation culminated into municipal
mitigation action items and projects. Plan elements and working draft chapters were distributed to the
municipal representatives for review throughout the plan update process. Upon completion of all plan chapters,
a cohesive draft Plan was distributed for final review and comment by municipal representatives in March of
2024.

Municipal representatives participated in at least 4, if not more, plan update activities including providing review
comments on draft plan chapters. Examples of municipal plan update activities are below. Appendix B includes
municipal input.

Table 1-5: Municipal Participation Activities

Documentation of Municipal Plan Update Activities
Documentation Example Documentation Example Documentation Example Documentation Example

Municipality #1 #2 #3 #4
Participated in the Onli itigati
Attended Meetings 1, 2 arclpared n the Jnine Complete Mitigation Provided Repetitive
N Municipal Survey — Status Update Form —
Denton Mitigation Workshop— H dP ve & ch 12 12-12 Flooded Roadway
Appendix B azard Perspective apter 12, pages 12- Information — Chapter 6
Capabilities to 12-14
Participated in the Online Email 9/7/2023 & Provided Repetitive Phone Calls &
Federalsbur Municipal Survey — 9/14/2023: Mitigation Flooded Rogdwa Emails — 1/16/2024 &
9 Hazard Perspective & Status Update — Chapter Information — Cha tgr 6 2/7/2024
Capabilities 12, pages 12-12 to 12-14 P Mitigation Action Items
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Documentation Example

Documentation Example

Documentation Example

Documentation Example

Municipality #1 #2 #3 #4
Participated in the Online Complete Mitigation
Goldsboro Municipal Survey — Status Update Form — Shared Public Survey on  Email 2/6/2024: Mitigation
Hazard Perspective & Chapter 12, pages 12-12  social media — 8/29/2023 Action Items
Capabilities to 12-14
Attended Meeting 1, Complete Mitigation Parhmpgt_ed in the Online Provided Repetitive
e Status Update Form — Municipal Survey —
Greensboro Mitigation Workshop— : Flooded Roadway
Aopendix B Chapter 12, pages 12-12 Hazard Perspective & Information — Chaoter 6
pp to 12-14 Capabilities P
Participated in the Online Email 12/4/2023:
Henderson Attended Meeting 1— Municipal Survey — Mitigation Status Update ~ Email 2/6/2024: Mitigation
Appendix B Hazard Perspective & — Chapter 12, pages 12- Action Items
Capabilities 12 to 12-14
Participated in the Online Email 9/7/2023 and
Hillsboro Municipal Survey — 2/20/2024: Mitigation Phone Call 2/7/2024: Email 2/20/2024:
Hazard Perspective & Status Update — Chapter Mitigation Action ltems Mitigation Action Items
Capabilities 12, pages 12-12 to 12-14
Participated in the Online Complete Mitigation
Attended Meeting 1— Municipal Survey — p 9 Email 8/21.2023:
Marydel . : Status Update — Chapter e ;
Appendix B Hazard Perspective & Mitigation Action Items
12, pages 12-12 to 12-14
Capabilities
Attended Mgetlng 1- Part|C|p.at.ed in the Online Complete Mitigation Shared Public Survey on
Appendix B Municipal Survey — . . ’
Preston ; . ; Status Update — Chapter social media & Email to
Email 8/28/2023: Hazard Perspective & -
e . L 12, pages 12-12 to 12-14 Residents — 8/28/2023
Mitigation Actions Capabilities
Participated in the Online lete Mitiati . "
. Municipal Survey — Complete Mitigation Provided Repetitive Email 2/20/2024:
Ridgely Hazard Perspective & Status Update — Chapter FIoodgd Roadway Mitigation Action Items
Capabilities 12, pages 12-12 to 12-14 Information — Chapter 6
Participated in the Online  Email 9/7/2024, 12/4/2024 Phone Call & Email
Templeville Municipal Survey — 1/16/2024: Mitigation 1/16/2024: Mitigation Email 1/19/2024:

Hazard Perspective &
Capabilities

Status Update — Chapter
12, pages 12-12 to 12-14

Action Items

Mitigation Action ltems

Regional Coordination

Caroline County participated in various regional planning meetings throughout the planning process which
provided key information that assisted with the hazard mitigation plan update, specifically with mitigation
strategies. The Caroline County Department of Emergency Services actively participates on the Delmarva

Emergency Task Force (DETF). This task force works to ensure that all jurisdictions on the Delmarva peninsula
are prepared for hazards, including natural disasters, such as hurricanes, tropical storms, and nor'easters; and
man-made disasters involving weapons of mass destruction, or chemical and biological agents. State, county,
and municipal emergency management personnel from all of Delaware, Maryland's nine Eastern Shore
counties, and the two Virginia counties on the peninsula plan together for a coordinated regional response,
including effective communications, resource sharing, shelter and evacuation strategies, and recovery plans.
The Eastern Shore counites that participated include Caroline, Dorchester, Kent, Queen Anne's, Somerset,
and Worcester counties. The Caroline County Department of Emergency Services attended these meetings
and provided an update on the hazard mitigation plan on the following dates: July 19, 2023, and October 18,
2023.

In addition, the Maryland Department of Emergency Management (MDEM) Winter Retreat for all Emergency
Services personnel in Maryland. Mark Sheridan, Director of Caroline County’s Department of Emergency
Services attended MDEM'’s Winter Retreat at Rocky Gap Casino, Resort & Golf in Flintstone on November 14-
15, 2023, and provided a status update on the hazard mitigation plan.

Finally, the Regional Liaison Officer Program supports MDEM'’s Preparedness and Response goals in addition
to their existing operational responsibilities, the program maximizes effectiveness in helping to create a more
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resilient Maryland through a network of support for and communication with local jurisdictions. William
Hildebrand, Eastern Shore Regional Liaison Officer, releases quarterly reports to Eastern Shore counties.

MEMA Regional Liaison Officer Report contains information on the Caroline County Hazard Mitigation
Plan update process included in Appendix B.

o March 2023
o November 2023

Data Collection

The development of the mitigation plan update began with data collection. A project kick-off meeting was held
on June 6, 2023, with the Project Manager, and July 19, 2023, with the Hazard Mitigation Planning Committee
(HMPC). For HMPC member’s reference, hazards previously identified and profiled in the 2019 Plan were
reviewed. To obtain a local hazard risk perspective for the update, the HMPC were asked to complete a Local
Community Hazard Risk Perspective Survey. Furthermore, to obtain information on municipal related to plans,
policies, and projects, a municipal online survey was distributed to all municipalities. The survey requested
municipal hazard risk perspective, mitigation action status, current capabilities, and possible new mitigation
actions to be included in the Plan update.

Immediately following the kick-off meeting, policy, and regulatory information from each of the communities and
the County was collected. This included comprehensive plans including the water resources elements, land
use elements, priority preservations elements, zoning ordinances, development ordinances, building codes,
and other relevant documents.

Information was collected from the Health Department, Public Works, Emergency Services, and Planning &
Codes Administration, Social Services. Also, data and information from several State and Federal agencies
were collected including, but not limited to, the Maryland Department of Emergency Management, Maryland
Department of Natural Resources, the Federal Emergency Management Agency, Maryland Department of the
Environment, and U.S. Army Corps of Engineers.

Phase 2- Develop a Risk Assessment

The next step in the planning process was to identify and profile hazards and assess the County’s vulnerability
to these hazards. This process involved the HMPC to analyze the County’s greatest hazard threats and
determine its most significant vulnerabilities. A Hazard Identification Risk Assessment (HIRA) was completed
for Caroline County, Maryland. Results from the Hazard Risk Survey completed by HMPC members were
integrated into the updated HIRA.

Thirteen (13) natural hazards were identified, and a hazard risk was assigned to each. Only natural hazards
are included in this assessment as they lend themselves better to data collection related to geographic extent.
FEMA requires natural hazards be identified and assessed. To assess the hazard risk for the thirteen (13)
natural hazards identified in this Plan update a composite score method was undertaken. The composite score
method was based on a blend of quantitative and qualitative factors extracted from the National Centers for
Environmental Information (NCEI), stakeholder survey, and other available data sources.

These included:

Historical impacts, in terms of human lives Historical occurrence
and property Future probability
Geographic extent Community perspective

Hazard Rankings were determined using a composite score method which included variables such as: (1)
injuries, (2) deaths, (3) property damage, (4) crop damage, (5) geographic extent, (6) total annualized events,

1-10 | Page



Caroline County Hazard Mitigation Plan

(7) future probability, and (8) community perspective. To compute the HIRA composite score for each hazard
the following equation is used.

Equation: Composite Score = IN + DT + PD + CD + (GE*1.5) + EV + FP + (CP*1.5)
HIRA results and methodology have been included in Chapter 3 Hazard Identification & Risk Assessment.

Note, Epidemic was changed to Emerging Infectious Disease and is now a new standalone chapter in the Plan
update. Furthermore, Dam Failure is a newly identified hazard, and therefore a new chapter was developed to
address this hazard.

The Hazard Identification and Vulnerability Assessment was performed in large part using GIS data from
County and State sources. Updated hazard event data was added including the National Centers for
Environmental Information data, local storm event data, federal and state disaster declarations, and potential
future risks. Chapter 3 Hazard Identification and Risk Assessment provides hazard perspectives for the
following:

Hazard Mitigation Planning Committee (HMPC) Perspective — Members Surveyed (Table 3.1)
Municipal Perspective — Municipalities Surveyed (Table 3.2)

State Perspective — State of Maryland 2021 Hazard Mitigation Plan (Table 3.3)

National Perspective — National Risk Index (Table 3.4)

The chapter also provides probability of future events and hazard event data tables.

The update of the HIRA also provided vulnerability analysis text for each identified hazard along with new
mapping products. Each hazard identified includes a vulnerability assessment comprised of discussion, data
utilization, method, analysis, and assessment results. The probability of future events, along with social equity
and vulnerability information was added.

In addition, a description of which assets, including structures, systems, populations, and other assets
identified to be hazard prone, are at risk from the effects of the identified hazard(s) was included.

Assets identified for this plan update included:

People (including underserved communities and socially vulnerable populations).
Structures (including facilities, lifelines, and critical infrastructure).

Systems (including networks and capabilities).

Natural, historic, and cultural resources.

Along with the identification of hazard-prone community assets, the potential impacts on each participating
jurisdiction and its identified assets, was updated. Impacts include the effects of climate change, changes in
population patterns (migration, density, or the makeup of socially vulnerable populations), and changes in land
use and development.

Finally, the Plan update addressed repetitively flooded NFIP-insured structures by including the estimated
numbers and types (residential, commercial, institutional, etc.) of repetitive/severe repetitive loss properties.
This is included in Chapter 4 and mitigation actions to address repetitive loss properties is in Chapter 13.

Phase 3- Develop a Capability Assessment

Policy and regulatory information from each of the communities and the County was collected. This included
comprehensive plans including the water resources elements and municipal growth elements, as well as
zoning ordinances, development ordinances, and building codes and other relevant documents.

Information was collected from public works, planning, emergency management, and GIS departments.
Additionally, information from each municipality was requested: Hazard Risk Survey, Capabilities, and Local
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Repetitive Flood Locations. Furthermore, data and information from several State and Federal agencies was
obtained including, but not limited to, the Maryland Department of Emergency Management, Maryland
Department of Natural Resources, the Federal Emergency Management Agency, Maryland Department of the
Environment, and the U.S. Army Corps of Engineers.

Chapter 13 Capability Assessment and New Mitigation Actions includes the results from data collection efforts
conducted during this Plan update for both the County and its municipalities.

New development trends related to hazard mitigation planning and current capabilities that have been added
during the five-year planning cycle have been included in the Plan. Additional information on development
trends is included in Chapter 2 County Profile. The capabilities assessment update highlighted current
capabilities and identified any gaps. Also, new risk reduction activities completed by various departments,
agencies, and organizations that occurred during the past planning cycle was integrated into Chapter 13.

Phase 4- Finalize Mitigation Strategy Figure 1-2: Sample Mitigation Action Status Update Form
. . . Table 12-1: itigation Actions Status Updates
To update the status of mitigation actions e | AcTION R e | HazaRD
and projects identified in the previous plan, P“’"’}‘h’:’%w,gm e B o o o s e e
the HMPC was provided with afillable form | + | i ity SR Tt hindis | | s |
H . . Currently, Caroline Count s the State en-si e data and HAZUS data has not been utilized.
for completion. The information gathered T e o @ ongoing
reSU |ted In Cha ptel’ 1 2 20 1 9 M Itlgation g?’%{smnis = i Elevation i are a requi for determining whether a structure is built in accordance with the elevation
Action Status T J‘é“é&”:’ Fio “.:’"J?;‘.?Eﬁ%;f;‘f.‘:fﬂ"‘ e ciente & Flood Wi ;“.’ on Pan e Gy Ermergency
) 2 Th s plan will assist the loodplain Managemen lp\ g points for the NFIP Services, Planning Flood
Ra l ing Sys' ‘ em, lharehy lowering flood i & Code:
. . wgs . Ci ! Ci lled Delayed [e] i
Results indicated that seven (7) mitigation T T © ool e
. “ I t d ” t 2 t t D;‘S: Nui:;a;“ce F\IonddF‘Ilan wa;. -:dr‘ealed i:hJI:Iy 20‘12:], Lhe NI:P Rating System was not created due to COVID and personnel changes within the county. We will
aCtIOnS are Com p e e ’ WO ( ) ml Iga Ion aDP(:;’I;n:de;[rC:%r:i‘:\f;\?:r:A a:ggswﬂaga[(‘;‘:\ Plnani;":m; been established; however, this would still be an action we would like to use for future CRS
action item was “cancelled,” fourteen (14) edte

mitigation actions are “delayed,” and twenty-four (24) action items are “ongoing.” New mitigation action items
were developed from this assessment during the plan update process. Additionally, mitigation action items
were carried over from the 2019 HMP. A total of sixty-three (63) mitigation action items have been included in
the Plan update.

Thereafter, SP&D assisted the HMPC in the update of 2024-2029 Mitigation and Community Resilience
Actions to include goals, objectives, and prioritized mitigation action items. A Mitigation Workshop was held on
January 25, 2024. During the Workshop, HMPC members were divided into small groups based on four (4)
mitigation action categories. Each of the four (4) groups reviewed actions carried over from the 2019 HMP and
new mitigation and community resilience ideas developed for this update. At the end of the process, HMPC
members identified sixty-three (63) mitigation and community resilience actions for inclusion in the Plan. In
addition, Mitigation Workshop participants were asked to identify mitigation and community resilience actions
that resonated the most with them and/or had a high likelihood of completion. While there were sixty-three (63)
total mitigation and community resilience actions chosen for inclusion in the Plan update, twelve (12) of those
were identified for further prioritization.

An online survey was provided to all HMPC members and municipal representatives for prioritizing the twelve
(12) mitigation and community resilience actions. The basis for this survey is the STAPLEE evaluation method,
which uses standard criteria for evaluation: Social, Technical, Administrative, Political, Legal, Economic, and
Environmental, however this evaluation was modified to a user-friendly online survey facilitating participation.
As a result of the prioritization survey, five (5) mitigation and community resilience action items were rated as
“high” priority, five (5) action items were rated “medium,” while the remaining two (2) mitigation action items
were rated “low.”

Phase 5- Review of Plan and Plan Revisions

The Plan was assembled, and a cohesive draft document resulted. Each of the natural hazards identified in the
Plan was updated and sent to HMPC members for review. Data, text, vulnerability assessments, and mapping
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were updated with the best available data. Two (2) new chapters (bold blue text) were developed for the Plan
update.

Chapter 4 Flooding Chapter 8 Drought & Excessive Heat
Chapter 5 Hurricane Chapter 9 Severe Weather

Chapter 6 Shoreline Erosion & Sea Level Chapter 10 Emerging Infectious
Rise Diseases

Chapter 7 Winter Storm Chapter 11 Dam Failure

Public Involvement

A press release was featured in the Star Democrat on July 12,
2023 informing the public of the Plan and how to participate in the
planning process. The webpage developed for the Plan and an
online survey were included in the article. The public online survey
was available on the Department of Emergency Management’s
website and offered throughout the plan update process. The
survey focused on the thirteen (13) hazards identified for the Plan
update.

Caroline County, Maryland

Hazard Mitigation Plan

Caroline County Hazard Mitigation Plan Public Survey
The survey was used to collect the public’s insight and perspective

on hazards identified in the Plan. Su rvey resu Its were integrated The Hazard Mtigation Pian forms tne foundation for Garofine County and is
. . . N municipalities’ long-term sirategy fo reduce disaster losses and break the cycle of
|ntO eaCh haza rd plan Chapter and are InCI uded N Append IX C digaster damage, reconsiruction, and repeated damage. The purpose of this plan is to
. . identify, plan, and implement cost-effective hazard mitigation measures through a
PU bI IC O UtreaCh DOCU m entat| on & S u rVey ReS u ItS . comprehensive approach kmown as hazard mitigation planning. The Federal Emergency

Management Agency (FEMA) requires hazard mitigation plans to be updated every five
years

Various social media postings were
launched throughout the plan UPAAte | G cunye dement o mersene Senvces 0eS o ot sgoncs o s

p rocess tO encou rag e p u b I | c plan effort. Therefore, DES is seeking input on stakeholder's concems regarding hazards.

This survey is being used to collect your insight and perspective on hazards idenfified in

The Caroline County Department of . i
Emergency Services has an online parﬂCIpatlon . HM PC memberS were the plzn

public survey. encou raged to post links to the project The survey consists of 17 questions and will take an average of 8 minutes or less

to complete.

The public survey isbeingusedto v aphsite and survey on their social
collect your insight and perspective

Qrsq on hazards. media outlets.
: ;3,‘\ PLEASE PARTICIPATE . _ . .
survey: To reach socially vulnerable populations, the Department of Social Services and

https://www.surveymonkey.com/r/KB5QVX2

Caroline County Health Department distributed the public survey through their
websites and social media platforms. The Health Department indicated that the population with a language
barrier has increase in the County. These citizens are utilizing the Health Department more frequently and
therefore, their social media
posts assisted in providing
outreach to these populations.

Emergency Management

Make a Plan

Build a Kit

Working draft plan chapters B elermes

were available for public review e Expdncss

as they were developed on the MR Safey Do P

Caroline County’s Department et

of Emergency Management’s tiaon e Caroline County
‘;":S)F;Tgssf r:li:ig:]e ARdiiF;i(Z::]Sa I ———— Department of Emergency Services
information about hazard SREs o e

mltlgatlon is located under the Caroline County Hazard Mitigation Plan Update

“Hazard Mitigation” tab. oty et o Fe

1-13 | Page


https://www.carolinemd.org/659/Hazard-Mitigation

Caroline County Hazard Mitigation Plan

Caroline County Hazard Mitigation Plan Update

Caroline County has released WORKING DRAFT hazard chapters for public review and
comment. These hazard chapters are part of the Caroline County 2023 Hazard Mitigation Plan
Update. The draft hazard chapters are on the project website:
https://www.carolinemd.org/659/Hazard-Mitigation.

By providing valuable written comments in the following format, it allows every comment
received to be entered into our comment tracking database, reviewed for inclusion, researched
for recommendations, and presented collectively for consideration in the final draft of this plan
update.

Please be specific in your comments and provide detailed recommendations to ensure accuracy
during our review for consideration. Comments supplied via the following form should be
emailed to Michele King, mking@smithp-d.com (if you prefer to mail your written comments,
please send a request via email). Thank you for your feedback.

Name:

Address:

Email:

Figure 1-3: Public Outreach

During the January 16, 2024, Caroline County Commissioners
meeting, Mark Sheridan, Department of Emergency Services
Director, presented the 2024 Caroline County Hazard Mitigation
Plan Update. Mr. Sheridan indicated that the Plan was made
available for public review and comment on the Caroline County
Department of Emergency Services website.

Additionally, aside from press release distributed in the local
newspaper, The Star Democrat, the public was informed about the
plan development and process through social media, Facebook
(Appendix C).

The formal adoption process included public meetings on ?? and
additional a final public review and comment period.

Caroline County Hazard Mitigation Planning, Training, and Outreach Initiatives

Date Meeting, Training, or Outreach Activity
3-Jul-23 Social Media Post on Facebook
5-Jul-23 Website Content
12-Jul-23 Press Release for Star Democrat
27-Jul-23 Website Content

23-Aug-23 Social Media Post
23-Aug-23 Social Media Post
24-Aug-23 Social Media Post on Facebook
28-Aug-23 Social Media Post & Residential Email
28-Aug-23 Social Media Post
14-Mov-23 Social Media Post
4-Dec-23 Website Content
22-Jan-24 Social Media Post
23-Jan-24 Social Media Post
29-Jan-24 Social Media Post

HMPC & Public

HMPC & Public

Target Audience Materials Provided Comments/input
Emergency Services and Caroline County Government
Public Public Survey posted the website link on their Facebook and

Instagram pages.

Hazard Mitigation Specific
Content

Hazard miitgaiton plan information, public survey link,
social media links, and contact information provided.

Motice about the Hazard Mitigation Plan Update and

Public provided the project website and public survey link.

Project Website & Public Survey

Motes discussing the kickoff meeting, surveys and

Kickoff Meeting Motes social media posts.

HMPC members were requested to post the public

Public Public Survey survey link on their social media.
Public Public Survey Emergency Senvices posted the public survey link on
their Facebook and Instagram pages.
Public Public Survey Maryland Department of Health posted the public survey
link on their Facebook page.

] ] The Town of Praston posted the public survey link on
Public Public Survey their Facebook page and did an email blast to residents.
Public Public Survey Town ofGoldsborgopC?asitﬁnde?iz Eg:l;c;suwey link on their

. . Emergency Senvices posted the public survey link on
Public Public Survey their Facebook and Instagram pages.

Chapters for public review and comment on the Hazard
Public Draft Chapters Mitigation Webpage. Comment form provided for
camments.
Public Public Survey Emergency SeTr:z?rstaocsétsg;EEgssllc survey link on

. . Caraline County Health Department posted the public
Public Public Survey survey link on their Facebook and website homepage.
Public Public Survey The Department of Social Services posted the public

survey link on their Facebook page.

Agency Review

The Maryland Department of Emergency Management (MDEM) served as the State review agency. In
addition, the following agencies and organizations also received a draft of the Plan for review and comment:

Maryland Department of Health
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University of Maryland Extension
American Red Cross
Soil Conservation District

Once the Plan was reviewed by the HMPC and agencies/organizations listed above, the 2024 Plan was
submitted to the Maryland Department of Emergency Management (MDEM) MEMA for initial review and
coordination.

MDEM reviewed the Plan in June and July 2024. All revisions made were based on review comments and
resubmitted to MDEM. Following approval of the modifications, MDEM submitted the Plan to the Federal
Emergency Management Agency (FEMA) for formal review and approval. FEMA is responsible for the final
review and approval of the 2024 Plan. Once FEMA approved the Plan, the County received an Approvable
Pending Adoption (APA) letter. At that time, the County and municipalities proceeded with adopting the 2024
Hazard Mitigation Plan Update.

Phase 6- Plan Maintenance and Updates

To maintain the Plan, the hazard mitigation plan must be revisited at regular intervals to keep it relevant and to
tract progress of mitigation strategies. The Plan update discussed how the Department of Emergency Services
will continue to seek public participation after the Plan has been approved and during the Plan’s
implementation, monitoring, and evaluation.

Chapter 14 Plan Maintenance and Implementation describes the annual update of the Plan and continued
public involvement. Annual status reports will be completed on the progress of various mitigation activities.
Copies of these status reports will be made available to the public.

[ Changes in Community Priorities — HIRA to Mitigation Actions ]

Hazard risk ranking results for this planning cycle indicated that riverine flooding, drought, excessive heat, and
thunderstorms were the highest risk hazards to Caroline County, shown on Table 3-9. As such, new and
updated mitigation action items were developed and reviewed reflective of these results and changes in
community priorities. In fact, thirty-nine (39) of the sixty-three (63) mitigation actions address one or more of
these high-risk hazards. Finally, two (2) new hazards, which reflect changes in community priorities, were
added during this plan update and include Dam Failure and Emerging Infectious Diseases. New mitigation
action items were added to the Plan update for both of these hazards.

[ Updates to Plan Integration ]

The plan further describes from that included in the 2019 Plan Caroline County’s focus on plan integration. The
Hazard Mitigation Plan Guidance: Community Capability Assessment Worksheets, which includes planning
and regulatory capabilities were completed for both the County and its municipalities. Capability gaps were
identified and included as mitigation actions in Chapter 13, pages 13-9 and 13-10. An example is the
recommendation for hazard mitigation plan integration into the County’s Comprehensive Plan update, Caroline
2040, and municipal comprehensive plans. Plan integration mitigation action items were added during this Plan
update, Table 13-5: 2024-2029 Mitigation Actions.

[ Review and Incorporation of Existing Plans, Studies, Reports, and Technical Information ]

Existing plans, studies, reports, and technical information were included as footnotes and hyperlinks
throughout the plan document. Examples, to name a few, include the incorporation of local permit data and the
new Guidance for Using Maryland's 2018 Sea Level Rise Projections - June 2022. Additionally, new State of
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Maryland and Caroline County specific data was used to update and produce mapping products throughout the
plan. Maryland iMaps, which serves as a repository for Maryland data as well as Caroline County’s updated
data was reviewed to ensure the best available data was used for this plan update and has been incorporated
throughout.

[ Organization of the Plan ]

The following chapters comprise the 2019 Caroline County Hazard Mitigation Plan. Chapter 2 includes the
County Profile, while Chapter 3 details the Hazard Identification and ranking process. Chapters 4-11 comprise
the hazards identified by the Hazard Mitigation Planning Committee as Not Concerned, Somewhat Concerned,
Concerned, or Very Concerned. Chapter 12 details mitigation action items and projects identified in the 2019
Hazard Mitigation Plan that were reviewed by the Hazard Mitigation Planning Committee (HMPC) and
representatives from each of the ten (10) municipalities. Chapter 13 details Caroline County and municipal
capabilities, goals and objectives, and new mitigation strategies. Finally, Chapter 14 will have implementation
details on how the Plan will be maintained and implemented over the next five-year plan cycle. An appendix
includes information from the meetings, questionnaires, and a detailed description of potential project funding
sources.

This Plan update included various updates and new plan elements and outreach initiatives.

Developed a new project webpage and added content continuously over the course of the Plan update
process.

Developed and distributed new hazard risk perspective online public survey.

Conducted a social media campaign in addition to print media.

Integrated information from the 2021 State of Maryland Hazard Mitigation Plan.

Future conditions for each identified hazard were added as a new plan element.

Social vulnerability was added to each identified hazard as a new plan element.

Two new hazards were added during this Plan update: Emerging Infectious Disease and Dam Failure.
New Hazard ldentification and Risk Assessment (HIRA) completed for Chapter 3.

Updates to the critical and public facilities prompted the reassessment of all vulnerability analysis
presented in Chapter 2. All mapping products including hazard vulnerability maps were updated.
Historic structures were identified in Chapter 2 and analyzed in hazard chapters, which is a new plan
element.

Nuisance Flooding is a new section included in Chapter 6 and was designed to satisfy requirements in
the Maryland House Bill 1427 (2019), §3-1018(b) and (c).

Added new capabilities to Chapter 13.

Added new Region 3 HMP Guidance Checking-In on the NFIP- Community Worksheets.

New mitigation actions were added to Chapter 13.

Throughout the course of the planning process, the Planning, Training, and Initiatives table was
developed and used to document various planning initiatives.
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Chapter 2 County Profile

Chapter Updates

e This chapter was expanded to include additional characteristics about the County.

¢ Climate data has been updated to reflect current conditions. First Street Foundation’s Risk Factor
provides historic events and current risks, and future projections have also been included in this
section.

e The population section was updated with the US Census 2020 data.

o Permit data was updated with the latest building permit information for both the county and
municipalities.

e The municipal overview was updated to include floodplain regulations and NFIP participation
information.

e The analysis section of Priority Funding Area — Development Patterns was updated to show the
PFA polygons in relation to FEMA Special Flood Hazard Area - 1% annual chance flood hazard
area and where the intersection occurs.

e Transportation was updated to include MDOT'’s priority projects, which includes Caroline County.

e New to the chapter are:

o Social Equity which reviews the National Risk Index data, CDC’s Social Vulnerability
Index, the public’s perspective on social vulnerability, and the social equity small group
meeting that took place during the plan update.

o Critical Facilities which provide facilities deemed critical and their corresponding
community lifeline (where applicable).

o Historic Properties which provide a listing of Maryland's National Register Properties
located in Caroline County.
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[ Location

Caroline County is located in the central part of the
Eastern Shore and is adjacent to Queen Anne’s,
Talbot, and Dorchester Counties in Maryland,

and Kent and Sussex Counties in Delaware as
shown on Map 2-1.

Caroline County was founded in 1773 and was
named for Lady Caroline Eden, wife of Robert
Eden, Maryland’s last Colonial Governor, and
daughter of Charles Calvert, 5" Lord Baltimore.
Caroline County is one of the smaller counties in
Maryland, containing 321 square miles of land.
Since the founding of the County, its major
industry has been agriculture.

As shown on Map 2-2, Caroline County is
located within the Atlantic Coastal Plain
Physiographic Province. Mineral resources of
this province are mainly composed of sand and
gravel, which are used as aggregate material by

Map 2-1: County Location

Caroline County

|:| Caroline County
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the construction industry. Plentiful supplies of ground water are available from a number of aquifers throughout
much of this region. The Atlantic Continental Shelf contains abundant sand deposits, useful for beach

restoration.

The County is situated on the Choptank River and its tributaries, including Tuckahoe Creek, and on the upper
stream reaches of Marshyhope Creek, which flows into the Nanticoke River. Stream systems are shown on

Map 2-3.

Map 2-2: Provinces
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Map 2-3: Stream Systems
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(s ]

Caroline County is susceptible to high winds and rain during thunderstorms and some damage due to storm
surge and wind during the passage of hurricanes either on or near the Eastern Shore due to its nearly level
terrain and low elevation (sea level to approximately 79 feet). The County is also vulnerable to tornados that
are occasionally spawned by thunderstorms and hurricanes. The County deals with fog conditions throughout
the year, similar to the rest of the Eastern Shore, but much less than in Western Maryland.

Temperatures usually average a few degrees warmer in Caroline County than on the western shore throughout
the year. USAFACTS states that in the most recent month, February 2023, the average temperature in
Caroline County was 43°F, which is 8°F warmer than average when compared to all Februarys since 1985.!
Furthermore, the monthly average temperatures have increased by 3.4° F from March 1900 to February 2023.
Temperature increases are a result of climate change, which also affects weather patterns, sea level rise, and
flooding."

Figure 2-1: Caroline County Century Average Temperatures
Temperature difference from 20th century average for May between 1900 and 2023
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TEMPERATURE DIFFERENCE FROM 20TH CENTURY AVERAGE

Source: USAFACTS; National Centers for Environmental Information

Caroline County receives an average of 14.2 inches of snow per year. Most of this snow falls during the
passage of the occasional mid-latitude winter storm. Due to its nearly level terrain and its proximity to the
Atlantic Ocean, Caroline County receives less snowfall on average than counties to the north and west. The
following table shows average high and low temperatures and average precipitation for Caroline County.

Table 2-1: Average Temperature and Precipitation by Month

DENTON, MARYLAND: AVERAGE TEMPERATURE (F°) & RAINFALL (in.) BY MONTH
Jan Feb March April May June July Aug Sep Oct Nov Dec

High Temp 41° 45° 52° 63° 72° 80° 85° 85° 77° 66° 55° 47°
Low Temp 29° 32° 28° 47° 57° 65° 71° 69° 63° 54° 42° 36°
Precipitation 3.4 2.9 3.8 3.5 3.7 3.8 4.4 4.7 3.7 3.3 3.1 3.5

Source: Temperatures: WeatherWX.com — Caroline County, Maryland Climate Averages
Precipitation: USAFACTS - National Centers for Environmental Information, 1900-2023.
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First Street Foundation is a non-profit research and technology group dedicated to quantifying and
communicating risk by incorporating modeling techniques and analysis.™ First Street Foundation’s Risk Factor
provides historic events, current risks, and future projections based on peer-reviewed research from the
world’s leading climate modelers. The Risk Factor results for current & future risk in Caroline County are below.

Risk Factor — Caroline County Current & Future Risk
Anticipating Changes in Flood Risk for Caroline County

Deeper floods from major events, like hurricanes, are less likely to occur, but affect more properties than more
shallow flood events, like heavy rains. As Caroline County feels the effects of a changing environment, however,
events of all kinds will affect more properties within the community.

If a low-likelihood storm resulting in severe flooding (a 1-in-100-year flood event), occurred today, it could affect
1,631 properties in Caroline County. This type of event has a 26% chance of occurring at least once over the life of a
30-year mortgage. 30 years from now, an event of this same likelihood would affect 1,765 properties due to a
changing environment.

Anticipating Changes in Wind Risk for Caroline County

If an exceedingly rare windstorm (a 1-in-3,000-year storm event) occurred today, it could cause wind gusts of up to
104 mph to reach Caroline County. A hurricane of this severity has a 1% chance of occurring at least once over the
next 30 years. In 30 years, an event of this same likelihood would show increased wind gusts of up to 118 mph due
to a changing environment.

How many hot days will Caroline County have?

A hot day in Caroline County is considered to be any day above a “feels like” temperature of 1052F. Caroline County
is expected to experience 7 hot days this year. Due to a changing climate, Caroline County will experience 16 days
above 1059F in 30 years.

Moderate Severe

FACTORE
1,765 properties in Caroline 16,803 properties in Caroline Caroline County is expected to see
County are likely to be County have some risk of being in a 128.6% increase in the number of
severely affected by flooding over severe wind event within the next days over 105°F over the next 30
the next 30 years. 30 years. years.

Source: First Street Foundation’s Risk Factor - Caroline County
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[ Population ]

The 2020 U.S. Census Bureau decennial census indicates a total County population of 33,293. Portions of the
County’s population that may be more vulnerable to hazards, include:

Persons 65 years of age and over comprise 16.5% of the total population;

Households where language other than English is spoken at home, percent of persons 5 year +, 2016-
2020, comprise 8% of the population;

Persons living in poverty comprise 13.1% of the population; and

Persons living with a disability, under age 65 years, 2016-2020, comprises 8.9% of the county’s
population.

Caroline County’s population growth has mirrored its economic growth. The following table details the U.S.
Census Bureau, 2020 population figures for the ten incorporated communities within Caroline County. The
municipalities of Denton, Federalsburg, Henderson, and Marydel had a slight increase in population from 2010
to 2020, while the other six (6) municipalities had a minimal decrease. The overall population of Caroline
County had an increase of 227 from 2010 to 2020. An emerging trend of note is the increase of 2,414 people in
the incorporated areas of the county, while a decrease of 2,187 occurred in the unincorporated areas of the
county during the same decade.

Table 2-2: Population Figures

POPULATION
L Rate of Change Percent of Change 2021 Population
ey ALY AU AL (2010-2020)gl (2010-2020) ’ Estimates
Denton 2,960 4,418 4,848 +430 19.7% 4,712
Federalsburg 2,620 2,739 2,833 +94 13.4% 2,824
Goldsboro 216 246 211 -35 4 14.2% 215
Greensboro 1,632 1,931 1,919 -12 J 0.6% 2,590
Henderson 118 146 160 +14 19.6% 178
Hillsboro 163 161 128 -33 4 20.5% 122
Marydel 147 141 176 +35 1 24.8% 191
Preston 566 719 673 -46 | 6.4% 951
Ridgely 1,352 1,639 1,611 -28 11.7% 1,868
Templeville 80 138 113 -25 4 18.1% 154
Incorporated 9,854 12,278 14,692 +2,414 119.7% 13,805
Unincorporated 19,918 20,788 18,601 -2,187 J -10.5 19,429
Total Population 29,772 33,066 33,293 -- -- 33,234

Source: U.S. Census Bureau, American Community Survey, 2020

According to the 2010 Caroline County Comprehensive Plan, population projections for the unincorporated
areas of the County were calculated by the Department of Planning & Codes Administration, Table 2-3. The
most current population projections from the Maryland Department of Planning (MDP) is shown in 2-4. The
2010 Caroline County Comprehensive Plan includes more conservative population projections than that of
MDP projections. MDP shows the entire County increasing in population from 2025-2045. The largest
population growth rate according to MDP is between 2030-2035 and 2040-2045, an increase of 5.5%.

Table 2-3: Population Projections

POPULATION PROJECTIONS — UNINCORPORATED AREAS

Source Estimates 2010 2015 2020 2025 2030
MDP Population 22,727 24,517 26,517 28,170 29,686
Annual % Increase 1.7 1.7 1.5 1.2 1.1
Caroline County Population 21,992 23,092 24, 477 25,946 27,503
Annual % Increase 1.0 1.0 1.2 1.2 1.2

Source: 2010 Caroline County Comprehensive Plan
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Table 2-4: Total Population Projections for Caroline County
POPULATION PROJECTIONS — CAROLINE COUNTY

Source Estimates 2025 2030 2035 2040 2045

MDP Population 35,550 37,700 40,000 42,200 44,500
Source: Maryland Department of Planning, December 2020

[ Land Use ]

According to the 2010 Caroline County Comprehensive Plan, most residential, industrial, and commercial
development is concentrated within or in close proximity to municipalities. Prior to 2000, growth and
development largely occurred in unincorporated areas. Growth and development began concentrating in
municipalities in 2003 and by the end of 2004, for the first time since at least 1990, municipal growth surpassed
growth in unincorporated areas. Development shifts are attributed to several factors, including new State and
County laws, market trends, and access to public infrastructure and services. This shift in development
correlates well with the County’s desire to preserve its rural countryside, and the County will strive to continue
this trend. The future vision of the County is to direct growth to existing population centers, preserve
agriculture, natural resources, and the rural character of the County. Countywide land use tabulations show a
total of 199,854 acres or 97% of the County consisting of unincorporated areas and incorporated areas totaling
6,865 acres, the remaining 3% of the County.

According to the Caroline County 2022 Land Preservation, Parks, and Recreations Plan there is approximately
59,122 acres of forested land in 2010 or 29%. The two largest contiguous forested tracts are in the Idylwild
Wildlife Management Area (WMA) north of Federalsburg, and Tuckahoe State Park and Adkins Arboretum
north of Hillsboro. Concentrating development in and around existing development will maintain greenways
and the natural benefits associated with undeveloped land, such as water absorption and retention.

[ Permit Data ]

According to permit data obtained by Maryland Department of Planning-Planning Services Division, housing
unit permits are slightly increasing. Since 2010, building permits were declining until a spike occurred in 2016.
Building permits declined again in 2017, however have been on the incline since that time; Figure 2-2.

Figure 2-2: Caroline County Issued New Housing Units Authorized for Construction by Building Permits: 2000 - 2020

Caroline County Issued New Housing Units Authorized for Construction
by Building Permits: 2000 - 2020

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

400
350
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Source: U.S. Bureau of the Census. Manufacturing and Construction Statistics Division. Residential Construction Branch; Prepared by Maryland
Department of Planning. Planning Services Division. 2021.
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Table 2-5 provides the breakdown for housing permits issued by jurisdictions and permit type. As detailed in
the table, the highest number of building permits issued was between 2015 and 2019. In regard to
municipalities, the majority of development has occurred within the Town of Denton.

Table 2-5: Incorporated Areas Housing Permit Data

MUNICIPAL HOUSING PERMIT DATA

2020 2019 - 2015 2014 - 2010
Municipality Total Eing_le Multi Total Single Multi Total Single Multi
amily Family Family Family Family Family
Denton 20 20 - 89 53 36 26 26 -
Federalsburg 1 1 - 2 2 - 3 3 -
Goldsboro 1 1 - 1 1 - - - -
Greensboro 2 2 - 5 5 - 4 4 -
Henderson - - - - 0 0 0
Hillshoro - - - - - - -
Marydel - - - - - - -
Preston 2 2 - - - - 1 -
Ridgely 2 2 - 18 18 - 8 8 -
Templeville
Lnincorporated 47 47 - 195 195 - 156 156 .
reas
Caroline County
Total 75 75 - 310 274 36 198 198 -

Source: U.S. Bureau of the Census. Manufacturing and Construction Statistics Division. Residential Construction Branch; Prepared by Maryland
Department of Planning. Planning Services Division. 2021.

Municipal Overview ]
Caroline County has a total of ten (10) municipalities. All Table 2-6: NFIP Participation
municipalities, with the exception of Henderson, Marydel, and NFIP PARTICIPATION
Templeville, participate in the National Flood Insurance Program o AL NFIP

. . Municipality Regulated P

(NFIP). Despite the lack of FEMA regulated floodplains, Floodplain Participation
encouraging these municipalities to participate in the NFIP would Denton X X
enable property owners to purchase flood insurance under the Federalsburg X X
NFIP. Due to changing conditions and flooding in areas outside of ;gf::t?gfo § §
the FEMA regulated floodplains, encouraging the purchase of Henderson
flood insurance is a new mitigation action item added during this Hillsboro X X
plan update. The Choptank River is tidal to the Town of Marydel
Greensboro. Tuckahoe Creek, a main tributary to the Choptank ';Eg;t;; §
River, is tidal to Hillsboro, while Marshy Hope Creek is tidal to Templeville

Federalsburg.V

FLOODPLAIN REGULATIONS

Caroline County’s 2014-4 Floodplain Management Ordinance states the County’s Flood Protection Elevation is the
base flood elevation plus two (2) feet of freeboard.

The Towns of Denton and Goldsboro’s floodplain regulations also requires the Flood Protection Elevation of a base
flood elevation plus two (2) feet of freeboard, while Federalsburg, Greensboro, Hillsboro, and Marydel Flood
Protection Elevation is the base flood elevation plus one (1) feet of freeboard.

The Towns Henderson, Preston, Ridgely, and Templeville do not have floodplain regulations due to the lack of
floodplain or impeding floodplain.
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The Choptank River floodplain located within the town limits of Denton and Greensboro is too swampy for most
types of development. Although there is some residential development in the floodplain, the majority has
generally been above the higher flood levels. Anticipated development is expected to continue at a slow rate. It
will probably not occur in the floodplain areas since suitable land for development is available elsewhere."

The Town of Denton, seat of Caroline County, is located on the eastern bank of the Choptank River and near
the geographic center of the County. In 1999, the Town encompassed approximately 1,382 acres. Denton has
grown its land area by over 149 percent and currently encompasses approximately 3,444 acres distributed
upon approximately 1,960 individual parcels of land." A total of 254.4 acres of floodplain are contained within
Town limits.

Federalsburg's location in the southeasterly corner of Caroline County places it near the center of the
Delmarva Peninsula. The location of Federalsburg at the head of the tidal waters of the Marshyhope Creek
exposes it to a vulnerable potential for floodway overflow from the creek. Floods dating back to the 19th
century have inundated parts of the Town. Residential use predominates on the west side of Marshyhope
Creek beginning behind the Main Street commercial strip and extending west to beyond University Avenue, the
principal north-south connector next to Main Street. In all, residential use makes up about 7% of the land use in
the planning area."" There is a total of 294.2 acres of floodplain within the Town’s municipal limits.

The Town of Goldsboro is a small rural community in North Caroline County. Goldsboro primarily serves as a
rural service center for the surrounding agricultural community. There is some inter-mixture of residential,
industrial, and commercial land within Goldsboro, especially along the railroad line and Main Street. There is
substantial vacant land (approximately 206 acres) within Goldsboro that will provide opportunities for infill
development in the future."" The Town of Goldsboro has a minimum amount of floodplain, 12.1 acres, within
town limits.

The incorporated Town of Greensboro, pleasantly situated near the headwaters of the Choptank River, is

one of the oldest inland towns on Maryland's Eastern Shore. The need for Greensboro as a marketing and
industrial center began to diminish with the advent of new transportation options. As a result, the growth rate
declined, and the Town became primarily a residential center. Single-family residential is the dominant land use
type in Greensboro, representing 31% of the developed land area in the Town. Land devoted to residential use
totals an estimated 196 acres.* Total acreage within the municipal is 684.8, of that a total of 65.0 is floodplain.

A small village midway between Goldsboro and Marydel in northern Caroline County, Henderson was originally
known as Melville’s Crossroads. The community developed around a stagecoach stop and a post office during
the mid-19th century. With the advent of the railroad in 1868, the stagecoach service ended, and the post
office moved to the east side of Town near the railroad where this quiet village was renamed Henderson.*

Hillsboro is a small rural town in Caroline County, Maryland, which is in the Mid-Shore region near Queen
Anne’s and Talbot Counties. The Town has witnessed little population growth in the last 50 years however it
retains a stable population base. Future population growth is severely limited by the Town’s lack of public water
and sewerage infrastructure. The Town remains small, rural, and historic. It is mostly comprised of single-family
residential dwellings with some multi-family dwellings. At present, several commercial establishments exist at
the western edge of Town. No industrial areas exist due to the lack of public infrastructure.X The Town of
Hillsboro contains a total of 13.5 acres of floodplain within its municipal border.

Marydel's name is a portmanteau, after its location, being partially located in Maryland and partially in
Delaware. Marydel is served by two state arterial routes, MD Route 311 from Henderson, and MD Route 454
from Templeville. The primary north-south transportation route serving Marydel is MD Route 311, a State
arterial route that provides links to MD 313 (at Goldsboro) and larger highways including MD Route 404 in
Denton. The Town is situated along the Chesapeake railroad right-of-way, which presents an opportunity for
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the development of a pedestrian and recreation corridor. No part of Marydel is located within the 100-year
floodplain. X

The Town of Preston straddles MD Route 331 about eleven miles east of the Town of Easton and seven miles
west of Federalsburg. The Town depends on roadways for communication, commerce, emergency services,
and physical access to the surrounding region and beyond. Preston remains a primarily residential community,
with a small commercial core. There are no areas within town limits that are within any 100-year floodplain.*"

Ridgely is located in the western portion of Caroline County, Maryland. Most of Ridgely’s residential units are
located in the “Old Town” portion of the municipality, totaling 301 acres. Ridgely is located on both sides of
Central Avenue (MD Rt. 312) and is bounded by Railroad Street to the north, Sunset Boulevard to the west,
Sunrise Avenue to the east, and MD Rt. 480 to the south. Ridgely is located in the Choptank Watershed and
the Town straddles the Upper Choptank and Tuckahoe Creek Sub-Watersheds. There are no floodplains
located within the current corporate boundaries of the Town of Ridgely.x"

The Town of Templeville is a small rural community that is located on the county line of Queen Anne’s and
Caroline Counties, Maryland. A portion of the incorporated boundaries of the Town lie in both counties.
Templeville is located on Maryland Route 302 and Route 454. Residences are built along the roads forming a
T-shaped community. Templeville consists of approximately 18 acres in Caroline County and 30 acres in
Queen Anne’s County for a total of 48 acres. The predominant land use is low-density residential. Templeville
has shown very little growth in the last several decades. The town is relatively flat with no major water courses
within the current boundaries.®

[ Priority Funding Area — Development Patterns ]

State of Maryland 1997 Planning Legislation capitalizes on the state’s influence on economic growth and
development. This law directs state spending to Priority Funding Areas. Priority Funding Areas are existing
communities and places designated by local governments that identify where they want state investment to
support future growth.

Growth-related projects covered by the legislation include most state programs that encourage or support
growth and development such as highways, sewer and water construction, economic development assistance
and state leases or construction of new office facilities.

The Priority Funding Areas law builds on the foundation of planning visions which were adopted as Maryland
policy through 1992 legislation (and updated in 2009). Funding for projects in municipalities, other existing
communities, industrial areas, and planned growth areas designated by counties receive priority for state
funding over other projects. Priority Funding Areas coordinate state and local government efforts to support
economic development and new growth.

The following areas qualify as Priority Funding Areas:

Every municipality, as they existed in 1997,

Areas inside the Washington Beltway and the Baltimore Beltway; and

Areas already designated as enterprise zones, neighborhood revitalization areas, heritage areas and
existing industrial land.

The 1997 planning law recognizes the important role of local governments in managing growth and
determining the locations most suitable for state-funded projects. Counties may designate areas as Priority
Funding Areas that meet guidelines for intended use, availability of plans for sewer and water systems and
permitted residential density. Areas eligible for county designation include existing communities and areas
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where industrial or other economic development is desired. In addition, counties may designate areas planned
for new residential communities which will be served by water and sewer systems and meet density standards.
The review of designated Priority Funding Areas (PFA’s) in Caroline County as shown on Figure 2-3 indicate
that that while many of these areas are located adjacent to municipalities, there are 11 unincorporated rural
villages that are designated PFAs.

Figure 2-3: Priority Funding Areas

CAROLINE COUNTY
Priority Funding Areas

Priority Funding Areas
Pre-defined Areas
qu\ Designated Neighborhood
Municipal PFA
g Municipal Comment Area

Municipal But Not PFA

Henderson Y

County Certified Areas

Compliance Area/ Eligible
for Funding

Area Not Meeting Criteria

- Rural Villages/ Community
with Water Only

Sources: Designated Neighborhoods (2009) -

Maryland Department of Planning and the Department of
Housing and Community Development; Enterprise
Zones (2009) - Maryland Department of Planning and the
Department of Business and Economic Development;
Municipalities (2010) - Maryland Department of Planning;
Heritage Areas (2010) - Maryland Department of Planning

Maryland Department of Planning Comment: W E
Any proposals for projects in the area labeled as

“Area Not Meeting Criteria" will be referred to

the Smart Growth and Neighborhood Conservation

Coordinating Subcommittee for review.

A D [ Maryland Department of Planning 051 2 3 4
=’ Land Use Planning and Analysis Division E .
-, /\ -r) Current as of March 2011 Miles
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An analysis of the PFA polygons in relation to FEMA Special Flood Hazard Area - 1% annual chance flood
hazard area revealed that several of the PFA’'s within Caroline County intersect with FEMA Special Flood
Hazard Areas. Future annexation should exclude hazard prone areas, thereby maintaining open space,
undeveloped land and discouraging future development and the extension of public utilities.

The County and municipalities should consider unincorporated future development and town annexations in
relation to hazard risk areas. Potential future areas where development should be discouraged due to flood risk

are circled in red in the following figures, 2-4 to 2-7.

Note, in those areas circled in red that intersect with the PFA area shown in yellow, development should be
prevented to the extent possible. One way this could be achieved is by depicting these areas in the water and
sewer plan, as zones where public water and sewer will not be extended. Additional examination of PFAs by

the State should be considered, particularly if PFA is lost due to flood risk.

The PFA located near Federalsburg includes land within the 1% annual chance flood hazard area. The Marshy
Hope Creek flows through the Town of Federalsburg.

Figure 2-4: Priority Funding Areas - Federalsburg
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The PFA located northwest of the Town of Denton, is located within the 1% annual chance flood hazard area.
The Choptank River borders the western portion of the Town. The Caroline County Floodplain Ordinance
allows for development within the FEMA Special Flood Hazard Areas, 1% annual chance flood hazard area,
however development must meet the requirements of the ordinance, which includes two feet of freeboard.

Figure 2-5: Priority Funding Areas - Denton
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In addition, the PFA located adjacent to Greensboro, on the northwest side, insects with the 1% annual chance
flood hazard area. The Forge Branch flows through this PFA area. A detailed flood study of the Forge Branch
floodplain would assist in the siting of future development outside of flood hazard risk areas.

Figure 2-6: Priority Funding Areas Greensboro

[ Greensboro
1% Annual Chance
Flood Hazard Area

Priority Funding Areas

WA

Heritage Area in
Locally Designated
Growth Areas

PFA
PFA Comment Area

T Whiteleysburg Rd

2-11|Page



Caroline County Hazard Mitigation Plan

The Town of Goldsboro is not located within the 1% annual chance flood hazard area. However, stream

corridors, located on the East Star development site and lands to the south and south-west of Goldsboro are
impacted by FEMA's Special Flood Hazard Areas (SFHAs) - 1% annual chance flood hazard area.*"!

Figure 2-7: Priority Funding Areas - Goldsboro
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The western limit of Hillsboro is located within Tuckahoe Creek 1% annual chance flood hazard area.
Tuckahoe Creek, a main tributary to the Choptank River, is tidal to the Town of Hillsboro.

Figure 2-8: Priority Funding Areas - Hillsboro
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[ Transportation ]

Route 404 is the major east-west highway corridor Map 2-4: Transportation
through Caroline County and connects the
County with Route 50 to the west and Route 13 in
Delaware. The other major highway is Route
313, which runs north south and connects
Caroline County with Route 301 in Kent County
and with Route 50 in Wicomico County. A
number of other State highways and County
roads connect the County seat in Denton with
other municipalities and smaller communities
within the County. Other transportation routes
include the Maryland and Delaware (MDDE)
Railroad which connects Federalsburg and
Preston with the Norfolk Southern Railroad in
Delaware. The Ridgely Airpark, which serves the
County, is located just to the north and west of
Ridgely off Route 312.

/

& /% 7L

Caroline Connty‘
Transportatlon ‘Sy em

Additionally, Delmarva Community Services, Inc. is a multi-service, non-proflt agency that prowdes
transportation for individuals with disabilities, seniors /aging, persons living with poverty, transportation
disadvantaged, and medically frail using funding provided by the Maryland Department of Transportation and
federal grant programs. The Department of Emergency Services has worked in the past with Delmarva
Community Services, Inc. to provide transport to vulnerable populations during hazard events.

The Choptank River in Caroline County has historically been an inland location for small ports for watermen
and for barge traffic. A number of landings serve the Choptank and its tributaries as well as Marshyhope at
Federalsburg.

Excerpt from:
MDOT Officials Met With Caroline County As Part Of Annual Statewide Tour To Discuss Transportation Priorities

Officials announced funding Caroline County's local priorities, including: $9.3 million in Highway User Revenues for
the county for FY 2019 — FY 2024, which includes an additional $841,000 in grants recently awarded by the governor;
and highway safety grants funded through MDOT MVA, including more than $12,000 for the Caroline County Sheriff's
Office. Because Caroline County officials signed the HUR grant application at the Maryland Association of Counties
Summer Conference, the county received those funds two weeks early.

