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Chapter 1: Introduction

Oakland County, Michigan is subject to natural and man-made hazards that can threaten life,
health, property and the environment. The Robert T. Stafford Disaster Relief and Emergency
Assistance Act, as amended, and 44 CFR Part 201, require local governments to develop a
Hazard Mitigation Plan (Plan or HMP) that identifies strategies to minimize the impact of these
hazards in order to be eligible for pre- or post-disaster mitigation funding. In response, Oakland
County prepared a multi-jurisdictional Hazard Mitigation Plan, dated January 17, 2005, and
completed the first update in 2012 to better understand Oakland County hazards, their impacts
and to identify ways to mitigate those risks. The second update took place in 2017. This Plan
represents the fourth iteration of the hazard mitigation plan for the county.

The following communities are participating in this plan.

Participating Jurisdictions
Oakland County
Addison, Township of
Auburn Hills, City of
Berkley, City of

Beverly Hills, Village of
Bingham Farms, Village of
Birmingham, City of
Bloomfield Hills, City of
Bloomfield, Township of
Brandon, Township of
Clarkston, City of
Clawson, City of
Commerce, Township of
Farmington, City of
Farmington Hills, City of
Ferndale, City of
Franklin, Village of
Groveland, Township of
Hazel Park, City of
Highland, Township of
Holly, Township of
Holly, Village of
Huntington Woods, City of
Independence, Township of
Keego Harbor, City of
Lake Angelus, City of
Lake Orion, Village of
Lathrup Village, City of
Leonard, Village of
Lyon, Township of
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Madison Heights, City of
Milford, Township of
Milford, Village of
Northville, City of

Novi, City of

Novi, Township of
Oakland, Township of
Oak Park, City of
Orchard Lake, City of
Orion, Township of
Ortonville, Village of
Oxford, Township of
Oxford, Village

Pleasant Ridge, City of
Pontiac, City of
Rochester, City of
Rochester Hills, City of
Rose, Township of
Royal Oak, City of

Royal Oak, Township of
Southfield, City of
South Lyon, City of
Southfield, Township of
Springfield, Township
Sylvan Lake, City of
Troy, City

Walled Lake, City
Waterford, Township of
West Bloomfield, Township of
White Lake, Township of
Wixom, City of
Wolverine, Village of

This is a multi-jurisdictional hazard mitigation plan, and seeks to identify the county’s and
individual communities’ hazards and understand their impact on vulnerable assets, including
residents and property. With that understanding, the plan sets forth solutions that, if
implemented, have the potential to significantly reduce threat to life and property. The plan is
based on the premise that hazard mitigation works. With increased attention to managing
natural, technological, and manmade hazards, communities can reduce the threats to citizens
and through proper land use and emergency planning can avoid creating new problems in the
future. Many solutions can be implemented at minimal cost and social impact.

This is not an emergency response or management plan. Certainly, the plan can be used to

identify weaknesses and refocus emergency response planning. Enhanced emergency response
planning is an important mitigation strategy. However, the focus of this plan is to support better

Chapter 1 | Introduction | 1-2
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decision-making directed toward avoidance of future risk and the implementation of activities
or projects that will eliminate or reduce the risk for those that may already have exposure to a
hazard threat.

The Oakland County Hazard Mitigation Plan was also created with the goal of substantially and
permanently reducing the county’s vulnerability to hazards through sound public policy. By
increasing public awareness of potential harm, documenting resources for risk reduction and
loss prevention, and identifying activities to guide the development of less vulnerable and more
sustainable communities, this plan aims to protect citizens, critical facilities, infrastructure,
private property, and the natural environment.

1.1 Purpose

This plan exists to identify natural and manmade hazard threats to the community, prepare
mitigation management strategies to address those threats, develop short-term and long-term
goals and objectives for mitigation planning, and to fulfill federal, state, and local hazard
mitigation planning obligations. The intent of this plan is to enhance awareness of and provide
mitigation strategies for elected officials, agencies, and the public and develop actions that will
minimize negative outcomes to Oakland County’s citizens, the economy, and the environment
due to potential natural and manmade hazard threats. The well-being of the county and local
communities rests on reducing risks to life and property in the event of a hazard event or
emergency/disaster.

1.2 Hazard Mitigation and Hazards

1.2.1 Hazard Mitigation

Hazard mitigation is defined as cost-effective actions that have the effect of reducing, limiting,
or preventing the vulnerability of people, culture, property, and the environment to potentially
damaging, harmful, or costly hazards. Hazard mitigation measures, which can be used to
eliminate or minimize the risk to life, culture, and property, fall into three categories:

1. Those that keep the hazard away from people, property, and structures;
2. Those that keep people, property, or structures away from the hazard; and
3. Those that reduce the impact of the hazard on victims, e.g., insurance.

Hazard mitigation measures must be practical, cost effective, and culturally, environmentally,
and politically acceptable. Actions taken to limit the vulnerability of society to hazards must not,
in themselves, be costlier than the anticipated damages.

Hazard mitigation planning must be based on vulnerabilities and its primary focus must be on
the point where capital investment and land use decisions are made. The placement of capital
investments, whether for homes, roads, public utilities, pipelines, or public works, determine to
a large extent, the nature and degree of a community’s hazard vulnerability. Once a capital
facility is in place, there is little opportunity to reduce hazard vulnerability through correction of

Chapter 1 | Introduction | 1-3
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errors in location or construction. It is for this reason that often the most effective mitigation
tools are zoning and other ordinances that manage development in high-vulnerability areas and
building codes that ensure new buildings are constructed to withstand the damaging forces of
anticipated hazards.

1.2.1 Hazards
The hazards analyzed in this plan include the following:

Natural Hazards

e Drought
e Earthquake
e Extreme Heat
e Flooding — Riverine and Urban/Depressional
e Fog
e |nvasive Species
e High Hazard Dams
e Severe Summer Storms
o Thunderstorms
o Lightning
o Microbursts/High Winds
o Hailstorms
e Severe Winter Storms
o Extreme Cold
o lce and Sleet Storms
o Snowstorm/Blizzard
e Subsidence

o Natural
o Mining
e Tornadoes
e Wildfires

Manmade/Technological Hazards

Although non-natural hazards are not required by FEMA for inclusion in a hazard mitigation
plan, Oakland County wishes to rank and mitigate against a comprehensive list of hazard events
that could impact the county. Due to both the nature of non-natural hazards and the
discretionary status regarding their inclusion, the following hazards of interest have been briefly
and qualitatively assessed for the sake of public education and informing their inclusion within
the hazard ranking and mitigation process.

e Active Shooter/Active Assailant

e Cybersecurity

e Fire (Structural)

e Gas/Oil Shortages or Supply Disruptions
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o Petroleum and Natural Gas Pipeline Accidents
e HAZMAT Incidents
o Fixed Site
o Transportation/Rail
e Infrastructure Failure
o Bridges, Roads, Overpasses
Communications
Electrical Systems
Invasive Species
Sewer System
Storm Water System
o Water System
e Nuclear Incidents
o Power Plant Accidents
e Sociopolitical Hazards (Civil Disturbance, Social Unrest)
e Terrorism and Sabotage
e Transportation Accidents

O O O O O

o Air

o Highway
o Marine
o Rail

e Weapons of Mass Destruction

Other Hazards of Concern

e Public Health Emergencies
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Chapter 2: Plan Process

The Plan was prepared to provide a basis for identifying and managing natural hazards and to
meet federal, state, and local requirements for hazard mitigation and FEMA mitigation grant
funding. This Plan is designed to comply with requirements of the Robert T. Stafford Disaster
Relief and Emergency Assistance Act, as amended, and Related Authorities and 44 CFR Part 201,
which states that local governments, to be eligible for pre-disaster and/or post-disaster
mitigation funds, must have an approved Hazard Mitigation Plan in place. The Plan is also
designed to comply with the Federal Emergency Management Act, Federal Emergency
Management Agency (FEMA) and Michigan State Police Emergency Management and
Homeland Security Division Mitigation Recovery Section (EMHSD) guidance documents
(particularly the Local Multi-Hazard Mitigation Planning Guidebook and Local Mitigation
Planning Policy Guide) and other applicable federal, state and local regulations. This was
accomplished by evaluating the impacts of known natural and man-made hazards, prioritizing
mitigation alternatives and coordinating hazard mitigation with other Oakland County programs
and policies.

Updating the Plan began with an initial kickoff meeting with the Oakland County Emergency
Management and Homeland Security Planning Team, which was held on April 25, 2023.
Following this meeting, the planning process involved a review of the existing Plan; updating
Oakland County's hazard history and risk assessment; gathering information on local hazards
from individual communities; gathering input on hazard priorities; identifying specific
vulnerabilities, impacts, and desired mitigation strategies; evaluating the previous Plan goals,
and mitigation strategies; determining the status of previous mitigation strategies and Action
Plans; identifying repetitive loss properties; facilitating the activities of the steering committee
and conducting multiple stakeholder and public meetings, including outreach activities.

Information regarding hazards in the county and applicable mitigation strategies were obtained
from four webinars held on June 9%, 2023, June 15, 2023 (morning and afternoon session),
and June 16™, 2023, and three workshops held in the county on July 17%, July 19t and July
20™. An Oakland County Hazard Mitigation Plan — A Draft Review meeting was held on
September 27, 2023.

In summary, the planning process consisted of the following key tasks:

Task 1: Organize Resources

The Oakland County Emergency Management and Homeland Security created a planning team
to attend meetings, gather data and historical information, review drafts, and participate in
mitigation brainstorming sessions. In addition to the core planning team, a steering committee
was formed to provide overall guidance and direction throughout the mitigation planning
process (see Steering Committee).

Chapter 2 | Plan Process | 2-1



2023 Oakland County Hazard Mitigation Plan | Volume 1

Task 2: Risk Assessment

The planning team identified the hazards to include in this Plan, as well as hazard profiles to
address the probability, extent, vulnerabilities, and impacts associated with each hazard. The
team then used local resources to inventory the county’s assets and estimate losses. The core
planning team, steering committee, and jurisdictional representatives provided input and
subject-matter expertise throughout this process.

Task 3: Public Involvement

A comprehensive public survey was conducted and reached 933 residents. As part of this
survey, steering committee members, community representatives, and the general public were
asked to rate each of the hazards in terms of perceived risk. They were also asked to rate
“mitigation importance” for each of the identified hazards in the Plan. Local jurisdictions shared
the meeting information on their websites, Facebook pages, X (formerly Twitter) accounts, and
community newsletters. Information from this survey was used to inform the hazard risk
prioritization process and to ensure the Plan adequately addressed the public's concerns and
priorities. A public forum was advertised and was held in the county on July 19t, 2023, which
provided local residents with an opportunity to provide input into the Plan. A draft of the Plan
was made available on the County web site for review and comment. The September 27, 2023,
draft review meeting was made available for stakeholders and the public to attend. A video of
the meeting was also posted for those not able to attend.

Task 4: Develop Mitigation Strategies

The planning team met with representatives of each participating community to develop and
prioritize mitigation strategies and action items that would reduce the costs of disaster
response and recovery, protect people and infrastructure, and minimize overall disruption to
the county in the event of a disaster (see Chapter 7: Mitigation Strategies and Actions).

Task 5: Complete the Plan

The core planning team compiled all of the relevant sections of the Plan to produce a draft plan
for review. The Plan was submitted to the Michigan State Police, Emergency Management and
Homeland Security Division’s (MSP/EMHSD) Mitigation Program and to the Federal Emergency
Management Agency for review.

Task 6: Plan Adoption
The Oakland County Emergency Management and Homeland Security coordinated the effort to
ensure the Plan was formally adopted by each participating jurisdiction.

Oakland County Hazard Mitigation Plan History

This multi-jurisdictional Hazard Mitigation Plan (the Plan or HMP) was originally created in 2005.
It was updated in 2011/2012 for Oakland County, and the communities within Oakland County,
to better understand natural and man-made hazards and their impacts and to identify ways to
mitigate those hazards to protect the health, safety and economic interests of its residents. The
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plan was again updated in 2017/2018. The current 2023 update includes each of the 62
communities within Oakland County, and builds on the previous updates.

2.1 Defining the Planning Area

The planning area is defined as all incorporated and unincorporated areas of Oakland County,
as well as the incorporated areas that cross county boundaries. As such, Oakland County, which
includes the unincorporated areas in the County, and 62 participating jurisdictions intend to
adopt and implement the Plan. All partners to this Plan have jurisdictional authority within this
planning area.

2.2 Establishment of the Planning Partnership

Each jurisdiction participating in the Plan was asked to provide a designated point of contact for
the jurisdiction and confirmed the jurisdiction’s commitment to the process and understanding
of expectations. A list of the participating jurisdictions is provided in Chapter 1: Introduction.

2.3 Plan Participation

2.3.1 Core Planning Team

The core planning team consisted of key members of Oakland County Emergency Management
and Homeland Security and Integrated Solutions Consulting. The Oakland County Oakland
County Emergency Management and Homeland Security provided contract administration,
participation on the Steering Committee, local matching funds for the development of this Plan
(in the form of staff salaries and direct expenses), Geographic Information System (GIS) data,
technical and regional information, meeting facilities and printing and duplication services.
Oakland County continued to be instrumental in assisting in the preparation of county maps
and data, providing a meeting location for the workshops, and coordinating various Oakland
County departments. Oakland County is responsible for utilization, updating and oversight of
the Plan and supporting local units of government with grant funding.

Meetings were held bi-weekly throughout the planning process. Key members of the core
planning team are provided below.

Table 2-1. Core Planning Team

Name Title Organization

Oakland County Emergency
Thom Hardesty Director Management and Homeland
Security

Oakland County Emergency
Michael Kamenec Emergency Management Specialist Management and Homeland
Security

Oakland County Emergency
Robert Seeley Chief Management and Homeland
Security
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2.3.2 Steering Committee
Hazard mitigation planning enhances collaboration and support among diverse parties whose
interests can be affected by hazard losses.

During the 2023 update of the Plan, the steering committee agreed to meet as often as needed
throughout the course of the plan’s development. The core planning team facilitated each
steering committee meeting, which addressed a set of objectives based on the work plan
established for the Plan.

The steering committee was responsible for:

e The updating and prioritizing of hazards that impact Oakland County.

e Updating the plan’s goals and priorities.

e The overall planning area’s capability assessment and consideration of mitigation
alternatives.

e The identification of new mitigation actions and the update of past countywide
mitigation action items.

e Coordination and outreach with key stakeholders and planning partners.

e Ensure the needs of underserved populations are met through the planning process.

e Review the draft of the Plan.

The steering committee that supported the 2023 Oakland County NHMP update is detailed in
the following table:

Table 2-2. Steering Committee

Name Title Organization
Oakland County Emergency
Thom Hardesty Director Management and Homeland
Security
Oakland County Emergency
Michael Kamenec Emergency Management Specialist Management and Homeland
Security
Oakland County Emergency
Robert Seeley Chief Management and Homeland
Security
James Schafer Senior Planner Oakland County Economic
Development Department
Erin Quetell Chief Oakland Co'unty' Qfﬁce of
Sustainability
Debbie Sedam Quality and Safety Coordinator Oakland County.W.ater Resources
Commissioner
Melanie Grund Community Liaison Oakland COL.mty Neighborhood
and Housing Development
West Bloomfield Fire Dept. /
Dave DeBoer Deputy Fire Marshal Local Emergency Planning

Committee
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2.3.3 Local Jurisdiction Participation

The following local jurisdictions participated in the 2023 NHMP (see Table 2-3). Local
representatives, participation activities, and planning documents to facilitate the planning
process are provided in Appendix A: Plan Participation and Documentation and Appendix D:
Jurisdiction Participation & Sign-in Sheets.

Table 2-3. Participating Jurisdictions

At Ifedast 1 Other .
:te5| ent Participating Reviewed/
rom Activities (i.e., i Updated
Community Ha.z.ard‘ Meeting with Identified | past
Completed Mitigation | pjanning Team, New Mitigation
Public Plan Online Planning Hazard Miﬁgaﬁon PrOjeCt(S),
Jurisdiction Survey Webinars | Workshop | System) Analysis | Action(s) if applicable
Oakland Yes X X X X X X
County
Addison Yes X X X X X X
Township
Cllty of Auburn Yes X X X X X
Hills
City of Berkley Yes X X X X X X
Village of
Beverly Hills Yes ) X X X X X
Village of
Bingham Yes X X X X X X
Farms
C!ty (.)f Yes X - X X X X
Birmingham
Bloomfield Yes - - X X X X
Township
City of
Bloomfield Yes - - X X X X
Hills
Brandor'1 Yes X X X X X X
Township
City of
Clarkston Yes ) i X X X X
City of Yes . . X X X X
Clawson
Commerce Yes - - X X X X
Township
city of Yes X ; X X X X
Farmington
City of
Farmington Yes X X X X X X
Hills
City of Yes ; - X X X X
Ferndale
village of Yes X X X X X X
Franklin
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At least 1

N Other .
:temdent Participating Reviewed/
rom Activities (i.c., | Updated
Community Ha.z.ard. Meeting with Identified | past
Completed Mitigation | pjanning Team, New Mitigation
Public Plan Online Planning | Hazard Mitigation | Project(s),
Jurisdiction Survey Webinars | Workshop | System) Analysis | Action(s) if applicable
Grovela.nd Yes ) ) X X X X
Township
City of Hazel Yes X X X X X X
Park
H|ghlan'd Yes - X X X X X
Township
Holly
. Yes - - X X X X
Township
Village of Yes ) ) X X X X
Holly
City of
Huntington Yes X X X X X X
Woods
Indeper?dence Yes ) ) X X X X
Township
City of Kego Yes ) ) X X X X
Harbor
City of Lake Yes ) ) X X X X
Angelus
Vll!age of Lake Yes ) ) X X X X
Orion
City of
Lathrup Yes X - X X X X
Village
Village of Yes X X X X X X
Leonard
Lyon . Yes X X X X X
Township
City of
Madison Yes - X X X X X
Heights
Milford Yes X X X X X X
Township
Village of
Milford Yes X X X X X X
City of
Northville Yes X ) X X X X
City of Novi Yes X X X X X X
Novi Township Yes - - X X X X
City of Oak Yes ; X X X X X
Park
Oakland Yes - - X X X X
Township
City of Yes ; ; X X X X

Orchard Lake
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At least 1

N Other .
:temdent Participating Reviewed/
rom Activities (i.c., | Updated
Community Ha.z.ard. Meeting with Identified | past
Completed Mitigation | pjanning Team, New Mitigation
Public Plan Online Planning | Hazard Mitigation | Project(s),
Jurisdiction Survey Webinars | Workshop | System) Analysis | Action(s) if applicable
Orion Yes - X X X X X
Township
Village of Yes X X X X X X
Ortonville
Oxford . Yes X X X X X X
Township
Village of
Oxford Yes X X X X X X
City of
Pleasant Yes X - X X X X
Ridge
City of Pontiac Yes - - X X X X
City of Yes X X X X X X
Rochester
City of
Rochester Yes X X X X X X
Hills
Rose
. Yes - - X X X X
Township
City of Royal Yes X X X X X X
Oak
Royal Oak Yes ; - X X X X
Township
City of South Yes X X X X X X
Lyon
City of
Southfield ves X ) X X X X
SOUthﬁ?Id Yes X X X X X NA
Township
Springfield Yes ; X X X X X
Township
City of Sylvan Yes ) X X X X X
Lake
City of Troy Yes - - X X X X
City of Walled Yes ) i X X X X
Lake
Waterfqrd Yes X X X X X X
Township
West
Bloomfield Yes X X X X X X
Township
White Lake Yes X X X X X X
Township
City of Wixom Yes X X X X X X
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At I.east 1 Other
Resident Participating Reviewed/
from Activities (i.c., ... | Updated
Community Hazard Meeting with Identified | past
Completed Mitigation | pjanning Team, New Mitigation
Public Plan Online Planning | Hazard Mitigation | Project(s),
Jurisdiction Survey Webinars | Workshop | System) Analysis | Action(s) if applicable
Village of
Wolverine Yes X - X X X X
Lake

The focus of the 2023 Oakland County HMP Update was a series of structured discussions with,
and opportunities for feedback from, Oakland County officials, municipal officials, affected
stakeholders and the general public. An online planning system enabled the planning team to
keep in contact with the affected parties and supply information to a broad audience. In
particular, these included the following opportunities for outreach and input:

e A project online planning system (https://mi-oakland-hs.isc-cemp.com/)
e Creation and distribution of online forms so county, municipal, and stakeholders could
easily submit local hazard risk concerns and mitigation strategies.
o Hazard Form: https://integratedsolutions.wufoo.com/forms/khx8k751tbt3wg/
o New Mitigation Action Projects Form:
https://integratedsolutions.wufoo.com/forms/qo0Ondg617ys5lw/
e Meetings, email, and phone communication with leaders and representatives from each
of the communities.

Table 2-4. Jurisdictions NOT Participating
Jurisdiction | Have Not Received Letter Declining Participation | Have Received Letter Declining Participation
None X

The following sections explain, in greater detail, the key activities and supporting
documentation. More information about each of these activities is also provided in Appendix A:
Plan Participation and Documentation and Appendix D: Jurisdiction Participation & Sign-in
Sheets.

2.3.4 Mitigation Workshop

Three workshops were held on July 17, 2023, July 19, 2023, and July 20, 2023, in Oakland
County to identify hazards and update and consider new mitigation strategies. In addition,
individual meetings were held with jurisdictions who were unable to bring their local planning
teams to these workshops or needed additional guidance and support. Prior to the workshops,
four webinars were held to provide information to prepare the jurisdictions for the workshop.
Webinars were held June 9, 2023, June 15, 2023 (morning and afternoon session), and June 16,
2023. See Appendix A: Plan Participation and Documentation for a list of the individuals who
attended the Workshops and for copies of the sign-in sheets.
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The purpose of the workshop was to ensure local jurisdictions had the opportunity to identify
their communities’ risks and to identify/update their mitigation strategies and priorities. These
workshops included local planning members from each of the communities. Participants
validated the county’s risk assessment findings, described specific hazard risks and concerns for
their own communities, updated existing mitigation actions/strategies from the 2017/18 Plan,
and worked with their local planning team to identify new mitigation initiatives.

2.3.5 Other Stakeholders and Organizations

Throughout the planning process, key stakeholders, departments, and community
organizations were involved in providing key input, data, disseminating information about the
Plan, meetings, and reviewing the draft of the plan.

Table 2-5. Stakeholders and Organizations

Stakeholder and Organization

Contribution

Michigan State University Extension

Agriculture, agribusiness, natural resources data, climate
change

University of Michigan Transportation Research
Institute

Traffic information and data

Oakland County Water Resources Commissioner’s
Office

Flood information

Road Commission for Oakland County

Road and traffic information

Oakland County Planning and Economic
Development Services

Plan integration, general plan, community data, and
development trends, meetings

Oakland County Health Division

Public health hazard information, meetings

Oakland County Sheriff's Office

Capability and crime data, meetings

Oakland County Office of Sustainability

Meetings, sustainability

Oakland County Neighborhood and Housing
Development

Meetings, outreach

Oakland County Parks and Recreation

Meeting

Clinton River Watershed Council

Greenspace and new mitigation actions, meetings

U.S. Geological Survey

Geologic information, earthquake information

U.S. Army Corps of Engineers

Dam and levee data

National Weather Service

Natural hazard history and information

Southeast Michigan Council of Governments
(SEMCOG)

Future development trends, demographic information,
traffic information

Michigan State Police Emergency Management and
Homeland Security Division

2019 Michigan Hazard Mitigation plan, mitigation
guidance, plan review

Michigan DNR

Wildfire data, natural resources

DHS: FEMA

Mitigation policy, National Risk Index

2.3.6 Neighboring Jurisdictions

The neighboring counties were invited to review and comment on the draft plan.

Table 2-6. Neighboring Jurisdictions

Neighboring Jurisdiction

Participation Description

Genesee County LEPC

Invited to review and comment on the
draft plan.

Lapeer County LEPC

Invited to review and comment on the
draft plan.
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Invited to review and comment on the
Livingston County LEPC Vi view
draft plan.
Macomb County LEPC Invited to review and comment on the
draft plan.
st. Clair County LEPC Invited to review and comment on the
draft plan.
Washtenaw County LEPC Invited to review and comment on the
draft plan.
Invited to review and comment on the
Wayne County LEPC Vi view
draft plan.

A number of individuals outside the planning area participated in the Oakland County Hazard
Mitigation Plan — A Draft Review/Planners Gathering meeting on September 27, 2023. Appendix
D includes the full list of participants. Notable attendees from outside the planning area include:

e City of Hesperia

e City of New Baltimore

e Hillsdale City Planning Commission
e Macomb County Public Works

e Michigan Association of Planning

e Tulare County

e Washington Township

2.4 Public Involvement and Participation

Broad public participation in the planning process helps ensure that diverse points of view
about the planning area’s needs are considered and addressed. The public must have
opportunities to comment on disaster mitigation plans during the drafting stages and prior to
plan approval (44 CFR, Section 201.6(b)(1)). As such, a number of public outreach activities
were organized to ensure public participation and input were obtained. The following sections
explain, in greater detail, the key activities and supporting documentation. More information
about each of these activities is also provided in Appendix B: Public Involvement Activities and
Documentation.

2.4.1 Community Preparedness and Mitigation Survey

Surveys were distributed through a variety of methods beginning on June 1, 2023, including e-
mail blasts and social media platforms, such as Facebook and X (formerly Twitter). The survey
was available to the community until September 30, 2023. Community organizations were
critical in connecting county and municipal residents with the survey, and Oakland County
utilized their broad-based distribution lists of community stakeholders and partners to
disseminate the survey to residents and leaders of underserved communities and
organizations. In total, 933 residents participated in the 30-question survey. Results helped to
validate the hazards included in the plan, the hazard ranking process, and areas where the
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county and municipalities could further improve outreach and education efforts. See Appendix
C for questionnaire results.

2.4.2 Public Forum & Outreach
The public was invited to attend a public forum held on July 19t", 2023. The public meeting was
advertised locally prior to the meeting.

The purpose of the meeting was to provide an overview of the project, share and validate the
hazard risk findings, and receive public input on important mitigation initiatives. Attendees
were given access to important information regarding the Plan, and an opportunity to provide
input regarding the Plan and planning process.

2.4.3 Public Plan Review and Feedback on Draft of the Plan

At the conclusion of the planning process, the public was offered an opportunity to provide
feedback to the draft Plan. The public version of the plan was made available at the following
dedicated hazard mitigation plan site: https://www.oakgov.com/community/emergency-
management/need-to-know/disaster-planning/hazard-mitigation-plan

The draft Plan was made available on the web page until the Plan was formally approved and
adopted. To further facilitate continued public involvement in the planning process, the public
will have an opportunity to provide continual feedback and input. As future needs and concerns
arise, or if the public would like to provide feedback regarding the latest version of the Oakland
County Hazard Mitigation Plan, the public is invited to use the form below (which is provided on
the web site) to provide comments.

e Link to Plan Comment Form: https://integratedsolutions.wufoo.com/forms/comment-
form-oakland-county-mitigation-plan/

The Oakland County Hazard Mitigation Plan — A Draft Review/Planners Gathering meeting was
held on September 27, 2023. For those that were not able to attend, a link to the video was
made available.

Link to Video of Public Meeting/Planners Gathering Meeting:
e https://www.youtube.com/watch?v=5uDj68aYD7M

2.4.4 How Public Input was Incorporated into the Plan

Information and feedback gained from the survey and public forum provided valuable data to
validate and confirm the risk assessment findings and potential mitigation strategies.
Specifically, feedback from the public offered during the public forum on July 19, 2023, offered
greater insights to the public’s concerns regarding specific hazards and their impacts. The public
also offered specific initiatives they felt would create greater resiliency for the county and its
residents.
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Survey results helped to validate the hazards included in the plan, the hazard ranking process,
and areas where the county and municipalities could further improve outreach and education
efforts. Open-ended responses, specifically regarding their experience with damages from past
hazards, helped to validate hazard-specific impact data in Chapter 4: Risk Assessment. These,
and related findings, helped the planning team determine meaningful mitigation projects.

2.5 Equity Considerations for Underserved
Communities and Socially Vulnerable Populations

Some disasters occur on larger scales and are more impacted by built environments and are
most likely to continually impact those most at risk because of existing health conditions, lack
of resources, being underserved by past mitigation planning work, facing historical
disinvestment in their communities, or other factors. In this case, people in widely different
locations can be the most harmed by repeating disaster cycles, so mitigation strategies should
also work to break cycles of loss caused by social and economic disparities. Hazard mitigation
strategies can reduce existing risk by, for example, relocating a building out of an area that
frequently floods. In each case, an attempt has been made to lessen the harm of a future flood
before the event happens. Strategies may also seek to make future development less
vulnerable to hazards at the time it is built. Examples would be requiring new structures to be
elevated above predicted flood levels or by building structures to better withstand future
hazards. Hazard mitigation plans are designed to involve the input of stakeholders from
different perspectives to ensure plans use the best available data, are aligned with the needs of
the entire community, and are in alignment with other plans, such as comprehensive plans,
capital improvement plans, and climate action plans.

This Plan continues to recognize that all members of the community are not impacted in the
same way by natural disasters. Some community members are at more risk, for a number of
possible reasons. A mitigation strategy that uses a ‘one size fits all’ approach, and does not
recognize different levels of risk, will not adequately or efficiently support historically
underserved populations; and can actually make inequalities worse after a disaster.

This version of the Plan highlights equity as a key part of the overall plan vision. This Plan
update seeks to continue to develop a shared understanding among participants of how hazard
mitigation can be made more inclusive and be proactive in creating strategies that reduce
existing disparities in risk and hazard recovery. Addressing the whole community requires an
understanding that while a single solution for all seems fair, it does not address historical
inequalities and current differences in age, financial resources, housing stability, neighborhood
investment, health or ability, and access to government services. In mitigation planning, this
means that successfully reducing risk in the most meaningful and efficient way requires
understanding how the distribution of resources will actually reduce risk and for whom.

Equitable mitigation success should be measured by assessing who was most impacted in loss
of life or financial harm by past and future disasters, quantifiable reductions of vulnerability to
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those most at risk, and increasing engagement with historically underserved populations and
community organizations to better understand how plans and processes and natural hazard
events are affecting different communities.

Chapter 3: Community Profile describes different demographic and economic factors in
Oakland County. This section includes FEMA’s National Risk Index scores for Oakland County for
social vulnerability and community resilience. Social vulnerability is defined as the susceptibility
of social groups to the adverse impacts of natural hazards, including disproportionate death,
injury, loss, or disruption of livelihood (FEMA, 2023). Community resilience is defined as the
ability of a community to prepare for anticipated natural hazards, adapt to changing conditions,
and withstand and recover rapidly from disruptions (FEMA, 2023).

The Community Profile section also included an analysis of the census tracts in Oakland County
which are identified as “disadvantaged” by the U.S. Council on Environmental Quality (ACEQ).
According to the U.S. Council on Environmental Quality (ACEQ), a community is identified as
“disadvantaged” if it is located in a census tract that is at or above the threshold for one or
more environmental, climate, or other burdens, and at or above the threshold for associated
socioeconomic burdens, including poverty and language barriers (U.S. Council on
Environmental Quality, 2022). The total population of these 21 census tracts is 112,641 which is
22% of the total Oakland County population. Each census tract is further identified in Appendix
F, illustrating specific socioeconomic burdens to each census tract. This information was used as
part of the hazard risk ranking process and to determine potential inequities and disparities
regarding potential impacts from natural hazards.

Chapter 4: Risk Assessment includes a hazard ranking methodology that specifically assesses
the impact of the hazard on underserved populations. Furthermore, each hazard profile
included FEMA’s Expected Annual Loss analysis and National Risk Index score for the county.
The Risk Index score is based on the following components: Social Vulnerability, Community
Resilience, and Estimate Annual Loss (EAL), with EAL based on Exposure, Annualized Frequency,
and Historic Loss Ratio (HLR) factors, for a total of five risk factors (FEMA, 2023).

