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l. INTRODUCTION

Hazard mitigation is defined as any action taken before, during, or after a disaster or emergency to permanently eliminate
or reduce the long-term risk to human life and property from natural, technological and human-related hazards. Mitigation
is an essential element of emergency management, along with preparedness, response and recovery.

Mitigation allows repairs and reconstruction to be completed after an incident occurs in such a way that does not just
restore the damaged property as quickly as possible to pre-disaster conditions. It also ensures that such cycles are
broken, that post-disaster repairs and reconstruction take place after damages are analyzed, and that sounder, less
vulnerable conditions are produced. Through a combination of regulatory, administrative, and engineering approaches,
losses can be limited by reducing susceptibility to damage. When successful, hazard mitigation will lessen the impact of a
disaster on people, property, the environment and economy, and continuity of services through the coordination of
available resources, programs, initiatives, and authorities.

A hazard, in the context of this plan, is an event or physical condition that has potential to cause fatalities; injuries;
damage to personal property, infrastructure, or the environment; agricultural product loss; or interruption of business or
civic life. The Antrim County Natural Hazard Mitigation Plan focuses on natural hazards such as heat, drought, wildfires,
flooding, shoreline erosion, thunderstorm, high winds, hail, extreme winter weather, and invasive species. An exception is
that it will also consider these technological and human-related hazards: dam failure and public illness outbreak.

The main objective of the Antrim County Natural Hazard Mitigation Plan is to permanently eliminate or reduce long-term
risks to people and property from natural hazards so that county assets such as transportation, infrastructure, commerce,
and tourism can be sustained and strengthened. This can be accomplished through collaborative efforts/activities
amongst agencies within the county to protect the health, safety, and economic interests of the residents and businesses
through planning, awareness, and implementation.

Through this Plan, a broad perspective was taken in examining multiple natural hazard mitigation activities and
opportunities in Antrim County. Each natural hazard was analyzed from a historical perspective, evaluated for potential
risk, and considered for possible mitigation.

Since the 2016 plan’s adoption period, the county and municipalities have achieved the following key endeavors to
address their priority mitigation strategies; a detailed list is included in the Appendix.

¢ FLOODING &OR EROSION
o In 2022, the United State Army Corps of Engineers (USACE) finished a 2-year long hydrology study of
the Antrim County Chain of Lakes. The data that the USACE hydrologists gathered was studied and used
to develop a computer model of the Elk River Chain of Lakes Watershed. The model will be used to study
behavior patterns of the water flow and to predict lake water levels under different storm scenarios,
including flood events. The findings of the study were presented to the public in June 2022.

o Partnerships with other local municipalities and non-profits to conserve parkland/undeveloped land.
o Commissioning the creation of a new county-wide Soil Erosion and Sedimentation Control ordinance

o Increased standards for County construction permit approval - elevation certificates and compliance with
NFIP required.

o Collaboration with The Watershed Center Grand Traverse Bay, Antrim Conservation District and Tip of

the Mitt Watershed Council resulted in an inventory of shoreline erosion sites and culverts for road/stream
crossings throughout the County.

e OTHER
o Implemented the “Rave” brand mass alert notification software that enables information sharing across
multiple channels, whether through mobile in the form of SMS alert (Short Message Service), email,

desktop or social media, or audibly through voice calls, sirens or long-range acoustic devices (LRADs).

o All fire departments in the county are equipped to be used as secondary emergency shelters if needed.



Section VI of this plan provides a list of hazard mitigation strategies for each natural hazard identified. Strategies were
developed based on discussions with local officials and a review of FEMA best practices for hazard mitigation. Appendix
C provides a review of mitigation strategies included in the 2016 plan and their current status. Mitigation strategies are
intended to be action items completed during the 5-year timeframe in which the plan is active.

Recognizing the importance of reducing community vulnerability to natural hazards, Antrim County is actively addressing
the issue through the development and implementation of this plan. This process will help ensure that Antrim County
remains a vibrant, safe, enjoyable place in which to live, raise a family, continue to conduct business, and maintain a
tourist base. The Plan serves as the foundation for natural hazard mitigation activities and actions within Antrim County,
and will be a resource for building coordination and cooperation within the community for local control of future mitigation
and community preparedness around the following:

Figure 1: Planning Goals

Natural Hazards Mitigation Planning Goals for Antrim County

Goal 1: Increase local awareness and participation in natural hazards mitigation

Goal 2: Integrate natural hazards mitigation considerations into the County’s comprehensive planning
process

Goal 3: Utilize available resources and apply for additional funding for natural hazards mitigation projects

Goal 4: Develop and complete natural hazards mitigation projects in a timely manner



1. PLANNING PROCESS

The Stafford Act, as amended by the Disaster Mitigation Act of 2000, shifted the Federal Emergency Management
Agency’s (FEMA) scope of work to promoting and supporting prevention, or what is referred to as hazard mitigation
planning. FEMA requires government entities to have a natural hazards mitigation plan in place and updated on a 5-year
cycle as a condition for applying for grant funding related to natural hazard mitigation and remediation. Antrim County has
a history of mitigation planning and adopted past Natural Hazard Mitigation Plans in 2007 and 2016. The adoption of the
2022 plan will reaffirm the eligibility of the county, as well as those local municipalities who participated in the planning
process and adopted the county’s plan, for federal funding.

The update of the County’s plan was led by the Natural Hazards Task Force comprised of the County’s Local Emergency
Planning Committee (LEPC). Team members consist of first responders and local, regional, and state public entities that
ensure the readiness of County entities by recommending equipment purchases, training and exercises, and public
education on preparedness issues. Networks Northwest staff assisted with the creation of the updated plan by providing
meeting facilitation, conducting an online survey, and writing the plan. The Task Force generally met on a quarterly basis
virtually via Zoom, with one in-person field trip meeting. All meetings were open to the public (method?). The following is
an outline of events for the development of the 2022 Antrim County Natural Hazard Mitigation Plan:

e An online public survey was made available from October 25, 2021 to January 28, 2022 to obtain input on
community experience, concerns and priorities regarding natural hazard mitigation in Antrim County. The
following table indicates who participated in the survey:

Survey Participant Representative (if indicated in the survey)
Banks Township Donna Heeres, Clerk

Central Lake Township
Chestonia Township
Custer Township

Echo Township

Elk Rapids Township
Forest Home Twp

Helena Township Mike Robinson, Planning Commissioner
Jordan Township
Kearney Township Dick Jacques, Planning Commissioner

Mancelona Township

Milton Township Joe Renis, Planning Commissioner; Brett Pharo, Trustee; Jeremy Ball, Fire

Dept.
Star Township
Torch Lake Township Jerry Kulka, Planning Commissioner; Mike Robinson, S. Torch Lake F.D.
Warner Township
Village of Bellaire Nicole Essad, Clerk/Zoning Administrator
Village of Central Lake
Village of Elk Rapids Laura Schumate; Kerri Esterley, Planning/Zoning & Community Development
Village of Ellsworth Lynn Aldrich Spearing, President Pro Tem

Village of Mancelona

Antrim County Emergency
Management Coordinator

Antrim County 911 Mike Gank

Leslie Meyers




e LEPC meetings where the Natural Hazard Mitigation Plan update work was discussed:
o August 10, 2021

September 1, 2021

November 9, 2021

February 8, 2022

March 16, 2022 (Special Community input meeting)

August 30, 2022

November 8, 2022

O O O O O O

o June 14, 2022 - Field Trip to visit key hazard sites in the County

e Antrim County Emergency Management attendance at the Antrim County Planning Commission Meeting on
September 6, 2022 to explain the Hazard Mitigation Plan progress to date and obtain feedback on ideas for goals
and strategies.

Additionally, county and regional agencies that share borders with Antrim County were invited to participate in the
planning meetings and sent a copy of the plan in its draft form and again the approved plan. Those agency staff members
are:

Gregg Bird, Emergency Management Coordinator, Grand Traverse County

Mike Thompson, Emergency Management Coordinator, Kalkaska County

Jon Deming, Emergency Management Director, Otsego County

Sienna L. Wenz, Emergency Management Coordinator, Charlevoix County

Doug Pratt, Emergency Manager, Crawford County

Jolanda Murphy, Public Safety Department 2 Manager and Emergency Manager, Grand Traverse Band of Ottawa
and Chippewa Indians

e Robert Carson, Regional Director of Community Development, Networks Northwest

During development of the plan, all Antrim County municipalities were provided the opportunity to participate in the online
community survey as well as comment on plan drafts and other related materials. The draft plan was published openly on
the Antrim County Emergency Services website, as well as the project page on Networks Northwest’'s website. The public
was encouraged to review the draft plan and invited to submit suggestions and ideas for updates, changes to be
considered during updates. All meetings where the plan was discussed were openly published for public and other
jurisdiction/municipality participation as well. While no formal written comments were received, county staff (particularly
the county Emergency Manager) received feedback via other informal means. This feedback took the form of phone
calls, emails and conversations that occurred at various non-mitigation related meetings throughout the county.
Specifically... ... This information was provided and used in development of the plan, including the risk assessment and
community profile sections.