MDOT MTA makes a significant investment in transit in Caroline County by providing $1.1 million in operating and
capital grants to support the local transit operation in conjunction with Kent and Talbot counties. These funds provide
for: replacement of one medium-duty bus; a Transportation Development Plan; and ongoing preventive
maintenance. Additionally, $195,000 in funding is provided to nonprofits that serve the transportation needs of
seniors and people with disabilities in the county.

Transportation officials also provided updates on major improvement projects and system preservation projects in
Caroline County, including the $65 million replacement of the Dover Bridge, which opened to traffic in June 2018.
MDOT SHA is in the final stages of this project and will officially complete it this winter.

Source: https://www.mdot.maryland.qov/tso/pages/newsroomdetails.aspx?newsld=357&Pageld=38
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[ Hazard Risk, Social Vulnerability & Future Development ]

As shown on Table 2-4, Caroline County’s population is expected to continue to grow slightly, and future
development will take the form of mixed-use development, redevelopment, and in-fill development. A growing
population could potentially worsen future drought conditions, particularly in regard to increased demand for
water supply. Water quality reports are available annually and include water quality data, information from the
EPA, and information regarding vulnerable populations. Regarding drought, vulnerable populations are most
likely to be the elderly, children under five, and those without access to regular clean drinking water.

Extreme heat conditions are expected to become more frequent and intense due to changing climate
conditions. The need for more cooling centers is one major consideration in terms of future development to
meet the needs of vulnerable populations. In addition, Chapter 109 Forest Conservation, Ord. No. 2011-003,
protects and enhances the existing forest and other natural resources in Caroline County, specifically to limit or
prohibit certain development and other disturbances, and to ensure that such disturbances are subject to and
performed pursuant to the restrictions and requirements of chapter 109. Encouraging forest conservation and
the establishment of additional forest stands will mitigate and lessens the heat island effect.

According to the National Risk Index, social groups in Caroline County have a “Relatively High” susceptibility to
the adverse impacts of natural hazards when compared to the rest of the U.S.

According to the County’s 2010 Comprehensive Plan, growth is concentrated in existing population and
business centers, growth areas adjacent to these centers, or strategically selected new centers. The Smart
Growth concept is enacted in the designation of “Priority Funding Areas” (PFAs), which are local areas targeted
for growth and eligible for state funding over other projects.

A Priority Funding Area (PFA) is a developed or planned development area within which certain State agencies
will prioritize investments to support growth and economic development. PFAs include municipalities that
existed on January 1, 1997, existing rural villages, planned communities (or growth areas), industrial areas,
and areas served by public water and sewers. Areas annexed by municipalities after January 1, 1997, must
meet additional density requirements and have water and sewer service to qualify as a PFA.

Hazard inundation areas are examined in Chapters 4, 5, and 6. According to the 2010 Caroline County
Comprehensive Plan, all future growth in the County will be directed to existing developed areas including
municipalities, PFAs, and the County's Transfer of Development Rights (TDR) Receiving Area.

In terms of the 1% annual chance flood hazard area, the following municipalities impacted are:

Federalsburg
Greensboro
Hillsboro
Henderson
Denton

In terms of hurricane inundation areas, the following municipalities impacted are:

Hillsboro
Denton
Greensboro
Federalsburg
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In terms of shoreline erosion risk areas, the following municipalities impacted are:

Greensboro
Denton
Hillsboro
Federalsburg

In terms of sea level rise risk areas, the following municipalities impacted are:

Greensboro
Denton
Hillsboro
Federalsburg

As detailed in Table 2-5: Incorporated Areas Housing Permit Data, minimal development has occurred since
the previous planning process, therefore development changes have not affected any of the jurisdiction’s
overall vulnerability.

In terms of future development, jurisdictions listed in each of the identified hazard inundation areas as well as
the unincorporated areas of the county, could potentially be impacted if projected growth is near or around
these areas. Towns that intersect with waterways, such as Greensboro, Denton, Hillsboro, and Federalsburg
should take into consideration flood locations, soil types, and proper construction techniques to minimize the
chance of impacts due to future development.

Future development for the Town of Hillsboro is projected north of town limits. The town eastern border runs
along the Tuckahoe Creek. The designated growth area for the Town will consist of agricultural land and
residential lots. As mentioned in Chapter 15, the Town enforces flood protection elevations and setbacks.
Therefore, future development would not increase vulnerability to flooding, hurricanes, shoreline erosion, or
sea level rise for the Town.

The Marshy Hope Creek flows through the Town of Federalsburg, however projected growth for the Town is
planned toward the eastern and western areas of town limits. A small area east of the Marshy Hope Creek is
also included in the growth area. However, all areas are predominantly planned for agricultural use with
minimum residential lots. The Town does enforce flood protection elevations and setbacks, ensuring future
development will not increase vulnerability to flooding, hurricanes, shoreline erosion, or sea level rise for the
Town.

The Town of Greensboro’s projected growth area is predominately to the north and south of town limits. The
Choptank River traverses the projected growth area. The Town’s Comprehensive Plan acknowledges the
environmental constraints and therefore enforces flood protection elevations and setbacks, as detailed in Table
15-1 Planning & Regulatory, page 15-2. As shown in Table 2-2: Population Figures, the Town’s population has
declined and Table 2-5 lists only 11 housing permits being issued in the past decade. Between the floodplain
regulations the Town enforces and limited development pressure, future development would not increase
vulnerability to flooding, hurricanes, shoreline erosion, or sea level rise for the Town.

The Town of Denton’s Comprehensive Plan states the Town’s primary aim is to construct new housing,
workplaces, shops, and other facilities within existing urban or suburban areas. This is one of the Town’s
strategies, which will increase housing, jobs, and community amenities without expanding its footprint into
undeveloped lands. The plan also states that the Town has sufficient land within its corporate area to
accommodate population growth in the planning period and beyond, however has identified several areas for
potential annexation. The areas are north and south of current limits. The Choptank River does intersect with
town limits, however, the Town enforces more stringent floodplain regulations. Therefore, if an annexation

2-15| Page



Caroline County Hazard Mitigation Plan

occurred, development would not occur in permitted in the hazard inundation areas and the Town’s
vulnerability to flooding, hurricanes, shoreline erosion, or sea level rise would not increase.

Caroline County’s growth management policies are to concentrate population in the existing towns and
conserving agricultural and natural resources. Therefore, it is unlikely that new development will occur in areas
prone to flooding, without careful consideration of flood hazards during the development review process.
However, if the County’s population begins to grow, flood impacts could potentially be more widespread. In
communities with higher populations, significant flood events will have a higher impact because there is a
greater exposure of people and property to floodwaters. Also, higher magnitude flooding in the County
produces a greater need for evacuation and emergency response.

The type and age of development play a role in vulnerability to hurricanes. In general, concrete, brick, and
steel-framed structures tend to fare better than older, wood-framed structures or manufactured homes. As
Caroline County continues to grow and develop, it will be important to ensure that all development is built to
code to withstand impacts from flooding and severe wind associated with hurricanes.

Reviewing the County’s existing land use along the shoreline, there is minimal development along the
unincorporated areas’ shorelines. If new development would occur near protective natural habitats or
vulnerable shorelines, existing land use regulations will likely protect new structures and infrastructure from the
risk of erosion. The Chesapeake Bay Critical Area law requires Caroline County to adopt and implement a
Critical Area management ordinance for all land within 1,000 feet of tidal waters. The ordinance is intended to
protect both water quality and wildlife habitat, and includes criteria addressing development density, water
dependent uses, buffers from waterways, and protections for natural shorelines and wildlife habitats.

In terms of severe winter storms, these types of events do not adhere to geographic boundaries or specific
population groups, making it challenging to pinpoint development and demographic trends that could influence
this hazard in the future. Current land use and building regulations include standards designed to address and
reduce snow accumulation. As Caroline County’s population increases, new developments may heighten
vulnerability by increasing the number of assets at risk from winter storm impacts. As previously mentioned, all
structures face the threat of widespread utility failures, including loss of heat and electricity, as well as potential
damage or collapse from fallen trees. To better mitigate the effects of winter storms, property owners and
developers should avoid flat roofs and adhere to the latest building codes regarding snow load and insulation.
This approach is applicable to Caroline County and all participating municipalities.

The geographic reach of thunderstorm events is considered consistent throughout the County and across all
municipalities; the site of development does not inherently alter the risk. By following building codes, Caroline
County and the participating municipalities can guarantee that new developments meet current standards. For
more details, refer to the Capability Assessment in Chapter 15, which outlines the existing planning and
regulations for Caroline County and all involved municipalities.

Caroline County and each municipality is susceptible to tornado events and their adverse effects. Given the
undefined geographic range of tornadoes and other high wind occurrences, predicting how future development
or shifts in population patterns will affect tornado hazards is challenging. It is crucial for all upcoming
developments to adhere to the building codes and wind speed design standards established by Caroline
County and municipalities to minimize potential tornado damage as much as possible.

Considering proximity is a major factor in how diseases and ilinesses spread, changes in population,
demographics, and density may influence the impact of an outbreak, epidemic, or pandemic. Any significant
development in Caroline County or in each municipality could potentially impact how susceptible the County is
to a widespread disease or public health emergency.

Note: Caroline County is in the process of updating the comprehensive plan. Currently, a citizen survey,
Caroline 2040-Citizen Survey, is available for participants to provide input on several plan elements.
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A mitigation action that has been added to this plan update includes limited future annexation areas and the
expansion of public utilities in high hazard areas, floodplains, see figures 2-4 through 2-7, areas circled in red.

[ Social Equity ]

FEMA defines equity as the consistent and systematic fair, just and impartial treatment of all individuals. To
ensure that the planning process and outcomes of the local mitigation plan benefit the equity must be central in
its development. Inclusive planning processes take time and thoughtful planning to be set up in a way that
provides everyone with the resources necessary to meaningfully participate, make progress and benefit from
hazard mitigation. Equity is not just an important principle; it is essential to reducing risk to the whole
community, particularly for those who face barriers to accessing assistance and for populations that are
disproportionately affected by disasters. The whole community includes individuals and communities, the
private and nonprofit sectors, faith-based organizations, and all levels of government (regional/metropolitan,
state, local, tribal, territorial, insular area and federal). The mitigation plan is an opportunity to counter some of
those barriers and intentionally plan for reducing the risk of all communities.

Climate change increases the frequency, duration, and intensity of natural hazards, such as wildfires, extreme
heat, drought, storms, and heavy precipitation. Communities are feeling the impacts of a changing climate now.
Many of these trends will likely continue for decades. These variations create new risks to state and local
governments and challenge pre-existing mitigation plans. They also pose a unique threat to the nation's most
at-risk populations by exacerbating the impacts of disasters on underserved and socially vulnerable
populations who already experience the greatest losses from natural hazards.

National Risk Index

The National Risk Index is a dataset and online tool to help illustrate the United States communities most at
risk for natural hazards. It was designed and built by FEMA in close collaboration with various stakeholders
and partners in academia; local, state, and federal government; and private industry. The Risk Index leverages
available source data for natural hazard and community risk factors to develop a baseline risk measurement
for each United States county and Census tract. A community's score is represented by its percentile ranking
among all other communities at the same level for Risk, Expected Annual Loss, Social Vulnerability and
Community Resilience. For Risk, Expected Annual Loss, Social Vulnerability, and Community Resilience, there
is a qualitative rating that describes the community in comparison to all other communities at the same level,
ranging from “Very Low” to “Very High.”

According to the National Risk Index, Caroline County has a relatively low risk value. In terms of the social
vulnerability specific to the National Risk Index, data from the 2020 Center for Disease Control (CDC) Social
Vulnerability Index was used.

CDC Social Vulnerability Index

According to the Centers for Disease Control and Prevention (CDC), every community must prepare for and
respond to hazardous events, whether a natural disaster like a tornado or disease outbreak, or a human-made
event such as a harmful chemical spill. Several factors, including poverty, lack of access to transportation, and
crowded housing may weaken a community’s ability to prevent human suffering and financial loss in a disaster.
These factors are known as social vulnerability.

The CDC'’s Social Vulnerability Index (SVI) uses fifteen (15) U.S. Census variables to calculate SVI scores that
can help local officials identify communities within the county that may need additional support before, during,
and/or after disasters. An important aspect relating to the health, safety, and welfare of Caroline County’s
communities is social vulnerability. The County recognizes that identifying socially vulnerable populations is an
important step in mitigating natural disaster events. According to the CDC, social vulnerability refers to “the
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negative effects on communities caused by external stresses on human health. Such stresses include natural
or human-caused disasters, or disease outbreak.” Reducing social vulnerability can decrease both human
suffering and economic loss.

The CDC developed a Social Vulnerability Index (SVI) to help local jurisdictions determine their level of
vulnerability based on fifteen (15) indicators that are routinely utilized to measure social vulnerability. These
indicators are as follows:

Socioeconomic Status Minority Status & Language
1. Below Poverty 1. Minority
2. Unemployed 2. Speaks English “Less than Well”
3. Income
4. No High School Diploma Housing Type & Transportation
. o 1. Multi-Unit Structures
Household Composition & Disability 2 Mobile Homes
1. Aged 65 or Older 3 Crowding
2. Aged 17 or Younger 4 No Vehicle
3. Civilian with a Disability 5 Group Quarters

4. Single-Parent Households

The SVI developed for Caroline County was conducted at the census tract level and is mapped below, Figure
2-9. The darker blue census tracts in the overall map indicate areas of higher social vulnerability while the light
green tracts indicate relatively low social vulnerability. As shown on the overall SVI, Figure 2.9, left-hand side,
the dark blue areas with the highest social vulnerability are in the north and southeast portions of the County.
Contributing factors for higher social vulnerability in Caroline County include socioeconomic status, household
characteristics, and housing type/transportation as shown on Figure 2-9, right-hand side.
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Figure 2-9: CDC Social Vulnerability Index 2020 — Caroline County
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In reviewing Figure 2-9, the northern section of the County has a high social vulnerability as well. This section
includes the Towns of Ridgely, Greensboro, Goldsboro, Henderson, Marydel and Templeville. The area with the
highest social vulnerability is in the southeastern portion of the County, including the Town of Federalsburg.
The Town of Denton is also considered to have high social vulnerability. The Town of Preston, located
southwest in the county, is considered to have a moderate social vulnerability index.

Public Survey Response to Social Vulnerability

As part of the public survey, the community was asked to specify which group or groups in the County are
particularly at risk for or could be harmed by any of the identified hazard events. Socially vulnerable groups
provided as options include socioeconomic status, age, gender, race and ethnicity, and medical issues and
disabilities. Seventy-eight percent of the participants indicated that the “Age” group (65 & older) is at risk of the
hazards identified in the plan followed by “Below Poverty” at fifty-six percent.
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Figure 2-10: Public Survey Response to Social Vulnerability
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Social Equity Small Group Meeting

In addition to the public survey social vulnerability information, on January 18, 2024, a small group social
equity meeting was held. In attendance was representatives from the Caroline County Health Department
(CCHD), Department of Social Services, and Department of Emergency Services. The purpose of the meeting
was to discuss integration of social equity into the hazard mitigation plan update. In addition, participants were
asked what initiatives and/or projects are slated for the future and what emergency management may integrate
or opportunities for collaboration related to social equity and vulnerability. Additional questions asked during the
meeting include:

« Has your department, agency, or organization observed shifts in the needs of underserved communities
or gaps in social equity?
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Has your department, agency, or organization included social equity and/or vulnerability in any of your
planning?

Do you know of locations/areas of particular social vulnerability concern?

Do you have any ideas on how Caroline County and/or its municipalities could further reduce risk,
particularly for those who face barriers to accessing assistance and for populations that are
disproportionately affected by disasters?

Participants indicated that there has been an increase in citizens who utilize the Health Department and
experience a language barrier. The populations that speak Spanish and Haitian-Creole have increased in
Caroline County. According to the US Census QuickFacts, a total of 8.3% of the population speak a language
other than English at home (percent of persons age 5 years+, 2018-2022). Furthermore, the CDC documented
that the limited English population was 363 in 2010 and has increased to 614 in 2020. The Caroline County
Health Department (CCHD) is actively seeking to hire a certified translator.

Also discussed during the meeting was the lack of transportation. Transportation services are provided in the
Towns of Denton and Federalsburg, but not in the towns Goldsboro, Henderson, and Marydel. A mobile food
pantry and mobile health unit travels directly to the vulnerable populations to help alleviate the burden on the
population that lacks transportation. In addition, both the Caroline County Health Department and Department
of Social Services indicated that they work with faith-based communities who assist vulnerable populations.

Shelters were also discussed during the meeting. The County has two (2) designated shelters and two (2)
shelter operations trailers. The Department of Emergency Services is working with the Department of Social
Services to establish a functional exercise for shelter setup using supplies form shelter operation trailers. The
Health Department is currently creating shelter kits. Once completed, the nursing staff will be trained, therefore
a drill will be conducted.

In terms of health equity, the Caroline County Health Department (CCHD) is currently working with partnering
agencies (CCDES, CCEMS, Choptank Community Health System) on a Caroline County Mobile Integrated
Healthcare Program to improve health literacy and improve healthcare outcomes for those with chronic
healthcare conditions in the county.

In addition, CCHD has submitted a proposal for Local Health Department funding for overweight, obesity &
diabetes strategies to aid in combating the County Health Ranking and Roadmaps 2023 “low” rank that
Caroline County currently holds.

CCHD also recently partnered with Caroline County Public Schools to provide food services to the Medical
Adult Daycare and ensure adherence to the Federal Child and Adult Food Program (CACFP).

The CCHD Behavioral Health Program has two Mobile treatment Units that provide mental health and
substance use disorder treatment throughout the county and to neighboring counties (Kent and Talbot).

Furthermore, the CCHD’s Emergency Preparedness Division has created a Caroline County Healthcare
Emergency Preparedness Coalition consisting of Long-Term Care (LTC), Assisted Living Facility (ALF), and
other county agencies with a healthcare component. The goal of the coalition is to be a platform to facilitate
communication and collaboration for shared goals.

Finally, the Collective Impact Coalition is currently working to create strategic plans to address health equity
and address county specific social determinants of health through five committees. The Caroline County
Health Department is working to develop sustainable collaborations through partnerships with community
organizations and resources.
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As a result of the meeting, one (1) new objective and four (4) new mitigation action items were developed.

Objective 11.3
Provide hazard related public awareness materials and notifications in both Spanish and Haitian Creole.
Mitigation Action Items

Utilize results of the Social Vulnerability Index (SVI) mapping intersected with hazard vulnerability to identify
vulnerable populations (potentially under-served and/or underrepresented communities). Targeted outreach efforts
should be implemented to “bridge the gap” in access to information and services as it relates to natural hazards.

Ensure that all hazards related announcements, information, and materials are accessible to all socially vulnerable
groups, including but not limited to those: over the age of 65, under the age of 5, limited English-speaking
proficiency, disabilities, and those at or below the poverty line. Coordinate with municipalities on distribution.

Continue shelter operations training program. Hold shelter operations table tabletops followed by functional drill.
Planning team include Emergency Services, Social Services, and the Health Department.

Conduct a series of meetings to identify best practices and develop standard operating procedures to be used before,
during, and after a hazard event specific to vulnerable populations. Include who and how vulnerable populations will
be contacted, how outstanding needs will be relayed to the Emergency Operations Center, and how follow-up
contacts will be made during the recovery phase of a hazard incident.

Finally, a strategy for outreach to underserved communities and socially vulnerable populations was
established during this Small Group Social Equity Meeting held on January 18th. As housing, healthcare, and
social service agencies are examples of organizations that work directly with or provide support to underserved
communities and socially vulnerable populations, the Caroline County Health Department (CCHD) and
Department of Social Services served as primary points of distribution for outreach materials. These agencies
work directly with underserved communities and socially vulnerable populations and those non-profit
organizations who serve these communities and populations. Caroline County routinely uses this outreach
strategy and has found it to be effective, collaborative, and avoids duplication of services.

For example, the Health Department posted information on the hazard mitigation plan and public survey
starting on January 23rd and continued through March 4th, as per Kristin Dietz, Deputy Health Officer. Also,
the Department of Social Services

[ Critical Facilities ]

The Federal Emergency Management Agency (FEMA) critical facilities definition states: Typical critical facilities
include hospitals, fire stations, police stations, storage of critical records, and similar facilities. These facilities
should be given special consideration when formulating regulatory alternatives and floodplain management
plans. A critical facility should not be located in a floodplain if at all possible. If a critical facility must be located
in a floodplain it should be provided with a higher level of protection so that it can continue to function and
provide services after the flood. Communities should develop emergency plans to continue to provide these
services during the flood.*"!

The Maryland Department of Emergency Management (MDEM) also includes the following as critical facilities:

Stormwater/Wastewater Plants/transfer stations
Gas and Electric power plants/transfer stations
Any facility, that if service is interrupted, a Community Lifeline is affected.
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Community Lifelines defined by FEMA is a lifeline that enables the continuous operation of critical government
and business functions and is essential to human health and safety or economic security. Lifelines are the
most fundamental services in the community that, when stabilized, enable all other aspects of society to
function.™"

FEMA has developed a construct for objectives-based response that prioritizes the rapid stabilization of
Community Lifelines after a disaster. The integrated network of assets, services, and capabilities that provide
lifeline services are used day-to-day to support the recurring needs of the community and enable all other
aspects of society to function. When disrupted, decisive intervention (e.q., rapid re-establishment or
employment of contingency response solutions) is required to stabilize the incident.**

Community lifelines include:

Safety and Security - Law Enforcement/Security, Fire Service, Communications - Infrastructure, Responder Communications,

Search and Rescue, Government Service, Community Safety Alerts Wamings and Messages, Finance, 911 and Dispatch

Transportation - Highway/Roadway/Motor Vehicle, Mass Transit,

Food, Hydration, Shelter - Food, Hydration, Shelter, Agriculture Railway, Aviation, Maritime

& @

&

Health and Medical - Medical Care, Public Health, Patient Hazardous Materials - Facilities, HAZMAT, Pollutants, Cantaminants

Movement, Medical Supply Chain, Fatality Management

Water Systems - Potable Water Infrastructure, Wastewater
Management

® » ® @

(B (@

Energy - Power Grid, Fuel

As part of the plan update process, critical facilities identified in the 2019 Plan were reviewed and additional
facilities were added to ensure all facilities identified as critical by FEMA and MDEM have been included. As a
result, a total of 142 critical facilities were identified and analyzed for vulnerability to hazards identified in the
plan. The list of the critical facilities and associated community lifeline, where applicable, for Caroline County is
provided below.

Changes since the last plan update include:

A new station for the Ridgely Fire Station 400 was constructed at 101 Sunset Boulevard, Ridgely.

EMS Station 14 is located at the new Ridgely Fire Station as well.

Federalsburg EMS Station 11 relocated to 405 University Avenue in Federalsburg.

Caroline County Sheriff's Office relocated to 9305 Double Hills Road.

A new community fire hall for the Greensboro Fire Station was constructed at 13781 Greensboro Road.
The original station at 116 N Main Street remains in use.

The Greensboro WWTP relocated to 13875 Greensboro Road, Greensboro. The original location was
13514 Greensboro Rd, Greensboro, which is now pump stations for the WWTP.

Note: All Caroline County core IT equipment in County buildings has surge protection and grounding
protection.

For each critical facility type listed, the associated primary community lifeline is identified using FEMA icons.

2-23 | Page



Caroline County Hazard Mitigation Plan

Critical facilities include:

(og)

Cormmunications.

(g)

Communications.

Safety and

EOC

Emergency Services and 911 Communications - 9391 Double Hills Road, Denton, MD 21629

Communication Towers

American Tower, Inc — Barclay Rd, Marydel, MD 21649

American Tower, Inc — Benedictine Ln, Ridgely, MD 21660

Subcarrier Communications Inc. — Bloomery Rd, Federalsburg, MD 21632
American Tower, Inc — Burrsville Rd, Denton, MD 21629

Tri Gas & Oil — Federalsburg Hwy, Federalsburg, MD 21632

C&P Bell Tel Co. — Grove Rd, Preston, MD 21655

TARA Communication — Hog Neck Rd, Preston, MD 21655
Muhammad — Idlewild Rd, Federalsburg, MD 21632

TELECOM Cell Tower — Langrell Rd, Preston, MD 21655

TELECOM Cell Tower - Laurel Grove Road, Federalsburg, MD 21632
TELECOM Cell Tower - Laurel Grove Road, Denton, MD 21629

MD State Highway Administration — Legates Dr, Denton, MD 21629
Caroline County Soil Conservation District — Legion Rd, Denton, MD 21629
Tower Co Assets LLC — Main St, Marydel, MD 21649
Telecommunications Tower — Marsh Creek Rd, Preston, MD 21655
State of MD MIEMSS — N University Ave, Federalsburg, MD 21632
Board of Education — Noble Ave, Preston, MD 21655

American Towers Inc. — Old Line Rd, Goldsboro, MD 21636

Board of Education — Richardson Rd, Federalsburg, MD 21632

C&P Bell Tel Co. — Ridgely Rd, Ridgely, MD 21660

Choptank Electric — River Road, Denton, MD 21629

TELECOM Cell Tower — Shore Hwy, Ridgely, MD 21660

TELECOM Cell Tower — Shore Hwy, Denton, MD 21629

TELECOM Cell Tower — Shore Hwy, Federalsburg, MD 21632
American Tower — Smithville Rd, Federalsburg, MD 21632
TELECOM Cell Tower — Sunset Blvd, Ridgely, MD 21660

TELECOM Cell Tower — Tanyard Rd, Preston, MD 21655

TELECOM Cell Tower — Tuckahoe Rd, Denton, MD 21629

Fire Stations

Station 100 - Federalsburg - 208 North University Avenue, Federalsburg, MD 21632

Station 200 - Preston - 3680 Choptank Rd, Preston, MD 21655

Station 300 - Denton - 400 S 5th Ave, Denton, MD 21629

Station 400 - Ridgely - 101 Sunset Blvd, Ridgely, MD 21660

Station 56 - Marydel - 110 Firehouse Ln, Marydel, DE 19964

Station 600 - Greensboro - 116 N Main Street, Greensboro, MD 21639
Station 700 - Goldsboro - 700 Old Line Rd, Goldsboro, MD 21636

Station 800 - Queen Anne Hillsboro - 13512 1st St, Queen Anne, MD 21657

Note: Stations 56 and 800 are not located in Caroline County, however, assist the county when
necessary.
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@ Paramedic Units
Paramedic 11 — Federalsburg - 405 University Ave N, Federalsburg, MD 21632

Paramedic 12 — Preston - 3681 Choptank Rd, Preston, MD 21655
Paramedic 13 — Denton - 9391 Double Hills Rd, Denton, MD 21629
Paramedic 14 — Ridgely - 101 Sunset Blvd, Ridgely, MD 21660
Paramedic 16 — Greensboro - 116 N Main St, Greensboro, MD 21639
Paramedic 17 — Goldsboro - 700 Old Line Road, Goldsboro, MD 21636

@ Police Department
Caroline County Sheriff’s Office - 9305 Double Hills Road, Denton, MD 21629

Denton Police Department - 100 N. Third Street, Denton, MD 21629
Federalsburg Police Department - 104 Morris Avenue, Federalsburg, MD 21632
Greensboro Police Department - 111 S. Main Street, Greensboro, MD 21639
Ridgely Police Department - 2 Central Avenue, Ridgely, MD 21660

Hospitals/Medical

o Caroline County does not have a hospital; however, the University of Maryland Shore Regional

Health does provide outpatient services at the following locations:

Diagnostics Center - 838 S. 5th Avenue, Denton, MD 21629
Family Medicine - Denton - 836 S. 5th Avenue, Denton, MD 21629
Laboratory Services - 838 S. 5th Avenue, Denton, MD 21629
Rehabilitation Center - 920 B Market Street Denton, MD 21629

Additional medical clinics include:

University of Maryland Urgent Care — Denton - 8 Denton Plaza, Denton, MD 21629
Family Practice, Jensen, Christian, Md - 9307 Corkell Road, Denton, MD 21629

UM Shore Regional Health Diagnostics at Denton - 1140 Blades Farm Road, Suite 102, Denton,
MD 21629

Family Practice, University of Maryland Shore Health System - 1140 Blades Farm Road, Suite
101, Denton, MD 21629

Choptank Community Health System Inc Denton - 808 S Fifth Avenue, Denton, MD 21629
Choptank Community Health System Administration - 301 Randolph Street, Denton, MD 21629
Korah Pulimood, Md - 912 Market Street, Denton, MD 21629

Preston Family Physician Care - 3683 Choptank Road, Preston 21655

Tidal Health Primary Care Federalsburg - 3304 Hayman Drive, Federalsburg, MD 21632
Choptank Community Health Systems Federalsburg, Federalsburg Medical Center - 215
Bloomingdale Avenue, Federalsburg, MD 21632

Choptank Community Health Systems Goldsboro, Goldsboro Medical Center - 316 Railroad
Avenue, Goldsboro, MD 21636

Heath And Public Services Building - 403 South 7th St., Denton, MD 21629

DaVita Kidneycare Dialysis Center - 842 South 5th Ave., Denton, MD 21629
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1 Schools (Shelters)
[ s
i, Caroline County Public Schools BOE - 204 Franklin Street, Denton, MD 21629

Denton Elementary School - 303 Sharp Road, Denton, MD 21629

Federalsburg Elementary School - 302 S University Avenue, Federalsburg, MD 21632
Greensboro Elementary School - 627 N Main Street, Greensboro, MD 21639

Preston Elementary School - 225 Main Street, Preston, MD 21655

Ridgely Elementary School - 118 N Central Avenue, Ridgely, MD 21660

Colonel Richardson Middle School - 25390 Richardson Road, Federalsburg, MD 21632
Lockerman Middle School - 410 Lockerman Street, Denton, MD 21629

Caroline Career & Technology Center - 10855 Central Avenue, Ridgely, MD 21660
Colonel Richardson High School - 25320 Richardson Road, Federalsburg, MD 21632
North Caroline High School - 10990 River Road, Ridgely, MD 21660

Benedictine School (Private) — 14299 Benedictine Lane, Ridgely, MD 21660

Caroline County Early Head Start — 100 N 6th St, Denton, MD 21629

Government
County Owned

Board Of Education - 323 University Ave, Federalsburg, MD 21632
Federalsburg Branch Library - 123 Morris Ave, Federalsburg, MD 21632
County Historical Society - 3395 Linchester Road, Preston, MD 21655

County Commissioners - Historic - Webb Cabin - 23459 Grove Road, Preston, MD 21655
Caroline County 4-H Park - 8230 Detour Road, Denton, MD 21629

Caroline County Community Center - 107 S 4th St, Denton, MD 21629

Board Of Education - 204 Franklin St, Denton, MD 21629

County School Maintenance & Transportation - 414 Gay St, Denton, MD 21629
Caroline County Public Library - 100 Market St, Denton, MD 21629

Caroline County Department of Corrections - 101 Gay St, Denton, MD 21629
Department Of Public Works Building - 520 Wilmuth St, Denton, MD 21629
Caroline County Courthouse - 109 Market St, Denton, MD 21629

Delmarva Community Transit - 10502 Greensboro Road, Denton, MD 21629
Dayspring Townhomes - 12050 School St, Ridgely, MD 21660

The Caroline Center - 12061 School St, Ridgely, MD 21660

Dayspring Townhomes - School St, Ridgely, MD 21660

Caroline County Humane Society - 407 W Belle Road, Ridgely, MD 21660
Caroline County District Court - 207 S 3rd St, Denton, MD 21629

Caroline County Office Building - 411 Franklin St, Denton, MD 21629

O O O o0 O O O O O O O O 0O O OoO O o0 o o

Municipal Owned

Denton Town Hall - 4 N 2nd St, Denton, MD 21629

Goldsboro Town Hall - 505 Oldtown Road, Goldsboro, MD 21636

Preston Town Hall - 105 Back Landing Road, Preston, MD 21655

Town Of Federalsburg Community Center - 223 Kinder St, Federalsburg, MD 21632
Mayor And Council of Federalsburg - 704 Morris Ave, Federalsburg, MD 21632
Federalsburg Town Hall - 118 N Main St, Federalsburg, MD 21632

Town Of Preston - 3690 Choptank Road, Preston, MD 21655

Denton Self Storage - 24 Engerman Ave, Denton, MD 21629

Town Of Denton - Chesapeake Culinary Center - 512 Franklin St, Denton, MD 21629

O O O O O O O O O
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Town Of Denton - Fiber Arts Center - 7 N 4th St, Denton, MD 21629
Denton - Museum of Rural Life - 16 N 2nd St, Denton, MD 21629
Town Of Denton - 414 High St, Denton, MD 21629

Old Denton Town Hall - 13 N Third St, Denton, MD 21629

Hillsboro Town Hall - 22043 Church St, Denton, MD 21629

Town Of Hillsboro - 22004 Main St, Denton, MD 21629

Ridgely Rec Field/Park - W Forth St, Ridgely, MD 21660

Ridgely Town Hall - 2 Central Ave, Ridgely, MD 21660

Greensboro Town Hall — 113 S. Main St, Greensboro, MD 21639
Marydel Town Hall - 319 Main St, Marydel, MD 21649

O O O O O O O O O O

Power Stations
Choptank Electric Cooperation

6905 Reliance Road, Federalsburg, MD 21632
Cemetery Road, Denton, MD 21629

24820 Meeting House Road, Denton, MD 21629
Conrail Road, Federalsburg, MD 21632

10384 River Road, Denton, MD 21629

River Road, Denton, MD 21629

25245 Beauchamp Branch Rd, Denton, MD 21629
10675 Greensboro Road, Denton, MD 21629
1227 Market St, Denton, MD 21629

4307 Bethlehem Road, Preston, MD 21655

O O 0O O O O O O O O

Delmarva Power & Light Company

821 Camp Road, Denton, MD 21629
Pennsylvania Ave, Federalsburg, MD 21632
Cemetery Road, Denton, MD 21629

11711 Eveland Road, Ridgely, MD 21660

Water Treatment Plants (WTP)

O
O
O
O

Jonestown WTP - 109 Market St, Denton, MD 21629

Water Towers

Denton - Engerman Ave, Denton, MD 21629

Denton - Old Camp Rd, Denton, MD 21629

Denton - N 5th Street, Denton, MD 21629

Greensboro - Watertower Aly, Greensboro, MD 21639
Greensboro - Hobbs St, Greensboro, MD 21639

Henderson - Henderson Rd, Henderson, MD 21640
Federalsburg - Caroline Dr, Federalsburg, MD 21632
Preston — Wright St, Preston, MD 21655

Federalsburg — Industrial Park Rd, Federalsburg, MD 21632
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Wastewater Treatment Plants (WWTP)

% Denton WWTP - 650 Legion Rd, Denton, MD 21629

Federalsburg WWTP - 125 Kerney St, Federalsburg, MD 21632

Greensboro WWTP Pump Stations - 13514 Greensboro Rd, Greensboro, MD 21639
Greensboro WWTP - 13875 Greensboro Road, Greensboro, MD 21639

Ridgely WWTP - 23236 W Belle Rd, Ridgely, MD 21660

[ Historic Properties ]

Historic properties in Caroline County were assessed for vulnerability for those hazards with a geographic
extent (defined hazard area) and are included in Chapters 4, 5, 6, and 11. Specifically, the State’s register of
historic properties was assessed for properties within the County and its municipalities. A total of twenty-three
(23) properties in Caroline County are registered in Maryland's National Reqister Properties.

Athol (Building) - Melville Road, Melville Crossroads

Brick House Farm (Building) - 24870 E. Cherry Lane, Ridgely

Castle Hall (Building) - Goldsboro Marydel Road (MD 311), Goldsboro

Chambers Park Log Cabin (Building) - 233 Kinder Street (In Chambers Park), Federalsburg
Daffin House (Building) - Tuckahoe Road, Hillsboro

Denton Armory (Building) - Maple Avenue & Randolph Street, Denton

Denton Historic District - Denton

Denton Schoolhouse (Building) - 104 S. Second Street, Denton

Exeter (Building) - Three Bridges Road, Federalsburg

Federalsburg West Historic District - Roughly bounded by Railroad Avenue, University Avenue,
Bloomingdale Avenue, Denton Road, Idlewild Road, and Marshyhope Creek, Federalsburg, Caroline
County

Jacob and Hannah Leverton House (Building) - 3531 Seaman Road, Linchester

Leonard House (Building) - 308 N. Main Street, Greensboro

Linchester Mill (Building) - 3390 Linchester Road (3395 and 3400 Linchester Rd - NR complex),
Preston

Marble Head (Building) - 24435 Marble Head Road, Ridgely

Memory Lane (Building) - 24700 Williston Road, Williston/Denton

Nanticoke Lodge No. 172 AF & AM (Building) - 112-116 N. Main Street, Federalsburg

Oak Lawn (Building) - 13590 Oakland Road (MD 312), Ridgely

Potter Hall (Building) - 8148 Martin Lane, Williston

St. Paul's Episcopal Church (Building) - 22005 Church Street, Denton

The Neck Meetinghouse and Yard (Building) - Hillsboro Denton Road (MD 404), Denton

West Denton Warehouse/Wharf (Building) - 10215 River Landing Road, Denton

Williston Mill Historic District - 24729 Williston Road, Denton

Willow Grove (Building) - Shepherd Church Road, Four Corners
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" USAFACTS: Climate in Caroline County, Maryland
i National Oceanic and Atmospheric Administration: Climate Change Impacts

il First Street Foundation

v FEMA Caroline County Flood Insurance Study — January 16, 2015
v FEMA Caroline County Flood Insurance Study — January 16, 2015
Vi The Town of Denton Draft 2020 Comprehensive Plan

Vi Federalsburg 2009 Comprehensive Plan

Vi Goldsboro Comprehensive Plan 2009

* Greensboro 2010 Comprehensive Plan

¥ FEMA Caroline County Flood Insurance Study — January 16, 2015
X Town of Hillsboro Comprehensive Plan, 2009

Xi Marydel Comprehensive Plan 2009

Xil Town of Preston Maryland Comprehensive Plan 2005

XV The Town of Ridgely 2009 Comprehensive Plan

* Templeville Comprehensive Plan 2009

»i Goldsboro Comprehensive Plan 2009

it EEMA — Critical Facility

Wil EEMA — Community Lifeline

XX FEMA — Community Lifeline
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Chapter 3 Hazard Identification &

Risk Assessment

Chapter Updates

e Hazards and their associated risks were updated and discussed in this chapter from various
perspectives:
o Hazard Mitigation Planning Committee (HMPC) Perspective — Members Surveyed
o Municipal Perspective — Municipalities Surveyed
o State Perspective — State of Maryland 2021 Hazard Mitigation Plan
o National Perspective — National Risk Index
e A more in-depth qualitative and quantitative assessment was completed for this plan update, which
includes hazard risk for the eleven (11) natural hazards identified in this plan update.
e The Probability of Future Events was updated to reflect the 2023 Fifth National Climate
Assessment.
e The Hazard Risk Analysis & Data section is the new assessment for the plan update. The
methodology for this assessment is provided along with the hazard ranking results.
¢ Hazard event composite and narrative tables have been included in this chapter. Composite tables
were incorporated into the hazard chapters.

h-hr

hﬂ.
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[ Introduction ]

As part of the plan update process, hazards and their associated risks were updated and are discussed in this
chapter from various perspectives:

Hazard Mitigation Planning Committee (HMPC) Perspective — Members Surveyed
Municipal Perspective — Municipalities Surveyed

State Perspective — State of Maryland 2021 Hazard Mitigation Plan

National Perspective — National Risk Index

The National Risk Index
Caroline County, Maryland

Hazard Mitigation Plan

4 T,

202]

State Hazard Mitigation Plan

MARYLAND EMERGENCY MANAGEMENT AGENCY

Caroline County Hazard Mitigation Planning Committee Survey

Each of these perspectives have been further discussed and results presented in Tables 3-1 through 3-4.

In addition to hazard risk perspectives, a more in-depth qualitative and
quantitative assessment was completed for this plan update, which
includes hazard risk for the eleven (11) natural hazards identified. A Relating to, measuring,
composite score method was undertaken. The composite score method or measured by the
was based on a blend of quantitative and qualitative factors extracted from quality of something
the National Centers for Environmental Information (NCEI) database, and
other available data sources. These factors included:

Qualitative

rather than its quantity.

Historical impacts, in terms of human lives and property; Quantitative
Geographic extent;
Historical occurrence;
Future probability; and,
Community perspective.

Relating to, measuring,
or measured by the
guantity of something
rather than its quality.

Home ContactUs AboutNCEI Help

NGEI > Storm Events Database

Storm Events Database

Hazard event data tables are provided in this chapter, however hazard specific composite results are used
throughout the plan, specifically in the hazard chapters, 4-11.

3-1|Page



Caroline County Hazard Mitigation Plan

[ Hazard Mitigation Planning Committee ]

As part of the plan update process, a new Hazard Mitigation Planning Committee (HMPC) including a cross-
section of private and public sector members was formed. One of the initial tasks of the HMPC was to
complete a hazard identification and risk assessment based upon their agency and/or local community
perspective.

HMPC members reviewed previously identified hazards and made minor adjustments for this plan update. Two
(2) new hazards were added and are included in Table 3-1. HMPC committee members were asked to
complete an online survey, Hazard Mitigation Planning Committee Survey, which provided the opportunity to
rate their level of concern for identified hazards. Results from the survey are provided on Table 3-1.

Table 3-1: HMPC Hazard Risk Perspective
HMPC PERSPECTIVE

2019 2023
k2Ll Types of Events Level of Concern Level of Concern
Riverine Flooding Heavy Rain, Flood, & Flash Flood Concerned Concerned
Coastal Flood (Tidal) Coastal Flooding Very Concerned Somewhat
Concerned
Hurricanes Hurricanes, & Tropical Storms Very Concerned Concerned
Shoreline Erosion & Sea Level Rise Shoreline Erosion & Sea Level Rise Somewhat Concerned
Concerned
Cold/Wind Chill, Extreme Cold/Wind Chill,
Winter Storms Blizzard, Frost/Freeze, Heavy Snow, Concerned Concerned
Sleet, Winter Storm, & Winter Weather
Drought & Excessive Heat Drought, Excessive Heat, & Heat Concerned Concerned
Thunderstorms Thunders'torm.Wmd, ngh Wind, Concerned Concerned
Lightning, & Hail
Tornado Funnel Cloud & Tornado Somewhat Somewhat
Concerned Concerned
Power Outages Power Outages Somewhat Concerned
Concerned
New - Emerging Infectious Disease Emerging Infectious Disease N/A Somewhat
Concerned
New - Dam Failure Dam Failure N/A Somewhat
Concerned

Source: 2023 Hazard Mitigation Planning Committee

Comparing 2019 and 2023 ranking results, the following hazards remained the same: Riverine Flooding,
Winter Storms, Drought and Excessive Heat, Thunderstorms, and Tornado. Rankings changed for the following
hazards: Coastal Flood, Coastal Storms, Shoreline Erosion and Sea Level Rise, and Power Outages. Most of
the ranking differences are small with the exception of the Coastal Flood, which is likely due to the limited
percentage of land impacted by coastal/tidal flooding. Caroline County coastal land area is 37% and is located
predominately in the southern portion of the County.

Note: According to FEMA's National Risk Index, specific to the wildfire hazard, the expected annualized
frequency value is 0.143% chance per year. The overall risk index rating for the wildfire hazard in Caroline
County is “relatively low.” Therefore, Caroline County has omitted wildfire, as the aforementioned low risk of
this hazard informed this decision. Wildfire was not included in the previous 2019 version of this plan.
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Municipal Perspective ]

In addition to the survey completed by the HMPC, each municipality was given an opportunity to complete a
separate municipal survey. Municipalities completed the survey from their perspective, not a countywide
perspective. Results for the municipal survey are provided on Table 3-2.

Table 3-2: Municipal Hazard Risk Perspective

MUNICIPAL PERSPECTIVE

0 - o 2 Q o3 - B g L o . 28 o
Levelof =& §& 5§ g5 EE E5y $E % g8f 582 gf
9 9 = 50 =] S 5 o = © =
Concern hZ:E gu_c: % éu%m s 3 Qelﬁ:: Ea ;2- En°_8 Eﬁg I
Municipality
. Deton |
Very X X X
Concerned X X X
Somewhat X X X
Not X
Very X X X
Concerned X X X X
Somewhat X X X X
Not
Very
Concerned X X X X X
Somewhat X X X X
Not X X
Very X X
Concerned X X X X
Somewhat X X X X
Not X
Very X X X X X
Concerned X X
Somewhat X
Not X X X
. Hilsboo |
Very X
Concerned
Somewhat X X X X X
Not X X X X X
Very
Concerned
Somewhat X X X X X X X X
Not X X X
. Peson |
Very
Concerned
Somewhat X X X X X X X X X
Not X X
Very X X X X X
Concerned X X
Somewhat X
Not X X X

Templeville
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Very X

Concerned X X X X X X

Somewhat X X X X

Not

Source: Caroline County Municipalities, 2023
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[ State Perspective

The Maryland Department of Emergency Management (MDEM) published the 2021 Maryland State Hazard
Mitigation Plan Update, which includes the probability and impact of various hazards across the state. As
shown on Table 3-3, the State hazard risk perspective specific to Caroline County does not include any high-

risk hazards, however, does include four (4) medium high-risk hazards which includes: Drought, Flood, High
Wind, and Public Health.

The identification of hazards in the 2021 Maryland State Hazard Mitigation Plan Update are similar to those
used by Caroline County. However, rather than grouping all coastal related hazards together, Caroline County
has chosen to distinctly profile coastal hazards separately. Results for the State hazard risk perspective for
Caroline County are provided on Table 3-3.

Table 3-3: 2021 State Hazard Risk Perspective — Caroline County

STATE HAZARD RISK PERSPECTIVE — CAROLINE COUNTY

Identified Hazard Type of Events State Ranking
Coastal Coa,stal Fl?oding; Coastfal ?torms; Storm S.urg.e; Hurricgne/TropicaI Storm; Medium
Nor’easter; Sea Level Rise; Shoreline Erosion; Tsunami
Drought Drought; Extreme Heat Medium-High
Flood Flood Medium-High
Thunderstorm Thunderstorm; Lightning; Hail Medium
Tornado Tornado Medium-Low
High Wind Thunderstorm winds; Non-thunderstorm wind Medium-High
Winter Storm Winter Storm; Extreme Cold; Nor’easter (Snowfall) Medium
Public Health Epidemic; Endemic; Pandemic; Outbreak; Biological Agent/Toxin Medium-High
Extreme Temperatures Extreme Cold/Wind Chill; Excessive Heat Medium-Low
Dam Failure Dam Failure Medium-Low

Source: 2021 State of Maryland Hazard Mitigation Plan
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[ National Perspective ]

Information has been integrated from FEMA’s recently updated National Risk Index, which according to FEMA
has changed the way risk is assessed. The National Risk Index is a dataset and online tool to help illustrate the
United States communities most at risk for 18 natural hazards. The Risk Index leverages available source data
for natural hazard and community risk factors to develop a baseline risk measurement for each United States
county and Census tract.!

Using data and analysis from FEMA’'s National Risk Index, Caroline County’s risk index is relatively low
compared to other counties in the United States.

Figure 3-1: National Perspective

Risk Index

The Risk Index rating is Relatively Low for Caroline County, MD when compared to the rest of the LS.

Score 76.33

MNational Percentile

Dalawars

Percentile Within Maryland

Eay
z 45.80
0

DELAWARE

100
CGaroline

76% of U.5. counties have a lower Risk Index

46% of counties in Maryland have a lower Risk
Index

¥ Calvert

Dorchester,

Risk Index Legend

. Very High . Relatively High D Relatively Moderate - Relatively Low - Very Low

No Rating [:] Not Applicable . Insufficient Data

Source: National Risk Index — Caroline County

According to the National Risk Index report for Caroline County, hazard type risk ratings are calculated using
data for only a single hazard type, and reflect a community's expected annual loss value, community risk
factors, and the adjustment factor used to calculate the risk value. The report states that low risk is driven by
lower loss due to natural hazards, lower social vulnerability, and higher community resilience.

Hazard type risk ratings for Caroline County compared to the rest of the United States are detailed in Table 3-
4. The National Risk Index provides risk ratings for 18 natural hazards. Results for the National Risk Index —
Hazard Type Risk Ratings perspective for Caroline County are provided on Table 3-4.

36| Page



https://hazards.fema.gov/nri/report/viewer?dataLOD=Counties&dataIDs=C24011

Caroline County Hazard Mitigation Plan

Table 3-4: National Risk Index - Hazard Type Risk Rating Perspective — Caroline County

HAZARD TYPE RISK RATINGS

Identified Hazard National
Coastal Flooding Relatively Low
Drought Relatively Moderate
Hail Relatively Low
Heat Wave Relatively Moderate
Hurricane Relatively Moderate
Ice Storm Relatively Low
Lightning Relatively Low
Riverine Flooding Relatively Low
Strong Wind Relatively Low
Tornado Very Low
Winter Storm Relatively Low

Source: National Risk Index — Caroline County

Note: Hazards that do not impact or have the potential to impact Caroline County were not assessed in the National Risk Index and are not included in
Table 3-4.

In addition, the National Risk Index provides perspective on both community resilience and social vulnerability.
According to the report, communities in Caroline County have a Relatively Moderate ability to prepare for
anticipated natural hazards, adapt to changing conditions, and withstand and recover rapidly from disruptions
when compared to the rest of the U.S; Figure 3-2. Also, social groups in the County have a Relatively High
susceptibility to the adverse impacts of natural hazards when compared to the rest of the U.S; Figure 3-3.

Figure 3-2: National Risk Index — Community Resilience

> b et 1 . [ \
g""'m"'&v r ,zi Kent] j/ h Ny Score 58.27
A S NN
bia, \ J"“ = )'_
s / gﬁ - . ‘ I| H w_ MNational Percentile
’ 7 | 58.27
1
Kent: |
. Delamare Percentile Within Maryland
DELAWARE" i
\ |
T {'
o 0 100
i
L

42% of U.5. counties have a higher Community
Resilience

83% of counties in Maryland have a higher
Community Resilience

Community Resilience Legend

Very High Relatively High [:] Relatively Moderate . Relatively Low - Very Low

[:] Data Unavailable

Source: National Risk Index — Caroline County
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Figure 3-3: National Risk Index — Social Vulnerability
il imo v s .

Score 67.6

Mational Percentile
67.60

Delaware

Percentile Within Maryland
79.20

Bay

Z

0 100
68% of U.5. counties have a lower Social
Vulnerability

79% of counties in Maryland have a lower Social
Vulnerability

Dorchester,

Social Vulnerability Legend
. Very High . Relatively High . Relatively Moderate C] Relatively Low Very Low

. Data Unavailable

Source: National Risk Index — Caroline County

To further focus on the list of identified hazards for this Plan, Table 3-5 presents a list of all federal disaster and
emergency declarations that have occurred in Caroline County since 1972, according to the Federal
Emergency Management Agency. This list presents the foundation for identifying what hazards pose the
greatest risk within Caroline County.

Table 3-5: Presidential Disasters and Emergency Declarations in Caroline County

Presidential Disasters and Emergency Declarations

Declaration # Date Event Details
DR-341-MD 6/23/1972 Flood
DR-524-MD 1/26/1977 Snowstorm

EM-3100-MD 3/16/1993 Snowstorm

DR-1016-MD 3/16/1994 Snowstorm

DR-1081-MD 1/11/1996 Snowstorm

DR-1303-MD 9/24/1999 Hurricane

DR-1324-MD 4/10/2000 Severe Storm

EM-3179-MD 3/14/2003 Severe Storm

DR-1492-MD 9/19/2003 Hurricane

EM-3251-MD 9/13/2005 Hurricane

DR-1652-MD 7/2/2006 Severe Storm

DR-1875-MD 2/19/2010 Snowstorm

DR-1910-MD 5/6/2010 Snowstorm

EM-3335-MD 8/27/2011 Hurricane

DR-4034-MD 9/16/2011 Hurricane

EM-3349-MD 10/28/2012 Hurricane
DR-4091-MD 11/20/2012 Hurricane
DR-4261-MD 3/4/2016 Snowstorm

EM-3430-MD 3/13/2020 Biological (COVID-19)
DR-4491-MD 3/26/2020 Biological (COVID-19)
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[ Probability of Future Events ]

The 2023 Fifth National Climate Assessment summarizes the impacts of climate change on the United States,
now and in the future. In the Northeast, extreme weather events and other climate-driven changes are shaping
mitigation and adaptation efforts, such as coastal wetland restoration and changes in fishing behavior. Many
climate impacts in the region have disproportionate impacts on low-income communities and communities of
color. Cities and states are implementing climate action plans with innovative approaches that embrace
inclusive and equitable processes."

According to the 2023 Fifth National Climate Assessment, key messages for the Northeast Region include:

Key Message 1 - Chronic Impacts of Extreme Weather Are Shaping Adaptation and Mitigation
Efforts

The Northeast continues to be confronted with extreme weather, most notably extreme precipitation—
which has caused problematic flooding across the region—and heatwaves (very likely, high
confidence). In response, climate adaptation and mitigation efforts, including nature-based solutions,
have increased across the region (high confidence), with a focus on emissions reductions, carbon
sequestration, and resilience building (medium confidence).

Key Message 2 - Ocean and Coastal Impacts Are Driving Adaptation to Climate Change

The ocean and coastal habitats in the Northeast are experiencing changes that are unprecedented in
recorded history, including ocean warming, marine heatwaves, sea level rise, and ocean acidification
(high confidence). Changing ocean conditions are causing significant shifts in the distribution,
productivity, and seasonal timing of life-cycle events of living marine resources in the Northeast (high
confidence). These impacts have spurred adaptation efforts such as coastal wetland restoration and
changes in fishing behavior (high confidence).