Mitigation goals were updated to encourage greater participation and engagement from
underserved populations and groups, and aligns with the county’s Strategic Plan, which
prioritizes diversity, inclusion, and equity. During stakeholder meetings, in which new and
ongoing mitigation strategies were discussed, jurisdictional representatives were encouraged to
consider how the mitigation actions directly and/or indirectly resulted in equitable outcomes.

During the plan update process, a comprehensive community preparedness questionnaire was
developed and disseminated. The questionnaire was developed with a specific focus to better
understand the challenges and concerns related to access and functional needs, access to
information, ability to recover, and services needed, especially for those who may be
underserved or lack access to key resources. The Oakland County Neighborhood and Housing
Development and Office of Diversity, Equity & Inclusion played a key role in ensuring the
guestionnaire was inclusive. Melanie Grund, Community Liaison, and contact for “Welcoming
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Oakland” provided important contributions to this effort. As a reflection of Oakland County’s
commitment to the goal of operationalizing equity by taking actions to integrate diversity,
equity, and inclusion within county operations, “Welcoming Oakland” members include the
following organizations: ACCESS, Arab American and Chaldean Council, Association of Chinese
Americans, Inc., Centro Multicultural La Familia, Chaldean American Ladies of Charity (United
Community Family Services), Chaldean Community Foundation, Council of Asian Pacific
Islanders, FBI, Global Detroit, Global Troy, Jewish Community Relations Council, La Casa Amiga
(Catholic Charities of Southeast Michigan), Michigan Immigrant Rights Council, Oakland County
Board of Commissioners, Oakland County Community Corrections, Oakland County Executive
Office, Oakland County Neighborhood & Housing Development, Oakland County Sheriff's Office,
Oakland County Workforce Development, Oakland Literacy Council, Oakland Schools,
Samaritas, Waterford Refugee Welcome Alliance, and Welcoming Michigan.

The county and participating jurisdictions have a responsibility to ensure equitable outcomes in
the implementation of this Plan and to ensure that action is taken to reduce vulnerabilities to
disasters experienced disproportionately by marginalized populations.

When conducting community engagement related to implementation of or update to this Plan,
the county will ensure that the whole community has an opportunity to participate in the
process and discussion. FEMA defines the “whole community” as “individuals and families,
including those with access and functional needs, businesses, faith-based and community
organizations, nonprofit groups, schools and academia, media outlets, and all levels of
government, including state, local, tribal, territorial, and federal partners that have a shared
responsibility in emergency preparedness and mitigation” (FEMA, 2011).

2.6 Existing Plans, Studies, and Reports

Hazard mitigation planning must include a review and incorporation, if appropriate, of existing
plans, studies, reports, and technical information (44 CFR, Section 201.6(b)(3)). Chapter 5:
Capabilities and Integration of Mitigation Measures provides a review of key studies, plans,
laws, and ordinances in effect within the planning area that can affect hazard mitigation
actions. All these documents were reviewed as part of the plan update process. Additionally,
each chapter in this Plan includes its own reference section, which also acknowledges key plans,
studies, and technical information utilized in this Plan.

2.7 Plan Adoption

Formal adoption of a Hazard Mitigation Plan is required for FEMA for approval. The Draft Plan
was provided to members of the project Steering Committee. Copies of the Draft Plan were also
provided to each municipality in Oakland County, to other stakeholders and the public via the
Oakland County Emergency Management and Homeland Security website.
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Upon completing the comment/review period, the plan was submitted to the Michigan State
Police, Emergency Management and Homeland Security Division’s (MSP/EMHSD) Mitigation
Program and to the Federal Emergency Management Agency for review. Upon FEMA review and
approval pending adoption, the Plan was presented to the Oakland County Board of
Commissioners for adoption. The Oakland County Hazard Mitigation Plan was formally adopted
by the Oakland County Board of Commissioners on [Insert Date of Adoption].

2.7.1 Community Adoption

FEMA and the Michigan State Police also require that all multi-jurisdictional Plans be adopted,

in whole or in part, by individual municipalities within the planning area. Municipal officials
were informed of this requirement. A sample resolution of adoption was provided to each
community. Information regarding local hazard priorities and local hazard mitigation strategies is
included in separate subsections of the Plan so that each community may readily reference and

adopt sections specific to their municipality.

See Volume llI:

e County Mitigation Actions (County Departments and Mitigation Actions that Apply to the

County and All Participating Municipalities)
e Municipal Annexes (Cities, Townships, and Villages)

Table 2-7. Community Adoptions

Community

Items Adopted

Date Adopted

Addison, City of

Resolution to adopt Hazard Mitigation Plan

Auburn Hills, City of

Resolution to adopt Hazard Mitigation Plan

Berkley, City of

Resolution to adopt Hazard Mitigation Plan

Beverly Hills, Village of

Resolution to adopt Hazard Mitigation Plan

Bingham Farms, Village of

Resolution to adopt Hazard Mitigation Plan

Birmingham, City of

Resolution to adopt Hazard Mitigation Plan

Bloomfield Hills, City of

Resolution to adopt Hazard Mitigation Plan

Bloomfield, Township of

Resolution to adopt Hazard Mitigation Plan

Brandon, Township of

Resolution to adopt Hazard Mitigation Plan

Clarkston, City of

Resolution to adopt Hazard Mitigation Plan

Clawson, City of

Resolution to adopt Hazard Mitigation Plan

Commerce, Township of

Resolution to adopt Hazard Mitigation Plan

Farmington, City of

Resolution to adopt Hazard Mitigation Plan

Farmington Hills, City of

Resolution to adopt Hazard Mitigation Plan

Ferndale, City of

Resolution to adopt Hazard Mitigation Plan

Franklin, Village of

Resolution to adopt Hazard Mitigation Plan

Groveland, Township of

Resolution to adopt Hazard Mitigation Plan

Hazel Park, City of

Resolution to adopt Hazard Mitigation Plan

Highland, Township of

Resolution to adopt Hazard Mitigation Plan

Holly, Township of

Resolution to adopt Hazard Mitigation Plan

Holly, Village of

Resolution to adopt Hazard Mitigation Plan

Huntington Woods, City of

Resolution to adopt Hazard Mitigation Plan

Independence, Township of

Resolution to adopt Hazard Mitigation Plan

Keego Harbor, City of

Resolution to adopt Hazard Mitigation Plan

Lake Angelus, City of

Resolution to adopt Hazard Mitigation Plan

Lake Orion, Village of

Resolution to adopt Hazard Mitigation Plan
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Lathrup Village, City of

Resolution to adopt Hazard Mitigation Plan

Leonard, Village of

Resolution to adopt Hazard Mitigation Plan

Lyon, Township of

Resolution to adopt Hazard Mitigation Plan

Madison Heights, City of

Resolution to adopt Hazard Mitigation Plan

Milford, Township of

Resolution to adopt Hazard Mitigation Plan

Milford, Village of

Resolution to adopt Hazard Mitigation Plan

Northville, City of

Resolution to adopt Hazard Mitigation Plan

Novi, City of

Resolution to adopt Hazard Mitigation Plan

Novi, Township of

Resolution to adopt Hazard Mitigation Plan

Oakland, Township of

Resolution to adopt Hazard Mitigation Plan

Oak Park, City of

Resolution to adopt Hazard Mitigation Plan

Orchard Lake, City of

Resolution to adopt Hazard Mitigation Plan

Orion, Township of

Resolution to adopt Hazard Mitigation Plan

Ortonville, Village of

Resolution to adopt Hazard Mitigation Plan

Oxford, Township of

Resolution to adopt Hazard Mitigation Plan

Oxford, Village

Resolution to adopt Hazard Mitigation Plan

Pleasant Ridge, City of

Resolution to adopt Hazard Mitigation Plan

Pontiac, City of

Resolution to adopt Hazard Mitigation Plan

Rochester, City of

Resolution to adopt Hazard Mitigation Plan

Rochester Hills, City of

Resolution to adopt Hazard Mitigation Plan

Rose, Township of

Resolution to adopt Hazard Mitigation Plan

Royal Oak, City of

Resolution to adopt Hazard Mitigation Plan

Royal Oak, Township of

Resolution to adopt Hazard Mitigation Plan

Southfield, City of

Resolution to adopt Hazard Mitigation Plan

South Lyon, City of

Resolution to adopt Hazard Mitigation Plan

Southfield, Township of

Resolution to adopt Hazard Mitigation Plan

Springfield, Township

Resolution to adopt Hazard Mitigation Plan

Sylvan Lake, City of

Resolution to adopt Hazard Mitigation Plan

Troy, City

Resolution to adopt Hazard Mitigation Plan

Walled Lake, City

Resolution to adopt Hazard Mitigation Plan

Waterford, Township of

Resolution to adopt Hazard Mitigation Plan

West Bloomfield, Township of

Resolution to adopt Hazard Mitigation Plan

White Lake, Township of

Resolution to adopt Hazard Mitigation Plan

Wixom, City of

Resolution to adopt Hazard Mitigation Plan

Wolverine, Village of

Resolution to adopt Hazard Mitigation Plan
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Chapter 3: Community Profile

3.1 Historical Overview

The earliest inhabitants of the area were Native Americans of the Ottawa, Ojibwa, and
Potawatomi Tribes. Many of Oakland County's main transportation routes originated from
Native American trails such as the Saginaw Trail (Woodward Avenue), Shiawassee Trail (Orchard

Lake Road) and Grand River Trail (Grand River Avenue).
Figure 3-1. Map of Michigan

In 1818, a group of men from Detroit | ..
and Macomb County formed the
Pontiac Company with intent to K

purchase land and establish a town

within Oakland County. Later that onsee | g

same year, a group of professionals s O sl R - Y B -
and businessmen from Detroit
surveyed the area and reported on e
Oakland County’s abundant natural '

resources.

On January 12, 1819, Oakland County
was officially organized by
proclamation of Governor Lewis Cass.
The Oakland County seat was
established in Pontiac, with financial
and property contributions from the
Pontiac Company. Oakland County was
divided into 2 townships, Oakland

Township in the north and Bloomfield Township in the south. By 1827, Oakland County was
further divided to encompass 5 townships with the addition of Farmington, Troy, and Pontiac
Townships.

The first official census of Oakland County was conducted in 1820 and reported a population of
330 people. The population quickly grew within the next 10 years to include 4,911 people in
1830. By 1870, Oakland County, population 40,867, was the fifth largest in the state. The 2010
U.S. Census reported 1,202,362 residents, which is second in Michigan only to Wayne County.
According to Census projections, Oakland County has an estimated population of 1,269,431
people in 2022 (U.S. Census Bureau, 2023).
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3.2 Geography and Climate

Oakland County covers approximately 907 square miles and is located in southeast Michigan,
north of Wayne County and west of Macomb County. The topography of Oakland County
ranges from flat to gently rolling. Oakland County contains the headwaters for five major river
systems/watersheds, illustrated in Figure 3-2.

Weather in Oakland County is consistent with non-coastal areas of southeastern Michigan.
Table 3-1 provides average monthly weather conditions in Oakland County as recorded by the
National Weather Service (NWS) and National Oceanic and Atmospheric Administration (NOAA)
(NOAA, 2023).

Table 3-8: Oakland County Temperature and Precipitation Averages

OAKLAND COUNTY, MI
NOAA - AVERAGE MONTHLY TEMPERATURE AND PRECIPITATION

Average High Average Precipitation Average Snowfall
Month . .
Temperature (F) (inches) (inches)

January 32.3 2.23 14.0
February 35.2 2.08 12.5
March 45.9 2.43 6.2
April 58.7 3.26 1.5
May 70.3 3.72 0.0
June 79.7 3.26 0.0
July 83.7 3.51 0.0
August 81.4 3.26 0.0
September 74.4 3.22 0.0
October 62.0 2.53 0.0
November 48.6 2.57 1.9
December 37.2 2.25 8.9
Annual/Ave Total 59.12 2.86 3.75

Source: NOAA (May 2021)

3.3 Land Use Patterns

Although Oakland County's Planning and Economic Development Services Department provides
a variety of planning tools and services, Oakland County does not exercise land use or zoning
control. Instead, each of the individual cities, townships and villages in Oakland County are
zoned and exercise their own control regarding land use planning and permitting. The
exception is the Village of Bloomfield which is a subdivision within Bloomfield Township and not
a separate political jurisdiction.

The largest portion of land use in Oakland County is single-family residential followed by

agricultural/rural residential. Since 2015, mixed-use land use has exhibited the greatest acreage
increase at a 6.30% increase, since the previous version of this Plan. In the 2021 American
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Community Survey, 76% of Oakland County’s housing units were reported as single-unit
detached homes and 22.0% as multi-unit housing units.

The greatest decline in land use acreage has been in hospitality acreage with a (-12.50%)
decrease since the previous version of this Plan. Detailed land use according to Southeast
Michigan Council Governments (SEMCOG) is illustrated in Table 3-2.

Figure 3-1: Watersheds

Watersheds in Oakland County, Michigan
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|
Project Title: Oakland County All Hazard Mitigation Plan 0 1.2525 5 75 10
Produced By: Integrated Solutions Consulting/Developer N Miles
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Table 3-9: 2020 Land Use Patterns & Trends

OAKLAND COUNTY, MI
2020 LAND USE

Parcel Land Use Acres 2015 Acres 2020 2 (f rsa_ giez 0 Pct Ch:ggg 2015-
Single-Family Residential 143,186.90 145,990.40 2,803.60 2%
Attached Condo Housing 7,475.70 7,306.50 -169.3 -2.30%

Multi-Family Housing 7,738.10 8,160.30 422.2 5.50%
Manufactured Home 3,442.60 3,445.70 3.1 0.10%
Agricultural/Rural Residential 130,543.40 129,630.80 -912.6 -0.70%
Mixed Use 166.9 177.5 10.6 6.30%

Retail 8,602.80 8,492.50 -110.4 -1.30%

Office 7,924 7,750.20 -173.8 -2.20%
Hospitality 2,072.30 1,813.80 -258.4 -12.50%
Medical 2,916.40 2,864.60 -51.9 -1.80%
Institutional 16,768.90 15,368 -1,400.90 -8.40%
Industrial 14,885 14,389.10 -495.9 -3.30%
Recreational/Open Space 60,029 61,352.10 1,323.10 2.20%

Cemetery 2,529.50 2,529.50 0 0%

Golf Course 11,903.40 11,528.30 -375.1 -3.20%
Parking 1,114.20 1,182.80 68.7 6.20%
Extractive 5,734.20 5,786.70 52.5 0.90%

TCU 8,360.50 8,508.40 147.9 1.80%

Vacant 61,211.10 61,762.10 551 0.90%

Water 28,731.40 28,851.30 119.9 0.40%

Not Parceled 55,200.50 53,646.20 -1,554.30 -2.80%

Total 580,536.60 580,536.60 0 0%

Source: SEMCOG (2020)

3.4 Housing Trends

The median home value of owner-occupied housing units in Oakland County is approximately
$299,800 while approximately 5% of all housing units in Oakland County are vacant (Census
Reporter, 2023) in 2021.
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Table 3-10: 2020 Oakland County Housing Trends

OAKLAND COUNTY, MI
SEMCOG - HOUSING TYPE TRENDS

Change New Units
Housing Type ACS 2010 ACS 2020 2010- Permitted
2020 Since 2019
Single Unit 359,718 370,652 10,934 6,530
Multi-Unit 151,100 155,464 4,364 7,204
Manufactured Homes or Other 15,875 15,978 103 0
Total 526,693 542,094 15,401 13,734
Units Demolished (-1,484)
NET = Total Permitted - Demolished 12,250
Source: SEMCOG (2020)
Table 3-11: 2020 Oakland County Building Permits
OAKLAND COUNTY, MI | SEMCOG — BUILDING PERMITS
Year Single Two Attach Multi Total Total Net
Family Family Condo Family Units Demos Total
2000 4,285 120 633 346 5,384 390 4,994
2001 3,377 130 819 519 4,845 480 4,365
2002 3,234 116 1,284 644 5,278 428 4,850
2003 3,838 16 1,181 574 5,609 405 5,204
2004 3,829 90 2,241 331 6,491 548 5,943
2005 3,199 124 1,043 138 4,504 503 4,001
2006 1,607 72 438 185 2,302 400 1,902
2007 876 12 182 32 1,102 277 825
2008 543 79 139 769 324 445
2009 401 10 42 461 378 83
2010 794 39 37 874 290 584
2011 1,134 90 36 1,262 306 956
2012 1,707 30 150 84 1,971 502 1,469
2013 2,210 123 655 2,990 448 2,542
2014 2,022 4 89 294 2,409 487 1,922
2015 2,035 18 151 797 3,001 532 2,469
2016 1,928 2 201 946 3,077 524 2,553
2017 2,330 2 346 1,427 4,105 521 3,584
2018 1,989 38 367 860 3,254 508 2,746
2019 1,665 197 2,109 3,971 389 3,582
2020 1,618 305 1,365 3,288 355 2,933
2021 1,615 406 1,525 3,548 360 3,188
2022 1,497 14 214 927 2,652 359 2,293
2023 135 0 10 130 275 21 254
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2000 to 2023

47,868 814 10,598 14,142 73,422 9,735 63,687
totals

Source: SEMCOG (2023)

3.5 Transportation Network

There are approximately 6,152 miles of public roads within Oakland County (SEMCOG, 2023).
Oakland County roads are maintained by the Road Commission for Oakland County. This Road
Commission is charged with maintaining over 2,700 miles of county roads, 230 miles of state
highway and approximately 1,500 county, city, and state traffic signals in Oakland County
(OCRC, 2023). Portions of the County road system are also maintained by the Michigan
Department of Transportation and some municipalities.

The Suburban Mobility Authority for Regional Transportation (SMART) provides bus service to
54 fixed routes throughout Oakland, Wayne, and Macomb Counties. SMART buses run seven
days per week, 22 hours per day and provide 12 million rides per day. SMART also provides
specialized services to the elderly and handicapped (Smartbus, 2023).

Oakland County is proud to manage three airports, including Oakland County International
Airport (PTK), which ranks as the 97 busiest airport in the nation with 126,240 takeoffs and
landings. PTK is ranked as the nation's sixteenth busiest general aviation airport and second to
Detroit Metro in Michigan (2021 data). Over % million passengers and pilots pass through the
airport every year. More than 624 private and corporate aircraft are based here. In the course
of a year, virtually all the Fortune 500 companies use the airport. The airport contributes over
$1 billion to the County's economy each year. The aggregate tax contribution of airport
businesses ranks the OCIA community as the second-highest taxpayer in Waterford Township
(Oakland County, 2023).

Passenger rail service is provided by Amtrak with stations located in Pontiac, Birmingham, and
Royal Oak. The rail service connects to Detroit, which further connects passengers to numerous
cities throughout the country. Freight rail lines are located throughout Oakland County and are
operated by Canadian National Railway and CSX Transportation (Access Oakland, 2023).

3.6 Population and Demographic Characteristics

Oakland County is the second most populous county in Michigan with a total population of
1,274,395 as of the 2020 Census (U.S. Census Bureau, 2023). Population projections estimate
that by 2050 the population will be 1,387,838 which is an increase of 193,682 since year 2000
(SEMCOG, 2023).

Figure 3-3 illustrates the Oakland County population forecasted by SEMCOG while Table 3-5
illustrates household characteristics.
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Figure 3-2: Oakland County Total Population By Census Tract

OAKLAND COUNTY, MI

TOTAL POPULATION BY CENSUS TRACT

TOTAL POPULATION TOTAL NUMBER OF CENSUS TRACTS
1,274,395 360
oty
Holly Addison
Rose
Highi

Milford
Twp

I _ Total Population per acre

0.00
0.54

291
5.68
9.98
26.02

[]—mm

Source: U.S. Census Bureau — Population of Oakland County, Ml (2023)
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Figure 3-3: Oakland County Population Forecast
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Table 3-12: 2020 Oakland County Household Characteristics
OAKLAND COUNTY, MI
SEMCOG — HOUSEHOLD CHARACTERISTICS
Census Census Change Pct Change SEMCOG SEMCOG
Households
2020 2010 2010-2020 2010-2020 Jul-22 2050
Housing Units 554,403 527,255 27,148 5.10% 560,986 -
Housteholdsr 524,047 483,698 40,349 8.30% 523,973 573,614
(Occupied Units)
Residential Vacancy | ., 8.30% -2.80% - 6.60% -
Rate
A"erages'i::“seh°'d 24 2.46 -0.06 - 239 238

Source: SEMCOG (2023)

Table 3-13: 2020 Oakland County Population Change By Age

OAKLAND COUNTY, MI
U.S. CENSUS BUREAU — POPULATION CHANGE BY AGE

Age Group C:g:;s Change 2000-2010 ACS 2020 Change 2010-2020

Under 5 68,506 411,861 67,388 618
9-May 77,140 -9,186 68,943 8,197
14-Oct 83,450 2,048 77,253 6,197
15-19 81,049 6,777 76,537 4,512
20-24 63,344 2,753 74,263 10,919
25-29 71,670 -10,445 85,384 13,714
30-34 71,717 22,355 80,780 9,063
35-39 80,354 -23,680 80,540 186
40-44 89,478 117,543 76,184 113,294
45-49 98,381 2,494 86,686 411,695
50-54 99,877 15,948 89,969 29,908
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55-59 86,571 24,161 93,697 7,126
60-64 71,701 29,026 85,826 14,125
65-69 50,320 14,989 71,400 21,080
70-74 33,783 -1,157 53,604 19,821
75-79 27,347 -2,063 35,251 7,904
80-84 23,917 4,848 22,118 -1,799
85+ 23,757 7,548 29,017 5,260
Total 1,202,362 8,206 1,255,340 52,978
Median Age 40.2 3.5 41 0.8

Source: SEMCOG (2023)

Table 3-14: 2020 Oakland County Race and Demographic Information
OAKLAND COUNTY, MI
SEMCOG — RACE AND DEMOGRAPHIC INFORMATION

Race and Census Percent of Census Percent of Percentage Point
Hispanic Origin 2010 Population 2010 2020 Population 2020 Change 2010-2020
Non-Hispanic 4,521,773 96.1% 4,587,818 95% -1.1%
White 3,223,281 68.5% 3,108,251 64.3% -4.2%
Black 1,018,089 21.6% 997,657 20.7% -1%
Asian 168,092 3.6% 245,417 5.1% 1.5%
Multi-Racial 92,100 2% 205,178 4.2% 2.3%
Other 20,211 0.4% 31,315 0.6% 0.2%
Hispanic 182,970 3.9% 242,671 5% 1.1%
Total 4,704,743 100% 4,830,489 100% 0%

Source: SEMCOG (2023)

Table 3-15: 2020 Oakland County Educational Attainment

OAKLAND COUNTY, MI
SEMCOG - EDUCATIONAL ATTAINMENT

Highest Level of Education*® ACS 2010 ACS 2020 Percentage Point Change 2010-2020

Did Not Graduate High School 7.8% 5.6% -2.1%
High School Graduate 21.4% 18.4% -3%

Some College, No Degree 21.3% 19.8% -1.4%
Associate Degree 7.4% 8.2% 0.8%
Bachelor's Degree 24.6% 27.3% 2.7%
Graduate / Professional Degree 17.6% 20.7% 3.1%
Did Not Graduate High School 7.8% 5.6% -2.1%

* Population age 25 and over

Source: SEMCOG (2023)
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Table 3-16: 2020 Oakland County School Enroliment

OAKLAND COUNTY, MI
SEMCOG / U.S. CENSUS BUREAU — SCHOOL ENROLLMENT

Grade Level Population Percent of Population
Nursery School, Preschool 19,047 6.5%
Kindergarten to 12" Grade 197,102 67.0%

College/Undergraduate 57,165 19.4%
Graduate, Professional 20,696 7.0%

Source: U.S. Census Bureau (2023)

3.7 Economic Characteristics

According to the SEMCOG, there will be approximately 1,145,081 jobs within Oakland County in
the year 2050. Based off U.S. Census Bureau estimates, approximately 82.9% of the Oakland
County population is over 16 years of age with 65.8% of the overall population in the civilian
labor force (SEMCOG, 2023).

Table 3-17: Oakland County Employment Industries

OAKLAND COUNTY, MI
SEMCOG — FORECASTED JOBS BY INDUSTRY SEDCTOR

Forecasted Pct
Change
Jobs By Change
2019 2020 2025 2030 2035 2040 2045 2050 2019-

Industry 2050 2019-
Sector 2050
Natural

Resources, 43,362 42,214 56,173 56,161 55,696 54,655 54,256 54,230 10,868 25.1%

Mining, &

Construction
Manufacturing 73,645 66,786 78,307 78,333 76,488 73,509 71,752 71,543 2,102 2.9%
W:‘r’;zs:"e 44,294 41,669 45,153 47,036 48,345 48,166 48,060 48,236 3,942 8.9%
Retail Trade 94,466 83,552 87,883 84,611 79,721 76,288 73,649 71,201 223,265 24.6%
Transportation,
Warehousing, 27,506 27,347 33,999 35,150 35,635 35,936 36,373 36,985 9,479 34.5%
& Utilities
Information &
Financial 165,073 153,531 168,567 173,975 176,495 178,217 180,511 183,383 18,310 11.1%

Activities

Professional
and Technical 162,271 153,216 171,861 179,934 185,696 191,124 197,635 205,551 43,280 26.7%
Services &
Corporate HQ
Administrative,
Support, & 80,060 68,503 76,738 80,453 83,566 85,956 88,767 92,098 12,038 15%
Waste Services

LT 50,011 46,515 49,733 51,170 52,243 52,717 53,036 53,514 3,503 7%

Services
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H:::'If::e 124,583 115,065 126,182 133,841 139,873 144,973 150,410 157,088 32,505 26.1%
ST 88,685 65,209 87,787 92,927 94,297 94,746 95,146 95,610 6,925 7.8%
Hospitality
Other Services 50,769 44,079 50,635 53,373 54,488 55,014 55,513 56,072 5,303 10.4%
Public 19,040 18,183 19,177 19,418 19,624 19,608 19,566 19,570 530 2.8%
Administration
Total
Employment 1,023,765 925,869 1,052,195 1,086,382 1,102,167 1,110,909 1,124,674 1,145,081 121,316 11.8%
Numbers

Source: SEMCOG (2023)

Table 3-18: Oakland County Household Income
OAKLAND COUNTY, MI
SEMCOG — HOUSEHOLD INCOME

Income (in 2020 dollars) ACS 2010 | ACS 2020 Change 2010-2020 Percent Change 2010-2020
Median Household Income $78,798 $81,587 $2,789 3.5%
Per Capita Income $42,892 $46,075 $3,183 7.4%

Source: SEMCOG (2023)

3.8 FEMA Community Risk Index

According to FEMA, Oakland County has a Community Risk Index Rating of “Relatively High”
and a Community Risk Index Score of “96.09” (FEMA National Risk Index, 2023).

The Risk Index score is based on the following components: Social Vulnerability, Community
Resilience, and Estimate Annual Loss (EAL), with EAL based on Exposure, Annualized Frequency,
and Historic Loss Ratio (HLR) factors, for a total of five risk factors (FEMA National Risk Index,
2023).

Each risk factor contributes to either the likelihood or consequence aspect of risk and can be
classified as one of two risk types: risk based on geographic location or risk based on the nature
and historical occurrences of natural hazards. The five risk factors are summarized in Table 3-
12. (FEMA National Risk Index, 2023).

Table 3-19: FEMA National Risk Index: Risk Components & Factors
FEMA NATIONAL RISK INDEX
RISK COMPONENTS & FACTORS

. , Risk Factor Risk Risk Type
Risk Component Risk Factors , .. o . A2
Description Contribution Assignment
Social Vulnerability Social Vulnerability Consequence Enhancer Consequence Geographic Risk
C it C it -
°m.".1“"' v om.n?um v Consequence Reducer Consequence Geographic Risk
Resilience Resilience
E ted A | .
xpec Ifeoss nhua Exposure Expected Consequence Consequence Natural Hazard Risk
Expected Annual Annualized Probability of Likelihood Natural Hazard Risk
Loss Frequency Occurrence
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Expected Annual

Loss Historic Loss Ratio Expected Consequence Consequence Natural Hazard Risk

3.9 Community Resilience

According to FEMA, Oakland County has a Community Resilience Rating of “Very High” and a
Community Resilience Score of “89.59” (FEMA National Risk Index, 2023).

Community resilience is defined as the ability of a community to prepare for anticipated natural
hazards, adapt to changing conditions, and withstand and recover rapidly from disruptions
(FEMA National Risk Index, 2023).

The “Community Resilience Score” and “Community Resilience Rating” represent the relative
level of a community’s resilience compared to all other communities at the same level. The
Community Resilience Score is inversely proportional to a community’s risk. A higher
Community Resilience Score results in a lower Risk Index Score (FEMA National Risk Index,
2023).

3.10 Social Vulnerability and Underserved Populations

According to FEMA, Oakland County has a Social Vulnerability Rating of “Very Low” and a Social
Vulnerability Score of “14.64” (FEMA National Risk Index, 2023).

Social vulnerability is defined as the susceptibility of social groups to the adverse impacts of
natural hazards, including disproportionate death, injury, loss, or disruption of livelihood (FEMA
National Risk Index, 2023).

The "Social Vulnerability Score” and “Rating” represent the relative level of a community’s
social vulnerability compared to all other communities at the same level. A community’s Social
Vulnerability Score is proportional to a community’s risk. A higher Social Vulnerability Score
results in a higher Risk Index Score (FEMA National Risk Index, 2023).

Social vulnerability is one of five components included in the formulation of the “National Risk
Index Score” in addition to Community Resilience, Estimated Annual Loss (EAL) based on
Exposure, Annualized Frequency, and Historic Loss Ratio (HLR) factors (FEMA National Risk
Index, 2023).

Table 3-13 illustrates at-risk populations in Oakland County as compared to U.S. percentages
and the differences thereof. As seen in Table 3-13, Oakland County demonstrates lower
percentages of at-risk/disadvantaged individuals compared to average U.S. population
percentages.

Table 3-20: Oakland County Neighborhoods At-Risk Table (2017-2021)
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NEIGHBORHOODS AT-RISK TABLE
OAKLAND COUNTY, Ml (2017-2021)
Indicators 2021* Oakland Cf)unty Oakland County u.s. Percent Difference
Population Percentage Percentage | (Oakland County vs. U.S.)
Peopl
LLTIOCIE H 67,659 5.3% 5.9% (-0.6%)
years
People over 65 215,043 16.9% 16.0% 0.9%
years
_ People of color 374,326 29.4% 40.6% (-11.2%)
(including Hispanic)
People who don’t 21,025 1.7% 4.1% (-2.4%)
speak English well
People without a
. 48,382 5.4% 11.1% (-5.7%)
high school degree
Families in poverty 15,479 4.7% 8.9% (-4.2%)
H i its that
ousing units tha 147,099 28.3% 35.4% (-7.1%)
are rentals
H hol ith
ouse °c:: withno 28,381 5.5% 8.3% (-2.8%)
People with
eop'e wi 144,275 11.4% 12.6% (-1.2%)
disabilities
People without 52,204 4.1% 8.5% (-4.4%)
health insurance
High Reliability: Data with coefficients of variation (CVs) < 12% are in black to show that the sampling error is small.
Data with CVs between 12 & 40% are in orange. These values should be interpreted with caution.
Low Reliability: Data with CVs > 40% are displayed in red to indicate that the estimate is considered very unreliable.
* ACS 5-year estimates: 2021 represents average characteristics from 2017-2021.
CITATION: U.S. Department of Commerce. 2022. Census Bureau, American Community Survey Office, Washington D.C.,
reported by Headwaters Economics’ Neighborhoods at Risk, headwaterseconomics.org/par.
Source: Neighborhoods At Risk (2021), U.S. Census Bureau (2021)

Table 3-14 illustrates 34 (out of 338) census tracts in Oakland County that are identified as
“disadvantaged”. According to the Council on Environmental Quality (ACEQ), a community is
identified as “disadvantaged” if it is located in a census tract that is at or above the threshold
for one or more environmental, climate, or other burdens and at or above the threshold for
associated socioeconomic burdens, including poverty and language barriers.