Additionally, the public was notified through a published notice in the Antrim Review on ###, 2023 that the County’s draft
Natural Hazard Mitigation Plan and the opportunity to provide feedback at the public hearing held on

Below are images of the websites for the available draft plan and a copy of the published notice to the public.

Website Image
Source: Antrim County Emergency Services webpage DATE

Networks Northwest Image
Source: Networks Northwest webpage DATE



[ COMMUNITY PROFILE
Land Use/ Land Cover

Antrim County is located in Northwest Lower Michigan, and is bordered by Charlevoix County to the north, Otsego County
to the east, Crawford County to the southwest, Kalkaska and Grand Traverse Counties to the south, and Grand Traverse
Bay/Lake Michigan to the west/northwest. Refer to Figure __ for a map of the county’s main roads, water bodies and
jurisdictions.

The county consists of 475.7 square miles of land area and is the 76'" largest county in Michigan by total area.! __ % of
the county area includes __ square miles of water.

With the exception of the US-131 corridor, which has predominantly level topography, most of the county is covered with a
rolling terrain with of forest (private and State-owned), lakes, rivers, agricultural fields, five villages and some hamlets.
There are 76 inland lakes in Antrim County, 264 miles in length of streams, and with more than 25 miles of Great Lakes
shoreline.

The 2018 Antrim County Master Plan indicates that based on an evaluation of land use changes from 1978 to 1998, the
county gained 113 acres of water acreage and 130 acres of wetland acreage. Antrim County has more than 31,000 acres
of inland water area (lakes, rivers and streams), and more than 6,500 acres of wetlands. Because of the relatively small
size of these acre changes, it is suspected the gain in acreage may reflect a higher water table in 1998 compared to 1978.

A key natural resource in the western half of Antrim County is the “Chain of Lakes”, which comprises over 200 miles of
shoreline and almost 60 square miles of water. This continual connection of inland waterbodies embraces 14 lakes and
interconnecting rivers. The 14 lakes are listed in their order of hydraulic flow: Beals, Scotts, Six Mile, St. Clair, Ellsworth,
Wilson, Benway, Hanley, Intermediate, Bellaire, Clam, Torch, Skegemog, and Elk. The Chain of Lakes is a designated
water trail and flows through the Villages of Ellsworth, Central Lake, Bellaire, and Elk Rapids. The Chain of Lakes is part
of the Grand Traverse Bay Watershed, which comprises 72% of the county.

The Cedar River, a “Blue Ribbon Trout Stream,” flows mostly westward through Antrim County into the Intermediate River
in Bellaire. The Cedar River originates in southwest Chestonia Township, near the boundary with Mancelona Township.

The headwater for the Jordan River is in Chestonia Township and it flows to the north/northwest, all but two miles, in
Antrim County. Over 30,000 acres of state forestlands border this river.

The mainstream of the Upper Manistee River watershed is approximately 78 miles long and originates in southeast Antrim
County (approximately six miles from the hamlet of Alba), at an elevation of 1,250 feet.

The largest concentration of people and businesses is located in the Village of Mancelona, in the southeast corner of the
county on US-131.

According to the 2017 Census of Agriculture, the county had 55,565 acres of land in farms for a total of 333 farms. This
represents a 20% and 13% drop in the number of farms and acreage of farms, respectively, since the 2012 USDA Census
of Agriculture.

About 82% of the market value of agricultural products sold in the county is from crops. Fruits, tree nuts, and berries had
the highest market value of agriculture products sold at $16,071,000. Antrim County ranks 10™ in the State of Michigan
for the sale of fruits, tree nuts, and berries overall. The county also ranks 10" in the State for the sale of cultivated
Christmas trees and short rotation woody crops ($965,000 in sales). Livestock, poultry and other animal products
comprised about 18% of the market value of agricultural products sold.

The predominant land cover type is “ ” followed by the combined types of land cover classified as “ " (Table 1).
Developed land cover is found predominantly in and around the villages of Mancelona, Bellaire, Central Lake, Ellsworth,
and Elk Rapids.

Table 1: Land Cover by Type

1 https://data.census.gov/cedsci/profile?2g=0500000US 26009
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Classification Acres " Percent

Developed (High Intensity) '
Developed (Med. Intensity)

Developed (Low Intensity)

Developed (Open Space)

Agriculture

Forested

Wetlands

Grassland, Pasture,
Shrub/Scrub
Barren

Open Water
TOTAL

Source: Networks Northwest

The 2016 Hazard Mitigation Plan indicated that 180,281 acres, or 59%, of the county was comprised of forested lands.
Current data shows __ acres or ___ % of Antrim County is forested. While growth in the county has remained steadyj, it
has been noted that the type of growth is changing. Office and industrial development has largely stopped, commercial
development has slowed, but residential development is occurring as quickly as plans can be approved. Housing of all
types and prices is in demand, but many communities desire smaller units and multiple family units. This type of housing
is especially important for the senior population and will likely be in demand for many years. The Environmental Features
Map in Appendix __ shows the intensity of development in the county as well as natural features.

Population

Antrim County is the 6" most populated county in the ten county region of Northwest Lower Michigan (Table 2) and is the
ranked 61 out of 83 counties in the state for population.2 The 2019 American Community Survey (ACS) estimated the
county population to be 23,206 people. A comparison of the 2010 and 2019 ACS data indicates a downward county
population growth trend with a 3.2% decrease from 2010, when the population was an estimated 23,975 persons (Table
3). The 2019 population per square mile is approximately 44.2 people.

Antrim County is comprised of fifteen (15) townships and five (5) villages. All communities - with the exception of
Chestonia, Echo, Helena, Milton and Star Townships, and the Villages of Bellaire and Mancelona - experienced
population decline between 2010 and 2019 (shown in red, Table 3). The most populated community is Mancelona
Township, which contains the Village of Mancelona, part of highway US-131 and is located in the southeast portion of the
county, at an estimated 4,350 persons.

The second most populated community, at an estimated 2,575 persons is Elk Rapids Township, located in the southwest
portion of the county. The township contains the Village of Elk Rapids and is bordered by the Grand Traverse Bay to the
west, Elk Lake to the east and contains part of the US-31 highway corridor.

The third most populated community is Milton Township, at 2,545 persons, located in the southwest portion of the county.
Milton Township is bordered by Torch Lake, Elk Lake, Grand Traverse Bay and also contains part of the US-31 highway
corridor. Milton Township grew by an estimated 23.1% between 2010 and 2019.

2 https://www.michigan-demographics.com/counties by population
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Table 2: 2019 Estimated Regional Population by County, State

Jurisdiction Population
Missaukee County 15,028
Kalkaska County 17,585
Benzie County 17,615
Leelanau County 21,652
Antrim County 23,206
Manistee County 24,457
Charlevoix County 26,188
Emmet County 33,104
Wexford County 33,256
Grand Traverse County 92,181
State of Michigan 9,965,265

Source: US Census, 2019 ACS Estimate

Table 3: Population Change by Municipality, 2010, 2019
Municipality 2010 Estimated 2019 Estimated Numeric Percent Jurisdiction

Population Population Change Change Status*

Antrim County 23,975 23,206 769 -3.2% 2
Village of Bellaire 1,014 1,015 1 0%
Village of Central Lake 1,046 953 -93 -8.9%
Village of Elk Rapids 1,864 1,494 -370 -19.8%
Village of Ellsworth 412 339 -73 -17.7%
Village of Mancelona 1,478 1,574 96

- 0000000000
Banks Township 1,686 1,604 -82 -4.9%
Central Lake Township 2,447 1,976 -471 -19.2%
Chestonia Township 344 433 89 25.9%
Custer Township 1,103 949 -154 -14.0%
Echo Township 839 846 7 0.8%
Elk Rapids Township 2,703 2,575 -128 -4.7%
Forest Home Township 1,949 1,594 -355 -18.2%
Helena Township 964 1,024 60 6.2%
Jordan Township 953 929 -24 -2.5%
Kearney Township 1,918 1,882 -36 -1.9%
Mancelona Township 4,442 4,350 -92 -2.1%
Milton Township 2,068 2,545 477 23.1%
Star Township 842 929 87 10.3%
Torch Lake Township 1,331 1,208 -123 -9.2%
Warner Township 386 362 -24 -6.2%

Source: US Census, 2019 ACS Estimate
* 2022 Hazard Mitigation Plan Participation Status: 1. A new participant; 2. A continuing participant, and 3. A non-participant
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Like many northwest Michigan communities, Antrim County experiences an influx of seasonal residents and tourists
during the summer months. However, the decennial Census and the American Community Survey only consistently and
comprehensively track the permanent population. The Northwest Michigan Seasonal Population Analysis, a 2014 report
by the Michigan State University Land Policy Institute, analyzed the 2012 seasonal population for ten counties in
northwest Michigan. The data collected for Monthly Permanent, Seasonal and Transient Residents by County estimates
the population of Antrim County increases by: 40% in June (from 23,406 to 38,733) and by 42% in the months of July
(from 23,406 to 43,212) and August (from 23,406 to 40,306). All ten counties in the Networks Northwest service area were
included in the study: Antrim, Benzie, Charlevoix, Emmet, Grand Traverse, Kalkaska, Leelanau, Manistee, Missaukee,
and Wexford.