Key Message 3 - Disproportionate Impacts Highlight the Importance of Equitable Policy Choices
Extreme heat, storms, flooding, and other climate-related hazards are causing disproportionate impacts
among certain communities in the Northeast, notably including racial and ethnic minorities, people of
lower socioeconomic status, and older adults (very likely, very high confidence). These communities
tend to have less access to healthcare, social services, and financial resources and to face higher
burdens related to environmental pollution and preexisting health conditions (very likely, high
confidence). Social equity objectives are prominent in many local-level adaptation initiatives, but the
amount of progress toward equitable outcomes remains uneven (very likely, high confidence).

Key Message 4 - Climate Action Plans Are Now Being Implemented

In recent years, there have been substantial advances in the magnitude and scope of climate action
across all jurisdictional scales (high confidence). Almost every state in the region has conducted or
updated a climate impact assessment, developed a comprehensive climate action plan, and enacted
climate-related laws since 2018 (high confidence). Innovative approaches to transparent, inclusive, and
equitable processes around climate action are being embraced by Tribes, municipalities, and states
(high confidence). Although ambitious emissions reduction targets have been put forward, meeting
these goals is expected to be challenging (medium confidence).

Key Message 5 - Implementation of Climate Plans Depends on Adequate Financing

Options for financing mitigation and adaptation efforts have expanded in recent years, providing
households, communities, and businesses with more options for responding to climate change (high
confidence). Flood insurance allows individuals and communities to recover following extreme flooding
events, but many at-risk homeowners lack adequate coverage (high confidence). Although the public
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sector remains the primary source of funding for adaptation, private capital has started to invest in a
variety of mitigation and adaptation projects, including services for monitoring climate risks and
community-based catastrophe insurance (high confidence).”

[ Hazard Risk Analysis & Data ]

As part of the Plan Update process for Caroline County, a Hazard Identification
and Risk Assessment (HIRA) has been completed. Hazard risk rankings have
been assigned to each of the eleven (11) identified hazards. These scores are
summarized in Table 3-9. Hazard definitions per the National Centers for hazard will occur and
Environmental Information (NCEI) are included within each data table and the severity or impact
included in Table 3-10. Hazard definitions are also included in each hazard-specific from that hazard.
chapter included within this plan.

A risk is the chance,
high or low, that any

Hazard Identification and Risk Assessment Method

The following ranking parameters (Tables 3-5 and 3-6) were used to develop the composite risk score, which
provides the hazard ranking results (High, Medium, or Low) for the eleven (11) identified hazards. Each
parameter was rated on a scale of one (1) to four (4). These parameters, along with their weights, are also
included in Table 3-7.

Table 3-5: Ranking Parameters

Ranking Parameters

Injuries and Death Ranking
Death 4
N/A 3
Injury 2
None 1
Property and Crop Damage Ranking
2 $2M 4
> $501K 3
2 $50k 2
> $0 1
Annualized Events Ranking
2251 4
=21.01 3
>0.11 2
20 1
Probability and Future Ranking
Highly Likely 4
(hazard event is likely to occur more than once every 5 years)
Likely
(hazard event is likely to occur less than every 5 years, but more often than once every 30 years) 3
Occasional
(hazard event is likely to occur once every 15 years) 2
Unlikely
(hazard event is likely to occur less than once every 30 years) 1
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Community Perspective* Ranking
Very Concerned 4
Concerned 3
Somewhat Concerned 2
Not Concerned 1

Sources: National Centers for Environmental Information Storm Events Database
* Caroline County Hazard Mitigation Plan Update HMPC Risk Survey. The Community Perspective Ranking is derived from Question 3 of the HMPC Risk Survey, which
is: “Please indicate your level of concern for each hazard.” Options include “not concerned”, “somewhat concerned”, “concerned”, and “very concerned.”

Table 3-6: Max Geographical Extent
Max Geographical Extent (Hazard Dependent) Ranking

; Coastal Tornado & s High
Rank D h Fl Th Wildf . F
anking Hazards rought ood understorm et ildfire wind Winter
Weather
1 0.00 0 0.00 0-2 events 0-10 events 0 0.00 10”-19”
2 25.00 0.18 10.00 3-5 events 11-17 events 0.4674 60.00 207-29”
3 50.00 0.3421 20.00 6-8 events 18-22 events 2.1545 74.00 307-39”
4 75.00 0.49 30.00 >9 events >23 event 3.9041 95.00 >40”
Sum of all
Avg number tornados
9 ) weighted by F- Average ASCE
% Area based on: # of -
% Coastal . " . scale annual Design
Calculated % Crop in 100-yr events, 2"> hail . . ; Average
Using: Land Area Floodpla and lightnin (F1*1.5, F272, acres Wind Snowfall
g Area odp ghining F3*3, F4*4); burned Speed
in events with
Injuries/Deaths Number of %) s
I Earthquake
Events
TORNADO: NCDC
EARTHQUAKE: WINTER
COASTAL: Maryland WILDFIRE: MD STORM:
Source: Risk Area DROUGHT: FLOOD: THUNDERSTORM: Geological DNR Forest WIND: National
CDL MD FIRMS NCDC Survey Service ASCE Weather
Service

The weighted risk factors in Table 3-7 were used in the equation below to determine the composite risk score
for each identified hazard.

Equation: Composite Score =IN + DT + PD + CD + (GE*1.5) + EV + FP + (CP*1.5)

Table 3-7: Weighted Risk Factors

Weighted Risk Factors

Injuries IN 1

Deaths DT 1

Property Damage PD 1

Crop Damage CD 1
Geographic Extent (Hazard Dependent) GE 15

Events (Annualized) EV 1

Future Probability FP

Community Perspective CP 15
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Hazard Ranking Results

Using the data tables described in the method to populate the parameters, the composite score was
determined for each hazard identified in Table 3-9. Hazard Rankings were assigned accordingly using the
Composite Score, Table 3-8 below. The highest possible composite score is 28.5.

Table 3-8: Composite Score

Composite Score

Composite Score Hazard Ranking
10.0to 12.9 Medium-Low
13.0to 18.9 Medium
19.0to 22.9 Medium-High

Table 3-9, following, provides the hazard risk ranking update results. Thunderstorm, Drought and Extreme
Heat, and Riverine Flood were ranked “High.” Winter Storm was ranked as “Medium-High” risk hazards.
Coastal Flooding, Hurricanes, Mass Power Outage and Emerging Infectious Disease were ranked as “Medium”
risk hazards. Shoreline Erosion and Sea Level Rise, Tornado and Dam Failure were ranked as “Medium-Low”
risk hazards.
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Table 3-9: HIRA Results

Hazard Risk Ranking Results

Injuries

Property &

Geographic Total Events

Future

Community

Composite

Hazard & Crop Extent Annualized Probability Perspective Score 2023
Deaths Damage F':azlf‘_rd
IN DT PD CD GE EV FP CcP cs anxing
Riverine Flooding 2 1 4 3 1 4 4 3 24 -
Coastal Flood (Tidal) 1 1 1 1 2 2 3 2 15 Medium
Hurricanes 11 2 1 2 2 3 3 175 Medium
Shoreline Eros.lon & Sea Level 1 1 1 1 1 1 3 3 12.5 Medium-
Rise Low
Winter Storms 11 2 1 2 4 4 3 20.5 2 -
High
Drought & Excessive Heat 2 1 1 1 4 4 4 3 235
Thunderstorms 2 4 3 1 4 4 4 3 28.5
Tornado 11 2 1 1 1 2 2 12.5 R
Low
Power Outages 11 1 1 1 1 4 3 15 Medium
Dam Failure 11 1 1 1 1 1 2 105 R
Low
Emerging Infectious Disease 2 4 1 1 1 4 1 2 17.5 Medium
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Data Tables

The following data tables are from each hazard profile. These tables are populated with data gathered from the
NCEI Storm Events Database.

The data from these tables populated the injuries and deaths, property and crop damage, and total events
annualized variables of the composite score. NCEI definitions for each hazard are included as part of the data
tables.

Table 3-10 below includes all the hazards included in this plan, along with associated sub-hazards, as well as
their definitions. These definitions are included for each hazard data table in this section, as well as in each
hazard-specific chapter of this plan update.

Note, events included for each hazard were identified as having impacted Caroline County in the past. Due to
the nature of the NCEI Storm Events Database, it is likely that event narratives include hazard impacts to other
communities in Maryland.

Table 3-10: Hazard Definitions

Hazard Definitions

Hazard NCEI Definition
(as included within the NCEI Storm Events Database)

FLOOD

Based on NCEI definitions/criteria: Flash Flood (C). A life-threatening, rapid rise of water into a normally dry
area beginning within minutes to multiple hours of the causative event (e.g., intense rainfall, dam failure, ice
jam). Ongoing flooding can intensify to shorter-term flash flooding in cases where intense rainfall results in a
Flash Flooding | rapid surge of rising flood waters. Flash flooding, such as dangerous small stream or urban flooding and dam or
levee failures, requires immediate action to protect life and property. Conversely, flash flooding can transition
into flooding as rapidly rising waters abate. The Storm Data preparer uses professional judgment in determining
when the event is no longer characteristic of a Flash Flood and becomes a Flood.

Based on NCEI definitions/criteria: Flood (C). Any high flow, overflow, or inundation by water which causes
damage. In general, this would mean the inundation of a normally dry area caused by an increased water level
Flood | in an established watercourse, or ponding of water, that poses a threat to life or property. If the event is
considered significant, it should be entered into Storm Data, even if it only affected a small area. Refer to the
Flash Flood event (Section 14) for guidelines for differentiating between Flood and Flash Flood events.

WINTER STORM

Sleet Based on NCEI definitions/criteria: Sleet (Z). Ice accretion meeting or exceeding locally/regionally defined warning
criteria (typical value is 1/4 or 1/2 inch or more).

Based on NCEI definitions/criteria: Winter Storm (Z). A winter weather event that has more than one significant
hazard (i.e., heavy snow and blowing snow; snow and ice; snow and sleet; sleet and ice; or snow, sleet and ice)
Winter Storm | and meets or exceeds locally/regionally defined 12 and/or 24-hour warning criteria for at least one of the
precipitation elements. If the event that occurred is considered significant, even though it affected a small area,
it should be entered into Storm Data. Normally, a Winter Storm would pose a threat to life or property.

Based on NCEI definitions/criteria: Winter Weather (Z). A winter precipitation event that causes a death, injury,
or a significant impact to commerce or transportation, but does not meet locally/regionally defined warning
criteria. A Winter Weather event could result from one or more winter precipitation types (snow, or

Winter Weather | blowing/drifting snow, or freezing rain/drizzle). The Winter Weather event can also be used to document out-of-
season and other unusual or rare occurrences of snow, or blowing/drifting snow, or freezing rain/drizzle. If the
event that occurred is considered significant, even though it affected a small area, it should be entered into
Storm Data.

Based on NCEI definitions/criteria: Cold / Wind Chill (2). (Z). Period of low temperatures or wind chill
temperatures reaching or exceeding locally/regionally defined advisory (typical value is -180 F or colder)
conditions. If the event that occurred is considered significant, even though it affected a small area, it should be
entered into Storm Data. There can be situations where advisory criteria are not met, but the combination of
seasonably cold temperatures and low wind chill values (roughly 15 degrees F below normal) may result in a
fatality. In these situations, a cold/wind chill event may be documented if the weather conditions were the
primary cause of death as determined by a medical examiner or coroner. Normally, cold/wind chill conditions
should cause human and/or economic impact.

Cold/Wind Chill
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Extreme Cold/Wind
Chill

Thunderstorm
Wind

Based on NCEI definitions/criteria: Extreme Cold (Z). A period of extremely low temperatures or wind chill
temperatures reaching or exceeding locally/regionally defined warning criteria (typical value around -35 degrees
F or colder). If the event that occurred is considered significant, even though it affected a small area, it should
be entered into Storm Data. Normally these conditions should cause significant human and/or economic impact.
However, if fatalities occur with cold temperatures/wind chills but extreme cold/wind chill criteria are not met, the
event should also be included in Storm Data as a Cold/Wind Chill event and the fatalities are direct.

SEVERE WEATHER

Based on NCEI definitions/criteria: Thunderstorm Wind (C). Winds, arising from convection (occurring within 30
minutes of lightning being observed or detected), with speeds of at least 50 knots (58 mph), or winds of any
speed (non-severe thunderstorm winds below 50 knots) producing a fatality, injury, or damage. Maximum
sustained winds or wind gusts (measured or estimated) equal to or greater than 50 knots (58 mph) will always
be entered. Events with maximum sustained winds or wind gusts less than 50 knots (58 mph) should be entered
as a Storm Data event only if the result in fatalities, injuries, or serious property damage. Storm Data software
permits only one event name for encoding severe and non-severe thunderstorm winds. The Storm Data
software program requires the preparer to indicate whether the sustained wind or wind gust value was measured
or estimated.

Hail

Based on NCEI definitions/criteria: Hail (C). Frozen precipitation in the form of balls or irregular lumps of ice.
Hail 3/4 of an inch or larger in diameter will be entered. Hail accumulations of smaller size, which cause property
and/or crop damage or casualties, should be entered. Maximum hail size will be encoded for all hail reports
entered.

Lightning

Based on NCEI definitions/criteria: Lightning (C). A sudden electrical discharge from a thunderstorm, resulting in
a fatality, injury, and/or damage.

High Wind

Tornado

Based on NCEI definitions/criteria: High Wind (Z). Sustained non-convective winds of 35 knots (40 mph) or
greater lasting for 1 hour or longer, or gusts of 50 knots (58 mph) or greater for any duration (or otherwise
locally/regionally defined). In some mountainous areas, the above numerical values are 43 knots (50 mph) and
65 knots (75 mph), respectively. If the event that occurred is considered significant, even though it affected a
small area, it should be entered into Storm Data.

TORNADO
Based on NCEI definitions/criteria: Tornado (C). A violently rotating column of air, extending to or from a
cumuliform cloud or underneath a cumuliform cloud, to the ground, and often (but not always) visible as a
condensation funnel. For a vortex to be classified as a tornado, it must be in contact with the ground and extend
to/from the cloud base, and there should be some semblance of ground-based visual effects such as dust/dirt
rotational markings/swirls, or structural or vegetative damage or disturbance.

Funnel Cloud

Heat

Drought

Based on NCEI definitions/criteria: Funnel Cloud (C). A rotating, visible extension of a cloud pendant from a
convective cloud with circulation not reaching the ground. The funnel cloud should be large, noteworthy, or
create strong public or media interest to be entered.

EXTREME HEAT
Based on NCEI definitions/criteria: Heat (Z). A period of heat resulting from the combination of high
temperatures (above normal) and relative humidity. A Heat event occurs and is reported in Storm Data
whenever heat index values meet or exceed locally/regionally established advisory thresholds. Fatalities or
major impacts on human health occurring when ambient weather conditions meet heat advisory criteria are
reported using the Heat event. If the ambient weather conditions are below heat advisory criteria, a Heat event
entry is permissible only if a directly related fatality occurred due to unseasonably warm weather, and not man-
made environments.

DROUGHT

Based on NCEI definitions/criteria: Drought (Z). Drought is a deficiency of moisture that results in adverse
impacts on people, animals, or vegetation over a sizeable area. Conceptually, drought is a protracted period of
deficient precipitation resulting in extensive damage to crops, resulting in loss of yield. There are different kinds
of drought: meteorological, agricultural, hydrological, and social-economic. Each kind of drought starts and ends
at different times.
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Flood

. J

Table 3-11: Heavy Rain Event Composite

Heavy Rain Events - 1996 —2023

52 Heavy Rain events - Frequency 1.93

Number of Days with Event and Death: 0
Number of Days with Event and Injury: 0
Number of Days with Event and Property Damage: 0
Number of Days with Event and Crop Damage: 0
Number of Event Types reported: 52 Heavy Rain

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Heavy Rain (C). An unusually large amount of rain which does not cause a Flash Flood or
Flood event, but causes damage, e.g., roof collapse or other human/economic impact. Heavy Rain will no longer be acceptable as
a means to record low-impact or isolated flood events.

Table 3-12: Heavy Rain Event Narratives
Location Date Event Narrative

Tropical Storm Bertha passed through Southeast Maryland the morning of the 13th. The strongest
winds remained near the shore, but wind gusts did become strong enough to take down tree

July 12, 1996 to July 13,

Countywide branches across the Eastern Shore. Storm totals averaged between 3 and 5 inches. Most of the rain
1996 . . . . }
fell during a twelve to eighteen-hour period, there was some urban and poor drainage flooding, but
no major problems. Rainfall at Federalsburg was 4.9 inches.
. August 12, 1996 to Storm totals averaged 2 to 3 inches, but since this was spaced over 24 hours, flooding was generally
Countywide ) : .
August 13, 1996 confined to poor drainage locations.

Heavy rain associated with the remnants of Tropical Storm Josephine affected the Maryland Eastern
Shore primarily during the daylight hours on the 8th. Peak wind gusts reached between 30 and 40

Countywide October 8, 1996 mph in most areas. While the heavy rain did cause the usual poor drainage flooding, recent dry

weather and foliage still on the trees prevented further flooding. The wind gusts did pull down some
small limbs. Storm totals included 2.40 inches in Federalsburg, 1.90 inches in Newark, Delaware and
0.87 inches in Conowingo.
Countywide October 18, 1996 N/A
A slow-moving low-pressure system moved from the central Ohio Valley the morning of the 12th to
Williamsburg Virginia the morning of the 13th to about 100 miles east of Fenwick Island Delaware the
morning of the 14th and then drifted southeast to about 275 miles southeast of Fenwick Island
Delaware the morning of the 15th. This produced about 48 hours of continuous rain from the evening
Countywide December 12, 1996 of the 12th through the evening of the 14th. Rain became heavy at times during the night of the 13th.
Storm totals averaged between two and three inches. Since the rain was spread over an extended
period, only some urban and poor drainage flooding occurred. Precipitation totals included 3.76
inches at Newark Delaware, 2.85 inches at the Baltimore-Washington International Airport and 1.86
inches at Salisbury.
December 1996 was one of the wettest Decembers on record for the Maryland Eastern Shore.

Countywide December 31, 1996 Rainfall amounts were three to five inches above normal.
Countywide havs 1?33;0 MED Storm totals averaged 1.5 to 2.5 inches, with some locally lower amounts.
Countywide August 20, 1997 Storm totals averaged between 5 to 8 inches across Caroline County.
Countywide January 23, 1998 Storm totals averaged between 1.25 inches and 2.25 inches across the Maryland Eastern Shore.
Countywide January 28, 1998 Storm totals rangeq from around 3._5 inches in southern parts of Caroline County. In Caroline County
most, roads were littered with tree limbs.

. February 4, 1998 to In Caroline County, along tidal sections of the Choptank River, a couple of roads were closed on the

Countywide
February 5, 1998 5th.

Countywide February 23, 1998 Storm totals included 2.40 inches in Federalsburg.
Countywide bAETE 851?32;0 LAEEl Storm precipitation totals included 1.50 inches in Federalsburg.

Continuing a trend that has persisted all year long, March 1998 was unseasonably wet across the
Countywide March 31, 1998 Delmarva Peninsula. Monthly precipitation totals on a county weighted average were between 5.2
and 6.3 inches, a departure of about 2.0 to 2.5 inches above normal.
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Location Date Event Narrative
A series of low-pressure systems that passed through the Middle Atlantic States and then stalled
offshore gave the Maryland Eastern Shore nearly five days of continuous rain from when it started
Countvwide Mav 8. 1998 early in the morning on Friday the 8th until it exited the state from north to south on Tuesday the
y e 12th. Storm totals averaged between 2.0 to 3.0 inches. Storm totals included 3.09 inches in
Conowingo (Cecil County), 2.80 inches in Salisbury, 2.14 inches at the Baltimore -Washington
International Airport and 2.00 inches in Federalsburg (Caroline County).
Countywide October 8, 1998 The storm total in Federalsburg was 3.1 inches.
Countywide January 3, 1999 Doppler Radar storm total estimates for the entire event averaged between 1.0 and 2.0 inches
across the Maryland Eastern Shore.
Countywide January 15, 1999 There was some poor Firalnage flooding, but no serious problems were reported. The storm total in
Federalsburg was 2.1 inches.
January 1999 finally broke a string of unseasonably dry months that prevailed during the second half
. of 1998. Along the Eastern Shore, January monthly precipitation totals averaged around 200% of
SERURER EIEL7 Sl i) normal. On a county weighted average, precipitation monthly totals ranged from 5.8 inches in Kent
County to 6.8 inches in Caroline County and was about 3 inches above normal.
. March 21, 1999 to March . . . . .
Countywide 22 1999 No serious flooding or damage was reported. Storm totals included 1.5 inches in Federalsburg.
Cent.ral July 22, 1999 Storm totals included 3.08 inches in Denton.
Portion
. A warm front that slowly moved through the Eastern Shore during the evening of the 25th helped
Countywide August 25, 1999 trigger thunderstorms with heavy rain. Radar estimated storm totals ranged from one to three inches.
Courtesy of Hurricane Floyd, September 1999 went down as one of the wettest Septembers on
Countywide September 30. 1999 record. In the state of Maryland, the statewide monthly average rainfall of 9.02 inches was the third
y P ’ wettest September on record since 1895. Monthly county weighted rainfall amounts averaged even
higher along the Eastern Shore, all in the double digits.
. December 13, 1999 to . . . .
Countywide December 14, 1999 Storm totals included 1.20 inches in Federalsburg (Caroline County).
Countywide e e Rorlelaich Storm totals included 3.6 inches in Federalsburg (Caroline County).

22, 2000

Federalsburg

June 27, 2000

Thunderstorms dropped heavy rain across southern Caroline County during the late afternoon of the
27th. Storm totals averaged between 1 and 3 inches and caused considerable poor drainage
flooding. No serious injuries were reported. The storm total from Federalsburg was 2.80 inches.

September 2000 continued the trend of unseasonably wet weather for the Maryland Eastern Shore.
On a county weighted average, September monthly rainfall totals were all above average and ranged

COUITIED SEPETEE €, 200 from 4.9 inches in Cecil County to 6.7 inches in Caroline County. Normal monthly rainfall is around
3.7 inches.

. September 25, 2000 to . . . .
Countywide September 26, 2000 Storm totals included 3.20 inches in Federalsburg (Caroline County).
Countywide March 21, 2001 Storm totals included 2.20 inches in Federalsburg (Caroline County).
Countywide May 25, 2(2)8(1)1t0 May 26, Storm totals included 2.5 inches in Federalsburg (Caroline County).

. October 10, 2002 to . . .
Countywide October 11, 2002 Two-day storm totals were 3.90 inches in Federalsburg (Caroline County).
Countywide February 22, 2003 Storm totals included 1.50 inches in Federalsburg (Caroline County).
Countywide May 16, 2003 Storm totals included 3.40 inches in Federalsburg (Caroline County).
Countywide June 20, 2003 Storm totals included 1.60 inches in Federalsburg (Caroline County).
Countywide September 18, 2003 g’g)Jnmt;)c)tals included 3.40 inches in Federalsburg (Caroline County), 3.13 inches in Denton (Caroline
Countywide February 6, 2004 Storm totals included 1.20 inches in Federalsburg (Caroline County).
Countywide el 2ggg;o el Specific storm totals included 2.50 inches in Federalsburg (Caroline County)
Countywide May 20, 2005 Specific storm totals included 4.30 inches in Federalsburg (Caroline County).

October 7. 2005 to Remnants of Tropical Storm Tammy produced very heavy rain across the Maryland Eastern Shore

Countywide : from the late evening on the 7th into the afternoon of the 8th. Doppler Radar storm total estimates

October 8, 2005

averaged between three and six inches with the highest amounts in Caroline County.

Federalsburg

March 16, 2007

Precipitation storm totals included 3.00 inches in Federalsburg (Caroline County).

Federalsburg

April 15, 2007 to April 16,
2007

The gusty northwest winds on Monday the 16th caused scattered power outages for both Delmarva
Power and Choptank Electric Cooperative. Storm totals included 5.63 inches in American Corner
(Caroline County), 3.80 inches in Federalsburg (Caroline County).

Denton & December 11, 2008 to N . . . . .
Greensboro December 12, 2008 Event precipitation totals included 3.16 inches in Greensboro and 3.12 inches in Denton.
Choptank November 12, 2009 to Event precipitation totals included 2.99 inches in Denton (Caroline County), 2.90 inches in

November 13, 2009

Greensboro (Caroline County)
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Location Date Event Narrative
Mt. Zion March 13, 2010 Event precipitation totals included 3.47 inches in Greensboro and 3.03 inches in Denton.
Hillsboro September 19, 2016 The remnants of tro_p|cal storm Julia and a frontal boundary mten_’acted Iea_dlng to several rounds of
rainfall over the region. Two three quarters of an inch of rainfall was measured.
Greensboro September 19, 2016 The remnants of tropical storm Julia and a frontal boundary interacted leading to several rounds of

rainfall over the region. Over five and a half inches of rain was measured with 4 inches in two hours.

American The remnants of tropical storm Julia and a frontal boundary interacted leading to several rounds of
September 19, 2016 . . . . ; . .

Corners rainfall over the region. Just over 5 inches of rain was measured with 4 inches in 3 hours.

The remnants of tropical storm Julia and a frontal boundary interacted leading to several rounds of

rainfall over the region. Three and a half inches of rain fell in 90 minutes.

A slow-moving frontal boundary coupled with tropical moisture advecting northward ahead of the

Greensboro September 29, 2016 front led to rounds of heavy showers in Maryland from the 27th into the next couple of days. Several

occurrences of both nuisance and flash flooding were also reported. Three inches of rain fell.

A slow-moving frontal boundary coupled with tropical moisture advecting northward ahead of the

front led to rounds of heavy showers in Maryland from the 27th into the next couple of days. Several

occurrences of both nuisance and flash flooding were also reported. Four and a half inches of rain

fell.

2023 HMP Update

Hillsboro August 5, 2022 Scattered thunderstorms developed across the Delmarva peninsula resulting in locally heavy rainfall
’ and isolated wind damage. Mesonet station TS817 storm total rainfall near Tuckahoe
Scattered thunderstorms developed across the Delmarva peninsula resulting in locally heavy rainfall
Hillsboro August 6, 2022 and isolated wind damage. CoCoRaHS station MD-CL-10 storm total rainfall 5.8 miles west-
southwest of Denton.

Source: National Center for Environmental Information (NCEI), 2023.

Williston September 19, 2016

Federalsburg September 29, 2016

Note: No property damage was reported in the National Environmental for Center Information.

Table 3-13: Flood Event Composite

Flood Events
Caroline County from January 1996 — June 2023

8 Flood events — Frequency 0.30
Number of Days with Event and Death:

Number of Days with Event and Injury:

0| OIN| OO

Number of Days with Event and Property Damage: $1.050M
Number of Days with Event and Crop Damage: $0
Number of Event Types reported: Flood

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Flood (C). Any high flow, overflow, or inundation by water which causes damage. In general, this
would mean the inundation of a normally dry area caused by an increased water level in an established watercourse, or ponding of
water, that poses a threat to life or property. If the event is considered significant, it should be entered into Storm Data, even if it only
affected a small area. Refer to the Flash Flood event (Section 14) for guidelines for differentiating between Flood and Flash Flood
events.

Table 3-14: Flood Events Narratives

Property

Location Date Event Narrative
Damage

The combination of the remnants of Tropical Storm Ernnesto and a large high-
pressure system over eastern Canada produced heavy rain and strong winds along
the Maryland Eastern Shore. Actual storm totals included 5.50 inches in American
Corner (Caroline County), 4.90 inches in Federalsburg (Caroline County),
The heavy rain caused flooding along the three main waterways in Caroline County
and forced traveling detours into the 10th. The Tuckahoe Creek flooded near
December 9, 2009 Maryland State Route 404 in Queen Anne and Hillsboro. In Federalsburg, flooding
Hillsboro to December 10, along the Marshy Hope Creek flooded the marina and park. Sheds, outbuildings, and Not Available
2009 fields were flooded. Roadways were also closed in Ridgely and Denton. Event
precipitation totals included 2.80 inches in Federalsburg, 2.59 inches in Denton and
2.58 inches in Greensboro.

Countywide  September 1, 2006 Not Available
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Property

Location Date Event Narrative
Damage

In Caroline County, about two dozen homes and businesses were damaged by
flooding and wind. Flooding occurred along the Choptank River in Greensboro.
Flooding also occurred along Marshyhope Creek in Federalsburg. Flooding rains
forced the closure of sections of Maryland State Routes 313, 619, 314 and 480. In all
the combination of wind and flooding rain closed twenty roadways in the county.
Auction Road near Harmony was the hardest hit and took weeks to re-open. Event
rainfall totals included 11.68 inches in Denton, 10.50 inches in Hickman and 9.58
inches in Greensboro.

The heavy rain that fell across Caroline County not only caused poor drainage
flooding but exacerbated the tidal flooding along Chesapeake Bay. Event
precipitation totals included 10.55 inches in American Corner, 9.93 inches in
Greensboro and 8.93 inches in Denton.

Newton May 2, 2016 High water was reported near Rabbit Hill Rd and Route 309. Not Available
Heavy rain from thunderstorms resulted in some high water on roadways with no

Dessard August 28, 2011 $250.00K

Choptank October 29, 2012 $800.00K

Denton May 2, 2016 Not Available
road closures.
Choptank Septzr&b g r29, Intersection of Waterstreet and Choptank roads closed due to flooding Not Available

2023 HMP Update

Head rain led to flooding along the Choptank River. The Greensboro gage along
the Choptank River exceeded flood stage, due to 3 to 5 inches of rainfall over three
days, resulting in minor flooding on the Greensboro Carnival Ground and a few
backyards along the river.

Source: National Center for Environmental Information (NCEI), 2023.

Greensboro May 19, 2018 Not Available

Table 3-15: Flash Flood Event Composite

Flash Flood Events
Caroline County from January 1996 — June 2023

19 Flash Flood events — Frequency 0.70

Number of Days with Event and Death: 0

Number of Days with Event and Injury: 1

Number of Days with Event and Property Damage: 4 $7.360M
2 $1.01M

Number of Days with Event and Crop Damage:

Number of Event Types reported: 19 Flash Flood

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Flash Flood (C). A life-threatening, rapid rise of water into a normally dry area beginning within
minutes to multiple hours of the causative event (e.g., intense rainfall, dam failure, ice jam). Ongoing flooding can intensify to
shorter-term flash flooding in cases where intense rainfall results in a rapid surge of rising flood waters. Flash flooding, such as
dangerous small stream or urban flooding and dam or levee failures, requires immediate action to protect life and property.
Conversely, flash flooding can transition into flooding as rapidly rising waters abate. The Storm Data preparer uses professional
judgment in determining when the event is no longer characteristic of a Flash Flood and becomes a Flood.

Table 3-16: Flash Flood Event Narrative

Location Date Event Narrative Property
Damage
Western June 20, 1996 N/A Not Available
In Caroline County, towns near rivers (Denton, Federalsburg, Greensboro, and
Hillsboro) bore the brunt of the damage. Six roads and thirty bridges needed repairs.
September 16, About 20 people were in shelters throughout the county. A dam break near Harmony
Countywide 1999 to closed Maryland State Route 16. Other dam failures or spillovers occurred on Lake $3.25Million
September 17, Bonnie near Goldsboro, Crouse Mill in Tuckahoe State Park and Chambers Lake near ’
1999 Federalsburg. Three schools suffered water damage. Large pieces of roadways
collapsed on Maryland State Route 480 and Second Street in Denton. Infrastructure
damage alone was estimated as high as 2.5 million.
West Portion July 15, 2000 Doppler Radar Storm total estimates reached between 3 and 4 inches around western Not Available

Caroline County. Storm totals included 2.7 inches in Federalsburg (Caroline County).
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Location

Date

Event Narrative

Property
Damage

Countywide

June 17, 2001

Showers and thunderstorms associated with the remnants of Tropical Storm Allison
dropped heavy rain across Caroline County during the early morning of the 17th. The
heavy rain caused flash flooding of streams as well as damage to crops in the county.
Forty-one roads had washouts and eleven roads were closed. Three roads remained
closed at the start of the work week (the 18th) and one bridge needed to be inspected
for possible damage. Five percent of the agricultural land within the county was
damaged by the flooding. No serious injuries were reported. Storm totals included 7.50
inches in Denton, 5.80 inches in American Corner and 4.80 inches in Federalsburg.
The remnants of Allison had lesser effect elsewhere across the Maryland Eastern
Shore, where Doppler Radar storm total estimates were mainly between one and two
inches.

$10K

Southern
Portion

August 11, 2001

Doppler Radar storm total estimates reached between 3 and 5 inches across southern
Caroline County. Along the Caroline and Talbot County border, Maryland State Route
328 was flooded near Tuckahoe Creek. Federalsburg (Caroline County) reported 3.50
inches of rain.

Not Available

Southern
Portion

June 25, 2006

Repeating thunderstorms with torrential downpours dropped up to around one foot of
rain across southern parts of Caroline County. This caused extensive roadways, field
and stream flooding. The hardest hit was Federalsburg where 11.5 inches of rain fell.
An emergency was declared the morning of the 25th. About 40 people were evacuated
along Marshyhope Creek where the worst flooding occurred. President George W.
Bush declared Caroline and County a disaster area.

$5M

Northeast
Portion

June 26, 2006

Slow moving thunderstorms with heavy rain caused roadway, low lying area and creek
flooding mainly in the eastern parts of Caroline County. Doppler Radar storm total
estimates averaged between two and five inches for the day. A Skywarn spotter
reported 4.61 inches of rain for the calendar day in Denton (Caroline County).

Not Available

Ridgely

August 25, 2007
to August 26,
2007

Thunderstorms with torrential downpours caused flooding of smaller streams, fields
and poor drainage areas in west central Caroline County. Doppler Radar storm total
estimates were 3 to 5 inches.

Not Available

Baltimore
Corner

August 22, 2009

Torrential downpours from nearly stationary thunderstorms caused major damage to
several roads and properties in Ridgely, Greensboro, and Goldsboro in Caroline
County. A rainfall measurement from Ridgely came in with a storm total of 9.55 inches
of rain. In Ridgely, seven roads including Maryland State Road 480 were closed due to
flooding and three (Central Avenue, Holly Road and Peaviner Road) of them are
expected to be closed for a while due to roadway damage.

$110K

Ridgely

August 22, 2009

Thunderstorms with torrential downpours rapidly caused flash flooding of smaller
streams and roadways in central Caroline County. Event precipitation totals included
13.13 inches in Ridgely and 6.65 inches in Denton.

Not Available

Denton

August 28, 2009

Thunderstorms with heavy downpours caused flash flooding within the Choptank River
Basin in Caroline County. A couple of roadways were closed in Ridgely and also
between Ridgely and Denton.

Not Available

Marydel

August 27, 2011
to August 28,
2011

Hurricane Irene produced heavy flooding rain, tropical storm force wind gusts and
caused one wind related death across the Eastern Shore. Tropical storm force wind
gusts overspread the Eastern Shore during the afternoon and early evening of the 27th
and persisted into the afternoon of the 28th. Peak wind gusts averaged 50 to 60 mph.
The strongest winds associated with Irene occurred at two distinct times. The first
surge occurred during bands of heavier rain during the evening and late night of the
27th. The second peak occurred during the late morning and early afternoon of the
28th when skies were clearing, and deeper mixing of the atmosphere brought stronger
winds to the ground. The rain associated with Irene overspread the Eastern Shore
between 7 a.m. EDT and Noon EDT on the 27th, fell at its heaviest from the late
afternoon of the 27th into the early morning of the 28th and ended around Noon EDT
on the 28th. Event precipitation totals averaged 6 to 12 inches and caused widespread
field and roadway flooding. Because the flash flooding and flooding blended into one,
all flooding related county entries were combined into one under flood events.

On August 25, Maryland Governor Martin O'Malley declared a state of emergency in
preparation for Irene. In Caroline County, sections of Maryland State Routes 287, 313,
31 and 311 were among twenty roadways that were closed. Two dozen homes were
damaged by the flooding and wind. About 5,500 homes and businesses lost power.

Not Available

Harmony

August 26, 2012

Thunderstorms with torrential downpours caused flash flooding in western Caroline
County. Doppler Radar storm total estimates were around 8 inches.

Not Available

Harmony

August 26, 2012

Thunderstorms with torrential downpours caused small stream and drainage flash
flooding in northern Caroline County. Doppler Radar storm total estimates were around
7 inches. Event precipitation totals included 5.30 inches in Denton.

Not Available

Dessard

September 2,
2012

Thunderstorms with torrential downpours caused flash flooding in Federalsburg. A few
roadways were flooded and closed.

Not Available

3-20|Page



Caroline County Hazard Mitigation Plan

Property

Location Date Event Narrative
Damage

Heavy rain caused flash flooding along several roadways and along small streams in
Caroline County from the late afternoon through the night of the 7th. High water led to
several road closures near Denton; including River Road, the intersection of New
Bridge Road and Saulsbury Road, and the intersection of Burrsville Road and Baker
Road. A section of Sunset Boulevard in Ridgely and a stretch of American Corner
Road in Harmony were also closed for a time due to flooding. In addition, four trees
were downed in the county due to the combination of heavy rain and saturated ground.
The locations for the downed trees are as follows: County Farm Road near Denton, the
intersection of Craft Road and Seaman Road in Preston, and the intersection of Jarrell
Road and Drapers Mill Road in Goldsboro. Event precipitation totals included 5.52
inches in Denton, 5.18 inches in Greensboro, 5.05 inches in Hillsboro, and 2.78 inches
in Newton.
Thunderstorms with torrential downpours caused flash flooding of creeks and
roadways in southwestern Caroline County near the Tuckahoe River. Event
Hillsboro July 12, 2013 precipitation totals included 3.42 inches in Henderson, 2.66 inches in Greensboro and Not Available
1.80 inches in Federalsburg. Doppler Radar storm total estimates reached 4 inches in
the heaviest band in the county.
September 29, Three to five inches of rain fell mostly in a short duration. Flooding closed River landing
2016 road.

Mt Zion June 7, 2013 Not Available

Denton Not Available

2023 HMP Update

Several areas of flash flooding occurred due to heavy rain. Rainfall totals of 1 to 3
Denton August 11, 2018 inches were reported in northeastern Maryland. Additionally, severe thunderstorms Not Available
impacted the area. Flash flooding occurred on Route 404 to the south of Denton.

Source: National Center for Environmental Information (NCEI), 2023.
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Table 3-17: Tropical Storm Event Composite

Tropical Storm Events
Caroline County from January 1996 — June 2023

4 Tropical Storm events — Frequency 0.15
Number of Days with Event and Death:

Number of Days with Event and Injury:
Number of Days with Event and Property Damage:

$135,000

$0
Tropical Storm

Number of Days with Event and Crop Damage:

A| Ol »,|O|O

Number of Event Types reported:

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Tropical Storm (Z). A tropical cyclone in which the 1-minute sustained surface wind ranges from
34 to 63 knots (39 to 73 mph). A Tropical Storm should be included as an entry when these conditions are experienced in the
WEFOQO'’s (Weather Forecast Office) CWA (County Warning Area).

Table 3-18: Tropical Storm Event Narrative

Storm . Propert
Date Event Narrative perty
Event Damage
. September  Storm totals included 3.40 inches in Federalsburg (Caroline County), 3.13 inches in Denton (Caroline
Tropical
18 to County) .
Storm Not Available
Isabel September
19, 2003

Tidal flooding occurred during the early evening as the surge averaged two to three feet and affected

Tropical September mainly Talbot and Caroline Counties. Peak wind gusts included 37 mph in Ridgely (Caroline County).
Storm Gp 2008 Precipitation totals included 1.99 inches in American Corner (Caroline County), 1.61 inches in Denton  Not Available
Hanna ’ (Caroline County). The storm surge was estimated to reach 4 feet above normal in the Choptank

River in Caroline County.

Hurricane Irene produced heavy flooding rain, tropical storm force wind gusts and caused one wind
related death across the Eastern Shore. Preliminary damage estimates were around three million
dollars and approximately 85,000 homes and businesses lost power. Power was not fully restored
until September 1st. The combination of heavy rain and wind closed numerous roadways across the
Eastern Shore and downed thousands of trees. Some schools were unable to open on Monday
August 29th. There was a temporary ban on harvesting shellfish along Chesapeake Bay because of
the excessive runoff. Some tomato, corn, watermelon, and cantaloupe crops were destroyed. It was
estimated that 30,000 chickens were also killed by the effects of Irene. Tropical storm force wind
gusts overspread the Eastern Shore during the afternoon and early evening of the 27th and persisted
into the afternoon of the 28th. Peak wind gusts averaged 50 to 60 mph. The strongest winds
associated with Irene occurred at two distinct times. The first surge occurred during bands of heavier
rain during the evening and late night of the 27th. The second peak occurred during the late morning
and early afternoon of the 28th when skies were clearing, and deeper mixing of the atmosphere
brought stronger winds to the ground. The rain associated with Irene overspread the Eastern Shore
between 7 a.m. EDT and Noon EDT on the 27th, fell at its heaviest from the late afternoon of the
27th into the early morning of the 28th and ended around Noon EDT on the 28th. Event precipitation
totals averaged 6 to 12 inches and caused widespread field and roadway flooding. Because the flash
flooding and flooding blended into one, all flooding related county entries were combined into one
under flood events. On August 25, Maryland Governor Martin O'Malley declared a state of
emergency in preparation for Irene In Caroline County, sections of Maryland State Routes 287, 313,
31 and 311 were among twenty roadways that were closed. Two dozen homes were damaged by the
flooding and wind. About 5,500 homes and businesses lost power.

2023 HMP Update

Tropical Storm Isaias brought high winds, heavy rain, several tornadoes, and coastal flooding to the

August 4, mid-Atlantic region, becoming the most impactful tropical cyclone to impact most of the region since
2020 Sandy in 2012. A couple reports of downed trees and road closures were received. Observations
from surrounding counties suggest it is very likely sustained tropical storm force winds occurred.

Source: National Center for Environmental Information (NCEI), 2023.
Note: No hurricanes or tropical depressions were reported in the National Environmental for Center Information

for Caroline County.

Tropical August 28
Storm to August
Irene 29, 2011

$135K

Tropical
Storm
Isaias

Not Available
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Table 3-19: Coastal Flood Event Composite

Coastal Flood Events
Caroline County from January 1996 — June 2023

4 Coastal Flood events — Frequency 0.18

Number of Days with Event and Death:

Number of Days with Event and Injury:

Number of Days with Event and Property Damage: $0

Number of Days with Event and Crop Damage: $0

0| O|o| oo

Number of Event Types reported: Coastal Flood

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Coastal Flood (Z). Flooding of coastal areas due to the vertical rise above normal water level
caused by strong, persistent onshore wind, high astronomical tide, and/or low atmospheric pressure, resulting in damage, erosion,
flooding, fatalities, or injuries. Coastal areas are defined as those portions of coastal land zones (coastal county/parish) adjacent to
the waters, bays, and estuaries of the oceans. Farther inland, the Storm Data preparer determines the boundary between coastal
and inland areas, where flood events will be encoded as Flash Flood or Flood rather than Coastal Flood. Terrain (elevation) features
will determine how far inland the coastal flooding extends.

Table 3-20: Coastal Flood Event Narrative

Storm

Date Event Narrative
Event

The remnants of Hurricane Fran moved through West Virginia on the 6th reaching northwest Pennsylvania the morning of
the 7th. The strong south to southeast winds accompanying it caused tidal flooding along Chesapeake Bay. Flooding also
extended inland along tidal sections of rivers and creeks that drain into the bay. The tide gage at Tolchester Beach in Kent
County reached 4.8 feet above mean low water. This was a tidal departure of 2 to 2.5 feet above normal. One man was
injured in Queen Anne's County in Chester. The Kirwin Creek flooded, and he received an electrical shock while fighting
the flood waters in a restaurant. Elsewhere in Queen Anne's County parts of Maryland State Route 18 were closed in
Coastal 09/06/1996 Chester, Grasonville, and Queenstown. Many restaurants in Chester were closed due to flooding. Twelve homes in the

Flood county had flooding in their crawl spaces, two had flooding up to the first floor. In Talbot County, flooding was reported in
St. Michael's. Flooding in Oxford was reported as the worst since Hurricane Hazel in 1954. Town Creek spilled over as did
the Tred Avon River. Waterfront restaurants and homes in low lying areas were flooded. Many people were encouraged to
evacuate to the second floor of their establishments. Bank Street was closed. A few people were evacuated. In Easton, the
Easton Point Marina parking lot was flooded with two feet of water. Flooding extended inland to tidal sections of rivers in
Caroline County. The Marshyhope Creek flooded in Denton. The Choptank River flooded within the Daniel Crouse
Memorial Park.

The strongest northeaster of the winter brought heavy rain, damaging winds and minor tidal flooding to the southern half of
the Maryland Eastern Shore. The strongest winds occurred during the afternoon and evening of the 4th, although
gustiness continued through midday on the 5th. The heaviest rain occurred also at about the same time as lighter rain
persisted well into the 5th. The combination of the strong winds and heavy rain made it easier for the trees to be knocked
down because of the loose ground. Minor tidal flooding started during the afternoon high tide on the 4th and persisted in
some areas through the 6th. The combination of the heavy rain, strong winds and higher than normal tides caused the
worst problems the afternoon of the 4th with several road closures in each county. In Talbot County, flooding was reported
Coastal along low-lying areas of Neavitt, Oxford, Saint Michaels, and Unionville during the afternoon of the 4th. Roadway flooding
02/04/1998 . .

Flood was also reported in Trappe. A few roads were closed, and minor outages were reported because of the downed trees. In
Caroline County, along tidal sections of the Choptank River, a couple of roads were closed on the 5th. Minor small stream
flooding was reported in Greensboro and Preston. The Marshyhope River also overflowed its banks and caused some
minor flooding on hiking and bike trails in Federalsburg. The heavy rain and high winds contributed to the collapse of a
warehouse in Federalsburg. About a dozen trees were knocked down by the high winds from around 3 p.m. EST on the
4th into the early morning hours of the 5th. Storm precipitation totals included 2.5 inches in Federalsburg. The heavy rain
might have also damaged the 275,000 acres of winter wheat planted across the lower Eastern Shore, especially if
precipitation continues above normal for the rest of the winter.
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Coastal
Flood

10/29/2012

Post Tropical Storm Sandy caused an initial estimate of $5 million dollars in damage in the Eastern Shore of Maryland.
Most of the damage was due to flooding caused by excessive rainfall, as up to 13 inches of rain were reported, and due to
the high winds, which caused trees and wires to come down across the state. Delmarva Power, which serves portions of
the Eastern Shore counties, reported over 30,000 households without power during the peak of the storm. The majority of
residents had power returned by the morning of the 30th. Hundreds of roads were closed due to numerous downed trees
and flooding. No direct deaths were reported on the Eastern Shore of Maryland due to the storm. Tropical Storm Sandy
formed in the Caribbean Sea on the 22nd of October. After drifting slowly southwest into the 23rd, Sandy turned to the
north and intensified to a hurricane on the 24th just before making landfall in Jamaica during that afternoon. Hurricane
Sandy continued to the north and intensified to a strong category two hurricane before making landfall again in Cuba
shortly after Midnight EDT on the 25th. Hurricane Sandy emerged on the other side of Cuba during the morning of the
25th and proceeded to drift northwest as a category one or two hurricane as it moved through the Bahamas on the 25th
and 26th. Overnight on the 26th, Hurricane Sandy (Category 1) started to move toward the north-northeast, a motion that
continued into the evening of the 28th. From there, Sandy’s motion became driven by two factors. An anomalously strong
blocking ridge over the Canadian Maritimes prevented Sandy from escaping to the east. Simultaneously, an approaching
and deepening middle latitude trough was about to capture Sandy. The combination of the two, turned Sandy to the north
overnight on the 28th and then to the northwest on the 29th. Hurricane Sandy received one last jolt of tropical energy as it
passed across the Gulf Stream during the morning of the 29th. The lowest recorded central pressure of 940 millibars
(27.76 inches) occurred when Category 1 Hurricane Sandy was about 110 miles southeast of Atlantic City at 2 p.m. EDT
on the 29th. As Sandy continued to move northwest and interact with the mid latitude trough, its interaction continued to
make it less tropical, but did not weaken it much. Sandy continued to make a harder turn to the left (west) and made
landfall in Atlantic County as a post tropical storm in Brigantine City just north of Atlantic City at 730 p.m. EDT on the 29th.
The estimated minimum central pressure was 945 millibars. The lowest recorded central pressure was 945.6 millibars at
the Atlantic City Marina at 734 p.m. EDT. From there, Sandy continued to weaken or fill as it moved west. At 9 p.m. EDT,
the low-pressure system was in western Atlantic County and continued to move west-northwest. At 11 p.m. EDT, the post
tropical storm (about 954 millibars) was located in southern Chester County. Post tropical storm Sandy continued to move
west-northwest and weaken. At 2 a.m. EDT on the 30th, the 962 millibar low was located near Harrisburg, Pennsylvania
and at 8 a.m. EDT the 979 millibar low was near Altoona, Pennsylvania. From there, the rapidly weakening low pressure
system moved northwest and reached Lake Erie (993 millibars) at 8 p.m. EDT that evening and from there drifted north
into Canada. Prior to Sandy's arrival, Governor Martin O'Malley declared a State of Emergency for Maryland. No
mandatory evacuations were ordered prior to or during the storm on the Eastern Shore. The Chesapeake Bay Bridge was
closed due to high winds just before 3 p.m. on the 29th and remained closed through about 9 a.m. on the 30th. The state
also closed the Millard E. Tydings Memorial Bridge, where Interstate 95 crosses the Susquehanna River. A swift water
rescue team from South Carolina were on standby throughout the storm and thankfully were not utilized. In addition,
several shelters were opened across the state, including three in Cecil County and two each in Kent, Queen Anne’s, and
Caroline Counties. In Chesapeake Bay, moderate tidal flooding occurred during the afternoon high tide cycle on the 29th
at Cambridge and during the early morning high tide on the 30th at Tolchester Beach. The storm surge was 3 to 3.5 feet.
The region was spared higher surges as Sandy made landfall in New Jersey and the winds prior to landfall pushed water
down the Chesapeake Bay. Minor tidal flooding also occurred at Tolchester Beach during the subsequent afternoon high
tide cycle on the 30th. Heavy rains fell across the area as Sandy approached and then moved through the region. This
made it easier for shallow rooted and leafed trees to be uprooted, it also complicated the tidal flooding. Event rainfall totals
ranged from just under 6 inches across the northern areas to nearly 13 inches across the southern areas of the Eastern
Shore. The steady rain associated with Sandy spread into the Eastern Shore during the day on the 28th and slowly edged
north. The heaviest rain fell overnight on the 28th into the early evening of the 29th. The rain ended during the middle of
the day on the 30th. Peak wind gusts included 60 mph in Tolchester Beach (Kent County), 59 mph in Bay City (Queen
Anne's County), 55 mph in Royal Oak (Talbot County), 53 mph at the Stevensville Airport (Queen Anne's County), 48 mph
at the Easton Airport (Talbot County), 47 mph in Colora (Cecil County) and 41 mph near Jumptown (Caroline County).
Strong winds spread northward along the Western Shore on the morning of the 29th with the highest winds (from the west)
occurring during the evening of the 29th. Winds decreased rapidly during the early morning (shortly after Midnight) on the
30th.
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A deep low-pressure system tracked across the Lower Great Lakes northeastward into the St. Lawrence Valley from the
evening of the 20th into the daytime of the 21st. Its associated strong cold front swept eastward through the Mid-Atlantic
region and across Maryland during the early morning of the 21st. In addition, a secondary area of low pressure formed
along the frontal boundary, west of Delaware Bay, and deepened rapidly. The approaching cold front and the deepening
secondary low pressure produced a strong southeasterly flow during the early morning on the 21st that resulted in peak
wind gusts of around 45 mph across the Eastern Shore and knocked over weak tree limbs and wires. In Grasonville
(Queen Anne's County), the strong winds not only snapped a tree, but also damaged a greenhouse. Peak wind gusts
included 49 mph in Salisbury (Wicomico County) and 43 mph at the Baltimore-Washington International Airport.
In addition, the significant southeast flow allowed water to pile up into Chesapeake Bay. Once the winds shifted to the
Coastal 12/21/2012 west, the higher tidal departures shifted to the Eastern Shore and producing moderate tidal flooding in Queen Anne's,
Flood Talbot and Caroline Counties and minor tidal flooding in Kent and Cecil Counties at the time of high tide during the daytime
of the 21st. Moderate to heavy rain also fell across the Eastern Shore, with storm totals ranging between 1 to 2 inches. In
Queen Anne's County, Maryland State Route 18 was covered with water from exit 42 at Kent Narrows to exit 43Ain
Grasonville. Tidal flooding along Maryland State Route 18 also occurred in Queenstown adjacent to Little Queenstown
Creek. Flood waters nearly reached one home. In the Kent Narrows area, tidal flooding also occurred in and around Mears
Point Marina north of U.S. Route 50. People were wading through the flood waters with boots.
Minor to moderate tidal flooding occurred in the Chesapeake Bay during the morning and afternoon high tide cycle on the
21st. High tide in Cambridge (Dorchester County) reached 4.70 feet above mean lower low water. Moderate tidal flooding
starts at 4.5 feet above mean lower low water. High tide at Tolchester Beach reached 4.17 feet above mean lower low
water. Minor tidal flooding starts at 3.5 feet above mean lower low water.

2023 HMP Update

Strong high pressure located in eastern Canada and slow-moving low pressure approaching from the southeastern states

resulted in a prolonged onshore flow along the Middle Atlantic coast. Moderate tidal flooding occurred along the upper
10/29/2021  eastern shore of Chesapeake Bay on the night of October 29.

Widespread moderate flooding occurred in the tidal areas of Caroline County. There were several road closures with the

flood waters approaching some homes and businesses. The tide gauge at Claiborne reached a level of 5.11 feet MLLW.