The total population of these 34 census tracts is 123,692, which is 0.09% of the total Oakland
County population (US Census Bureau, 2021). Each census tract is further identified in
(Appendix F — Disadvantaged Communities), illustrating the specific socioeconomic burdens of
each census tract.
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Table 3-21: Oakland County Disadvantaged Census Tracts

OAKLAND COUNTY, Mi
CLIMATE & ECONOMIC JUSTICE SCREENING TOOL - DISADVANTAGED CENSUS TRACTS
CENSUS TRACT 2010 ID CENSUS TRACT POPULATION LOW INCOME TRACT?
26125135000 3,842 TRUE
26125140900 5,419 TRUE
26125141000 5,225 TRUE
26125141100 2,984 TRUE
26125141200 3,136 TRUE
26125141300 3,719 TRUE
26125141400 4,626 TRUE
26125141500 6,378 TRUE
26125141600 4,485 TRUE
26125141700 2,268 TRUE
26125142000 2,348 TRUE
26125142100 1,584 TRUE
26125142200 2,764 TRUE
26125142300 2,307 TRUE
26125142400 3,428 TRUE
26125142600 3,539 TRUE
26125142700 3,797 TRUE
26125144701 3,830 TRUE
26125160300 3,001 TRUE
26125160400 2,816 TRUE
26125161400 4,032 TRUE
26125162400 2,289 TRUE
26125171300 3,356 FALSE
26125171500 5,194 TRUE
26125171600 2,061 TRUE
26125172400 1,651 TRUE
26125172500 2,411 TRUE
26125175100 5,169 TRUE
26125175200 3,910 TRUE
26125175300 4,314 TRUE
26125181000 3,875 TRUE
26125181300 6,002 TRUE
26125181600 5,236 TRUE
26125198100 2,696 FALSE
Total Population in Disadvantaged Census Tracts: 123,692
The Climate and Economic Justice Screening Tool (CEJST) highlights disadvantaged census tracts across all 50 states, the
District of Columbia, and the U.S. territories. Communities are considered disadvantaged:
e If they are in census tracts that meet the thresholds for at least one of the tool’s categories of burden, or
e If they are on land within the boundaries of Federally Recognized Tribes.
The CEJST tool uses datasets as indicators of burdens. The burdens are organized into categories. A community is
highlighted as disadvantaged if it is located in a census tract that is:
1. Atorabove the threshold for one or more environmental, climate, or other burdens, and,
2. Atorabove the threshold for an associated socioeconomic burden.
In addition, a census tract that is completely surrounded by disadvantaged communities and is at or above the 50%
percentile for low income is also considered disadvantaged.
Source: U.S. Council on Environmental Quality - Climate & Economic Justice Screening Tool (2023)
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Figure 3-5 illustrates the Oakland County Community Resilience Index Story Map. This map
shows each participating jurisdiction with density mapping used to identify community areas

that are overburdened by the 22 challenges identified by the FEMA Community Resilience
Challenges Index.

Figure 3-4: Oakland County Community Resilience Index Story Map
OAKLAND COUNTY, MI
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3.11 Community Services/Organizations

Natural gas service is provided to Oakland County customers by Consumers Energy, DTE Gas,
and SEMCO. Those outside of natural gas service areas and those using other heating fuels are
serviced by AmeriGas, Ferrellgas, Hamilton's Propane, Northwest Energy and Oakland Fuels.
Electrical service is provided by Consumers Energy and DTE Electric. The primary telephone
service providers are AT&T, CenturyTel Midwest, Frontier and Verizon North. Water and sewer
services for a large portion of Oakland County are overseen by the Water Resources
Commissioner's Office.

Oakland County provides a number of services to residents through various agencies and
departments, including the Office of the Water Resources Commissioner, Emergency
Management and Homeland Security, Equalization, Health Division, Parks and Recreation,
Planning and Economic Development Services and the Oakland County Sheriff's Office. Many of
the County’s services operate from the Oakland County government campus at 1200 North
Telegraph Road in Pontiac, Michigan.

Oakland County is served by 28 school districts. Also within Oakland County are multiple
colleges and universities. Additional learning resources are provided through public library
services throughout the County.

Oakland County has an extensive Parks and Recreation Department which maintains a number
of County parks. The County is also home to numerous festivals such as the annual Arts, Beats
and Eats; Renaissance Festival and the Woodward Dream Cruise. Major shopping and
entertainment venues within the County include the Great Lakes Crossing Outlets, the
Somerset Collection, Twelve Oaks Mall, the Suburban Collection Showplace, and the Pine Knob
Music Theatre.
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3.12 Critical Assets

The following list of the top critical assets was developed based on current and future land use
in Oakland County, the nature of hazards which may affect the County and the results of
community input. The following facilities and infrastructure were identified as critical to
providing essential products and services to the general public, preserving the welfare and
quality of life of the community, and assuring public safety, emergency response and disaster
recovery. Changes to the critical assets list from the original 2005 Plan included adding "other
response facilities" to hospitals and removing natural areas from the list. Natural areas are
included under open spaces.

e Central business districts.

e Commercial sites.

e Hospitals/other response facilities.
e Industrial sites.

e Open spaces.

e Public facilities.

e Residential areas.

e Roads, railroads, and bridges.

e Schools and churches.

e Sports and entertainment venues.
e Utility facilities.

Natural features are highly valued assets in Oakland County. Oakland County Planning and
Economic Development Services has established a priority ranking for all natural features to
preserve the remainder of the County’s natural heritage. The purpose of establishing priority
areas is to maintain the economic, environmental, educational, and recreational benefits that
natural areas provide.

Additional assets, because of their increased vulnerability and/or importance to the
community, are noted in this section of the plan. They include:

e Fire Stations

e Schools Districts

e Administration-related Buildings

e Historical Sites and Districts

e Historical Designations

e Manufactured Home Communities
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Figure 3-5: Fire Stations

Fire Stations in Oakland County, Michigan
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Figure 3-6: School Districts

School Districts in Oakland County, Michigan
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Figure 3-7: Administration-related Buildings
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Figure 3-8: Historical Sites and Districts

Souths Grand B A h"w“:mmg e ~
h Grand Blanc,
Belford Station A Friedland: Faper Clty {3, Thauer Noeth Oxford e
A ] Ortonville A
‘Graneland MUl ot - -
‘A Perpilie il
4 xford Park
Grange Hall Shoupe
A Brandon Gardens s, Pevry Lake Helghts a
3 A Oxfoed
Five Points : >
Bild Bagle 5, ~
A Kbovobiind, i A0 Groveland Cormers Lea7] @ - AMMM“'
Groveland Cottage: ¥ gl -
Grover Seypaour Lake -
A Wnknown) o
Holly, Olive Branch 3 Campbells Corners
Qahnil 2
Holtg s A Austin; Austin Corners A -
S s + Perryebirg Perryiburg Sertiement
> : &
- Canadaiguas
Jossman Acres Walters: le a Tmce ndsigun an
= Walter's Lake Station Tensey A A anedaigus ity Ring Satemens
A Lakeodon A . o
Davisburg Springfield: Randall Beach Heights Rudds Mill
A Litle Speiing Stntion Valley Mills
Rose Corners 5 . i Mahopac! 7
Steam Ml !
& . sereia SR Clatk's Corners 2 ‘
g Pinery Decké Stlement
Rosé Center, . s
S e | B prrl, Wildwood Uillage 4}
& i i Andersonviller S »
Pinderson Seftlement; [ Bames: Soodlaon: N .
Goodison's Crossin .
G it Tiasted Sertiement v‘(v\ﬂwAllvﬂlt fg::g*;‘,‘,m“ Goodison Station” .
® (] "
Teld Mountainy .
Ball Mountain &
a . "
White Lake - Bl
A Waterford ovion Junction  STORSUCEER
Hickory figs: 1 . Clintanville L e an
e ! Roceser
Seven Harboes A Drayton Plains A g Five Points -
SR ]
:-j ) o . ,
. ] h Cotuma bl Bluf[s 1 Vel
East Highland D Hollister . . L
WestHighland, .
Highland —
& @ Hightends T A Ombow s - =
Hightand Speing Wil Hophin's Nilly 4
‘Spring Mills hite Lake Center
£ R eshop
. S . S ' fe L
White Lake & Auburn Heights: Ay A
= %, Union Lake . West Utica L7
Splvan Lake k) - M:m" ol v:"l
- h“!wliurbvl“ B .i
Milfora Commerce e P s Y L A7 s §
- Y { - West icres s HleEohs oy oy Coenars Uniogt Corners
‘A 8 A Bloomfleld Hills: frog Center Mastings
5 e < Bloomfield Centen Union Corners: Niles Corners
P = & & Bloomfield Centees A
- Orchard Beach ; BogleyCoris & . Colerain
ey Par AN i ® Ochard Lake A =
Oaiey Park Straits Charing Cross ’
. W seaigs Ay
tengory A Meine Lake N
A = L E Big Beaver
Walaut 5 . < A
< e PBirmingham Plery HilL
Willks Cornens .
Hunfer s Cornets
Hemilion s Cornet . A Counchl Corners
Htles (Private) Wailled Lake
North Farmingtons .
West Bloom(leld . Ciavsn
~ % . A fevertyins:
A L 7 - Bingham Farms Westwood
Kensington: Kent , ® Y ) =
New Hudson . A Ll i . - &
5 Coles Corner Franklin
n . e
st b Lathrup Village Berkley .
A J el oA
b Aece o L e 4 & Ropal onk
A = . .
ol ot cengre, . i “t ‘@ O
Bowi Corners; The Cornerty
South Lyon. four Corners o ol s . @
- - S g 3 v 3 b Pleasant Ridge: g [
& : soutfiadCests i et
® § i Taeniagton Southfield Centre Urbanrest
- i Ferndale Ap
L st Clarenceuilte Ay hingn
Griswolds Coener 5 - Heights
| P oy 5
5

OAKLAND COUNTY

" National Historic Landmark
@ National Register of Historic Places

o " Map Created March 1st, 2008
A Historic Settlement e

Lakes & Rivers
Local Historic Place Highway

& Michigan State Register of Historic Sites ﬂ? Historic District (inset Map Only) Municipal Boundary
e B e i . s A B B i G A i i 0 e A, i i, A0 G i s A A . i i A s i A, s D s s i s i, s 0 i . 0 A s s e B A S 4

Source: Oakland County, Mi

Scale For Canter Map Only
0 1

Chapter 3 | Community Profile | 3-21



2023 Oakland County Hazard Mitigation Plan | Volume 1

Table 3-22: Historical Designations

Oakland County
Historic Designations

Addison Township No No %

Auburn Hills City No No 2

Berkley City No No 2

Beverly Hills Village No No 1

Bingham Farms  [Village No No No

Birmingham City No 3 2 Yes
Bloomfield Hills  [City 1 2 1

Bloomfield Township No 2 4

Brandon Township No No 1l

Clarkston City No 1 No Yes
Hazel Park City No No No

Commerce Township No 1 8

Farmington Hills  |City No 3 29 Yes
Leonard Village No No No

Fenton No No No

Oak Park City No No No

Waterford Township No 1 5 Yes
Groveland Township No No No

Haolly Township No 2 No

Lathrup Village City No 2 No Yes
Wixom City No No 3

Clawson City No No No

Huntington Woods|City No No 1 Yes
Independence Township No 1 2

Keego Harbor City No No No

Lake Angelus City No No No

Farmington City No 1 2 Yes
Ferndale City No No 2

Franklin Village No 2 4 Yes
Lyon Township No No 1

Madison Heights  [City No No No

Milford Township No 1 1

Milford Village No 3 6 Yes
Northville City No 1 No

Novi City No 1 1

Novi Township No No No

Holly Village No 8 8 Yes
Oakland Township No 3 2 Yes
Orchard Lake City No 1 3 Yes
Orion Township No No 3

Lake Orion Village No No 6 Yes
Oxford Township No 1 1

Ortonville Village No 1 1

Pleasant Ridge City No 2 No Yes
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Oakland County
Historic Designations

Oxford Village No No 3

Rochester Hills City No 3 5 Yes
Pontiac City No 15 i Yes
Rose Township No 1 1

Royal Oak City No 1 7 Yes
Royal Qak Township No No 1

South Lyon City No No 3

Southfield City No No 8 Yes
Southfield Township No No No

Springfield Township No No 1

Sylvan Lake City No No No

Troy City No 2 10 Yes
Rochester City No 2 7

Highland Township No 2 No

West Bloomfield [Township No No No

White Lake Township No No 2

Walled Lake City No No 1 Yes
Wolverine Lake Village No No No

Total 1 64 159

Source: Oakland County, Mi
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Figure 3-9: Manufactured Home Communities
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Chapter 4: Hazard Profile & Risk
Assessment

4.1 Overview

This Plan evaluated over 40 hazards during the 2023 Oakland County HMP Update. Risks were
identified using a combination of historical research, surveys, workshops, community, and
public meetings, and the 2017 Plan. Based on this evaluation, specific hazards were identified
as requiring additional consideration and therefore are the focus of this Mitigation Plan. These
hazards were selected to represent both County-wide and local community concerns.
Evaluation of these hazards does not reduce the significance of a hazard event from any of the
hazards evaluated but provides a method for Oakland County to focus mitigation activities and
resources.

Some hazards were consolidated into similar groupings (e.g., all forms of infrastructure failure
were ultimately combined). Per FEMA’s mandate to address all natural hazards, the following
natural hazards were not included because these hazards do not directly impact the County.
They are:

e Hurricanes

e Sea Level Rise
e Storm Surge
e Tsunami

While this section provides a detailed description and profile of each hazard, the analysis is
provided at the county level. Specific hazard risks and concerns for the municipalities and
school districts are addressed in Volume Il and Volume IlI of this Plan. The hazards that are
addressed in this section are:

Natural Hazards o Microbursts/High Winds
e Drought o Hailstorms
e Earthquake e Severe Winter Storms
e Extreme Heat o Extreme Cold
e Flooding — Riverine and o Ice and Sleet Storms
Urban/Depressional o Snowstorm/Blizzard
e Fog e Subsidence
e Invasive Species o Natural
e High Hazard Dams o Mining
e Severe Summer Storms e Tornadoes
o Thunderstorms e Wildfires
o Lightning
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4.1.1 Presidential Disaster (DR) and Emergency Declarations (EM) in Oakland
County

Table 4-1 lists all disaster and emergency declarations in Oakland County according to FEMA. This
list shows the foundation for identifying what hazards pose the most significant risk within
Oakland County.

While severe storms have been the most significant natural hazard Oakland has experienced,
flooding and snowstorms have also created damage that have received a federal disaster
declaration over the past years. The table below lists the county's presidential or federal
disaster declarations since 1953.

Table 4-23. State and Federal Disaster Declarations for Oakland County

Decl i FEMA Di Decl i
Incident Type Declaration Title eclaration Isaster Location eclaration
Date Number Type
Flood Severe Storms, ngh Winds, & 4/26/75 465 M DR
Flooding
Severe Storm Severe 'Storms, Tornadoes, 3/19/76 495 Ml DR
Icing & Flooding
Snowstorm Blizzards & Snowstorms 1/27/78 3057 Ml EM
Severe Storm Severe Storms, Tornadoes, 7/11/97 1181 M DR
and Flooding
Snowstorm MI — Severe Weather 1/2 /99 1/27/99 3137 Ml EM
Severe Storm Severe Storms, and Flooding 10/17/00 1346 Ml DR
Snowstorm Snow 1/10/01 3160 Ml EM
Other Power Outage 9/23/03 3189 Ml EM
Severe Storm Severe Storms, Tornadoes, 6/30/04 1527 MI DR
and Flooding
Hurricane Hurricane Katrina Evacuation 9/7/05 3225 Ml EM
Flood Severe Storms, and Flooding 9/25/14 4195 Ml DR
Biological COVID-19 3/13/20 3455 Ml EM
Biological COVID-19 Pandemic 3/27/20 4494 Ml DR
Severe Storms Severe Storms, Flooding, and 7/15/2021 4607 Ml DR
Tornadoes (IA only)

4.2 Risk Assessment Methodology

4.2.1 Probability of Occurrence

The probability of occurrence of a hazard is indicated by a probability factor based on the
likelihood of annual occurrence:

e High: Significant hazard event is likely to occur annually (Probability Factor = 3)

e Medium: Significant hazard event is likely to occur within 25 years (Probability Factor =
2)

e Low: Significant hazard event is likely to occur within 100 years (Probability Factor = 1)
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e Unlikely: There is little to no probability of significant occurrence, or the recurrence
interval is greater than every 100 years (Probability Factor = 0)

The assessment of hazard frequency is generally based on past hazard events in the area.

4.2.2 Extent

Extent was assessed in two categories: extent/intensity and catastrophic potential of the
hazard. Numerical impact factors were assigned as follows:

Extent/Intensity: Extent is the range of anticipated intensities of the identified hazards. Extent
is most commonly expressed using various scientific scales, such as the Enhanced Fujita scale.

e High: Historical and/or probabilistic models/studies for this hazard indicate the
possibility of a high-intensity incident (Extent Factor = 3)

e Maedium: Historical and/or probabilistic models/studies for this hazard indicate the
possibility of a medium-intensity incident (Extent Factor = 2)

e Low: Historical and/or probabilistic models/studies for this hazard indicate the
possibility of a low-intensity incident (Extent Factor = 1)

e Unlikely: Historical and/or probabilistic models/studies for this hazard indicate the
possibility of little to no intensity (Extent Factor = 0)

Catastrophic Factor: The potential that an occurrence of this hazard could be catastrophic.

e High: High potential that this hazard could be catastrophic (Extent Factor = 3)

e Medium: Medium potential that this hazard could be catastrophic (Extent Factor = 2)

e Low: Low potential that this hazard could be catastrophic (Extent Factor = 1)

e Unlikely: Virtually no potential that this hazard could be catastrophic (Extent Factor = 0)

Each category was assigned a weighting factor to reflect its significance, consistent with those
typically used for measuring the benefits of hazard mitigation actions: a weighting factor of 3

was assigned for Extent/Intensity and its potential for Catastrophe.

4.2.3 Vulnerability

Vulnerabilities were assessed in three categories: population exposure, property exposure, and
exposure based on changes in development. Numerical impact factors were assigned as
follows:

People: Values were assigned based on the percentage of the total population exposed to the
hazard event.

e High: 30% or more of the population is exposed to this hazard (Vulnerability Factor = 3)
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e Medium: 15% to 29% of the population is exposed to this hazard (Vulnerability Factor =
2)

e Low: 14% or less of the population is exposed to this hazard (Vulnerability Factor = 1)

e No Vulnerability: None of the population is exposed to this hazard (Vulnerability Factor
= 0)

Property Exposed: Values were assigned based on the percentage of the total property value
exposed to the hazard event.

e High: 25% or more of the total assessed property value is exposed to the hazard
(Vulnerability Factor = 3)

e Medium: 10% to 24% of the total assessed property value is exposed to the hazard
(Vulnerability Factor = 2)

e Low: 9% or less of the total assessed property value is exposed to the hazard
(Vulnerability Factor = 1)

e No Vulnerability: None of the total assessed property value is exposed to the hazard
(Vulnerability Factor = 0)

Changes in Development Factor: Changes in development since the previous Plan was
approved have increased or decreased the community’s vulnerability/exposure to this hazard.

e High: Changes in development have significantly increased the vulnerability/exposure of
the community to this hazard (Vulnerability Factor = 3)

e Maedium: Changes in development have increased the vulnerability/exposure of the
community to this hazard, but not significantly (Vulnerability Factor = 2)

e Low: Changes in development have minimally increased the vulnerability/exposure of
the community to this hazard (Vulnerability Factor = 1)

e No Vulnerability: Changes in development have had no effect and/or have decreased
the vulnerability/exposure of the community to this hazard (Vulnerability Factor = 0)

Each category was assigned a weighting factor to reflect its significance, consistent with those
typically used for measuring the benefits of hazard mitigation actions: a weighting factor of 3
was assigned for People, and a weighting factor of 1 was assigned for Property Exposed and
Changes in Development.

4.2.4 Impact
Hazard impacts were assessed in eight categories: population and life/safety,

underserved/equity, property damages, economic, environmental, essential operations, future
development, and climate change. Numerical impact factors were assigned as follows:

Chapter 4 | Risk Assessment | 4-4



2023 Oakland County Hazard Mitigation Plan | Volume 1

Population and Life/Safety: Values were assigned based on (1) best available historical and
probabilistic data for individuals vulnerable to the hazard event and (2) the likelihood to
experience adverse impacts in the event of its occurrence.

e High: Populations exposed to this hazard are likely to experience significant adverse
impacts (Impact Factor = 3)

e Medium: Populations exposed to this hazard are likely to experience some adverse
impacts (Impact Factor = 2)

e Low: Populations exposed to this hazard are likely to experience minimal adverse
impacts (Impact Factor = 1)

e No impact: Populations exposed to this hazard are not likely to experience significant
adverse impacts (Impact Factor = 0)

Underserved/Equity: Values were assigned based on the best available data for underserved
populations vulnerable to the hazard event and likely to experience adverse or
disproportionate impacts. As a result of the hazard incident, these populations may suffer from
greater disparities in equity.

e High: Underserved populations exposed to this hazard are likely to experience
significant adverse/disproportionate impacts (Impact Factor = 3)

e Medium: Underserved populations exposed to this hazard are likely to experience some
adverse/disproportionate impacts (Impact Factor = 2)

e Low: Underserved populations exposed to this hazard are likely to experience minimal
adverse/disproportionate impacts (Impact Factor = 1)

e No impact: Underserved populations exposed to this hazard are not likely to experience
significant adverse/disproportionate impacts (Impact Factor = 0)

Property Damages: Values were assigned based on the expected total property damages
incurred from a hazard incident. It is important to note that values represent estimates of the
loss from a significant incident based on historical data or probabilistic models/studies.

e High: More than $5,000,000 in property damages is expected from a single major
hazard event, or damages are expected to incur 15% or more of the property value
within the jurisdiction (Impact Factor = 3)

e Maedium: More than $500,000, but less than $5,000,000 in property damages is
expected from a single major hazard event, or anticipated damages are expected to be
more than 5% but less than 15% of the property value within the jurisdiction (Impact
Factor =2)

e Low: Less than $500,000 in property damages is expected from a single major hazard
event or less than 15% of the property value within the jurisdiction (Impact Factor = 1)

e No impact: Little to no property damage is expected from a single major hazard event
(Impact Factor = 0)
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Economic Factor: An estimation of the impact (in USD) on the local economy is based on the
projected loss of business revenue, crops, worker wages, and local tax revenues or the impact
on the regional gross domestic product (GDP).

High: Where the total economic impact is likely to be greater than $10

million (Impact Factor = 3)

Medium: Where the total economic impact is likely to be greater than $100,000 but less
than or equal to $10 million (Impact Factor = 2)

Low: Where the total economic impact is not likely to be greater than $100,000

(Impact Factor = 1)

No Impact: Where there is virtually no significant economic impact (Impact Factor = 0)

Environmental Factor: Environmental impact from a major hazard event requiring outside
resources and support; and/or repair, clean-up, restoration, and/or preservation work.

High: Environmental impact from a single major hazard event is likely to be significant,
requiring extensive outside resources and support; and/or repair, clean-up, restoration,
and/or preservation work (Impact Factor = 3)

Medium: Environmental impact from a single major hazard event is likely to be
localized, requiring some outside resources and support; and/or repair, clean-up,
restoration, or preservation work (Impact Factor = 2)

Low: Environmental impact from a single major hazard event is likely to be minimal,
requiring little to no outside resources and support, and/or minimal repair, clean-up,
restoration, or preservation work (Impact Factor = 1)

No impact: No environmental impacts from a single major hazard event is likely (Impact
Factor =0)

Essential Operations Factor: Impact on the ability of the jurisdiction to meet the essential day-
to-day operational demands and needs of the community from a single major hazard event.

High: Significant impact on the ability of the jurisdiction to meet the essential day-to-
day operational demands and needs of the community from a single major hazard event
(Impact Factor = 3)

Medium: Some impact on the ability of the jurisdiction to meet the essential day-to-day
operational demands and needs of the community from a single major hazard event
(Impact Factor = 2)

Low: Minimal impact on the ability of the jurisdiction to meet the essential day-to-day
operational demands and needs of the community from a single major hazard event
(Impact Factor = 1)

No Impact: No impact on the ability of the jurisdiction to meet the essential day-to-day
operational demands and needs of the community from a single major hazard event
(Impact Factor = 0)
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Future Development Factor: The potential that future development will have on increasing or
decreasing the impact/consequence of this hazard.

¢ High: Future development trends will significantly increase the impact/consequence of
this hazard (Impact Factor = 3)

e Maedium: Future development trends will increase the impact/consequence of this
hazard, but not significantly (Impact Factor = 2)

e Low: Future development trends will minimally increase the impact/consequence of this
hazard (Impact Factor = 1)

e No Impact: Future development trends will not increase the impact/consequence of this
hazard and/or may even decrease the impact/consequence of this hazard
(Impact Factor = 0)

Climate Change Factor: The potential that Climate Change will increase the risk of this hazard
(i.e., type, location, and range of anticipated intensities of the identified hazard and impacts).

e High: Climate Change trends will significantly increase the risk of this hazard and its
impacts (Impact Factor = 3)

e Medium: Climate Change trends will increase the risk of this hazard and its impacts, but
not significantly (Impact Factor = 2)

e Low: Climate Change trends will minimally increase the risk of this hazard and its
impacts (Impact Factor = 1)

e No Impact: Climate Change trends will not increase the risk of this hazard and its
impacts (Impact Factor = 0)

Each category was assigned a weighting factor to reflect its significance, consistent with those
typically used for measuring the benefits of hazard mitigation actions: a weighting factor of 3
was assigned for Population and Life Safety and Underserved/Equity, and a weighting factor of 2
was assigned for Property Damages. In addition, a weighting factor of 1 was assigned for
Economic, Environmental, Essential Operations, Future Development, and Climate Change.

4.3 FEMA NRI Risk Scores

The National Risk Index (NRI) is a dataset and online tool to help illustrate the United States
communities most at risk for 18 natural hazards: Avalanche, Coastal Flooding, Cold Wave,
Drought, Earthquake, Hail, Heat Wave, Hurricane, Ice Storm, Landslide, Lightning, Riverine
Flooding, Strong Wind, Tornado, Tsunami, Volcanic Activity, Wildfire, and Winter Weather.
Because not all hazards apply to the county, only those with a defined risk to the county are
included.

The National Risk Index leverages available source data for Expected Annual Loss due to these

18 hazard types, Social Vulnerability and Community Resilience, to develop a baseline relative
risk measurement for each United States county and census tract. These measurements are

Chapter 4 | Risk Assessment | 4-7



2023 Oakland County Hazard Mitigation Plan | Volume 1

calculated using average past conditions but cannot be used to predict future outcomes for a
community. The National Risk Index is intended to fill gaps in available data and analyses to
better inform federal, state, local, tribal, and territorial decision-makers as they develop risk
reduction strategies.

4.3.1 FEMA National Risk Index Score

Table 4-24. Overall FEMA NRI Score

OAKLAND COUNTY, MI
FEMA OVERALL NRI SCORE

FEMA Overall NRI Score FEMA Overall NRI Rating

96.1 /100 Relatively High

Risk Index Scores are calculated using an equation that combines scores for Expected Annual Loss due to natural
hazards, Social Vulnerability and Community Resilience. (Expected Annual Loss X Social Vulnerability /
Community Resilience = Risk Index).

Source: https://hazards.fema.gov/nri/report/viewer?dataLOD=Counties&datalDs=C26125

4.3.2 Social Vulnerability

Social Vulnerability measures the susceptibility of social groups to the adverse impacts of
natural hazards, including disproportionate death, injury, loss, or disruption of livelihood.

Per the FEMA National Risk Index, Oakland County has a Social Vulnerability Rating of “Very
Low” and a Social Vulnerability Score of “14.60” out of 100 (FEMA, 2023).

The "Social Vulnerability Score” and “Rating” represent the relative level of a community’s
social vulnerability compared to all other communities at the same level. A community’s Social
Vulnerability Score is also proportional to a community’s risk. A higher Social Vulnerability Score
results in a higher Risk Index Score (FEMA, 2023).

Social vulnerability is one of five components included in the formulation of the “National Risk
Index Score” in addition to community resilience, estimated annual loss (EAL) based on
exposure, annualized frequency, and Historic Loss Ratio (HLR) factors (FEMA, 2023).

Table 4-25. Social Vulnerability FEMA NRI Score

OAKLAND COUNTY, MI
FEMA NRI SOCIAL VULNERABILITY SCORE

Social Vulnerability Score Social Vulnerability Rating
14.6 / 100 Very Low

Social Vulnerability is measured using the Social Vulnerability Index (SoVI) published by the University of South
Carolina's Hazards and Vulnerability Research Institute (HVRI).

Source: hazards.fema.gov/nri/social-vulnerability
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4.3.3 Community Resilience

Community Resilience measures a community's ability to prepare for anticipated natural
hazards, adapt to changing conditions, and withstand and recover rapidly from disruptions.

Table 4-26. Community Resilience FEMA NRI Score

OAKLAND COUNTY, MI
FEMA NRI COMMUNITY RESILIENCE SCORE

Community Resilience Score Community Resilience Rating

89.6 /100 Very High

Community Resilience is measured using the Baseline Resilience Indicators for Communities (HVRI BRIC)
published by the University of South Carolina's Hazards and Vulnerability Research Institute (HVRI).

Source: hazards.fema.gov/nri/community-resilience

4.3.4 Community Resilience Challenges Index (CCRI) Percentile

Table 4-27. FEMA Community Resilience Challenges Index (CRCI) Percentile
OAKLAND COUNTY, IL
FEMA CRCI PERCENTILE

Community Resilience Challenges Index Percentile

7.0/ 100%

The FEMA CRCI index provides a relative composite value by county and by census tract, measured as an
average of counts of standard deviations from the national mean for each indicator. The 2023 update to the
FEMA CRCI uses the most currently available census data, the 2017-2021 ACS 5-year estimates, and is updated

annually.

Source: https://fema.maps.arcgis.com/apps/webappviewer/index.html?id=90c0c996a5e242a79345cdbc5f758fc6

4.3.5 Expected Annual Loss

Expected Annual Loss (EAL) represents the expected economic damage likely to occur yearly
due to hazard events.

Table 4-28. Expected Annual Loss FEMA NRI Score (All Natural Hazards)

OAKLAND COUNTY, MI
FEMA NRI EXPECTED ANNUAL LOSS SCORE

Expected Annual Loss Score Expected Annual Loss Rating

96.8 /100 Relatively High

Expected Annual Loss scores are calculated using an equation that combines values for exposure, annualized
frequency, and historic loss ratios (Expected Annual Loss = Exposure x Annualized Frequency x Historic Loss

Ratio).

Source: hazards.fema.gov/nri/expected-annual-loss
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4.4 Overall Risk Scores

The following tables represent the new overall risk scores for Oakland County based on the
described methodology above. Following a data-driven quantitative assessment, the planning
team utilized subject matter knowledge and expertise and further refined the scores. FEMA NRI
Scores were used as appropriate and applicable to inform the analysis.