Although the data in this report is several years old, anecdotally, the influx of seasonal residents and tourists has not
decreased. While the population staying in overnight accommodations such as motels, hotels, and bed and breakfasts
was considered, the boom of short-term rental accommodations changed the overnight stay market considerably. The
implications of seasonal and short-term rental accommodations on hazard mitigation planning are included in discussions
throughout this plan. For future reference, an updated Northwest Michigan Seasonal Population Study is expected to be
available from Networks Northwest in 2023.

Age, Race & Disability

Understanding the age distribution and median age of Grand Traverse County can help identify social, economic, and
public service needs in the community. The county’s total 2019 population is broken into age cohorts (analyzing which
proportions of a municipality’s population are in which stages of life). This gives a nuanced view of the makeup of a
community. Figure 2 indicates the cohort group with the largest population is the 45 to 64 year old group. As shown in
Figure 3, the median age (the midpoint where half the population is younger and half the population is older) of Antrim
County is older (51.3 years) than the State (39.7 years). The youngest community in the county is Mancelona Township
with a median age of 38.5 years; the oldest community in the county is Helena Township with a median age of 60.9 years
(Figure 4).

Figure 2: Antrim County Population by Age Cohort, 2019 Figure 3: Median Age Trend, 2000, 2010, and 2019
60
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Figure 4: Median Age by Antrim County Municipality, 2019
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The racial makeup of Antrim County is predominantly white (94.7%). 2.3% of the population is Hispanic or Latino; 1.5%
consists of two or more races; 0.7% is American Indian and Alaska Native; 0.4% is Black or African American; 0.3% is
Asian; and 0.1% is of some other race.

Table 5 represents the number of persons with a disability by age group. An estimated 3,733 (16.2%) of Antrim County
residents have one or more type of disability. An estimated 30.3% of persons aged 65 years and over have a disability.

Table 5: Persons with a Disability, 2019

Noninstitutionalized Population

With one or more disability 3,733
Age 0-17 with a disability 207
18 to 64 years with a disability 1,686
65 years and over with a

disability 1,840

Source: US Census, 2019 ACS Estimate
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Housing Characteristics and Development Trends

The average household size for County residents is 2.32 persons, which is slightly lower than the State’s average of 2.46.
Antrim County has an estimated 9,899 total households (also referred to as housing units) as reported in the 2019 ACS 5-
Year Estimates (Table 6). The Census defines a household as all the people who occupy a single housing unit, regardless
of their relationship to one another. In 2019, an estimated 54.8% of those housing units were occupied (indicating
physically occupied, principal residence housing units; Table 8). Mancelona Township has the largest percentage of
housing units of all municipalities in the county (14.2%). The 2019 ACS also estimates that 88.1% (8,721) of the county’s
household units are 1-unit, detached structures, which are commonly referred to as single-family homes. Over 55% of
residential units were built after 1980 (Table 7).

Table 6: Housing Units by Municipality, 2019
2019 Housing Percent of 2019

Municipality

Units (ACS) Total*
Antrim County 18,069
Village of Elk Rapids 1,179
Village of Mancelona 647
Village of Central Lake 590
Village of Bellaire 550
Village of Ellsworth 166
Mancelona Township 2,564 14.2%
Milton Township 1,934 10.7%
Elk Rapids Township 1,918 10.6%
Central Lake Township 1,637 9.1%
Forest Home Township 1,536 8.5%
Kearney Township 1,409 7.8%
Torch Lake Township 1,399 7.7%
Custer Township 1,161 6.4%
Banks Township 1,002 5.5%
Helena Township 962 5.3%
Star Township 848 4.7%
Echo Township 601 3.3%
Jordan Township 552 3.1%
Chestonia Township 349 1.9%
Warner Township 197 1.1%

Source: US Census, 2019 ACS Estimates;
* The number of housing units for each village is incorporated into the totals for the respective township in which each village is located.

Table 7: Year Structure Built, 2019

Year Built Housing Units Percentage of Units
Built 2010 or later 343 1.9

Built 2000 to 2009 2,055 11.4

Built 1980 to 1999 5,733 31.7

Built 1960 to 1979 5,526 30.6

Built 1940 to 1959 2,332 12.9

Built 1939 or earlier 2,080 11.5

Total Housing Units 18,069

Source: US Census, 2019 ACS Estimates
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Housing Tenure, Table 8, summarizes the status of housing units, whether occupied or vacant, as well as the median
housing value ($160,500) and the median gross rent ($752). Of the 18,069 total housing units, 9,899 (54.8%) are
occupied.

Table 8: Housing Tenure, 2019

Total housing units 18,069
Occupied housing units 9,899 54.8%
Owner-occupied 8,621 87.1%
Median Housing Value $160,500
Renter-occupied 1,278 12.9%
Median Gross Rent $752
Vacant housing units 8,170 45.2%

Source: US Census, 2019 ACS Estimate

Economic Profile

The 2021 Comprehensive Economic Development Strategy (CEDS) prepared by Networks Northwest is the product of a
locally-based, regionally-driven economic development planning process to identify strategies for economic prosperity.
The plan was prepared for the ten county region of northwest Lower Michigan. Table 8 provides a comparison of annual
average wage for each county in the CEDS planning area for 2018. Kalkaska County has the highest average annual
wage with $ 50,971 followed by Grand Traverse County at $44,562. Antrim County has the lowest average annual wage
at $33,081. As their northern neighbor, it is not unexpected to have residents of Antrim County travel to Grand Traverse
County or Kalkaska County for work.

Table 8: Average Annual Wage by County, 2018

County Avera:’g\ﬁ:(;nnual
Antrim $33,081
Manistee $33,821
Benzie $33,908
Missaukee $35,917
Wexford $35,917
Leelanau $36,833
Emmet $40,258
Charlevoix $44,558
Grand Traverse S44,562
Kalkaska $50,971

Source: 2021 Comprehensive Economic Development Strategy (CEDS) prepared by Networks Northwest
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The Economic Profile of Antrim County is further described in Table 9. The table provides the county’s industry makeup
divided into 20 different North American Industry Classification Sectors (NAICS) as well as industry’s establishments,
jobs, percent distribution, and annual average wage. The industry with the largest percent distribution is “Other (includes
private, management of business, and unallocated)” at 19.0% of jobs, followed by “Accommodation and Food
Service” at 17.4%, and “Manufacturing” at 17.1%. The annual average wage for “Other” is not available; for
“Accommodation and Food Services” is $18,169; and for “Manufacturing” is $41,194. “Retail Trade” is the fourth largest
industry with 11.3% of jobs in the county, at an annual average wage of $24,557. The industry with the highest annual
average wage is “Wholesale Trade” at $50,125, followed by “Transportation, Warehousing” at $49,224.

Total Covered

Employment 525 5,304 100.00% $33,081
Agriculture,

forestry, hunting 19 D D 4
Mining 1 D D D
Construction 83 447 8.30% $37,231
Manufacturing 38 918 17.10% $41,194
Wholesale trade 13 52 1.00% $50,125
Retail trade 68 604 11.30% $24,557
Transportation, 22 35 0.70% $49,224
warehousing

Utilities 2 D D D
Information 10 84 1.60% $17,289
AEGER £ 19 92 1.70% $47,852
Insurance

Real Estate, 0

rental, leasing 24 86 1.60% $28,150
Professional, o

technical services = 124 2.30% $29,719
Administrative, 0

waste services 23 70 1.30% $39,194
Edut_:atlonal 11 D D D
services

Health care, o

social assistance 86 218 4.10% $41,637
Arts,

Entertainment, 10 144 2.70% $27,163
recreation

Accommodation o

and food services 41 932 17.40% $18,169
Other services,

exc. Public 52 214 4.00% $29,489
admin.

Public 0,

administration 24 317 5.90% $33,958
Other (includes

private,

management of 3 967 19.00% N/A

business, and

unallocated)
Source: 2021 Comprehensive Economic Development Strategy, Networks Northwest
*D means limited industries of a sector that would disclose confidential information
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According to the 2016 Economic Profile for Antrim County by the Northern Lakes Economic Alliance (Table 10), major
employers for Antrim County are primarily located in or near the Villages of Mancelona, Bellaire, EIk Rapids, Central Lake
and Ellsworth. The largest employer is Shanty Creek Resort, with around 600 employees in Kearney Twp, near the
Village of Bellaire.