Coastal
Flood

Source: National Center for Environmental Information (NCEI), 2023.

Note: No property damage was reported in the National Environmental for Center Information.
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Table 3-21: Cold/Wind Chill Event Composite

Cold/Wind Chill events
Caroline County from January 1996 — June 2023

24 Cold/Wind Chill events — Frequency 0.89

Number of Days with Event and Death: 0

Number of Days with Event and Injury: 0

Number of Days with Event and Property Damage: 0 $0
0 $0

Number of Days with Event and Crop Damage:
Number of Event Types reported: 24 Cold/ Wind Chill

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Cold/Wind Chill (Z). Period of low temperatures or wind chill temperatures reaching or exceeding
locally/regionally defined advisory (typical value is -18° F or colder) conditions. If the event that occurred is considered significant,
even though it affected a small area, it should be entered into Storm Data .

Table 3-22: Extreme Cold/Wind Chill Event Composite
Extreme Cold/Wind Chill events
Caroline County from January 1996 — June 2023
1 Extreme Cold/Wind Chill events — Frequency 0.04

Number of Days with Event and Crop Damage:
Number of Event Types reported:

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Extreme Cold (Z). A period of extremely low temperatures or wind chill temperatures reaching or
exceeding locally/regionally defined warning criteria (typical value around -35° F or colder). If the event that occurred is considered
significant, even though it affected a small area, it should be entered into Storm Data .

Number of Days with Event and Death: 0

Number of Days with Event and Injury: 0

Number of Days with Event and Property Damage: 0 $0
0 $0
1

Extreme Cold/ Wind Chill

Table 3-23: Extreme & Cold/Wind Chill Event Narrative

Date Type of Event Event Narrative
February 4. 1996 to Some schools along the Eastern Shore were closed on Monday the 5th, the result of both the
y& Cold/Wind Chill dangerously cold wind chill and the ongoing snow removal. Low temperatures on both the 5th and

February 6, 1996 6th hovered around zero degrees.

The coldest air mass of the winter season moved into the Maryland Eastern Shore on Friday the
Cold/Wind Chill 17th. Strong gusty northwest winds brought wind chill factors well below zero on the 17th and 18th.

The coldest morning was the 19th. For most places this was the coldest day of the winter season.

An unseasonably cold air mass from Canada moved across the Maryland Eastern Shore from April

January 17, 1997 to
January 20, 1997

April 9, 1997 to April

11. 1997 Cold/Wind Chill 9th through the 11th. Low temperatures those three mornings were below the freezing mark in most
' areas.
May 31, 1997 Cold/Wind Chill May 1997 was an unseasonably cool month. For most locations, it was the coolest May since 1967.

Monthly departures averaged 3 to 4 degrees below normal.
July 31, 2000 Cold/Wind Chill July 2000 was one of the coolest and wettest Julys on record for the Maryland Eastern Shore.

. " July 2001 was an unseasonably cool month for the state of Maryland. The preliminary monthly state
iy 2, 200 Calsbiling il me};n temperature was 71.7 de}glgrees, the 3rd coolest July on rg:ord since ?895. i /
A cold frontal passage on the 13th initiated about a two-week run of unseasonably cold weather,
Cold/Wind Chill even by January standards across the Delmarva Peninsula. The coldest morning was the morning
of the 18th where low temperatures dipped into the single numbers.
An arctic air mass brought some of the coldest weather in years to the Delmarva Peninsula from the

January 14, 2003 to
January 28, 2003

January 9, 2004 to

Cold/Wind Chill

January 11, 2004 evening of the 9th through the moming of the 11th.
January 15, 2004 to ) . Most low temperatures were in the teens and the lowest hourly wind chill factors averaged around
Cold/Wind Chill .
January 16, 2004 five degrees below zero.
A high-pressure system of arctic origin built into the Eastern Shore on the 20th. This was one of the
December 20, 2004 Cold/Wind Chill coldest air masses of the entire winter season. The strong northwest winds produced wind chill

factors as cold as 10 degrees below zero during the morning of the 20th.
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January 18, 2005

Cold/Wind Chill

An unseasonably cold air mass that originated in Siberia poured across the Middle Atlantic States
on the 18th. Actual low temperatures during the morning of the 18th were in the teens.

January 23, 2005 to

January 24, 2005

Cold/Wind Chill

The combination of wind and unseasonably cold temperatures produced wind chill factors of around
5 degrees below zero across the Eastern Shore from the evening of the 23rd into the morning of the
24th. Actual low temperatures the morning of the 24th were in the single numbers (above zero).

January 28, 2005

Cold/Wind Chill

Low temperatures were around 10 degrees above zero. The unseasonably cold weather led to an
increase in the number of calls for dead vehicle batteries.

February 5, 2007 to

February 6, 2007

Cold/Wind Chill

The combination of the unseasonably cold air and gusty northwest winds produced wind chill
factors as low as 0 to 10 degrees below 0 during the mornings of the 5th and 6th. The lowest
temperatures occurred during the morning of the 6th and were around 10 degrees.

February 6, 2007

Cold/Wind Chill

An arctic air mass that originated near the North Pole invaded the Maryland Eastern Shore on the
5th and 6th. The combination of the unseasonably cold air and gusty northwest winds produced
wind chill factors as low as zero to 10 degrees below zero during the mornings of the 5th and 6th.
The lowest temperatures occurred during the morning of the 6th and were around 10 degrees. The
unseasonably cold weather caused many pipes and water meters to freeze across the Eastern
Shore.

March 6, 2007

Cold/Wind Chill

The combination of the strong northwest winds and unseasonably cold air mass-produced wind-chill
factors in the single numbers across the Eastern Shore on the morning of the 6th. Actual low
temperatures were close to 20 degrees.

January 16, 2009 to

January 18, 2009

Cold/Wind Chill

A large arctic high-pressure system moved toward the area during the 16th and 17th. The extent of
the arctic air mass kept maximum temperatures only in the teens and 20s, with minimum
temperatures down into the single digits.

January 4, 2014

Extreme
Cold/Wind Chill

A high-pressure system that moved over the Eastern Shore coupled with fresh snow cover from the
winter storm on the 2nd and 3rd gave the area one of its coldest winter mornings in years. This was
the first of three arctic blasts in the state during the month. While this was the coldest morning of
the winter for more rural areas that are normally colder on calm windy nights, it was not the
harshest. Because the high-pressure system was over the region, wind chill factors and actual air
temperatures were nearly the same. This was not the case a few days later and again around the
22nd of January. Low temperatures included 3 degrees in Tuckahoe (Caroline County).

January 7, 2014

Cold/Wind Chill

One of the harshest arctic outbreaks in years occurred across the Eastern Shore on the 7th. Record
breaking calendar day low temperatures occurred and combined with strong northwest winds
produced wind chill factors as low as 10 to 20 degrees below zero in most areas that morning. High
temperatures struggled to reach double digits. The excessive cold caused many schools to have
delayed openings. AAA Mid-Atlantic reported an 81 percent increase in service calls, mainly for
dead batteries. Amtrak reported extensive delays in its rail service. The cold weather also affected
power supplies. PJM Interconnection, the agency that oversees the electric grid supplying the
region, said electricity suppliers were struggling to keep up with surging demand as the cold forced
some power plants to shut. An all-time winter record usage was recorded at 8 a.m. EST on the 7th,
138,600 megawatts surpassing the previous record from 2007. Utilities asked their customers
where it is possible to switch to diesel or fuel oil. Actual low temperatures included 6 degrees in
Tuckahoe (Caroline County).

January 22, 2014

Cold/Wind Chill

Strong northwest winds behind the departing strong low-pressure system coupled with another
arctic air mass dropped low temperatures on the morning of the 22nd into the single numbers to
around 10 degrees along the Eastern Shore and produced wind chill factors as low as around 10
degrees below zero. In some places, low temperatures were as cold as January 7th and wind chill
factors came close to matching that morning. Actual low temperatures included 5 degrees above
zero in Tuckahoe (Caroline County).

January 7 to January

8, 2015

Cold/Wind Chill

The arrival of an arctic air mass brought one of the coldest mornings of the month of January to the
Eastern Shore. The morning’s low temperatures were near 10 degrees above zero. In addition,
gusty northwest winds continued into the morning and lowest hourly wind chill factors reached
around 5 degrees below zero throughout the Eastern Shore. Actual low temperatures included 10
degrees in Preston (Caroline County).

February 15, 2015

Cold/Wind Chill

The combination of strong to high winds and an approaching arctic air mass-produced wind-chill
factors as low as 10 to 15 degrees below zero during the first half of the day on the 15th on the
Eastern Shore. Actual morning low temperatures were around 10 degrees above zero.

February 16, 2015

Cold/Wind Chill

The near arrival of the center of the arctic air mass brought some of the lowest wind chills and
temperatures of the winter season to the Eastern Shore on the 16th. While winds by the morning of
the 16th were not as strong as they were on the morning of the 15th, air temperatures were lower.
This produced wind chill factors as cold as around 10 degrees below zero during the morning.
Actual low temperatures were in the single numbers above zero. Lowest hourly wind chill factors
included 6 degrees in Tuckahoe (Caroline County).

February 20, 2015

Cold/Wind Chill

The arrival of another arctic air mass brought the lowest wind chills as well as temperatures of the
winter season to the Eastern Shore on the 20th and 21st. As far as wind chill factors went, the first
half of the day on the 20th was colder with wind chill factors as low as around 15 degrees below
zero during the morning. Actual low temperatures were in the single numbers above zero. On the
morning of the 21st, little, if any, wind was present as the arctic high-pressure system was nearby.
Low temperatures in some more rural inland areas were lower, some were below zero. But,
because of the lack of wind, wind chill factors nearly matched the air temperatures. Lowest
temperatures on either the 20th or 21st included 3 degrees below zero in Tuckahoe (Caroline
County).
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The high-pressure system responsible for third and last arctic blast of the month of February arrived
in the Eastern Shore on the morning of the 24th. Unlike the two previous arctic outbreaks earlier
this month, this one was not accompanied by strong winds during the first half of the day.
Consequently, air and wind chill temperatures were nearly the same. Nevertheless, many low

February 24, 2015 Cold/Wind Chill temperatures away from Chesapeake Bay were in the single numbers (a couple even below zero)
and generally in the lower teens along Chesapeake Bay. These were approximately 20 degrees
colder than normal. Lowest temperatures included 8 degrees above zero in Tuckahoe (Caroline
County). Since 1895, this February ranked as the 6th coldest February on record for Maryland with
an average statewide temperature of 25.4 degrees (10.3 degrees below average).

2023 HMP Update: No Events Reported Since 2015

Source: National Center for Environmental Information (NCEI), 2023.

Table 3-24: Blizzard Event Composite

Blizzard events
Caroline County from January 2010 — June 2023

1 Blizzard events — Frequency 0.08

Number of Days with Event and Death: 0

Number of Days with Event and Injury: 0

Number of Days with Event and Property Damage: 0 $0
Number of Days with Event and Crop Damage: 0 $0
Number of Event Types reported: 1 Blizzard

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Blizzard (Z). A winter storm which produces the following conditions for 3 consecutive hours or
longer: (1) sustained winds or frequent gusts 30 knots (35 mph) or greater, and (2) falling and/or blowing snow reducing visibility
frequently to less than 1/4 mile. If the event that occurred is considered significant, even though it affected a small area, it should be
entered into Storm Data.

Table 3-25: Frost/Freeze Event Composite

Frost/Freeze events
Caroline County from January 2007 — June 2023
1 Frost/Freeze events — Frequency 0.06

Number of Days with Event and Death: 0

Number of Days with Event and Injury: 0

Number of Days with Event and Property Damage: 0 $0
Number of Days with Event and Crop Damage: 0 $0
Number of Event Types reported: 1 Frost/Freeze

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Frost/Freeze (Z). A surface air temperature of 32 degrees Fahrenheit (°F) or lower, or the
formation of ice crystals on the ground or other surfaces, for a period of time long enough to cause human or economic impact,
during the locally defined growing season. If the event that occurred is considered significant, even though it affected a small area, it
should be entered into Storm Data.
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Table 3-26: Heavy Snow Event Composite

Heavy Snow events
Caroline County from January 1996 — June 2023

24 Heavy Snow events Frequency — 0.89

Number of Days with Event and Death: 0

Number of Days with Event and Injury: 0

Number of Days with Event and Property Damage: 0 $0
0 $0

Number of Days with Event and Crop Damage:
Number of Event Types reported: 24 Heavy Snow

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Heavy Snow (Z). Snow accumulation meeting or exceeding locally/regionally defined 12 and/or
24 hour warning criteria. This could mean values such as 4, 6, or 8 inches or more in 12 hours or less; or 6, 8, or 10 inches in 24
hours or less. If the event that occurred is considered significant, even if it affected a small area, it should be entered into Storm
Data.

Table 3-27: Sleet Event Composite

Sleet events
Caroline County from January 1997 — June 2023

4 Sleet events — Frequency 0.15

Number of Days with Event and Death: 0

Number of Days with Event and Injury: 0

Number of Days with Event and Property Damage: 0 $0
Number of Days with Event and Crop Damage: 0 $0
Number of Event Types reported: 4 Sleet

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Sleet (Z). Sleet accumulations meeting or exceeding locally/regionally defined warning
criteria (typical value is 1/2 inch or more).

Table 3-28: Winter Storm Event Composite

Winter Storm events
Caroline County from January 1996 — June 2023

26 Winter Storm events — Frequency 0.96
Number of Days with Event and Death:
Number of Days with Event and Injury:
Number of Days with Event and Property Damage: $200,000

Number of Days with Event and Crop Damage: $0

Number of Event Types reported: 26 Winter Storm

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Winter Storm (Z) - A winter weather event that has more than one significant hazard (i.e., heavy
snow and blowing snow; snow and ice; snow and sleet; sleet and ice; or snow, sleet and ice) and meets or exceeds locally/regionally
defined 12 and/or 24-hour warning criteria for at least one of the precipitation elements. If the event that occurred is considered
significant, even though it affected a small area, it should be entered into Storm Data. Normally, a Winter Storm would pose a threat
to life or property. In cases of winter storms, the preparer should be careful to classify the event properly in Storm Data. In general,
the event should be classified as a Winter Storm event (rather than an Ice Storm event or a Heavy Snow event) only if more than
one winter precipitation type presented a significant hazard. Some Winter Storm and Blizzard events may have had sustained or
maximum wind gusts that met or exceeded High Wind criteria.

O|r| O | O
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Table 3-29: Winter Weather Event Composite

Winter Weather events
Caroline County from January 1996 — June 2023

77 Winter Weather events — Frequency 2.85

Number of Days with Event and Death:

Number of Days with Event and Injury:

o|o|OoO | O

Number of Days with Event and Property Damage: $0
Number of Days with Event and Crop Damage: $0
Number of Event Types reported: 77 Winter Weather

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Winter Weather (Z) - A winter precipitation event that causes a death, injury, or a significant
impact to commerce or transportation, but does not meet locally/regionally defined warning criteria. A Winter Weather event could
result from one or more winter precipitation types (snow, or blowing/drifting snow, or freezing rain/drizzle). The Winter Weather event
can also be used to document out-of-season and other unusual or rare occurrences of snow, or blowing/drifting snow, or freezing
rain/drizzle. If the event that occurred is considered significant, even though it affected a small area, it should be entered into Storm
Data. Note that, in Storm Data, Blizzard events should cover a time period of 3 hours or more. Therefore, if blizzard-like conditions
occur for less than 3 hours, the event should be entered as a Winter Storm, Heavy Snow, or Winter Weather, noting in the event
narrative that near-blizzard or blizzard-like conditions were observed at the height of the event.

Table 3-30: Winter Weather Event Narrative

Type of .
Date yp Event Narrative
Event
February 16, 1996  Heavy Snow Accurnulatlon's averaged. 7 |nch§s in Talbot County, 8 inches in Caroline County, 9 inches in Cecil and Queen
Anne's Counties and 12 inches in Kent County.
February 8, 1997 Heavy Snow The snow ended during the evening hours. Accumulations were fairly uniform and averaged 4 to 6 inches
across the Eastern Shore.
March 9, 1999 Heavy Snow Caroline County accumulations ranged from around 3.5 inches in the northern part to around 5 inches in the
southern part of the county.
January 20, 2000 Heavy Snow Accumulations included 5.0 inches in Goldsboro (Caroline County).
January 25,2000  Winter Storm  Total Accumulations included: Caroline County 10 inches in Denton and 8 inches in Federalsburg.
February 22, 2001  Heavy Snow gzﬁcrzlltf;g accumulations included 7 inches in Preston (Caroline County) and 5.5 inches in Denton (Caroline
December 5, Winter Storm In Caroline County alone, there were twenty-eight reported accidents. Accumulations included 7 inches
2002 Greensboro (Caroline County) and 4 inches in Denton (Caroline County).

January 16, 2003

Winter Storm

Schools were closed on the 17th in Caroline County. Specific accumulations included 3 inches in
Federalsburg (Caroline County), and 1.0 inch in Denton (Caroline County).

A winter storm that lasted about eighteen hours dropped about 5 to 8 inches of snow across most of the

February 6, 2003  Winter Storm  Eastern Shore. Specific accumulations included 8.5 inches in Greensboro (Caroline County) and 4.0 inches in
Federalsburg (Caroline County).
In Caroline County, problems with snow drifts kept many back roads blocked through the 18th. Government
February 16, 2003  Winter Storm  offices did not reopen until the 19th and schools were closed all week. 20.0 inches in Denton (Caroline
County).
Schools were closed and after-school activities were cancelled. Specific accumulations included 5.5 inches in
February 27, 2003 Heavy Snow .
Denton (Caroline County),
Schools were closed on the 26th and the 27th in Caroline County. Untreated roads were slippery. Specific
SEIEess Al AL accumulations included 5.0 inches in Denton and Federalsburg (Caroline County).
January 22, 2005  Winter Storm The snow .mixedlwith slleet in Talbot and‘CaroIine Counties and reduced accumulations. Specific snowfall
accumulation, 6 inches in Denton (Caroline County)
February 25, 2005  Heavy Snow Speciﬁc accumulations included 6.0 inches in Denton (Caroline County) and 5.0 inches in Greensboro
(Caroline County)
) The Eastern Shore picked up a significant amount of snow, especially locations farther to the north. Some
February 12,2006 Winter Storm specific amounts include 8.0 inches in Ridgely (Caroline County), and 7.5 inches in Cordova (Talbot County).
A winter storm that featured mixed precipitation affected the Maryland Eastern Shore on the 25th. Snowfall
February 25, 2007 Winter Storm  accumulations averaged 2 to 5 inches. Snowfall accumulations included 4.5 inches in Henderson (Caroline
County).
In Caroline County, 28 accidents were reported. Snowfall totals included 8.8 inches in Ridgely (Caroline
March 1, 2009 Winter Storm  County), and 5.5 inches in Denton (Caroline County). For some places this was the heaviest single snow

event since February of 2003.
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Event
December 19 Many municipalities declared states of emergency. Many school districts either closed schools or had two-
2009 ’ Winter Storm  hour delayed openings on the 21st. Some churches cancelled services on the 20th. Trash pick-ups were
delayed. Representative snowfall included 17.0 inches in Denton (Caroline County).
Heavy snow fell across the Eastern Shore from the morning of the 30th into the early morning of the 31st.
January 30 to Snowfall averaged 4 to 10 inches with the highest amounts in the southern part of the Eastern Shore. Snow
January 31, 2010 Heavy Snow  spread from south to north from 9 a.m. EST to Noon EST during the morning of the 30th. It fell at its heaviest
’ during the afternoon and evening and ended from north to south between Midnight EST and 4 a.m. EST on
the 31st. Representative snowfall included 7.5 inches in Greensboro (Caroline County).
A major winter storm dropped 20 to 30 inches of snow across the Maryland Eastern Shore from the afternoon
of the 5th into the afternoon of the 6th. The snow fell at its heaviest during the first half of the day on the 6th.
February 5 to Winter Storm Many businesses and stores were closed on the 6th. Many states of emergencies were declared on both the
February 6, 2010 township and county level. There were fender bender accidents on the 5th, but because this event ended on a
Saturday (the 6th), the total number of accidents was relatively lower. Representative snowfall included 23.0
inches in Denton (Caroline County).
For the second time within a week a major winter storm, this one with blizzard conditions at times, affected the
February 9 to Winter Storm Maryland Eastern Shore. Many city, federal, social and county offices as well as courthouses were closed on
February 10, 2010 the 10th. Schools were closed on the 10th and 11th, some even on the 12th. Representative snowfall included
16.3 inches in Greensboro (Caroline County), and 7.0 inches at Denton (Caroline County).
For the second time within a week a major winter storm, this one with blizzard conditions at times, affected the
February 10, 2010 Blizzard Maryland Eastern Shore. Blizzard conditions occurred at times during the late morning and the first half of the
’ afternoon on the 10th. Representative snowfall included 16.3 inches in Greensboro (Caroline County) and 7.0
inches at Denton (Caroline County).
January 2 to A winter storm dropped 4 to 7 inches of snow across the Maryland Eastern Shore from the late afternoon of
Heavy Snow the 2nd into the early morning of the 3rd. Representative snowfall totals included 7.0 inches in Greensboro
January 3, 2014 )
(Caroline County)
A winter storm dropped heavy snow across the Maryland Eastern Shore from the morning of the 21st into the
January 21 to . . ) . .
January 22, 2014 Heavy Snow  morning of the_ 22nd. Representah_ve snowfall totals mc!uded Henderson (Caroline County) and also in
’ Denton (Caroline County) 4.0 and in Greensboro (Caroline County)
A winter storm dropped heavy snow and sleet across most of the Eastern Shore. Snowfall and sleet averaged
February 12 to Winter Storm 3 to 8 inches, except 8 to 15 inches in Cecil County which was most affected by heavy snow bands during the
February 14, 2014 morning of the 13th. Representative snowfall included 6.0 inches in Greensboro (Caroline County), 5.7 inches
in Henderson (Caroline County), 4.2 inches in Denton (Caroline County).
A low-pressure system exiting the South Carolina coast brought a winter storm of freezing rain, sleet as well
March 3, 2014 Winter Storm  as heavy snow to the Eastern Shore on the 3rd. Representative snowfall included 5.1 inches in Denton
(Caroline County).
March 16 to A low-pressure system that traversed across the southern United States brought heavy snow to the Maryland
Heavy Snow  Eastern Shore on the 16th and 17th. Snowfall averaged 4 to 7 inches. Representative snowfall included 6.8
March 17, 2014 . . .
inches in Greensboro and Denton (Caroline County).
A low-pressure system emerged east off the North Carolina coast and brought snow to Cecil and Kent
February 16 to Counties_and heavy snow to Queen Anne's, Talboti and Caroline Coun_ties from_the eveping of the 16th_ into
February 17, 2015 Heavy Snow  the morning of the 17th. Snowfall totals ranged mainly between 3 to 7 inches, with the highest totals being
’ recorded in Queen Anne's, Talbot, and Caroline Counties. Representative snowfall totals included 6.0 inches
in Greensboro (Caroline County) and 4.7 inches in Henderson (Caroline County).
Waves of low pressure that formed along a sinking cold front brought the Eastern Shore its heaviest snow of
March 5, 2015 Winter Storm  the season on the 5th. Snowfall averaged 4.5 to 8.5 inches with the highest amounts in Cecil County.
Representative snowfall included 7.2 inches in Greensboro (Caroline County).
An impulse from the west coast traversed the midsection of the country, then developed into a low-pressure
system as it tracked across the Gulf states before intensifying along the Carolina coast into a major nor'easter,
producing record snowfall in parts of Maryland on January 23rd. It then moved out to sea after passing by the
mid-Atlantic coast early on January 24th. Some representative snowfall totals include: 16.0 inches in Newton,
January 22 to Winter Storm and 15.7 inches in Denton (both in Caroline County). Maryland Governor Larry Hogan declared a State of

January 24, 2016

Emergency on Friday, January 22nd for the duration of the event. The Governor also requested a presidential
disaster declaration. On March 4, 2016, President Obama declared the following counties federal disaster
areas: Caroline, Cecil, Kent, and Queen Anne's. This declaration makes federal funding available on a cost-
sharing basis for emergency work and the repair or replacement of facilities damaged by the severe winter
storm. Federal funding is also available on a cost-sharing basis for hazard mitigation measures statewide.

January 7, 2017

Winter Storm

Snow began during the early morning hours on the 7th, then continued, heavy at times through the late
afternoon hours, ending by sunset. Generally, 5 to 9 inches of snow fell in Caroline County during the storm,
with the highest totals in the south. Some representative snowfall reports include 8.5 inches in Ridgely, 7.5
inches in Marydel, 7.0 inches in Federalsburg, 6.5 inches in Denton, and 5.2 inches in Greensboro.

March 21 to
March 22, 2018

Winter Storm

Precipitation began as rain during the morning hours of Tuesday, March 20th. After a lull during the overnight
hours, snow began falling by late morning on the 21st following some early sleet and freezing rain. Snow
became heavy at times during the afternoon and evening hours. Some snowfall reports include: 7.5 inches in
Griffin, and 6.8 inches in Greensboro.
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2023 HMP Update

January 4, 2018

Winter Storm

An area of low pressure tracked up the east coast interacting with a cold front which lead to rapid
development of a winter storm across the state. This storm quickly moved out by the 5th. However, snowfall
accumulations and gusty winds occurred with the storm. Snowfall ranged from 4 to 6 inches.

March 21, 2018

Winter Storm

A complex area of low pressure over the middle Atlantic, which involved several individual centers, slowly
consolidated off the Virginia Capes Tuesday morning, March 20th into Wednesday March 21st along a frontal
boundary. This primary low, the fourth nor'easter this month, gradually moved northeast Wednesday night, to
a position southeast of the 40 North/70 West coordinates on Thursday morning. Rain developed across the
eastern shore of Maryland on Tuesday morning, March 20th. As this precipitation moved northward into a
colder air mass, snow and sleet developed across the northern portion of the eastern shore of Maryland
during the Tuesday afternoon hours. During Tuesday evening, a mixed bag of precipitation developed, with
freezing rain, sleet, and snow, expect rain closer to the coast. Freezing rain lead to ice accretion up to 0.20
across the northern portion of the eastern shore of Maryland, causing downed trees and limbs, which
impacted power lines, and lead to power outages. The change over to snow progressed southeast across
eastern shore of Maryland by late morning on Wednesday March 21st. Moderate to heavy snowfall
developed, and gradually overspread eastern shore of Maryland from Wednesday morning into the evening.
Snowfall rates, particularly outside of the southern portion of the eastern shore of Maryland, were around one
inch per hour at times. The snow gradually ended from west to east around midnight. Snowfall amounts over
the eastern shore of Maryland generally ranged from 8 to 12 inches over Cecil County, 6 to 9 inches over the
remainder of the area, with the exception of Queen Anne’s and Talbot Counties, where amounts tapered
southward down into the 2-to-4-inch range. The weight of the heavy, wet snow brought down trees, limbs, and
power lines across the northern portion of the eastern shore of Maryland, which led to power outages.
Precipitation began as rain during the morning hours of Tuesday, March 20th. After a lull during the overnight
hours, snow began falling by late morning on the 21st following some early sleet and freezing rain. Snow
became heavy at times during the afternoon and evening hours. Some snowfall reports include: 7.5 inches in
Griffin, and 6.8 inches in Greensboro.

January 3, 2022

Winter Storm

A winter storm impacted most of Delmarva and southern New Jersey on January 3, 2022. A strengthening
area of low pressure developed over the Southeast US late on January 2 and move northeast, tracking
offshore of the mid-Atlantic in a typical Nor'easter-type setup. A widespread 6 to 12 inches of snow with locally
higher amounts fell across the Eastern Shore of Maryland, most of Delaware, and several counties of
southern New Jersey. The storm was notable for having a very sharp cutoff in the northern extent of
accumulating snow. Also, an unseasonably warm air mass had been in place prior to this storm’s arrival, with
areas that saw the most snowfall having been in the 50s and 60s less than 12 hours before snow began! The
passage of a strong cold front brought rapid cooling in the hours leading up to the storm, and very heavy
snowfall rates, at times well in excess of 1 inch per hour, overwhelmed the lingering warm ground and caused
accumulation to occur. The storm was fairly quick moving and had departed by the late afternoon and early
evening of the 3rd. A widespread 6 or more inches of snow fell. A maximum amount of 11.0 inches was
reported by a trained spotter in Henderson.

January 28, 2022

Winter Storm

A strong coastal storm affected the eastern mid-Atlantic and Northeast US on January 28-29, 2022. As a deep
trough moved into the Southeast US, low pressure began to develop off the coast of the Carolinas during the
afternoon of January 28. A high amplitude upper-level steering pattern caused the developing low to begin
moving north-northeastward, paralleling the US East Coast. In a classic Nor easter evolution, the developing
low phased with a frontal system over the mid-Atlantic as it moved north. This frontal system had brought light
snow to portions of the mid-Atlantic during the day on the 28th, and it also brought a fresh influx of cold air to
the region. As it phased with the developing coastal storm, the coastal storm began to explosively intensify as
it passed offshore of Delmarva. The strengthening storm spread precipitation back into the region, which fell
as all snow thanks to the fresh injection of Arctic air. With the center of the low passing a few hundred miles
offshore, the heaviest snow fell near the coast, from the night of the 28th through the morning of the 29th. In
eastern New Jersey and coastal Delaware, several hours of heavy snow resulted in a widespread swath of 12
to 18 inches of snow. Amounts steadily tapered off heading further inland, though some snow fell in all of the
local area. In addition, with the rapid strengthening of the low, strong winds also occurred, especially near the
coast. Gusts of 40 to 50 mph with a few over 60 mph were observed. The combination of strong winds and
heavy snow led to whiteout conditions along the coast and was sufficient for blizzard criteria to be met along
both the New Jersey coast and the Delaware Beaches, making this the first blizzard to affect any portion of
the region since 2018. Snow gradually lost intensity and came to an end during the afternoon of the 29th, as
the still strengthening low continued moving northward, bringing blizzard conditions and even heavier snow to
southeast New England. Heavy snow fell. A CoCoRaHS observer near Greensboro reported 7.2 inches of
snow, and a trained spotter in Henderson reported 6.0 inches of snow.

January 12, 2019 V\\;\é:ttr?erzr Weekend winter Storm. Totals likely met advisory criteria based on surrounding observations.
Winter Light snow fell across Delmarva and southern NJ during an arctic airmass outbreak. Totals likely met criteria
February 1, 2019 . .
Weather based on surrounding reports and observations.
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January 21, 2021

Winter
Weather

Low pressure tracking out of the Ohio Valley weakened as it moved slowly eastward on January 31st.
Meanwhile, as that low weakened, secondary low pressure began to develop off the coast of the Carolinas
and tracked northward, just off the mid-Atlantic coast. The low steadily intensified as it moved up the coast in
a classic Miller B storm evolution. Overrunning precipitation associated with the initial low over the Ohio Valley
impacted the region on the 31st. A cold antecedent air mass allowed most of this precipitation to fall as snow
over the Delmarva peninsula. This produced widespread snow accumulation, though the overrunning
precipitation was mostly of the light to moderate variety. The Delmarva experienced a lull in precipitation
overnight of the 31st as the secondary low began to develop and a dry slot overspread a large area. In
addition, a surge of warmer air both at the surface and aloft caused precipitation to change to sleet or rain. As
the secondary low strengthened, precipitation eventually turned back to snow as colder air was drawn in from
the north. The secondary low pressure came to a near stall off the mid-Atlantic coast, causing snow to
continue into February 2. However, snowfall rates by then were much lighter, and marginal surface
temperatures prevented much if any accumulation following the initial batch of snow on January 31. A trained
spotter near Henderson reported 5.7 inches of snow, most of which occurred on January 31. This was the
only report from the county; observations from surrounding areas suggest a general 3 to 5 inches of snow fell
on January 31, with little to no additional accumulation during mixed precipitation on February 1 and 2.

February 7, 2021

Winter
Weather

A fast-moving wave of low pressure brought a period of snow to the Delmarva region on February 7. Snow
began in the morning hours and came to an end by mid to late afternoon as the low tracked northeastward, off
the Atlantic coast. Precipitation amounts were not especially heavy on Delmarva due to the structure of the
precipitation shield, with a better organized shield of banded snow not developing until the system was a little
ways past Delmarva. Marginal low-level temperatures also slowed rates of snow accumulation. However, a
few inches of wet snow still accumulated over the region. Light snow fell in the county. A trained spotter in
Henderson reported 4.0 inches of snow.

February 10, 2021

Winter
Weather

A mid-level disturbance accompanied by a weak wave of surface low pressure passed south of the Delmarva
peninsula in the early hours of February 11. Precipitation blossomed ahead of and north of this disturbance.
Over the mid-Atlantic, temperatures were cold enough for this to fall as a fluffy light snow in most areas. The
relatively weak nature of the system combined with considerable dry air in place limited the amount of
precipitation that fell. However, good snow to liquid ratios and the predawn timing of most of the snow allowed
for efficient accumulation, with a widespread area of 3 to 5 inches of snow over the mid-Atlantic and some
amounts locally a little higher. Light snow fell across the county. The only report received, which is thought to
be a good representation of the entire county, was a report of 4.5 inches of snow from a trained spotter in
Henderson.

February 13, 2021

Winter
Weather

Weak low pressure tracked offshore of the mid-Atlantic on February 13, spreading some light precipitation into
the region. A surge of warm air aloft prevented the light precipitation from falling as snow. However, strong
high pressure to the north promoted a cold air damming environment with sub-freezing air trapped at the
surface. This led to most of the precipitation falling as freezing rain, with some generally light ice accretion
across the area. Light freezing rain fell. A report of 0.19 inches of ice accretion was received from Denton. A
trained spotter near Templeville reported 0.13 inches of accretion.

February 18, 2021

Winter
Weather

Weak low pressure passed offshore of the mid-Atlantic on February 18. Another weak, secondary wave of low
pressure tracked along a similar path along a frontal zone trailing behind the primary low on the 19th. Strong
high pressure over New England provided a cold air mass over the mid-Atlantic, leading to wintry precipitation
as these areas of low pressure tracked offshore. The heaviest precipitation occurred with the primary wave on
the 18th, with many areas seeing snow, some locally heavy, with a change to sleet and rain towards coastal
areas. By the overnight of the 18th and into the 19th, precipitation became lighter, with a mix of light snow and
light freezing rain or drizzle providing some additional accumulations and impacts. The system finally pulled
away entirely by the late afternoon and evening of the 19th. Light wintry mixed precipitation fell. A trained
spotter near Ingleside reported 2.0 inches of snow. Some light freezing rain or drizzle may have also occurred.

January 5, 2022

Winter
Weather

A developing wave of low pressure brought light precipitation to the mid-Atlantic on the morning of January 5,
2022. Warm air advection caused rising temperatures aloft over the region. However, surface temperatures
were initially sub-freezing, and in some cases took several hours after precipitation began to move above
freezing. This caused freezing rain to fall. A widespread light icing event transpired across the eastern mid-
Atlantic as a result of this. While ice accumulations were no more than several hundredths of an inch, this
event caused significant travel impacts during the busy morning commute hours of January 5. Trace amounts
of freezing rain were reported near Greensboro.
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A developing wave of low pressure brought a period of snow to the eastern mid-Atlantic during the overnight
of January 6 into the morning of January 7. The developing low was fast-moving, with steady precipitation
lasting only 6 to 8 hours in many areas. However, the storm brought a widespread swath of 3 to 6 inches of
snow to most of the eastern mid-Atlantic. Some portions of eastern New Jersey saw slightly higher amounts of
6 to 7 inches, but in general it was a fairly uniform snowfall for most areas. With most of the accumulation
occurring near or before dawn, roadway conditions were rendered poor for the Friday morning commute on
Winter the 7th, causing many businesses and schools to close or shift to virtual operations for the day. One notable
Weather aspect of this event was its higher than usual snow to liquid ratios for the mid-Atlantic. Temperatures were
cold enough for precipitation to fall as all snow. With plenty of cold air at the surface and aloft, snow tended to
be light and fluffy, causing it to pile up quickly despite liquid equivalents being a rather paltry 0.20 to 0.50
inches in most of the region. The snowfall ratio, which often averages close to 10:1 or lower (i.e., 1 inch of
liquid would equate to 10 inches of snow) was closer to 15:1 or even 20:1 in most reports containing both a
snowfall and liquid equivalent measurement. A widespread 2 to 4 inches of snow fell. A CoCoRaHS observer
near Greensboro reported 3.2 inches of snow.
A strong storm affected the mid-Atlantic and much of the Eastern Seaboard from January 16-17, 2022. A
strong negative tilt trough over the Southeast US spurred strong cyclogenesis near the Carolina coast late on
January 16. This low would proceed to quickly deepen as it moved northward that evening and night. Upper-
level steering patterns caused the low to take an inside runner track which kept the low center inland of the
coast. A very strong easterly low-level jet developed in between the strengthening low and a departing high-
pressure center to the north. With the center of the low tracking west of the region and an influx of marine air
Winter courtesy of the low-level jet, various precipitation types occurred during this event. An Arctic air mass had
Weather been in place in advance of this system, but due to the aforementioned factors, that air mass rapidly modified
on the 16th. As precipitation arrived, temperatures remained cold enough for it to begin as snow in most areas
away from the coast. However, a rapid transition from snow to mixed precipitation to rain occurred in most
areas within hours. Frozen precipitation held on for longer across the interior, where some higher snowfall
amounts occurred. The storm departed the region early on January 17. Light snow fell. A report of 2.2 inches
of snow was received from Galena. Some freezing rain may have also briefly fallen before precipitation
changed to rain.
An Arctic cold front swept through the region with light precipitation lingering for a brief period in its wake.
December 23, Winter Temperatures plummeted below freezing before paved surfaces dried out. This resulted in icy areas on
2022 Weather untreated surfaces. Lingering light precipitation in the wake of a strong Arctic cold front resulted in a flash
freeze of untreated surfaces and icy roads as temperatures plummeted well below freezing.

Source: National Center for Environmental Information (NCEI), 2023.

January 6, 2022

January 16, 2022

3-34|Page



Caroline County Hazard Mitigation Plan

Ve

Drought

Table 3-31: Drought Event Composite

Drought events
Caroline County from January 1996 — June 2023

60 Drought events — Frequency 2.22

Number of Days with Event and Death:

Number of Days with Event and Injury:

Number of Days with Event and Property Damage:

$0

Number of Days with Event and Crop Damage:

o|o| o |o

$0

Number of Event Types reported: 60 Drought

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Drought (Z). Drought is a deficiency of moisture that results in adverse impacts on people,
animals, or vegetation over a sizeable area. Conceptually, drought is a protracted period of deficient precipitation resulting in
extensive damage to crops, resulting in loss of yield. There are different kinds of drought: meteorological, agricultural, hydrological,
and social-economic. Each kind of drought starts and ends at different times.

Table 3-32: Drought Event Narrative

Date

Event Narrative

June 30, 1997 to

June 1997 was drier than normal throughout the Maryland Eastern shore. On a county weighted average, deficits averaged
between 1 and 2 inches. Only Talbot County was within an inch of normal. Coupled with the hot weather from June 21st
onward, the lack of rain started to stress growing areas. The unseasonably hot and dry summer of 1997 caused the United

October 31, States Secretary of Agriculture, Dan Glickman, to declare the state of Maryland a primary disaster area. Along the Maryland
1997 Eastern Shore, the corn crop was expected to be about 60 percent below normal and the soybean crop about 40 percent below
normal. Yearly precipitation totals through October 31st on a county weighted average were below normal in all the Maryland
Eastern Shore Counties
December 3, . . . . .
1998 to The run of unseaspngbly dry weather that began in July s.tarted to take |t§ toll on water supplles.throughout the Middle Atlantic
December 31 States. The commission urged the public and water suppliers to voluntarily conserve water, particularly indoor uses.
1998 ’ December brought another month of below normal precipitation, especially in the northern part of the Maryland Eastern Shore.

January 1, 1999
to September
21,1999

Monthly precipitation totals were 6.8 inches in Caroline County, about 3 inches above normal. Despite this, a drought warning
was still in effect for the state as of January 31st. On a county weighted average February 1999 precipitation totals along the
Eastern Shore ranged between 2.2 and 2.8 inches. However, additional precipitation was still needed to overcome longer-term
water shortages as ground water levels were still below normal in most parts of the state. A drought warning remained in effect
for the state of Maryland. March continued the trend of above normal precipitation during 1999 across the Maryland Eastern
Shore. However, more precipitation was needed to overcome the long-term water shortages. The drought warning for the state
of Maryland remained in effect through March. On a county weighted average April monthly precipitation across the Eastern
Shore was close to normal as 3.1 to 3.5 inches of precipitation fell. While ground-water levels improved across the Eastern
Shore, they were still below normal for April. On a county weighted average, monthly rainfall totals ranged from 0.6 inches in
Talbot County (only .7 of an inch in Caroline County) to 2.7 inches in Cecil County. This was only around 15 percent of normal
for Talbot and Caroline Counties. The drought intensified during the month of June across the Maryland Eastern Shore. The
drought warning for the state of Maryland remained in effect. Several municipalities started implementing water restrictions
including Centreville, Saint Michaels, and Preston. On June 8th, the Maryland Department of Natural Resources (DNR) issued a
warning of high fire danger across the Eastern Shore. About 35 acres burned in the first week of June. The April 1st through
July 31st four-month period was the driest on record over the past 105 years in the state of Maryland. Farmers in Maryland
were feeling a double pinch. Irrigation, if possible, was driving up the costs of farming. Meanwhile, ideal growing conditions
elsewhere in the country kept crop prices low. July 1999 continued the trend of extremely warm and dry weather across the
Maryland Eastern Shore and for the state of Maryland as a whole. The July 1999 statewide average temperature of 78.0
degrees was the 6th warmest July on record dating back to 1895. The statewide average rainfall total of 2.51 inches was only
64 percent of normal and was the 15th driest July on record. The first half of August continued the dire drought conditions
across the Eastern Shore. A statewide drought emergency was already in effect. On September 1st Governor Parris N.
Glendening lifted the mandatory watering and open burning restrictions across the Eastern Shore. The drought for all intents
and purposes ended with the arrival of rain associated with Hurricane Floyd on the 16th. As much as 14 inches of rain (or about
4 months’ worth of normal rainfall) fell from Floyd across the Eastern Shore.
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October 2000 was one of the driest Octobers and month on record for the Maryland Eastern Shore. On a county weighted
October 31, average monthly precipitation total ranged from 0 (zero) in Caroline County to 0.4 inches in Cecil County. Normal monthly
2000 precipitation is around 3.1 inches. While the dry weather did minimal agricultural damage, it left the region susceptible to brush
and forest fires because of the newly fallen leaves.
April 2001 was an unseasonably dry month for the Maryland Eastern Shore, especially during the second half of the month
April 30, 2001 when very little rain fell. On a county weighted average, April monthly rainfall totals ranged from 1.5 inches in Queen Anne's
’ County to 2.0 inches in Cecil County. This was about 50 percent of normal and most of the precipitation fell prior to April 14th. In
addition to raising the fire danger, the unseasonably dry weather, if it persists, will threaten the growing season.
Unseasonably dry weather continued across the Maryland Eastern Shore through May 18th. Little, if any, precipitation fell during
the first 18 days of the month. It continued a trend that had prevailed since the second half of April. The lack of precipitation
May 1 to May . . . .
19, 2001 forced farmers to delay planting soybeans. May crops (grains/grasses) were either stunted or grew at a slow pace. Rain

associated with a warm front brought the heaviest rain since early April to the Eastern Shore on the 19th and ushered in a
change in the weather pattern. For the rest of the month, precipitation totals were wetter than normal.

October 1, 2001
to December 31,
2001

October 2001 was an unseasonably dry month across the Maryland Eastern Shore. On a county weighted average, monthly
precipitation totals ranged between 0.8 and 1.0 inches, about 33 percent of normal. Normal monthly precipitation is around 3.1
inches. December 2001 continued the dry pattern that established itself during the latter half of the year in Maryland. On a
county weighted average, monthly precipitation totals ranged from 1.7 inches in Kent County to 2.1 inches in Caroline County.
Normal is around 3.6 inches.

January 1, 2002
to November 25,
2002

The Eastern Shore has received only 41 percent of normal precipitation since September 1st. For many locations, February
2002 was the driest February on record. On a county weighted average, monthly precipitation totals ranged from 0.5 inches in
Cecil and Kent Counties to 0.8 inches in Caroline County. Normal is around 2.9 inches. The Maryland Department of the
Environment continued its drought warning for all of the Maryland Eastern Shore. The rest of the Eastern Shore remained under
a drought warning. Precipitation during May of 2002 was drier than normal in Talbot and Caroline Counties. The rest of the
Eastern Shore remained under a drought warning. Precipitation during June of 2002 once again was drier than normal
throughout the Maryland Eastern Shore. The combination of unseasonably warm weather and below normal precipitation
intensified the drought across the Maryland Eastern Shore in July. The combination of unseasonably warm weather and below
normal precipitation continued to intensify the drought across the Maryland Eastern Shore in August. The continued lack of
precipitation prompted Governor Glendening to declare a drought emergency across the entire Eastern Shore and implemented
level two water restrictions on August 27th. There was an increase in brush fires. Other than late planted soybeans, it was too
late to help most crops. In early September stream flow and groundwater levels set many daily, monthly, and even some record
low levels. On the 18th United States Department of Agriculture Secretary Ann Veneman declared a drought disaster in several
states including Maryland, Delaware, and New Jersey. An unseasonably wet November ended the meteorological drought
across the Maryland Eastern Shore.

September 1 to
September 30,
2005

Dating back to 1895, it was the eight warmest and the driest September on record for the state of Maryland. Across the Eastern
Shore, monthly county precipitation averages ranged from 0.4 inches in Caroline County to 0.7 inches in Kent County. Normal is
about 3.6 inches.

July 24, 2007 to
December 31,
2007

An unseasonably dry July was taking its toll on non-irrigated crops across the Maryland Eastern Shore from Kent County
southward. Farmers were estimating their losses at 30 to 60 percent. Unseasonably dry weather into August took its toll on non-
irrigated crops across the Maryland Eastern Shore. While the drought for the most part has been an agricultural concern,
Preston (Caroline County) imposed odd/even watering restrictions. Unseasonably dry weather in September continued to take
its toll on non-irrigated crops across the Maryland Eastern Shore. For the state of Maryland, it was the 3rd driest September on
record dating back to 1895. The summer of 2007 was the second driest summer on record for the state since 1895. The entire
Christmas tree planting was lost in Caroline County. Established trees survived, but the new plantings did not. November 2007
brought the return of below normal precipitation to the Maryland Eastern Shore. On a county weighted average, November
rainfall ranged from 0.7 inches in Caroline County to 2.2 inches in Cecil County. Normal is around 3.4 inches. The unseasonably
dry November led to the drought watch being upgraded to a drought warning for Caroline, Kent, Queen Anne’s, and Talbot
Counties.

January 1, 2008
to June 11, 2008

January 2008 was unseasonably dry across the Eastern Shore as the drought watch remained in effect. January precipitation
ranged from 1.6 inches in Cecil County to 1.9 inches in Caroline County. Normal is around 3.3 inches. February 2008 was
slightly wetter than normal across the Eastern Shore, but the drought watch remained in effect. March 2008 was slightly drier
than normal across the Eastern Shore. The drought watch remained in effect. April 2008 was slightly wetter than normal across
most of the Eastern Shore. The drought watch remained in effect. A drought watch calls for a voluntary reduction in water
consumption of five percent. On a county weighted average, April precipitation ranged from 3.3 inches in Kent County to 3.7
inches in Caroline County. Normal is around 3.3 inches. The drought watch remained in effect for most of the Eastern Shore.
The above normal rainfall during the month of May and into the first part of June was sufficient to replenish groundwater and
stream flow. The drought watch for Kent, Queen Anne's, Talbot, and Caroline Counties was discontinued.

August 1 to
August 31, 2008

An unseasonably dry August occurred across the Eastern Shore and could cause problems for crops if it persists into
September and October.
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The Maryland Department of the Environment issued a drought watch for the Maryland Eastern Shore except for Cecil County
on September 9th. The Maryland Department of Natural Resources Forest Service strongly encouraged homeowners not to do
any outdoor burning until the state received significant steady rainfall of one inch or more. The drought conditions were caused
by the hottest summer on record in the state of Maryland as well as a drier than normal (about 80 percent of normal rainfall)
summer. September 2010 was also warmer than normal (statewide average 1.9F higher than average) and until the last day of
the month was also drier than normal. The heavy rain that fell on September 30th gave the state on average a wetter than

September 9, normal September. The wet weather on September 30th and October 1st started to recharge water supplies in the state of

2010 to Maryland. Even so, the Maryland Department of the Environment maintained a drought watch for all of the Eastern Shore
November 1, except for Cecil County. The statewide October monthly precipitation average for Maryland was 4.48 inches, about one hundred
2010 thirty percent of normal and 1.10 inches wetter than average. Across the Eastern Shore, on a county weighted average,

October monthly precipitation ranged from 4.5 inches in Cecil County to 5.9 inches in Caroline County. Normal is about 3.2
inches. The continuation of near normal precipitation and the drop-in water demand with the end of the growing season
permitted the Maryland Department of the Environment to cancel all drought watches for the Maryland Eastern Shore. The
drought and summer heat took its toll on Eastern Shore farmers and the United States Secretary of Agriculture Thomas Vilsack
declared all counties in the Eastern Shore natural disaster areas. The declaration permitted affected farmers, ranchers and
other agricultural producers eligible to apply for low interest emergency loans from the Farm Service Agency.

April 10, 2012 to
October 31,
2012

The unseasonably dry weather in 2012, was even drier in March and continued during the first three weeks of April. The
Drought Monitor was raised to D2 (severe drought) from Kent County southward along the Eastern Shore on April 10th. The
Maryland Department of the Environment issued a drought watch for the Eastern Shore from Kent County southward on April
13th. Groundwater and streamflow levels were below normal. The Department of the Environment recommended that
homeowners, farmers and businesses conserve water and reduce water usage where possible for irrigation. In addition, it was
recommended that leaks be actively pursued and fixed. While around two inches of rain fell on the 22nd, it did improve
conditions slightly. The drought status was lowered to D1 (Moderate Drought) on April 24th. The Drought Watch remained in
effect. The rain on the 22nd and 23rd helped April return to near normal precipitation amounts across the Eastern Shore.

On May 8th, the Maryland Department of the Environment extended the drought watch into Cecil County while maintaining the
drought watch for the rest of the Eastern Shore. Through the end of April, yearly to date average precipitation across Maryland
was about 64.5 percent of normal, the driest start to a year on record for the state dating back through 1895. Stream flow and
groundwater levels were below normal throughout much of the state. During a drought watch, there is an increase in oversight
of water supply conditions and the Maryland Department of the Environment encourages citizens to become more aware of
their water use and to conserve it. The hope is that voluntary conservation will cut water usage by 5 to 10 percent in drought
watch areas. Homeowners, government facilities, businesses and industry were asked to reduce water use for irrigation. The
drought was already having an impact on farming as some farmers have waited to plant crops due to low soil moisture levels
while others have had to start irrigating, a practice not typically needed during spring. The United States Drought Monitor
depicted all the Eastern Shore in moderate drought (D1 status) as May began. Cecil County's drought level improved to DO
(abnormally dry) with the May 22nd monitor release. The drought watch for the county remained in effect through May. During
the month of May, the state of Maryland averaged 82 percent of its normal rainfall. Across the Eastern Shore, county monthly
weighted precipitation averages for May ranged from 2.4 inches in Caroline County to 2.7 inches in Cecil County. This averaged
around 1.3 inches less than normal. The drought watch remained in effect for Eastern Maryland through June. Conditions
improved somewhat during the month, especially in the northern part of the Eastern Shore. During the drought watch phase,
there is an increase in oversight of water supply conditions and the Maryland Department of the Environment encourages
citizens to become more aware of their water use and to conserve it. The hope is that voluntary conservation will cut water
usage by 5 to 10 percent in drought watch areas. Homeowners, government facilities, businesses and industry were asked to
reduce water use for irrigation. Stream flow and groundwater levels were below normal through much of the state at the start of
the month, but stream flow levels recovered somewhat as the month progressed. As June started, the United States Drought
Monitor depicted Cecil County as unusually dry and moderate drought (D1 status) for the rest of the Eastern Shore. During the
month, showers and thunderstorms were more widespread in the northern part of the Eastern Shore than southern. On a county
weighted average, June monthly precipitation ranged from 1.9 inches in Caroline County, to 2.5 inches in Talbot and Queen
Anne's County, to 3.4 inches in Kent County and 5.1 inches in Cecil County. Normal is around 3.6 inches. By the end of the
month, most of Cecil County returned to normal status, with Kent County was a mixture of abnormally dry and moderate drought
(D1) status and the rest of the Eastern Shore remained in severe drought (D2) status. The drought watch remained in effect for
Eastern Maryland through July. During the drought watch phase, there is an increase in oversight of water supply conditions
and the Maryland Department of the Environment encourages citizens to become more aware of their water use and to
conserve it. The hope is that voluntary conservation will cut water usage by 5 to 10 percent in drought watch areas.
Homeowners, government facilities, businesses and industry were asked to reduce water use for irrigation. July began with
moderate drought conditions (level D1 on the Drought Monitor) across all of the Eastern Shore except Cecil County. As the
unseasonably hot and dry weather continued during the month, Talbot and Caroline were upgraded to severe drought status
(level D2 on the Drought Monitor) on July 24th and continued at that level for the rest of the month. Fields that did not have the
capability of being irrigated were suffering. On a county weighted basis, all of the Eastern Shore counties were drier than
average during July with Caroline County the driest. County averaged precipitation amounts ranged from 2.3 inches in Caroline
County to 3.1 inches in Talbot County. Normal is around 4.1 inches. It was also the third hottest July on record for the state of
Maryland dating back to 1895. Drought conditions persisted over most of the Maryland Eastern Shore during most of August.
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The Maryland Department of the Environment issued a drought warning for Kent, Queen Anne's, Talbot and Caroline Counties
on August 6th. The warning set a goal of reducing water usage by ten to fifteen percent. Drought relief arrived late in the month,
but not in time to help the crops, especially corn. Crop losses in Caroline County reached 75 percent. On August 29th, the
United States Department of Agriculture Secretary Tom Vilsack issued a Disaster Designation for Maryland. Farmers are now
able to get some financial relief from the drought. The declaration covered all of the Eastern Shore counties. Because of the last
week of the month, the state averaged above normal precipitation for the month of August. Improving drought conditions that
started in late August continued throughout the month of September as the state of Maryland received (on a statewide average)
April 10, 2012 to near normal precipitation. According to the Drought Monitor, except for extreme eastern Caroline County (severe drought, level
Octok;er 31 D2), drought conditions on the Eastern Shore improved to abnormally dry (level DO) in Kent County with moderate drought
2012 ’ conditions (level D1) reported for Talbot and Queen Anne's Counties and most of Caroline County. Because of the improving
conditions, the Maryland Department of the Environment upgraded the drought warning to a drought watch for Kent, Queen
Anne's, Talbot and Caroline Counties on September 12th. The drought watch was continued because rainfall and ground water
levels were still below normal for the year. The goal is for voluntary conservation to cut water usage by 5 to 10 percent in
drought watch areas. Homeowners, government facilities, businesses and industry were asked to reduce water use for
irrigation. Drought relief did not arrive in time to help the crops, especially corn. Crop losses in Caroline County reached 75
percent. On August 29th, the United States Department of Agriculture Secretary Tom Vilsack issued a Disaster Designation for
Maryland. Farmers are now able to get some financial relief from the drought. The declaration covered all the Eastern Shore
counties. The flooding rains associated with Sandy ended drought conditions along the Maryland Eastern Shore. The Maryland
Department of the Environment lifted the drought watch for the area.