4.4.1 Oakland County Overall Risk Scores
Table 4-29. 2023 Hazard Risk Scores for Oakland County

obab onseauence ota
Sum of Weighted St{m & otal R
ard Eve FrORaR Vulnerability Weighted R Probab
e Factors Impact b onseque
Factors

Flood (Flash Flooding) 3 15 11 22 48 68

Wllnter Storm and 3 12 15 1 38 56

Blizzards

High Winds/Severe Winds 3 9 12 14 35 52

Flood (Riverine/Creek) 2 15 9 22 46 47

Public Health

Emergencies: 2 18 9 18 45 46

Pandemic/Epidemic

Tornadoes 2 15 5 24 a4 45

Ice and/or Sleet Storms 2 12 12 19 43 44

Structural Fire 3 6 6 12 24 38

Extreme Cold 2 9 13 14 36 38

Tr.ansportatlon Accidents: 3 6 5 11 2 35

Highway

Hagardous Mater!als ) 12 5 15 32 34

Incidents: Fixed Site

Hail 2 9 10 11 30 32

Thunderstorm (Lightning) 3 6 5 9 20 32

Cybersecurity 2 12 8 9 29 32

Weapons of Mass 1 18 11 24 53 29

Destruction

Hazardous Materials

Incidents: Transportation 2 6 5 15 26 29

Incident

Terrorism 1 18 5 23 46 26

Act|v.e Shooter/Active ) 6 5 1 2 25

Assailant

E:cci';j;t?wer Plant 1 12 10 16 38 22

Invasive Species 2 6 5 8 19 22

Earthquake 1 6 15 12 33 20

Fog 2 6 3 7 16 19

Dam Failure 1 12 5 13 30 18

Extreme Heat 1 6 9 14 29 18

Tre?nsportanon Accidents: 1 12 5 12 29 18

Rail

Drought 1 6 9 10 25 15
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Socio-Political Hazards

(Civil Disturbance, Social 1 6 5 12 23 14
Unrest)

Transportatlon Accidents: 1 6 5 11 2 14
Air

Infrastructure Failure 1 6 6 9 21 13
Subsidence (Sinkhole) 1 6 5 9 20 13
Tran.sportat|on Accidents: 1 6 5 3 19 12
Marine

il ?nd Gas Well 1 6 5 3 19 12
Accidents

Wildfire 1 6 5 5 16 11

Table 4-30. Hazard Risk Scores Legend

Probability Sum of Weighted Sum of Wel.g.h ted Sum of Weighted .
Vulnerability Consequence Score Total Risk Score
Factor Extent Factors Impact Factors
Factors

1 Low (L) 0-6 Low (L) 0-6 Low (L) 0-12 Low (L) 0-25 Low (L) 0-24 Low (L)
Medium Medium Medium Medium Medium 25— Medium

2 7-12 7-12 13-26 26-50

(M) (M) (M) (M) (M) 59 (M)

3 | High(H) | 13-18 | High (H) 1138_ High (H) | 27-39 | High(H) | 51-75 | High (H) igg High (H)

probability factor, sum of weighted factors, and the total risk scores for each hazard.

The Total Risk Score is a measure of Probability and Consequence.

The Consequence Score represents the sum of the Extent, Vulnerability, and Impact Factors.

* The Legend — specifically the assignment of low, medium, and high—provides an additional means to qualitatively assess the

Note: If you are accessing the Microsoft Word version of this Plan, double-click on the icon
below to access the entire assessment. The first tab includes the assessment, and the second

includes the final scores.

[

3
Oakland County Ml
HMP Hazard Rankin
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4.5 Drought

Hazard Description

Drought is an extended period with significantly low precipitation levels that usually occurs
during planting and growing seasons.

Hazard Location

Drought could occur anywhere in Oakland County, likely affecting the entire county.

Hazard Extent/Intensity

Figure 4-2 displays the precipitation conditions for the United States using the Palmer Drought
Severity Index (PDSI), taken from the National Weather Service (NWS). The PDSI quantifies
drought in terms of prolonged and abnormal moisture deficiency or excess. This index indicates
general conditions and not local variations caused by isolated rain. The PDSI is an important
climatological tool for evaluating the scope, severity, and frequency of prolonged periods of
abnormally dry or wet weather. In addition, it can help delineate disaster areas and indicate the
availability of irrigation water supplies, reservoir levels, range conditions, amount of stock
water, and potential intensity of forest fires (NCAR, 2023).

The PDSI compares moisture deficiency and excess on a numerical scale that usually ranges
from positive five to negative five. Positive values reflect excess moisture supplies, while
negative values indicate moisture demands in excess of supplies.

Figure 4-10. Palmer Drought Severity Index (PDSI)

axliéma BBV moderata md- moderalely VETY exiremely

drought drought drought range s miest mosst

= =5 === ==
=4.00 =300 -2.00 -1.99 +200 +3.00 +4.00
and ba ] o 1] 4] and
bedow -199 -2.99 +1.99 +299 +3.99 abcwe
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Figure 4-11. U.S. Drought Severity Index by Division

Palmer Drought Index
Long-Term (Meteorological) Conditions

April 2023: through April 22 2023*

* rest of month
estimated from normals

exireme savere moderate extremely
drought drought drought moist
-4.00 =-3.00 =2.00 +4.00
and to o and
below -3.99 -2.99 +1.99 +2.99 +3.99 above

The National Drought Mitigation Center also rates drought nationwide by intensity using a DO
(Abnormally Dry) to D4 (Exceptional Drought) scale, as seen in the map of Michigan.
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Figure 4-12. U.S. Drought Monitor — Michigan (2023)

U.S. Drought Monitor September 26, 2023
Michigan e lasamer

Drought Conditions (Percent Area)
None | DO-D4| D1-D4 | D2-D4 fweEsE)

Current 6501|3499 496 | 1.31 | 000 | 0.00

Last Week
09-19-2023

7014 | 2086 | 404 | 1.32 | 0.00 | 0.00

3 Months Ago

Py 15.91|84.09 | 48.48 | 470 | 0.00 | 0.00

Start of
Calendar Year | 48.07 | 51.93 | 30.62 | 967 | 0.00 | 0.00
01032023
Start of
Water Year 58.10 | 40.90| 576 | 0.00 | 0.00 | 0.00
09-27-2022

OneYearAgo |56 40| 4000 | 576 | 0.00 | 000 | 000
09-27.2022

e. Intensity:

D None :l D2 Severe Drought
|:| D0 Abnormally Dry - D3 Extreme Drought
|:| D1 Moderate Drought - D4 Exceptional Drought

The Drought Monitor focuses on broad-scale conditions
Local conditions may vary. For more information on the
Drought Monitor, go to hitps:/droughtmonitor.uni.edu/About. aspx

Author:
Richard Heim
NCEI/NOAA

/e 20O

droughtmonitor.unl.edu

Probability and Frequency

“Meteorological drought can begin and end rapidly, while hydrological drought takes much
longer to develop and recover. Over the decades, many indices have been developed to
measure drought in these various sectors. For example, the U.S. Drought Monitor depicts
drought integrated across all time scales and differentiates between agricultural and
hydrological impacts (NOAA, 2023).” The NOAA uses the PDSI to measure drought conditions,
illustrated in Figure 4-1. Subsequently, Figure 4-4 shows the frequency of drought events in
Oakland County between the year 2000 and the year 2023.
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Figure 4-13. U.S. Drought Monitor — Oakland County, Michigan (2023)
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The U.S. Drought Monitor (2000-present) depicts the location and
intensity of drought across the country. Every Thursday, authors Legend =

from NOAA, USDA, and the National Drought Mitigation Center
produce a new map based on their assessments of the best

Percent Land Area

available data and input from local observers. The map uses five U.S. Drought Monitor

categories: Abnormally Dry (D0), showing areas that may be going

into or are coming out of drought, and four levels of drought (D1- [ | _
D4). Learn more. DO D1 D2 D3 D4

Past Events

Extreme drought conditions in 1976-1977 contributed heavily to the large wildfire that struck
the Seney area in Michigan’s Upper Peninsula in July 1976 (Michigan Hazard Analysis, 2006).

During a drought in 1988, Michigan took several steps to combat the impacts of the drought on
businesses, natural resources, and individual citizens. A statewide burning ban was enacted,
and water use restrictions were implemented in many communities.

During a drought that struck Michigan from 1998-2003, one-third of the state’s fruit, vegetable,
and field crops were destroyed. This drought resulted in a U.S. Department of Agriculture
Disaster Declaration for 82 state counties, including Oakland County. In addition, the drought
led to water shortages in southeast Michigan, forcing local officials to issue water usage
restrictions.

The Upper Peninsula of Michigan suffered drought conditions between 16 and 22 months

starting in 2005. The hay crop in the Eastern U.P. was only 50 to 70 percent of normal, and the
resulting lack of feed led some farmers to downsize their cattle herds. In the northern tip of the
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Lower Peninsula, the proprietors of farms and golf courses suffered very high utility bills due to
the need for near-constant irrigation. Corn and bean crops were severely impacted. A burning

ban was also issued for most of the state (the first such ban since 1998) to reduce the risk
of wildfires.

Table 4-9 shows the recorded drought events for Oakland County from 1950 to 2023, as
recorded by NOAA’s National Climate Data Center. From 1950 to 2023, Oakland County
recorded two events with no associated injuries or deaths.

Table 4-31. Drought Activity in Oakland County, Ml (2018-2022)

Location County/Zone | St. Date Time T.Z. Type Dth | Inj PrD CrD
Totals: 0 0 0.00K 0.00K
OAKLAND (ZONE OAKLAND Mi 07/01/2001 00:00 EST Drought 0 0 0 0.00K
OAKLAND (ZONE) OAKLAND M 09/01/2002 00:00 EST Drought 0 0 0 0.00K
Totals: 0 0 0.00K 0.00K

Vulnerability and Impacts

Life Safety and Health: Droughts affect life safety and public health in several ways. Health

problems can arise from poor water quality, poor food quality, and increased dust in the air. In

addition, droughts make fires more likely, spread more quickly, and make them more

challenging. In addition, poor air quality and a lack of water may reduce residents’ engagement

in recreational activities, reducing overall mental and physical well-being (NDMC, 2023).

Figure 4-14. Populations Vulnerable to Drought in Oakland County

populations
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Source: U.S. Census Bureau, American Community Survey
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Property Damage and Critical Infrastructure: Drought has a negligible impact on buildings.
Possible losses/impacts to critical facilities include the loss of essential functions due to low
water supplies. Severe droughts can negatively affect drinking water supplies. Should a public
water system be involved, the losses could total millions if outside water is shipped. Possible
losses to infrastructure include the loss of potable water.

Economy: Although no data demonstrates the economic impact of past drought events on
Oakland County, the most significant economic effect of drought is on agriculture, which is not
an essential economic driver.

Changes in Development and Impact of Future Development: No data exists demonstrating
the impact of drought on future development in Oakland County. However, excessive drought
can result in water shortages and increased competition for limited water resources, which can
limit the ability of developers to expand projects within the county.

Effects of Climate Change on Severity of Impacts: According to University Corporation for
Atmospheric Research (UCAR), climate change is causing more extreme weather events,
including severe drought. UCAR explains that warmer temperatures cause more evaporation,
turning water into vapor in the air and causing drought in some areas of the world. Places
prone to drought are expected to become even drier over the following century (UCAR, 2023).

Climate Change Impact on Drought in Oakland County: Higher temperatures, increasing
variation in precipitation patterns, and changes in lake levels are likely to increase the
vulnerability of cities to extreme events (including flooding, drought, heat waves, and more
intense urban heat island effects), compounding already existing stressors.

Table 4-32. 25-Year Climate Projections for Oakland County

25-YEAR CLIMATE PROJECTIONS FOR OAKLAND COUNTY, MI
HIGHER EMISSIONS (RCP8.5)

Oakland County is expected to experience a 164% increase in extremely hot days within 25 years.

By 2048, Oakland County is expected to experience 7 more days that reach above 95°F (from 4 days
to 11 days per year).

LOWER EMISSIONS (RCP4.5)

Oakland County is expected to experience a 112% increase in extremely hot days within 25 years.

By 2048, Oakland County is expected to experience 4 more days that reach above 95°F (from 4 days
to 7 days per year).

Source: Neighborhoods at Risk (https://nar.headwaterseconomics.org/26125/explore/climate)

Table 4-33. Future Climate Indicators for Oakland County

FUTURE CLIMATE INDICATORS FOR OAKLAND COUNTY, MI
Modeled Early Century Mid Century Late Century
Indicator History (2015-2044) (2035-2064) (2070-2099)
(1976- Lower Higher Lower Higher Lower Higher
2005) Emissions | Emissions | Emissions | Emissions | Emissions | Emissions
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Min-Max Min-Max Min-Max Min-Max Min-Max Min-Max | Min-Max
Precipitation
Average Annual 32" 33" 33" 34" 34" 34" 35"
Total
TR 30-33 31-37 30-35 31-38 30-37 30-39 31-40
Precipitation
Days Per Year 194 days 192 days 191 days 191 days 189 days 190 days 187 days
With
P 191-198 179-200 178-198 179-203 172-201 177-202 157-201
Precipitation
Days Per Year 172 days 173 days 174 days 174 days 176 days 175 days 178 days
With No
L 167-175 165-186 167-187 162-186 164-193 163-188 164-208
Precipitation
Maximum 11 days 11 days 11 days 11 days 12 days 12 days 12 days
Number Of
Consecutive Dry 10-12 10-13 10-13 10-13 10-14 10-13 10-16
Days
Temperature Thresholds
Annual days 6 days 19 days 21 days 26 days 34 days 35 days 64 days
with Maximum
temperature > 6-10 9-35 11-35 14-49 16-54 17-67 30-95
90°
Annual days 0 days 1 day 1 day 1 day 3 days 3 days 13 days
with Maximum
temperature > 0-0 0-2 0-4 0-9 0-15 0-9 1-48
100°
Source: Climate Mapping for Resilience and Adaptation (2023)

FEMA NRI Expected Annual Loss Estimates

Table 4-34. Oakland County Expected Annual Loss Table

OAKLAND COUNTY, IL
FEMA NRI EXPECTED ANNUAL LOSS TABLE FOR DROUGHT EVENTS

Expected Expected
Annualized . Population Building Agriculture | Total P Annual
Population ik Annual
Frequency Equivalence Value Value Value Loss
Loss Score o
Rating
No
0 events Expected
N/A N/A N/A N/A 0 0.0
per year / / / / > Annual
Losses

Annualized Frequency: The natural hazard annualized frequency is defined as the expected frequency or
probability of a hazard occurrence per year. Annualized frequency is derived either from the number of recorded
hazard occurrences each year over a given period or the modeled probability of a hazard occurrence each year.
Population: Population exposure is defined as the estimated number of people determined to be exposed to a
hazard according to a hazard type-specific methodology.

Expected Annual Loss scores are calculated using an equation that combines values for exposure, annualized
frequency, and historic loss ratios (Expected Annual Loss = Exposure x Annualized Frequency x Historic Loss
Ratio). Source: hazards.fema.gov/nri/expected-annual-loss

Source: FEMA National Risk Index (2023)
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FEMA Hazard-Specific Risk Index Table

Table 4-35. Oakland County Hazard Specific Risk Index Table

OAKLAND COUNTY, MI
FEMA HAZARD SPECIFIC RATINGS - DROUGHT
Risk Index Score Social Vulnerability Rating Community Resilience Rating

0/100 Very Low Very High

Risk Index Scores: are a quantitative rating calculated using data for only a single hazard type. Risk Index Scores

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.
Social Vulnerability Ratings: are a qualitative rating that describe the community in comparison to all other

communities at the same level, ranging from “Very Low” to “Very High.” Social Vulnerability is measured using
the Social Vulnerability Index (SVI) published by the Centers for Disease Control and Prevention (CDC).
Community Resilience Ratings: are a qualitative rating that describe the community in comparison to all other

communities at the same level, ranging from “Very Low” to “Very High.” Community Resilience is measured
using the Baseline Resilience Indicators for Communities (HVRI BRIC) published by the University of South
Carolina's Hazards and Vulnerability Research Institute (HVRI).

Source: FEMA National Risk Index (2023)
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4.6 Earthquake

Hazard Description

According to the U.S. Geological Survey (USGS), an earthquake happens when two earth blocks
suddenly slip past one another. The surface where they slip is called the fault or fault plane. The
location below the earth’s surface where the earthquake starts is called the hypocenter, and
the area directly above it on the surface of the earth is called the epicenter (USGS, 2023). Figure
4-6 illustrates how this phenomenon occurs.

Figure 4-15. Earthquakes

fault plane

epicenter

Sometimes an earthquake has foreshocks. These more minor earthquakes happen in the same
place as the larger earthquake that follows. Scientists can’t tell if an earthquake is a foreshock
until a larger earthquake happens. The largest main earthquake is called the mainshock.
Mainshocks always have aftershocks that follow. Aftershocks are smaller earthquakes that
occur afterward in the same place as the mainshock. Depending on the size of the mainshock,

aftershocks can continue for weeks, months, and even years after the mainshock occurs
(USGS, 2023).

The Earth has four primary layers: the inner core, outer core, mantle, and crust (the
lithosphere). The crust and the top portion of the mantle make up a thin skin on the surface of
our planet. This skin comprises many pieces, like a puzzle covering the earth's surface. These
puzzle pieces slowly and constantly move around, sliding past and bumping into each other.
These puzzle pieces are called tectonic plates, and the edges of the plates are called the plate
boundaries. The plate boundaries come together to make up fault lines. Most of the
earthquakes around the world occur on these fault lines. Since the edges of the plates are
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rough, some parts get caught on each other while the rest of the plate keeps moving. When the
plate has moved far enough, the edges unstick on one of the faults, and the unsticking is what
causes an earthquake (USGS, 2023). Figure 4-7 illustrates these layers.

Figure 4-16. Earthquake Layers

Hazard Location

Typically, an earthquake affects a large region, not a specific location. Because earthquakes
typically have regional effects, the entire Oakland County population could be affected.
However, given the historic severity, only a fraction of the people would be affected by a
specific event. The impact of an earthquake would be primarily on water, sewers, and gas
pipelines throughout Oakland County.

Figure 4-8 shows that Oakland County includes an area of low seismic activity called the

Grenville Front (Oakland County, 1998). This front is a line marking relatively old geological
changes making it less of a hazard than an actual fault line.
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Figure 4-17. Earthquake Map (Grenville Front)
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Figure 4-18. Earthquake Vulnerability Map
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Hazard Extent/Intensity
“Earthquakes are one of nature’s most dangerous hazards. Earthquakes, and the potential

damage from earthquakes, are more widespread than people realize. Earthquakes are caused
by the release of strain between or within the Earth’s tectonic plates. The severity of an
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earthquake depends on the amount of strain or energy released along a fault or at the
epicenter of an earthquake. The energy released by an earthquake is sent to the earth’s surface
and released (USGS, 2023)".

Earthquake Measurements: There are several standard measures of earthquakes, including the
Richter Scale and the Modified Mercalli Intensity (MMI) scale. The Richter Scale measures the
magnitude or the amount of energy an earthquake releases, while seismographs measure
magnitude. The Modified Mercalli Intensity is an observed measurement of the earthquake’s
intensity felt at the earth’s surface. The MMl varies, depending on the observer’s location at
the earthquake’s epicenter.

An earthquake’s intensity depends on the area's geologic makeup and soil stability. The effects
of earthquakes can be localized near its epicenter or felt significant distances away. For
example, a 6.8-magnitude earthquake in the New Madrid Fault in Missouri would have a much
broader impact than a similar event on the California Coast. The thick sandstone and limestone
strata of the central United States behave as “conductors” of the earthquake’s energy, and
tremors can be felt hundreds of miles away.

Figure 4-10 correlates the MMI intensity with the Richter scale and the effects of ground
shaking.

Figure 4-19. Modified Mercalli Scale vs. Richter Scale

MMI Category Effects Richter Scals
(approximate)
. Instrumental Not felt 1-2
II. Just perceptible Felt by only a few people, especially on upper floors 3
of tall buildings
IIl. Slight Felt by people lying down, seated on a hard surface, 3.5
or in the upper stories of tall buildings
IV. Perceptible Felt indoors by many, by few outside; dishes and windows rattle 4
V. Rather strong Generally felt by everyone; sleeping people may be awakened 4.5
VI. Strong Trees sway, chandeliers swing, bells ring, some damage 5
from falling objects
VII. Very strong General alarm; walls and plaster crack 5.5
VIIl. Destructive Felt in moving vehicles; chimneys collapse; 6
constructed buildings seriously damage

IX. Ruinous Some houses collapse; pipes break

X. Disastrous Obvious ground cracks,; railroad tracks bent;
some landslides on steep hillsides

Xl. Very disastrous Few buildings survive; bridges damaged or destroyed;

all services interrupted (electrical, water,
sewage, railroad); severe landslides

XIl. Catastrophic Total destruction; objects thrown into the air;
river courses and topography altered

Earthquakes can trigger other types of ground failures, which could contribute to the damage.
These include landslides, dam failures, and liquefaction. Liquefaction occurs when shaking
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mixes groundwater and soil, liquefying and weakening the ground that supports buildings and
severing utility lines. This is especially a problem in floodplains where the water table is
relatively high and the soils are more susceptible to liquefaction (USGS, 2023).

Figure 4-13 outlines forecasted ground shaking from potential earthquakes.

Probability and Frequency

Since 1938, Michigan Field has had approximately 26 earthquake-related disturbances (Plan,
2017). The largest recorded earthquake originating in Michigan was centered in Coldwater and
registered a 4.7 on the Richter scale. An earthquake of significant magnitude is unlikely to occur
due to Oakland County’s distance from the fault and the type of fault in Michigan. The
frequency is assumed to be once every 100 or more years. Although a slight disturbance from
an earthquake is possible, the probability of a significant earthquake occurring in Oakland

County is very low.

Some earthquakes have been attributed to hydraulic fracturing or fracking. Environmental
experts from the USGS have determined that recent earthquakes in Ohio and Oklahoma may be
the direct result of fracking. Fracking involves using a mixture of chemicals in a high-pressure
water stream that is pushed into layers of bedrock. This causes the natural gas located in the
area to be freed. Scientists state that fracking increases damage to existing fault lines causing
them to shift or become unsteady.

Figure 4-20. USGS Seismic Hazard Map — Michigan (2017)
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Figure 4-21. Forecast for Damage from Natural and Induced Earthquakes in 2017

USGS Forecast for Damage from Natural and Induced Earthquakes in 2017
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Figure 4-22. USGS Forecast for Ground Shaking Intensity from Natural / Induced Earthquakes — 2017
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Past Events

Most earthquakes that occur in Michigan are minor tremors resulting in little damage.
However, several mildly damaging earthquakes have been documented in Michigan since the
late 1700s. Michigan has fault lines in the bedrock geology that are considered stable; however,

data needs to be better documented. Michigan is most likely to be affected by earthquakes in
the New Madrid Seismic Zone (centered near the Arkansas/Tennessee state line) and upstate
New York.

There are no records of earthquakes originating within Oakland County. However, since this
Plan was last updated in 2017, one earthquake has been recorded by US Geological Survey in
southern Michigan, approximately 104.6km from Oakland County.

Table 4-14 shows the earthquake event in southern Michigan from 2013 to 2023, as recorded

by USGS Earthquake Hazards Program (USGS, 2023). From 2013 to 2023, south Michigan

recorded one event with no associated injuries or deaths.

Table 4-36. Earthquake Events in Southern Michigan (2013-2023)

OAKLAND COUNTY, MI
PAST EARTHQUAKE EVENTS IN SOUTHERN MICHIGAN (2013-2023)

Proximity to Latitude/
Date Time Location . Magnitude Depth
Oakland County Longitude & P
16:49:16 5 km W of Luna Pier, 41.816°N
2022-07-11 (UTC) Michigan 104km 83.512°W 2.4ml 5.0km
22:55:09 2 km SSE of Detroit . .
2020-08-21 (UTC) Beach, Michigan 65km 41.913°N 83.318°W 3.2mwr 12.0km
00:01:35 . o o
2018-04-20 (UTC) Michigan 72km 42.118°N 83.015°W 3.4mwr 2.7km

Source: US Geological Survey (2023)

The map shown in Figure 4-14 illustrates each (of three) earthquake events documented in

Table 4-14, as recorded by the USGS Earthquake Hazards Program (USGS, 2023).
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Figure 4-23. Recorded Earthquake Events in Southern Michigan from 2013 to 2023
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Vulnerability and Impacts

Life Safety and Health: According to FEMA, earthquakes can have various life safety and health
impacts, including:

Injury and Loss of Life: The violent shaking and ground movement during an earthquake

can cause injuries, and in severe cases, lead to loss of life. Falling objects, structural
collapses, and debris can pose immediate risks to individuals in affected areas.
Structural Damage: Earthquakes can damage buildings, homes, and infrastructure,
making them unsafe for occupancy. This can result in injuries, homelessness, and the
need for temporary shelter.

Displacement: People may be forced to evacuate their homes due to earthquake
damage or the risk of aftershocks. This displacement can lead to overcrowding in
emergency shelters and increased stress for affected individuals and families.
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e Healthcare System Strain: Earthquakes can overwhelm healthcare systems with a surge
of injured individuals in need of medical attention. Hospitals and medical facilities may
face challenges in providing care and resources.

e Mental Health Impact: Earthquakes can have long-lasting psychological effects, including
trauma, anxiety, and post-traumatic stress disorder (PTSD), which may require mental
health support and counseling.

e Infrastructure Disruption: Earthquakes can damage critical infrastructure, including
roads, bridges, utilities, and communication networks, affecting emergency response
capabilities and access to essential services.

e Water Supply Contamination: Ground shaking can damage water supply systems,
leading to contamination of drinking water sources. This poses health risks and requires
water treatment and distribution efforts.

e Fire Hazards: Earthquakes can cause gas leaks and damage to electrical systems,
increasing the risk of fires. Fire outbreaks can lead to additional injuries, property
damage, and air quality issues.

o Aftershocks: Aftershocks following the initial earthquake can further damage weakened
structures, hinder response efforts, and prolong the risks to life safety and health.

Figure 4-24. Populations Vulnerable to Earthquake in Oakland County
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A HAZUS analysis was conducted to examine the life safety and health impact to people during
an earthquake incident. In this analysis, HAZUS estimates the number of people that could be
injured or killed by an earthquake in Oakland County.

The casualties are broken down into four (4) severity levels that describe the extent of the
injuries and are described as follows:

e Severity Level 1: Injuries will require medical attention, but hospitalization is not
needed.

e Severity Level 2: Injuries will require hospitalization but are not considered life-
threatening

e Severity Level 3: Injuries will require hospitalization and can become life threatening if
not

e promptly treated.
e Severity Level 4: Victims are killed by the earthquake.

The casualty estimates are provided for three (3) times of day: 2:00 AM, 2:00 PM and 5:00 PM.
These times represent the periods of the day when different sectors of the community are at
their peak occupancy loads. The 2:00 AM estimate considers that the residential occupancy
load is maximum, the 2:00 PM estimate considers that the educational, commercial and
industrial sector loads are maximum and 5:00 PM represents peak commute time.

Table 4-15 provides a summary of the casualties estimated by HAZUS for an earthquake.
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Table 4-37. HAZUS Casualty Estimates

Level 1 Level 2 Level 3 Level 4‘
2AM | Commercial 0.00 0.00 0.00 0.00
Commuting 0.00 0.00 0.00 0.00
Educational 0.00 0.00 0.00 0.00
Hotels 0.00 0.00 0.00 0.00
Industrial 0.00 0.00 0.00 0.00
Other-Residential 0.00 0.00 0.00 0.00
Single Family 0.00 0.00 0.00 0.00
Total 0 0 0 0
2PM | Commercial 0.00 0.00 0.00 0.00
Commuting 0.00 0.00 0.00 0.00
Educational 0.00 0.00 0.00 0.00
Hotels 0.00 0.00 0.00 0.00
Industrial 0.00 0.00 0.00 0.00
Other-Residential 0.00 0.00 0.00 0.00
Single Family 0.00 0.00 0.00 0.00
Total 0 0 0 0
5PM | Commercial 0.00 0.00 0.00 0.00
Commuting 0.00 0.00 0.00 0.00
Educational 0.00 0.00 0.00 0.00
Hotels 0.00 0.00 0.00 0.00
Industrial 0.00 0.00 0.00 0.00
Other-Residential 0.00 0.00 0.00 0.00
Single Family 0.00 0.00 0.00 0.00
Total 0 0 0 0)
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Property Damage and Critical Infrastructure: Generally, wood frame buildings and structures
on solid ground fare best during an earthquake. Wood frame buildings are flexible enough to

withstand ground shaking and swaying. Evaluations of recent earthquakes found that damage
was primarily caused to:

e Unreinforced masonry structures.

e Older buildings with some degree of deterioration.

e Buildings without foundation ties.

e Multi-story structures with open or “soft” first floors.

Most building codes have standards related to the first three concerns. This means the most
threatened buildings are older ones (built before current regulations), masonry ones, and taller
ones with open first floors. Most other buildings, especially those made under a building code,
would have little or no damage. However, some content damage can be expected if items fall
from shelves.

In addition to the building type, the damage is related to the underlying soils. Buildings on solid
ground fare better, while those on loose or sandy soils will suffer more from shaking. These can
be found in floodplains. If enough water is present, the shaking can liquefy the underlying soils,
removing the support under the foundation.

A HAZUS analysis was conducted to examine the exposure and damages of buildings to an
earthquake incident.

Building Damage: HAZUS estimates that no buildings will be at least moderately damaged. This
is over 0.00% of the total number of buildings in the region. There are also no estimated
buildings that will be damaged beyond repair. Table 4-16 summarizes the expected damage by
general building type.

Table 4-38. HAZUS Expected Building Damage by Occupancy

Expected Building Damage by Occupancy

Damage None Slight Moderate Extensive Complete
Type Count % Count % Count % Count % Count %
Agriculture 934 0.19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Commercial 37,449 7.82 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Education 919 0.19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Government 481 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Industrial 8,941 1.87 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other Residential 20,136 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Religion 1,381 0.29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Single Family 408,823 | 85.34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 479,064 0 0 0 0
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Table 4-39. HAZUS Expected Building Damage by Building Type (All Design Levels)

Expected Building Damage by Building Type (All Design Levels)

Damage None Slight Moderate Extensive Complete
Type Count % Count % Count % Count % Count %
Wood 375,838.70 78.45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Steel 15,242.04 3.18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Concrete 3,632.06 0.76 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Precast 3,711.54 0.77 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RM 1,439.15 0.30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
URM 74,930.51 15.64 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MH 4,270.00 0.89 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 479,064 0 0 0 0

Note: RM: Reinforced Masonry, URM: Unreinforced Masonry, MH: Manufactured Housing

Essential Facility Damage: HAZUS estimates show that before the earthquake, the region had
4,435 hospital beds available for use. On the day of the earthquake, the model estimates that
only 4,419 hospital beds (100.00%) are available for use by patients already in the hospital and
those injured by the earthquake. After one week, 100.00% of the beds will be back in service.
By 30 days, 100.00% will be operational. Table 4-18 illustrates expected damage to quantities of

essential facilities.

Table 4-40. HAZUS Expected Damage to Essential Facilities

Expected Damage to # of Essential Facilities
Complete With
e At Least Moderate P Functionality
Classification Total Damage >
Damage > 50% >50% on
50%

day 1
Hospitals 18 0 0 18
Schools 471 0 0 471

Emergency Operations Center 9 0 0 9

Police Stations 46 0 0 46
Fire Stations 109 0 0 109

Fire Following Earthquake: Fires often occur after an earthquake. Because of the number of
fires and the lack of water to fight the fires, they can often burn out of control. HAZUS uses a
Monte Carlo simulation model to estimate the number of ignitions and the amount of burnt
area. For this scenario, the model estimates that there will be 0 ignitions that will burn about
0.00 sg. mi 0.00% of the region’s total area. The model also estimates that the fires will displace
about 0 people and burn about 0 (millions of dollars) of building value.