Table 10. Major Antrim County Employers

Company Name Location # Emp Industry/Product

Shanty Creek Resort Bellaire 600 Traveler Accommodation

Great Lakes Packing Kewadin 300 Frozen Food Processors

County of Antrim Bellaire 200 All County Departments

Elk Rapids School District Elk Rapids 180 Elementary/Secondary School

Anchor Lamina Bellaire 160 ;’L‘Zt'gglérr‘?r‘:g); SECHRENTE, EMee AT

Cherry Ke, Inc. Kewadin \185egsonal Misc. Crop Farming

Meadowbrook Medical Care Bellaire 150+ Nursing Care Facilities

Shorts Brewing Bellaire/E.R. 74 Beverage Manufacturing

Burnette Foods Inc. Elk Rapids 70 Canning; Fruit & Vegetable

Central Lake Public School Central Lake 67 Public School

Bellaire Public School Bellaire 55 Public School

Mancelona School District Mancelona 50 Public School

Family Fare Bellaire 50 Supermarket

E:&&n:gg:/ga?\?:orest Products Mancelona 45 Logging

Elisworth Farmers Exchange Ellsworth 37 Feeds, LP Gas, Service

Traverse Bay Manufacturing Elk Rapids 35 Sewing Contractors; Textile Products

Kitchen Farms Elmira 35 Growing,  Bagging and  Shipping
Potatoes

Wooden Hammer Elk Rapids 35 Manufacturer Custom Wood Prod.

Elk Rapids Engineering Elk Rapids 35 Engineering

Snyder Industries Mancelona 29 Mnfg. Bulk Handling Containers

Specialty Silicone Fabricators Elk Rapids 27 Mnfg. Custom Silicone Components

Antrim Machine Products Mancelona 18 Machinery/Machine Tools

45th Parallel Furniture Elk Rapids 13 Furniture Manufacturing

Echo Quality Grinding Central Lake Twp. 12 Hardware Manufacturing

Figures 5 and 6 present a comparison of the median household income (MHI) across the ten county region, the State of
Michigan, and local jurisdictions. Antrim County has the fourth highest median household income ($56,165) in the region,
just slightly ahead of Emmet County ($55,829). The economic profile can be further described by considering the cost of
housing, transportation, and other goods and services. The budgeting rule of thumb has been that a household should
spend no more than 30 percent of its income on housing costs. Considering the MHI of Antrim County over twelve
months, a household is earning $4,680 per month. The US Census 2016-2020 5-year ACS estimates that the median
gross monthly rent is $761 in Antrim County.

However, according to the 2019 Northwest Michigan Target Market Analysis (conducted by LandUseUSA on behalf of
Housing North and Networks Northwest), rents are far higher in Antrim County than what many renters can afford. While
the affordable rent for a renter earning the mean wage is $700, the affordable rent for a full-time minimum wage worker is
$491. And anecdotally, the demand for housing is driving prices higher still. Home prices are also increasing where the
cost to purchase a home is often as much as $200/square foot or more.
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Figure 5: NW Michigan Median Household Income by County, 2019
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Source: US Census, 2019 ACS Estimate

Figure 6: Median Household Income by Local Jurisdiction in Antrim County, 2019
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The following tables describe the population with the lowest incomes. It is estimated, in 2019, that 11% of all persons in
the county lived at or below the poverty level (Table 11). The Census describes poverty thresholds differently based on
the size of the family and the number of related children living together, as illustrated in Table 10 below.

Table 10: 2019 Federal Poverty Level Guidelines
Persons in family/household Poverty guideline

$12,490
$16,910
$21,330
$25,750
$30,170
$34,590
$39,010
8* $43,430
*For families/households with more than 8 persons, add $4,420 for each additional person.

NO OhRWN =

Table 11: Antrim County Poverty Estimates, 2019

Poverty Statistics \
All families in poverty 7.7% (534)
Families with related children under age 18, in poverty 13.1% (298)
All persons in poverty 11% (2,527)

Source: US Census, 2019 ACS Estimate

Financial hardship is further described in the United Ways of Michigan report entitled ALICE in Michigan: A Financial
Hardship Study. ALICE, which is an acronym for Asset Limited, Income Constrained, Employed, are those households
with income above the Federal Poverty Level, but below the basic cost of modern living, such as housing, child care, food,
health care, technology and transportation. The ALICE threshold is described as, “the average income that a household
needs to afford the basic necessities... for each county in Michigan. Households earning below the ALICE Threshold
include both ALICE and poverty-level households” (ALICE, 2019). Table 12 identifies the number and percentage of
households that are estimated to be below ALICE and poverty thresholds for the each municipality and the County. These
households likely would not have reserve savings to cover an emergency, such as impacts from a natural hazard event.

Table 12: United Ways of Michigan ALICE Report Findings, 20193
HH Below ALICE and Poverty
Thresholds

County Subdivision Total Households Percentage Number
Mancelona Township 1,637 47% 769
Central Lake Township 913 39% 356
Elk Rapids Township 1,142 29% 331
Kearney Township 754 40% 302
Milton Township 1,068 24% 256
Forest Home Township 765 28% 214
Banks Township 679 28% 190
Torch Lake Township 584 30% 175
Echo Township 349 41% 143
Star Township 397 32% 127
Custer Township 406 30% 122
Jordan Township 367 33% 121
Chestonia Township 201 59% 119
Helena Township 493 24% 118
Warner Township 144 34% 49
Totals 9,899 34.5% 3,393

3 Michigan Association of United Ways. ALICE in Michigan: A Financial Hardship Study. 2021. https://www.uwmich.org/alice-report
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IV. Hazard Identification and Assessments
Vulnerability Assessment

Natural hazard impact on the community can be understood by evaluating vulnerabilities for commonly agreed upon
assets. A community’s assets are defined broadly to include anything that is important to the character and function of a
community and can be described very generally in the following categories:

o People
e Economy

e Built environment

e Natural environment

Vulnerable populations include the economically disadvantaged, elderly, homeless, and persons with a disability. Those
that live unsheltered or in homeless encampments, assisted living facilities, mobile homes, or isolated residences are
more susceptible to hazardous events. Vulnerable populations are represented on the Vulnerable Populations and Hazard
Areas Map in Appendix A. There may be additional locations of vulnerable populations that are not listed.

The natural environment is the primary reason residents choose to live and vacation northwest Michigan. Antrim County
is home to plentiful forest lands, vast inland lakes and streams, Lake Michigan shoreline and all of the wildlife within them
that are integral to the identity of the community. While natural resources are abundant, they are also vulnerable to all
types of hazards. Northwest Michigan has many sensitive wildlife and plant populations that require specific climates and
habitats to survive. Altered or destroyed natural environments may decrease the chances for certain species’ survival.

Additionally, countywide critical infrastructure is represented on the Critical Infrastructure Map, shown in Appx. A. Task
Force members and community stakeholders identified the critical facilities and infrastructure on the base map; Networks
Northwest updated GIS shapefiles for mapping purposes. Table 11 lists key critical infrastructure points in Antrim County.

Table 11: Critical Facilities and Infrastructure
Source: Antrim County Emergency Services

24 Healthcare Facilities

¢ 13 Extended Health Care Fac.

e 5 Public Health Care Fac.

¢ 4 Health Practitioner Office or Clinic

e 2 Health Supporting Fac.

23 Emergency Services Facilities

¢ Antrim County Emergency Services — Bellaire

e 3 EMS Services — Mancelona, Eastport, Bellaire

e 13 Fire and Emergency Services

e 6 Law Enforcement Offices

17 Communications Facilities

e Antrim County 911

e 1 Satellite Comm.

e 5 Wired Comm.

e 10 Wireless Comm.

14 Government Facilities

e 7 Public Water Districts (18.6% public system or private company)
e 5 Public Sewer Districts (18.6% public sewer)

e 3 Dams — Elk Rapids Dam, Bellaire Dam and Cedar River Dam

8 Transportation Facilities

e 4 Airports

e 3 Antrim County Road Commission Facilities (Kewadin, Central Lake, Mancelona)
e Antrim County Public Transportation (Bellaire)

6 Commercial Facilities (Agricultural/Food Products)

4 Industry

e EJ Foundry (Elmira)

¢ Anchor Lamina (Bellaire)

e Jordan River Fish Hatchery (Star Twp./Elmira)

e Lambda Energy Pipeline (main facility located in Kalkaska County)
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Historical Analysis

The Historical Analysis of Antrim County weather-related hazards uses information on impacts and losses from previous
hazard events to predict potential impacts and losses during a similar event. Because of the frequency of these events,
communities are more likely to have experience with and data on impacts and losses. Additionally, there have been five
federal-or state-declared disaster events that have involved Antrim County (Table 12). These events are included in the
hazard analysis for individual event types.