2023 HMP Update: No New Events Reported Since 2012

Source: National Center for Environmental Information (NCEI), 2023.

continued
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Table 3-33: Heat Event Composite

Heat events
Caroline County from January 1996 — June 2023

59 Heat events — Frequency 2.19

Number of Days with Event and Death: 0

Number of Days with Event and Injury: 9

Number of Days with Event and Property Damage: 0 $0
0 $0

Number of Days with Event and Crop Damage:

Number of Event Types reported: 59 Heat

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Heat (Z). A period of heat resulting from the combination of high temperatures (above normal) and
relative humidity. A Heat event occurs and is reported in Storm Data whenever heat index values meet or exceed locally/regionally
established advisory thresholds. Fatalities or major impacts on human health occurring when ambient weather conditions meet heat
advisory criteria are reported using the Heat event. If the ambient weather conditions are below heat advisory criteria, a Heat event
entry is permissible only if a directly related fatality occurred due to unseasonably warm weather, and not man-made environments.

Table 3-34: Excessive Heat Event Composite

Excessive Heat events
Caroline County from January 2000 — June 2023

16 Excessive Heat events — Frequency 0.70

Number of Days with Event and Death: 0

Number of Days with Event and Injury: 0

Number of Days with Event and Property Damage: 0 $0
0 $0

Number of Days with Event and Crop Damage:
Number of Event Types reported: 16 Excessive Heat

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Excessive Heat (Z). Excessive Heat results from a combination of high temperatures (well above
normal) and high humidity. An Excessive Heat event occurs and is reported in Storm Data whenever heat index values meet or
exceed locally/regionally established excessive heat warning thresholds. Fatalities (directly related) or major impacts to human health
that occur during excessive heat warning conditions are reported using this event category. If the event that occurred is considered
significant, even though it affected a small area, it should be entered into Storm Data.
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Table 3-35: Excessive Heat Event Narrative

Date

Type of
Event

Event Narrative

March 31, 2000

Excessive Heat

March 2000 was an unseasonably warm and wet month across the Maryland Eastern Shore. The
statewide monthly average temperature of 47.6 degrees was the 7th warmest March on record since
1895.

May 2 to May 4, 2001

Excessive Heat

High temperatures reached around 90 degrees on both the 3rd and the 4th.

June 26 to June 28,
2007

Excessive Heat

The first heat wave of the season (loosely defined as three consecutive days with high temperatures
of 90 degrees or higher) occurred across most of the Maryland Eastern Shore from the 26th through
the 28th.

July 8 to July 10, 2007

Excessive Heat

A heat wave brought unseasonably hot weather to the Eastern Shore on July 8th through the 10th.
The combination of the heat and humidity produced afternoon heat indices of around 100F both
afternoons.

August 7 to August 8,
2007

Excessive Heat

Highest temperatures were close to 100 degrees in most areas.

August 25, 2007

Excessive Heat

Heat indices of 105F to 110F which were similar only to August 8th as the highest of the summer.

June 7 to June 10,

Excessive Heat

The combination of high temperatures well into the 90s and dew point temperatures in the 70s

2008 produced apparent temperatures or heat indices values as high as 105 to 110.
July 16 to July 23 The longest heat wave of the summer affected the Maryland Eastern Shore from July 16th through
y 2008 y <o Excessive Heat  the 23rd. The combination of the temperatures and dew points produced apparent temperatures or

heat indices of around 100F.

August 10, 2009

Excessive Heat

The heat index at Easton peaked at 105 degrees as the dew point was at 77 degrees. High
temperatures were mainly in the mid-90s.

Unseasonably hot and humid weather enveloped the Maryland Eastern Shore on the 23rd and 24th.

T2 2323)1‘(;%9 ey Excessive Heat It culminated on the 24th with maximum temperatures of 95 to 100 degrees and afternoon heat
indices of around 105F.
June 27 to June 28 . Two mgre days of unseasonably hot and humid.weather affepted Eastern Marylaqd on the 27th and
2010 ’ Excessive Heat ~ 28th. High temperatures reached 95 to 100 again and combined with the humid air mass to produce

afternoon heat indices of around 105F on the 28th.

July 5 to July 7, 2010

Excessive Heat

The hottest weather of the summer season occurred on July 5th through the 7th throughout the state
of Maryland. Some high temperatures on the 6th and 7th exceeded 100 degrees. For those places
that reached 100 degrees, this was the first time since August of 2001 than high temperatures
exceeded 100 degrees. Humidity levels were relatively low and in many places the afternoon heat
index was only slightly higher than the actual temperature.

July 23 to July 25,
2010

Excessive Heat

The last heat wave in July culminated with some of the highest heat indices of the summer on the
24th and numerous high temperatures around 100 degrees. The combination of the heat and
humidity produced heat index values of 105 to 110 degrees on the 24th. The heat wave ended with
the passage of severe thunderstorms and a strong cold front during the afternoon of the 25th.

July 21 to July 24,
2011

Excessive Heat

One of the most oppressive heat waves since mid-July 1995 enveloped the Eastern Shore from July
21st through the 24th. Many locations had high temperatures that reached the 100s. The most
oppressive day was July 22nd when the combination of temperature and dew points pushed
afternoon heat index values to between 110F and 125F.

June 29, 2012

Excessive Heat

An unseasonably hot and humid day produced high temperatures of around 100 degrees along the
Eastern Shore on the 29th. Combined with the humidity levels, maximum hourly heat indices reached
around 110F (for example 111 degrees at the Baltimore-Washington International Airport and 109
degrees in Salisbury). The heat and humidity then set the stage for the powerful derecho that moved
through the Eastern Shore later that evening.

July 18 to July 19,
2013

Excessive Heat

The most oppressive hot spell of the summer season affected the Eastern Shore from July 15th
through the 20th. Widespread high temperatures reached into the mid-90s, and the most oppressive
days (combination of heat and humidity) occurred on the 18th and 19th. Afternoon heat indices
reached nearly 110 degrees.

2023 HMP Update: No New Events Reported Since 2013

Source: National Center for Environmental Information (NCEI), 2023.
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Table 3-36: Thunderstorm Wind Event Composite

Thunderstorm Wind events
Caroline County from January 1956 — June 2023

138 Thunderstorm Wind events — Frequency 2.06

Number of Days with Event and Death:

Number of Days with Event and Injury:

Number of Days with Event and Property Damage: $405,000

OO |k

Number of Days with Event and Crop Damage: $0

Number of Event Types reported: 138 Thunderstorm Wind

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Thunderstorm Wind (C). Winds, arising from convection (occurring within 30 minutes of lightning
being observed or detected), with speeds of at least 50 knots (58 mph), or winds of any speed (non-severe thunderstorm winds below
50 knots) producing a fatality, injury, or damage. Maximum sustained winds or wind gusts (measured or estimated) equal to or greater
than 50 knots (58 mph) will always be entered. Events with maximum sustained winds or wind gusts less than 50 knots (58 mph)
should be entered as a Storm Data event only if the result in fatalities, injuries, or serious property damage. Storm Data software
permits only one event name for encoding severe and non-severe thunderstorm winds. The Storm Data software program requires the
preparer to indicate whether the sustained wind or wind gust value was measured or estimated.

Table 3-37: Thunderstorm Wind Event Narrative

Property

Location Date Event Narrative
Damage

A squall line of severe thunderstorms plus an EF0 tornado caused wind damage across

southwestern Caroline County. The combination of the squall line and the tornado caused about $200,000
$500,000 in damage to about 30 homes and businesses in and around Preston.

A severe thunderstorm caused wind damage across several municipalities in Caroline County.

Numerous trees and wires were knocked down, some were greater than 100 years old. Choptank

Electric and Delmarva Power and Light reported about 3,000 homes and businesses lost power in

the county. Power was not fully restored until 5 a.m. EDT on the 26th. In Denton, the porch railings

were ripped away from one home and porch furniture was tossed two hundred feet. Numerous trees $100,000
were knocked down from Asbury off of Maryland State Route 328 southeast through the Caroline

Country Club. In Federalsburg, the damaging winds caused roof damage to one home and Henry's

Furniture Store. Dover Doppler Radar was measuring winds of around 85 mph at 1,300 feet above

Denton.

A gust front outrunning a cluster of severe thunderstorms entered near Harmony in western Caroline

County at approximately 11:40 pm EDT on the 29th. This gust front produced damaging wind gusts

estimated at 65 mph as it traversed eastward across the county. Within approximately 20 minutes of

the gust front passage, a potent line of severe thunderstorms tracked eastward through Caroline $50,000
County, producing another round of destructive wind gust, estimated at 65 mph. Trees and electric

wires were reported down across the county. Severe thunderstorms exited eastern Caroline County,

including the town of Henderson, at approximately 12:49 am EDT on the 30th.

June 4,

Preston 2008

July 25,

Denton 2010

June 29,

Harmony 2012

September

8 2012 A severe thunderstorm caused roof damage to a home on Payne Road in Preston. $5,000

Preston

A severe thunderstorm badly damaged a home in Preston. The winds lifted the house's front porch
February  over the back of it. A window air-conditioning unit was blown into the house. Two sliding glass doors
21,2014 were torn away, and the effects of the wind badly damaged the home's kitchen and living room. The
American Red Cross provided a hotel room for the homeowner. No injuries occurred.
A severe thunderstorm caused tree and home wind damage in Preston. Multiple residents suffered
minor damage to their homes, yards and outdoor items. In the Hughlett Road and Tidewater Circle
area, several trees were knocked down. Several fences were damaged. Multiple trampolines and
yard ornaments were blown into other yards. Several homes suffered damage to soffits and one heat $25,000
pump was knocked over. A resident in the area had a measured wind gust of 77 mph. Street signs
were also blown down. In the Williamson Street area, multiple residents also had whole trees
knocked down.

Preston $25,000

October 7,

Preston 2014
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The second day of a three-day outbreak of severe weather, numerous severe thunderstorms
Greensboro May 29, developed over the mid-Atlantic as a wave of low pressure tracked along a stalled frontal boundary. Not Available
2019 Widespread wind damage occurred along with areas of severe hail and a weak tornado in Lehigh
County, PA. Multiple trees and power lines were reported down. Time estimated from radar.
Ridgeley May 30, Severe thunderstorms impacted the aera. Trees and wires down in Ridgeley. Time estimated from .
L Not Available
Pelican Arp 2019 radar.
Oakland May 30, Severe thunderstorms impacted .the region. Straight-line winds estimated between 60 and 70 mph. Not Available
2019 Uprooted or snapped and large limbs down from 15 trees.
May 30, Severe thunderstorms impacted the region. Trees and wires down in Greensboro. Time estimated .
Greensboro Not Available
2019 from radar.
Goldsboro May 30, Severe thunderstorms impacted the region. Trees and wires down in Goldsboro. Time estimated Not Available
2019 from radar.
Preston M;g%()’ Severe thunderstorms impacted the region. Wires down in Preston. Time estimated from radar. Not Available
For a third consecutive day, a nearly stationary frontal boundary triggered convection late in the day
Preston June 18, on June 18. Similar to the prior day, an overall marginal environment limited the threat for widespread Not Available
2019 severe weather. However, a few of the storms did become strong to severe. A report was received of
wires down near the intersection of Sunset Blvd and Main St. Time estimated from radar.
For a third consecutive day, a nearly stationary frontal boundary triggered convection late in the day
June 18, on June 18. Similar to the prior day, an overall marginal environment limited the threat for widespread .
Concord . . Not Available
2019 severe weather. However, a few of the storms did become strong to severe. Power lines were
downed in the Concord area. Time estimated from radar.
A cold front and a weak upper-level disturbance approached the mid-Atlantic on July 6. A hot and
July 6 humid air mass was in place, with high temperatures well into the 90s. This led to significant
Preston 2019’ instability and combined with adequate shear and the forcing from the approaching disturbances, Not Available
scattered strong to severe thunderstorms developed in the area. A tree and other windblown debris
were reported in the roadway due to thunderstorm winds. Time estimated from radar.
A cold front along with a robust shortwave trough gradually approached the eastern mid-Atlantic on
August 7. A pre-frontal surface trough was also in place. Ahead of the front, a warm and moist air
mass built through the day. Strong instability developed, along with moderate wind shear. Convection
Newton August 7, initially developed along the pre-frontal trough. Later, a squall line associated with the front and Not Available
2019 trough combination moved through the region. Given the strong instability and adequate shear,
numerous storms became severe, primarily producing damaging winds. In addition, low level shear
was sufficient to help spawn a couple of brief tornadoes in New Jersey. Large tree limbs were
downed on Preston Bridge Rd. Time estimated from radar.
A severe weather outbreak impacted the mid-Atlantic from the evening of October 31 through the
pre-dawn hours of November 1. A strong area of low pressure moved through the eastern Great
Lakes on the 31st. Ahead of it, strong southerly flow advected an unseasonably warm and moist air
Greensboro October mass into the mid-Atlantic. This generated enough instability, combined with extremely strong wind Not Available
31,2019 fields, to produce a low topped line of severe convection which tracked across the entire region.
Widespread damaging wind occurred as the squall line moved through, along with a couple of short-
lived embedded tornadoes. Downed power lines were reported near the intersection of Spring
Branch Rd and Greensboro Rd. Time estimated from radar.
An area of low pressure moving out of the Southeast began to explosively intensify as it moved over
the mid-Atlantic. On the morning of February 7, the eastern mid-Atlantic was briefly within the warm
sector of the deepening low. An environment of extreme wind fields was present, and temperatures
February and dew points rose enough for sufficient instability to develop to sustain convection. A line of low
Denton 7 2020 topped but intense convection developed, and despite producing little thunder and lightning it Not Available
’ produced a long swath of wind damage over the mid-Atlantic, along with a few tornadoes between
Virginia and Maryland. Significant structural damage occurred to a barn. Photos confirm this and
radar data suggests straight line winds likely became enhanced in this location. Time estimated from
radar.
An area of low pressure moving out of the Southeast began to explosively intensify as it moved over
the mid-Atlantic. On the morning of February 7, the eastern mid-Atlantic was briefly within the warm
sector of the deepening low. An environment of extreme wind fields was present, and temperatures
Ridgely February  and dew points rose enough for sufficient instability to develop to sustain convection. A line of low Not Available
7, 2020 topped but intense convection developed, and despite producing little thunder and lightning it
produced a long swath of wind damage over the mid-Atlantic, along with a few tornadoes between
Virginia and Maryland. A utility was downed on State Highway 480 at Sunset Blvd. Time estimated
from radar.
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American
Corners

February
7, 2020

An area of low pressure moving out of the Southeast began to explosively intensify as it moved over
the mid-Atlantic. On the morning of February 7, the eastern mid-Atlantic was briefly within the warm
sector of the deepening low. An environment of extreme wind fields was present, and temperatures
and dew points rose enough for sufficient instability to develop to sustain convection. A line of low
topped but intense convection developed, and despite producing little thunder and lightning it
produced a long swath of wind damage over the mid-Atlantic, along with a few tornadoes between
Virginia and Maryland. Straight line winds collapsed a block barn on Howard Rd north of
Federalsburg. A swath of damage also occurred to multiple other nearby structures, with damage
consistent with straight line winds of 70 to 80 mph. Time estimated from radar.

Not Available

Newton

April 9,
2020

A warm front moved through the mid-Atlantic on the morning of April 9. During the late morning and
early afternoon, the mid-Atlantic was in a narrow warm sector with a cold front quickly approaching
from the west as low pressure tracked through the Great Lakes and then began to redevelop over
southern New England. Ahead of the front, a strongly forced and highly sheared environment existed.
Heating and moisture were limited in the small warm sector region, but sufficient instability developed
to support convective development, and a broken line of showers and thunderstorms moved across
the region, causing a considerable amount of wind damage. That evening, additional severe weather
occurred as several post-frontal squalls developed. One of these squalls developed into a low-topped
thunderstorm. Steep lapse rates and strong wind profiles allowed this storm to also produce wind
damage over southeastern Pennsylvania, northeast Maryland, northern Delaware, and southern New
Jersey. Trees and wires were downed in the area. Time estimated from radar.

Not Available

Baltimore
Corner

April 13,
2020

A highly anomalous weather system affected much of the eastern United States on April 13. From the
night of April 12 through the day on April 13, strengthening low pressure tracked in an almost due
northerly direction from the Ohio Valley, through the Great Lakes, and into Canada. A record strong
low-level jet developed ahead of it along the East Coast. In the mid-Atlantic, a warm front moved
through the region during the morning of the 13th, bringing showery weather. During and after the
warm frontal passage, mixing with the low-level jet brought destructive wind gusts to the surface,
especially near the coast where gusts were enhanced by a well-defined gravity wave. During the
afternoon hours, a strong cold front approached, providing strong forcing to an environment of strong
to extreme wind shear. Instability was limited due to a lack of clearing following the morning warm
frontal passage. However, enough heating occurred by mid-afternoon that a line of strong to severe
thunderstorms did manage to develop, producing a number of damaging wind reports as it moved
towards the coast. A metal shed was blown apart from the gusts.

Not Available

Greensboro

June 4,
2020

Several weak disturbances and their associated boundaries, in combination with an unstable
airmass, produced strong to severe thunderstorms across northeastern Maryland during the late
afternoon and evening hours. Localized heavy downpours were also reported. MD-313 northbound
north of MD-314 was closed due to storm debris. Time estimated from radar.

Not Available

Baltimore
Corner

July 6,
2020

A slow moving backdoor cold front drifted southwest through the mid-Atlantic region on July 6.
Meanwhile, a shortwave vorticity impulse, one of several in a series, moved across the region during
the day. A very hot and humid air mass was present ahead of the backdoor cold front, leading to the
development of strong to extreme instability over the region. The approaching upper-level
disturbance allowed for the development of moderate wind shear over the region. Combined with the
front, it also acted as a trigger mechanism for convection. Severe thunderstorms developed by early
afternoon over eastern PA and southern and central New Jersey. These storms produced strong
outflow boundaries which served to initiate additional severe convection. The result was a ring of fire
in which outflow steadily propagated outward in all directions. This caused severe weather to spread
radially outward from its origin near Philadelphia to much of New Jersey, other portions of eastern
Pennsylvania, and Delmarva. MD-313 was closed in both directions from Hollingsworth Circle to
Jones Rd due to storm debris. Time estimated from radar.

Not Available

Goldsboro

July 6,
2020

A slow moving backdoor cold front drifted southwest through the mid-Atlantic region on July 6.
Meanwhile, a shortwave vorticity impulse, one of several in a series, moved across the region during
the day. A very hot and humid air mass was present ahead of the backdoor cold front, leading to the
development of strong to extreme instability over the region. The approaching upper-level
disturbance allowed for the development of moderate wind shear over the region. Combined with the
front, it also acted as a trigger mechanism for convection. Severe thunderstorms developed by early
afternoon over eastern PA and southern and central New Jersey. These storms produced strong
outflow boundaries which served to initiate additional severe convection. The result was a ring of fire
in which outflow steadily propagated outward in all directions. This caused severe weather to spread
radially outward from its origin near Philadelphia to much of New Jersey, other portions of eastern
Pennsylvania, and Delmarva. Video received via social media from this location of winds which
appeared to be at least 60 mph. Time estimated from radar.

Not Available

Choptank

July 21,
2020

Two large and robust thunderstorms produced microburst-like damage in eastern Maryland. Winds of
60-70 mph or higher likely occurred based on the damage reports. Downed trees and power lines
near Blades Road in Choptank. Time estimated from radar.

Not Available
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Preston

July 21,
2020

Two large and robust thunderstorms produced microburst-like damage in eastern Maryland. Winds of
60-70 mph or higher likely occurred based on the damage reports. Dispatch reports numerous trees
down around the town of Preston. Time estimated from radar.

Not Available

Bethlehem

July 21,
2020

Two large and robust thunderstorms produced microburst-like damage in eastern Maryland. Winds of
60-70 mph or higher likely occurred based on the damage reports. Reports of trees and wires down
near Bethlehem Road southeast of Tanyard. Time estimated from radar.

Not Available

Hillsboro

July 21,
2020

Two large and robust thunderstorms produced microburst-like damage in eastern Maryland. Winds of
60-70 mph or higher likely occurred based on the damage reports. Wind-blown debris closed
Maryland Alternate Route 404 near and west of Cemetery Road. Time estimated from radar.

Not Available

Dressard

July 22,
2020

A slow-moving frontal boundary was draped across upstate New York and southern New England on
July 22 with multiple waves of low pressure tracking along it. The mid-Atlantic was left in a warm
sector air mass south of this front. This led to a very hot and humid day on July 22 with air
temperatures rising into the 90s and dew point values near 70. This caused strong instability to
develop. Shear values were not overly impressive, but an approaching shortwave disturbance from
the Midwest did help to increase shear late in the day. This disturbance also served as forcing for
convection to develop in the warm and unstable air mass. Widespread thunderstorm development
occurred, with storms eventually developing into a mostly solid squall line. This line of storms
produced numerous reports of wind damage across eastern Pennsylvania, New Jersey, and
Delmarva. Downed trees and wires were reported near Reliance Rd southeast of Federalsburg.
Time estimated from radar.

Not Available

Dressard

July 22,
2020

A slow moving frontal boundary was draped across upstate New York and southern New England on
July 22 with multiple waves of low pressure tracking along it. The mid-Atlantic was left in a warm
sector air mass south of this front. This led to a very hot and humid day on July 22 with air
temperatures rising into the 90s and dew point values near 70. This caused strong instability to
develop. Shear values were not overly impressive, but an approaching shortwave disturbance from
the Midwest did help to increase shear late in the day. This disturbance also served as forcing for
convection to develop in the warm and unstable air mass. Widespread thunderstorm development
occurred, with storms eventually developing into a mostly solid squall line. This line of storms
produced numerous reports of wind damage across eastern Pennsylvania, New Jersey, and
Delmarva. Wires were downed near Bridgeville Rd east of Federalsburg. Time estimated from radar.

Not Available

Bethlehem

August 6,
2020

An impulse moving along a stalled boundary draped across the region, in combination with moisture
left over from Hurricane Isaias, produced severe thunderstorms with damaging winds and flooding
rains over the eastern shore of Maryland during the early morning hours of August 6th. Downed
power lines near Tanyard. Time estimated from radar.

Not Available

Goldsboro

August 6,
2020

An impulse moving along a stalled boundary draped across the region, in combination with moisture
left over from Hurricane Isaias, produced severe thunderstorms with damaging winds and flooding
rains over the eastern shore of Maryland during the early morning hours of August 6th. Downed
wires near the Goldsboro area. Time estimated from radar.

Not Available

Marydel

August 6,
2020

An impulse moving along a stalled boundary draped across the region, in combination with moisture
left over from Hurricane Isaias, produced severe thunderstorms with damaging winds and flooding
rains over the eastern shore of Maryland during the early morning hours of August 6th. Several
reports of power lines down in the Marydel and Templeville areas. Time estimated from radar.

Not Available

Denton

August 25,
2020

A strong cold front along with a mid-level shortwave trough approached the mid-Atlantic on August
25. Ahead of the disturbances, wind shear increased significantly and surface temperatures warmed,
increasing instability. While some ingredients were in place for a major severe weather event, an
offset in timing between the shortwave and the front, combined with greater than expected mid-level
dry air, caused storms to generally struggle to develop over the mid-Atlantic. Greater storm coverage
was found in more favorable environments over both New England and the Ohio Valley. However, the
environment over the mid-Atlantic was still highly favorable for damaging winds, so the few storms
that did develop produced some instances of wind damage. A tree was reported blown down in
Denton. Time estimated from radar.

Not Available

Federalsburg

September
3, 2020

A frontal boundary stalled over the mid-Atlantic on the overnight of September 2 and lifted northward
slightly during the day on September 3. A robust shortwave trough was also approaching during the
day. This combination caused a high shear environment to develop, with good moisture also present.
However, instability was marginal due to considerable cloud cover over the area. In addition, multiple
rounds of storms associated with different sources of lift tended to work against each other, as
storms generally struggled to organize and become dominant. However, given the high shear some
storms still became strong to severe and produced instances of damaging wind. County dispatch
reported three calls for downed trees in Federalsburg. Time estimated from radar.

Not Available
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A frontal boundary stalled over the mid-Atlantic on the overnight of September 2 and lifted northward
slightly during the day on September 3. A robust shortwave trough was also approaching during the
day. This combination caused a high shear environment to develop, with good moisture also present.

September However, instability was marginal due to considerable cloud cover over the area. In addition, multiple

3, 2020 rounds of storms associated with different sources of lift tended to work against each other, as

storms generally struggled to organize and become dominant. However, given the high shear some
storms still became strong to severe and produced instances of damaging wind. Wires were downed
on Smithville Rd. Time estimated from radar.

Smithville Not Available

A strong cold front approached the mid-Atlantic coast on April 21. Ahead of the front, modest
instability developed in a strongly sheared and strongly forced environment. This led to the
April 21, development of convection along and ahead of the front as it moved through during the midafternoon
2021 hours. Mixed modes of linear and discrete storm cells were present, some of which became strong to
severe. Scattered instances of hail and wind damage were reported across much of the eastern mid-
Atlantic. A tree was downed onto an unoccupied vehicle.

Federalsburg Not Available

After a significant heatwave, a cold front approached the mid-Atlantic on July 1, 2021. A potent mid-
level trough was also digging southward through southern Ontario and into the Great Lakes region,
and a strong upper level jet streak was present downstream the trough axis, over the interior mid-
Atlantic and northern New England. This strong upper level forcing combined with the approaching
front and a lingering warm, moist air mass ahead of it caused widespread thunderstorm development
on July 1. Storms occurred almost exclusively south of Interstate 78, in the environment of best
instability. A number of storms became severe, taking the form of mainly linear and multi-cellular Not Available
clusters but with some embedded super cellular characteristics. Straight line wind damage was the
primary hazard, with a number of reports of downed trees and power outages due to winds. With the
cold front remaining to the west, some storm activity continued into the overnight, but storm coverage
and intensity gradually waned with the loss of daytime heating and the overturning of the atmosphere
from earlier storms. Several reports of downed tree limbs and wires between Marydel and Hartly.
Time estimated from radar.

July 1,

Marydel 2021

After a significant heatwave, a cold front approached the mid-Atlantic on July 1, 2021. A potent mid-
level trough was also digging southward through southern Ontario and into the Great Lakes region,
and a strong upper level jet streak was present downstream the trough axis, over the interior mid-
Atlantic and northern New England. This strong upper level forcing combined with the approaching
front and a lingering warm, moist air mass ahead of it caused widespread thunderstorm development
on July 1. Storms occurred almost exclusively south of Interstate 78, in the environment of best
instability. A number of storms became severe, taking the form of mainly linear and multi-cellular Not Available
clusters but with some embedded supercellular characteristics. Straight line wind damage was the
primary hazard, with a number of reports of downed trees and power outages due to winds. With the
cold front remaining to the west, some storm activity continued into the overnight, but storm coverage
and intensity gradually waned with the loss of daytime heating and the overturning of the atmosphere
from earlier storms. Several reports of downed power lines and numerous power outages in the
Federalsburg area. Time estimated from radar.

July 1,

Federalsburg 2021

After a significant heatwave, a cold front approached the mid-Atlantic on July 1, 2021. A potent mid-
level trough was also digging southward through southern Ontario and into the Great Lakes region,
and a strong upper level jet streak was present downstream the trough axis, over the interior mid-
Atlantic and northern New England. This strong upper level forcing combined with the approaching
front and a lingering warm, moist air mass ahead of it caused widespread thunderstorm development
on July 1. Storms occurred almost exclusively south of Interstate 78, in the environment of best
instability. A number of storms became severe, taking the form of mainly linear and multi-cellular Not Available
clusters but with some embedded supercellular characteristics. Straight line wind damage was the
primary hazard, with a number of reports of downed trees and power outages due to winds. With the
cold front remaining to the west, some storm activity continued into the overnight, but storm coverage
and intensity gradually waned with the loss of daytime heating and the overturning of the atmosphere
from earlier storms. Trees and wires were down along MD-313 near Old Denton Rd. Time estimated
from radar.

July 1,

Federalsburg 2021
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Hickman

July 1,
2021

After a significant heatwave, a cold front approached the mid-Atlantic on July 1, 2021. A potent mid-
level trough was also digging southward through southern Ontario and into the Great Lakes region,
and a strong upper level jet streak was present downstream the trough axis, over the interior mid-
Atlantic and northern New England. This strong upper level forcing combined with the approaching
front and a lingering warm, moist air mass ahead of it caused widespread thunderstorm development
on July 1. Storms occurred almost exclusively south of Interstate 78, in the environment of best
instability. A number of storms became severe, taking the form of mainly linear and multi-cellular
clusters but with some embedded supercellular characteristics. Straight line wind damage was the
primary hazard, with a number of reports of downed trees and power outages due to winds. With the
cold front remaining to the west, some storm activity continued into the overnight, but storm coverage
and intensity gradually waned with the loss of daytime heating and the overturning of the atmosphere
from earlier storms. Trees and wires were down along MD-404 and Breeding Rd. Time estimated
from radar.

Not Available

Denton

July 1,
2021

After a significant heatwave, a cold front approached the mid-Atlantic on July 1, 2021. A potent mid-
level trough was also digging southward through southern Ontario and into the Great Lakes region,
and a strong upper level jet streak was present downstream the trough axis, over the interior mid-
Atlantic and northern New England. This strong upper level forcing combined with the approaching
front and a lingering warm, moist air mass ahead of it caused widespread thunderstorm development
on July 1. Storms occurred almost exclusively south of Interstate 78, in the environment of best
instability. A number of storms became severe, taking the form of mainly linear and multi-cellular
clusters but with some embedded supercellular characteristics. Straight line wind damage was the
primary hazard, with a number of reports of downed trees and power outages due to winds. With the
cold front remaining to the west, some storm activity continued into the overnight, but storm coverage
and intensity gradually waned with the loss of daytime heating and the overturning of the atmosphere
from earlier storms. Wires were downed in the Denton area. Time estimated from radar.

Not Available

Hillsboro

July 21,
2021

A strong cold front moved through the mid-Atlantic on July 21. Ahead of the front, an environment of
moderate wind shear and seasonably warm and humid conditions promoted widespread
thunderstorm development. Storms mainly took the form of multi-cell clusters and quasi-linear
segments. A number of storms became severe, posing a threat for both damaging winds and, thanks
to cold air aloft, large hail as they moved towards the coast. With the front moving through during the
mid to late afternoon hours, most of the storm activity was offshore by early evening, with cooler and
drier weather behind the front. A tree was downed across alternate Maryland Route 404.

Not Available

Newton

June 2,
2022

A cold front moved through the mid-Atlantic on June 2. A diffuse backdoor cold front that have moved
into the area the prior day was also present near the Delmarva peninsula and southern New Jersey.
A rather complex convective environment developed ahead of the approaching front, generally
characterized by both moderate shear and instability. Widespread thunderstorm activity developed
ahead of the front, with a mixed mode of multicells and a couple of supercells. Some of the storms
became severe as they moved through the region, producing damaging winds and small hail. As the
front moved offshore during the later evening hours, the severe weather threat diminished and a
cooler, drier air mass settled in. MD-578 was closed in both directions at Newton Rd due to trees
and/or wires down. Time estimated from radar.

Not Available

Fowling
Creek

June 2,
2022

A cold front moved through the mid-Atlantic on June 2. A diffuse backdoor cold front that have moved
into the area the prior day was also present near the Delmarva peninsula and southern New Jersey.
A rather complex convective environment developed ahead of the approaching front, generally
characterized by both moderate shear and instability. Widespread thunderstorm activity developed
ahead of the front, with a mixed mode of multicells and a couple of supercells. Some of the storms
became severe as they moved through the region, producing damaging winds and small hail. As the
front moved offshore during the later evening hours, the severe weather threat diminished and a
cooler, drier air mass settled in. Caroline County emergency managers relayed a report, with photos,
of multiple large trees downed in a yard, including one down on a car. Radar data suggested a
downburst or microburst occurred in the area at the time. Time estimated from radar.

Not Available

Williston

July 12,
2022

Isolated thunderstorms developed leading to some significant wind damage in Delmarva. Most
notably was a macroburst which began near Denton, MD and continued for about 18 miles east into
Delaware with estimated peak winds of 110 mph. Large trees down and a limb into a car windshield
on Pealiquor Road. Pictures provided via social media. Time estimated via radar. This was near the
beginning of a macroburst which continued for about 18 miles east into Delaware with estimated
peak winds of 110 mph.

Not Available

Denton

July 12,
2022

Isolated thunderstorms developed leading to some significant wind damage in Delmarva. Most
notably was a macroburst which began near Denton, MD and continued for about 18 miles east into
Delaware with estimated peak winds of 110 mph. Photo of a camper significantly damaged by a
fallen tree and the Martinak State Park Campground. This resulted in one injury to an occupant. Time
estimated from radar. This was near the beginning of a macroburst which continued for about 18
miles east into Delaware with estimated peak winds of 110 mph.

Not Available
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Isolated thunderstorms developed leading to some significant wind damage in Delmarva. Most
July 12 notably was a macroburst which began near Denton, MD and continued for about 18 miles east into
Denton y s Delaware with estimated peak winds of 110 mph. Underground gauge KMDDENTO27 measured Not Available
2022 . . L . . ) :
wind gust. This was near the beginning of a macroburst which continued for about 18 miles east into
Delaware with estimated peak winds of 110 mph.
August 4 Clusters of thunderstorms moved into Delmarva from the west causing scattered wind damage
Greensboro 29022 ’  across the eastern shore. County 911 call center reported a tree down into a house. Time estimated Not Available
from radar.
August 4 Clusters of thunderstorms moved into Delmarva from the west causing scattered wind damage
Hillsboro 29022 ’across the eastern shore. Numerous trees and wires down around Hillsboro, MD. Time estimated Not Available
from radar.
August 4 Clusters of thunderstorms moved into Delmarva from the west causing scattered wind damage
Greensboro 29022 ’  across the eastern shore. Tree down into a barn around Greensboro, MD. Time estimated from Not Available
radar.
. Clusters of thunderstorms moved into Delmarva from the west causing scattered wind damage
Ridgely August 4, . ; ) . .
) across the eastern shore. Numerous trees and wires down around Ridgely, MD. Time estimated Not Available
Pelican Arp 2022
from radar.
August 4 Clusters of thunderstorms moved into Delmarva from the west causing scattered wind damage
Denton 29022 *  across the eastern shore. Reports of numerous downed wires around Denton, MD. Time estimated Not Available
from radar.
August 4 Clusters of thunderstorms moved into Delmarva from the west causing scattered wind damage
Federalsburg 29022 * across the eastern shore. Numerous trees and wires down in Federalsburg, MD. Time estimated Not Available

from radar.

Source: National Center for Environmental Information (NCEI), 2023.

Table 3-38: Lightning Event Composite

Lightning events
Caroline County from January 1996 — June 2023

8 Lightning events — Frequency 0.30

Number of Days with Event and Death:

Number of Days with Event and Injury:

| o~ |O

Number of Days with Event and Property Damage: $59,000
Number of Days with Event and Crop Damage: $0
Number of Event Types reported: Lightning

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.
Based on NCEI definitions/criteria: Lightning (C). A sudden electrical discharge from a thunderstorm, resulting in a fatality, injury,
and/or damage.

Table 3-39: Lightning Event Narrative

. . Propert
Location Date Event Narrative perty
Damage
Denton January 19, 1996 A person was struck and injured by lightning in Denton. Not Available
Thunderstorms with frequent lightning caused 10,000 homes and businesses to lose
Henderson August 19, 1999  power on the Maryland Eastern Shore. Power outages also occurred in northern Not Available
Caroline County.
Lightning struck the ground near the Caroline County Courthouse and entered the
Denton May 13, 2000 building. The lightning damaged the County's and State's computer and phone $28,000
systems.
Federalsburg June 30, 2001 Ir_elg:)r;tgler:jg struck and ignited a fire in a Federalsburg house. No serious injuries were Not Available
Baltimore A lightning strike and the ensuing fire destroyed an abandoned barn outside of
April 6, 2009 Henderson along Bee Tree Road in Caroline County. A nearby tree was initially struck $25,000
Corner . .
by lightning. The two-story barn was destroyed.
Preston April 21, 2009 A lightning strike caused 31 hom(_es to lose power in Preston. Power was restored to all $1,000
homes by 11 p.m. EDT that evening.
Hillsboro June 1, 2010 A house in Hillsboro was struck by lightning. $5,000
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A cold front approached the eastern mid-Atlantic late on May 22. Ahead of the front, a
warm and strongly unstable air mass was present. However, wind shear was fairly weak
and frontal forcing was not overly strong. As the front moved east, a couple areas of
thunderstorms developed with daytime heating, gradually progressing eastward from late

Preston May 22, 2022 afternoon through the evening. As supported by the environment, some storms became Not Available

strong to marginally severe with a few instances of damaging wind. Storm activity
gradually waned by the later evening hours with loss of heating, and the frontal passage
brought quieter weather by the following day. A house fire due to a lightning strike was
reported on Preston Rd. Time estimated from radar.

Source: National Center for Environmental Information (NCEI), 2023

Table 3-40: High Wind Event Composite

High Wind events
High Wind Events 50kts Or Stronger

Caroline County from January 1999 — June 2023

8 High Wind events — Frequency 0.33

Number of Days with Event and Death:

Number of Days with Event and Injury:

Number of Days with Event and Property Damage: $526,500
Number of Days with Event and Crop Damage: $0
Number of Event Types reported: High wWind

0| Oolh|O|O

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: High Wind (Z). Sustained non-convective winds of 35 knots (40 mph) or greater lasting for 1 hour
or longer, or gusts of 50 knots (58 mph) or greater for any duration (or otherwise locally/regionally defined). In some mountainous
areas, the above numerical values are 43 knots (50 mph) and 65 knots (75 mph), respectively. If the event that occurred is
considered significant, even though it affected a small area, it should be entered into Storm Data.

Table 3-41: High Wind Event Narrative

Date

Property

Event Narrative
Damage

September 16, 1999

Hurricane Floyd battered the Maryland Eastern Shore on September 16th and brought with it torrential
rains and damaging winds. President Clinton declared all of the Maryland Eastern Shore a disaster
area. Wind gusts rarely exceeded 50 mph, but all the flooding rains made it easy for trees to be
knocked over. Ten homes and several businesses along the Tuckahoe Creek were badly flooded. In
Caroline County, towns near rivers (Denton, Federalsburg, Greensboro and Hillsboro) bore the brunt
of the damage. Six roads and thirty bridges were in need of repairs. About 20 people were in shelters
throughout the County. Other dam failures or spillovers occurred on Lake Bonnie near Goldsboro,
Crouse Mill in Tuckahoe State Park and Chambers Lake near Federalsburg. Three schools suffered
water damage. Large pieces of roadways collapsed on Maryland State Route 480 and Second Street
in Denton. Infrastructure damage alone was estimated as high as 2.5 million. A truck driver was
injured when his vehicle overturned on a flooded Maryland State Route 312. Storm totals included
11.20 inches in Federalsburg (Caroline County).

$500,000

November 2, 1999

An unseasonably humid air mass spread across the Middle Atlantic States on November 2nd. This
produced wind damage across the Maryland Eastern Shore mainly in the form of downed trees, tree Not Available
limbs and wires.

Peak wind gusts ranged between 50 and 60 mph and knocked down trees, tree limbs and power
lines. About 11,000 homes and businesses lost power. The worst reported wind damage occurred in

December 12, 2000 Caroline County where seven municipalities reported wind damage. The worst damage within the Not Available
county occurred in the northern part around Henderson where downed trees blocked several roads.
High winds buffeted the Eastern Shore during the afternoon of the 31st. Numerous tree limbs, trees
and power lines were knocked down. Delmarva Power and Light reported about 40,000 homes and

December 31, 2008 businesses lost power in their service area including the Eastern Shore. A large garage fire in Denton $4,000

(Caroline County) was tough to contain and battle because of the high winds. The fire spread to three
other buildings and went to six alarms. All four structures were destroyed, and an old elementary
school suffered heat damage.

3-48 |Page



Caroline County Hazard Mitigation Plan

Property

Date Event Narrative
Damage

Peak wind gusts averaged around 50 mph and knocked down several tree limbs, weak trees and
February 12, 2009 power lines. In Preston, the single support post of a roof covering at a Valero gas station snapped at 2 $10,000

p.m. EST. Peak wind gusts included 47 mph in Ridgely (Caroline County).

The increasing pressure difference (gradient) between a rapidly intensifying low-pressure system

offshore and an arctic high-pressure system moving east from the Great Lakes caused strong to high

damaging northwest winds to occur on the Eastern Shore from the evening of the 14th into the early

afternoon on the 15th. Strong wind gusts started during the second half of the evening on the 14th,
February 15, 2015 peaked overnight and continued into the early afternoon of the 15th. Peak wind gusts averaged $12,500
around 55 mph and knocked down or snapped trees and tree limbs. This caused downed wires and
widely scattered power outages. The strong to high winds also hampered road crews trying to keep
roadways clear from the snow that fell on the 14th. It also ushered into the Eastern Shore one of the
coldest air masses of the entire winter season.
Downed trees were reported throughout the county. A wind gust of 48 mph was recorded by the
AWOS unit at Easton Airport at 0750EST on March 2nd.

2023 HMP Update

A departing very deep cyclone combined with strong high pressure to the west yielded a strong
pressure gradient from the Plains eastward to the northern Mid-Atlantic and New England regions.
February 25, 2019 High winds gusting 50-60 mph resulted in scattered power outages and trees down across the region. $0
Some minor structural damage also occurred. Based on surrounding reports and observations, winds
likely gusted to 50 kts across the county.

Source: National Center for Environmental Information (NCEI), 2023.

March 2, 2018 Not Available

Table 3-42: Funnel Cloud Event Composite

Funnel Cloud events
Caroline County from January 2002 — June 2023

1 Funnel Cloud events — Frequency 0.05

Number of Days with Event and Crop Damage:
Number of Event Types reported:

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Funnel Cloud (C). A rotating, visible extension of a cloud pendant from a convective cloud with
circulation not reaching the ground. The funnel cloud should be large, noteworthy, or create strong public or media interest to be
entered.

Number of Days with Event and Death: 0

Number of Days with Event and Injury: 0

Number of Days with Event and Property Damage: 0 $0
0 $0
1

Funnel Clouds

Table 3-43: Funnel Cloud Event Narrative
Location Date Event Narrative Property Damage
Denton June 13, 2009 A Skywarn spotter saw a funnel cloud northwest of Denton. Not Available

2023 HMP Update: No New Events Reported Since 2009

Source: National Center for Environmental Information (NCEI), 2023.

349 |Page



Caroline County Hazard Mitigation Plan

Table 3-44: Tornado Event Composite

Tornado events
Caroline County from January 1952 — June 2023

7 Tornado events — Frequency 0.10
Number of Days with Event and Death:

Number of Days with Event and Injury:

~N| oo oo

Number of Days with Event and Property Damage: $375,250
Number of Days with Event and Crop Damage: $0
Number of Event Types reported: Tornado

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Tornado (C). A violently rotating column of air, extending to or from a cumuliform cloud or
underneath a cumuliform cloud, to the ground, and often (but not always) visible as a condensation funnel. For a vortex to be
classified as a tornado, it must be in contact with the ground and extend to/from the cloud base, and there should be some semblance
of ground-based visual effects such as dust/dirt rotational markings/swirls, or structural or vegetative damage or disturbance.

Table 3-45: Tornado Event Narrative

Location Date Event Narrative Magnitude  Width T
Damage
Caroline April 5, 1952 No Report FO 33 Yards $250
Caroline April 18, 1978 No Report F1 10 Yards $25,000
Caroline July 14,1990  No Report FO 20 Yards $25,000
Caroline July 31,1992  No Report F1 183 Yards $25,000
An FO tornado touched down west of Preston and moved through the city
Bethlehem June 4, 2008 before lifting. The combination of the squall line and the tornado caused EFO 50 Yards $500K

about $500,000 in damage to about 30 homes and businesses in and
around Preston.

2023 HMP Update

An EF-0 tornado touched down just north of Baltimore Corner in Caroline
County MD at approximately 327 PM on April 13, then moved in an east
to northeast direction for about 4.9 miles before lifting just south of
April 13,2020 Henderson MD. No injuries were reported, but numerous trees along or EFO 30 Yards $0
near the path were either snapped or uprooted in a sporadic pattern. The
maximum wind gusts were estimated to be 80 MPH at the tornado's peak
intensity.
A tornado touched down along Maryland State Route 313 at 3:13 PM just
south of the Caroline-Queen Annes County border. Damage was sparse
in this area, but a velocity couplet developed over this location when
viewed by the nearby NEXRAD KDOX in Dover Delaware. There was
also a small area of low correlation coefficient values coinciding with this
velocity couplet, suggestive of a tornado debris signature (TDS). This
signature moved in a northeasterly direction roughly three to four miles
northwest of the small town of Henderson, MD. Two areas of damage
occurred along this linear path created by the TDS, the first being to a
residence along Trunk Line Road just to the east of the intersection with
Baltimore November 30, Taylor Road. No damage was reported for roughly 1.4 miles as the EFO 75 Yards Not
Corner 2020 tornado moved to the northeast, with the base perhaps lifting at times. A Available
second area of damage occurred at a chicken farm on Shults Road
between the intersections with Hecht and Zion Roads. From there, the
TDS continued northeastward for another 1.4 miles before disappearing
right before the Delaware Border just south of the small town of
Templeville, MD in Caroline County. It is at this point that we estimate the
tornado to have lifted based on trends in the corresponding velocity
couplet and TDS from radar. The NWS survey team would like to thank
the Marydel Volunteer Fire Company for their assistance in this survey,
which was conducted remotely and is subject to change if additional
information becomes available.

Source: National Center for Environmental Information (NCEI), 2023.

Baltimore
Corner
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Table 3-46: Hail Event Composite

Hail events
Caroline County from January 1991 — June 2023

15 Hail events — Frequency 0.47

Number of Days with Event and Death:

Number of Days with Event and Injury:

Number of Days with Event and Property Damage: $50,000

Number of Days with Event and Crop Damage: $0

Number of Event Types reported: 15 Hail

Source: National Center for Environmental Information (NCEI), 2023.

Legend: There are three designators: C - County/Parish; Z - Zone; and M — Marine Zone.

Based on NCEI definitions/criteria: Hail (C). Frozen precipitation in the form of balls or irregular lumps of ice. Hail 3/4 of an inch or

larger in diameter will be entered. Hail accumulations of smaller size, which cause property and/or crop damage or casualties, should
be entered. Maximum hail size will be encoded for all hail reports entered.

o|lr| O |O

Table 3-47: Hail Event Narrative

. . . Propert
Location Date Event Narrative Magnitude perty
Damage
Caroline 2/24/1991 No Report 1.75in. $0
Caroline 4/01/1993 No Report 2.75in. $50,000
A severe thunderstorm knocked over a couple of trees in Ridgely and produced
quarter size hail in Greensboro. Lightning from the same storm struck the .
Greensboro 5/13/2000 ground near the Caroline County Courthouse and entered the building. The 1.00in. $0
lightning damaged the county's and state's computer and phone systems.
Greensboro 5/27/2001 Hail as large as hen eggs (about 2 inches in diameter) fell in Greensboro. 2.00 in. $0
Goldsboro 6/19/2002 No Report 0.75in. $0
Henderson 4/24/2006 A severe thunderstorm produced nickel size hail in Templeville. 0.88 in. $0
Denton 7/10/2007 A severe thunderstorm dropped penny size hail in central Caroline County in 0.75 in. $0
and around Denton.
Greensboro 7/10/2007 A severe thunderstorm dropped penny size hail in central Caroline County in 0.75in. $0
and around Denton.
Thunderstorms rolled across Eastern Maryland during the afternoon hours. The
Denton 5/31/2008 more intense storms produced hail to the size of pennies and nickels in Denton 0.88 in. $0
between about 2:25 PM and 2:30 PM EDT.
Denton 6/13/2009 Penny size hail fell from a severe thunderstorm near Denton. 0.75in. $0
Greensboro May 23, 2011 A severe thunderstorm dropped golf ball size hail in Greensboro. 1.75in. $0
Preston July 28, 2012 A thunderstorm dropped nickel size hail in Preston. 0.88 in. $0
Federalsburg July 28, 012 A thunderstorm also dropped nickel size hail in Federalsburg. 0.88 in. $0
Denton May 2, 2016 :::Iareached the size of 1.25 inches with thunderstorms that moved through the 1.95in. $0
Thunderstorms associated with an offshore low-pressure system moved
Hillsboro May 23, 2016 through Caroline County during the late afternoon hours on the 23rd. While 0.88 in. $0

these storms had a history of producing pea-size hail earlier in their lifespan,
one report from social media indicated nickel-size hail near Griffin.

2023 HMP Update: No New Events Reported Since 2016

Source: National Center for Environmental Information (NCEI), 2023.

" National Risk Index
i Fifth National Climate Assessment — Chapter 21. Northeast
i Fifth National Climate Assessment — Chapter 21. Northeast
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Chapter 4 Flooding

Hazard Ranking

¢ Hazard Mitigation Planning Committee
Riverine Flooding — Concerned
Coastal Flooding — Somewhat Concerned
¢ Municipalities (R-Riverine, C-Coastal
Levels of Concern)

o Denton — Somewhat Concerned (R, C)
Federalsburg — Very (R), Somewhat (C)
Goldsboro — Somewhat (R), Not (C)
Greensboro — Very (R), Concerned (C)
Henderson — Very (R), Not (C)
Hillsboro — Not (R), Somewhat (C)
Marydel — Somewhat (R), Not (C)
Preston — Somewhat Concerned (R, C)
Ridgely — Very (R), Not (C)

Templeville — Somewhat (R),
Concerned (C)
e State
Riverine Flooding - Medium High
Coastal Flooding - Medium
e National — Relatively Low
e Public — Somewhat Concerned

O 0O O 0O OO 0O O O

Public Survey Responses

e 17% of residents have flood insurance.
80% state their mortgage does not require
flood insurance.

e Only 6% of residents have experienced
damage from flooding.

e 6% of residents have floodproofed their
homes to reduce the flood risk.

e 30% of participants feel their community is
at risk to riverine flooding, while 19% feel
at risk to coastal flooding.

e 12% of participants indicated that the
following mitigation measure should be
taken: buyout flood prone properties and
maintain as open space.

Chapter Updates

e This chapter now discusses nontidal and
tidal flooding.

e Characteristic information was updated
with current information.

e New images have been included.

e All maps have been updated.

e History event data has been updated with
the most current available data.

e The 2019 Flood Risk Report was
integrated into the chapter.

e Vulnerability and impacts to people,
systems, and resources is a new element.

e Risk assessment using the new critical
facilities were conducted and incorporated
in the vulnerability section of the chapter.

e New riverine and coastal loss estimates
from the flood risk report were added.

e Arisk assessment for historic structures is
new element in the chapter.

e A new section discussing social
vulnerability has been added to this
chapter.

e A new section discussing future
vulnerability has been added to the
chapter.

e FEMA Reports and Statics was updated
with current data.

e Repetitive Loss properties were updated to
reflect the most up to date information.

P
S
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[ Flood Hazard Characterization ]

The FEMA definition for flooding is “a general condition of partial or complete inundation of normally dry land
areas from the overflow of inland or tidal waters or the rapid accumulation of runoff of surface waters from any
source.” Floods can be caused by the passage of thunderstorms, hurricanes, snow melt or some combination
of the above events.

The State of Maryland is subject to three types of flooding:

Nontidal — flooding from rivers and streams (riverine flooding).

Tidal — flooding from tides and storm surges (coastal flooding).

Nuisance — typically unrelated to particular storm events, though it may be exacerbated by long-
duration wind events or passing storm systems and the astrological position of the sun and the moon
(discussed in Chapter 6 Shoreline Erosion & Sea Level Rise).

There are two different types of flooding that are associated with rivers and streams: flash flooding and riverine
flooding. Flash flooding occurs from the combination of rainfall intensity and duration. Typically, the determining
characteristics that can induce a flash flood include high rainfall intensity over a short time duration. Flash
floods can be further influenced by local topography, the ground’s capacity to hold water and soil moisture
content. The sudden release of water can also cause flash floods, such as the breakup of an ice jam or dam.
One of the deadliest flash floods in Maryland killed 14 people.