Debris Generation: HAZUS estimates the amount of debris that will be generated by the
earthquake. The model breaks the debris into two general categories:

e Brick/Wood, and

e Reinforced Concrete/Steel.
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This distinction is made because of the different types of material handling equipment required
to handle the debris.

The model estimates that a total of O tons of debris will be generated. Of the total amount,
Brick/Wood comprises % of the total, with the remainder being Reinforced Concrete/Steel. If
the debris tonnage is converted to an estimated number of truckloads, it will require 0
truckloads (@25 tons/truck) to remove the debris generated by the earthquake.

Shelter Impact: HAZUS estimates the number of households that are expected to be displaced
from their homes due to the earthquake and the number of displaced people that will require
accommodations in temporary public shelters. The model estimates 0 households to be
displaced due to the earthquake. Of these, 0 people (out of a total population of 1,274,395) will
seek temporary shelter in public shelters.

Transportation and Utility Lifeline Impact: HAZUS computes the direct repair cost for each
component only. There are no losses computed by Hazus for business interruption due to
lifeline outages. Table 4-19 & Table 4-20 provide a detailed breakdown in the expected lifeline
losses.

Economy: HAZUS computes the direct repair cost for each component only. There are no losses

computed by HAZUS for business interruption due to lifeline outages. Table 4-19 & Table 4-20
provide a detailed breakdown in the expected lifeline losses.
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Table 4-41. HAZUS Transportation System Economic Losses
(Millions of dollars)

(
System Component Inventory Value Economic Loss Loss Ratio (%)
Highway Segments 6813.9423 0.0000 0.00
Bridges 1773.8035 0.0000 0.00
Tunnels 80.8189 0.0000 0.00
Subtotal 8668.5647 0.0000
Railways Segments 1440.4634 0.0000 0.00
Bridges 282.8700 0.0000 0.00
Tunnels 0.0000 0.0000 0.00
Facilities 21.3040 0.0000 0.00
Subtotal 1744.6374 0.0000
Light Rail Segments 0.0000 0.0000 0.00
Bridges 0.0000 0.0000 0.00
Tunnels 0.0000 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Bus Facilities 1.8591 0.0000 0.00
Subtotal 1.8591 0.0000
Ferry Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Port Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Airport Facilities 32.0120 0.0000 0.00
Runways 27.0565 0.0000 0.00
Subtotal 59.0685 0.0000
Total 10,474.13 0.00
\. J
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Table 4-42. HAZUS Utility System Economic Losses
(Millions of dollars)

4 N
System Component Inventory Value Economic Loss Loss Ratio (%)
Potable Water Pipelines 0.0000 0.0000 0.00
Facilities 35.2980 0.0000 0.00
Distribution Lines 235.3152 0.0010 0.00
Subtotal 270.6132 0.0010

Waste Water Pipelines 0.0000 0.0000 0.00
Facilities 1899.6292 0.0000 0.00
Distribution Lines 141.1891 0.0005 0.00
Subtotal 2040.8183 0.0005

Natural Gas Pipelines 1562.5068 0.0000 0.00
Facilities 260.9712 0.0000 0.00
Distribution Lines 94.1261 0.0002 0.00
Subtotal 1917.6041 0.0002

Oil Systems Pipelines 0.0000 0.0000 0.00
Facilities 0.3180 0.0000 0.00
Subtotal 0.3180 0.0000

Electrical Power Facilities 3779.1464 0.0000 0.00
Subtotal 3779.1464 0.0000

Communication Facilities 3.2860 0.0000 0.00
Subtotal 3.2860 0.0000
[otal 8,011.79 0.00

4 v
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Changes in Development and Impact of Future Development: No data exists demonstrating
the impact of earthquakes on future development in Oakland County. However, past
earthquakes have been shown to impact zoning regulations and building codes requiring
developers to build structures more resistant to seismic activity.

Effects of Climate Change on Severity of Impacts: The exact nature and extent of this impact
still need to be studied and fully understood regarding climate change.

FEMA NRI Expected Annual Loss Estimates

Table 4-43. Oakland County Expected Annual Loss Table

OAKLAND COUNTY, MI
FEMA NRI EXPECTED ANNUAL LOSS TABLE FOR EARTHQUAKE EVENTS

Expected Expected
Annualized Population Population Building Agriculture Total Annual Annual
Frequency Equivalence Value Value Value Loss Loss
Score Rating
o -
0.017% 0.02 $251,866 $970,754 N/A $1,222,620 g11 | Relatively
chance Low

Annualized Frequency: The natural hazard annualized frequency is defined as the expected frequency or
probability of a hazard occurrence per year. Annualized frequency is derived either from the number of recorded
hazard occurrences each year over a given period or the modeled probability of a hazard occurrence each year.
Population: Population exposure is defined as the estimated number of people determined to be exposed to a
hazard according to a hazard type-specific methodology.

Expected Annual Loss scores are calculated using an equation that combines values for exposure, annualized
frequency, and historic loss ratios (Expected Annual Loss = Exposure x Annualized Frequency x Historic Loss
Ratio). Source: hazards.fema.gov/nri/expected-annual-loss

Source: FEMA National Risk Index (2023)

FEMA Hazard-Specific Risk Index Table
Table 4-44. Oakland County Hazard Specific Risk Index Table

OAKLAND COUNTY, MI
FEMA HAZARD SPECIFIC RATINGS - EARTHQUAKE

Risk Index Score Social Vulnerability Rating Community Resilience Rating

80.9 /100 Very Low Very High

Risk Index Scores: are a quantitative rating calculated using data for only a single hazard type. Risk Index Scores
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.

Social Vulnerability Ratings: are a qualitative rating that describe the community in comparison to all other
communities at the same level, ranging from “Very Low” to “Very High.” Social Vulnerability is measured using
the Social Vulnerability Index (SVI) published by the Centers for Disease Control and Prevention (CDC).
Community Resilience Ratings: are a qualitative rating that describe the community in comparison to all other
communities at the same level, ranging from “Very Low” to “Very High.” Community Resilience is measured
using the Baseline Resilience Indicators for Communities (HVRI BRIC) published by the University of South
Carolina's Hazards and Vulnerability Research Institute (HVRI).

Source: FEMA National Risk Index (2023)
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4.7 Extreme Heat

Hazard Description

According to the NOAA, "extreme heat" refers to excessively hot and humid weather, which
may be accompanied by high ozone levels, that can cause significant health problems,
particularly for vulnerable populations such as the elderly, young children, and those with pre-
existing medical conditions. The threshold for extreme heat can vary depending on location but
is generally defined as a heat index of 105°F or higher for at least two consecutive hours.

“The heat index measures how hot it feels when relative humidity is factored in with the actual
air temperature. The relative humidity is the percentage of moisture in the air compared with
the maximum amount of moisture the air can hold. Humidity is an important factor in how hot
it feels because when humidity is high, water doesn’t evaporate as easily, so it’s harder for your
body to cool off by sweating (US EPA, CDC, 2023)".

Figure 4-16 shows the NOAA’s Heat Index (US EPA, CDC, 2023).

Hazard Location
Extreme heat could occur anywhere in Oakland County.

Hazard Extent/Intensity

When an extreme heat event occurs, the National Weather Service may issue an excessive heat
warning, a heat watch, a heat advisory, or a heat outlook. The NWS defines these as the
following:

e Excessive Heat Warning: Take Action! An Excessive Heat Warning is issued within 12
hours of the onset of extremely dangerous heat conditions. The general rule of thumb
for this Warning is when the maximum heat index temperature is expected to be 105°
or higher for at least two days, and nighttime air temperatures will not drop below 75°;
however, these criteria vary across the country, especially for areas not used to extreme
heat conditions. If you don’t take precautions immediately during extreme conditions,
you may become seriously ill or die.

e Excessive Heat Watches: Be Prepared! Heat watches are issued when conditions are
favorable for an extreme heat event in the next 24 to 72 hours. A Watch is used when
the risk of a heat wave has increased, but its occurrence and timing are still uncertain.

e Heat Advisory: Take Action! A Heat Advisory is issued within 12 hours of the onset of
hazardous heat conditions. The general rule of thumb for this Advisory is when the
maximum heat index temperature is expected to be 100° or higher for at least two days,
and nighttime air temperatures will not drop below 75°; however, these criteria vary
across the country, especially for areas that are not used to dangerous heat conditions.
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Take precautions to avoid heat illness. If you don’t take precautions, you may become
seriously ill or even die.

e Excessive Heat Outlooks are issued when the potential exists for an extreme heat event
in the next three to seven days. An Outlook provides information to those needing
considerable time to prepare for the event.

Figure 4-25. National Oceanic and Atmospheric Administration National Weather Service Heat Index
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80 82 84 B6 B8 90 92 94 IBBI 98 100 102 104 106 108 M0

40 80 &1 83 97 {101

8

z

T 89

: 3

o

®

E 94
85 | 85 90 96
90 | 86 91 98
95 | 86 93 100
100 | 87 95 103

Likelihood of heat disorders with prolonged exposure or strenuous activity

Caution Extreme caution I Danger I Extreme danger

Probability and Frequency

On average, the U.S. has been experiencing warmer summers throughout the past decade. This
warming is correlated to recent changes in climate. “Without big steps to reduce greenhouse
gas emissions, the average number of extremely hot days in the United States is projected to
more than triple from 2050 to 2100 (US EPA, CDC, 2023, p. 6)".

Past Events
The highest temperature recorded in Michigan was 1122F on July 13, 1936, in Mio. During that

week, 570 people died state-wide, and there were 5,000 deaths nationwide attributed to the
heat wave (Michigan Hazard Analysis, 2006).
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During a heat wave in the summer of 1988, for 39 days, we had temperatures of 902F or
greater. Temperatures in southeast Michigan topped the 1002F mark on five occasions.

In July 1999, a heat wave that struck the Midwest and east coast resulted in an estimated 256
heat-related deaths in 20 states, including one in Michigan.

In mid-July of 2011, a heat wave helped cap off Detroit's warmest month on record. Three
direct deaths were reported (including one fatality in Oakland County) due to the heat wave, as
heat indices were above 100 degrees (NOAA, 2023).

Between 2011 and 2023, NOAA has not recorded any extreme heat events. However, cooling
centers activations occurred in the County during the following dates over the past 5 years:

e July 2019

e July 2020

e August 2021
e June 2022

e June 2023

e July 2023

e August 2023

Vulnerability and Impacts

Life Safety and Health: According to the Centers for Disease Control and Prevention (CDC),
extreme heat is a serious threat to life safety and health. The CDC provides extensive
information on this topic and outlines some of the ways that extreme heat can affect health
and safety. For instance, high temperatures can cause heat exhaustion, leading to heat stroke if
left untreated. Symptoms of heat exhaustion include heavy sweating, weakness, dizziness,
headache, nausea, and vomiting. Extreme heat can also cause dehydration, leading to kidney
damage, seizures, and even coma. Furthermore, it can stress the heart and blood vessels,
increasing the risk of heart attack and stroke, particularly in people with preexisting
cardiovascular conditions. Heat can also worsen respiratory problems such as asthma and
chronic obstructive pulmonary disease (COPD), increasing the risk of respiratory infections.

Additionally, extreme heat can exacerbate other health issues, including diabetes, mental
health, and skin conditions. In some severe cases, heat can cause death, particularly in
vulnerable populations such as the elderly, young children, and those with preexisting health
conditions. To stay safe during extreme heat, the CDC recommends staying hydrated, avoiding
outdoor activities during the hottest part of the day, wearing loose, lightweight clothing, and
seeking out air-conditioned environments when possible.
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Figure 4-26. Populations Vulnerable to Extreme Heat in Oakland County
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Figure 4-27. Extreme Temperature Vulnerability Map
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Figure 4-28. Expected Deaths from Increased Extreme Heat Events
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As extreme heat events become more common and more severe, the EPA and CDC estimate
that deaths due to extreme heat events will increase. Figure 4-19 outlines the expected
outcomes from increased events (US EPA, CDC, 2016, p. 8)”. The U.S. EPA and CDC have also
determined that those who live in primarily urban areas, like Oakland County, are also more at
risk for experiencing adverse side effects of extreme heat events. “Less vegetation means less
shade and moisture to keep urban areas cool. In addition, conventional roofs and pavement
reflect less and absorb more of the sun’s energy, which leads to higher temperatures near
these structures. Additionally, tall buildings and narrow streets can reduce airflow, trapping the

heat absorbed during the day and heat generated by vehicles, factories, and air conditioning
vents.
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According to FEMA, extreme heat can disproportionately impact disadvantaged or challenged
communities in the following ways:

e Heat Vulnerability: Residents of disadvantaged communities may be more vulnerable to
extreme heat due to factors such as age, pre-existing health conditions, or limited
access to healthcare. They may also lack air conditioning or live in homes with poor
ventilation, increasing their risk of heat-related illnesses.

e Heat Islands: Urban areas, where many disadvantaged communities are located, can
experience higher temperatures due to the urban heat island effect. Asphalt, concrete,
and limited green spaces absorb and retain heat, making these areas hotter than
surrounding regions.

e Limited Access to Cooling Centers: Disadvantaged communities may have limited access
to cooling centers or public facilities where individuals can seek relief from extreme
heat. This can leave residents with few options to escape dangerously high
temperatures.

e Financial Constraints: Low-income households may struggle to afford the increased
energy costs associated with running air conditioning or cooling systems during
heatwaves. This can lead to discomfort, health risks, and potential utility shutoffs.

e Limited Mobility: Some residents of disadvantaged communities may have limited
mobility, making it difficult for them to leave their homes or access transportation to
cooler areas during extreme heat events.

e Community Infrastructure: The quality of community infrastructure, including housing
and public spaces, may be inadequate to cope with extreme heat. Insufficient green
spaces, poor building design, and limited access to shade can exacerbate heat-related
challenges.

e Social Isolation: Disadvantaged individuals may experience social isolation, reducing
their support networks during extreme heat events. This isolation can impact their
ability to seek help or assistance.

e Language and Cultural Barriers: Communities with non-English-speaking populations or
cultural differences may face challenges in receiving and understanding heat advisories
and instructions, hindering their ability to respond effectively.

Figure 3-6 in the Community Profile section illustrates the Oakland County Community
Resilience Index Story Map. This map shows each participating jurisdiction with density
mapping used to identify community areas that are overburdened by the 22 challenges
identified by the FEMA Community Resilience Challenges Index.

Property Damage and Critical Infrastructure: Heat has little or no impact on structures. The
demand for electric utilities will be elevated due to increased demand for cooling systems.

Economy: No data exists demonstrating the economic impacts of past extreme heat events on

Oakland County. However, extreme heat is often accompanied by drought and can harm
livestock and crops. Extreme heat can also impact energy demands and can be associated with
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wildfires. In addition, medical costs and increased emergency response costs would be
anticipated with an extreme heat event.

Changes in Development and Impact of Future Development: Given that heat has little or no
impact on structures, extreme heat has no anticipated impact on future development.

Effects of Climate Change on Severity of Impacts: Average temperatures have increased by
approximately 2.5°F since the beginning of the 20th century, leading to more frequent
heatwaves. This increase in average temperature also means that heat waves are becoming
more intense and lasting longer. Heatwaves can cause heat stress, dehydration, and other heat-
related illnesses, particularly for vulnerable populations such as the elderly, young children, and
those with chronic diseases.

Climate Change Related to Extreme Heat in Oakland County:

Table 4-45. 25-Year Climate Projections for Oakland County
25-YEAR CLIMATE PROJECTIONS FOR OAKLAND COUNTY, MI

HIGHER EMISSIONS (RCP8.5)

Oakland County is expected to experience a 164% increase in extremely hot days within 25 years.

By 2048, Oakland County is expected to experience 7 more days that reach above 95°F (from 4 days
to 11 days per year).

LOWER EMISSIONS (RCP4.5)

Oakland County is expected to experience a 112% increase in extremely hot days within 25 years.

By 2048, Oakland County is expected to experience 4 more days that reach above 95°F (from 4 days
to 7 days per year).

Source: Neighborhoods at Risk (https://nar.headwaterseconomics.org/26125/explore/climate)

Table 4-46. Future Climate Indicators for Oakland County
FUTURE CLIMATE INDICATORS FOR OAKLAND COUNTY, Ml

Modeled Early Century Mid Century Late Century
History (2015-2044) (2035-2064) (2070-2099)
Indicator (1976- Lower Higher Lower Higher Lower Higher
2005) Emissions | Emissions Emissions Emissions Emissions Emissions
Min-Max | Min-Max | Min-Max Min-Max Min-Max Min-Max Min-Max
Temperature Thresholds
Annual Days 6 days 19 days 21 days 46 days 34 days 35 days 64 days
With
Maximum
Temperature 6-10 9-35 11-35 14-49 16-54 17-67 30-95
>90°
Annual Days 1 day 4 days 6 days 8 days 12 days 13 days 33 days
With
Maximum
Temperature 1-1 1-13 1-17 2-24 4-32 3-38 7-70
>95°
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Annual Days 0 days 1 day 1 day 1 day 3 days 3 days 13 days
With
Maximum
0-0 0-7 0-8 0-16 1-24 1-16 2-69
Temperature
>100°
Annual Days 0 days 0 days 0 days 0 days 0 days 0 days 4 days
With
Maximum
Temperature 0-0 0-1 0-0 0-1 0-3 0-2 0-29
>105°
Annual Temperature
Annual Single 94°F 98°F 98°F 99°F 101°F 101°F 105°F
Highest
Temperature 93-95 94-101 95-101 96-104 97-106 97-105 99-114
°F
Annual o o o o o o o
Highest 89°F 92°F 93°F 94°F 95°F 96°F 100°F
Maximum
Temperature
Averaged 88-90 89-96 90-96 91-99 92-101 92-101 94-109
Over a 5-Day
Period
654 938 980 1,247 1,269 1,866
. 1,094
Cooling degree- degree- degree- degree- degree- degree-
degree-days
Degree Days days days days days days days
(CDD) 749- 776- 921- 1,247-
607-716 1237 1146 835-1,474 963-1,548 1,819 2,590
Source: Climate Mapping for Resilience and Adaptation (2023)

FEMA NRI Expected Annual Loss Estimates

Table 4-47. Oakland County Expected Annual Loss Table

OAKLAND COUNTY, MI
FEMA NRI EXPECTED ANNUAL LOSS TABLE FOR EXTREME HEAT EVENTS

Expected | Expected
Annualized . Population Building Agriculture Total Annual Annual
Population .
Frequency Equivalence Value Value Value Loss Loss
Score Rating
1.1 events Relatively
0.96 $11,130,063 $42,852 $1,576 $11,174,491 99.1 .
per year High

Annualized Frequency: The natural hazard annualized frequency is defined as the expected frequency or
probability of a hazard occurrence per year. Annualized frequency is derived either from the number of recorded
hazard occurrences each year over a given period or the modeled probability of a hazard occurrence each year.
Population: Population exposure is defined as the estimated number of people determined to be exposed to a
hazard according to a hazard type-specific methodology.

Expected Annual Loss scores are calculated using an equation that combines values for exposure, annualized
frequency, and historic loss ratios (Expected Annual Loss = Exposure x Annualized Frequency x Historic Loss
Ratio). Source: hazards.fema.gov/nri/expected-annual-loss

Source: FEMA National Risk Index (2023)
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FEMA Hazard-Specific Risk Index Table
Table 4-48. Oakland County Hazard Specific Risk Index Table

OAKLAND COUNTY, MI
FEMA HAZARD SPECIFIC RATINGS - EXTREME HEAT
Risk Index Score Social Vulnerability Rating Community Resilience Rating
98.8 /100 Very Low Very High

Risk Index Scores: are a quantitative rating calculated using data for only a single hazard type. Risk Index Scores

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.
Social Vulnerability Ratings: are a qualitative rating that describe the community in comparison to all other

communities at the same level, ranging from “Very Low” to “Very High.” Social Vulnerability is measured using
the Social Vulnerability Index (SVI) published by the Centers for Disease Control and Prevention (CDC).
Community Resilience Ratings: are a qualitative rating that describe the community in comparison to all other

communities at the same level, ranging from “Very Low” to “Very High.” Community Resilience is measured
using the Baseline Resilience Indicators for Communities (HVRI BRIC) published by the University of South
Carolina's Hazards and Vulnerability Research Institute (HVRI).

Source: FEMA National Risk Index (2023)
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4.8 Flooding

Hazard Description

A flood is a natural event for rivers and streams and occurs when a normally dry area is
inundated with water. Excess water from snowmelt or rainfall accumulates and overflows onto
the stream banks and adjacent floodplains.

Floods are considered hazards when people and property are affected. In Michigan, flooding
occurs commonly and can occur from various sources during any season of the year.

Riverine flooding originates from a body of water, typically a river, creek, or stream, as water
levels rise onto normally dry land. Water from snowmelt, rainfall, freezing streams, ice flows, or
a combination thereof causes the river or stream to overflow its banks onto adjacent
floodplains. Winter flooding usually occurs when ice in the rivers creates dams or streams
freeze from the bottom up during extreme cold spells. Spring flooding is usually the direct
result of melting winter snowpacks, heavy spring rains, or a combination of the two.

According to the NOAA, a watershed is a land area that channels rainfall and snowmelt into
creeks, streams, rivers, and eventually to outflow points such as reservoirs, bays, and the ocean
(NOAA, 2023). Oakland County is located within the Lower Huron watershed, part of the larger
Detroit River Basin. The Lower Huron watershed includes parts of Oakland County and
neighboring counties Wayne and Monroe.

During high precipitation or rapid snowmelt, water may enter a watershed too quickly for the
land to absorb, causing “surface runoff.” This overflow can also cause water to run on and off
impervious surfaces such as parking lots, roads, buildings, and other structures, causing
urban/depressional flooding.

Urban/Depressional flooding, as defined in the Urban Flooding Awareness Act, is the
inundation of property in a built environment, particularly in more densely populated areas,
caused by rainfall overwhelming the capacity of drainage systems, such as storm sewers. Urban
flooding does not include flooding in undeveloped or agricultural areas.

Urban flooding includes situations in which stormwater:
e Enters buildings through windows, doors, or other openings.
e Backs up through sewer pipes, showers, toilets, sinks, and floor drains.

e Seeps through walls, and/or floors.
e Accumulates on public property or rights-of-way.
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Urban flooding is characterized by its repetitive, costly, and systemic impacts on communities,

regardless of whether or not these communities are located within formally designated
floodplains or near any body of water.

Hazard Location

Figure 4-29. Riverine Flooding Vulnerability Map
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Figure 4-30. 100-year Floodplain Map
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Figure 4-31. 500-year Floodplain Map

Study Region: Oakland County MI
Scenario: 500 year Flood Event

Legend

1T  Airport
—— Railway

S Ortanvine -

Brandon

- vaeland—;,)‘ {r
. ) Pon \{$ .15

[__:_j OC Municipal Areas
Lake/Pond

— o i - 4 Swamp/Marsh

-| —— River/Creek
500 yr Flood Boundary

S

. Ve
Springfiett

ar = rt
. " ‘ { P50 P
ﬂ!ooqlﬁeld Hilisit | Tro %‘ L
s s bl e
=0 = L
< Li_ﬂl'ml‘lfha:{rij({\T |
s "B vt Hille SontAfiel 7 Al
A
\{ ' Bingham Férms | P 6ak I~ =
Dl al 'Ee"ﬁyﬁmms'o Heights
\(ls g'rf;e;l;!:% Latlhrup Ih.uage Huntingtor Wood.‘s —
e S R P A . (e
L B \Q‘\ Ferndal{fllz'e._ |
ik 3 1o e wwn ;
N
10 5 0 10 Miles INTEGRATED SOLUTIONS w-—#\FE
| | | | | | CHSULTING !
3

Hazard Extent/Intensity

Several factors determine the severity of floods, including rainfall intensity and duration,
topography, and ground cover.

The NFIP classifies floods through recurrence intervals, as seen in Table 4-27.

Table 4-49. NFIP Flood Recurrence Intervals

Flood Recurrence Interval Chamﬂ;ﬂ;“;::;my::f during
Syear 20%
10 year 1019
50 year 04
100 year 1%
00 year 0.20%

The federal standard for floodplain management under the National Flood Insurance Plan
(NFIP) is the “100-year floodplain.” This area is chosen using historical data such that in any
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given year, there is a 1% chance of a “base flood” (also known as a “100-year flood” or
“regulatory flood”). A base flood covers or exceeds the 100-year floodplain. A “500-year
floodplain” is an area with at least a .2% chance of flood occurrence in any given year (FEMA,
2023).

Figure 4-21 illustrates the 100-year floodplain map for Oakland County, while Figure 4-22
illustrates the 500-year floodplain map.

When surface water runoff introduced into streams and rivers exceeds the capacity of the
natural or constructed channels to accommodate the flow, water overflows the stream banks,
spilling out into adjacent low-lying areas. Riverine flooding occurs as a consequence. Riverine
flooding can cause two types of floods: overbank flooding and flash floods. Overbank flooding is
the increase in the volume of water within a river channel and the overflow of water from the
channel onto the adjacent floodplain. Flash floods are the most dangerous because they
combine a flood's destructive power with incredible speed and unpredictability. Flash floods
occur when excessive water fills typically dry creeks or riverbeds along with currently flowing
creeks and rivers, causing rapid water rises in a short amount of time. They can happen with
little or no warning.

Probability and Frequency

Riverine Flooding: From 1975 through 2023, two major floods in Michigan resulted in
Presidential Major Disaster Declarations (FEMA, 2023). Two of Oakland County’s major rivers,
the Clinton and Rouge Rivers, will likely flood again. Portions of the Huron River also exhibit
flooding, but less frequently. Smaller tributaries of these river systems are also likely to flood in
the future. Therefore, it is highly probable that riverine flooding will continue to be a hazard in
Oakland County.

Urban/Depressional Flooding: Oakland County has had 14 urban flooding events since 2003.
The frequency of urban flooding is dependent on seasonal weather patterns. Urban flooding is
usually caused by inadequate drainage following heavy rainfall or rapid snowmelt. Urban
flooding is more likely to occur in spring when thunderstorms and snow melt are more
prominent.

Many areas of Oakland County are moderate to heavily populated and connected to municipal
sewer systems (stormwater and/or sanitary sewer). Given this, it is highly probable that urban
flooding will occur within the County. Additionally, as development continues within the
County, an increase in urban flooding may occur.

Past Events

Table 4-28 illustrates all riverine flooding events between 2013 and 2023. During this
timeframe, there were five events with no associated injuries or deaths. Table 4-29 shows all
urban/depressional flooding events between 2013 and 2023. There were 12 events with no
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associated injuries or deaths during this timeframe. Narratives from select incidents (causing
property damage) from Table 4-29 are provided immediately following the table.

Table 4-50. Oakland County Recorded Flood Events (2013-2023)

RIVERINE FLOODING EVENTS IN OAKLAND COUNTY, Ml (2013-2023)

Location County Date Type | Deaths | Injuries | Property Damage Crop Damage
FERNDALE Oakland | 08/11/2014 | Flood 0 0 0.00K 0.00K
OAKLEY PARK | Oakland | 08/16/2016 | Flood 0 0 0.00K 0.00K
FRANKLIN Oakland | 08/12/2019 | Flood 0 0 0.00K 0.00K
NEWARK Oakland | 01/11/2020 | Flood 0 0 0.00K 0.00K
FERNDALE Oakland | 08/28/2020 | Flood 0 0 0.00K 0.00K
Totals: 0 0 0.00K 0.00K

Table 4-51. Oakland County Recorded Flash Flood Event (2013-2023)

URBAN/DEPRESSIONAL FLOOD EVENTS IN OAKLAND COUNTY, IL (2013-2023)

. . . Property Crop
Location County Date Type Deaths | Injuries Fae ST

WHITE LAKE Oakland | 06/27/2013 :Ilsz:l 0 0 0.00K 0.00K
BLOOMEIELD Flash

7HIGHLANDS Oakland | 08/30/2013 Flood 0 0 0.00K 0.00K

FERNDALE Oakland | 08/11/2014 ;'2;2 0 0 400M 0.00K

WIXOM SPENCER ARPT Oakland | 09/29/2016 FF||2<S):| 0 0 500K 0.00K
Flash

NOVI Oakland | 08/28/2017 Flood 0 0 0.00K 0.00K
Flash

FRANKLIN Oakland | 08/12/2019 Flood 0 0 0.00K 0.00K
Flash

FERNDALE Oakland | 07/10/2020 Flood 0 0 0.00K 0.00K
Flash

FERNDALE Oakland | 08/28/2020 Flood 0 0 0.00K 0.00K
Flash

OAKWOOD Oakland | 06/26/2021 Flood 0 0 2.0M 0.00K

BLOOMEFIELD HILLS Oakland | 07/24/2021 FF||2<S):| 0 0 0.00K 0.00K
Flash

FERNDALE Oakland | 08/27/2021 Flood 0 0 100K 0.00K
Flash

OXFORD Oakland 10/08/2021 Flood 0 0 3.4M 0.00K

Totals: 0 0 406M 0.00K

08/2014: A historic rainfall event unfolded over Southeast Michigan on Monday, August 11,
leading to significant flooding and road closures. This event was caused by a strengthening low-
pressure system moving over the area, focusing on the tropical moisture from the south. The
hardest hit areas included Metro Detroit, surrounding communities, Flint, and the Saginaw
Valley areas. Wayne, Southern Oakland, and Macomb counties saw the worst flooding as 4 to 6
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inches of rain fell over 4 hours. Around 75,000 homes and businesses suffered damage, with
over 3000 suffering major damage. There was also damage to the roads and bridges, along with
the city sewer pumps, which were overwhelmed by the torrential rainfall. The total estimated
dollar loss from the Detroit Metro area was 1.8 billion dollars. Farther north, across parts of
Saginaw, Bay, and Genesee counties, flooding was not nearly as bad, but flooded roads with 2
to 3 feet of water were reported.

09/2016: Heavy rain fell across the Detroit Metro Area during the morning hours, with rainfall
totals of 2 to 5 inches, the heaviest rain centered in Downtown Detroit. Widespread urban
flooding was reported, with many roads and interstates closed. Many basements were also
flooded.

06/2021: After several weeks of moderate to severe drought conditions in Southeast Michigan,
a weather pattern brought widespread rainfall and flooding to Metro Detroit and surrounding
areas during the weekend of June 25-27th. Low-pressure tracking along a stalled stationary
boundary interacted with a very moist subtropical air mass to produce widespread 3 to 5 inches
of rainfall across Metro Detroit (localized 6 to 8 inches), resulting in numerous reports of
significant flooding within the Detroit metro vicinity, especially Washtenaw and Wayne
Counties. In addition to the heavy rain, an EF-2 tornado was observed near Port Austin in Huron
County during this event just before 5 pm EST on June 26th.

08/2021: Flooding at M10 and Evergreen impacting all lanes. The intersection of Grand River
Westbound and Middlebelt was impassable due to flooding. Multiple main and side roads
flooded across Royal Oak. Intersection locations include Sherman and Lafayette and Maple and
Louis. Reports of cars stalled out on Bellaire between Campbell and Edgeworth.

10/2021: A thunderstorm dumped at least 4 inches of rain in less than 2 hours, leading to flash
flooding in Orion Township. Roads were damaged, cars submerged and stranded, and homes
flooded. Flood waters impacted the M-24 and I-75 interchange, with roads closed for several
hours.

Vulnerability and Impacts

Life Safety and Health: Safety and health concerns during a flood range considerably. One of
the primary issues communities’ experiences, especially during flash floods, is vehicles getting
stuck and swept away by rapidly moving waters. These scenarios also present danger to first
responders and bystanders attempting to rescue vehicle occupants. “It is easy to misjudge the
depth of floodwater, particularly at night. Sometimes the bridge or road masked by flood water
may have been undermined or completely washed out (The Weather Channel, 2023)”. The
Weather Channel also writes that according to FEMA:

e Six inches of water will reach the bottom of most passenger cars, causing loss of control

and potential stalling.
e A foot of water will float many vehicles.
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e Two feet of rushing water will carry away most vehicles, including SUVs and pickups.