Table 12: Presidential and Governor Declared Disasters for Antrim County
Date Type of Declaration/

Declaration Type of Incident Affected Area Fed ID #

COVID-19; State of Emergency,
National Emergency

3/1/2020 i Statewide & National (3455), and Governor and
COVID-19 Pandemic Presidential Declared
Maijor Disaster (4494)
1/29/2019 Extreme Cold Statewide GoverfPr Uiglarcy
Emergency

Statewide (Declared due to
the emergency conditions in

9/4/2005 and Hurricane (Katrina)

9/7/2005 Evacuation

the State of Michigan,
resulting from the influx of
evacuees from states
impacted by Hurricane

Governor Declared
Disaster and Presidential
Declared Emergency
(3225)

Katrina beginning on August

29, 2005.)
Presidential Declared
1/26-27/1978 Blizzard, Snowstorm Statewide Emergency (3057);
Governor Declared
Disaster

Antrim and 43 other Presidential Declared
counties Emergency (3035)

Sources: FEMA https://www.fema.gov/data-visualization/disaster-declarations-states-and-counties and Michigan State Police 2019 Michigan Hazard
Analysis (MHA) pub. 103

31211977 Drought
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Hazard Descriptions

Antrim County is vulnerable to a wide range of natural hazards. Hazard events have the potential to impact local
residents, economic drivers in the community, critical infrastructure and the built environment, and the natural
environment. The Antrim County Emergency Services Department is challenged with managing these threats to protect
life and property. This plan includes a profile for each natural hazard event the county is likely to face. Each profile
includes the location, extent, previous occurrences, probability of future events, and vulnerability assessment.

e Location is the geographic areas within the planning area that are affected by the hazard, such as a floodplain.
The entire planning area may be uniformly affected by some hazards, such as drought or winter storm. Location
may be described in narrative and or through map illustrations.

o Extent is the strength, severity, or magnitude of the hazard. Extent can be described in a combination of ways
depending on the hazard.

e Previous occurrences describe the history of previous hazard events within the county. This information helps
estimate the likelihood of future events and predict potential impacts. The extent of historic events may be
included when the data is available. Data is collected from the National Oceanic and Atmospheric Administration’s
(NOAA'’s) National Centers for Environmental Information (NCEI) online storm events database.

o Probability of future events is the likelihood of the hazard occurring in the future and can be described in a variety
of ways. Probability may be defined using historical event frequencies or statistical probabilities.

e Vulnerability assessment accounts for the types and numbers of existing and future buildings, infrastructure, and
critical facilities located in the identified hazard areas and provides an estimate of the dollar losses to vulnerable
assets identified. Historical records of property damage, crop damage, injuries and deaths are evaluated.

Data for natural hazard events in Antrim County was compiled from several different sources. Weather event data was
collected primarily from the National Centers for Environmental Information through the National Oceanic and
Atmospheric Administration’s (NOAA) website utilizing the following sections:

e Climate https://www.weather.gov/wrh/Climate?wfo=apx — Historical local observed weather data; Climate
prediction and variability; local high impact event summaries

e NOAA Storm Event Database https://www.ncdc.noaa.gov/stormevents/ - Data on record from 1950 to May 31,
2022; however, information for various events is limited and non-contiguous throughout the decades. The
database provides local storm reports, damage reports, and recorded event descriptions. The event types on
record for Antrim County include: Drought (Drought); Heat (Heat); Flooding (Flash Flood); Hail (Hail); Extreme
Winter Weather (Blizzard, Extreme Cold/Wind Chill, Frost/Freeze, Heavy Snow, Ice Storm, Lake-effect Snow,
Winter Storm, Winter Weather); Tornado (Tornado); Thunderstorm and High Wind (Thunderstorm Wind,
Lightning, High Wind, Strong Wind).

The Michigan Hazard Analysis report by the Michigan Department of State Police in 2019 was used to collect data on
wildfires that occurred on State of Michigan owned land between 1981 and 2018. The websites for the National Inventory
of Dams and MI-EGLE’s Michigan Dam Inventory were used to collect information on dams in the county.

The NOAA storm events database search results indicate a total of 300 severe weather events were reported between
01/01/1950 and 05/31/2022 in Antrim County. These events were screened for missing qualitative data, such as recorded
wind speed, or a lack of temporal continuity in recorded data. The remaining events, as well as the State and Federal
emergency declarations, result in a total of 291 events in the hazard analysis, as illustrated in Table 13.
Lightning incidents are those that resulted in a reported fatality, injury, and/or property or crop damage.

The Episode/Event Narratives for these historical severe weather events in Antrim County is included in the Appendix.
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Table 13: Reported Antrim County Event by Type
# of

Type of Event

Extreme Winter Weather 162

Thunderstorm/Wind; High Wind;

Strong Wind iz
Hail 34
Tornado 11
Flash Flood 3
Extreme Cold / Wind Chill 2
Drought 2
Heat/Excessive Heat 2
Lightning 2

Public Health Emergency

(COVID-19 Pandemic) !

Sources: NOAA National Centers for Environmental Information Storm Events Database; MDNR; Michigan State Police-Dept. of

Homeland Security; FEMA.

Note: * indicates a state or federal event designation

Events

Event Location

Region, County or Statewide

Countywide

Countywide

Countywide; Elk Rapids, Torch
Lake, Alden, Kewadin, Alba

Elk Rapids, Alden, Bellaire
Region or Statewide
Region
Region
Region/Ellsworth

Statewide/Nationwide

Time Interval/ Year Event

Recorded

1978*, 1997-May 2022
July 1995-May 2022

1996-May 2022

1958, 1974, 1977, 1985, 1990, 1995,
1998, 2007, 2017, 2018, 2022

1999, 2021
2007, 2019*

1977*, 2001

2001, 2018
2000, 2012
2020*
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Economic Impact Analysis

The estimated economic impact of the previously described Antrim County natural hazard events that were reported to
NOAA is $2,304,700 in property damages and $11,030,000 in crop damages (Table 14). It should be noted that many
events, such as hail, likely cause numerous small amounts in property damage, but such damages often go unreported.
The total reported Damaging Events’ Costs recorded with NOAA for Antrim County are as follows:

Table 14: Damage Estimates by Event Type

Antrim County Property Damage Estimate = Crop Damage Estimate
Extreme Winter Weather $270,000 (2007, 2012, 2019) 10,000,000 (April 2012

Frost/Freeze)
Thunderstorms with Wind; Severe/High
Winds; Lightning $1,050,500 $0
Hail $95,000 (2016, 2022) $1,030,000 (2006, 2016)
Tornado $564,280 $0

$325,000 (Alden, 2021)

Flash Flood (VERIFY) $0
Extreme Cold / Wind Chill $0 $0
Drought $0 $0
Heat/Excessive Heat $0 $0
Public Health Emergency (Pandemic) N/A N/A
TOTAL $2,304,780 $11,030,000

Source: NOAA’s National Centers for Environmental Information

Table 15 provides an overview of each potential hazard’s impact on the permanent population and the estimated impact
on the State Equalized Values (SEV) for real and personal property (residential and commercial). Population data is
collected from the US Census, 2019 ACS data. According to the 2014 Northwest Michigan Season Population Analysis,
assume a 42% increase to account for the highest estimated annual average seasonal population within the county
(which occurs in July and August).

Table 15: Geographic Economic Impact by Event (Need Environmental Features Map to be Created)
Hazard Event Geography Population

Estimates

Extreme Winter Weather,
Thunderstorm, Wind, Hail, Lightning,
Tornado, Extreme Temperatures,
Drought, Public Health Emergency
Riverine Flooding Chain of Lakes communities; 16,203

(Echo, Kearney, Custer, Banks,

Central Lake, Forest Home, Torch

Lake, Milton, Helena, and Elk

Rapids Townships; Villages of Elk

Rapids, Central Lake, Ellsworth,

and Bellaire);

Antrim County 23,206

Jordan River Valley communities 3,137
(Jordan, Echo, Star and
Chestonia Twps.)

Urban Flooding Villages of Elk Rapids, Central
Lake, Bellaire, Mancelona, 5,375
Ellsworth

Coastal Erosion/Flooding Banks, Torch Lake, Milton and
Elk Rapids Townships; Village of 7,932
Elk Rapids

Wildfire Areas with Jack Pine forest

Sources: 2019 ACS Estimates from the U.S. Census Bureau; Antrim County Equalization

26



Extreme Winter Weather

National Weather Service defined as: phenomenon (such as snow, sleet, ice, wind chill) that impacts public safety,
transportation, and/or commerce. The Extreme Winter Weather category includes the following subcategories: winter
weather, winter storm, ice storm, heavy snow, blizzard, frost/freeze, and lake effect snow. Blizzards are the most perilous
snowstorms and are characterized by low temperatures, strong winds, and enormous amounts of fine, powdery snow.
Snowstorms have the potential to reduce visibility, cause property damage, and loss of life.

According to the 2019 Michigan Hazard Analysis, Michigan has 360 snowstorms with 0.1 average annual deaths, 0.1
average annual injuries, and $1.9 million in average annual property and crop damage. Michigan experiences large
differences in snowfall over short distances due to the Great Lakes. The average annual snowfall accumulation ranges
from 30 to 200 inches with the highest accumulations in the northern and western parts of the Upper Peninsula. In Lower
Michigan, the highest snowfall accumulations occur near Lake Michigan and in the higher elevations of northern Lower
Michigan. For example, the average snowfall ranges from 141 inches in the Gaylord area to 101 inches in Traverse City in
the northwest region of the Lower Peninsula.