The flood occurred in eastern Baltimore County when 11 inches of rain fell in a 10-hour time span on August 1-
2,1971.

Riverine flooding is caused by persistent moderate or heavy rain over one or more days. Remnants of
hurricanes can also cause riverine flooding. Riverine flooding can be combined with snowmelt, causing a river
to slowly rise and overflow its banks. This type of flooding can take several days or even weeks to rise out
over its banks, which typically provides adequate warning for people to move to higher ground.

According to FEMA, coastal flooding is when water inundates or covers normally dry coastal land as a result of
high or rising tides or storm surges.

Coastal areas are also vulnerable to increases in the intensity of storm surge and heavy precipitation. Storm
surges flood low- lying areas, damage property, disrupt transportation systems, destroy habitat, and threaten
human health and safety. Coastal inundation is particularly likely when high tides, storm surge and/or large
waves occur at the same time. At these times, areas where rivers or creeks meet the sea are more vulnerable
because high tides can cause the rivers to back up inland.

Figure 4-1: The Choptank River Floods After Hurricane Sandy -
October 30, 2012

Source: https:.//www.myeasternshoremd.com
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Thirty-seven (37) disaster declarations have Figure 4-2: Disaster Declaration for Maryland Jurisdictions
occurred in Maryland since 1950. The flood

hazard accounts for more declarations in " , ’ “
Maryland than any other hazard. As shown in l“ r

Figure 4-2, Caroline County is shaded in the dark
grey indicating that the county has a high number
of declarations relative to other Maryland

jurisdictions. In fact, the county has been '
included in twenty (20) of Maryland’s Disaster \ \ ,bi

Declarations, one of which was for flood. Caroline County

Number of Declarations

I
Source: https://www.fema.gov/data-visualization-disaster-declarations-
states-and-counties

Flooding is the most common type of natural disaster worldwide; about 40% of all-natural disasters involve
flooding. According to the 2010 Caroline County Comprehensive Plan, Caroline County is located within six
State-designated 8-digit watersheds: Upper Choptank River, Tuckahoe Creek, Marshyhope Creek, Lower
Choptank River, Nanticoke River, and Upper Chester River. AlImost 96 percent of the County is located with the
Upper Choptank River, Tuckahoe Creek and Marshyhope Creek watersheds. The Upper Choptank River,
Tuckahoe Creek and Marshyhope Creek watersheds together occupy nearly the entire County. Only about 0.1
percent of Caroline County lies within the Upper Chester River and Nanticoke River watersheds and only four
percent in the Lower Choptank River.

The County encompasses an area of 326 square miles, 4 square miles of which is water. The Choptank River
flows through Caroline County and drains into Chesapeake Bay. Tuckahoe Creek and Hunting Creek, the main
tributaries of the Choptank River, form part of the County's western and southern boundaries. A small area in
the southeastern part of the county is drained by Marshy Hope Creek, one of the main tributaries of the
Nanticoke River, depicted on Map 4.1.

Most of the county lies on a gently upward-sloping plain at an elevation of 40 to 60 feet. In the northern part of
Caroline County, the elevation reaches 78 feet. However, the slope of the land seldom exceeds 5 percent and
less than 2 percent of the total land area has slopes over 10 percent. The terrace plains on which Caroline
County lies are dissected by numerous streams and rivers. In the headlands, the streams are generally
straight. In the lower reaches, many streams exhibit meanders. The meanders are found in streams at or
below an elevation of 20 feet. At tide level, these streams become meandering estuaries.

Agricultural drainage ditches are also an important part of the waterway system in Caroline County. These
ditches are necessary in order to create useable farmland in the County due to the overall drainage in the
County tending to be slow due to, depending on location, either generally level ground, poorly drained soils,
numerous depressions, or proximity to tidal waterways.

According to the 2015 FEMA Flood Insurance Study drainage characteristics in Caroline County are such that
flood conditions are produced by high-intensity rainfall and by storm tides. The flat topography of the County,
combined with its humid climate, high seasonal water tables, and generally poorly drained soils, produce
natural flood problems, such as the control and disposal of surface water caused by abnormally high rainfall
and conveyance issues.

Caroline County is largely rural but does contain some smaller urban centers such as Denton and
Federalsburg. Much of the land in the County outside of these smaller urban centers is used for agriculture,
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primarily in the form of poultry farming and corn and soybean production. Caroline County has a continental
climate, temperatures are moderate due to its close proximity to Chesapeake Bay and Atlantic Ocean. The
county annually averages 43.2 inches of rainfall and 18.5 inches of snowfall. The average temperature is 75°F
in summer and 37°F in winter. In general, the county has flat terrain and poorly draining soils, leading to
problems with flooding during larger storm events.

Flooding Facts

* 75% of all Presidential disaster declarations are associated with flooding.

» Homeowners Insurance typical does not include flood related damage. This means you need a separate flood
insurance quote and policy in addition to your homeowner insurance policy.

* It may take up to 30 days for your flood insurance policy to take effect.
* In a 30-year mortgage, a home has a 26% chance of being damaged by a flood compared to a 9% chance of fire.

* Only 12% of U.S. homeowners have flood insurance, according to a 2016 poll conducted by the Insurance
Information Institute.

Source: www.nationalfloodinsurance.org/flood-fact

Figure 4-3: Greensboro - Sunset Avenue & Bridge Flooding After Hurricane Irene, August 2011

e~ g’ ’ VF
[ ' B ) 4
y > »’
y

=

S ’!w e
el | | et

- =
Bl L L L L A S Ay

i U
X %

Picture Source: Caroline County Department of Planning & Codes
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Map 4-1: Caroline County Waterways
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[ Flood Hazard Risk & History ]

The Hazard Mitigation Planning Committee (HMPC) ranked riverine flooding as “concerned” based on local
experience. Local climatic conditions can produce large amounts of precipitation at any time of the year,
creating no limit to the potential of flooding at any time of year. On June 26, 2006, the worst recorded flooding
in the County occurred causing five million dollars in damage. In addition, on August 25, 2011, then Maryland
Governor Martin O'Malley declared a state of emergency in preparation for Hurricane Irene. In Caroline
County, sections of Maryland State Routes 287, 313, 31, and 311 were among twenty (20) roadways that were
closed. Two dozen homes were damaged by the flooding and wind. About 5,500 homes and businesses lost
power.

The towns of Denton and Greensboro are located along the floodplain of the Choptank River, while Hillsboro is
located on Tuckahoe Creek and Federalsburg is located on Marshyhope Creek.

The following tables list flash flooding, heavy rain events, and flooding that has occurred in the County based
on data from the National Centers for Environmental Information (NCEI). In terms of number of occurrences,
the NCEI listed a total of 52 heavy rainfall events affecting Caroline County from 1996-2023. Therefore,
Caroline County experiences 1.93 heavy rainfall events per year.

Table 4-1: Heavy Rain Events

Heavy Rain Events — 1996-2023
# Of Events Injuries Deaths Damages Frequency

52 0 0 0 1.93
Source: National Centers for Environmental Information (NCEI), Events through June 2023

In terms of number of occurrences, the NCEI listed a total of 8 flood events affecting Caroline County
from 2006-2023. Therefore, Caroline County experiences 0.47 flood events per year.

Table 4-2: Flood Events

Flood Events— 2006-2023
# Of Events Injuries Deaths Damages Frequency
8 0 0 1.050M 0.47
Source: National Centers for Environmental Information (NCEI), Events through June 2023

As reported in the Star Democrat Newspaper, the following are recent flooding events:

June 2006 — Flooding — Residents who suffered flood damage are eligible for federal assistance.
September 3, 2006 —Remnants of Hurricane Ernesto — Steady rain all day resulted in flooding that
evening during high tide. A total of 3.5 inches of rain were measured at Denton.

April 24, 2006 - Heavy Rains - Part of Caroline County, near Denton received more than a couple of
inches of rain.

November 16, 2006 - Heavy Rains — Afterschool activities were canceled.

December 8, 2009 — Flooding - 2.95 inches of rain were recorded at American Corner. All four
lanes in both directions on Route 619 at Shore Highway closed. Corkell Road in Denton and
Crouse Mill Road in Ridgely were closed. Three school buses in the county were forced to take
detours around 3 closed roads.

August 30, 2011 — Flooding — Greensboro fairgrounds flood and part of Route 313 were shut
down.

June 4, 2013 — Flooding - Sandy takes toll on Caroline County.

July 12, 2017 — Street Flooding — In Ridgely, parts of Central Avenue blocked to traffic and road
blocked between Third and Fourth Streets due to flooding and overhead power wire being
knocked loose.
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In terms of number of occurrences, the NCE/ listed a total of 19 flash flood events affecting Caroline
County from 1999-2023. Therefore, Caroline County experiences an average of 0.70 flash flood events
per year.

Table 4-3: Flash Flood Events

Flash Flood Events— 1999-2023

# Of Events Injuries Deaths Damages Frequency

19 1 0 8.370M 0.70

Source: National Centers for Environmental Information (NCEI), Events through June 2023

Coastal flooding in Caroline County primarily occurs in areas along the Choptank River, Marshyhope Creek,
Tuckahoe Creek and their tributaries. Caroline County includes the following towns within the coastal region.

Table 4-4: Overview of Floodplain Management Program Information

Total
: Total Community Community . s
Community Name CID Population Land Area NEIP CRS Rating Mitigation Plan
(sq mi)

Town of Denton 240104 4,793 5.35 Y 10 Y
Town of Federalsburg 240013 2,842 1.99 Y 10 Y
Town of Greensboro 240014 1,929 1.07 Y 10 Y

Caroline County 240130 33,433 326 Y 7 Y

Source: U.S. Census Bureau, 2020; FEMA CRS, 2023; FRR 2019

In terms of coastal storms, a total of five (5) events have been recorded for the county between 1996 and
2023. Therefore, Caroline County experiences an average of 0.17 coastal flooding events per year.

Table 4-5: Coastal Flood Events

Coastal Flood Events— 1996-2023

# Of Events Injuries Deaths Damages Frequency

5 0 0 0 0.17

Source: National Centers for Environmental Information (NCEI), Events through June 2023

As shown on the storm event Tables 4-1 through 4-3, the annual frequency of occurrences is 0.47 for flood
events and 1.93 heavy rain. Therefore, the likelihood of future events is high. In addition, projections for
increased rainfall in the Northeast Region of the United States may affect the current frequency statistics
resulting in an even higher likelihood of occurrences. Mitigating current conditions based on hazard risk is
important, however, understanding of future conditions is essential.

[ Flood Vulnerability ]

Drainage characteristics in Caroline County are such that flood conditions are produced by high-intensity
rainfall and by storm tides. The flat topography of the County, combined with its humid climate, high seasonal
water tables, and generally poorly drained soils, produce natural flood problems, such as the conveyance,
control and disposal of surface water caused by abnormally high rainfall.

The FEMA Flood Insurance Study (FIS) and associated Digital Flood Insurance Rate Maps (DFIRM’s) became
effective on January 16, 2015. The FIS includes:

Caroline County (Unincorporated Areas)

Town of Denton

Town of Federalsburg- Please note that the Town of Federalsburg is geographically located in Caroline
and Dorchester Counties
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Town of Goldsboro

Town of Greensboro

Town of Henderson

Town of Hillsboro

Town of Marydel

Town of Preston

Town of Ridgely

Town of Templeville- Please note that the Town of Templeville is geographically located in Queen
Anne’s and Caroline Counties

Please note that on the effective date of this study, the Towns of Henderson, Marydel, Preston, Ridgely, and
Templeville have no mapped Special Flood Hazard Areas (SFHA). This does not preclude future
determinations of SFHAS that could be necessitated by changed conditions affecting the community (i.e.,
annexation of new lands) or the availability of new scientific or technical data about flood hazards.

Flooding sources studied within the FIS included:

Broadway Branch Henderson Creek
Marshy Hope Creek Tanyard Branch
Chapel Branch Herring Run
Miles Branch Tidy Island Creek
Choptank River Hunting Creek
Smithville Ditch Watts Creek

Special Flood Hazard Areas (SFHA) are the geographic areas that FEMA has defined according to their
varying levels of flood risk. The SFHA for Caroline County are described in Table 4-6 and depicted on Map 4-
2: Special Flood Hazard Areas (SFHA).

Table 4-6: FEMA Flood Zone Descriptions

FEMA Flood Zone Descriptions

Flood Zone Description

High Risk Areas

Areas with a 1% annual chance of flooding and a 26% chance of flooding over the life of a 30-

1% Annual A year mortgage. Because detailed analyses are not performed for such areas; no depths or base
Chance Flood flood elevations are shown within these zones.
Hazard AE The base floodplain where base flood elevations are provided for a 100-year flood event. AE

Zones are now used on new format FIRMs instead of A1-A30 Zones.

Moderate Risk Areas

Areas outside the 1% annual chance floodplain, areas of 1% annual chance sheet flow flooding

0.2% Annual where average depths are less than 1 foot, areas of 1% annual chance stream flooding where
Chance Flood Zone X Shaded the contributing drainage area is less than 1 square mile, or areas protected from the 1% annual
Hazard chance flood by levees. No Base Flood Elevations or depths are shown within this zone.

Insurance purchase is not required in these zones.

Source: FEMA

Flood maps show the Special Flood Hazard Area (SFHA), the area that would be affected by a 1% annual
chance flood (or base flood). Properties within the SFHA are at a high risk of flooding, with at least a 26%
chance of flooding over the course of a 30-year mortgage. A Flood Insurance Rate Map (FIRM, or flood map)
is an official map on which FEMA has delineated Special Flood Hazard Areas (SFHAs), or areas at a high risk
of flooding. Along the coast, the flood map has delineated coastal SFHAs where the source of flooding is from
coastal hazards, such as storm surge and waves. The SFHA for coastal flooding affects Caroline County,
primarily in the areas along the Choptank River and to some extent its tributaries.
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Map 4-2: FEMA Special Flood Hazard Areas (SFHA)

FEMA Special Flood Hazard Areas (SFHA)
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According to the 2015 FEMA Flood Insurance Study (FIS), The Choptank River floodplain located in the city
limits of Denton and Greensboro is too swampy for most types of development. Although there is some
residential development in the flood plain, the majority has generally been above the higher flood levels.
Anticipated development is expected to continue at a slow rate. It will probably not occur in the floodplain areas
since suitable land for development is available elsewhere.

The Town of Denton located on the Maryland eastern shore in Caroline County lies at the intersection of
Maryland Route 404 and the Choptank River. The town is situated on the east bank of the Choptank River with
the river forming a common boundary between the town and Caroline County. At Denton, the Choptank River
drains an area of approximately 200 square miles, most of which lies within Caroline County. The Choptank
River is also influenced by tides from Chesapeake Bay as far upstream as Greensboro, Maryland. At Denton,
the tidal range for the Choptank River is approximately 2.2 feet for the mean tide and 2.5 feet for the spring
tide.

The principal source of flooding in the Town of Denton is the Choptank River. The flood elevations of the river
are influenced by the magnitude of flood flows from the drainage basins in Caroline County, upstream from
Denton and the tide levels in the Chesapeake Bay. High intensity rainfall over prolonged periods and storm
tides on the Chesapeake both singly and in combination have led to flood elevations on the Choptank River
which have inundated the low-lying riverbanks in the Denton vicinity. In areas of flat topography and poorly
drained soils, high intensity rainfall has led to local flooding problems.

The Town of Federalsburg, Maryland, is in the eastern part of the county, near the Delaware border and
adjacent to the border between Caroline and Dorchester Counties. Marshy Hope Creek flows through
Federalsburg, with approximately 148 square miles of its 218 square mile watershed contributing at that point.
The principal flooding source in the Town of Federalsburg is Marshy Hope Creek. The drainage area
characteristics of Marshy Hope Creek are such that flood conditions are produced by high intensity rainfall.

Floodwater damage and problems related to agricultural water management occur in the same areas due to
the flatness of the watershed and the extent of poorly drained soils. Floodwater problems include the
conveyance, control, and disposal of surface water caused by abnormally high direct precipitation. Drainage
problems occur where, under natural conditions, excess water keeps the soil too wet for sustained agricultural
use. Landowners in the watershed have experienced complete crop losses in large areas during seasons with
heavy rains, occurring approximately once every five years. Flooding occurs most often in the late summer and
early autumn. Large portions of the business district of Federalsburg lie on the west bank of the floodplain
subject to storm overflow.

The Town of Greensboro lies in the Atlantic Coastal Plain Province. Most of the town lies above an elevation of
20 feet on a flat terrace plain. Two small areas of the town lie above the 40-foot elevation. Low elevations of
two to three feet can be found in the swampy region in the southern sectors of the town near Sunset Avenue,
the overbank elevations are generally higher with a minimum elevation of six to seven feet. Near Park and
Riverview Lane which separate the areas of higher 20 feet elevations in the west from the lower areas near the
Choptank River the land slopes toward the Choptank River with gradients in the order of 5 to 10 percent. The
Choptank River is influenced by tides from Chesapeake Bay. The principal source of flooding around the Town
of Greensboro is the Choptank River. The flood elevations on the river are influenced by the magnitude of flood
flows from the drainage areas in Caroline County upstream from Greensboro and the tide levels in the
Chesapeake Bay. High intensity rainfall over prolonged periods and storm tides on the Chesapeake both
singly or in combination have led to flood elevations on the Choptank River which have inundated the low-lying
riverbank areas in the Greensboro vicinity. The low-lying areas bordering Forge Branch may also experience
flooding during high intensity rainstorms, especially during higher-than-normal flows on the Choptank River.
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Vulnerability and Impacts to People, Systems, and Resources from Flood

To describe the impacts of flood within Caroline County and its municipalities, a hazard vulnerability and
impacts table has been developed as part of this Plan update; Table 4-7.

Table 4-7: Riverine Flooding Vulnerability and Impacts to People, Systems, and Resources

People

Populations aged 65 and older and children aged 5 and younger are most at-
risk for flooding. The highest socially vulnerable populations are located in
the northeast and southeast portions of Caroline County.

Other at-risk populations are those with health problems. Power outages
caused by flooding affect people’s ability to access health related products.
Property damage caused by destruction of property and/or long-term
mold/rot issues.

Floodwater brought in from coastal flooding is very dangerous due to its
potential to contain disease causing bacteria. In addition, floodwaters may
contain parasites, viruses, agricultural waste, chemicals, and raw sewage.

Systems
(including networks and
capabilities)

Coastal flooding has been known to create problems with utility services,
such as power outages due to stress on power systems.

Flooding has been known to create problems with utility services, such as
power outages due to stress on power systems.

Outages impact the availability of emergency and government services.
There are approximately 11,000 system/drain fields located on properties
throughout Caroline County. A total of 1,500 of these lies within critical areas.
Heavy rainfall and tidal inundation can overload a system’s ability to function
properly which leads to overflow and potential septic failures which presents
a public health threat.

Communication systems break down due to loss of power.

Transportation systems may be disrupted entirely due to flooding.

Impacts to municipal sewer pump stations located adjacent to rivers
(Federalsburg & Greensboro).

Natural, Historic, and Cultural
Resources

Coastal flooding can cause the destruction of coastal habitats such as
wetlands and estuaries displacing wildlife and affecting local ecosystems.
Flooding can cause stress to local wildlife in the form of displacement and/or
destruction of habitats.

Disruption of soil structure.

Failure of roof drainage systems or other building services such as water
mains may cause moisture accumulation in porous materials such as timber,
lime mortars, platers, soft brick, masonry, pugging, or other insulation. This
can lead to long-term damp and decay on historical properties.

In May 2015, the State of Maryland published the Local Hazard Mitigation Plan Guidance to ensure continuity
between local and State Hazard Mitigation Plan documents. As part of the local guidance, the State
determined at a minimum the following essential facilities must be included in both the State and local plan

update process:

Fire Stations

Hospital and Medical Clinics

Police Stations

Emergency Operations Centers
Schools (K-12 & Colleges)

Floods are naturally occurring phenomena that can and do happen almost anywhere. In its most basic form, a
flood is an accumulation of water over normally dry areas. Floods become hazardous to people and property
when they inundate an area where development has occurred, causing losses. Mild flood losses may have
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little impact on people or property, such as damage to landscaping or the generation of unwanted debris.
Severe flooding can destroy buildings, ruin crops, and cause critical injuries or death. Therefore, these facilities
are vital to the health and safety of the county and must continue to operate before, during, and after a hazard
event.

-

In addition to the FEMA FIRM maps that depict flood areas, other s e

: 1k

flood risk resources are available. In December 2019, the Flood Risk
Report (FRR) for Caroline County was published and has been
included as part of the update as intended by FEMA. The FRR is a
non-regulatory product providing information for a better
understanding of the flood risk in Caroline County. The FRR
provides flood risk data for the entire county as well as for each
individual community. The 2019 FRR differs from the 2015 Flood

Risk Report in that refined loss data results for both coastal and fﬁ; STATE OF MARYLAND @
riverine areas of the County are included, as only coastal areas " FLoOD Risk REPORT
were analyzed in the previous 2015 version. The 2019 FFR was also CAROLINE COUNTY, MARYLAND
expanded to include refined losses for both essential facilities and

state assets. Loss estimations for residential and commercial Ay

12/31/2019

structures are included in this report for coastal and riverine areas.
The Flood Risk Report is available to review in Appendix E. This
Appendix provides mapping for high-risk areas. (2] (%)

According to the FFR, to fully assess flood risk, the following sources of information were leveraged:

e New/revised engineering analyses (i.e., hydrologic, and hydraulic modeling), floodplain boundaries, and
flood depths based on regulatory FIRM updates and published in the FEMA National Flood Hazard
Layer.

¢ Maryland PropertyView — parcel-specific information containing assessed values, land use/occupancy
categories, number of stories, etc. (as of February 2015), acquired through the Maryland Department of
Planning.

¢ Building footprints, representing real-world locations for addressable structures, provided by Caroline
County Planning and Codes - GIS Office.

e Hazus-MH Version 3.1 (2016) — Hazus is a nationally applicable standardized software suite that
contains models for estimating potential losses from floods and other natural disasters.

Flood depth grids were created for all mapped 1% annual chance floodplains in the County, whereby flood
depth is a function of the difference between the calculated water surface elevation (including overland wave
propagation for coastal areas) and the ground. It was noted that separate flood depth grids were created for
riverine and coastal flood hazards, as engineering analyses and regulatory FIRM updates for each study type
were separately performed.

Through Risk MAP, FEMA provides communities with updated Flood Insurance Rate Maps (FIRMs) and Flood
Insurance Study (FIS) Reports that focus on the probability of floods and that show where flooding may occur as
well as the calculated 1% annual chance flood elevation. The 1% annual chance flood, also known as the base
flood, has a 1% chance of being equaled or exceeded in any given year. FEMA and the State of Maryland
understand that flood risk is dynamic—that flooding does not stop at a line on a map—and that higher-level
storm events and the impacts of Climate Change can result in flooding that exceeds the regulatory 1% annual
chance floodplain. Nevertheless, the regulatory 1% annual chance flood is the common denominator for all
studies in Maryland (whether coastal or riverine, or between studies using detailed or approximate
methodologies) and is therefore used as the basis for the flood loss analysis in this report.
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FEMA understands that flood risk is dynamic—that flooding does not stop at a line on a map—and as such,
provides the following flood risk products:

Flood Risk Report (FRR)
Flood Risk Map (FRM)
Flood Risk Database (FRD)

The risk products may be used to:

Update local hazard mitigation plans.

Update community comprehensive plans.

Update emergency operations and response plans.

Develop hazard mitigation projects.

Communicate flood risk.

Inform them about the modification of development standards.

The goal of this report is to help inform and enable communities to take action to reduce flood risk. Possible
users of this report include:

Local elected officials

Floodplain managers

Community planners

Emergency managers

Public works officials

Others with special interests (e.g., watershed conservation groups, environmental awareness
organizations, etc.)

Information from the Flood Risk Report (FRR) has informed the mitigation strategies within the plan and will
continue to be of use throughout the plan implementation process. Flood loss estimates provided in the FRR
were developed using a FEMA flood loss estimation tool, Hazus (FEMA version 3.1 & 2.2). Caroline County,
Maryland’s Flood Risk Project incorporates modeled floodplain boundaries and flood depths for the 1% annual
chance flood event, along with User Defined Facilities (UDFs) developed from local parcel, assessor, and
building footprint data.

FRR reported there are 37 essential facilities within Caroline County and had a total estimated building value of
$95,711,000.00. Table 4-8 details each facility type, number of facilities and estimated building value.

Table 4-8: Essential Facilities

Facility Type Number of Structure Estimated Building Value
Emergency Operations Center (EOC) & 9-1-1 2 $3,548,900
Fire/Rescue Stations 12 $5,394,000
Hospital & Medical Clinics 5 $18,222,000
Police Stations 5 $2,193,100
Schools (K-12 & Colleges) 13 $66,357,000
Total 37 $95,711,000

Source: Caroline County 2019 Flood Risk Report

Results from the 1% annual chance flood event analysis indicate one (1) essential facility are at-risk, the
Federalsburg Police Station. The flood depth for this facility is provided below.

Federalsburg Police Station, Federalsburg — 2.0’ Projected Flood Depth

The Federalsburg Police Station is located within the riverine 1% annual chance flood hazard area of Marsh
Hope Creek, depicted on Figure 4-5. Table 4-9 depicts a loss estimation for the Federalsburg Police Station.
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Table 4-9: Loss Estimations for Federalsburg Police Station

o —
Total_1 A Dollar Losses Total Building Loss Building Loss Total Content Loss Content Loss
(Building & Content)

Facility Type % of Total % of Total

Police Station $141,170 $52,010 37% $89,160 63%
Source: Hazus (Version 3.1 [Riverine] and 2.2 [Coastal]) results stored as the ‘Flood Risk at Structure’ Dataset (S_FRAS_PT) in the Flood Risk
Database.

!Losses shown are rounded to nearest $10,000 for values under $100,000 and to the nearest $100,000 for values over $100,000.
2Percent Loss = Dollar Losses + Estimated Value. Percentages are rounded to the nearest integer.

Total Building and Contents = Residential Building and Contents + Commercial Building and Contents + Other Building and Contents.
“4Business Disruption = Inventory Loss + Relocation Cost + Income Loss + Rental Income Loss + Wage Loss + Direct Output Loss.
5Total = Total Building and Contents + Business Disruption

Other critical facilities that warrant special attention in preparing for a disaster and are of vital importance in
maintaining the function of the community were identified in Chapter 2 Critical Facilities. These facilities include
government buildings, communication towers, power stations, water treatment plants, water towers, and
wastewater treatment plants. Utilizing the FEMA DFIRM, effective January 2015, an updated analysis of
facilities located within flood zones was completed. Facilities located within 1% annual chance flood hazard
area are listed in Table 4-10. Facilities also within the 0.2% annual chance flood hazard area are included in
the table and highlighted in green.

Table 4-10: Critical Facilities in 1% and 0.2% Annual Chance Flood Hazard Areas

F%‘::'e“’ lumber of Facility Address of Facility
(Eol\\fjmcr:?s:lt ) Federalsburg Town Hall 118 N Main St, Federalsburg, MD 21632
Owned Mayor and Council of Federalsburg Facility 704 Morris Ave, Federalsburg, MD 21632
WWTP 1 Greensboro WWTP Pump Stations 13514 Greensboro Rd, Greensboro, MD 21639
Spt(;\;\ilgg 1 Delmarva Power & Light Company Pennsylvania Ave, Federalsburg, MD 21632
Total Facilities 4

Source: 2023 Caroline County Facilities Database and FEMA DFIRM

Loss estimates for critical facilities located within flood zones were calculated during the Plan update. These
calculations were derived from 2017 Maryland Tax Assessment values, which were last updated in December
2022.

Table 4-11: Loss Estimates for Critical Facilities

Facility Type Facility Name Estimated Building Value 20% Loss Estimate 50% Loss Estimate
Government Federalsburg Town Hall $671,800 $134,360.0 $335,900.0
— Municipal Mayor and Council of
Owned Feé/eralsburg Facility $899,700 $179,940.0 $449,850.0
WWTP Greensboro WWTP Pump $277,400 $55,480.0 $138,700.0
Stations
Power Station ~ Delmarva Power & Light $28,100 $5,620.0 $14,050.0
Company

Source: Maryland Department of Planning- 2017 Maryland Property View Data for Caroline County, Maryland Department of Assessments and
Taxation-Real Property Data Search-Base Values

As shown in Table 4-11, critical facilities at-risk to the 1% and 0.2% annual chance flood hazard area includes
the two (2) municipal facilities, one (1) wastewater treatment plant pump stations and one (1) power station.
Figure 4-4 illustrates flooding that occurred at the Greensboro WWTP, which has since relocated, however
pump stations for the WWTP are now at this location. Mitigation action items have been developed to address
critical facilities located within the 1% annual chance flood hazard area. Note, analysis of critical facilities and
their vulnerability to the coastal 1% annual chance flood hazard determined that no critical facilities are within
the flood hazard area.
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Figure 4-4: Greensboro Wastewater Treatment Plant 8/28/2011
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During the 2018 planning process, the Caroline County Sheriff’'s Office was located on 101 Gay Street and
within a moderate flood risk area, known as the 0.2% annual chance flood hazard area. The table below
provided potential loss estimations calculated in 2018 for the Caroline County Sheriff’s Office at the Gay Street.

Table 4-12: Loss Estimations for Caroline County Sheriff’'s Office
Facility Type Facility Name Estimated Building Value 20% Loss Estimate 50% Loss Estimate
Police Station Caroline County Sheriff's Office $239,500 $47,900 $119,750
Source: Caroline County 2018 Hazard Mitigation Plan

However, since the 2018 planning process, the Sheriff's Office has relocated to 9305 Double Hills Road in
Denton. At the current location, the facility is no longer within the moderate flood risk area and therefore not
subject to potential flooding.
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Figure 4-5: Essential Facility At-Risk to 1% Annual Chance Flood Event
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The 2019 Flood Risk Report (FRR) for Caroline County also analyzed residential, commercial, and other
(industrial, agricultural, religious, government, and educational) structures at risk to the riverine and coastal 1%
annual chance flood events. Overall loss estimates for the County as well as for each municipality was
provided in the report. Several municipalities are impacted by the riverine 1% annual chance flood hazard,
such as the Towns of Denton, Federalsburg, and Greensboro. Structures at risk to the riverine 1% annual
chance flood hazard are provided in Chapter 4. The Towns of Henderson, Marydel, Preston, Ridgeley, and
Templeville have no mapped Special Flood Hazard Areas (SFHA). The Towns of Goldsboro and Hillsboro do
not have any buildings within the coastal 1% annual chance Special Flood Hazard Areas (SFHAs). The
following provides a summary of each community’s flood risk calculations.

The Caroline County (Unincorporated Areas) flood risk analysis incorporated modeled floodplain boundaries
and flood depths for the 1% annual chance flood along with User Defined Facilities (UDFs) developed from
local parcel, assessor, and building footprint data.

Flood loss estimates for the riverine 1% annual chance flood event were calculated using Hazus-MH, and the
results are presented in Table 4-13.

Table 4-13: Caroline County (Unincorporated Areas) — Estimated Losses by Occupancy Type for the 1%-Annual-Chance Flood
(UDFs in Riverine Areas)

# of

Type Impacted Inventory Estimated % of Total 1% Flood Dollar 1% (100-yr)
o 1 Value Losses Percent Loss
Buildings
Residential Building & 38 $5,700,000 55% $600,000 11.0%
Contents
Commercial Building & 7 $1,700,000 16% $500,000 29.0%
Contents
Other Building & 6 $3,000,000 29% $300,000 10.0%
Contents
Total Building & Contents 51 $10,400,000 100% $1,400,000 -
Business Disruption N/A N/A N/A $200,000 N/A
Total 51 $10,400,000 100% $1,600,000 -

Source: Caroline County Flood Risk Report 2019

Flood loss estimates for the coastal 1% annual chance flood hazard were calculated using Hazus-MH. Only
the unincorporated areas of the County are impacted, and results are presented in Table 4-14.

Table 4-14: Caroline County (Unincorporated Areas) — Estimated Losses by Occupancy Type for the 1%-Annual-Chance Flood
(UDFs in Coastal Areas)

Type Im:azfced Inventory Estimated % of Total 1% Flood Dollar 1% (100-yr)
- Value Losses Percent Loss
Buildings
Residential Building & 57 $9,900,000 88% $800,000 8.0%
Contents
Commercial Building & 3 $900,000 8% $300,000 33.0%
Contents
Other Building & 2 $400,000 4% $200,000 50.0%
Contents
Total Building & Contents 62 $11,200,000 100% $1,300,000 -
Business Disruption N/A N/A N/A $200,000 N/A
Total 62 $11,200,000 100% $1,500,000 -

Source: Caroline County Flood Risk Report 2019

The primary flooding sources in the Town of Denton is the Choptank River, Watts Creek, Tributary No. 4 to the
Choptank River, and Tributary No. 7 to the Choptank River. The Town of Denton flood risk analysis
incorporates modeled floodplain boundaries and flood depths for the 1% annual chance flood event, along with
User Defined Facilities (UDFs) developed from local parcel, assessor, and building footprint data. Flood loss
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estimates for the 1% annual chance flood event were calculated using Hazus-MH, and the results are
presented in Table 4-15.

Table 4-15: Town of Denton Flood — Estimated Losses by Occupancy Type for the 1%-Annual-Chance Flood

# of Impacted Invento 1% Flood Dollar 1% (100-yr,
Type Build?ngs Estimated \?;Iue mer ozl Losses Perc<(ent L)c/)s)s

Residential Building & 1 $300,000 100% $40,000 13.0%
Contents

Commercial Building & 0 $0 0% $0 0.0%
Contents

Other Building & 1 $0 0% $0 0.0%
Contents

Total Building & 2 $300,000 100% $40,000 13.0%
Contents

Business Disruption N/A N/A N/A $0 N/A
Total 2 $300,000 100% $40,000 13.0%

Source: Caroline County Flood Risk Report 2019

The Town of Federalsburg is in southern Caroline County, with small portions of the town in Dorchester County.
It consists of 1.99 square miles along State Highway 318. The primary flooding sources in the town are Marshy
Hope Creek, Tanyard Branch, Tributary No. 1 to Marshy Hope Creek, and Miles Branch. The information below
provides an overview of the community’s floodplain management program information as of the date of this
publication.

Table 4-16: Town of Federalsburg Flood — Estimated Losses by Occupancy Type for the 1%-Annual-Chance Flood

Type # of Impacted Inventory % of Total 1% Flood Dollar 1% (100-yr)
Buildings Estimated Value Losses Percent Loss

Residential Building & 161 $15,700,000 36% $2,800,000 18.0%
Contents

Commercial Building & 55 $14,600,000 34% $4,600,000 32.0%
Contents

Other Building & 19 $12,900,000 30% $5,300,000 41.0%
Contents

Total Building & 235 $43,200,000 100% $12,700,000 29.0%
Contents

Business Disruption N/A N/A N/A $2,200,000 N/A
Total 235 $43,200,000 100% $14,900,000 34.0%

Source: Caroline County Flood Risk Report 2019

The Town of Greensboro is in northern Caroline County. It consists of 1.07 square miles along State Highway
480. The primary flooding sources in the town are Choptank River and Forge Branch. The information below
provides an overview of the community’s floodplain management program information as of the date of this
publication.

Table 4-17: Town of Greensboro Flood — Estimated Losses by Occupancy Type for the 1%-Annual-Chance Flood

Type # of Impacted Inventory % of Total 1% Flood Dollar 1% (100-yr)
Buildings Estimated Value Losses Percent Loss

Residential Building & 31 $3,800,000 84% $500,000 13.0%
Contents

Commercial Building & 0 $0 0% $0 0.0%
Contents

Other Building & 5 $700,000 16% $50,000 7.0%
Contents

Total Building & 36 $4,500,000 100% $550,000 12.0%
Contents

Business Disruption N/A N/A N/A $10,000 N/A
Total 36 $4,500,000 100% $14,900,000 12.0%

Source: Caroline County Flood Risk Report 2019
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Historic structures were analyzed in addition to critical facilities, residential, commercial, and structures to
determine flood vulnerability. Chapter 2, Historic Properties, provides the full listing of Caroline County’s
National Register Properties. Of the twenty-three (23) properties, a total of nine (9) are within the 1% annual
chance flood hazard area and are listed below. In addition, a portion of the Williston Mill Historic District is
within the coastal 1% annual chance flood hazard area.

The five (5) National Register Properties highlighted in green also intersect with the 0.2% annual chance flood
hazard area.

Daffin House - Building Nanticoke Lodge No. 172 AF & AM -
Denton Historic District Building

Federalsburg West Historic District Potter Hall - Building

Leonard House - Building West Denton Warehouse/Wharf - Building
Linchester Mill - Building Williston Mill Historic District

Loss estimates were determined utilizing building footprints for National Register Properties that are
categorized as buildings in Table 4-16.

Table 4-18: Loss Estimations for Caroline County National Register Properties

National Register Property Estimated Building Value 20% Loss Estimate 50% Loss Estimate
Daffin House - Building $1,042,800 $208,560 $521,400
Leonard House - Building $108,200 $21,640 $54,100
Linchester Mill - Building $257,400 $51,480 $128,700
Nanticoke Lodge No. 172 AF & AM- Building $158,400 $31,680 $79,200
Potter Hall- Building $339,400 $67,880 $169,700
West Denton Warehouse/Wharf - Building $37,500 $7,500 $18,750

Source: Maryland’s National Register Properties, Maryland Department of Planning- 2017 Maryland Property View Data for Caroline County, Maryland
Department of Assessments and Taxation-Real Property Data Search-Base Values

Social Vulnerability

Populations at risk are defined as at-risk individuals with access and functional needs (temporary or
permanent) that may interfere with their ability to access or receive medical care before, during, or after a
disaster or public health emergency. Examples of at-risk populations may include but are not limited to
children, pregnant women, older adults, people with disabilities, people from diverse cultures, people with
limited English proficiency, people with limited access to transportation, people with limited access to financial
resources, people experiencing homelessness, people who have chronic health conditions, and people who
have pharmacological dependency.

In Caroline County approximately 16.5% of the population is comprised of individuals 65 and older. An elderly
individual’s ability to mobilize during the event of a flooding emergency is a cause of concern when assessing
at risk populations. Also, most elderly individuals rely on medical equipment attached to a power source within
their homes to live and survive independently which becomes a source of risk during the event of a power
outage caused by flooding. According to FEMA's depiction of ‘special flood areas’ within Caroline County
shown in Map 4-2, Zone AE (the area’s most at risk to detrimental flooding) correlates with areas within
Caroline County with the highest density of socially vulnerable populations.

Figure 4-6 shows a map of overall social vulnerability within Caroline County and the SVI Theme maps. Areas
in and around the Towns of Federalsburg, Denton, and Greensboro have not only have an overall high Social

Vulnerability Index (SVI) score, but also overlap with the flood hazard areas. In reviewing the SVI theme maps,
the Household Characteristics map, which is comprised of the following indicators, is also high for these areas.

Aged 65 or Older
Aged 17 or Younger
Civilian with a Disability
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Single-Parent Households

Targeted public information and messaging related to the flood hazards should occur in and around the areas
the Towns of Federalsburg, Denton, and Greensboro as well as the unincorporated portions of the County
have a highly vulnerable population and are at risk to flood.

In relation to coastal flooding, the area impacted by the coastal 1% annual chance flood hazard area is along
the southwestern area of the County, Map 5-1. The social vulnerability index is moderate in this area. The
Town of Preston is in the moderate SVI, however not impacted by the coastal 1% annual chance flood hazard
area.

Other municipalities, such as Templeville, Marydel, Henderson, Goldsboro, and Ridgely, have high SVI scores,
however, to do not overlap with flood hazard areas.

Figure 4-6: Overall Social Vulnerability
CDC/ATSDR Social Vulnerability Index 2020

CAROLINE COUNTY, MARYLAND

CDC/ATSER SVI 2020 — CAROLINE COUNTY, MARYLAND
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Future Vulnerability

The frequency of flooding, flash flooding, and heavy rain events are likely to increase due to climate change.
Areas that currently experience regular flooding due to proximity to rivers and/or steep slopes are likely to see
conditions change or worsen, and some areas that historically flood very little or not at all are likely to start
flooding with greater frequency due to the increased amount and intensity of storm events. According to a 2021
study published in Nature “when it comes to riverine flooding, climate change is likely exacerbating the
frequency and intensity of extreme flood events but decreasing the number of moderate floods.” Flash flooding
will continue to increase as there are more extreme precipitation events. Warmer temperatures increase
evaporation, putting more moisture into the atmosphere that then gets released as rain or snowfall.
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The 3rd National Risk Assessment: Infrastructure on the Brink quantifies risk as “the unique level of flooding for
each infrastructure type relative to operational thresholds, as established by the federal government and other
authoritative bodies.” Operational flood risk at the local level denotes when a facility is flooded to the point
where it can no longer function as intended or becomes unsafe. At a high level, the assessment finds the
following true today and likely in the coming decades:

e Risk to residential properties is expected to increase by 10% over the next 30 years, with 12.4 million
properties at risk today (14%) and 13.6 million at risk of flooding in 2051 (16%).

e Additionally, 2.0 million miles of road (25%) are at risk today and that is expected to increase to 2.2
million miles of road (26%) over the next 30 years (a 3% increase over the next 30 years).

e Commercial properties are expected to see a 7% increase in risk of flooding from 2021 to 2051, with
918,540 at risk today (20%) and 984,591 at risk of flooding in 30 years (21%).

e Currently, 35,776 critical infrastructure facilities are at risk today (25%), increasing to 37,786 facilities by
2051 (26% and a 6% increase in risk).

e Compounding that risk, 71,717 pieces of social infrastructure facilities are at risk today (17%),
increasing to 77,843 by 2051 (19% and an increase of 9% over that time).

In Maryland, there are 112,187 residential properties, 11,990 miles of roads, 8,445 commercial properties, 379
infrastructure facilities, and 826 social facilities with operational flood risk today. According to riskfactor.com, in
Caroline County, there are 1,733 properties that have greater than a 26% chance of being severely affected by
flooding over the next 30 years. This represents 18% of all properties in the County.

[ FEMA Reports & Statistics ]

Communities can voluntarily participate in the National Flood Insurance Program (NFIP) by adopting and
enforcing floodplain management ordinances to reduce future flood damage. By doing this, the NFIP makes
Federally backed flood insurance available to homeowners, renters, and business owners in these
communities.

Table 4-19: NFIP Insurance Report
2023 Number

Location of Policies Total Coverage Total Claims Since 1978 Total Paid Since 1978

Town of Denton 20 $ 1,330,000 0 $0
Town of Federalsburg 42 $ 10,031,000 21 $176,904.18
Town of Greensboro 24 $ 4,252,200 24 $677,683.57

Town of Hillsboro 1 $ 350,000 1 $0

Town of Ridgley 4 $630,000 0 $0
Unincorporate Areas 105 $29,368,300 28 $422,549.01

County Total 188 $45,961,500 73 $1,277,136.76

Source: FEMA Policy & Claim Statistics for Flood Insurance, as of October 16, 2023

Note: Flood insurance is available to anyone in the County and even those structures outside of the 1%
annual chance flood hazard area. Therefore, in some cases, the number of policies includes structures that
are located outside of the 1% annual chance flood hazard area.

Considering the amount of flood insurance policies and the number of claims that have been reported,
identifying areas of repetitive loss within a community is a good indicator to utilize in determining areas of high
flood damage vulnerability. While flood damage is not necessarily limited to these areas, repetitive loss data
provides location indicators for areas where structures are experiencing recurring and costly flooding damage.
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FEMA defines a repetitive loss property as:

e A structure covered under an NFIP flood insurance policy that (1) has incurred flood-related damage on
two occasions, in which the cost of repair, on average, equaled or exceeded 25% of the value of the
structure at the time of each such flood event; and (2) at the time of the second incidence of flood-
related damage, the contract for flood insurance contains increased cost of compliance coverage.

(44 CER 8 77.2(1))

FEMA defines a severe repetitive loss property as:

e A structure that is covered under an NFIP flood insurance policy and has incurred flood-related damage
(1) for which four or more separate claims have been made under flood insurance coverage, with the
amount of each claim (including building and contents payments) exceeding $5,000 and with the
cumulative amount of such claims payments exceeding $20,000; or (2) for which at least two separate
flood insurance claims payments (building payments only) have been made, with cumulative amount of
such claims exceeding the value of the insured structure. (44 CER 8 77.2())

As of December 2018, there is one residential repetitive loss property in Caroline County. This residential
property is in Greensboro at Cedar Lane. There were no non-residential repetitive loss structures located in
Caroline County. Furthermore, no new residential properties were identified during the 2019 Plan update.

As of November 2023, two (2) repetitive loss properties were in Caroline County. One of the residential
properties is in Greensboro at Cedar Lane, while the other is located on Tammuxzena Drive in Preston. Both
properties are single family homes that are not NFIP insured and have not been mitigated.

There are no severe repetitive loss properties located within Caroline County.

The Community Rating System (CRS) can be an important part of any town, city, or entire County with
floodplains. According to FEMA, the CRS is a voluntary incentive program that recognizes and encourages
community floodplain management activities that exceed the minimum National Flood Insurance Program
(NFIP) requirements. As a result, flood insurance premium rates are discounted to reflect the reduced flood
risk resulting from the community actions meeting the three goals of the CRS:

Reduce flood losses.
Facilitate accurate insurance rating.
Promote the awareness of flood insurance.

For CRS participating communities, flood insurance premium rates are discounted in increments of five
percent. For example, a Class 1 community would receive a forty-five percent premium discount; while a Class
9 would receive a five percent discount (a Class 10 is not participating in the CRS and does not receive
discounts). The CRS classes for local communities are based on 18 creditable activities, organized under four
categories:

Public Information
Mapping and Regulations
Flood Damage Reduction
Flood Preparedness

Currently, Caroline County has a CRS rating of a Class 7. Caroline County was recently reclassified on
October 1, 2022. This gives residents of the County 15% off their flood insurance policies. Undertaking
mitigation activities and projects, as specified in this planning document will give Caroline County the
opportunity to lower their CRS rating by added credit points.
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[ Nuisance Flooding

As sea levels rise due to changing climate conditions, the impacts on
tidal levels can be noted. Nuisance flooding, sometimes known as
high-tide flooding or sunny day flooding, is expected to increase
through 2021, and more than triple by 2050 according to NOAA's
State of High Tide Flooding and Annual Outlook. “Nuisance flooding
is typically unrelated to particular storm events, though it may be
exacerbated by long-duration wind events or passing storm systems

Nuisance flooding is defined in §3-
1001 of the Natural Resource Article of
the Maryland Annotated Code as
“high-tide flooding that causes public
inconvenience.” This is similar to how
the National Oceanic and Atmospheric

and the astrological position of the sun and the moon. Over time, Administration (NOAA) defines
however, as a changing climate drives sea levels higher and nuisance flooding or high tide flooding:
precipitation events to greater severity, these repeated “nuisance” “flooding that leads to public
impacts will become significant stressors on infrastructure, inconveniences such as road closures.”

emergency services, public health, and community fabric as they

. ” Source: Maryland Nuisance Flood Plan
become more chronic in nature.

Development Guidance

According to the Nuisance Flood Plan Development Guidance, there is recognition by Maryland lawmakers,
local and state governments, and citizens that tidally driven nuisance flood events are happening with more
frequency. While nuisance flooding may not pose a serious threat or result in major damage, it interrupts and
causes impacts to daily routines and can negatively impact commerce. Pursuant to Maryland House Bill 1427
(2019), §3-1018(b) and (c), on or before Oct. 1, 2020, a local jurisdiction that experiences nuisance flooding
(NF) shall develop a plan to address nuisance flooding. In addition, a local jurisdiction shall update the plan
every five years; publish the plan on the local jurisdiction’s website; and shall submit a copy of the plan to the
Maryland Department of Planning. This legislation is an update to Senate Bill 1006 and House Bill 1350
(2018).

Caroline County has a significant history of being impacted by coastal storms. The County has also
experienced flooding outside mapped floodplains with increasing frequency, including both nuisance and urban
flooding. The definition of nuisance flooding in accordance with §3-1001 of the Natural Resource Article of the
Maryland Annotated Code is “high tide flooding that causes a public inconvenience.” Urban flooding is
associated with precipitation events and is due to a variety of issues related to development: increased
impervious surface, disruption of natural watershed flows and functions, undersized and aged stormwater
infrastructure, and changing weather patterns which exacerbate the inadequacies of older stormwater systems
and the fragmented watersheds.

Figure 4-7: Nuisance Flooding The definition of NF is not limited to high tide flooding
but rather is inclusive of all possible flood drivers
including pluvial, fluvial and oceanic.

Past Sea Level

Source: Nuisance Flood Plan Development
Guidance, October 2019
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The National Oceanic and Atmospheric Administration (NOAA) defines nuisance flooding or high tide flooding:
“flooding that leads to public inconveniences such as road closures.” Nuisance flooding is frequently referred to
as “sunny day” or high tide flooding. Utilizing the NOAA Coastal Flood Exposure Mapper areas likely to flood

during extreme high tides can be identified. NOAA recognizes high tide flooding as sunny day, nuisance, and
recurrent tidal flooding.

Figure 4-8 illustrates low-lying coastal areas
prone to flooding during extreme high tides.
According to NOAA, annual occurrences of
high tide flooding, exceeding local thresholds
for minor impacts to infrastructure, have
increased 5- to 10-fold since the 1960s in
several U.S. coastal cities. The flood
thresholds for this map are based on

national flood thresholds from NOAA 4 v
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As shown on the map, areas near the Choptank River and Tuckahoe Creek are the most prone to flooding
during high tides. According to the 2021 Caroline County Comprehensive Plan, flood origins include riverine
flooding from rivers, creeks and streams and coastal flooding from the Choptank River and Tuckahoe Creek.
Approximately 8% of the County lies within the 1%-annual-chance floodplain area. Residents are at risk from
tidal flooding, strong winds, storm surge, heavy rains and sea level rise that can cause temporary and
permanent destructive flooding in both waterfront and inland areas.

Roadways impacted by nuisance flooding can be significant stressors on the infrastructure, emergency
response, and public health. Nuisance flooding can disrupt daily activities through a variety of ways, such as
the closure of roads due to high water, the inundation of yards and parks, and the impairment of engineered
and natural drainage systems. Currently, these disruptions typically occur for a period of several hours and
then abate. In addition, roadways are also impacted by urban flooding, not tidally influenced flooding.

Vulnerability Analysis

Caroline County experiences flooding outside mapped floodplains with increasing frequency, including both
nuisance and urban flooding.

Nuisance flooding is associated with high tides that flow back through the stormwater system,
increasing/raising the level of groundwater, and overtopping the banks and edge of waterways.
Nuisance flooding is an indicator of rising water levels in the Chesapeake Bay and its tributaries. Areas
that were previously dry now flood during high tides because the water elevation is high enough to lap
over the banks of waterways and to enter stormwater systems through outfalls that were previously high
enough to prevent backflow, while allowing outflow.

Nuisance
Flooding

Urban flooding is due to a variety of issues related to development: increased impervious surface,
disruption of natural watershed flows and functions, undersized and aged stormwater infrastructure, and
changing weather patterns which exacerbate the inadequacies of older stormwater systems and the
fragmented watersheds. Urban flooding reflects decades of development that has outstripped the
capacity of stormwater infrastructure and disrupted the natural flow and discharge of watersheds.
Additionally, many stormwater systems are beyond their expected useful life and in need of repair and
replacement.

Urban
Flooding

Challenges from both nuisance and urban flooding are compounded by what is becoming the new normal: an
increase in the frequency and intensity of storms caused by higher global temperatures that increase
evaporation in the ocean and atmosphere, creating more favorable conditions for heavier and more frequent
precipitation. Increased runoff can contribute more nutrients, contaminants (e.g., oil, gasoline, antifreeze,
among others) and sedimentation into the waterways and ultimately the Bay.

As part of the Hazard Mitigation Plan update, flooded roadways were examined using information from the
2019 Plan. The 2019 repetitive roadway flooding table was reviewed by the Department of Emergency
Services (DES) and the Department of Public Works (DPW). Modifications and updates were made to the table
and all ten municipalities were provided with the listing for review and comment. Municipalities updated and
modified those roadway issues that directly impacted their jurisdiction.