Just as vehicles are recommended to stay away from standing and moving flood waters, the
same is recommended for individuals. Flood waters can be both unsanitary and dangerous.
According to Dr. Greg Forbes, a severe weather expert for The Weather Channel, water flowing
at just 6 miles per hour (mph) can exert the same force as the winds of an EF5 tornado (The
Weather Channel, 2023). Additionally, water moving at approximately “25 mph has the
pressure equivalent of wind blowing at 790 mph, faster than the speed of sound (The Weather
Channel, 2023)”. When individuals get stuck in flood waters, some experience heart attacks and
other medical conditions while trying to free themselves from the water.

Contact with flood waters can increase the possibility of contracting a communicable disease
and other medical issues due to pollutants, chemicals, waste, and an increased number of
insects (CDC, 2023). Flood waters can also saturate the ground when receding, leading to
infiltration into sanitary sewer lines. When wastewater treatment facilities are flooded, there is
often nowhere for the treated sewage to be discharged or inflowing sewage to be stored.
Infiltration and lack of treatment lead to overloaded sewer lines, which back up into low-lying
areas and some homes. Even though diluted by flood waters, raw sewage can be a breeding
ground for bacteria, such as E. coli, and other disease-causing agents. Because of this threat,
tetanus shots are given to people affected by a flood.

Stagnant water is often a perfect breeding ground for insects, specifically mosquitoes, known to
carry and distribute various types of diseases. Standing water also creates mold, which can be a
health issue for everyone, but is a hazard to those with breathing issues, children, and the
elderly. If forced-air systems are affected by floods and are not subsequently appropriately
cleaned, individuals may inadvertently breathe in pollutants. If the water system loses pressure,
a boil order may be issued to protect people and animals from contaminated water.

The force of flood waters can damage gas lines, which creates the potential for secondary
hazards such as gas leaks and fires. This force, along with standing water, can also damage the
structural integrity of buildings, which can cause injuries if issues go unnoticed or unrepaired.
While fires have not resulted from flooding within Oakland County, history shows that floods
can prevent fire departments and protection agencies from successfully combating and
sometimes even accessing a fire, allowing it to spread.

According to FEMA, flooding can also disproportionately impact disadvantaged or challenged
communities in the following ways:

e Lack of Resilience Infrastructure: Disadvantaged communities often lack the
infrastructure necessary to mitigate flood impacts, such as well-maintained levees, flood
barriers, and stormwater management systems. The absence of these protective
measures can make these areas more susceptible to flooding and its consequences.
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e |nadequate Housing: Residents of disadvantaged communities may be more likely to live
in substandard housing or low-lying areas that are prone to flooding. Such housing may
lack flood-resistant construction and may not provide adequate protection during
floods.

e Limited Financial Resources: These communities often have fewer financial resources to
prepare for, respond to, and recover from flooding. This can lead to difficulties in
purchasing flood insurance, repairing flood-damaged homes, or accessing emergency
resources.

e Health Vulnerabilities: Residents of disadvantaged communities may have higher rates
of pre-existing health conditions or limited access to healthcare services. Flooding can
exacerbate these health vulnerabilities, especially if contaminated floodwater spreads
diseases or disrupts medical care.

e Transportation Challenges: Limited access to reliable transportation can hinder
evacuation efforts during flooding events, placing residents in these areas at greater
risk. Public transportation options may be insufficient or inaccessible, leaving residents
stranded.

e Information Access: Disadvantaged communities may have limited access to timely and
accurate information about flood risks and preparedness measures. This lack of
information can lead to delayed or inadequate responses to flood warnings.

e Environmental Justice Concerns: Flooding can lead to the release of hazardous
materials, contaminating soil and water. Disadvantaged communities are more likely to
be located near industrial sites or toxic facilities, exacerbating environmental justice
concerns.

e Community Disruption: Flooding can displace residents from their homes, disrupting
communities and increasing social and economic hardships. The process of recovery and
rebuilding may take longer in these areas due to limited resources.

The FEMA Community Resilience Challenges Index (CRCI) provides a relative assessment of a
community's potential resilience and gives insights into population and community
characteristics from which to build emergency operations plans and targeted outreach
strategies. Figure 4-23 illustrates the impact of flooding to CRCI tracts in Oakland County.
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Figure 4-32. Flooding Impacts to CRCI Tracts in Oakland County

OAKLAND COUNTY, MI

FEMA COMMUNITY RESILIENCE INDEX STORY MAP
Source: FEMA Resilience Analysis and Planning Tool (RAPT) 2023
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Property Damage and Critical Infrastructure: A HAZUS analysis was conducted for a 100-year

flood to examine the exposure and damages of buildings to flooding.

100-year Flood Analysis:
HAZUS estimates that about 452 buildings will be at least moderately damaged. This is over

82% of the total number of buildings in the scenario. There are an estimated 6 buildings that
will be completely destroyed.

Table 4-52. HAZUS 100-year Expected Building Damage by Occupancy

Expected Building Damage by Occupancy

Damage Level 1-10 11-20 21-30 31-40 41-50 >50
Occupancy Count | % | Count % Count % Count % Count % Count %
Agriculture 0 0 0 0 0 0 0 0 0 0 0 0
Commerecial 10 53 8 42 0 0 0 0 1 5 0 0

Education 0 0 0 0 0 0 0 0 0 0 0 0
Government 0 0 0 0 0 0 0 0 0 0 0 0
Industrial 0 0 0 0 0 0 0 0 0 0 0 0
Religion 0 0 0 0 0 0 0 0 0 0 0 0
Residential 240 35 320 47 87 13 27 4 3 0 6 1
Total 250 328 87 27 4 6

Before the flood analyzed in this scenario, the region had 4,435 hospital beds available for use.
On the day of the scenario flood event, the model estimates that 4,435 hospital beds are

available in the region.
Table 4-53. HAZUS 100-year Expected Damage to Essential Facilities
Expected Damage to # of Essential Facilities
Classification Total At Least Moderate At Least Substantial Loss of Use
Emergency Operations Centers 9 0 0 0
Fire Station 109 0 0 0
Hospitals 18 0 0 0
Police Stations 46 0 0 0
Schools 471 0 0 0
Table 4-54. HAZUS 100-year Building-Related Economic Loss Estimates
Building-Related Economic Loss Estimates (Millions of Dollars)
Area Residential Commercial Industrial Others Total
Building 121.77 22.86 9.40 3.53 157.56
Building Content 55.59 68.38 22.69 22.44 169.11
Loss Inventory 0.00 8.76 4.07 0.62 13.46
Subtotal 177.37 100.01 36.16 26.60 340.13
Income 2.86 65.97 0.70 12.92 82.45
. Relocation 36.96 15.28 0.85 5.95 59.04
Business Rental
Interruption 14.58 11.12 0.17 64.07 138.07
Income
Wage 6.76 66.08 1.15 64.07 138.07
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Subtotal

61.17

158.45

2.87

83.33

305.82

All

Total

238.53

258.46

39.03

109.93

645.94

The total economic loss estimated for the flood is $645.94 million, representing 3.32% of the
total replacement value of the scenario buildings.

The total building-related losses were $340.13 million. 47% of the estimated losses were
related to business interruption in the region. The residential occupancies made up 36.93% of
the total loss.

HAZUS estimates the number of households expected to be displaced due to the flood and the
associated potential evacuation. HAZUS also estimates those displaced people that will require
accommodations in temporary public shelters. The model estimates that 1,595 households
(4,784 people) will be displaced due to the flood. Displacement includes households evacuated
from within or very near the inundated area. Of these, 1,358 people are expected to seek
temporary shelter in public shelters.

Figure 4-24 illustrates flooding impact to critical infrastructure in Oakland County.

Chapter 4 | Risk Assessment | 4-59



2023 Oakland County Hazard Mitigation Plan | Volume 1

Figure 4-33. Flooding Impacts to Critical Infrastructure in Oakland County

OAKLAND COUNTY, MI
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Figure 4-25 illustrates flooding impact to schools and universities in Oakland County.

Figure 4-34. Flooding Impacts to Schools and Universities in Oakland County
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Figure 4-26 illustrates flooding impact to public safety locations in Oakland County.

Figure 4-35. Flooding Impacts to Public Safety locations in Oakland County
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Source: FEMA Resilience Analysis and Planning Tool (RAPT) 2023

Economy: Flooding can have several different impacts on the economy in Oakland County. One
potential impact is damage to businesses and infrastructure. Flooding can damage or destroy
buildings, equipment, and inventory, disrupting operations and resulting in significant financial
losses for companies. In addition, infrastructure such as roads, bridges, and utilities can also be
damaged, which can impede transportation and communication networks and further disrupt
the operations of businesses and other economic activity.
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Another potential economic impact includes property values and insurance rates. Properties
located in flood-prone areas may also decline in value, while insurance rates increase as the risk
of flooding increases. This can make it more difficult for homeowners and businesses to secure
loans and other forms of financing.

Changes in Development and Impact of Future Development: Riverine or urban flooding can
significantly impact current or future development in Oakland County. Floodwaters can cause
extensive damage to infrastructure, including buildings, roads, and bridges, and disrupt
transportation and commerce, resulting in costly repairs. Additionally, properties in flood-prone
areas may experience a decline in value, affecting property owners, developers, and local
governments relying on property tax revenue. Flooding incidents can also cause flood insurance
premiums to increase, posing challenges for property owners to protect their investments.
Finally, flooding can prompt changes in land use patterns, impacting the availability of land for
development and altering the character of neighborhoods and communities.

Effects of Climate Change on Severity of Impacts: Heavy precipitation leads to riverine flooding
and flash floods as the ground fails to absorb the high volume of precipitation that falls in a
short period. Increasing annual precipitation contributes to sustained flooding. (Neighborhoods
At Risk, 2023).

Table 4-33 illustrates 25-year precipitation projections for Oakland County, while Table 4-34
shows future climate indicators for Oakland County.

Table 4-55. 25-Year Precipitation Projections for Oakland County
25-YEAR PRECIPITATION PROJECTIONS FOR OAKLAND COUNTY, MI

HIGHER EMISSIONS (RCP8.5)

Oakland County is expected to experience a 13% increase in heavy precipitation within 25 years.

By 2048, Oakland County is expected to experience 0.3 more days of heavy precipitation per year
(from 2.5 days to 2.8 days per year).

LOWER EMISSIONS (RCP4.5)

Oakland County is expected to experience a 7% increase in heavy precipitation within 25 years.

By 2048, Oakland County is expected to experience 0.17 more days of heavy precipitation per year
(from 2.44 days to 2.61 days per year).

Source: Neighborhoods at Risk (https://nar.headwaterseconomics.org/26125/explore/climate)

Chapter 4 | Risk Assessment | 4-63


https://nar.headwaterseconomics.org/26125/explore/climate

2023 Oakland County Hazard Mitigation Plan | Volume 1

Table 4-56. Future Climate Indicators for Oakland County

FUTURE CLIMATE INDICATORS FOR OAKLAND COUNTY, MI
Modeled Early Century Mid Century Late Century
History (2015-2044) (2035-2064) (2070-2099)
Indicator (1976- Lower Higher Lower Higher Lower Higher
2005) Emissions | Emissions Emissions Emissions Emissions Emissions
Min-Max | Min-Max | Min-Max Min-Max Min-Max Min-Max Min-Max
Precipitation:
Annual 32” 33” 33” 34” 34” 34” 35”
Average Total
T 30-33 31-37 30-35 31-38 30-37 30-39 31-40
Precipitation
Days Per Year | 194 days 192 days 191 days 191 days 189 days 190 days 187 days
With
Precipitation 191-198 179-200 178-198 179-203 172-201 177-202 157-201
(Wet Days)
Maximum 12 days 12 days 12 days 12 days 12 days 12 days 12 days
Period of
Consecutive 11-13 11-13 10-13 10-13 10-13 11-13 10-13
Wet Days
Annual Days With:
Annual Days 2 days 2 days 2 days 3 days 3 days 3 days 3 days
With Total
Precipitation 1-2 2-3 2-3 2-4 2-4 2-4 2-6
> 1inch
Annual Days 0 days 0 days 0 days 0 days 0 days 0 days 0 days
With Total
Precipitation 0-0 0-0 0-0 0-0 0-0 0-0 0-0
> 2 inches
Annual Days 0 days 0 days 0 days 0 days 0 days 0 days 0 days
With Total
Precipitation 0-0 0-0 0-0 0-0 0-0 0-0 0-0
> 3inches
Annual Days 4 days 5 days 5 days 5 days 6 days 6 days 7 days
That Exceed
99th
Percentile 4-5 5-6 5-6 5-6 5-6 5-6 6-8
Precipitation
Days With 49 days | 36 days 35 days 31 days 27 days 25 days 13 days
Maximum
Temperature 45-53 18-47 24-45 13-42 11-38 8-40 1-29
Below 32°F
Source: Climate Mapping for Resilience and Adaptation (2023)

National Flood Insurance Program (NFIP) Participation

The majority of Oakland County communities participate in the National Flood Insurance
Program.
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All 62 Oakland County communities, except for the Cities of Berkley, Hazel Park, and Lake
Angelus, are known to have adopted local ordinances and/or site Plan review standards that
regulate construction and land uses within designated floodplains.

In addition, as amended, Part 31, Water Resources Protection, Act 451 of 1994 regulates
activities that result in occupation, fill or grade lands within floodplains along watercourses with
a drainage area over two square miles. Such actions require an application, review, and permit
issuance from the EGLE before disturbance.

Policies In-Force: According to FEMA, Oakland County communities had 1,398 insurance
policies in-force, totaling $386,077,000.

Table 4-57. NFIP Policies In-Force

Policies Total Written

Community Name Total Coverage

In-Force Premium + FPF
AUBURN HILLS, CITY OF 5 $1,833,000 $5,325
BERKLEY, CITY OF 17 $4,154,000 $8,519
BEVERLY HILLS, VILLAGE OF 6 $1,515,000 $4,680
BINGHAM FARMS, VILLAGE OF 2 $850,000 $1,019
BIRMINGHAM, CITY OF 58 $14,572,000 $23,885
BLOOMFIELD HILLS, CITY OF 22 $7,738,000 $24,807
BLOOMFIELD, TOWNSHIP OF 65 $22,183,000 $39,677
BRANDON, TOWNSHIP OF 10 $2,404,000 $4,784
CLARKSTON, CITY OF 1 $220,000 $448
CLAWSON, CITY OF 6 $1,801,000 $2,637
COMMERCE, TOWNSHIP OF 13 $3,890,000 $6,192
FARMINGTON HILLS, CITY OF 96 $17,351,000 $21,868
FARMINGTON, CITY OF 108 $28,189,000 $51,808
FERNDALE, CITY OF 4 $1,606,000 $2,904
FRANKLIN, VILLAGE OF 9 $2,646,000 $4,255
GROVELAND, TOWNSHIP OF 2 $485,000 $1,552
HAZEL PARK, CITY OF 2 $477,000 $815
HIGHLAND, TOWNSHIP OF 3 $1,050,000 $1,544
HOLLY, TOWNSHIP OF 7 $882,000 $3,103
HOLLY, VILLAGE OF 4 $595,000 $1,754
HUNTINGTON WOODS, CITY OF 9 $2,672,000 $4,675
INDEPENDENCE, TOWNSHIP OF 11 $3,645,000 $6,350
KEEGO HARBOR, CITY OF 11 $2,495,000 $6,558
LAKE ANGELUS, CITY OF 2 $425,000 $793
LAKE ORION, VILLAGE OF 8 $1,811,000 $4,056
LATHRUP VILLAGE, CITY OF 3 $1,050,000 $1,454
LYON, TOWNSHIP OF 6 $1,489,000 $2,508
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MADISON HEIGHTS, CITY OF $153,000 $572
MILFORD, TOWNSHIP OF $940,000 $2,178
MILFORD, VILLAGE OF 11 $2,495,000 $6,558
NORTHVILLE, CITY OF 13 $5,229,000 $17,663
NOVI, CITY OF 35 $11,637,000 $16,740
OAKLAND, TOWNSHIP OF 12 $3,196,000 $5,462
OAK PARK, CITY OF 12 $2,752,000 $5,461
ORCHARD LAKE VILLAGE, CITY OF 6 $2,100,000 $2,906
ORION, TOWNSHIP OF 9 $2,936,000 $3,890
ORTONVILLE, VILLAGE OF 1 $44,000 $662
PONTIAC, CITY OF 9 $4,292,000 $9,627
ROCHESTER, CITY OF 6 $2,150,000 $10,580
ROCHESTER HILLS, CITY OF 36 $8,946,000 $16,591
ROSE, TOWNSHIP OF 2 $488,000 $968
ROYAL OAK, CITY OF 25 $6,112,000 $12,618
SOUTHFIELD, CITY OF 43 $12,121,000 $26,154
SPRINGFIELD, TOWNSHIP OF 2 $700,000 $1,200
SOUTH LYON, CITY OF 1 $70,000 $421
TROY, CITY OF 89 $31,084,000 $69,517
WALLED LAKE, CITY OF 1 $115,000 $276
WATERFORD, CHARTER TOWNSHIP OF 36 $9,785,000 $15,716
WEST BLOOMFIELD, TOWNSHIP OF 67 $18,022,000 $35,434
WHITE LAKE, TOWNSHIP OF 10 $2,376,000 $4,974
WIXOM, CITY OF 3 $1,031,000 $1,569
WOLVERINE LAKE, VILLAGE OF 2 $700,000 $1,038
UNKNOWN, UNKNOWN 482 $131,070,000 $276,489
TOTAL 1,398 $386,077,000 $776,676
Source: FEMA as of 08/31/2023
Table 4-58. CRS Eligible Communities
T ETG CRS Entry Current Current % Discount % Discount Status
Date Effective Date Class for SFHA  for Non-SFHA
Commerce, Township of 05/1/03 10/1/14 9 05% 05% C
Farmington Hills, City of 10/1/94 10/1/95 10 0% 0% R
Novi, City of 10/1/99 5/1/19 8 10% 05% C

Source: FEMA as of 3/17/2022

Repetitive Loss Properties: There are several different definitions of a “repetitive loss
property.” The current FEMA definition of a repetitive loss property is:

“Repetitive Loss Structure: An NFIP-insured structure that has had at least two paid
flood losses of more than $1,000 each in any 10-year period since 1978.” (FEMA, 2023).
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Additionally, the definitions of a severe repetitive loss building, and severe repetitive loss
property are:

“Severe Repetitive Loss Building: Any building that:

Is covered under a Standard Flood Insurance Policy made available under this title.
Has incurred flood damage for which:

a. Four or more separate claim payments have been made under a Standard Flood
Insurance Policy issued pursuant to this title, with the amount of each such claim
exceeding $5,000 and with the cumulative amount of such claims payments exceeding
$20,000; or

b. At least two separate claims payments have been made under a Standard Flood
Insurance Policy, with the cumulative amount of such claim payments exceeding the fair
market value of the insured building on the day before each loss” (FEMA, 2023).

“Severe Repetitive Loss Property: Either a severe repetitive loss building or the
contents within a severe repetitive loss building, or both” (FEMA, 2023).

FEMA encourages the mitigation of severe repetitive loss and repetitive loss properties through
the distribution of mitigation grants, the NFIP’s Increased Cost of the Compliance program, and
the Community Rating System (CRS) program. Depending on the number of repetitive loss
properties within a CRS community, the community may be required to develop a specific plan
to determine the causes of the repetitive claims and ways to mitigate the causes of the
repetitive claims. At a minimum, each CRS community must conduct an annual outreach project
to these properties advising the owners of their location in the regulatory floodplain, property
protection measures, and any funding options for property protection and flood insurance.

FEMA offers several programs to support communities in identifying and addressing the root
causes of their repetitive losses. One such program is the Community Rating System (CRS).

Oakland County has approximately 18 properties that were designated as having suffered
repetitive flood claims, according to an official list maintained by FEMA and the National Flood
Insurance Program. Eleven of these eighteen properties are located within the City of
Farmington Hills, four are in Waterford Township, two are in the City of Birmingham, and one is
in the City of Troy. These properties are listed as not yet having fully benefited from flood
mitigation activities, and they should be prioritized for future projects that might alleviate their
flood risks. In addition, FEMA funds are available through HMGP, BRIC, and FMA to help
subsidize these types of flood mitigation activities. Although most of FEMA’s hazard mitigation
grants are provided with a 75/25 cost-share agreement, repetitive loss properties can enjoy an
even more favorable cost-share ratio, with 90% and sometimes even 100% of the flood
mitigation costs potentially able to be paid through these federal programs.

Of the eleven repetitive loss properties in the City of Farmington Hills, eight are of a single-

family residential type, and three are classified as ‘other residential’ (i.e., not single-family
occupancy). Although some properties have experienced 4 or 5 damaging events during the
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past several decades, others have only two or three events listed within a few years, before or
after which the property might not have been covered by insurance. For example, one
property reported four insurance claims for flood damages throughout the 1980s and 1990s
and is still insured. Several other properties have reported four or five claims between the late
1990s and the present and are currently insured. But the remaining properties listed for the
city tend to have had just a couple of reported flood claims within one decade, along with at
least one said lapse in their insurance coverage. In other words, additional damages are likely
to have occurred to these homes but were not reported during periods when no insurance was
being carried under the NFIP. Average claim payments for some of these properties have even
exceeded $100,000. However, the average damages per event tend to be in the $10,000 to
$20,000 range when all these listed properties in the city are being considered. These are more
severe flood damages than documented for the other Oakland County communities. Hence,
these properties in the city seem to merit being heavily prioritized for flood mitigation
activities.

Waterford Township’s four identified repetitive loss properties are all single-family residential
types. Their claim history is similar to those described in Farmington Hills, in which only a few
damaging events occurred within a decade. Still, some lapse in insurance coverage is also
indicated in the records. The current list of Waterford’s repetitive loss properties had just two
claims reported, with the most extended accompanying period ranging from 2004 to 2013,
while the shortest range of time involved a period of only a year and a half. Average damages
to each property per event amounted to less than $10,000.

The City of Birmingham had two identified properties classified as ‘other non-residential
properties’ and were the only non-residential properties to appear in the Oakland County
listings. One of the properties only had a couple of claims in 1997, followed by an uninsured
period. The other identified property reported four claims over 15 years and hasn’t had any
listed flood events since 1996. However, the property is designated as currently insured, and
the average claim amounts were a few thousand dollars lower than those reported by
Waterford Township.

Finally, the City of Troy had one single-family residential property listed as suffering three
damaging events during the early 1980s, followed by some lapse in insurance coverage and
average damage comparable to that reported for Waterford Township. The prioritization of
these properties may ultimately be determined at the household level. Still, this general
planning analysis must protect insurance confidentiality and claim information for all specific
addresses. Therefore, the general prioritization suggested here would be to emphasize the
more significant number of heavily damaged properties found within Farmington Hills, then the
moderately damaged properties located in Waterford Township and the City of Troy, and
finally, the properties listed for the City of Birmingham. Since the level of interest, activity, and
motivation will naturally vary among individual property owners, any opportunity to implement
flood mitigation activities at any of these properties should be sought and followed up on, as
each property on this list has already been defined as meriting high priority. All of the NFIP-
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identified repetitive loss properties are recommended to maintain flood insurance coverage
while funding is sought to alleviate their risks.

Another interesting pattern found within the information from the NFIP is regarding the dates
of damaging flood events. Sorting all reports by date reveals some 21 events between April
1979 and September 2013 for which claims were paid. Ten of these 21 flood events only
involved a single property from the county’s list. Still, the following events affected multiple
properties (the number of listed properties affected by each event is provided in parentheses):
October 1, 1981 (5), March 13 to 16, 1982 (3), May 1 to 2, 1983 (5), June 20 to 21, 1989 (4),
June 18 to 19, 1996 (3), July 2, 1997 (2), August 6 to 9, 1998 (5), June 24, 2000 (3), May 22 to
23, 2004 (3), September 13, 2008 (3), and September 3, 2013 (3). In addition, some of the
event dates correspond with declared flood disasters, such as an event on September 11, 2000
(affecting one of the listed properties), which was when widespread basement flooding
occurred and eventually resulted in federal disaster 1346 being declared.

FEMA NRI Expected Annual Loss Estimates

Table 4-59. Oakland County Expected Annual Loss Table

OAKLAND COUNTY, MI
FEMA NRI EXPECTED ANNUAL LOSS TABLE FOR RIVERINE FLOODING EVENTS

Expected Expected
Annualized . Population Building Agriculture Total P Annual
Population ik Annual
Frequency Equivalence Value Value Value Loss
Loss Score ;
Rating
1 event per $7,273, Relatively
year 0.02 $258,942 $7,010,886 $3,763 92 95.6 High

Annualized Frequency: The natural hazard annualized frequency is defined as the expected frequency or
probability of a hazard occurrence per year. Annualized frequency is derived either from the number of recorded
hazard occurrences each year over a given period or the modeled probability of a hazard occurrence each year.
Population: Population exposure is defined as the estimated number of people determined to be exposed to a
hazard according to a hazard type-specific methodology.
Expected Annual Loss scores are calculated using an equation that combines values for exposure, annualized
frequency, and historic loss ratios (Expected Annual Loss = Exposure x Annualized Frequency x Historic Loss
Ratio). Source: hazards.fema.gov/nri/expected-annual-loss

Source: FEMA National Risk Index (2023)

FEMA Hazard-Specific Risk Index Table

Table 4-60. Oakland County Hazard Specific Risk Index Table

OAKLAND COUNTY, MI
FEMA HAZARD SPECIFIC RATINGS — RIVERINE FLOODING

Risk Index Score

Social Vulnerability Rating

Community Resilience Rating

94.4 /100

Very Low

Very High

Risk Index Scores: are a quantitative rating calculated using data for only a single hazard type. Risk Index Scores

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.
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Social Vulnerability Ratings: are a qualitative rating that describe the community in comparison to all other

communities at the same level, ranging from “Very Low” to “Very High.” Social Vulnerability is measured using
the Social Vulnerability Index (SVI) published by the Centers for Disease Control and Prevention (CDC).
Community Resilience Ratings: are a qualitative rating that describe the community in comparison to all other

communities at the same level, ranging from “Very Low” to “Very High.” Community Resilience is measured
using the Baseline Resilience Indicators for Communities (HVRI BRIC) published by the University of South
Carolina's Hazards and Vulnerability Research Institute (HVRI).

Source: FEMA National Risk Index (2023)

Chapter 4 | Risk Assessment | 4-70



https://hazards.fema.gov/nri/map

2023 Oakland County Hazard Mitigation Plan | Volume 1

4.9 High-Hazard Dams

Hazard Description

A dam is a barrier constructed across a watercourse for water storage, control, or diversion.
Dams are typically built of earth, rock, concrete, or mine tailings.

Dam Failure:

Rapid and uncontrolled release of impounded water or liquid-borne solids characterizes failure.
However, it is recognized that there are lesser degrees of failure and that any malfunction or
abnormality outside the design assumptions and parameters that adversely affect a dam’s
primary function of impounding water could be considered a failure.

The Causes of Dam Failure: Dam failures are most likely to happen for one of five reasons
(ASDSO, 2023):

1. Overtopping is caused by water spilling over the top of a dam. Overtopping of a dam is
often a precursor of dam failure. For example, national statistics show that overtopping
due to inadequate spillway design, debris blockage of spillways, or settlement of the
dam crest account for approximately 34% of all U.S. dam failures.

2. Foundation defects, including settlement and slope instability, cause about 30% of all

dam failures.

Cracking is caused by movements like the natural settling of a dam.

Inadequate maintenance and upkeep.

5. Pipingis when seepage through a dam is not adequately filtered, soil particles continue
to progress and form sinkholes in the dam. Another 20% of U.S. dam failures have been
caused by piping (internal erosion caused by seepage). Seepage often occurs around
hydraulic structures, such as pipes and spillways; through animal burrows; around roots
of woody vegetation; and through cracks in dams, dam appurtenances, and dam
foundations.

b w
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Figure 4-36. Causes of Dam Failure Incidents, 2010-2019**

Dam Failure Primary Incident Mechanism

ASDSO Incident Database 2010 - 2019
Overtopping
Unknown
Piping
Spillway Pipe Failure
Spillway Erosion/Head Cutting
Under Investigation
Gate/Valve Failure
Spillway Deficiency
Slope Stability
Other
Insufficient Spillway Capacity
Foundation Deficiency
Erosion
Animal Activity
Spillway Chute Failure
Reservoir Overfilling
High Reservoir Level

Debris Clogging

Cracking

(=]
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** From the ASDSO Dam Incident Database, dam failure incidents for 2010 through 2019. Incident data is mainly obtained from the state dam
safety programs and/or media reports. Therefore, the incident data is not inclusive of all dam safety incidents.

Figure 4-37. Dam Failure Incident Driver, 2010-2019

Dam Failure Incident Driver
ASDSO Incident Database 2010 - 2019
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There are 23 “high” or “significant” risk dams in Oakland County, as listed in Table 4-39 below.
Eight of these dams are classified as high risk, while 15 are classified as significant risk. Both
high and significant classifications indicate sufficient downstream populations to warrant the
classification. Following the table, Figure 4-29 through Figure 4-51 illustrate maps of each dam
within the county. Emergency action plan status is also indicated below each map.