Ice and Sleet Storms are storms that generate sufficient quantities of ice or sleet that result in hazardous conditions
and/or property damage. Ice storms occur when cold rain freezes on contact with the surface and coats the ground, trees,
buildings, and overhead wires with ice. Often times, ice storms are accompanied by snowfall, which sometimes causes
extensive damage, treacherous conditions, and power loss. On the other hand, sleet storms are small ice pellets that
bounce when hitting the ground or other objects. It does not stick to trees or wires, but can cause hazardous driving
conditions. When electric lines are down, households are inconvenienced, and communities experience economic loss
and the disruption of essential services.

According to the 2019 Michigan Hazard Mitigation Plan, Michigan has 16 average annual ice and sleet storm events with
0.2 average annual deaths, 0.5 average annual injuries, and $11.4 million in average annual property and crop damage.

Location

Extreme winter weather events are regional events that are not confined to geographic boundaries and can affect several
areas at one time with varying severity depending on factors such as elevation and wind patterns. All of Antrim County is
at risk to the occurrence and impacts from extreme winter weather; the county is more susceptible to lake-effect snow due
to proximity to Lake Michigan.

One of the highest-impact snowstorms in recent memory pounded Northern Michigan on the night of March 2, 2012. Low
pressure tracked from Missouri, to southern Lower Michigan, and on to eastern Canada, while rapidly strengthening.
Precipitation surged northward into the region on the evening of the 2nd. This was primarily snow, except in parts of east
central Lower Michigan (especially near Lake Huron), where temperatures were mild enough for rain. Snow wound down
on the morning of the 3rd, and though somewhat blustery winds occurred behind the system on the 3rd, blowing snow
was limited because the snowfall was so wet. Snow totals ranged from 6 to 14 inches across most of Northern Michigan.
Higher amounts fell near and west of Grand Traverse Bay, with a maximum amount of 20 inches near Lake Ann. With
relatively warm temperatures, the snow was very wet; Traverse City saw around a foot of snow during the night, with a
low temperature of 33 degrees. The snow stuck to everything, with the weight of the snow downing many, many trees
and power lines. Power outages were widespread, with an outright majority of Northern Michigan residents losing power
at some time during or after the storm. In Benzie County, 95 percent of residents lost power. Outages lasted up to a
week in some spots. Great Lakes Energy described it as the worst snowstorm (in regards to power outages) in 30 years.
A number of counties and communities opened shelters to aid those without power or heat. Also included in the tree
damage was substantial damage to fruit trees in the Grand Traverse Bay region, particularly cherry trees. This events
accounts for $600,000 in reported damages.

The frost/freeze event on listed in Table 17 took place on April 27, 2012 across Northwest Lower Michigan, but especially
in the Traverse City region. A killing freeze caused extreme damage to agriculture, particularly in the fruit belt of Northwest
Lower Michigan. Traverse City saw low temperatures of 25 degrees on the 27th, 31 degrees on the 28th, and 26 degrees
on the 29th. These values were not exceptionally colder than normal lows, which are in the middle 30s. Ultimately, the
main culprit was a stretch of unprecedented warmth in mid-March, which included five consecutive 80-degree days (17th-
21st). This caused fruit trees to bud out far, far ahead of schedule, and left them vulnerable to even relatively normal
weather as the spring progressed. The tart cherry crop was a total loss, while other orchard fruits such as sweet cherries,
apples, pears, and peaches saw losses in excess of 90% of the expected crop. Total crop losses for the region were
estimated at ten million dollars.
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Extent

Snowstorms can be measured based on snowfall accumulations or damages. According to the Antrim County Road
Commission’s annual snowfall records dating back to the 1938-39 season, the average annual snowfall in Antrim County
is 149.5 inches. The March 2, 2012 heavy snow event resulted in an estimated $250,000 in property damages. A
November 2007 winter storm caused $5,000 in property damages. The December 20, 2012 winter storm caused an
estimated $12,000 in property damages and the blizzard in February 2019 caused $3,000 in property damages.

Extreme winter weather events in total caused $270,000 in property damages and $10,000,000 in crop damages on
record with NOAA.

Previous Occurrences

Since 1997, and including the 1978 Presidential-declared Emergency and Governor-declared disaster for a
blizzard/snowstorm, there have been 162 extreme winter weather events. These include the following types of events
reported in Antrim County (Table 17): Heavy Snow, Blizzard, Winter Storm, Ice Storm, Lake-Effect Snow, Winter Weather
and Frost/Freeze. In recent years, the more common events are winter storms with moderate snowfall of 5-10 inches;
heavy snow, blizzards, and lake-effect snow events have been less common. Nonetheless, extreme winter weather
events are the most frequently recorded extreme weather event with the potential to impact the entire county and cause
widespread damage. With combined property and crop damages, winter weather events are also the most costly events
to occur in the county.

Table 17: Antrim County Extreme Winter Weather Previous Occurrences
Event Type Number of Events Property Damage Crop Damage Event Year(s)

Winter Storm 64 $ 17,000 $ - 1997-2022
Heavy Snow 60 $ 250,000 $ - 1996-2020
Lake-Effect Snow 27 $ - $ - 2006-2019
Blizzard 6 $ 3,000 $ - 1978*, 1997-2019
Ice Storm 3 $ - $ - 2001, 2005, 2008
Frost/Freeze 1 $ - $ 10,000,000 April 2012
Winter Weather 1 $ - $ - 2006
TOTAL 162 $ 270,000 $ 10,000,000

Source: NOAA: National Centers for Environmental Information

Probability of Future Events and Vulnerability Assessment

Since 1997, Antrim County has had 161 extreme winter weather events. This averages to about to about 6.3 events
every year. The probability of an extreme winter weather event occurring in future years is 100 percent. Heavy snow
events have the potential of shutting down towns and businesses for a significant period of time. Blowing and drifting
snow with blizzard conditions cause driving hazards. Ice damage may occur when high winds push lake water and ice
past the shoreline, causing damage to public infrastructure and residential property. Antrim County remains a leading
producer of fruits, tree nuts, and berries with over $16 million in these products sold (2017 USDA Census of Agriculture).
A frost/freeze event of the magnitude in 2012 would decimate more than three quarters of the products sold today. This
would be a huge blow to an economy that is also heavily reliant on agriculture and agri-tourism (wineries, orchards, etc.).

During the winter months, the population is largely made up of the base permanent residents. However, there is
increasing demand from seasonal residents to purchase property and retire or work remotely from highly desirable
northern and coastal communities like those in Antrim County. Many aspects of Antrim County, including natural wooded
areas and proximity to lakes/rivers, are attractive to prospective buyers and the permanent population is expected to
continue to grow. New residents, especially those locating in remote areas, increase the chance of risk to life and
property. Winter-related events cause difficult driving conditions and in the event of an emergency, can make travel
increasingly difficult for emergency personnel who may be more frequently dispatched to rural areas.
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Thunderstorms and Severe Winds

The National Weather Service defines a “Thunderstorm Wind” event as having winds, arising from convection (occurring
within 30 minutes of lightning being observed or detected), with speeds of at least 50 knots (58 mph), or winds of any
speed (non-severe thunderstorm winds below 50 knots) producing a fatality, injury, or damage. These storms can also
produce lightning, heavy rain (that could cause flash flooding), hail (at least 3/4” diameter), or tornadoes. Severe
thunderstorms can occur at any time in Michigan, although they are most frequent during the warm spring and summer
months from May through September.

“Strong Wind” and “High Wind” events on record with the NWS are considered severe wind events. Strong Winds are
non-convective winds gusting less than 50 knots (58 mph), or sustained winds less than 35 knots (40 mph), resulting in a
fatality, injury, or damage. High Winds are sustained non-convective winds of 35 knots (40 mph) or greater lasting for 1
hour or longer, or gusts of 50 knots (58 mph) or greater for any duration (or otherwise locally/regionally defined).

Long-lived wind events associated with fast-moving severe thunderstorms are known as a derecho (pronounced similar to
"deh-REY-cho"). According to the National Weather Service, a derecho is a widespread, long-lived wind storm that is
associated with a band of rapidly moving showers or thunderstorms. Although a derecho can produce destruction similar
to the strength of tornadoes, the damage typically is directed in one direction along a relatively straight swath. As a result,
the term "straight-line wind damage" sometimes is used to describe derecho damage. By definition, if the wind damage
swath extends more than 240 miles (about 400 kilometers) and includes wind gusts of at least 58 mph (93 km/h) or
greater along most of its length, then the event may be classified as a derecho. A derecho often occurs during the spring
or summer; however, it can occur any time of the year.

Severe windstorms can cause damage to homes and businesses, power lines, trees and agricultural crops, and may
require temporary sheltering of individuals without power for extended periods of time.