Bryan North, DPW, ranked the roads that fell under County maintenance and used a scale ranking as follows:
1-highest, 2-medium, and 3-little or no priority. There are thirteen (13) County roads that appear in highlighted
in green that are of the highest importance for mitigation as determined by Public Works. Of the thirteen (13)
high priority roads, five (5) road are impacted by nuisance flooding. The results are shown table below.
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Table 4-20: Repetitive Flooded Roadways

Roadway iy e ST SWM or Elevation Nuisance Priority for
ID # FEREER COUI'.It)'I, or ek E5TE Problem /Urban Mitigation
Municipal Issue (Y/N)
1 T‘ﬁ.vé';r?; g't‘:g:t'y Municipal Rainfall N SWM Urban -
2 Tg&’;ﬁ;%‘fgg? Municipal Rainfall Y SWM Urban 2
Town of Denton
5 Seventh at Municipal Rainfall Y SWM Urban 3
Sunnyside Ave
6 Town of Denton |y i Rainfall Y SWM Urban 1
5t & Legion
Town of
3 Federalsburg Municipal Rainfall N/A SWM Urban -
Railroad Ave
Town of
4 S?:ﬁ::fg‘/’g’bsfﬁte Municipal | Tidal/Rainfall N Elevation Nuisance 1
Bridge
Town of
7 Greensboro Municipal Rainfall Y SWM Urban 3
Smugglers Way
Town of
8 Greensboro Municipal Rainfall Y SWM Urban 2
Mill Street
Town of
9 Greensboro Municipal Rainfall Y SWM Urban 2
Riverview Lane
Town of
10 Greensboro Municipal Rainfall N SWM Urban 3
Bernard Avenue
11 Corkell Rd County Rainfall N SWM Urban 3
12 Long Swamp Rd County Rainfall N SWM Urban 3
13 Crouse Mill Rd County Rainfall N SWM Urban 2
14 Holly Rd County Rainfall N SWM Urban 1
15 Peaviner Rd County Rainfall N SWM Urban 3
16 Nagel Rd County Rainfall N SWM Urban 3
17 Hoge"v‘\j;rzdR’;ear County Rainfall N SWM Urban 3
Flooded Areas with Posted Flood Signs
River Rd by North : .
18 CarolineyHigh County Rainfall Yes UnderS|zed.p|pes & Urban 1
Elevation
School
19 Noble Rd County Rainfall N SWM/Elevation Urban 2
20 Veteran’s Drive County Rainfall N SWM/Elevation Urban 2
21 River Landing Rd County Tidal N Tides/SWM Nuisance 1
22 Mc?r:g;gﬁs t County Rainfall N Elevation Urban 1
23 Poplar Neck Rd County Rainfall N SWM Nuisance 2
24 Blades Rd County Tidal N Tides/Elevation Nuisance 1
25 Maryland Ave County Tidal N Tides Elevation Nuisance 1
26 Fraf_\l,i;':e(:k County Tidal N Tides/Elevation Nuisance 1
27 Gilpin Point Rd County Tidal N Tides/Elevation Nuisance 1
Other Roads with Isolated Flooding
28 Sunset Ave County Rainfall N SWM Urban 2
29 Harper Rd County Rainfall N SWM Urban 3
30 Hickory Hill Rd County Rainfall N SWM Urban 2
31 Central Ave County Rainfall N SWM Urban 2
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Roadway S0, AL ST LI SWM or Elevation Nuisance Priority for
ID # Roadway County, or | Related Issue Problem /Urban Mitigation
Municipal Issue (Y/N)
32 Bradley Rd County Rainfall N SWM Urban 3
33 Reed Road County Rainfall N SWM Urban 2
34 Log Cabin Rd County Rainfall N SWM Urban 2
35 Red Bridges Rd County Rainfall N SWM Urban 3
36 Sawmill Rd County Rainfall N SWM Urban 3
Roads that may need type Il Barricades for washout (Road Closures)
37 Poplar Neck Rd County Rainfall N SWM Urban 3
38 Tanyard Rd County Rainfall N SWM Urban 2
39 Gregg Rd County Rainfall N SWM Urban 3
40 Knife Box Rd County Rainfall N SWM Urban 1
41 Boyce Mill Rd County Rainfall N SWM Urban 1
River Rd Rainfall 3 (Bridge is
42 (Dirt Pard) County N SWM Urban (C|os§ )
43 Tuckahoe Rd County Rainfall N SWM Urban 1
44 Garland Rd County Rainfall N SWM Urban 1
45 Cherry Lane County Rainfall N SWM Urban 1

Source: Caroline County Department of Public Works

According to the Public Works Department-Roads Division, the most frequent causes of road closures in
Caroline County are flooding and wash outs. The roads division will close roads for public safety as warranted.
The following roads were considered as high importance for mitigation:

#14 — Holly Road (Urban)

#18 — River Road (Urban)

#21 — River Landing Road (Nuisance)
#22 — Main Street (Urban)

#24 — Blades Road (Nuisance)

#25 — Maryland Ave (Nuisance)

#26 — Frazier Neck Road (Nuisance)
#27 — Gilpin Point Road (Nuisance)
#40 — Knife Box Road (Urban)

#41 — Boyce Mill Road (Urban)

#43 — Tuckahoe Road (Urban)

#44 — Garland Road (Urban)

#45 — Cherry Lane (Urban)

Figure 4-9: Road Closure Due to Flooding

Photo ,Source. C

The following map, Map 4-3, depicts the five (5) roadways affected by nuisance flooding and eight (8)
roadways impacted by urban flooding can considered high priority. Note, the location numbers identified on the
map are associated with Table 4-20. This map will continue to be used for further review, analysis, and
implementation activities.
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Map 4-3: Repetitive Flooded Roadways
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In 2019, two tidal stations in Maryland monitored by NOAA broke the record for the number of nuisance flood
days: Annapolis and Tolchester Beach. The average number of flood days in 2000 for each location was two,
with the record being 18 and 17. By 2030, NOAA is projecting these numbers to increase to 15 to 25 days at
each location and by 2050 to 55 to 170 days in Annapolis and 50 to 160 days in Tolchester Beach.'

In order to prepare for a nuisance flood event, critical tide information should be monitored from the National
Oceanic and Atmospheric Administration (NOAA) tide gauge stationed at Hillsboro, as well as additional
gauges elsewhere throughout Chesapeake Bay. The Hillsboro Tide Gauge, Station ID 8572669, is located on
the Hillsboro Boat Ramp; from the intersection of 404 and 303 proceed south on 303 to ALT 404, proceed east
on ALT 404 approximately 2.4 km (1.5 mi) over the bridge and into Caroline County. The Hillsboro boat ramp is
on the right, the gauge was located on the seawall. The gauges enable the County to be aware of and prepare

for possible nuisance flooding impacts.

Figure 4-10: Tide Gauge at Cambridge

The Department of Emergency Services (DES)
maintains a close relationship with the National
Weather Service, who provides notifications of
special hazards and watches or warnings of
severe weather before the community is
impacted. In addition, critical flood information
from NOAA gauge at Cambridge is monitored.
The gauge allows Caroline County to prepare for
flood events and their impacts. The National
Weather Service provide hydrographs for this
gauge. A hydrograph shows how the river level
changes over time at a specific location. The
hydrograph for the Chesapeake Bay at
Cambridge gauge is shown below along with
flood categories.

Using the following thresholds, Caroline County
will direct their actions based on flood inundation
levels and/or frequency of flooding.

Chesapeake Bay at Cambridge
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Flood Categories (in feet)

Moderate Flood Stage: 4.0

Flood Stage: 3.5

Action Stage: 3.0

Source: NWS: Advanced Hydrologic Prediction Service

Threshold

Response Level

Required Action

Forecast data from the National Weather
Service or NOAA tide gauge indicates

likely nuisance flooding impacts. Warning

Level | — Public

Make the public aware of nuisance flooding threat via
mass notification emails, social media, etc.

Flood waters are present below nuisance

Level Il — Monitor

Deploy Department of Public Works and State Highway
IAdministration personnel to monitor flood levels as

levels and are rising. Inundation needed and place high water signs at impacted locations.
Place additional Department of Public Works and State

Flood waters are high enough to warrant Level lll — Flood |Highway Administration personnel on standby; close

temporary road closures. Response roads and reroute traffic as flooding reaches hazardous

levels.
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DES disseminates public safety information via social media outlets and the Everbridge Notification System.
When nuisance flooding is anticipated, it may be necessary for DES to initiate a message to flood hazard
areas social media outlets with details about flood severity, duration, or impacts such as road closures.

In addition, Maryland deployed the
MyCoast application to document nuisance
and precipitated-induced flooding, storm
damage, and more. Coastal decision
makers, emergency managers, and others
use your reports to make better decisions.
Caroline County will continue to promote
the use of this application, which is
currently included on the County’s website.

Once the application is downloaded onto a
mobile device, users can take photographs
of nuisance flooding and submit them.
These submissions are called “reports.”
The MyCoast application captures the time
and location of the photograph, in addition
to the weather and tidal conditions. This
data is recorded by the application and can
be downloaded. Data obtained could assist
decision makers on how to address
nuisance flooding.

Data collected from the application is
utilized to track the occurrence of nuisance
flood events and support the development
of mitigation actions for areas impacted by
these events. The MyCoast report data
can be used to:

» Confirm and identify new locations
of nuisance flooding.

o Define the hazard (depth, duration,
area covered by flooding).

o Further refine the thresholds for
when nuisance flooding will occur
(in conjunction with tide data).

o Develop mitigation strategies to
reduce nuisance flooding.

& MyCoast

Maryland

MyCoast: Maryland is an app and website that uses
photos to help track flooding caused by rain, storms,
and other coastal events like high tides. The photos
generate beneficial flooding data that would not exist
without YOU collecting the information. It provides an
easy way to show how flood waters, whether from the
rain or tide, are impacting your community.

You can also
use the app for:

Daily tide
schedules

&
009

-

Nearby tidal
gauges

How to Use It:

Notice, a

@ ,
‘ Download flood event?

the app Take a
|—| TE=E i

=0 picture!
€ ‘
-~ Select the il S?ebpnglrta
J type' o through
flooding.
g the app!

For more information
visit www.mycoast.org/md
or download the |Phone/Andr0|d app

e [ Elﬁ’f "
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To date, a total of 16 high tide reports have been submitted for Caroline County. These reports start in April
2021 and go on to January 2024. The following locations were identified:

Denton
Ridgely
Greensboro
Preston

These reports can be found on the MD MyCoast website under High Tide Flooding.

Figure 4-11: Denton — High Tide Flooding Report, MyCoast

Denton Crouse Park in Denton experienced nuisance flooding from high tides on April 15, 2021.

Source: MyCoast Reports
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The Town of Denton provided additional information on the repetitive flooded roadways identified for the Town
and included in Table 4-20. Additional details are provided below:

1. Second Street: There are 2 potential flooding areas, both are small bridges that are low lying. It would take
a ton of rain, over 5” for these to flood. The first bridge is at 38° 52’44” N, 75°50’05” W, and the second bridge
is 38°52'29.76” N, 75°50°'04.92” W. | would add both as a moderate flooding area. Although it almost never
floods, a 100-year storm would affect this area.

2. Seventh and Sunnyside: This area always has the potential to flood temporarily in the event of major
rainfall. The water tends to go away shortly thereafter.

3. 5th and Legion. This is a major drainage area for not only the Town, but State Highway ditches as well.
Ordinarily the water flows with no issues, however a major rainfall accompanied by debris like trash and tree
limbs will clog the pipe that goes underneath the road, causing major flooding. The Town is working with Shore
Riverkeepers in an attempt to secure funding to rehab this area. SHA has offered no financial support.

Furthermore, the Town of Denton developed a Nuisance Flood Plan, which was adopted in August 2020.
According to the plan, in the Town of Denton, nuisance flooding, meeting the definition of HB 1427, occurs at
Crouse Park and boat ramp, along the Choptank River.

As part of the nuisance flood planning process for the Town of Denton, staff interviewed the Town’s Public Works
Department to create an inventory of known nuisance flood areas. There is only one area, within town, at Crouse
Park where there are instances of nuisance flooding. There are two road segments, adjacent to Town but within
unincorporated Caroline County, along River Landing Road also experiencing nuisance flooding.

Currently, Crouse Park and the boat ramp are experiencing the following types and frequency of nuisance
flooding:

e During normal high tide, 3-4 inches of flooding occur in the boat ramp parking lot.

e During certain weather conditions of a south wind blowing from the north which holds the tide in the boat
ramp area, 1 ft. — 1 % ft. of flooding occur in the boat ramp parking lot area and ends at the sidewalk at
the Crouse Park Visitor and Heritage Center. On an average, Crouse Park Lane is closed six times per
year for approximately 4-5 hours.

e The Water Quality Garden located at the Crouse Park Visitor and Heritage Center receives daily tidal
influence from the Choptank River. With the changing tides, the Garden as designed has become a
stormwater pond. The original planting design for the Water Quality Garden have been eliminated by the
river water intrusion.

Nuisance flooding has increased dramatically over the past 50 years (2-4 feet). This is likely due to siltation of the
Choptank River. The Choptank River has needed dredging for many years. The Town has tried unsuccessfully to
obtain the necessary funds to dredge the river. The siltation also affects the ability of recreational boaters to
utilize the river. The Town is hopeful that DNR will provide the necessary funding to dredge the river and reduce
the nuisance flooding occurrence and increase the recreational opportunity for the public to enjoy the river. DNR
is aware of the nuisance flooding but cannot close off the inlet or supply funds for the repairs resulting in the
water intrusion.

Source: The Town of Denton Nuisance Flooding Plan
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Figure 4-12: Town of Denton Nuisance Flood Plan Exhibits

Town of Denton: Crouse Park Boat Ramp and Visitor and Heritage Center.
Caroline County: River Landing Road.

Roadway Inundation

Crouse Park, Visitors and
Heritage Center, Denton

River Landing Ro
"i:~.C:aro|ine County

Crouse Park, Visitors and
Heritage Center, Denton
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Source: The Town of Denton Nuisance Flooding Plan
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The Town of Greensboro also provided additional information about the flooding issues on Sunset Avenue near
the bridge. According to the Town, the flood risks at this location include drowning, flooded homes, and
significant sewer contamination. Community parks are located along the Choptank on both sides of Sunset
Avenue (at/by the bridge). In addition, one (1) of the Town’s pump stations is in close proximity to the bridge
and abuts one of the parks. The Town’s previous WWTP is near this location. Heavy rains cause flooding, and
it is worsened by high tides. Tropical Storm Irene devastated the area (pictures below).

T ;
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Nuisance Flood Mitigation Action Items

Mitigation actions specific to nuisance and urban flooding were added during this Plan update and are include
in Chapter 15, Table 15-5. These mitigation action items are for both the County and affected municipalities.

i State of Maryland Hazard Mitigation Plan 2021
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Chapter 5 Hurricanes

Hazard Ranking

Hazard Mitigation Planning Committee
— Concerned
Municipalities

o Denton — Very Concerned
Federalsburg — Very Concerned
Goldsboro — Concerned
Greensboro — Concerned
Henderson — Concerned
Hillsboro — Very Concerned
Marydel — Somewhat Concerned
Preston — Somewhat Concerned
Ridgely — Concerned

o Templeville — Concerned
State — Medium
National — Relatively Moderate
Public — Somewhat Concerned

O O O 0O O O O O

Public Survey Responses

Only 11% of residents have experienced
damage from hurricanes.

Many participants indicated they
experienced damage from wind.

6% of residents have installed high impact
windows or doors to withstand high winds.
50% of participants have removed
dead/drying trees and vegetation from
around the home as a mitigation measure.
24% of participants feel their community is
at risk to hurricanes.

12% of participants indicated that the
following mitigation measure should be
taken: buyout flood prone properties and
maintain as open space.

Participants indicated that stricter
ordinances are needed for building close
to tidal water.

Chapter Updates

This chapter now discusses hurricanes
only.

Characteristic information was updated
with current information.

New images have been included.

All maps have been updated.

History event data has been updated with
the most current available data.

New historic track data was integrated.
Vulnerability and impacts to people,
systems, and resources is a new element.
National Hurricane Center Storm Surge
Risk Map mapping was included.

Risk assessment using the new critical
facilities were conducted and incorporated
in the vulnerability section of the chapter.
New hurricane loss estimates using
current MD Property View Tax Assessment
values.

A risk assessment for historic structures is
new element in the chapter.

A new section discussing social
vulnerability has been added to this
chapter.

A new section discussing future
vulnerability has been added to the
chapter.
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[ Hurricane Hazard Characterization

As defined by the National Hurricane Center, a major hurricane, hurricane, tropical storm, and tropical
depression are all examples of a tropical cyclone. The categories and associated characteristics are as follows:

Major Hurricane: A tropical cyclone with maximum sustained winds of 111 mph (96 knots) or higher,
corresponding to a Category 3, 4 or 5 on the Saffir-Simpson Hurricane Wind Scale.

Hurricane: maximum sustained surface wind speed exceeds 74 mph.

Tropical Storm: maximum sustained surface wind speed from 39-73 mph.

Tropical Depression: maximum sustained wind speed is less than 38 mph.

Tropical cyclones, a general term for tropical
storms and hurricanes, are low pressure
systems that usually form over the tropics,
referred to as “cyclones” due to their rotation.
Tropical cyclones are among the most powerful
and destructive meteorological systems on
earth. In terms of impact, high winds, heavy rain,
lightning, tornados, hail, and storm surge are all
associated with tropical cyclones. In addition, as
tropical cyclones move inland, they can cause
severe flooding, downed trees and power lines,
and structural damage.

Hurricanes are rated for intensity by using the
Saffir-Simpson Scale, which gives an estimate
of the potential damage that a hurricane may
cause. This scale is based upon both wind
speed and surface pressure. Scale categories
range from Category 1 to 5, with Category 1
having winds from 74-95 mph and pressure
greater than 980 mb, while a Category 5
hurricane can have winds of more than 157 mph
and pressure of less than 920 mb. Table 5-1
depicts the five categories of hurricane strength.
Some notable hurricanes that have affected
Maryland include Hazel in 1954; Donna in 1960;
Camille in 1969; David in 1979; Fran in 1996;
Floyd in 1999; Isabel in 2003; Ernesto in 2006;
Irene in 2011; and Hurricane Sandy in 2012.
Hurricane Sandy brought significant impacts to
numerous mid-Atlantic coastlines, as well as the
Delmarva Peninsula.

Table 5-1: Saffir-Simpson Hurricane Categories

Saffir-Simpson Hurricane Wind Scale

Category
Wind Speed
Storm Surge

Effects

Category 1-Weak
74-95 mph

Very dangerous winds will produce some damage:
Well-constructed frame homes could have damage
to roof, shingles, and vinyl siding and gutters. Large
branches of trees will snap, and shallowly rooted
trees may be toppled. Extensive damage to power
lines and poles likely will result in power outages
that could last a few to several days.

Category 2-Moderate
96-110 mph

Extremely dangerous winds will cause extensive
damage: Well-constructed frame homes could
sustain major roof and siding damage. Many
shallowly rooted trees will be snapped or uprooted
and block numerous roads. Near-total power loss is
expected with outages that could last from several
days to weeks.

Category 3-Major
111-129 mph

Devastating damage will occur: Well-built framed
homes may incur major damage or removal of roof
decking and gable ends. Many trees will be
snapped or uprooted, blocking numerous roads.
Electricity and water will be unavailable for several
days to weeks after the storm passes.

Category 4-Major
130-156 mph

Catastrophic damage will occur: Well-built framed
homes can sustain severe damage with loss of
most of the roof structure and/or some exterior
walls. Most trees will be snapped or uprooted, and
power poles downed. Fallen trees and power poles
will isolate residential areas. Power outages will last
weeks to possible months. Most of the area will be
uninhabitable for weeks or months.

Category 5-Major
>157 mph

Catastrophic damage will occur: A high percentage
of framed homes will be destroyed, with total roof
failure and wall collapse. Fallen trees and power
poles will isolate residential areas. Power outages
will last for weeks to possibly months. Most of the
area will be uninhabitable for weeks or months

Source: National Weather Service, 2023
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The most common coastal storms that impact Caroline County are Tropical Storms or Tropical Depressions.
While at sea, notable hurricanes have been classified as Category 4 or 5, but typically these storms tend to
lose their intensity as they travel from their point of origin up the Atlantic coastline. Often these storm events
are downgraded to a Tropical Storm or Depression by the time they reach Maryland, at most a Category 1
Hurricane. According to FEMA's Disaster Declarations for States and Counties, Caroline County has had
seven (7) disaster declarations for hurricanes.

Figure 5-1: Disaster Declarations for Caroline County

Disaster(s) by Incident Category *Includes Subcategorie

O P oY
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Snowstorm Hurricane Severe Storm Biological Flood

Source: https://www.fema.gov/data-visualization-disaster-declarations-states-and-counties

Heavy rain from Category 1 hurricanes and tropical storms have been known to cause 500-year floods (which
have a 0.2% chance of occurring each year) and greater flooding in inland communities. In addition, coastal
erosion can also be a major problem created by coastal storms. Coastal erosion may impact man-made
structures and human activities such as shore protection structures and navigation channels that had
previously been dredged.

Although high winds and excessive amounts of precipitation are common and may cause tremendous damage,
the most serious effect of hurricanes is coastal destruction caused by storm waves or storm surge. In India
more than 300,000 people died in 1737 as a result of a 40-foot storm surge accompanying a severe tropical
cyclone in the Bay of Bengal. If a hurricane strikes at high tide, the storm surge can be devastating as was the
case in Galveston, Texas in 1900 when more than 6,000 people drowned in a hurricane generated storm
surge. Damage estimates for the 1900 Galveston hurricane topped $57,051,332.92 in 2024 dollars.

On Maryland’s Eastern Shore, particularly along the bay, storm surge is also related to rising sea level and to
shoreline subsidence. Counties fronting on the east side of the Bay are facing shoreline submergence that has
been ongoing since the last glacial period when sea level was approximately 400 feet lower than today. While
the process has been continuing for approximately 10,000 years, sea level is still rising at a rate of plus one
foot or so every century. This rise in sea level will certainly affect the relative height of future storm surge
events.

Several factors point to the potential for increased danger from severe tropical cyclones in Maryland.
Population growth and continuing near-shore development increases the risk of human injury and property
loss. Additionally, there is widespread agreement among climatologists that gradual global warming is
occurring. Potential effects include the melting of polar ice, expansion of the oceans, and an overall rise in sea
levels. The slow sinking of land in the Chesapeake region, due to the combined effects of ground water
withdrawal and post-glacial rebound, effectively doubles the global rate of sea level rise in Maryland’s coastal
areas, which is further discussed in Chapter 6 Shoreline Erosion & Sea Level Rise. These factors increase the
vulnerability of coastal areas to storm surge.
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[ Hurricane Hazard Risk & History ]

Caroline County has been affected over the years by the passage of hurricanes, including an unnamed
hurricane in 1929, Hurricane Hazel in 1954, Hurricane Connie in 1955, Hurricane Floyd in 1999, Hurricane
Isabel in 2003, and others shown on Figure 5-2 below. Potential storm surge can occur on the Choptank River,
Tuckahoe Creek, and Marshyhope Creek in the passage of a hurricane. Hurricanes can affect Caroline
County from either the Gulf of Mexico or the Atlantic. Normally the greatest damage results from hurricanes
that come ashore in the Tidewater area of Virginia or the Carolina Capes.

Figur\e 5-2: Historical Hurricane Tracks
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According to the National Centers for Environmental Information (NCEI), there were no hurricane events for
Caroline County during the update period. However, tropical storm events have been documented by NCEI.
They are shown on Tables 5-2. In terms of number of occurrences, the NCEI listed a total of four (4) tropical
storm events affecting Caroline County from 2003-2023. Based on this data, Caroline County experiences an
average of 0.20 tropical storm events per year.

Table 5-2: Tropical Storm Events — 2003-2023
Tropical Storm Events — 2003-2023
# Of Events Injuries Deaths Damages Frequency
4 0 0 135.00K 0.20
Source: National Centers for Environmental Information (NCEI), Events through June 2023
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[ Hurricane Hazard Vulnerability

Vulnerability and Impacts to People, Systems, and Resources from Hurricanes

To describe the impacts of coastal flood and storms within Caroline County and its municipalities, a hazard
vulnerability and impacts table has been developed as part of this Plan update; Table 5-3.

Table 5-3: Hurricane Vulnerability and Impacts to People, Systems, and Resources

People

Climate change and its associated rising and warming sea levels and
intensifying weather events disproportionately impact coastal communities,
including populations who are already vulnerable due to social or economic
factors.

Potential failure of drinking water and wastewater infrastructure puts people
at risk of being exposed to pathogens and harmful chemicals.

Homes within vulnerable areas could become engulfed by storm surge.
Populations aged 65 and older and children aged 5 and younger are most at-
risk for coastal flooding. The highest socially vulnerable populations are in
the northeast and southeast portions of Caroline County.

Other at-risk populations are those with health problems. Power outages
caused by coastal flooding affect people’s ability to access health related
products.

Property damage caused by immediate destruction of property and/or long-
term mold/rot issues.

Systems
(including networks and
capabilities)

Power outages impact the availability of emergency and government
services.

There are approximately 11,000 system/drain fields located on properties
throughout Caroline County. A total of 1,500 of these lies within critical areas.
Heavy rainfall and tidal inundation can overload a system’s ability to function
properly which leads to overflow and potential septic failures which presents
a public health threat.

Communication systems break down due to loss of power.

Transportation systems may be disrupted entirely due to coastal flooding.

Natural, Historic, and Cultural
Resources

Wildlife my become exposed to potential disease and/or chemical burns like
dermatitis from toxic substances within floodwaters.

Soil and bank erosion may occur causing potential landslides.

Failure of roof drainage systems or other building services such as water
mains may cause moisture accumulation in porous materials such as timber,
lime mortars, platers, soft brick, masonry, pugging, or other insulation. This
can lead to long-term damp and decay on historical properties.

The southwest portion of the County is most vulnerable to storm surge inundation. The Towns of Denton and
Greensboro face more danger from flooding associated with the passage of a hurricane because of their
location partially in the storm surge area of the Choptank River. The Town of Federalsburg is partially located in
the storm surge area of Marshyhope Creek. A part of Hillsboro is in the storm surge area of Tuckahoe Creek.
The Towns of Templeville, Marydel, Henderson, Goldsboro, and Ridgely are not subjected to impacts from
storm surge due to location. Storm surge maximums for Caroline County range from 5 feet for Category 1
storms to 8 feet for Category 2 storms, and from 11 feet for Category 3 storms to 16 feet for Category 4 storms.
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Map 5-1: Hurricane Storm Surge
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The national depiction of storm surge flooding vulnerability helps people living in hurricane-prone coastal
areas. These maps make it clear that storm surge is not just a beachfront problem, with the risk of storm surge
extending many miles inland from the immediate coastline in some areas. As shown in Figure 5-3, a majority of
potentially affected areas during a Category 1 hurricane within Caroline County have a storm surge potential of
less than three (3) feet above ground. A few areas affected shown within Figure 5-4 lie within an area of a
potential storm surge greater than three feet above ground.

Figure 5-3: National Hurricane Center Storm Surge Risk Figure 5-4: National Hurricane Center Storm Surge Risk
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As discussed in Chapter 4 — Riverine Flooding, the Federalsburg Police Station is vulnerable to flood. It is not
surprising that this facility is vulnerable to storm surge, as well. However, given that hurricane category 3 and
4 storm surge inundation areas would need to make landfall in Maryland, the likelihood of impacts to these
facilities is low. Please note this does not consider sea-level rise.

Table 5-4: Essential Facilities At-Risk to Storm Surge

Facility Type Facility Name Estimated Building Hurricane Storm Projected Flood
y Iyp y Value Surge Category Depth (feet)
Police Station Federalsburg Police Station $743,800 3&4 10.13’

Source: 2023 Essential Facilities Database

In the previous planning process, the Caroline County Sheriff's Office was also located within the hurricane
category storm surge inundation area, however this facility has relocated since 2019. The Sheriff’s Office’s new
location is no longer within a hurricane storm surge inundation area.
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Other critical facilities warrant special attention in preparing for a disaster and are important in ensuring the
resiliency of the community. Category 1 storm surge inundation area has the most likelihood of occurrence
based on historical data. Critical facilities located in all four storm surge inundation areas were analyzed during
the Plan update utilizing the storm surge data prepared by the U.S. Army Corps of Engineers, Baltimore
District, Planning Division in January 2016. Table 5-5 lists the critical facilities located within the storm surge
areas, while Map 5-2 depicts all critical facilities and storm surge inundation areas.

Table 5-5: Critical Facilities in Storm Surge Inundation Areas
Facility Number of

Type Facilities Facility Address of Facility Categories
Federalsburg Town Hall 118 N Main St, Federalsburg, MD 21632 3 4
Government Mayor and Council of .
— County & A Federalsburg Facility 704 Morris Ave, Federalsburg, MD 21632 3 4
Municipal Federalsburg Branch .
Owned Library 123 Morris Ave, Federalsburg, MD 21632 4
County Historical Society 3395 Linchester Rd, MD 4
Power 2 Delmar\(/:a;;c;)v;/ﬁ;& Light Pennsylvania Ave, Federalsburg, MD 21632 3 4
Station Choptank Electric River Rd, Denton, MD 4
Total Facilities 6

Source: 2023 Critical Facilities Database and 2016 Hurricane Storm Surge Category Database

Loss estimates for critical and public facilities located within storm surge inundation areas were calculated.
These calculations were derived from 2017 Maryland Tax Assessment values, which were last updated in
December 2022.

Table 5-6: Loss Estimates for Critical Facilities

Facility Type Facility Name Estimated Building Value 20% Loss Estimate 50% Loss Estimate
Federalsburg Town Hall $671,800 $134,360 $335,900
Government
— County & Mayor and Council of Federalsburg Facility $899,700 $179,940 $449,850
M(;‘"iCiF;a' Federalsburg Branch Library $555,700 $111,140 $277,850
wne
County Historical Society $257,400 $51,480 $128,700
. Delmarva Power & Light Company $28,100 $5,620 $14,050
Power Station -
Choptank Electric $25,000 $5,000 $12,500

Source: Maryland Department of Planning- 2017 Maryland Property View Data for Caroline County (Updated December 2022), Maryland Department
of Assessments and Taxation-Real Property Data Search-Base Values

Loss estimates in dollars for all structures, including critical facilities by land use were also calculated from
2017 Maryland Property View Tax Assessment values. Land use category loss estimates were determined for
hurricane category 1 storm surge considering a storm of this magnitude is more likely to impact the County.

Table 5-7: Loss Estimates for All Facilities by Land Use - Hurricane Category 1 Storm Surge Inundation Area

Land Use Estimated Building Value 20% Loss Estimate 50% Loss Estimate
Agricultural $13,998,210 $2,799,642 $6,999,105
Apartments $430,400 $86,080 $215,200
Commercial $1,163,190 $232,638 $581,595

Commercial Residential $590,510 $118,102 $295,255
Exempt $720,440 $144,088 $360,220
Exempt Commercial $1,281,150 $256,230 $640,575

Industrial $0 $0 $0
Marsh Land $192,100 $38,420 $96,050
Residential $41,129,580 $8,225,916 $20,564,790

Residential Commercial $0 $0 $0
Total $59,505,580 $11,901,116 $29,752,790

Source: Maryland Department of Planning- 2017 Maryland Property View Data for Caroline County (Updated December 2022)
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Map 5-2: Critical Facilities At-Risk to Hurricane Storm Surge

Critical Facilities At-Risk to Hurricane Storm Surge
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Analysis of historic structures listed in Chapter 2 resulted in a total of five (5) National Register Properties that
intersect with the hurricane storm surge inundation area.

Daffin House - Building

Denton Historic District
Federalsburg West Historic District
Linchester Mill - Building

Williston Mill Historic District

Loss estimates were determined utilizing building footprints for National Register Properties that are
categorized as buildings in Table 5-8.

Table 5-8: Loss Estimations for Caroline County National Register Properties

National Register Property Estimated Building Value 20% Loss Estimate 50% Loss Estimate

Daffin House - Building $1,042,800 $208,560 $521,400

Linchester Mill - Building $257,400 $51,480 $128,700

Source: Maryland’s National Register Properties, Maryland Department of Planning- 2017 Maryland Property View Data for Caroline County (Updated
December 2022), Maryland Department of Assessments and Taxation-Real Property Data Search-Base Values

Social Vulnerability

Reviewing the CDC'’s Social Vulnerability Index (SVI) for
Caroline County, the dark blue census tracks indicate the
areas with the highest social vulnerability. As shown on
Figure 5-5, the southern and norther portions of the
County contain the higher socially vulnerable populations.

The hurricane storm surge inundation area does impact
the Town of Federalsburg by traveling up the Marshyhope
Creek. The Towns of Denton and Greensboro are
impacted as well due to the Choptank River. The
remaining municipalities are not subject to hurricane
storm surge.

Figure 5-6: Hurricane Preparedness
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Know your Hurricane Risk Those with Disabilities

Hurricanes are not just a coastal problem. Find out
how rain, wind, water, even tornadoes could
happen far inland from where a hurricane or
tropical storm makes landfall. Start preparing now.

Make an Emergency Plan

Make sure everyone in your household knows and
understands your hurricane plan. In your hurricane
plans include the office, kids’ daycare, and
anywhere you frequent. Ensure your business has
a continuity plan to continue operating when
disaster strikes.

Discuss the latest Centers for Disease Control (CDC)
guidance on Coronavirus (COVID-19) and how it
may affect your hurricane planning.

Know your Evacuation Zone

You may have to evacuate quickly dueto a
hurricane if you live in an evacuation zone. Learn
your evacuation routes, practice with household,
pets, and identify where you will stay.

If you or anyone in your household is an individual
with a disability identify if you may need additional
help during an emergency.

Review Important Documents

Make sure your insurance policies and personal
documents like ID are up to date. Make copies and
keep them in a secure password protected digital
space.

Strengthen your Home

De-clutter drains and gutters, bring in outside
furniture, consider hurricane shutters.

Get Tech Ready

hurricane is in the forecast and purchase backup
charging devices to power electronics.

Help your Neighborhood

Source: https://www.ready.gov/hurricanes

Source: CDC/ATSDR Social Vulnerability Index 2020 — Caroline County

Considering the occurrence and severity of natural
hazards cannot be reduced, reducing vulnerability is
one of the main opportunities for reducing disaster
risk. Therefore, communities identified should be
targeted for outreach on preparedness activities.
Ready.gov is a FEMA Ready Program developed to
educate community members on how to prepare for
and respond to emergencies caused by natural and
man-made hazards. Information is provided for
hurricanes and floods. The site also offers
preparedness materials for business owners.
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Future Vulnerability

According to Climate and Energy Solutions’ article Hurricanes and Climate Change, frequency and intensity
vary from basin to basin. In the North Atlantic Basin, the long- term (1966-2009) average number of tropical
storms is about 11 annually, with about 6 becoming hurricanes. More recently (2000-2014), the average is over
15 tropical storms per year, including about 7 hurricanes. This increase in frequency is correlated with the rise
in North Atlantic Sea surface temperatures, which could be partially related to global warming.

According to a study published in the journal Science Advances, the number of hurricanes and typhoons rated
as Category 3 storms and higher could double by the year 2050, due to climate change. Using computer
modeling, as global air and water temperatures continue to rise due to excess greenhouse gas emissions, the
increase in the number of major hurricanes and typhoons will affect a larger number of people.

The study states that climate change will increase the wind speeds of major hurricanes by as much as 20%
over the next 28 years, as well as the overall frequency of Category 4 and 5 storms by more than 200% in
some parts of the world. The study projected Miami to see a modest annual increase in probability of
experiencing a major hurricane in a given year (from 3.6% at present to 4.0% by 2050), while Honolulu is
forecasted to see that probability more than double (from 4.0% to 8.6%) over the same span.

Considering scientists are uncertain whether climate change will lead to an increase in the number of
hurricanes, there is more confidence that warmer ocean temperatures and higher sea levels are expected to
increase their intensity and impacts. For the 21st century, some models project no change or a small reduction
in the frequency of hurricanes, while others show an increase in frequency.

Colorado State University developed a new methodology for calculating tropical cyclone impacts to counties
along the east coast. According to the Tropical Cyclone Impact Probabilities table, the average probability of a
hurricane impact to Maryland was 11%, while the average probability of a major hurricane impact was 1%.
These future probabilities for hurricanes and tropical storms would apply to Caroline County.
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Chapter 6 Shoreline Erosion

& Sea Level Rise

Hazard Ranking

e Hazard Mitigation Planning Committee

— Concerned
e Municipalities

o Denton — Concerned

Federalsburg — Concerned
Goldsboro — Somewhat Concerned
Greensboro — Very Concerned
Henderson — Not Concerned
Hillsboro — Somewhat Concerned
Marydel — Not Concerned
Preston — Not Concerned
Ridgely — Not Concerned
Templeville — Somewhat
Concerned
e State — Medium
e National — Not Ranked
e Public — Somewhat Concerned

O O O O O O O O O

Public Survey Responses

e Only 3% of residents have experienced
damage from shoreline erosion or sea
level rise.

e 6% of residents have implemented
floodproofing techniques such as elevating
furnace, water heaters, or electric panels.

e 37% of participants indicated that the
county should inform property owners of
ways they can mitigate damage to their
property.

o 15% of participants feel their community is
at risk to shoreline erosion and sea level
rise.

e Participants indicated that investment in
drainage maintenance and infrastructure
should be conducted on a regular basis.

e Participants indicated flooded roadways
need to be addressed.

Chapter Updates

e Characteristic information was updated
with current information.

e Sea level rise characteristics section was
expanded to include information from the
2021 State of Maryland Hazard Mitigation
Plan and Maryland’s Coastal Resiliency
Assessment.

e 2023 Maryland Sea Level Rise Projections
have been integrated into the chapter.

¢ New images have been included.

e All maps have been updated.

o History event data has been updated with
the most current available data.

e The Coastal Resiliency Assessment
Shoreline Hazard Index was incorporated
and used for the vulnerability analysis.

e Vulnerability and impacts to people,
systems, and resources is a new element.

e Risk assessment using the new critical
facilities were conducted and incorporated
in the vulnerability section of the chapter.

e New 100-foot risk zone loss estimates
using current MD Property View Tax
Assessment values.

e Arisk assessment for historic structures is
new element in the chapter.

¢ A new section discussing social
vulnerability has been added to this
chapter.

e A new section discussing future
vulnerability has been added to the
chapter.

e Anew section discussing nuisance
flooding has been added to this chapter.
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[ Shoreline Erosion & Sea Level Rise Hazard Characterization ]

Shoreline Erosion

Shoreline erosion in Caroline County is influenced by natural conditions, which include soil composition,
weather, topography, water depth, fetch, and surface water/groundwater conditions. Caroline County has 120
miles of shoreline, which consist of very fine or unconsolidated silts, clays, or lighter organic material, such as
marshes are particularly at risk.

The rise in sea level is another factor contributing to shore erosion in Maryland. Sea level rise contributes to
shoreline erosion by influencing and exacerbating on-going coastal processes, making coastal areas more
vulnerable to extreme events. The rise in sea level creates results in increased storm surge.

Although shoreline erosion is a natural process, man-made factors can exacerbate its effects. These factors
include land use, shoreline reinforcement activities, surface
water usage, ground water usage, and the placement of
buildings, roads, and other infrastructure. In general, erosion
problems tend to be the greatest where sediments are
unconsolidated; fetch is greater than one-mile, upland areas
that generate significant runoff of saturated soils, and
adjacent shorelines are hardened with protective structures. It
is important to note that no documentation/data exists stating
that structures in Caroline County have been damaged due to
shoreline erosion.

Sea Level Rise
Marshyhope Creek Shoreline
. , . Source:
Accordlng to FEMA's Coastal Hazards & Flood Mappmq’ sea https://www.myeasternshoremd.com/news/caroline_county/marshyh

level rise is an increase in sea level caused by a change in ope-receives-a-facelift/article 28e4e3db-ffec-546f-a976-

the volume of the world’s oceans and changes in local ground elevations. Global warming is causing global
mean sea level to rise in two ways. First, glaciers and ice sheets worldwide are melting and adding water to the
ocean. Second, the volume of the ocean is expanding as the water warms. A third, much smaller contributor to
sea level rise is a decline in the amount of liquid water on land—aquifers, lakes and reservoirs, rivers, soil
moisture.’

In the United States, almost 30 percent of the population lives in relatively high
population-density coastal areas, where sea level plays a role in flooding,
shoreline erosion, and hazards from storms." Approximately 2% of Caroline
County’s total population resides in low-lying areas (less than 2 feet of sea level
rise)." Sea level rise leads to increased frequency and depth of flooding in
coastal areas. Higher sea level also means more frequent high-tide flooding,
sometimes called “nuisance flooding” because it isn't generally deadly or

qangerous, but it can be disruptive and expensive. qu§ gauge meagurements v it
in the Chesapeake Bay show that sea level rates are rising almost twice as fast SRl

as the global average.” The 2021 State of Maryland Hazard Mitigation Plan
includes sea level rise within Coastal hazard, which is ranked as “Medium Risk”
for Caroline County. Results of the sea level rise rank by county within the
Maryland Coastal Resiliency Assessment indicated that Caroline County was
ranked as “High Risk”.
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[ Shoreline Erosion & Sea Level Rise Hazard Risk & History ]

Shoreline Erosion

The Chesapeake Bay is an estuary that was the drowned, ancestral valley of the Susquehanna River, meaning
that it was the alluvial plain where the river flowed when the sea level was lower." During the peak period of
glaciations, sea level was approximately 400 feet lower than today. As sea level has risen over the past 10,000
years, the Chesapeake Bay has grown and essentially created the features associated with a shoreline of
submergence. This produces a highly irregular, embayed shoreline typical of the eastern shore. In geologic
terms, the Bay shoreline is still in youthful form with small bays, long peninsulas, and offshore islands.
Eventually, as sea level continues to rise, these bays, peninsulas and islands will be submerged, leaving a
smoother, nearly straight shoreline.

According to Maryland DNR information, approximately 69 percent of Maryland’s coast is currently eroding at
an average rate of erosion along the coast being 0.58 feet per year."" Nearly 43% of the Choptank River tidal
shore had been hardened as of 2003-2004, therefore decreasing the erosion rate. A minimal section of the
Choptank River’s shoreline in Caroline County has a high erosion rate. This is later discussed and mapped in
the Chapter.

Ongoing research suggests that land subsidence in the region due to post-glacial crust movement and
groundwater withdrawals are the contributing factor to the increased rate of sea
level rise in Maryland. Approximately 260 acres of tidal shoreline are lost each year
to shoreline erosion. This degrades water quality in the Bay by adding MARYLAND COASTAL
approximately 5.7 million pounds of nitrogen and 4.2 million pounds of phosphorus sl
into the Bay.

16

As part of the Plan update for this section, shoreline erosion was assessed using
the Coastal Resiliency Assessment and Coastal Atlas. In 2016 the Maryland
Department of Natural Resources (DNR), Chesapeake and Coastal Service (CCS)
partnering with the Nature Conservancy (TNC) conducted a Statewide Coastal
Resiliency Assessment. According to the 2016 Maryland Coastal Resiliency
Assessment, DNR, TNC and CCS used spatially explicit computer modeling
informed by scientific literature and local expert opinion to spatially assess where
natural habitats have the greatest potential to reduce risk for people.

MARYLAND COASTAL RESILIENCY ASSESSMENT

With its extensive shoreline, Maryland’s coasts experience flooding and erosion, caused by tides and storms and exacerbated by
sea level rise. Natural habitats, such as marshes and coastal forests, can reduce the impacts of these hazards through the
processes of wave attenuation, increased infiltration, and sediment stabilization. While the Maryland Department of Natural
Resources (DNR) utilizes various tools to target restoration and protection of habitats based on ecological, water quality and other
criteria, these tools do not evaluate the risk-reduction benefits of natural features such as forests, marshes, dunes, oyster reefs,
and underwater grasses. To support the DNR in their efforts to incorporate risk reduction benefits into decision-making.

To spatially assess where natural habitats have the greatest potential to reduce risk for people, it is important to address three
questions: where are the hazards, where are the people, and where are the habitats? The project team used spatially explicit
computer modeling informed by scientific literature and local expert opinion to answer these questions and identify where natural
habitats provide the greatest potential risk reduction for Maryland’s coastal communities. The products of the Assessment include
calculation of a Shoreline Hazard Index, which estimates the relative exposure to coastal hazards for the entire Maryland shoreline;
delineation of Coastal Community Flood Risk Areas; selection of Priority Shoreline Areas for conservation and/or restoration; and
the calculation of a Marsh Protection Potential Index. Habitats play a large potential role in risk reduction for MD coastal residents.
The results of this Assessment provide tools to target coastal adaptation efforts so that protecting or restoring natural habitats also
provides the greatest risk reduction benefit to coastal residential communities.

Source: The Maryland Coastal Resiliency Assessment, March 2016 (Note, the 2016 assessment is the most recent version of this report.)
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The report states that the products of the Assessment include calculation of a Shoreline Hazard Index, which
estimates the relative exposure to coastal hazards for the entire Maryland shoreline, delineation of Coastal
Community Flood Risk Areas, selection of Priority Shoreline Areas for conservation and/or restoration, and the
calculation of a Marsh Protection Potential Index.

The Maryland Shoreline Hazard Index was calculated from six (6) physical variables: geomorphology,
elevation, relative sea level rise, wave power, storm surge height and erosion rates, and five natural feature
types (forest, marsh, dune, oyster reef and underwater grasses). Each variable is ranked from very low hazard
(rank=1) to very high hazard (rank=>5), based on criteria shown in Table 6-1, below, used within the within the

INVEST coastal vulnerability model.

Table 6-1: Variables and Ranking System for INVEST Coastal Vulnerability Model

Variable Very Low  Low Hazard Moderate Hazard High Hazard Rank Very High
Hazard Rank (2) Rank (3) (4) Hazard
Rank (1) Rank (5)
Groin, breakwater . Other ngtural
. . ’ o Coarse-grainedsand to shoreline,
Geomorphology Bulkhead Riprap jetty, unconventional L
structure, livingshoreline gravel beaches dilapidated
bulkhead
Elevation(meters) 14.7-81.6 59-14.7 23-59 05-23 0-05
QOyster reef,
Natural Habitats Forest Marsh Dune Underwa_ter grass No habitat
(dense =4, less
dense = 4.5)
Sea Level Rise None 1.32-1.42 1.46 — 1.48 1.49 - 1.67 2.05-2.35
(meters)
Wa(‘l’(fNF;ﬁ“;V” 0-0.02 0.02-0.05 0.05-0.16 0.16-0.78 Atlantic Shoreline
Storm SurgeHeight 0 0.1-22 2.3-35 3.6-46 4.7-8.9
(feet)
Erosion Rate Accretion or 0-2,
(feetlyear) Protected no change or 2-4 4-8 >8

unknown

Source: Maryland Coastal Resiliency Assessment March 2016

The Maryland analysis estimated the relative exposure of each 250-meter segment of the Maryland coastline
to storm-induced erosion and flooding, and the relative effectiveness of existing natural habitats to buffer the
shoreline from these hazards. The Shoreline Hazard Index, depicted in Figure 6-1, represents the relative
exposure to coastal hazards for the entire Maryland shoreline. Exposure is rated high, moderate, and low. As
shown in Figure 6-1, the exposure rate gradually increases to high in the southern portion of the state.
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Figure 6-1: Shoreline Hazard Index - Maryland
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Figure 6-2 depicts the Shoreline Hazard Index for Caroline County. As shown Figure 6-2, the shoreline hazard
index for the County’s shorelines is predominately moderate (yellow points) with areas of high (red points).
Therefore, the relative exposure to storm-induced erosion and flooding is moderate for most of the County’s
shorelines. According to the Shoreline Hazard Index data, the shoreline assessment does not extend to
municipal limits. However, this does not mean municipalities are not vulnerable to shoreline erosion.
Specifically, towns that intersect with waterways, such as Greensboro, Denton, Hillsboro, and Federalsburg.
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Figure 6-2: Shoreline Hazard Index — Caroline County
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Erosion rates, one of the six (6) physical variables shown in Table 6-25, was extrapolated for use in this
shoreline erosion vulnerability section. According to the Coastal Resiliency Assessment, the erosion rate
variable indicates shoreline erosion as estimated by comparing recent (1988-1995) mapped shorelines to
historical ones. Erosion rate hazard ranks were assigned as follows, based on categories used by the

Maryland Geological Survey (MGS):

Very Low = Accretion or Protected
Low = No change, 0 to 2 feet/year
Moderate (3) = 2 to 4 feet/year

High (4) = 4 - 8 feet/year

Very High (5) = > 8 feet/year
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Figure 6-3 depicts the shorelines with high erosion rates in Caroline County. As shown on the figure, two (2)
marsh areas, Frazier and Poplar Points, along the Choptank River have the highest erosion rates. Next steps
in these areas would be to field verify the erosion rates and marsh heath. Then assess potential options to
slow the erosion rates.

Figure 6-3: Shoreline Hazard Index — Choptank River

Frazier Point

Poplar Point

Source: https://dnr.geodata.md.qgov/CoastalAtlas/

Sea Level Rise

Sea-Level Rise Projections 2023 found that sea level along Maryland's shores will very likely rise a foot
between 2000 and 2050—as much as it did over the whole of the last century—and could rise a foot and a
half. The sea-level rise that Maryland will experience during the first half of this century will be greater than that
experienced during the whole of the last century."" According to the Sea-Level Rise Projections for Maryland, a
2023 technical report, developing projections for relative sea-level rise along Maryland’s coasts requires
consideration of the many factors that will affect:

the rise in global mean sea level (GMSL),

regional differences in sea level with regard to the global mean,
vertical land movement (VLM); and

changes in tidal range and storm surges due to inundation.

e

Maryland is particularly vulnerable to sea-level rise because of a combination of rising seas and sinking land.
Sea-Level Rise Projections 2023 found that sea level along Maryland's shores will very likely rise a foot
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between 2000 and 2050—as much as it did over the whole of the last century—and could rise a foot and a

half.

According to Guidance for Using Maryland's 2018 Sea Level Rise

Projections - June 2022, Relative Sea Level Rise (RSLR) rates and
projections vary slightly within Maryland due to variation in vertical
land motion (the movement of land up or down). Localized RSLR
projections have been calculated based on sea level trends
measured by six tide gauges (devices that measure water level) in
or near Maryland that have been consistently operating for at least

40 years.

RSLR projections are available for Annapolis, MD; Baltimore, MD;
Cambridge, MD; Lewes, DE; Solomons Island, MD; and

RSLR estimates for High tolerance for
flood risk correspond to the upper end of
the “likely” range (17% probability RSLR
meets or exceeds value), RSLR
estimates for Medium tolerance for flood
risk correspond to the 1-in-20 chance (5%
probability RSLR meets or exceeds
value), and RSLR estimates for Low
tolerance for flood risk correspond to the
1-in-100 chance (1% probability RSLR
meets or exceeds value).

Washington, DC. RSLR estimates differ among these tide gauges by only a few inches a hundred years into
the future. The Cambridge Tide Gauge best represents and is the closest tide gauge to Caroline County.

Table 6-2: Tide Gauge: Cambridge, MD

Emissions Pathway beyond 2050 Stabilized (RCP 4.5)

Year High Tolerance for Flood Medium Tolerance for Flood Low Tolerance for Flood
Risk Risk Risk
2030 0.9 ft 1.1 ft 1.3 ft
2040 1.2 ft 1.5ft 1.8 ft
2050 1.7 ft 2.0 ft 2.4 ft
2060 1.9 ft 2.3 ft 291t
2070 2.3 ft 2.8 ft 3.5 1t
2080 2.7 ft 3.3 ft 421t
2090 3.1 1t 3.8 ft 5.0 ft
2100 3.5 ft 4.3 ft 5.7 ft
2110 3.9 1t 491t 6.7 ft
2120 431t 5.5 ft 7.7 1t
2130 4.7 ft 6.11t 8.7 ft
2140 5.1 1t 6.7 ft 9.7 ft
2150 5.5 ft 7.3 1t 10.9 ft

Source: Guidance for Using Maryland's 2018 Sea Level Rise Projections - June 2022

According to the GIS Data Products to Support Climate Change Adaptation Planning Caroline County
Maryland, Summer 2018, in general, Caroline County is resistant to the impacts of sea-level change through
2050. However, by 2100, rising levels of the Bay and subsidence of the land surface will create some local
negative impacts. Caroline County is in a floodplain with low lying elevations. Areas such as Federalsburg and

Greensboro will see significant negative impacts, particularly during higher tides.
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[ Shoreline Erosion & Sea Level Rise Vulnerability ]

Vulnerability and Impacts to People, Systems, and Resources from Shoreline Erosion & Sea Level Rise

To describe the impacts of shoreline erosion and sea level rise within Caroline County and its municipalities, a
hazard vulnerability and impacts table has been developed as part of this Plan update; Table 6-3.

Table 6-3: Shoreline Erosion & Sea Level Rise Vulnerability and Impacts to People, Systems, and Resources

Destruction and/or loss of land and property, displacement of populations,
and negative economic impacts to coastal tourism.
Public health and safety, in the short term first responders will not face

People adverse impacts to SLR.
Significant sea level rise is expected to occur over a period of 50-100 years,
which means it is unlikely that sea level rise will result in injury or loss.
Systems Infrastructure may experience impacts in the form of damage to roads/
(including networks and bridges and/or the complete loss of transportation routes.
capabilities)

Sea level rise will alter the landscape.

Changes in the shoreline will occur, with some areas of shore becoming
completely inundated, while others are damaged from erosion.

Vegetation and wildlife habitat along the coast may be damaged or destroyed
within inundated areas.

Shoreline erosion would negatively impact beaches, wetlands, marshes, and
coastal habitats. With the loss of environments, coastal areas may
experience more frequent and destructive flooding.

Natural, Historic, and Cultural
Resources

Shoreline Erosion

To determine the appropriate risk area size, several sources of information were reviewed. For instance,
according to Local Government Assistance Guide: Lot Coverage, the definition of lot coverage is as follows:
“the percentage of a total lot or parcel that is: 1) occupied by a structure, accessory structure, parking area,
driveway, walkway, or roadway; or 2) covered with gravel, stone, shell, impermeable decking, a paver,
permeable pavement, or any manmade material.” This amendment also states the lot coverage within a 100-
foot buffer is not permitted; “amendments to the law also clarify that there is no allowable, by right, percentage
of lot coverage within the 100-Foot Buffer.” However, there are grandfathering provisions that address existing
lots developed within the buffer.

Additionally, the Local Government Assistance Guide: Critical Area Buffer, COMAR 27.01.09.01, defines a
buffer as “the area immediately adjacent to the mean high-water line of tidal waters, the edge of each bank of
tributary streams and the landward edge of tidal wetlands. It includes areas that are not naturally vegetated
and may be developed or disturbed.” The regulation also states the buffer measurement is expanded when
“highly erodible soils and hydric soils to the landward edge of the soil or 300-feet (which include the minimum
100-foot Buffer), whichever is less.” This regulation applies to all new development effective of March 8, 2010,
however an alternate method for buffer expansion for parcels that existed prior to January 1, 2010 with highly
erodible soils; “a development activity may be located in the expansion area, without a variance, provided that
the Buffer and any expansion for hydric or highly erodible soils occupies at least 75 percent of the lot or parcel
and mitigation occurs at a 2:1 ratio based on the lot coverage of the proposed development activity.”

located within the tidal floodplain, Caroline County is moderately susceptible to shoreline erosion.
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Therefore, a shoreline erosion risk zone was determined to analyze critical facilities’ vulnerability. A 100-foot
risk zone was placed around the current shoreline displayed on Map 6-2. Structures located within the 100-
foot risk zone may need to implement mitigation measures to minimize the effects of shoreline erosion. Critical
facilities located within this 100-foot risk zone are not only susceptible to damage caused by flooding but also
can the impacts from shoreline erosion.