Table 4-61. List of (High and Significant Risk) Dams within Oakland County

Storage Max Hazard
National . Year Primary Height | Capacity | Discharge .
Name Location Owner . . Potential
ID# Built | Purpose (feet) (acre- (cubic e .-
Classification
feet) feet/sec)
Lehman
CIaDrkston MI100240 I\O/I?cka?n;r; Investment 1900 | Recreation 34 90 80 High
am e Company
. . Oakland
Clintonville | 00041 | Oakland, | Drain | 1915 | Recreation | 14 3,900 775 Significant
Dam Michigan e
Commissioner
toonLake |\ 50y45 | Oakland, | CountyDrain | jgz0 | pooreation 8 3,300 1,282 Significant
Dam Michigan | Commissioner
Ford
Dam #3 Oakland Village of . .
! 0
(Hubbell MI100248 Michigan Milford 1939 | Recreation 25 1,200 1,35 Significant
Pond)
Gehrke | \iooaso | O3and: | x| 1013 | Other 18 60 - Significant
Dam Michigan
Holly Dam | mioozs3 | Oakland, | Villageof 10/ | poreation | 12 555 600 Significant
Michigan Holly
Lake Oakland
. Oakland, . . .
Louise MI00255 L County Drain | 1925 | Recreation 12 860 555 High
Michigan L
Dam Commissioner
Lake Orion |\ 10759 | Oakland, Village of | 109 | Other 18 3,600 1,010 Significant
Dam Michigan Lake Orion
Oakland
Oxbow |\ i0oes | O2Kland, | Drain | 1964 | Recreation | 15 6,900 458 High
Dam Michigan T
Commissioner
Pontiac Oakland, Oakland .
Lake Dam MI00265 Michigan County WRC 1920 Other 21 7,400 596 High
Quarton | 5097 | Oakland, | Cityof 1921 | Recreation | 19 160 3,736 Significant
Dam Michigan Birmingham
Waterford
Multi- Oakland .
Lakes Miooz7s | O2Kand 1oty Drain | 1973 | Recreation, |y, 3,800 1,520 Significant
Michigan o Other
Level Commissioner
Control
Wildwood Oakland, MDNR Parks . .
Lake Dam MI00276 Michigan | & Recreation 1961 | Recreation 22 775 57 High
Winkler Oakland, | Nathaniel L. & . N
Pond Dam MI100277 Michigan Bryn Brock 1917 | Recreation 13 200 1,113 Significant
Lake Neva |\ o614 | O2Kland, | Lakewood |\ gcc | poirontion | 17 700 285 High
Dam Michigan Village
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Improvement
Assoc
Lake Lake
Oakland, . L
Sherwood MI00615 Michizan Sherwood 1957 | Recreation 22 2,300 384 Significant
Dam € Association
Endicott |\ 1006ga | O2Kland, Linda 1913 | Recreation | 14 200 200 Significant
Dam Michigan Goldman
Heron Oakland, MDNR Parks . .
Dam MI100692 Michigan & Recreation 1969 Recreation 26 1,600 74 High
Davisburg Oakland MDNR
Trout Pond | MI00693 | ~oan® ol 1951 | Recreation | 12 145 520 Significant
Michigan Wildlife
Dam
Dawson Oakland
. Oakland, . . .
Millpond MI00718 L County Drain | 1915 | Recreation 9 3,447 919 High
Michigan .
Dam Commissioner
. Village of
Wolverin
olverine | 50777 | O3Kand, |\ verine | 1925 | Recreation | 15 1,560 260 Significant
Lake Dam Michigan
Lake
Pontiac
Motor Pontiac .
Division | mio13e7 | O2kland, Motor 1082 | FloodRisk |, 10 58 Significant
- Michigan L Reduction
Detention Division
Basin
Wau-Me- Oakland Oakland
Gah Lake MI01675 Michi arl1 County Drain | 1930 | Recreation 8 600 153 Significant
Dam € Commissioner

Source: National Inventory of Dams (2023)
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Figure 4-38. Clarkston Dam
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Emergency Action Plan Prepared: YES / Last Revision: 9/9/2020
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Figure 4-39. Clintonville Dam
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Emergency Action Plan Prepared: YES / Last Revision: 9/30/2019
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Figure 4-40. Loon Lake Dam
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Emergeny Action Plan Prepred: YES / Last Revision: 9/30/2019
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Figure 4-41. Ford Dam #3 (Hubbell Pond)
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Emergency Action Plan Prepared: YES / Last Revision: 6/01/2013

Chapter 4 | Risk Assessment | 4-78



2023 Oakland County Hazard Mitigation Plan | Volume 1

Figure 4-42. Gehrke Dam
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Emergency Action Plan Prepared: Not Required / Last Revision: N/A
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Figure 4-43. Holly Dam
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Emergency Action Plan Prepared: Yes / Last Revision: 2/07/2018

Chapter 4 | Risk Assessment | 4-80



2023 Oakland County Hazard Mitigation Plan | Volume 1

Figure 4-44. Lake Louise Dam
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Emergency Action Plan Prepared: Yes / Last Revision: Unknown
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Figure 4-45. Lake Orion Dam
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Emergency Action Plan Prepared: Yes / Last Revision: 5/13/2002
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Figure 4-46. Oxbow Dam
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Emergency Action Plan Prepared: Yes / Last Revision: 9/30/2019
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Emergency Action Plan Prepared: Yes / Last Revision: 9/30/2019
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Figure 4-48. Quarton Dam
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Emergency Action Plan Prepared: Yes / Last Revision: 6/20/2017
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Figure 4-49. Waterford Multi-Lakes Level Control
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Emergency Action Plan Prepared: Yes / Last Revision: 9/30/2019
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Figure 4-50. Wildwood Lake Dam
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Emergency Action Plan Prepared: Yes / Last Revision: 3/18/2019
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Figure 4-51. Winkler Pond Dam

Emergency Action Plan Prepared: Yes / Last Revision: 6/11/2020
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Figure 4-52. Lake Neva Dam
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Emergency Action Plan Prepared: Yes / Last Revision: 4/30/2004
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Figure 4-53. Lake Sherwood Dam

Emergency Action Plan Prepared: Yes / Last Revision: 12/31/2001
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Figure 4-54. Endicott Dam
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Emergency Action Plan Prepared: Yes / Last Revision: 6/16/2017
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Figure 4-55. Heron Dam
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Figure 4-56. Davisburg Trout Pond Dam
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Emergency Action Plan Prepared: Yes / Last Revision: Unknown
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Figure 4-57. Dawson Millpond Dam
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Emergency Action Plan Prepared: Yes / Last Revision: 9/30/2019
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Figure 4-58. Wolverine Lake Dam
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Emergency Action Plan Prepared: Yes / Last Revision: 3/17/2009
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Figure 4-59. Pontiac Motor Division etention Basin
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Figure 4-60. Wau-Me-Gah Lake Dam
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Hazard Extent/Intensity

Existing dam classification systems are numerous and vary within and between both federal
and state agencies. Although differences in classification systems exist, they share a common
thread: each system attempts to classify dams according to the potential impacts from a dam
failure or misoperation, should it occur. The hazard potential classification does not reflect the
dam's current condition (e.g., safety, structural integrity, flood routing capacity).

In the state of Michigan, dam classifications are defined in the Natural Resources and
Environmental Protection Act (NREPA), specifically in Part 307, "Inland Lakes and Streams".
Section 307.51 of the act establishes a classification system for dams based on their size and
potential impact on the environment, and provides regulations for the construction,
maintenance, and operation of each class of dam.

Under the NREPA, dams are classified as follows:

1. Class A: Large dams with a height of 6 feet or more and a maximum storage capacity of
50 acre-feet or more.

2. Class B: Intermediate dams with a height between 2 and 6 feet and a maximum storage
capacity of 15 acre-feet or more.

3. Class C: Small dams with a height of less than 2 feet and a maximum storage capacity of
less than 15 acre-feet.

The classification of a dam determines the level of regulatory oversight and requirements for
maintenance and operation. Dam owners are required to register their dams with the Michigan
Department of Environment, Great Lakes, and Energy (EGLE) and comply with the applicable
regulations based on the dam's classification.

FEMA categorizes dams according to the degree of adverse incremental consequences of a
failure or misoperation of a dam. The National Inventory of Dams uses the federal classification
system. Dams are federally categorized into Low, Significant, and High Hazard Potential based
on the probable loss of human life and the impacts on economic, environmental, and lifeline
interests. Improbable loss of life exists where persons are only temporarily in the potential
inundation area.

1. Low Hazard Potential: Failure or misoperation results in no probable loss of human life
and low economic and environmental losses. Losses are principally limited to the
owner’s property.

2. Significant Hazard Potential: Failure or misoperation results in no probable loss of human
life but can cause economic loss, environmental damage, disruption of lifeline facilities,
or can impact other concerns.

3. High Hazard Potential: Failure or misoperation will probably cause loss of human life.
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Probability and Frequency

Under the right circumstances, a dam can fail at any time. As a dam ages, the likelihood of
failure increases due to various issues, such as undesirable woody vegetation on the
embankment, deteriorated concrete, inoperable gates, and corroded outlet pipes.
Furthermore, dam failures can often be worsened by flooding, so projected flood frequencies
can also be associated with the probability of dam failures.

In Oakland County, there are a significant number of high and significant dam hazards, making
it possible that a dam failure could occur in the future.

Past Events

2020: On May 19, 2020, the Edenville and Sanford Dams, which are part of a four-dam system
near Midland, failed. The failures forced the evacuation of thousands of residents and created
catastrophic flooding and property losses. The two other dams on the same river system, the
Smallwood and Secord dams, were damaged. The dams were unable to manage water flows
that resulted when storms dropped as much as eight inches of rain over 48 hours in parts of
Northeast Michigan.

2009: The failure of the Yates Dam in 2009 caused flooding and property damage in the area.
The Yates Dam was classified as a Class C dam, with a height of less than 2 feet and a maximum
storage capacity of less than 15 acre-feet. The cause of the failure was determined to be a
breach in the dam's embankment, which was likely caused by heavy rainfall and erosion.

1981: In this incident, the Woodhull Dam failure resulted in significant flooding and
downstream property damage. The Woodhull Dam was also classified as a Class C dam. The
cause of the failure was determined to be inadequate spillway capacity, which resulted in
overtopping of the dam during a period of heavy rainfall.

Additional examples of significant dam failures in the Michigan include: 1) Marquette in 2003
when an earthen dam failed causing over $10 million in property damages and 2) in September
1986, an intense rainfall caused 11 dams to fail in the Lower Peninsula of Michigan.

Out of the 2,521 dams in Michigan, 730 are privately-owned dams regulated by the state, and
329 are publicly owned dams regulated by the state. 85 state-regulated dams are classified as
high hazard, meaning in the event of a breach, there is expectation of severe damage and
potential loss of life. Of those dams classified as high hazard, 0 are rated 'unsatisfactory' and 5
are rated in 'poor' condition. All numbers are approximate, as Michigan's dam inventory
constantly changes.
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Vulnerability and Impacts

Dam analyses, including dam breach inundation areas are the most appropriate means for
examining the impact on people and property. Vulnerability analysis for dam failure for all dams
listed in Table 4-39 have been conducted with emergency action plan revision information
included with each figure of each dam. Table 4-40 highlights dam inventory data from the
Michigan Department of Environment, Great Lakes, and Energy (EGLE), and specifically
describes the downstream hazard potential, design flood, which is a hypothetical flood adopted
as the basis in engineering design, and the current condition for each dam. Additional studies,
mapping and analysis are needed to determine downstream vulnerability and impacts to key
assets.

Table 4-62. Hazard Potential of Dams within Oakland County

Downstream . irs
Other Name for w . Design Condition Assessment
Dam Name Hazard River .
Dam ) Flood Detail
Potential
Oxford Multi- Oxford Multi-lakes North Branch Meets applicable
lakes Control Low . . o
Dam Paint Creek tolerable risk criteria
Structure
Meet licabl
Bunny Run Dam Low Stony Creek eets aPp |ca_ e.
tolerable risk criteria
Clarkston Dam Clarkston Mill High Clinton River 200 Meets ap')pllca'ble'
Pond Dam Year tolerable risk criteria
Clintonville Dam Oakland-Woodhull Significant Clinton River Q200 Meets a[:'>p||ca'ble'
Lake Dams tolerable risk criteria
Commerce Lake
Commerce Dam Level Control Low Huron River
Structure
. Davisburg Mill Shiawassee Meets applicable
Davisburg Dam Pond Dam Low River Qloo tolerable risk criteria

Upper Hatchery Meets applicable

Loon Lake Dam Significant Clinton River Q200

Dam tolerable risk criteria
. . . 100 - .
Erity Dam Erity Dam Low River Rouge Vear Deficiency recognized
Ford Dam #3 . L . 200 Meets applicable
Milford D Significant H R
(Hubbell Pond) fitord Lbam ‘gnitican uron River Year tolerable risk criteria
Gehrke Dam Gehrke Dam Significant Tributary to Ngt u-nd-er-state
Stoney Creek jurisdiction
Stiff's Millpond D Shiawassee 200 - .
Holly Dam Dam Significant River Vear Deficiency recognized
. . Kearsley 200 Meets applicable
Lake Louise Dam High Creek Year tolerable risk criteria
Lakeville Lake Lakeville Lake Meets applicable
Level Control Low Stony Creek . o
Dam tolerable risk criteria
Structure
Lake Orion Dam Michigan Central Significant Paint Creek 200 Meets a[:'>p||ca'ble'
Dam Year tolerable risk criteria
200 Meet licabl
Oxbow Dam Oxbow Lake Dam High Huron River eets aPp |ca_ e.
Year tolerable risk criteria
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D
Other Name for ownstream X Design Condition Assessment
Dam Name Hazard River .
Dam X Flood Detail
Potential
. . Dam has not been
Perrysville Dam Stillers Dam Low Thread Creek Q100 .
inspected
Pontiac Lake Pontiac Lake Dam High Huron River 200
Dam Year
Paint Creek
Pungs Dam Low an _ree Q100
Drain
- Quarton Br 200 Meets applicable
Quarton Dam Significant River Rouge Year tolerable risk criteria
Bald Mountain Slocum Dam Low Spring Creek Other
Pond Dam pring
Spring Lake Dam Great Lakes Dam Low Swartz Creek 200 Dam' has not been
Year inspected
Waterford Multi- Van Norman Lake N . . Meets applicable
Lakes Level Significant Clinton River Q200 . o
(Waterford Dam) tolerable risk criteria
Control
wild d Lak 200 Meet licabl
fiawood Lake High Thread Creek eets a|:.)p |ca_ e.
Dam Year tolerable risk criteria
Winkler Pond 200 Meet licabl
inkler Fon Winkler Dam Significant Stony Creek eets a|:.)p |ca_ e.
Dam Year tolerable risk criteria
Phipps Lake Dam | Phillips Lake Dam Low Zimmerman 100
PP P Branch Year
Dixie Lake Dam Low TrlbutarY to No't u'nd'er'state
Clinton River jurisdiction
Big Seven Lake Low Tributary to 100
Dam Swartz Creek Year
Seven Lakes Little Seven Lake Low Swartz Creek 100 Meets applicable
Addition Dam Dam Year tolerable risk criteria
200 Meet licabl
Lake Neva Dam High Cedar Creek eets a|:.)p |ca_ e.
Year tolerable risk criteria
Lake Sherwood N Tributary to 200 Meets applicable
Significant . . o
Dam Huron River Year tolerable risk criteria
Addison Oaks Tributary to Not under state
Low . T
Dam Krohn Drain jurisdiction
Twelve Oaks Not under state
L Bishop Creek
Mall Dam ow Ishop Lree jurisdiction
Upper Trout 100
Lake Dam Low Trout Creek Vear
Lower Trout
Low Trout Creek Q100
Lake Dam
Endicott Lake Significant Tributary to 200 Meets applicable
Dam & River Rouge Year tolerable risk criteria
Indian Lake Dam Low Trib to W Br 100 Meets a[:'Jpllca'bIe'
Stony Creek Year tolerable risk criteria
Prince Lake Dam Low Trib to W Br 100 Meets a[:'Jpllca'bIe'
Stony Creek Year tolerable risk criteria
Pettibone Creek . Pettibone 100 Meets applicable
Dam #1 Lower Mill Dam Low Creek Year tolerable risk criteria
Pettibone Creek | Upper Mill Dam or Low Pettibone Not under state
Dam No 2 Milford Dam Creek jurisdiction
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D
Other Name for ownstream X Design Condition Assessment
Dam Name Hazard River .
Dam ) Flood Detail
Potential
Moore Lake Dam Low Pettibone 100
Creek Year
Heron Dam High Thread Creek 200
Year
Davisburg Trout Significant Shiawassee 200 Meets applicable
Pond Dam J River Year tolerable risk criteria
Braemar Lake Low Buckhorn 100 Meets applicable
Dam Creek Year tolerable risk criteria
Knoblock Lake Shiawassee 100
Low .
Dam River Year
Haven Hill Lake Low Cedar Creek 100 Deficiency recognized
Dam Year
Duck Lake Dam Low Paint Creek 100
Year
Indianwood Lake Low Paint Creek Q100 Meets a[:.Jpllca-bIe.
Dam tolerable risk criteria
Dawson . . . . 200 Meets applicable
Millpond Dam Price Dam High Clinton River Year tolerable risk criteria
Renchik Dam Low Duck Creek Dam. has not been
inspected
200
Crystal Lake Dam Low Swartz Creek Vear Other
Wolverine Lake Significant Trib t9 Huron Q200
Dam River
Vhay Lake Dam Low Amy Drain Q100 Deficiency recognized
Tributary to
Duck Lake Dam Duck Lake Level Low Pettibone 100
Control Structure Year
Creek
Susin Lake Dam Low . Trib tc_> 100
Clinton River Year
Walter Moore Crystal Lake Dam Low Clinton River 100
Dam Year
Union Lake Level Meets applicable
Control Union Lake Low Hayes Creek pp o
tolerable risk criteria
Structure
Walled and
afledan Walled Lake Ingersoll
Shawood Lakes Low
Control Structure Creek
Dam
. . Unnamed .
Watkins Lake Watkins Lake . Meets applicable
Low Tributary to . .
Dam Control Structure . tolerable risk criteria
Clinton
Williams Lake Meets applicable
Control Low . .
tolerable risk criteria
Structure
Petrauskas Pond Dam has not been
Low .
Dam inspected
Leavenworth Walled Lk Meets applicable
Detention Pond Low Branch River Q100 F,)p N
tolerable risk criteria
Dam Rouge
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D
Other Name for ownstream X Design Condition Assessment
Dam Name Hazard River .
Dam X Flood Detail
Potential
Sisters of Mercy Tributary to Not under state
Low . S
Dam River Rouge jurisdiction
Pontiac Motor Division Detention . Montcalm 100 Not under state
. Significant S
Basin Storm Sewer Year jurisdiction
Bevins Lake Level Patt
Bevins Lake Dam evins take teve Low a erso.n Deficiency recognized
Control Structure Holly Drain
West B h Not und tat
Buell Road Dam Low est Branc O. u_n _er_s ate
Stony Creek jurisdiction
Bush Lake Dam Low Shlawassee Meets ap')pllca'ble'
River tolerable risk criteria
Cass Lake
Control Cass Lake Canal . .
Low Clinton River
Structures 1 and Level Control
2
Cedar Island Low Huron River Meets ap.)pllca_ble.
Dam tolerable risk criteria
Cranbrook Lake . Dam has not been
Low River Rouge .
Dam inspected
Farmington Venture Detention Pond Low Tributary to Dam has not been
Dam Seeley Drain inspected
Tributary to
Fenton Dam #1 Upper Fenton Low Shiawassee 100
Dam . Year
River
Tributary to 100
Fenton Dam #2 Low Shiawassee
. Year
River
Tributary to
Fenton Dam #3 Low Shiawassee No't u'nd'er'state
. jurisdiction
River
Ecaleston Dam Low West Branch Not under state
g8 Stoney Creek jurisdiction
Heather Lake Village Oaks Lake Low Tributary to Dam has not been
Dam Dam Walled Lake inspected
Wau-Me-Gah Waumegah Lake Significant Tributary to 200 Meets applicable
Lake Dam Dam & Clinton River Year tolerable risk criteria
S
Lake Charnwood pragu_e 100 Dam has not been
Low Branch River .
Dam Year inspected
Rouge
Lake Genesareth Low Tributary to Not under state
Dam Pebble Creek jurisdiction
Trib to Not under state
Lovett Dam Low Sunken urisdiction
Bridge Drain J
Lower Hatchery Drayton Plains . . Dam has not been
Low Clinton River .
Dams Hatchery # 3 inspected
Manito Lak Not und tat
antto take Marl Lake Dam Low O. u_n _er_s ate
Dam jurisdiction
McGinnis Lake Low Tributary to 100
Dam Thread Creek Year

Chapter 4 | Risk Assessment | 4-103




2023 Oakland County Hazard Mitigation Plan | Volume

D
Other Name for ownstream X Design Condition Assessment
Dam Name Hazard River .
Dam ) Flood Detail
Potential
Meadowbrook Low Tributary to Not under state
Retention Dam Bell Creek jurisdiction
Meadowglen Sub Storm Ret Pond Tributary 'to 100 Meets applicable
Low Tarabusi . e
Dam Year tolerable risk criteria
Creek
Tribut t
Meadowhills Est Retention Pond rioutary . ° Not under state
Low Tarabusi S
North jurisdiction
Creek
Meadowhills Estates Retention Pond Tributary 'to Not under state
Low Tarabusi .
South jurisdiction
Creek
Meadow Lake Low Eranklin Drain 100 Meets a[:'Jpllca'bIe'
Dam Year tolerable risk criteria
Franklin Drain . . Not under state
Low Franklin Drain .
Dam jurisdiction
Not under state
Stony Creek Dam Low Stony Creek . u -
jurisdiction
Tribut t
River Rouge Dam rioutary to Not under state
Low Cranbrook e .
#1 jurisdiction
Lake
River Rouge Dam Quarto'n Not under state
Low Branch River .
#2 jurisdiction
Rouge
Baldwin Pond East Pond Not under state
Low .
Dam Creek jurisdiction
Cranbrook . Not under state
. Low River Rouge .
Foundation Dam jurisdiction
Franklin Drain . . Not under state
Low Franklin Drain .
Dam jurisdiction
Franklin Drain #2 . . Not under state
Low Franklin Drain S
Dam jurisdiction
Northbrook Not under state
L Seely Ditch
Gardeners Dam ow eely Ditc jurisdiction
Northfield Hills . 100 Meets applicable
Low River Rouge . .
Dam Year tolerable risk criteria
Not und tat
Old Hamestead Low Seely Ditch O. u_n _er_s ate
jurisdiction
Paint Creek Cider . Not under state
] Low Paint Creek .

Mill Dam jurisdiction
Rochester City Low Paint Creek No't u'nd'er'state
Park Dam jurisdiction
Hillview Lake Tr'lbutary- Not under state

Low Paint Creek .
Dam . jurisdiction
Drain
San Marino Golf . Not under state
Club Dam Low Seely Ditch jurisdiction
Sashabaw Creek Sashabaw Not under state
Low .
Dam Creek jurisdiction
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D
Other Name for ownstream X Design Condition Assessment
Dam Name Hazard River .
Dam X Flood Detail
Potential
Secord Lake Dam Low East Pond Dam' has not been
Creek inspected
Sargent Creek Low Sargent Creek No't u'nd'er'state
Dam jurisdiction
Not und tat
Shoup Pond Low Clark Drain O. u_n _er_s ate
jurisdiction
Lake Araho Dam _Sitzes. Dam Low Paint C_reek Dam. has not been
Gillespie Dam Drain inspected
. Below Phipps Not under state
Smith Dam Low Lake Outlet jurisdiction
Stewart Lake Low Thread Creek 100 No't u'nd'er'state
Dam Year jurisdiction
Taylor Lake Dam Low Taylor Lake No't u'nd'er'state
Outlet jurisdiction
McClure Not under state
Traxler Dam Low . S
Drain jurisdiction
Waldon Pond Inlet Wing Not under state
Low S
Dam Lake jurisdiction
. Dam has not been
Tull Lake Dam Low Huron River Q100 .
inspected
Woodcreek Hills Danvers Pond Low Pebble Creek Other
Dam Dam
Yates Mill Dam Yates Cider Mill Low Clinton River No't u'nd'er'state
Dam jurisdiction
Pettibone Pond . Pettibone 100 - .
Dam Winegar Lake Dam Low Creek Vear Deficiency recognized
Lake Angel Not under stat
Lake Angelus Level Control Structure Low axe AngelLls O. u_n _er_s ate
Outlet jurisdiction
Big Lake Level Meet licabl
Big Lake Dam ' Lake Leve Low Huron River eets a|:.)p |ca_ e.
Control Structure tolerable risk criteria
Eagle Lake Dam Low Eagle Lake No't u'nd'er'state
Outlet jurisdiction
Fox Lake Dam Fox Lake Level Low Huron River
Control Structure
Middle & Lower Low Lower Straits
Straits Dam Lake Outlet
Storm Retention . . Not under state
Low Clinton River S
Pond Dam jurisdiction
Tipsico Lake Dam Tipsico Lake Level Low Tipsico Lake
Control Structure Outlet
Upper Straits Upper Straits Lake Low Upper Straits
Dam Level Control Str Lake Outlet
100 Meets applicable
Proud Lake Dam Low Huron River Vear hydrologic and seismic
regulatory criteria
Cemetery & Low Clinton River

Dollar Lake Dam
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D
Other Name for ownstream X Design Condition Assessment
Dam Name Hazard River .
Dam X Flood Detail
Potential
Walled Lk Meets applicable
Taft Road Regional Detention Basin Low Branch River Q200 Pp o
tolerable risk criteria
Rouge
Thornton District Thornton Meets applicable
Detention Basin Low Creek Qloo tolerable risk criteria
Walled Lk
Meadowbrook Low Branch River Q100
Lake Dam
Rouge
Misuaraca Dam Low Tributary to S No't u'nd'er'state
Stony Creek jurisdiction
Mill Pond Dam Low Swartz Creek No't u'nd'er'state
jurisdiction
Carpenter Lake Tributary to Meets applicable
Ray Dam Dam Low River Rouge Qloo tolerable risk criteria
Outwood Sub Low T_rlbutary to Other
Dam River Rouge
Warstler Dam Low Trlputary to th u_nd_er_state
Paint Creek jurisdiction
Galloway Creek Low Galloway Not under state
USGS Control Creek jurisdiction
River Rouge Low River Rouge Not under state
USGS Control & jurisdiction
Upper River .
Rouge USGS Low Upper River No't u'nd'er'state
Rouge jurisdiction
Control
Applebrook
PP _e roo . Tributary to Not under state
Detention Basin Low . T
#1 Seeley Drain jurisdiction
Oak River Sub #2 . Not under state
Low River Rouge S
Dam jurisdiction
Troy Lakes Low Tributary tp Dam has not been
Estates Dam Gibson Drain inspected
Ivr\rllatsszodv:/rlz;i Van Road Dam Low Tributary to 100
P Thread Creek Year
Dam
Thread Creek
readree Trib to Thread 100 Meets applicable
Impoundment Low . o
Creek Year tolerable risk criteria
Dam
Orchard Lake Orchard Lake Orchard Lake Meets applicable
Low . S
Dam Overflow Outlet tolerable risk criteria
Pebblg Creek' Glen Oak Dam has not been
Detention Basin . Low .
Detention Dam inspected
Dam
Hartman & Tributary to
Tyner Mitigation Low y Q100
Thread Creek
Pond 1
Hartman &
e Tributary to Meets applicable
Tynelrpz/rl]lslgzatlon Low Thread Creek Qloo tolerable risk criteria
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Downstream
Other Name for ownstrea . Design Condition Assessment
Dam Name Hazard River .
Dam . Flood Detail
Potential
Long Lake Dam Long Lake Control Low Long Lake Meets ap')pllca'ble'
Structure Outlet tolerable risk criteria
Scott Lake
Control Low Other
Structure
White Lake Dam White Lake Low White Lake Meets ap.)plica_ble.
Control Structure Outlet tolerable risk criteria

Source: Ml EGLE Michigan Dam Inventory
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Figure 4-61. Hazard Potential of Dams within Oakland County
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Life Safety and Health: According to the NREPA, the failure of a dam can have significant
impacts on life safety and health. Dam failures can lead to loss of life or injury to individuals in
the immediate downstream area, property damage, and disruption of essential services such as
power, water supply, and transportation. In addition, dam failures can also cause
environmental damage, including damage to aquatic habitats, erosion, and sedimentation. To
mitigate these impacts, the NREPA mandates that dam owners ensure their dams are designed,
constructed, operated, and maintained safely and responsibly. The act also requires the
Michigan Department of Environment, Great Lakes, and Energy (EGLE) to inspect and regulate
dams, and mandates dam owners to take appropriate action to address any identified safety or
environmental concerns.

Property Damage and Critical Infrastructure: Dam failure can lead to extensive property
damage, including damage to homes, businesses, and infrastructure such as roads and bridges.
Additionally, a dam failure can disrupt critical services like power, water supply, and
transportation. For instance, if a dam failure causes power outages to critical facilities like
hospitals or water treatment plants, it can have cascading effects on the surrounding
community. Transportation routes may also be affected as floodwaters damage or wash out
roads and bridges.

Additionally, dam failure can cause significant environmental damage, including damage to
aquatic habitats, erosion, and sedimentation. This can have far-reaching impacts on the
ecosystem, water quality, and aquatic species, with lasting effects on the environment and local
communities.

Economy: No data exists demonstrating the economic impact of past dam failure events in
Oakland County.

Changes in Development and Impact of Future Development: Dam failure can influence local
governments to reassess their development plans and building codes to address any increased
risks associated with living and working near dams. Developers may also need to take additional
precautions when designing and constructing buildings and infrastructure in areas that are
downstream of dams. This can include implementing flood-resistant designs, elevating
buildings, and relocating critical infrastructure such as power and water supply facilities to
higher ground.

Dam failure can also lead to changes in land use and zoning in affected areas. In some cases,
local governments may need to restrict or prohibit certain types of development in areas that
are at high risk of flooding or other hazards associated with dam failure. This limitation can
impact potential for future development and affect property values in the area.

Effects of Climate Change on Severity of Impacts: Heavy precipitation leads to riverine flooding
and flash floods as the ground fails to absorb the high volume of precipitation that falls in a
short period. Increasing annual precipitation contributes to sustained flooding. (Neighborhoods
At Risk, 2023).
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Table 4-41 illustrates 25-year precipitation projections for Oakland County, while Table 4-42
shows future climate indicators for Oakland County.

Table 4-63. 25-Year Precipitation Projections for Oakland County
25-YEAR PRECIPITATION PROJECTIONS FOR OAKLAND COUNTY, MI

HIGHER EMISSIONS (RCP8.5)

Oakland County is expected to experience a 13% increase in heavy precipitation within 25 years.

By 2048, Oakland County is expected to experience 0.3 more days of heavy precipitation per year
(from 2.5 days to 2.8 days per year).

LOWER EMISSIONS (RCP4.5)

Oakland County is expected to experience a 7% increase in heavy precipitation within 25 years.

By 2048, Oakland County is expected to experience 0.17 more days of heavy precipitation per year
(from 2.44 days to 2.61 days per year).

Source: Neighborhoods at Risk (https://nar.headwaterseconomics.org/26125/explore/climate)

Table 4-64. Future Climate Indicators for Oakland County

FUTURE CLIMATE INDICATORS FOR OAKLAND COUNTY, MI
Modeled Early Century Mid Century Late Century
History (2015-2044) (2035-2064) (2070-2099)
Indicator (1976- Lower Higher Lower Higher Lower Higher
2005) Emissions | Emissions Emissions Emissions Emissions Emissions
Min-Max | Min-Max | Min-Max Min-Max Min-Max Min-Max Min-Max
Precipitation:
Annual 32” 33” 33” 34” 34” 34” 35”
Average Total
Precipitation 30-33 31-37 30-35 31-38 30-37 30-39 31-40
Days Per Year | 194 days 192 days 191 days 191 days 189 days 190 days 187 days
With
Precipitation 191-198 179-200 178-198 179-203 172-201 177-202 157-201
(Wet Days)
Maximum 12 days 12 days 12 days 12 days 12 days 12 days 12 days
Period of
Consecutive 11-13 11-13 10-13 10-13 10-13 11-13 10-13
Wet Days
Annual Days With:
Annual Days 2 days 2 days 2 days 3 days 3 days 3 days 3 days
With Total
Precipitation 1-2 2-3 2-3 2-4 2-4 2-4 2-6
>1inch
Annual Days 0 days 0 days 0 days 0 days 0 days 0 days 0 days
With Total
Precipitation 0-0 0-0 0-0 0-0 0-0 0-0 0-0
> 2 inches
Annual Days 0 days 0 days 0 days 0 days 0 days 0 days 0 days
With Total 0-0 0-0 0-0 0-0 0-0 0-0 0-0
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Precipitation
> 3 inches
Annual Days 4 days 5 days 5 days 5 days 6 days 6 days 7 days
That Exceed
99th
Percentile
Precipitation

Days With 49 days | 36 days 35 days 31 days 27 days 25 days 13 days
Maximum
Temperature 45-53 18-47 24-45 13-42 11-38 8-40 1-29
Below 32°F

Source: Climate Mapping for Resilience and Adaptation (2023)

4-5 5-6 5-6 5-6 5-6 5-6 6-8

FEMA NRI Expected Annual Loss Estimates and Hazard-Specific Risk
The FEMA NRI does not assess high-hazard dams.
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4.10 Fog

Hazard Description

Fog is a cloud-like mass of condensed water vapor that hovers close to the ground and reduces
visibility.

Hazard Location

Fog could occur anywhere in Oakland County.

Hazard Extent/Intensity

NOAA measures the extent or intensity of fog based on the visibility range. Fog is classified as
"Dense Fog" when visibility is less than 1/4 mile (402 meters), "Fog" when visibility ranges from
1/4 to 1 mile (402 to 1609 meters), and "Haze" when visibility ranges from 2 to 5 miles (3218 to
8046 meters). The extent or intensity of fog can be further classified based on the severity of its
impact on transportation, aviation, and other activities.