Location

Thunderstorms and severe wind are regional events that are not confined to geographic boundaries and can affect
several areas at one time with varying severity depending on factors such as elevation and wind patterns. All of Antrim
County is at risk to the occurrence and impacts from thunderstorms and severe winds.

The most damaging event occurred on August 2, 2015. A historic severe weather outbreak in northern Michigan, as
multiple waves of severe thunderstorms crossed the region. A passing cold front would finally end the activity during the
evening hours. This episode featured widespread straight-line wind damage in parts of northwest lower Michigan, and the
largest hail on record in northern Michigan in Ogemaw County. This event resulted in $600,000 in property damages.

Extent
Thunderstorms can be measured based on wind speed or damages. The average wind speed for events in Antrim is 51.5

knots. Antrim County had a reported $970,500 in property damages caused by thunderstorms and severe winds since
1995.

Previous Occurrences
Since 1995, there have been a total of 72 thunderstorm/wind and high wind events reported in Antrim County. This is the
second-most frequently occurring type of severe weather event in the county.

Table 18: Antrim County Thunderstorm and Wind Events Previous Occurrences
Number of

Event Type Property Damage Crop Damage Event Year(s)

Events _
Thunderstorm Wind 59 $ 900,500 $ - 1995-May 2022
1998, 2001, 2003,

High Wind 12 $ 70,000 $ - 2005, 2010, 2015,

2020, 2021
Strong Wind 1 $ - $ - 2001
TOTAL 72 $970,500 $ -

Source: NOAA: National Centers for Environmental Information

Probability of Future Events and Vulnerability Assessment
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Since 1995, Antrim County has had 72 thunderstorm/wind and high wind events. This averages to 2.7 events every year.
The probability of an event occurring in future years is 100 percent. Damage from straight line winds usually affects
multiple counties through the loss of electricity from trees/tree limbs downing power lines; causing widespread property
damage; and potentially exposing the public to severe injury or fatality due to flying debris. The magnitude and severity
depend on the county population, seasonal activity, and the spread of development. During the warm or summer months,
the base population expands by an estimated 42% to include both the seasonal short-term population. Residents and
visitors are attracted to both rural, sparsely populated rural areas and village centers. Mobile home parks, campgrounds,
institutions (schools, places of worship, etc.), and numerous annual events that draw a large number of tourists to outdoor
recreation areas were identified as specific areas of concern.
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Hail

Hailstorms occur when a severe thunderstorm produces hail that falls to the ground. Hail is formed when the updrafts of
the storm carries water droplets above the freezing level, where they form into rounded or irregular lumps of ice that range
from the size of a pea to the size of a grapefruit. When the weight of the hail is no longer supported by the air, it falls to the
ground and has the potential to batter crops, dent automobiles, and injure people and wildlife. Sometimes, large hail
appears before a tornado since it is formed in the area of a thunderstorm that tornadoes are most likely to form.

According to the 2019 Michigan Hazard Mitigation Plan, Michigan has on average 191 hail storms, an expected annual
statewide loss of about $16.6 million, no deaths, and approximately 1 injury per year. Despite damaging hail occurring in
every part of Michigan, the areas of the state most prone to severe thunderstorms (e.g. the Southern half of the Lower
Peninsula) are also most prone to large and damaging hail. The majority of the hailstorms occur during the growing
season from May through August when crops have the greatest potential to be damaged by hail.

According to the 2012 Michigan Hazard Analysis, the National Weather Service began recording hail activity in Michigan
in 1967. The National Weather Service issues forecasts for severe thunderstorms with sufficient warning time to allow
residents to take appropriate action to reduce the effects of hail damage to vehicles and some property. However, little
can be done to prevent damage to crops. For example, during September 26-27, 1998, a line of severe thunderstorms
moved across northern Lower Michigan producing hail up to 2” in diameter, destroying an estimated 30,000-35,000
bushels of apples at area farms, and damaging several homes and vehicles.

Location

Hailstorms are regional events that frequently accompany thunderstorms, and are not confined to geographic boundaries.
The severity of hailstorms may range across the affected areas. All of Antrim County is at risk to the occurrence and
impacts from hailstorms. According to the National Weather Service, Antrim County is in an area of the United States that
has on average two days of hailstorm events per year.

During one particularly strong event on July 17, 2006, hail damage was significant within Antrim County and the region. A
strong cold front ran headlong into warm and humid air in place over Michigan. Thunderstorms ignited by midday in
Eastern Upper Michigan, and became widespread by late afternoon in Northern Lower Michigan. A large number of
storms became severe, as this became the largest severe weather outbreak in Northern Michigan in several years.
Millions of pounds of fruit crops were destroyed by hail and wind. The reported hail size in Kewadin was one inch, roughly
the size of a quarter.

Extent

According to the NOAA National Centers for Environmental Information, the approximate size of hail is described as
follows in Table 19. If a thunderstorm produces hail that is 1 inch in diameter (quarter size) or larger, it is considered to be
a severe thunderstorm.

Table 19: NOAA Hail Size Description
Diameter Size Description

1/4" Pea Size
1/2" Mothball Size
3/4" Penny Size
7/8" Nickel Size
1" (Severe Criteria) Quarter Size
11/4" Half Dollar Size
11/2" Walnut or Ping Pong Ball Size
13/4" Golf Ball Size
2" Hen Egg Size
21/2" Tennis Ball Size
2 3/4" Baseball Size
3" Teacup Size
4" Grapefruit Size
41/2" Softball Size

The greatest extent hail reported in Antrim County was 3 inches on July 8, 2016 in Central Lake. According to the scale,
hailstones of this size are equivalent to a tea cup. Numerous vehicles in Central Lake were dented by very large hail, and
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some windows were broken. Area fruit crops sustained considerable damage. Approximately 60 percent of the cherry
crop in northwest lower Michigan was damaged by the severe thunderstorms with hail in the region that day.

Previous Occurrences

Between 1996 and May 2022, Antrim County had 34 hailstorms reported to NOAA (Table 20). Property damages totaling
$65,000 were reported for the 2016 3” diameter hailstorm event in 2016; the May 2022 event in Alba caused $30,000 in
property damages. A total of $1,030,000 in crop damages were reported during events in 2006 in Kewadin and 2016 in
the Central Lake area. There are no reported injuries or deaths attributed to hail.

Table 20: Antrim County Hail Events, 1996-2021

Source: NOAA: National Centers for Environmental Information

Location Date Magnitude Property Damage Crop Damage
EASTPORT 7/8/1996 1.5

ELK RAPIDS 6/24/1998 0.75

MANCELONA 6/9/2000 0.75

KEWADIN 5/15/2001 0.75

EASTPORT 5/15/2001 0.75

KEWADIN 5/15/2001 0.75

CENTRAL LAKE 8/9/2004 0.88

MANCELONA 6/27/2005 0.88

KEWADIN 7/17/2006 1 $30,000
MANCELONA 7/17/2006 1.25

ELLSWORTH 3/26/2007 0.75

MANCELONA 10/18/2007 0.75

ALBA 10/18/2007 1.5

MANCELONA 6/27/2008 0.88

CHESTONIA 7/15/2008 0.75

ALBA 6/8/2011 0.75

ELLSWORTH 6/8/2011 0.75

ATWOOD 6/8/2011 1.25

KEWADIN 6/8/2011 1.5

BELLAIRE 6/8/2011 0.75

CENTRAL LAKE 5/20/2012 1

CLAM RIVER 5/20/2013 0.75

BELLAIRE 5/20/2013 1

CHESTONIA 5/30/2013 1

ANTRIM 9/1/2013 1

ELK RAPIDS 8/2/2015 1

TORCH LAKE 8/2/2015 1

CENTRAL LAKE 7/8/2016 1 $200,000
CENTRAL LAKE 7/8/2016 3 $65,000 $800,000
ALDEN 7/10/2019 1

MANCELONA MUNI 6/9/2021 0.75

ARPT

ALBA 5/20/2022 1.75

ALBA 5/20/2022 25 $30,000

ALBA 5/20/2022 1

TOTAL $95,000 $1,030,000

Probability of Future Events and Vulnerability Assessment

With 34 hail events reported between 1996 and 2022, Antrim County has a probability of 1.3 hailstorm events in a given
year. All existing and future buildings, exposed infrastructure, and populations are at risk from hailstorms since hail
causes damage to roofs, brick walls, glass, landscaping, crops, and cars. Manufactured homes and campground
populations located throughout the county and are more susceptible to hail damage. Hail can also damage roads,
sidewalks, bridges, and above ground utilities. Hail has the potential to cause injury and death, and populations are
advised to take shelter when an event occurs.
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Riverine and Urban Flooding

Riverine flooding occurs when rivers, streams, and lakes overflow into adjacent floodplains due to prolonged, intense
rainfall, rapid snowmelt or ice jams. Flooding can damage or destroy property, disable utilities, destroy crops and
agricultural lands, make roads and bridges impassable, and cause public health and safety concerns. Floods occur in the
early spring, but also occur in the winter due to ice jams, and during the summer or fall from severe thunderstorms.
Flooding caused by severe thunderstorms has a greater impact on watercourses with smaller drainage areas.