Therefore, a shoreline erosion risk zone along the Choptank River was determined to analyze facilities’
vulnerability. A 100-foot risk zone was placed around the current shoreline displayed on Map 6-2. Structures
located within the 100-foot risk zone may need to implement mitigation measures to minimize the effects of
shoreline erosion. Ciritical facilities located within this 100-foot risk zone are not only susceptible to damage
caused by flooding but also can the impacts from shoreline erosion.

Critical facilities are facilities that are critical to the health and welfare of the population and are important to the
type of hazard event such as shelters, police and fire stations, and hospitals. These facilities warrant special
attention in preparing for a disaster and are of vital importance in maintaining the function of the community.
The vulnerability analysis resulted in no critical facilities were located within the 100-foot risk zone.

Loss estimates for all structures located within the 100-foot risk zone areas were calculated. These
calculations were derived from the 2017 Maryland Tax Assessment values, which were last updated in
December 2022.

Table 6-4: Loss Estimates for All Facilities by Land Use - 100-foot Risk Zone

Land Use Estimated Building Value 20% Loss Estimate 50% Loss Estimate
Agricultural $2,545,730 $509,146 $1,272,865
Apartments $148,700 $29,740 $74,350
Commercial $0 $0 $0

Commercial Residential $224,200 $44,840 $112,100
Exempt $322,200 $64,440 $161,100
Exempt Commercial $0 $0 $0

Industrial $0 $0 $0
Marsh Land $192,100 $38,420 $96,050
Residential $6,452,180 $1,290,436 $3,226,090

Residential Commercial $0 $0 $0
Total

Source: Maryland Department of Planning- 2017 Maryland Property View Data for Caroline County (Updated December 2022)

The vulnerability assessment conducted for historic structures identified in Chapter 2 concluded that no historic
structures are located within the 100-foot risk zone.
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Map 6-2: Shoreline Erosion — Erosion Rate Hazard Ranking & Parcels At-Risk

Shoreline Erosion - Erosion Rate Hazard Ranking & Parcels At-Risk
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Erosion Rate Hazard Ranks were assigned as follows, based on categories used by the Maryland Geological Survey (MGS): Very Low
(1)=Accretion or Protected; Low (2)=No Change, 0 to 2 feet/year, No Data or Unknown,; Moderate (3)=2 to 4 feet/year; High (4)= 4 to 8
feet/year; and Very High (5)= >8 feet/year.
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Sea Level Rise

As shown on Map 6-1, the Towns of Preston, Ridgely, Goldsboro, Henderson, Marydel, and Templeville are not
subjected to sea level rise. The vulnerability assessment for critical facilities was conducted using the data
developed by the Maryland State Highway Administration (MDSHA), the projected flood depth for the 2050
Mean Sea Level Rise and the 2100 Mean Sea Level Rise for Caroline County. The analysis indicated that
critical facilities are not located within either projected Mean Sea Level Rise inundation areas, as shown on
Map 6-1 in blue and green.

The 2019 Plan indicated that one (1) facility is located within proximity to both projected 2050 and 2100 Mean
Sea Level Rise. The Caroline County Sheriff's Office was located on 101 Gay Street, which is adjacent to the
Choptank River. However, since 2019, this facility has relocated to no longer at-risk to the projected 2050 and
2100 Sea Level Rise inundation areas.

Eastern Shore Land Conservancy-Risk Management for the 21t Century

A planning initiative was undertaken by the ESLC in coordination with the Eastern Shore Climate Adaptation
Partnership (ESCAP). The sea level rise planning initiative included flood risk planning scenarios and potential
mitigation strategies. Highlights from the plan have been incorporated herein.

Vulnerability Analysis: Sea Level Scenarios e [Eesie Shere e

Adaptation Partnership

The vulnerability analysis conducted included: ; ,
(ESCAP) was established in

2015 (baseline, 1% chance (previously known as the 100-year flood 2016 to ??Sist \_/Ulnerable_
event), and the 0.2% chance (previously known as the 500-year flood | communities with preparing for
event); and, climate change impacts. The
Maryland 2050 and 2100 Sea Level Rise (SRL) projections, plus 1% | Partnership is an informal
chance flood. regional collaboration of staff

from seven local governments,
state agencies, academic
institutions, and nonprofit
organizations.

As shown on Figures 6-4 through 6-6, using Maryland Sea Level Rise
Projections for both 2050 and 2100 and flood depth from the 1% chance
flood event, shown in both blue and pink, respectively, the extent of flooding
increases significantly from that of 2015 1% chance flood event, the current level of risk planning, shown in
green. The extent of inland flooding is substantially increased in both scenarios. Note the additional buildings
at-risk to these flood scenarios, as shown in yellow.

In addition, a comparison between structures at-risk presently to the 1% chance (previously known as the
100-year flood event) and those in 2050 are shown on Table 6-5.

Table 6-5: Vulnerability Analysis: 2015 Sea Level Scenarios-Structure Analysis

1% Chance Flood Event 1% Chance Flood Event
Today Plus 2050 SLR
# Buildings Flooded 82 184 (2.25x increase)
Cumulative Damage $643K $2.4 M (4x increase)
Residential $306K $1.5 M (5x increase)
Commercial $230K $300 K (1.3x increase)

Damage estimates are for structures and contents. Excludes loss of revenues, etc.

Source: Eastern Shore Land Conservancy (ESLC)
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Figure 6-4: Mean Sea Level in 2050 & 1% Chance Flood in 2015, 2050,2100 — Denton, MD
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Figure 6-5: Mean Sea Level in 2050 & 1% Chance Flood in 2015, 2050,2100 — Federalsburg, MD
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Figure 6-6: Mean Sea Level in 2050 & 1% Chance Flood in 2015, 2050,2100 — Greensboro, MD
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Sea Level Rise Mitigation Strategies- Eastern Shore Land Conservancy-Risk Management for the 21

Century Floodplain

The following mitigation strategies are from the past planning initiative
that was undertaken by the ESLC in coordination with the Eastern
Shore Climate Adaptation Partnership (ESCAP). During this Plan
update, each strategy was review and status updates have been
provided.

Mitigation Strategy #1: Higher Floodplain Standards

Regulate the height and extent of the 2050 SLR plus the 1%
chance flood rather than the 1% chance flood only.
o # of buildings within the FEMA 1% chance floodplain:
approximately 80
o # of buildings within the FEMA 0.2% chance floodplain:
approximately 120
o # of buildings within the modeled 1% chance floodplain
and 2050 SLR risk area: approximately 200
Consider higher freeboard requirements, especially for critical
and county/municipal —owned facilities.
Map Coastal A Zones based on SLR models.

Status Update: Chapter 4 Flood, Tables 4-13 and 4-14, provides an
updated number of buildings located in the 1% annual chance flood
hazard area. The updated number of structures was included in the
FEMA 2019 Caroline County Flood Risk Report. A new mitigation
action item was included in Chapter 13, Table 13-5.

Mitigation Strategy #2: Nuisance Flooding Plan

Freeboard is a factor of safety
usually expressed in feet above a
flood level for purposes of floodplain
management. "Freeboard" tends to
compensate for the many unknown
factors that could contribute to flood
heights greater than the height
calculated for a selected size flood
and floodway conditions, such as
wave action, bridge openings, and
the hydrological effect of
urbanization of the watershed.
Freeboard is not required by NFIP
standards, but communities are
encouraged to adopt at least a one-
foot freeboard to account for the
one-foot rise built into the concept
of designating a floodway and the
encroachment requirements where
floodways have not been
designated. Freeboard results in
significantly lower flood insurance
rates due to lower flood risk.

Source: Floridadisaster.org

By July 1, 2019, a local jurisdiction that experiences nuisance flooding shall:

Develop a plan to address nuisance flooding.
Update the plan at least once every 5 years.
Publish the plan on the local jurisdiction’s website.

Submit a copy of the plan to the Maryland Department of Planning.

Definition: “high-tide flooding that causes a public inconvenience”

satisfy the State’s requirements.

Status Update: As part of the Plan update, the Nuisance Flooding Section was added to this Chapter in order to

Mitigation Strategy #3: Post Disaster Redevelopment Plan

A long-term rebuilding plan that guides smarter rebuilding after a disaster.

Required for local governments in Florida.
Benefits: Faster and More Efficient Recovery.
o Plans are already in place.

o Take advantage of disaster recovery funds quickly. Develop competitive grant proposals.
Opportunities to Build Back Better Superstorm Sandy in NJ illustrated the rush to rebuild the same

things in the same place, missed opportunity to build smarter.
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Local Control Over Recovery.

Status Update: No action has been taken, however, new mitigation action item #60 on Table 13-5 relates to this
strategy.

Historic structures were analyzed in addition to critical facilities, residential and commercial structures to
determine sea level rise vulnerability, using the Maryland State Highway Administration (MDSHA). The
projected flood depth for the 2050 Mean Sea Level Rise is 2.11 feet, while the 2100 Mean Sea Level Rise is
5.78 feet for Caroline County. Chapter 2, Historic Properties, provides the full listing of Caroline County’s
National Register Properties, which were added during this Plan update. Of the twenty-three (23) properties, a
total of eight (8) are within the projected 2050 and 2100 Mean Sea Level Rise inundation areas and are listed
below.

Daffin House - Building

Denton Historic District

Federalsburg West Historic District
Leonard House - Building

Linchester Mill - Building

Potter Hall - Building

West Denton Warehouse/Wharf - Building
Williston Mill Historic District

Loss estimates were determined utilizing building footprints for National Register Properties that are
categorized as buildings in Table 6-6.

Table 6-6: Loss Estimations for Caroline County National Register Properties

National Register Property Estimated Building Value 20% Loss Estimate 50% Loss Estimate
Daffin House - Building $1,042,800 $208,560 $521,400
Leonard House - Building $108,200 $21,640 $54,100
Linchester Mill - Building $257,400 $51,480 $128,700
Nanticoke Lodge No. 172 AF & AM- Building $158,400 $31,680 $79,200
Potter Hall- Building $339,400 $67,880 $169,700
West Denton Warehouse/Wharf - Building $37,500 $7,500 $18,750

Source: Maryland’s National Register Properties, Maryland Department of Planning- 2017 Maryland Property View Data for Caroline County, Maryland
Department of Assessments and Taxation-Real Property Data Search-Base Values

All eight (8) historic properties are also within the 1% annual chance flood hazard area. In addition, five (5)
National Register Properties intersect with the hurricane storm surge inundation area. These five (5) historic
properties include:

Daffin House - Building

Denton Historic District
Federalsburg West Historic District
Linchester Mill - Building

Williston Mill Historic District

These historical properties should be evaluated for mitigate strategies to ensure continued preservation of the
history and culture of the citizens in the County.
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Social Vulnerability

Reviewing the CDC’s Social Vulnerability Index (SVI) for Caroline County, the dark blue census tracks indicate
the areas with the highest social vulnerability. As shown on Figure 6-7, the southern and northern portions of
the County contain the higher socially vulnerable populations.

Figure 6-7: Overall Social Vulnerability

S arerhve O pdver In relation to shoreline erosion, the area
F potentially impacted is located along the
southwestern area of the county, Figure 6-2.
The social vulnerability index is moderate in
this area. The Town of Preston is in the
moderate SVI, however not located within
the 100-foot risk zone. In terms of social
vulnerability and shoreline erosion, the
highest social vulnerability areas, shown in
blue on Figure 6-7 are not within the
moderate or high shoreline erosion areas
shown on Figure 6-2.

[ B Data Unavailable * 0 17535 7 105

Highest Vulnerability Lowest Miles
(Top 4th) (SVI 2020)° (Bottom 4th)

Source: CDC/ATSDR Social Vulnerability Index 2020 — Caroline County

The 2050 and 2100 Mean Sea Level Rise inundation areas does impact the Town of Federalsburg by traveling
up the Marshyhope Creek. The Towns of Denton and Greensboro are impacted as well due to the Choptank
River. The remaining municipalities are not subject to sea level rise. In terms of social vulnerability and sea
level rise, the majority of the highest social vulnerability areas are not within the highest sea level rise risk
areas.

Future Conditions

Mean sea level rise and its acceleration are projected to aggravate coastal erosion over the 21st century,
which creates a major challenge for coastal adaptation. According to the NOAA's 2022 Global and Regional
Sea Level Rise Scenarios for the United States, sea level rise driven by global climate change is a clear and
present risk to the United States today and for the coming decades. Sea levels will continue to rise due to the
ocean’s sustained response to the warming that has already occurred— even if climate change mitigation
succeeds in limiting surface air temperatures in the coming decades.
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Rising sea levels and land subsidence are combining, and will continue to combine, with other coastal flood
factors, such as storm surge, wave effects, rising coastal water tables, river flows, and rainfall (Figure 6-9),
some of whose characteristics are also undergoing climate-related changes. The net result will be a dramatic
increase in the exposure and vulnerability of this growing population, as well as the critical infrastructure
related to transportation, water, energy, trade, military readiness, and coastal ecosystems and the supporting
services they provide.

Figure 6-9: Physical Factors Directly Contributing to Coastal Flood Exposure
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Source: NOAA’s 2022 Global and Regional Sea Level Rise Scenarios for the United States, Section 1: Introduction

According to the 2021 State of Maryland Hazard Mitigation Plan, based on the frequency of previous
occurrences, the future probability of coastal hazards in Maryland is highly likely. Additionally, according to
NCAA4, climate change will impact coastal hazards. NCA4 projects various major trends over the next 25 to 100
years relevant to coastal hazards impacts and future event probability. The strongest hurricanes are expected
to “become both more frequent and more intense,” and result in more rainfall. Additionally, coastal hazard
events interacting with sea level rise amplify many hazard impacts. In the Northeast region of the United
States, sea level rise is anticipated to exceed global mean sea rise with an average increase by 2 feet
(“Intermediate-Low” sea level rise scenario) and 4.5 feet (“Intermediate” sea level rise scenario). The most
extreme sea level rise scenario estimates 11 feet of sea level rise by 2100. Storm surges are higher as a result
of sea level rise. Coastal flooding is also exacerbated, among other phenomena such as erosion.

According to the U.S. Climate Resilience Toolkit — Coastal Erosion, sea level rise will cause an increase in
coastal erosion and the human response will be critical. If communities choose to build hard structures in an
attempt to keep the shoreline position stable, beach area could be lost due to scour. If shorelines migrate
naturally, communities can expect to see erosion rates increase, especially in regions of the coast that are
already dealing with starved sediment budgets and rapid shoreline migration. Increases in storm frequency and
intensity in the future will also cause increased coastal erosion.
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"NOAA - Climate Change: Global Sea Level- What's causing sea level to rise?

i NOAA - Climate Change: Global Sea Level- Why sea level matters

i NOAA DIGITAL COAST TOOL - Coastal County Snapshots — Caroline County

vV NOAA - Climate Change: Global Sea Level- Why sea level matters

v Sea Level Rise Report Final revised 81303 - Maryland DNR

I USGS - The Chesapeake Bay: Geologic Product of Rising Sea Level; Chesapeake Bay
Vil State of the Beach/State Reports/MD/Beach Erosion

Vil UMD Center for Environmental Science — Sea-Level Rise Projections

* Sea-level Rise Projections for Maryland 2023
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Chapter 7 Winter Storms

Hazard Ranking

¢ Hazard Mitigation Planning Committee

— Concerned
e Municipalities

o Denton — Very Concerned

Federalsburg — Concerned
Goldsboro — Concerned
Greensboro — Not Concerned
Henderson — Very Concerned
Hillsboro — Somewhat Concerned
Marydel — Somewhat Concerned
Preston — Somewhat Concerned
Ridgely — Concerned
Templeville — Somewhat
Concerned
o State — Medium
e National — Relatively Low
e Public — Somewhat Concerned

O O OO0 OO0 O O O

Public Survey Responses

e Only 29% of residents have experienced
damage from winter storms.

e Participants indicated that they have
experienced frozen water pipes and road
closures due to winter storms.

o 8% of residents have Installed alternate
power/water supply and purchased a
portable generator as mitigation measures.

o 49% of participants indicated that the
county should retrofit and strengthen
essential facilities such as police, fire,
emergency medical services, hospitals,
schools, etc.

e 50% of participants feel their community is
at risk to winter storms.

e Participants indicated the county should
create family and pet friendly shelters.

Chapter Updates

e Characteristic information was updated
with current information.

e Additional winter storm events were
included in the hazard risk and history
section.

e New images have been included.

o History event data has been updated with
the most current available data.

e Vulnerability and impacts to people,
systems, and resources is a new element.

e Risk assessment using the new critical
facilities were conducted and incorporated
in the vulnerability section of the chapter.

e A new section discussing social
vulnerability has been added to this
chapter.

e Data from the HHS emPower Map tool
was incorporated into the social
vulnerability section.

e A new section discussing future
vulnerability has been added to the
chapter.
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[ Winter Storm Hazard Characterization ]

A winter storm is characterized as a winter weather event that contains more than one significant hazard.
Sleet, freezing rain, snow, and extremely cold temperatures are all associated with winter storms. Flooding and
flash flooding may also occur from warming temperatures that result from rapid snowmelt.

A winter storm warning is issued when snowfall is
expected to accumulate more than 6 inches in 12
hours or 8 inches in 24 hours is expected. According
to the National Weather Service (NWS), the highest
average snowfall by month for Maryland is February.

A wide variety of impacts from winter storms may
result including:

e School Closures,

e Government and business closures,

e Traffic accidents,

e Power outages,

e Loss of communication, and Source:

° Damag e to buildings, specifically roof https://wmheraldmailmedia.cpm/storv/news/local/2022/02/Q9/ten-
notable-major-snow-storms-blizzards-noreasters-maryland-history-

colla pse. baltimore-hagerstown-salisbury/9253602002/
[ Winter Storm Hazard Risk & History ]

In Caroline County winter storms occur with less frequency than in other areas of the State and are usually
less severe in terms of cold temperature, snow accumulation, and the amount of time snow is on the ground.
Caroline County normally receives an average of 12 inches of snow per year. In addition, the County
sometimes receives freezing rain during storms that produce snow to the north and west. Caroline County has
an average January low temperature of 29° F.

While each winter season brings with it the possibility of major
snow and ice storms, including nor’easters, some winter storms
do stand out due to their severity and duration. Winter storms

Presidential Declarations for Caroline
County over the past decade:

that stand out include an ice storm in February 1994 that > Maryland Severe Winter Storm and
. . . . Snowstorm (DR-1875) — February 19,
resulted in widespread power outages in Caroline County, the 2010

President’s Day storm in 2003 that resulted in more than 16
inches of snow recorded at Denton, and two major storms in the
same week in February 2010 that dropped a combined total of
30 inches recorded at the Town of Denton. Furthermore, a major
nor'easter, producing record snowfall in parts of Maryland on
January 23, 2016. The nor’easter moved out to sea after
passing by the mid-Atlantic coast early on January 24, 2016.
Snowfall totals recorded were 16.0 inches in Newton and 15.7 Source: FEMA

inches in Denton. Maryland Governor Larry Hogan declared a

State of Emergency on Friday, January 22, 2016 as well as a presidential disaster declaration. On March 4,
2016, President Obama declared the following counties federal disaster areas: Caroline, Cecil, Kent, and
Queen Anne's. On January 7, 2017, snowfall began early in the morning and continued throughout the day
accumulating as much as 9 inches in some areas of Caroline County.

Maryland Severe Winter Storms and
Snowstorms (DR-1910) — May 6, 2010
Maryland Hurricane Irene (DR-4034) —
September 16, 2011

Maryland Hurricane Sandy (DR-4091) —
November 20, 2012

Maryland Severe Winter Storm and
Snowstorm (DR-4261) — March 4, 2016

YV Vv VY V
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The southern areas of the County received the most snowfall. On March 20, 2018, precipitation began as rain
and turned into snowfall by late morning of the next day. Snow became heavy at times towards the evening
hours resulting in reports of accumulations in Greensboro of 6.8 inches and 7.5 inches in Griffin. On January
28, 2022 a strong coastal storm affected the eastern mid-Atlantic and Northeast US. The heaviest snow fell
near the coast, from the night of the 28th through the morning of the 29th. A Community Collaborative Rain,
Hail &Snow Network (CoCoRaHS) observer near Greensboro reported 7.2 inches of snow, and a trained
spotter in Henderson reported 6.0 inches of snow.

A total of 131 winter storm events were recorded for Caroline County in the NCEI storm event database. These
events include blizzard, frost/freeze, heavy snow, sleet, winter storm, winter weather. Of these, 35 significant
events (i.e., events that produced 6 inches or more snow) are detailed on Table 7-1.

In terms of number of occurrences, the NCEI listed a total of 35 significant winter storm events affecting
Caroline County from 1996-2022. Therefore, Caroline County experiences an average of 1.35 significant
(6 inches +) winter storm events per year. The likelihood of future events is high. In addition, projections for
increased precipitation in the Northeast Region of the United States may affect the current frequency statistics
resulting in an even higher likelihood of occurrences. Mitigating current conditions based on hazard risk is
important, however, understanding of future conditions must be factored into mitigation initiatives.

Table 7-1: Winter Storm Events

Blizzard Events— 2010-2023
# Of Events Injuries Deaths Damages Frequency
1 0 0 0 0.08
Frost/Freeze Events— 2007-2023
# Of Events Injuries Deaths Damages Frequency
1 0 0 0 0.06
Heavy Snow Events— 1996-2023
# Of Events Injuries Deaths Damages Frequency
24 0 0 0 0.89
Sleet Events— 1997-2023
# Of Events Injuries Deaths Damages Frequency
4 0 0 0 0.15
Winter Storm Events— 1996-2023
# Of Events Injuries Deaths Damages Frequency
24 0 0 200.00k 0.96
Winter Weather Events— 1996-2023
# Of Events Injuries Deaths Damages Frequency
77 0 0 0 2.85

Source: National Centers for Environmental Information (NCEI), Events through June 2023

Note:

Winter Storm (Z) - A winter weather event that has more than one significant hazard (i.e., heavy snow and blowing snow; snow and ice; snow
and sleet; sleet and ice; or snow, sleet and ice) and meets or exceeds locally/regionally defined 12 and/or 24-hour warning criteria for at least
one of the precipitation elements. If the event that occurred is considered significant, even though it affected a small area, it should be entered
into Storm Data. Normally, a Winter Storm would pose a threat to life or property. In cases of winter storms, the preparer should be careful to
classify the event properly in Storm Data. In general, the event should be classified as a Winter Storm event (rather than an Ice Storm event or
a Heavy Snow event) only if more than one winter precipitation type presented a significant hazard. Some Winter Storm and Blizzard events
may have had sustained or maximum wind gusts that met or exceeded High Wind criteria. Rather than document an additional High Wind
event, the Storm Data preparer should just mention the time, location, and wind value in the Winter Storm or Blizzard event narrative. This is
permissible even if only light snow and minor blowing snow (no serious reduction in visibility below 3 miles) occurred with the high winds, as
long as the high wind report is deemed reliable and was generated by the same synoptic storm system that resulted in the Winter Storm or
Blizzard event. This scenario would be most likely in the mountains of the western United States.

Winter Weather (Z) - A winter precipitation event that causes a death, injury, or a significant impact to commerce or transportation, but does
not meet locally/regionally defined warning criteria. A Winter Weather event could result from one or more winter precipitation types (snow, or
blowing/drifting snow, or freezing rain/drizzle). The Winter Weather event can also be used to document out-of-season and other unusual or
rare occurrences of snow, or blowing/drifting snow, or freezing rain/drizzle. If the event that occurred is considered significant, even though it
affected a small area, it should be entered into Storm Data. Note that, in Storm Data, Blizzard events should cover a time period of 3 hours or
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more. Therefore, if blizzard-like conditions occur for less than 3 hours, the event should be entered as a Winter Storm, Heavy Snow, or Winter
Weather, noting in the event narrative that near-blizzard or blizzard-like conditions were observed at the height of the event.

As far as extreme cold weather is concerned, in 1912, temperatures dropped to nearly -20° F over much of the
state. During a prolonged cold spell in 1977, much of the Chesapeake Bay froze over for an extended period.
A more recent event, one of the harshest arctic outbreaks in years occurred across the Eastern Shore on
January 7, 2014. Record breaking calendar day low temperatures occurred and combined with strong
northwest winds to produce wind chill factors as low as 10 to 20 degrees below zero throughout the County.
High temperatures struggled to reach double digits that day.

The National Centers for Environmental Information (NCEI) operating under National Oceanic and Atmospheric
Administration (NOAA) reported 24 cold/wind chill and 1 extreme cold/wind chill events; their descriptions are
provided in Table 7-2. In terms of number of occurrences, the NCEI listed a total of 24 cold/wind chills and
1 extreme cold event affecting Caroline County from 1996-2023. Therefore, Caroline County experiences
on average 0.89 cold/wind chill events per year for and 0.11 extreme cold/wind chill events per year.

Table 7-2: Cold, Extreme Cold, & Wind Chill Events

Cold/Wind Chill Events — 1996-2023
# Of Events Injuries Deaths Damages Frequency
24 0 0 0 0.89
Extreme Cold/Wind Chill Events — 2014-2023
# Of Events Injuries Deaths Damages Frequency
1 0 0 0 0.11

Source: National Centers for Environmental Information (NCEI), Events through June 2023

Note:

Cold/Wind Chill (Z) - Period of low temperatures or wind chill temperatures reaching or exceeding locally/regionally defined advisory (typical value
is -180 F or colder) conditions. If the event that occurred is considered significant, even though it affected a small area, it should be entered into
Storm Data. There can be situations where advisory criteria are not met, but the combination of seasonably cold temperatures and low wind chill
values (roughly 150 F below normal) may result in a fatality.

Extreme Cold/Wind Chill (Z) - A period of extremely low temperatures or wind chill temperatures reaching or exceeding locally/regionally defined
warning criteria (typical value around -350 F or colder). If the event that occurred is considered significant, even though it affected a small area, it
should be entered into Storm Data. Normally these conditions should cause significant human and/or economic impact. However, if fatalities occur
with cold temperatures/wind chills but extreme cold/wind chill criteria are not met, the event should also be included in Storm Data as a Cold/Wind
Chill event and the fatalities are direct.

[ Winter Storm Vulnerability ]

The impacts associated with a winter storm are previously
described in the hazard characterization of this chapter. The
main impact that a winter storm will have on critical and public
facilities is closure of operations at government and public
facilities and power outages. While winter storms and extreme
cold effects the entire County and all municipalities, socially
vulnerable populations are likely to be impacted more severely.

Source: https://www.myeasternshoremd.com/
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Vulnerability and Impacts to People, Systems, and Resources from Winter Storm

To describe the impacts of winter storm within Caroline County and its municipalities, a hazard vulnerability and
impacts table has been developed as part of this Plan update; Table 7-3.

Table 7-3: Winter Storm Vulnerability and Impacts to People, Systems, and Resources

Populations aged 65 and older and children aged 5 and younger are most at-
risk for extreme cold. The highest socially vulnerable populations are located
in the northeast and southeast portions of Caroline County.

HeeiE Other at-risk populations are those with health problems. Power outages
caused by winter storms and cold weather affect people’s ability to heat their
homes, and access health related products.

Systems Winter storms, icing, and extreme cold have been known to create problems

with utility services, such as power outage due to stress on power systems.
Outages impact the availability of emergency and government services.
Extreme cold can cause stress to local wildlife.

Disruption of soil structure, especially in permafrost.

Increased rates of deterioration in metals from thermal stress.

Surface cracking, flaking, and sugaring building stone and spalling of brick
due to increase in wet frost.

(including networks and
capabilities)

Natural, Historic, and Cultural
Resources

Generators are necessary for critical facilities to continue to operate during power outages. Facilities such as
emergency management, police, fire, and EMS stations must be able to operate during winter storm power
outages to provide their services to the public.

In addition, critical facilities built in or prior to 1967 with flat roofs may be susceptible to damage caused by
heavy snow loads. There are fourteen (14) critical facilities built in or prior to 1967 within Caroline County.
Roof geometry affects the ability of structure to shed snow. Simple roofs with steep slopes shed snow most
easily. Roofs with geometric irregularities and obstructions collect snowdrifts in an unbalanced pattern. These
roof geometries include flat roofs with parapets, stepped roofs, saw-tooth roofs, and roofs with obstructions
such as equipment or chimneys. Note, there are eleven (11) critical facilities, which are aging structures, built
in or prior to 1967, all having flat roofs, denoted on the table below.

Table 7-4: Critical Facilities constructed 1967 and Prior

Facility Type Facility Name Municipality Year Built Flat Roof

1. EMS Greensboro EMS- Station 16 Greensboro 1930 v
2. EMS Ridgely EMS — Station 14 Ridgely 1961 v
3. EMS Federalsburg EMS — Station 11 Federalsburg 1964 v
4. Fire Federalsburg VFD — Station 100 Federalsburg 1964 v
5. Fire Greensboro VFD — Station 600 Greensboro 1930

6. Fire Ridgely VFD — Station 400 Ridgely 1930 v
7. Police Ridgeley Police Department Ridgely 1890

8. Police Federalsburg Police Station Federalsburg 1962 Pargal
9. Police Greensboro Police Department Greensboro 1924

10. School The Benedictine School Ridgeley 1900 Pargal
11. School Career & Technology Center Ridgeley 1955 v
12. School Federalsburg Elementary Federalsburg 1935 v
13. School North Caroline High Ridgeley 1955 v
14. Tower Denton Transmitter Building Denton 1954 v

Source: 2023 Critical Facility Database
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The Caroline County Sheriff's Office was included on this listing in the 2019 Plan. However, since the previous
planning process, the Caroline County Sheriff’'s Office relocated to 9305 Double Hills Road and now has an A-
frame style roof.

Social Vulnerability

Elderly populations are considered particularly vulnerable to cold weather as a person’s ability to
thermoregulate can become impaired with age. Underlying diseases, such as diabetes, and medications can
modify blood pressure, circulation, perspiration rates, and some mental capacities such as warmth perception,
thus complicating people’s ability to identify when they are experiencing cold.

People 65 years and older comprise 16.8% of the total population of
Caroline County and its municipalities. As shown in Figure 7-1, the
higher percentages of people 65 years and older are in the southern
portion of the County, which includes the Towns of Preston,
Federalsburg, Hillsboro and portions of Denton and Ridgely. Cold
weather conditions can also be associated with other types of health .
impacts. For example, icy and snowy weather can increase the number ANNES
of slips and falls, leading to injuries. During wintertime power outages,
cases of carbon monoxide poisoning often increase, as people use
devices such as barbeques or portable generators indoors for cooking
or heating. People who are fuel deficient oftentimes experiences
problems due to extreme cold events, particularly extended prolonged
events. U.S. Census 2020 American Community Survey 5-Year
Estimates indicate that 13.1% of Caroline County population is living in
poverty.

Figure 7-1: Population Aged 65 & Over

Home weatherization attached housing and energy assistance
programs are examples of cold weather adaptation and mitigation
strategies that may be encouraged by local government.

MARYLAND,

In addition, HHS emPower Map tool, users can select different
geographies, as needed, to identify at-risk populations and download
selected data results to inform their emergency preparedness,
response, recovery, and mitigation public health activities. Users can
also access near real-time natural hazard data layers to anticipate and
address the needs of at-risk community members in emergencies. For
more instructions and information, review the detailed job aids in the
top right corner. Medicare data indicates that there are 7,252
beneficiaries within Caroline County. Beneficiary means a person who ~ “e%en

is entitled to Medicare benefits and/or has been determined to be Percent population aged 65 and over by census tract
eligible for Medicaid. Medicare beneficiaries rely on electricity- [y 3500 more

dependent durable medical and assistive equipment (DME) and Py 25010349

devices to live independently in their homes, and some of those Py 20010249

individuals also have health care service dependencies. By 750% 199

Utilizing the Electricity Dependent option, total at-risk beneficiaries to Less than 15.0

snow and ice accumulations on day one of the storm equals 318 Na population

beneficiaries. A listing of these beneficiaries that have electric .
dependent medical equipment should be established. This would assist ~ peurce: 2020 Census Demographic Data Map
in well checks extended power outages during a winter storm event.
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Future Vulnerability

According to Climate Communication Science and Outreach,
climate change is fueling an increase in the intensity and
snowfall of winter storms. The atmosphere now holds more
moisture, and that in turn drives heavier than normal
precipitation, including heavier snowfall in the appropriate
conditions. The following list includes known U.S. winter storm
trends as it relates to climate change:

National Oceanic and Atmospheric Administration
(NOAA) scientists, examining 120 years of data, found
that there were twice as many extreme regional
snowstorms in the U.S. between 1961 and 2010
compared to 1900 to 1960.

According to the U.S. Fourth National Climate
Assessment, "Heavy precipitation events [defined as the
heaviest 1 percent of all daily events] in most parts of the

January 5, 2018 — Caroline County Public Schools announced

United States have increased in both intenSity and schools would be closed due to inclement weather. This closure

i ” marked the second consecutive day of school closures after
frequency since 1 901 ' . . . i Winter Storm Grayson dumped more than 6 inches of snow on
From 1958 to 2016, the amount of precipitation falling in the County.

very heavy events (the top 1 percent of all daily

precipitation events) increased by 55 percent in the Northeast.

The 5th Assessment Report of the Intergovernmental Panel on Climate Change states: It is likely that
since about 1950 the number of heavy precipitation events over land has increased in more regions
than it has decreased. Confidence is highest for North America and Europe where there have been
likely increases in either the frequency or intensity of heavy precipitation with some seasonal and
regional variations. It is very likely that there have been trends towards heavier precipitation events in
central North America.

Given the above information, planning for more extreme winter weather conditions in the future makes good
sense. Undertaking preparedness campaigns, as well as infrastructure and utilities upgrades, and
preparedness initiatives will strengthen resilience.
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Chapter 8 Drought &

Excessive Heat

Hazard Ranking

¢ Hazard Mitigation Planning Committee
— Concerned
e Municipalities
o Denton — Very Concerned
o Federalsburg — Somewhat
Concerned
o Goldsboro — Concerned
Greensboro — Somewhat
Concerned
Henderson — Very Concerned
Hillsboro — Somewhat Concerned
Marydel — Somewhat Concerned
Preston — Somewhat Concerned
Ridgely — Somewhat Concerned
o Templeville —Concerned
e State — Medium-High
¢ National — Relatively Moderate
e Public — Somewhat Concerned

(@]

O O O O O

Public Survey Responses

e 19% of residents have experienced
damage from drought and excessive heat.

o 8% of residents have installed alternate
power/water supply and purchased a
portable generator as mitigation measures.

o 44% of participants feel their community is
at risk to winter storms.

e Participants indicated the county should
accept climate change to respond
appropriately. Increases in heat and
drought will impact the agriculture-based
economy.

Chapter Updates

e Characteristic information was updated
with current information.

¢ National Drought Mitigation Center
information was incorporated into the
characterization section.

e New images have been included.

o History event data has been updated with
the most current available data.

e Vulnerability and impacts to people,
systems, and resources is a new element.

e Discussion on aquifers has been included
in the vulnerability section.

e A new section discussing social
vulnerability has been added to this
chapter.

e A new section discussing future
vulnerability has been added to the

chapter.
» A ¢
v \4
< B
A A
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{ Drought & Excessive Heat Hazard Characterization ]

Drought

Drought is a normal part of virtually all climates, including areas with high and low average rainfall. Droughts
are periods of time when natural or managed water systems do not provide enough water to meet established
human and environmental uses because of natural shortfalls in precipitation or stream flow. Although
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 environment and wildlife.

The simplest definition of a drought is “an extended period of dry weather;” there are four different types of
droughts including:

Meteorological drought: A measure of departure from normal precipitation due to climatic differences.
What is considered a drought in one location may not be in another location.

Agricultural drought: The amount of moisture in the soil no longer meets the needs of a particular
crop.

Hydrological drought: Surface and subsurface water levels are below normal.
Socioeconomic drought: This occurs when physical water shortage begins to affect people.

Droughts may result in damage to crops, livestock, wildlife, and wildfires. During a prolonged drought, land
values may decrease, and unemployment may increase. Negative economic impacts on water-dependent
businesses may occur as well due to water restrictions implemented during a drought.

According to the University of Maryland Extension,
Home & Garden Center webpage, when drought
conditions are prolonged, landscape plants, trees
and lawns may suffer temporary or permanent
damage.

Wayne Palmer developed the Palmer Drought
Severity Index (PDSI) in the 1960s which uses
temperature and rainfall information in a formula to
determine dryness, Table 8-1. It has become the
semi-official drought index. The Palmer Index is
most effective in determining long-term drought—a
matter of several months—and is not as good with
short-term forecasts (a matter of weeks). It uses a
0 as normal, and drought is shown in terms of
minus numbers; for example, minus 2 is moderate
drought, minus 3 is severe drought, and minus 4 is  5p120718-story. htm!
extreme drought.

Extended droughts result in crop losses.
Source: https://www.baltimoresun.com/weather/bs-md-drought-impact-
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Table 8-1: Drought Severity Classification

DROUGHT MONITORING INDICES

RETURN Standardized NDMC* Palmer
evERY PERIOD DESCRIPTION OF POSSIBLE IMPACTS FICE [ e S DB
sEiEdny (YEARS) Index (SPI) Category Index

Going into drought; short-term dryness slowing
Minor growth of crops or pastures; fire risk above
Drought 3to4 average. Coming out of drought; some lingering -0.5t0-0.79 DO -1.0t0-1.99
9 water deficits; pastures or crops not fully
recovered.
Some damage to crops or pastures; fire risk
Moderate 5t09 high; streams, reserv0|rs., or we!ls Iqw, some 0.81t0-1.29 D1 20t0-2.99
Drought water shortages developing, or imminent,
voluntary water use restrictions requested.
S Crop or pasture losses likely; fire risk very
Deverit 10to 17  high; water shortages common; water -1.3 to -1.59 D2 -3.0 to -3.99
roug restrictions imposed
Ext Major crop and pasture losses; extreme
DX reTj 18t0 43 fire danger; widespread water shortages -1.6 to -1.99 D3 -4.0 to -4.99
roug or restrictions
Exceptional and widespread crop and pasture
Exceptional 44 + !osses; expeptlonal fire risk; shortages' of water Less than -2 D4 5.0 or less
Drought in reservoirs, streams, and wells creating water

emergencies
Source: National Drought Mitigation Center

Excessive Heat

NOAA defines extreme heat as a combination of high temperatures (significantly above normal) and high
humidity. At certain levels, the human body cannot maintain proper internal temperatures and may experience
heat stroke. The "Heat Index" is a measure of the effect of the combined elements on the body, Table 8-2.
NOAA also states that heat is the number one weather-related killer in the United States, resulting in hundreds
of fatalities each year. In fact, on average, excessive heat claims more lives each year than floods, lightning,
tornadoes, and hurricanes combined. In the disastrous 1980 US Heat Wave, more than 1,700 people died. In
the heat wave of 1995, more than 700 deaths in the Chicago area were attributed to heat. In August 2003, a
record heat wave in Europe claimed an estimated 50,000 lives.

Table 8-2: National Weather Service Forecast Office - Possible effects of heat on higher risk groups.

Heat Index Possible Heat Disorders For People In Higher Risk Groups
130 or higher
105-130 Sunstroke, heat cramps or heat exhaustion likely, and heat stroke possible with prolonged exposure and/or
physical activity.
90-105 Sunstroke, heat cramps and heat exhaustion possible with prolonged exposure and/or physical activity.

80-90 Fatigue possible with prolonged exposure and/or physical activity.
Source: NOAA

[ Drought & Excessive Heat Hazard Risk & History ]

Drought

The 2021 State of Maryland Hazard Mitigation Plan ranks Caroline County as “Medium-High” for drought.
Since the 2016 State Plan, no federally declared drought events have occurred in Maryland. The Hazard
Mitigation Planning Committee was concerned about drought. Historically Caroline County is listed as one of
six counties within Maryland to have the highest number of drought hazard events within the NCEI database.
Dry conditions can impact water service to County residents and businesses.
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The worst drought in Maryland occurred from December 1929 to February 1931, with 1930 being the driest
year since 1869 (U.S. Weather Bureau 1930). During this 15-month agricultural drought, rainfall was 21.5
inches below normal. Crop losses in 1930 dollars were estimated at $40 million. In June 2010, unseasonably
hot weather made June the second hottest June on record in Maryland. In addition, on September 9, 2010, the
Maryland Department of the Environment issued a drought watch for the Maryland Eastern Shore except Cecil
County. Furthermore, the Maryland Department of Natural Resources Forest Service advised against outdoor
burning until the state received significant steady rainfall of one inch or more. It was the hottest summer on
record in the State of Maryland. The drought and summer heat took its toll on Eastern Shore farmers and the
United States Secretary of Agriculture, Thomas Vilsack, declared all counties in the Eastern Shore natural
disaster areas.

Recently, the most oppressive (combination of heat and humidity) hot spell of the summer season affected the
Eastern Shore from July 15, 2015 through July 20, 2015. Widespread high temperatures reached into the mid-
90s, and the most oppressive days occurred on the 18th and 19th. Afternoon heat indices reached near 110
degrees.

Maryland generally experiences average to higher-than-average stream flow. However, it is normal for
Maryland to experience drought cycles as well. In 2002, 72 average monthly low stream flow records were set
across Maryland. In 2000, more wells broke monthly record lows than any other recorded period. In 1966, the
worst year of the 1958-1971 droughts, 32 monthly low stream flow records were set. Between the years of
1951 -1999, streams flowing into the Chesapeake Bay in 1999 had the fourth lowest annual flow. Lower flows
were experienced only in 1963, 1965, and 1966.

The primary effect of these prolonged dry
periods has been felt by the agricultural

Figure 8-1: Excessive Heat Impact on Poultry Industry

community. Agriculture is the largest
commercial industry in Maryland, employing
about 350,000 people on almost 13,000 farms
covering two million acres. Water supply has
also been affected, particularly where ground
water is relied on to supply community
systems as well as for the agricultural industry

which relies on ground water for crop irrigation.

Maryland is expected to experience an

increase in short-term droughts in the summer.

Warming temperatures will affect the farming
industry, such as poultry. According to the
Maryland Food System Map, Figure 8-1, 14%
of Maryland’s poultry farms are located in
Caroline County.

Thermoregulatory strategies

During high environmental Increased panting
temperature (temp >27, 75%
RH) birds thermoregulatory

system fails.

Decreasedfeed intake
High respiration rate

Elevated wings

Physiological Z,% m Akl Genetic
hange *“-\\'Ufﬂi y changes
P —— e ——

Weight gain Thyroid activity Expression of myogenic genes, TFs
Production Protein contents IGF, MyoD, MyoG

FCR Anaerobic glycolysis Genes involved in protein catabolism
Waterintake I Metabolic acidosis T and cell apoptosis

Protein catabolism

| 1

PSE:
DFD ”
[}
e
Poor WHC 4 ﬁ 2

Undesirable
carcass
quality

Loss of
production ¥

-

Higher drip loss

Source: https://www.frontiersin.org/articles/10.3389/fvets.2021.699081/full
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In terms of total occurrences, the NWS, NCEI listed 60 drought events affecting Caroline County from 1997-
2023, Table 8-3. Therefore, Caroline County experiences on average 2.31 drought events per year. Since the
last Plan update there have been no new drought events recorded for Caroline County.

Table 8-3: Drought Events

Drought — 1997-2023

# Of Events Injuries Deaths Damages Frequency

60 0 0 0 2.31

Source: NWS, National Centers for Environmental Information (NCEI), as of June 2023.

Excessive Heat

The National Weather Service, National Centers for Environmental Information (NCEI) operating under
National Oceanic and Atmospheric Administration reported the following excessive heat and heat events for
Caroline County.

Table 8-4: Heat and Excess Heat Events

Heat Events — 1996-2023
# Of Events Injuries Deaths Damages Frequency
59 9 0 0 219
Excessive Heat Events — 2000-2023
# of Events Injuries Deaths Damages Frequency
16 0 0 0 0.70

Source: NWS, National Centers for Environmental Information (NCEI), as of June 2023

In terms of occurrences, the NWS, NCEI listed a total of 16 excessive heat events affecting Caroline County
from 2000-2023. Therefore, Caroline County experiences an average of 0.70 extreme heat events per year.
The NWS, NCEI also reported 9 injuries from heat events. Since the last plan the frequency of extreme heat
events in Caroline County has decreased from 1.45 to 0.70 but still remains prevalent as a potential hazard
risk. Projections for increased high heat events in the Northeast Region of the United States may affect the
current frequency statistics resulting in an even higher likelihood of occurrences. Mitigating current conditions
based on hazard risk is important, however, understanding of future conditions is essential.

[ Drought & Excessive Heat Vulnerability ]

According to the most recent Caroline County Comprehensive Plan, groundwater sources in Caroline County
include the Piney Point, Columbia, and Aquia Aquifers, and the Chesapeake Group, which includes aquifers
within the Calvert and Choptank Formations.

Aquifers within the Choptank and Calvert Formations yield small amounts of water, primarily to shallow;
domestic wells. The Columbia aquifer is the surficial aquifer on most of the Eastern Shore. The Piney Point
aquifer is tapped by wells in an area of about 40 miles wide between Caroline and St. Mary’s Counties and is a
major water source for Caroline County. The Aquia Aquifer is a major water source for parts of the Eastern
Shore (including northern Caroline County), southern Maryland, and Anne Arundel County.

In the western half of Caroline County, which contains gently rolling, well-drained land, the water table lies
between 10 and 30 feet below the surface. The eastern half of the County is comparatively flat with poorly
drained land, and the water table is generally within 10 feet of the surface.

There are no impoundments used for water supply in Caroline County; residents rely exclusively on
groundwater for water supply. While not frequent, extended periods of little or no precipitation are not
uncommon in Caroline County, resulting in decreased stream flows and groundwater levels.

In addition, it is evident from past events that extreme heat is dangerous and can cause human related
illnesses and death. As temperatures go up so do the number of people hospitalized for heat related illnesses.
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Therefore, it is important to understand how many people are exposed to such conditions, and how many
buildings exist, where potential problems could arise should power be lost. Additionally, extreme heat can
cause damage to buildings or contents by overheating HVAC or air conditioning systems, contributing to
jurisdictional losses. It is unlikely that an entire building would be impacted in an extreme heat event, though.

Vulnerability and Impacts to People, Systems, and Resources from Drought & Excessive Heat

To describe the impacts of drought and excessive heat on Caroline County and its municipalities, a hazard
vulnerability and impacts table has been developed as part of this Plan update, Table 8-5.

Table 8-5: Drought & Excessive Heat Vulnerability and Impacts to People, Systems, and Resources
Lack of adequate amounts of water during a drought event, combined
with an extreme heat event, will impact all people negatively, but
especially the oldest and youngest amongst residents.
According to the National Risk Inventory, the Expected Annual Loss
Rating for Drought is Relatively Moderate. Note: Expected Annual Loss
scores for hazard types are calculated using data for only a single hazard
type and reflect a community's relative expected annual loss for only that
hazard type.

People Populations aged 65 and older are most at-risk for extreme heat. The
highest socially vulnerable populations are located in the northeast
and southeast portions of Caroline County. One of the factors
included in the determining social vulnerability using the CDC Social
Vulnerability Index, Figure 8.1, is age.

Other at-risk populations are those with health problems such as
asthma and other breathing issues.

Power outages caused by extreme heat exacerbate heat related
disorders due to lack of air conditioning.

Long-term economic impacts to the agricultural economy are caused
by drought, specifically crop damages.

According to the National Risk Inventory, Agriculture Expected Annual

Systems Losses Rate (per agriculture value) for Caroline County is $1 per
(including networks and $135.01.
capabilities) Extreme heat has been known to create problems with utility services,

such as power outage due to stress on power systems.
Outages impact the availability of emergency and government
services.
Increased withdrawal of ground water for irrigation may lead to
saltwater intrusion and depressed water table.
Shrink and swell cycle of soils may lead to decrease in soil health,
pipe damage, and damage to foundations.

Natural, Historic, and Cultural Lower water levels impact waterfowl.

Resources Loss of surface water inputs to ponds, swimming area closures, and

loss of habitat/biodiversity (inland aquatic habitat).
Extreme heat can cause stress to local wildlife.
Warming water temps lead to less dissolved oxygen, which harms fish
and crabs. Loss of surface water inputs to ponds, swimming area
closures, and loss of habitat/biodiversity (inland aquatic habitat).

While extreme heat effects the entire County and all municipalities, socially vulnerable populations are more
likely to be impacted. The elderly, just like small children, are more susceptible to temperature extremes.
Additionally, buildings of significant age may be more susceptible to temperature extremes from extreme heat.
Facilities need to be maintained to ensure that they operate in appropriate conditions for people. Temporary
periods of extreme hot temperatures typically do not have significant environmental impact. However,
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prolonged periods of hot temperatures may be associated with drought conditions and can damage or destroy
vegetation, dry up rivers and streams, and reduce water quality.

Social Vulnerability

Social Vulnerability refers to the
socioeconomic and demographic
factors that affect the ability for
communities to respond to hazardous
events. The CDC Social Vulnerability
Index utilizes sixteen factors from the
2020 US Census to determine four
common themes that summarizes the
extent in which a specific area within
Caroline County is socially vulnerable
to disaster. This includes but is not
limited to economic data, education,
housing, language ability, ethnicity,
and vehicle access. The overall social
vulnerability depicted in the figure
below combines all of these variables
to provide a comprehensive
assessment. Due to the poorly
drained land, and water table within

. . L \ 3 0 1.75 35 7 105
ten feet of service in the eastern - @ Dot thoiaiatie ——
) . A Highest Vulnerability Lowest Miles
portion of the County, this area is (Top 4th) (SV1 2020)° (Bottom 4th)
more susceptible to drought. Both the Figure 8-2: CDC Overall Social Vulnerability for Caroline County
northeast and southeast portion are Source: CDC/ATSDR Social Vulnerability Index
shown to have the hlghest social https://svi.cdc.gov/Documents/CountyMaps/2020/Maryland/Maryland2020_Caroline.pdf

vulnerability per Figure 8-2.

Future Vulnerability

Increasingly frequent drought conditions have long been forecasted as a consequence of warming
temperatures, but a study from the National Center for Atmospheric Research (NCAR) projects serious impacts
as soon as the 2030’s. Impacts by century's end could go beyond anything in the historical record.

Scientists use a measure called the Palmer Drought Severity Index (PDSI) to measure drought as introduced
in Table 8-1. A positive score indicates wetter conditions, and a negative score indicates drier conditions; a
score of zero is neither overly wet nor dry. According to the NCAR study, the most severe drought in recent
history, in the Sahel region of western Africa in the 1970s, had a PDSI of -3 or -4. By contrast, the study
indicates that by 2100 some parts of the U.S. could see -8 to -10 PDSI. By the 2030’s, the central and western
U.S. could see average readings dropping to -4 to -6, the study projected. At present, most of the Northeast
(including Maryland) is expected to see only slightly drier conditions by the end of the 2030’s, that is, a
decreasing PDSI of -0.5 to -1.0. Short-term drought forecasting (e.g., daily, weekly, and up to 3 months) is
completed by NOAA via the National Integrated Drought Information System (NIDIS) and is available at
www.Drought.gov.

In regard to extreme heat, the Center for Climate and Energy Solutions reported the following information
regarding extreme heat and climate change. During the past decade, daily record high temperatures have
occurred twice as often as record lows across the continental United States, up from a near 1:1 ratio in 1950.
By midcentury, if greenhouse gas emissions are not significantly curtailed, scientists expect 20 record highs for
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every low. The ratio could be 50:1 by the end of the century. By the 2050’s, many of the Mid-Atlantic States
including urban parts of Maryland and Delaware could see a doubling of days per year above 95 degrees F.
Extreme heat can also increase the risk of other types of disasters. When heat occurs in conjunction with a
lack of rain, drought can occur. This, in turn, can encourage more extreme heat, as the sun’s energy acts to
heat the air and land surface, rather than to evaporate water. Hot dry conditions also increase the risk of
wildfires, like the ones in 2013 in Colorado that were fueled by record high heat and an ongoing drought.
Highlights from the April 2016 Maryland Climate and Health Profile produced by the Maryland Department of
Health indicate that the occurrence of summertime extreme heat events more than doubled during the 1980’s,
1990’s, and 2000 in Maryland compared to the 1960’s and 1970’s. Modeling indicates that extreme heat events
are projected to rise across all counties in Maryland into 2040. Additional highlighted data includes:

Extreme heat events increased the risk of heart attacks in Maryland by 11%.

The increase in heart attack related extreme heat events was much higher among non-Hispanic blacks
compared to non-Hispanic whites (27% vs. 9%).

Compared to 2010, increases in the frequency of extreme heat events during summer months in 2040
are projected to result in a higher rate of hospitalization for heart attack in Maryland.

Compared to 2010, increases in the frequency of extreme heat events during summer months in 2040
are projected to result in a higher rate of hospitalization for asthma in Maryland.
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Chapter 9 Thunderstorm

Hazard Ranking

¢ Hazard Mitigation Planning Committee
Concerned
e Municipalities
Denton — Concerned
Federalsburg — Somewhat Concerned
Goldsboro — Concerned
Greensboro — Somewhat Concerned
Henderson — Very Concerned
Hillsboro — Not Concerned
Marydel — Somewhat Concerned
Preston — Somewhat Concerned
Ridgely — Very Concerned
o Templeville —Concerned
o State
Thunderstorm — Medium
Thunderstorm Wind — Medium-High
e National
T