Probability and Frequency

Michigan has approximately one major fog event every two years. NOAA lists one Dense Fog
event for Oakland County since 1950. While only one major fog event has been recorded by
NOAA, fog occurs regularly and can cause disruption, specifically with regard to transportation
and major roadways.
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Past Events

Figure 4-62. Fog-related Traffic Accidents in Oakland County (2018-2022)

Weather Conditions (2016+): Fog
Year over Year by Month

2018 [ 2079 | 2020 N 2021 N 2022

40

Crashes
o]
=

20

0
January February March April May June July August September October MNovember December

Weather Conditions (2016+) 2018 2019 2020 201 2022 Total

Fog 201 133 T3 101 98 606

Total Crash Count 201 133 3 1M 98 606

Source: University of Michigan Transportation Research Institute - Michigan Traffic Crash Facts (MTCF)

2005: Approximately 200 cars collided during a heavy fog in Ingham County. Two people were
killed, 37 were injured, and both lanes of I-96 were closed for hours.

2000: On October 26, 2000, dense fog hovered over the metro Detroit area. This event caused
significant delays for morning commuters and delayed dozens of flights at Detroit Metropolitan
Airport.

1995: Dense fog lasted for over 24 hours, resulting in numerous traffic accidents with four
deaths. School was cancelled and flights were delayed, cancelled, or diverted.

Vulnerability and Impacts

Life Safety and Public Health: Fog can impact life safety and public health in several ways. First,
fog reduces visibility, making it more difficult for drivers to see road signs, other vehicles, and
pedestrians. This can increase the risk of accidents and injuries. Second, fog can also affect air
travel by reducing visibility for pilots and causing flight delays and cancellations. Lastly, fog can
worsen air quality by trapping pollutants close to the ground, leading to respiratory problems,
especially for people with pre-existing conditions like asthma. This can result in moisture on
surfaces, making them slippery and increasing the risk of falls and injuries.

Overall, the impact of fog on life safety and public health depends on its severity and duration,
as well as the vulnerability and exposure of the affected population.
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Property Damage and Critical Infrastructure: Fog can have an impact on property damage and
critical infrastructure through various means. First, reduced visibility caused by fog can lead to
accidents, damaging property, vehicles, and critical infrastructure. For example, highway or
railroad accidents can be caused by fog, leading to property damage and infrastructure
disruption. Next, fog can cause moisture deposition on surfaces, resulting in the deterioration
of buildings, vehicles, and other infrastructure over time. Fog can also contribute to corrosion
and the breakdown of infrastructure components, such as metal structures, electrical
equipment, and communication systems.

Regarding critical infrastructure, fog can disrupt power transmission and distribution systems,
leading to power outages due to moisture deposition on power lines. Reduced visibility may
also impede maintenance and repair activities. Additionally, communication infrastructure,
including cellular networks, satellite communication, and broadcast systems, can be affected by
fog.

Economy: No data exists demonstrating the economic impact of past dense fog events on
Oakland County.

Changes in Development and Impact of Future Development: There is no impact based on
current development trends.

Effects of Climate Change on Severity of Impacts: According to the NOAA, climate change can
impact the severity of dense fog events in several ways. As the climate warms, the amount of
moisture in the atmosphere is expected to increase, leading to more frequent and intense fog
events in some areas. In addition, changes in wind patterns and atmospheric circulation
associated with climate change can impact the frequency and intensity of fog events in
different regions. For example, changes in the frequency and intensity of storms and hurricanes
can alter the amount and distribution of moisture in the atmosphere, affecting fog formation
and dissipation. Climate change can also impact the timing and duration of fog events. This can
lead to more frequent and prolonged coastal fog events, impacting shipping, transportation,
and coastal ecosystems (NOAA, 2023).

Understanding that precipitation can impact fog in several ways. Table 4-43 illustrates 25-year
precipitation projections for Oakland County.

Table 4-65. 25-Year Precipitation Projections for Oakland County
25-YEAR PRECIPITATION PROJECTIONS FOR OAKLAND COUNTY, MI

HIGHER EMISSIONS (RCP8.5)

Oakland County is expected to experience a 13% increase in heavy precipitation within 25 years.

By 2048, Oakland County is expected to experience 0.3 more days of heavy precipitation per year
(from 2.5 days to 2.8 days per year).

LOWER EMISSIONS (RCP4.5)

Oakland County is expected to experience a 7% increase in heavy precipitation within 25 years.
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By 2048, Oakland County is expected to experience 0.17 more days of heavy precipitation per year
(from 2.44 days to 2.61 days per year).

Source: Neighborhoods at Risk (https://nar.headwaterseconomics.org/26125/explore/climate)

FEMA NRI Expected Annual Loss Estimates and Hazard-Specific Risk
The FEMA NRI does not assess fog.
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4.11 Severe Summer Storms

Hazard Description

In this plan, severe storms are considered thunderstorms, lightning, microbursts/high winds,
and hailstorms.

Thunderstorms affect relatively small areas when compared to hurricanes and winter storms.
However, despite their small size, all thunderstorms are dangerous. A typical thunderstorm is
15 miles in diameter and lasts an average of 30 minutes. Of the estimated 100,000
thunderstorms that occur each year in the United States, about 10 percent are classified as
severe. The National Weather Service considers a thunderstorm severe if it produces hail at
least 3/4 inch in diameter, winds of 58 MPH or stronger, or a tornado. Every thunderstorm
needs three essential components: (1) moisture to form clouds and rain, (2) unstable air, which
is warm air that rises rapidly, and (3) lift, which is a cold or warm front capable of lifting air to
help form thunderstorms (NOAA, 2023).

Lightning, although not considered criteria for a severe thunderstorm by the National Weather
Service definition, can accompany heavy rain during thunderstorms. Lightning develops when
ice particles in a cloud move around and collide with other particles. These collisions cause a
separation of electrical charges. As a result, positively charged ice particles rise to the top of the
cloud, while negatively charged particles fall to the middle and lower sections of the cloud. The
negative charges at the base of the cloud attract positive charges at the surface of the Earth.
Invisible to the human eye, the negatively charged area of the cloud sends a charge called a
stepped leader toward the ground. Once it gets close enough, a channel develops between the
cloud and the ground. Lightning is the electrical transfer through this channel. The channel
rapidly heats to 50,000 degrees Fahrenheit and contains approximately 100 million electrical
volts. The rapid expansion of the heated air causes thunder (NOAA, 2023).

Microbursts (Damaging Winds): A microburst is a small, concentrated downburst that
produces an outward burst of strong winds at or near the surface. Microbursts are small — less
than 2.5 miles across — and short-lived, lasting only five to 10 minutes, with maximum
windspeeds sometimes exceeding 100 mph. There are two kinds of microbursts: wet and dry. A
wet microburst is accompanied by heavy precipitation at the surface. Dry microbursts, common
in places like the high plains and the intermountain west, occur with little or no precipitation
reaching the ground (NOAA, 2023).

Hailstorms: Hail is a form of precipitation that occurs when thunderstorm updrafts carry
raindrops upward into extremely cold areas of the atmosphere, where they freeze into ice balls.
Hail can damage aircraft, homes, and cars and kill livestock and people. Table 4-45 outlines
potential hail sizes and describes physical items for comparison (NOAA, 2023).
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Hailstones grow by colliding with supercooled water drops. Supercooled water will freeze in
contact with ice crystals, frozen raindrops, dust, or some other nuclei. Thunderstorms with a
strong updraft keep lifting the hailstones to the top of the cloud, where they encounter more
supercooled water and continue to grow. The hail falls when the thunderstorm’s updraft can no
longer support the weight of the ice, or the updraft weakens. The stronger the updraft, the
more significant the hailstone can grow (NOAA, 2023).

“Hailstones can have layers like an onion if they travel up and down in an updraft, or they can
have few or no layers if they are “balanced” in an updraft. Counting the layers, one can tell how
many times a hailstone traveled to the top of the storm. In addition, hailstones can begin to
melt and re-freeze together — forming large and very irregularly shaped hail (NOAA, 2023).

High Winds: High winds are defined as “sustained winds with speeds of 40 miles per hour
(mph) or greater, or wind gusts with speeds of 58 mph or greater (NOAA, 2023)”. High winds
can have a significant impact on weather conditions and can cause damage to structures, trees,
and power.

Hazard Location

Severe summer storms could occur anywhere in Oakland County.

Hazard Extent/Intensity

Oakland County experiences a range of intensities and magnitudes of severe summer storms.
On average, around five storms each year are categorized as severe thunderstorms due to their
high winds and hail.

Lightning: A lightning flash is created by a transfer of significant charge between two charged
objects. Lightning discharges can occur inter-cloud, cloud-to-cloud, cloud-to-air, and cloud-to-
ground. Cloud-to-ground (CG) lightning has the greatest risk to society. A CG stroke can kill,
destroy equipment, start fires, and disturb power delivery systems.

Lightning is commonly measured using the Lightning Activity Level (LAL), which is a scale that
describes the frequency of lightning strikes in a specific area (NWS, 2023).
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Figure 4-63. NWS Lightning Activity Level
Lighining Activity Level {(LAL)

Is & scale which describes lightning activity. Values are

labeled 1-6:

Mo thunderstorms

Izolated thunderstorms. Light rain will
occasionally reach the ground. Lightning is very
infrequent, 1 to 5 cloud to ground strikes in a five
minuiz period.

Widely scattered thunderstorms. Light to
moderate rain will reach the ground. Lightning is
infrequent, 6 o 10 cloud to ground sirikes ina 5
minute period.

Scattered thunderstorms. Moderate rain is
commonly produced Lightning is frequent, 11 to
15 cloud to ground strikes in a 5 minute period.

Mumerous thunderstorms. Rainfall is moderate to
heavy. Lightning is frequent and intense, greater
then 15 cloud to ground strikes in a8 5 minute
period.

Dry lightning {same as LAL 3 but without rain).
This type of lightning has the potenfial for
extreme fire activity and is normally highlighied in
fire weaiher forecasts with a Red Flag Waming.

Microbursts (Damaging Winds)/ High Winds: The Beaufort Wind Scale explains different wind
speeds based on how they would affect land conditions and sea conditions (NOAA, 2023).

Table 4-66. Beaufort Wind Scale

Force (xlgg) Clas\.i,\i/mgtion Appearance of Wind Effects on Land

0 Less than 1 Calm Calm, smoke rises vertically

1 1-3 Light Air Smoke drift indicates wind direction, still wind vanes

2 4-6 Light Breeze Wind felt on face, leaves rustle, vanes begin to move

3 7-10 Gentle Breeze Leaves and small twigs constantly moving, light flags extended

4 11-16 M;r(izrzaete Dust, leaves, and loose paper lifted, small tree branches move

5 17-21 Fresh Breeze Small trees in leaf begin to sway

6 22-27 Strong Breeze Larger tree branches moving, whistling in wires

7 28-33 Near Gale Whole trees moving, resistance felt walking against wind

8 34-40 Gale Twigs breaking off trees, generally impedes progress

9 41-47 Strong Gale Slight structural damage occurs, slate blows off roofs

10 48-55 Storm Seldom experien'ced on land, trees broken or uprooted,
“considerable structural damage”

11 56—63 Violent Storm

12 64+ Hurricane

Source: NOAA, 2023
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Hailstorms:

The TORRO Hailstorm Intensity Scale was developed by Jonathan Webb to measure and
categorize hailstorms (TORRO, 2023). It extends from HO (hard hail, no damage) to H10 (super
hailstorm, extensive structural damage, risk of severe/fatal injuries) with its increments of
intensity or damage potential related to hail size (distribution and maximum), texture,
numbers, fall speed, speed of storm translation, and strength of the accompanying wind. The
scale could be modified depending on factors such as building materials and types (e.g.,
whether roofing tiles are predominantly slate, shingle, or concrete). See the scale in the figure
below (TORRO, 2023).

Figure 4-64. TORRO Hailstorm Intensity Scale

Typical hail diameter | Probable kinetic energy

Scale | Intensity category Typical damage impacts

| (mm)* Jm?
HO Hard hail | 5 | 0-20 | No damage
Potentiall
H1 e @ y 515 =20 Slight general damage to plants, crops
damaging
H2 Significant | 10-20 | =100 | Significant damage to fruit, crops, vegetation

Severe damage to fruit and crops, damage to glass and plastic structures,

H3 Severe 20-30 >300 :
paint and wood scored
H4 Severe 25-40 >500 Widespread glass damage, vehicle bodywork damage
Wholesale destruction of glass, damage to tiled roofs, significant risk of
H5 Destructive 30-50 >800 va g e g
injuries
Hé Destructive | 40-60 | | Bodywork of grounded aircraft dented, brick walls pitted
H7 Destructive 50-75 Severe roof damage, risk of serious injuries
H8 Destructive 60-90 (Severest recorded in the British Isles) Severe damage to aircraft bodywork
P suocr Hailstorms | 75100 | Extensive structural damage. Risk of severe or even fatal injuries to persons
caught in the open
T Suer Hailstorms i Extensive structural damage. Risk of severe or even fatal injuries to persons

caught in the open

Table 4-67. National Weather Service Hail Descriptions
NATIONAL WEATHER SERVICE HAIL DESCRIPTIONS

DESCRIPTION DIAMETER (INCHES)
Pea 0.25”
Marble or Mothball 0.5”
Penny or Dime 0.75”
Nickel 0.88”
Quarter 1.0”
Half Dollar 1.25”
Walnut or Ping Pong Ball 1.5”
Golf Ball 1.75”
Hen’s Egg 2.0”
Tennis Ball 2.5”
Baseball 2.75”
Teacup 3.0”
Grapefruit 4.0”
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Softball | 4.5"
SOURCE: National Weather Service (2023)

As demonstrated below, the National Weather Service also defines the local threat of severe
hail for specified areas based on the likelihood that severe hail will occur combined with the
anticipated size or diameter of the largest hailstones (NWS, 2023).

Figure 4-65. Severe Hail Threat Level

Low “A Low Threat to Life and Property from Severe Hail."
Within 12 miles of a location, a very low likelihood (2% to 5% probability) of severe hail,
with storms capable of golf ball to baseball sized hail stones. See diameter description
below:

ANDI/OR.__a low likelihood (6% to 15% probability) of severe hail, with storms capable of
nickel to golf ball sized hail stones. See diameter description below.

Very Low " AVery Low Threat to Life and Property from Severe Hail.”
Within 12 miles of a location, a very low likelihood (2% to 5% probability) of severe hail,
with storms capable of nickel to golf ball sized hail stones. See diameter description
below

ANDI/OR._.a low likelihood or greater (6% or greater) of small hail (less than 3/4 inch).
See diameter description below.

ote: To be considered severe, hail stones must be at least 3/4 inch in diameter.
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Probability and Frequency

Oakland County averaged 21.0 Thunderstorm Wind events annually between 2013 and 2023.
Figure 4-57 provides an event summary for this timeframe (NOAA, 2023).

Figure 4-66. Oakland County Thunderstorm Wind Events Summary (2013-2023)

Event Types: Thunderstorm Wind

214 events were reported between 01/01/2013 and 05/04/2023 (3776 days)

Summary Info:

Number of County/Zone areas affected: 1
Number of Days with Event: 65
Number of Days with Event and Death: 0
Number of Days with Event and Death or Injury: 1
Number of Days with Event and Property Damage: g
Number of Days with Event and Crop Damage: 0
Number of Event Types reported: 1

Oakland County averaged 0.1 Lightning events annually between 2013 and 2023. Figure 4-58
provides an event summary for this timeframe (NOAA, 2023). It should be noted that lightning
strikes occur more frequently than what is typically recorded by NOAA.

Figure 4-67. Oakland County Lightning Events Summary (2013-2023)

Search Results for Oakland County, Michigan
Event Types: Lightning
1 events were reported between 01/01/2013 and 05/04/2023 (3776 days)

Summary Info:
Number of County/Zone areas affected:

. Number of Days with Event:

.Number of Days with Event and Death:

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

“Number of Days with Event and Crop Damage:

Number of Event Types reported: 1
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Oakland County averaged 1.1 Hailstorm events annually between 2013 and 2023. Figure 4-59
provides an event summary for this timeframe (NOAA, 2023).

Figure 4-68. Oakland County Hailstorm Events Summary (2013-2023)

Search Results for Oakland County, Michigan
Event Types: Hail
41 events were reported between 01/01/2013 and 05/04/2023 (3776 days)

Summary Info:

Number of County/Zone areas affected: 1

Number of Days with Event: 18

Number of Days with Event and Death:

Number of Days with Event and Death or Injury:

Number of Days with Event and Property Damage:

Number of Days with Event and Crop Damage:

= O =0 O

Number of Event Types reported:

Oakland County averaged 1.1 Microburst/High Wind events annually between 2013 and 2023.
Figure 4-60 provides an event summary for this timeframe.

Figure 4-69. Oakland County Microburts/High Wind Events Summary (2013-2023)
Search Results for Oakland County, Michigan

Event Types: High Wind

Oakland county contains the following zones:
Oakland

11 events were reported between 01/01/2013 and 05/04/2023 (3776 days)

Summary Info:

Number of County/Zone areas affected: 1
Number of Days with Event: 1
Number of Days with Event and Death: 1
Number of Days with Event and Death or Injury: 1
Number of Days with Event and Property Damage: 1"
Number of Days with Event and Crop Damage: 0
Number of Event Types reported: 1
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Past Events

Thunderstorm Wind:

As Figure 4-57 noted, Oakland County recorded 214 Thunderstorm Wind events between 2013
and 2023. During this time, there was one injury and no deaths. NOAA narrative from select
incidents during this timeframe (resulting in injury/death) are as follows:

e 2019: A few severe thunderstorms developed, producing isolated wind damage. A tree
fell onto the top of a truck, resulting in a minor injury to the driver.

Lightning:
As Figure 4-58 noted, Oakland County recorded one Lightning event between 2013 and 2023.

Lightning strikes occur more frequently than what is noted by NOAA. NOAA's narrative from the
incident is as follows:

e 2021: Lightning struck a tree and transferred to a parked car. A fire was started, and the
exit energy created a hole in the ground by one of the wheels. This incident caused
approximately $5,000 of property damage.

In August of 2020, fires were reported in Commerce Township, Rochester Hills and Bloomfield
Townships with lightning being the likely cause. On August 18, 2019, an apartment fire in
Rochester Hills was caused by a lightning strike. Another facility in Bloomfield Hills was
reportedly struck by lightning in August of 2023 causing a garage to burn.

Hailstorms:

As Figure 4-59 noted, Oakland County recorded 41 Hailstorm events between 2013 and 2023.
NOAA's narrative of a significant incident causing property damage is as follows:

e 2014: A powerful upper-level low-pressure system dropped southward into the Great
Lakes on Sunday, July 27, sparking a good deal of severe thunderstorms in the warm,
moist, and unstable air in advance of the system. Between 2 p.m. and 8 p.m., severe
weather affected nearly all of southeast Michigan. The initial storm that affected
portions of Midland and Bay counties from around 2:15 to 3:15 p.m. was a prolific hail
producer, with hail up to 3 diameters (greater than baseball size) recorded near
Midland. Later, another powerful storm moved across Oakland County between 4:30
and 5:15 pm, dropping hail up to 2.50 in diameter (tennis ball size) near the
Highland/White Lake area, with wind damage reported over central and eastern
portions of the county. The storms also produced heavy rainfall, with a 1-2” swath
recorded over southern Oakland County. Wyandotte, in south Wayne County, picked up
2.67 in 4 hours. In addition, a mobile home park was damaged, with 80 percent of the
homes suffering broken windows. Total damage across south Michigan was estimated
to be 100 million dollars from the storm.
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Microbursts/High Winds:

Figure 4-60 noted that Oakland County recorded 11 Microburst/High Wind events between
2013 and 2023. During this time, there was one injury and one death. NOAA narrative from
incidents resulting in injury/death and/or property/crop damages are as follows:

2021: An intense low-pressure system and attendant cold front tracked across the
central Great Lakes on December 11th. Widespread 50-60 mph gusts were observed,
with isolated higher gusts up to 64 mph (measured at both Harbor Beach and Detroit
Metro Airport). Trees, tree limbs, and power lines were reported down across Southeast
Michigan, with at least 150,000 electric customers without power at the peak of the
wind event—property damage estimated at $600,000.

2021: A well-organized line of strong to severe thunderstorms developed early
afternoon on Tuesday, September 7th, along and ahead of an advancing cold front.
Most of the damage was observed north of I-69 in cities such as Midland and Saginaw,
where extensive tree damage, power outages, and one hail were observed; however,
less widespread reports were received south of the 1-69 corridor. The line of storms
farther south was followed by a swath of high winds, where sustained winds (not
associated with thunderstorms) were observed to be 40-50 mph, with gusts up to 60
mph. Between the severe thunderstorms and high winds, approximately 150,000
customers lost power. As a result, scattered power outages occurred from downed tree
limbs and wires. A fire station in West Bloomfield measured a 54 mph wind gust—
property damage estimated at $25,000.

2020: Strong low pressure tracking through the northern Great Lakes produced long
strong winds to southeast Michigan late in the morning of the 15th through the
afternoon and into the evening. Wind gusts of 40-60 mph were common, with even
isolated reports of 65 mph winds enhanced by thunderstorms and heavy showers. As a
result, over 200,000 customers lost power from downed tree limbs and wires. Property
damage is estimated at $1,000.

2019: A low-pressure system quickly intensified over the weekend of February 23-24th
as it crossed the Great Lakes region. This system brought blizzard warnings to western
portions of the Great Lakes and high regional winds. A well-mixed boundary layer led to
high winds over the region, with gusts around 60 mph range. Widespread downed tree
limbs with sporadic structural damage were reported. One such report was roof damage
at Adrian College. In addition, downed power lines led to close to 200,000 customers
without power across southeast Michigan, with some outages lasting into Monday. Here
are some of the higher wind gusts reported: Saginaw... 61 mph Detroit... 61 mph
Pontiac... 56 mph Flint... 55 mph Ann Arbor... 55 mph; Adrian... 55 mph; Lapeer... 53
mph—property damage estimated at $1 million.
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2018: An intense low-pressure system tracked through northern Lower Michigan,
swinging a strong cold front through southeast Michigan early in the afternoon.
Sustained winds ranged between 30 - 40 mph, with frequent gusts in the 45 to 60 mph
range, with scattered thunderstorms that developed to enhanced winds near 70 MPH.
Downed large trees, branches, telephones, and power lines were reported across all
counties in Southeast Michigan, with around 230,000 customers without power during
the peak. In Independence Township, a large tree fell onto a car, killing the 36-year-old
man inside. A postal employee in South Lyon was also seriously hurt when a tree fell on
him. A semi was also blown over in the strong winds on US 23, blocking all southbound
lanes—property damage for this incident was estimated at $5 million.

2017: A non-thunderstorm event occurred over the state on Wednesday, March 8,
2017, as high winds brought wind gusts over 60 mph! The high winds took out power
lines and trees, along with numerous reports of structural damage to buildings. There
were also reports of brush fires, and tractor-trailers flipped over around the area. Due to
the extensive damage, many areas lacked power for several days. Approximately
800,000 DTE customers and about 300,000 Consumers Energy customers were affected.
The highest wind gust reported across Southeast Michigan was 68 mph at both Saginaw
and Detroit Metro Airport—property damage for this incident was estimated at $35
million.

2016: Strong southwest winds of 50 to 60 mph brought down trees...tree limbs...and
power lines...mainly along the M-59 corridor and I-94 corridors of Southeast Michigan.
DTE reported 117,000 customers were affected during the peak early Friday evening,
with 75,000 customers remaining without power into Saturday the next day—property
damage for this incident was estimated at $10 million.

2014: High winds occurred across Southeast Michigan on November 24. These winds
occurred as a powerful and deepening low-pressure system moved from near the Straits
of Mackinac to Quebec, dragging a strong cold front through Lower Michigan. Peak
winds gusted between 55-65 mph over Metro Detroit and points south, with 45-58 mph
gusts occurring to the north. Numerous downed trees and power lines were reported,
which led to power outages reaching close to 200,000 at the peak of the wind event—
property damage for this incident was estimated at $250,000.

2014: A strong low-level jet within the warm sector allowed southwest winds to gust
between 55 and 61 mph across much of Metro Detroit during the morning hours.
Numerous trees, fences, carports, and power lines were reported blown down—
property damage for this incident was estimated at $50,000.

2013: A powerful low-pressure system strengthened and tracked northeast from the

western Great Lakes towards James Bay during the afternoon of November 17th
through the overnight hours. Southerly winds out ahead of the cold front allowed
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temperatures to soar into the lower to middle 60s during the afternoon hours across
southeast Michigan. A line of thunderstorms developed with the cold front that swept
through the area during the evening hours. Several storms produced severe wind gusts
and damage as they moved through the area. Behind the cold front, gradient winds
gusted to 55 to 65 mph during the evening and overnight hours, producing additional
damage across southeast Michigan. Widespread trees and power lines downed by the
winds led to over 400,000 homes and businesses losing power—property damage for
this incident estimated at $3 million.

e 2013: Anintense Arctic Front swept through southeast Michigan around Midnight of
January 19th, with westerly winds gusting around 60 mph across much of the area
during the early morning hours of January 20th. Dozens of trees and power lines were
downed across individual counties, leading to power outages for over 120,000 DTE
customers during the peak of the winds—property damage for this incident was
estimated at $S1.5 million.

Vulnerability and Impacts

All assets located in Oakland County can be considered at risk from severe summer storms. This
includes 100 percent of the county’s population and all buildings and infrastructure.

Life Safety and Public Health: Severe summer storms can significantly impact life safety and
public health. First, lightning strikes are a significant hazard during thunderstorms and can
cause severe injury or even death. People outside during thunderstorms are at risk of being
struck by lightning, which can result in burns, cardiac arrest, and other life-threatening injuries.
Next, thunderstorms can cause flash flooding, which can also be deadly. Flash floods can occur
quickly and without warning and trap people in their homes or vehicles, leading to drowning
and other injuries. Thunderstorms can also produce high winds that can cause damage to
buildings, vehicles, and other structures. Finally, flying debris and falling trees can significantly
harm people outside during a storm.

Hailstones can vary in size from small pellets to large chunks of ice, and they can cause injury to
people and animals caught outside during a storm. This factor poses risks to life safety. People
injured by hailstones may require medical attention. In addition, hailstones can cause cuts,
bruises, and other injuries, mainly if they are large or accompanied by high winds.
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Figure 4-70. Rain-related Traffic Accidents in Oakland County (2018-2022)

Weather Conditions (2016+): Rain
Year over Year by Month
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Weather Conditions (2016+) 2013 2019 2020 2021 2022 Total
Rain 3,603 3.889 1,604 2,816 2.189 14,101
Total Crash Count 3,603 3,880 1,604 2,816 2,189 14,101
Source: University of Michigan Transportation Research Institute - Michigan Traffic Crash Facts (MTCF)
Figure 4-71. Crosswind-related Traffic Accidents in Oakland County (2018-2022)
Weather Conditions (2016+): Severe Crosswinds
Year over Year by Month
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Severe Crosswinds 20 53 26 42 40 181
Total Crash Count 20 53 26 42 40 181

Source: University of Michigan Transportation Research Institute - Michigan Traffic Crash Facts (MTCF)
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Figure 4-72. Sleet/Hail-related Traffic Accidents in Oakland County (2018-2022)

Weather Conditions (2016+): Sleet/Hail
Year over Year by Month
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Sleet/Hail 99 187 72 75 50 483
Total Crash Count 99 187 72 75 50 483

Source: University of Michigan Transportation Research Institute - Michigan Traffic Crash Facts (MTCF)

Property Damage and Critical Infrastructure: Severe summer storms can significantly impact
property and critical infrastructure. Potential effects of different weather phenomena include:

e Thunderstorms: Thunderstorms can cause flooding, power outages, and damage to
buildings, vehicles, and other infrastructure. The strong winds associated with
thunderstorms can uproot trees and cause damage to roofs and other structures.
Additionally, lightning strikes can damage electrical equipment and start fires,
threatening property and public safety.

e Hail: Hail can cause significant damage to crops, buildings, and vehicles. Large hailstones
can break windows and dent or puncture metal surfaces, resulting in costly repairs and
potential safety hazards.

e Lightning: Lightning strikes can cause damage to electrical equipment, including power
lines and transformers. This can lead to power outages and disrupt communication and
transportation systems, impacting public safety and economic activity.

e High winds: High winds can cause significant damage to property and infrastructure,
including knocking down trees and power lines, damaging roofs, and other structures,
and causing debris to fly around and potentially harm people and property.

Economy: No data exists demonstrating the economic impact of past severe summer storm
events on Oakland County.
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Figure 4-73. Populations Vulnerable to Severe Summer Storms in Oakland County
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Source: U.S. Census Bureau, American Community Survey

Changes in Development and Impact of Future Development: There is no impact based on
current development trends.

Effects of Climate Change on Severity of Impacts: climate change is expected to impact
summer storms in various ways, resulting in potential impacts such as increased frequency and
intensity of thunderstorms, changes in lightning patterns, larger and more frequent hailstorms,
and more frequent and intense high winds. Warmer temperatures can result in a rise in the
amount of moisture in the atmosphere, leading to more frequent and severe thunderstorms.
Additionally, temperature changes can lead to changes in the distribution and frequency of
lightning strikes, resulting in areas currently too cool for thunderstorms experiencing lightning
strikes. With the stronger updrafts caused by warmer temperatures, hailstones in
thunderstorms may become larger and more frequent. Furthermore, climate change may
increase high wind events in frequency and intensity (NOAA, 2023).

Understanding that precipitation can impact severe summer storms in many ways, Table 4-46

illustrates 25-year precipitation projections for Oakland County while Table 4-47 shows future
climate indicators.
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Table 4-68. 25-Year Precipitation Projections for Oakland County

25-YEAR PRECIPITATION PROJECTIONS FOR OAKLAND COUNTY, Mi

HIGHER EMISSIONS (RCP8.5)

Oakland County is expected to experience a 13% increase in heavy precipitation within 25 years.

By 2048, Oakland County is expected to experience 0.3 more days of heavy precipitation per year
(from 2.5 days to 2.8 days per year).

LOWER EMISSIONS (RCP4.5)

Oakland County is expected to experience a 7% increase in heavy precipitation within 25 years.

By 2048, Oakland County is expected to experience 0.17 more days of heavy precipitation per year
(from 2.44 days to 2.61 days per year).

Source: Neighborhoods at Risk (https://nar.headwaterseconomics.org/26125/explore/climate)

Table 4-69. Future Climate Indicators for Oakland County

FUTURE CLIMATE INDICATORS FOR OAKLAND COUNTY, MI
Modeled Early Century Mid Century Late Century
History (2015-2044) (2035-2064) (2070-2099)
Indicator (1976- Lower Higher Lower Higher Lower Higher
2005) Emissions | Emissions Emissions Emissions Emissions Emissions
Min-Max | Min-Max | Min-Max Min-Max Min-Max Min-Max Min-Max
Temperature Thresholds
Annual Days 6 days 19 days 21 days 46 days 34 days 35 days 64 days
With
Maximum
Temperature 6-10 9-35 11-35 14-49 16-54 17-67 30-95
>90°
Annual Days 1 day 4 days 6 days 8 days 12 days 13 days 33 days
With
Maximum
1-1 1-13 1-17 2-24 4-32 3-38 7-70
Temperature
>95°
Annual Days 0 days 1 day 1 day 1 day 3 days 3 days 13 days
With
Maximum
0-0 0-7 0-8 0-16 1-24 1-16 2-69
Temperature
>100°
Annual Days 0 days 0 days 0 days 0 days 0 days 0 days 4 days
With
Maximum
Temperature 0-0 0-1 0-0 0-1 0-3 0-2 0-29
>105°
Annual Temperature
Annual Single 94°F 98°F 98°F 99°F 101°F 101°F 105°F
Highest
Temperature 93-95 94-101 95-101 96-104 97-106 97-105 99-114
°F
Annual o o o o o o o
. 89°F 92°F 93°F 94°F 95°F 96°F 100°F
Highest
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