Urban flooding occurs when water flows into low-lying areas because it does not have a place to go. This flooding occurs
from a combination of excessive rainfall, snowmelt, saturated ground, and inadequate drainage, and is becoming more
common in Michigan. Since development is occurring in floodplains, the natural landscape is unable to properly disperse
the water. Urban flooding also has the potential to overflow onto docks or other structures with electricity running to them,
which increases the risk for an electric shock drowning. Additionally, storm and sanitary sewers are unable to handle the
water flows associated with storm events, which can result in sewer overflows and affect the water quality of nearby lakes
and rivers, as well as structures with basements or shallow groundwater tables.

According to the 2019 Michigan Hazard Analysis, the most damaging hazard in Michigan, based upon estimated physical
damages and known response/recovery costs, appears to be floods. The MSP reports that flooding events have a
statewide expected annual loss estimated at more than $100 million ($25.69 million had previously been estimated in the
2014 Michigan Hazard Mitigation Plan, but Federal Disaster 4195 confirmed a higher magnitude more in line with earlier
MDEQ estimates, as that Metro Detroit flood event was quite similar to Federal Disaster 1346 during the previous
decade).

The MSP’s 2019 Michigan Hazard Analysis indicates that the Northern Lower Peninsula averages 0.3 annual flooding
events, with average annual property and crop damages of $2,591,244 due to flooding.

Location

The Villages of Bellaire, Central Lake, Elk Rapids, and Ellsworth are at risk for riverine and urban flooding, due to their
locations along the Chain of Lakes watershed. One of the three flash flooding events on record with NOAA occurred in the
Village of Elk Rapids. Not only does the Village have a fair amount of impervious surface coverage, but the Chain of
Lakes waterway outlet connects to Lake Michigan just past the Elk Rapids hydropower dam.

The Chain of Lakes hydrology network begins in Echo Township and continues through Banks Township, the Village of
Ellsworth, Central Lake Township, the Village of Central Lake, Forest Home and Kearney Townships, the Village of
Bellaire, Custer Township, Helena Township, Torch Lake Township, Milton Township, Elk Rapids Township and the
Village of Elk Rapids. These townships and villages are likely to experience riverine flooding from the Chain of Lakes and
their tributaries. Other flooding may involve low-lying areas that collect runoff waters; flaws or shortcomings in existing
sewer infrastructure; undersized or poorly designed storm water control practices; collective effects of land use and
development trends; illegal diversion of water, or actions that interfere with system function.

If the Elk Rapids Dam failed, the immediate impact would be to Dexter Street and adjoining recreation, residential and
commercial land uses in the Village of Elk Rapids. If the Bellaire Dam or Cedar Dam failed, immediate impacts would be
to adjoining roads and commercial, residential and recreation properties within the Village of Bellaire. Additionally, other
roads that cross the Chain of Lakes waterway system often act as dams. Those locations, along with floodplain areas
and any nearby development, could be impacted by an upstream dam breach.

Extent/Previous Occurrences

On July 5, 1999, flash flooding occurred after numerous thunderstorms moved across the region with isolated severe wind
reports. Training echoes (thunderstorms continuously moving over the same general area) over the Lake Michigan
shoreline counties in northwest lower Michigan caused up to 4 inches of rainfall within a few hours. In the Village of Elk
Rapids, secondary roads were flooded with 4-6 inches of water.

On August 11, 2021, flash flooding occurred in multiple locations after heavy rain occurred parts of NW lower Michigan. A
bridge on Alden highway completely washed out near Comfort Rd, in Helena Township. Two vehicles fell into this road
wash out, causing injury to 1 person. Property damages are estimated at $325,000. Multiple other road sections washed
throughout county. A flash flood also occurred in Bellaire as a result of this heavy rain event, with water over M-88 in
multiple places.
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Probability of Future Events and Vulnerability Assessment

Floods can damage or destroy public and private property, disable utilities, make roads and bridges impassable, destroy
crops and agricultural lands, cause disruption to emergency services, and result in fatalities. People may be stranded in
their homes for several days without power or heat, or they may be unable to reach their homes at all. Long-term
collateral dangers include the outbreak of disease, widespread animal death, broken water or sewer lines causing water
supply pollution, downed power lines, broken gas lines, fires, and the release of hazardous materials.

Since 1999, Antrim County has had three flash flood events, which equates to a 7.7% chance that a flash flood would
occur in a given year. The magnitude and severity of a heavy rainfall event also depends on the population densities,
seasonal activity, and the spread of development. During the warm or summer months, the population expands to include
both the permanent resident base population and the seasonal short- and long-term population. The seasonal population
is attracted to both rural, sparsely populated rural areas and urban activity centers. Villages are the where many seasonal
special events take place, drawing large crowds of people. Additionally, the Cedar River Dam and the Bellaire Dam are
categorized as “high hazard potential” dams. The Elk Rapids hydropower dam is a “low hazard potential” dam.

Antrim County has partnered with the US Army Corps of Engineers (USACE) to complete a hydrology study for the Elk
Rapids Chain of Lakes watershed. Conducted from 2020-2022, the study consists of two computer models: one that
simulates the hydrology of the ERCOL watershed and one that simulates the hydraulics of the ERCOL lakes and
connecting rivers. The two models work together to simulate certain types of future rain events. The hydraulic model
calculates how high the lake levels will be, and how long it will take the water levels to recede. The report also contains
the results of the 100-year storm analysis, along with the results of three scenarios: the impact of the Ellsworth culverts
on lake levels upstream; dredging the Intermediate River between Intermediate Lake and the Bellaire Dam; and dredging
the Torch River. This new model will serve as an important tool for future hazard preparedness.

Specific flood hazard areas were identified during public meetings and are identified on the Hazard Areas Map provided in
Appendix A. Flood hazard information may be obtained from the Flood Rate Insurance Maps (FIRM) available for
jurisdictions. In order to delineate potential flood plain areas (seasonal floodplains) for each jurisdiction, Networks
Northwest overlaid wetland, soils, and elevation data to determine the most likely flood prone areas. Once overlaid;
isolated polygons (areas) were deleted in order to show a more accurate representation of potential flood prone areas
along lakes, rivers, and streams. Sources: Temporary/Seasonally Flooded Areas data are from the National Wetland
Inventory of the US Fish and Wildlife Service; Hydric soils data are from the county digital soil surveys (were available);
and Digital Elevation Model data are from the Center for Geographic Information, Michigan Department of Information
Technology.

NFIP Participation Status

FEMA'’s online National Flood Hazard Layer (NFHL) is a geospatial database that contains current effective flood hazard
data, which support the National Flood Insurance Program. Flood Insurance Rate Maps, or FIRMs, can be viewed for
participating areas in the U.S. through the NFHL. The FIRMs aid in better understanding a property’s level of flood risk
and type of flooding in the area. The maps show the delineation of the 1% Annual Chance Floodplain Boundary (the
“100-Year Flood Boundary”) and the 0.2% Annual Chance Floodplain Boundary (the “500-Year Flood Boundary”).

For a particular river, USGS collects river streamflow data over time, determines the largest flood in each year, and then
calculate statistical data for that river. The more years of data available, the more accurate the estimates for the various
flood quantiles. As more years of data become available, the estimates become more refined, which can result in
revisions to the quantiles and thus revised floodplain boundaries.* Urban development and installation of flood controls
can also result in changes in streamflow data over time.

Antrim County participating communities are scheduled to receive updated digital flood maps by the end of 2022 or in
2023. According to the National Flood Insurance Program, there are no residential properties in the county that have
suffered repetitive flood losses.

4 https://www.usgs.gov/fags/why-do-values-100-year-flood-seem-change-every-flood
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Table 22: NFIP Participation

Municipality NFIP FIRM Effective Number

Banks Township Y
Central Lake Township
Chestonia Township

Custer Township

Echo Township

Elk Rapids Township Y
Forest Home Township
Helena Township

Jordan Township

Kearney Township
Mancelona Township

Milton Township Y
Star Township

Torch Lake Township Y
Warner Township

Village of Bellaire

Village of Central Lake
Village of Elk Rapids Y
Village of Ellsworth

Village of Mancelona
Source: FEMA Community Status Book Report
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Y

N
N
N
N
N
N
N
N
N
Y
N
Y

9/1/1988 26064300048

2/2/1983 | 2606370020B

1/17/1997 | 26041400258

9/30/1988  2606990005C
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Lightning

Lightning is a random and unpredictable discharge of electricity in the atmosphere between the clouds, air, or ground to
equalize the charged regions in the atmosphere. It is still being debated how the electrical charges build up in the clouds.
Lightning generally occurs during thunderstorms; however, it can occur without a thunderstorm, such as during intense
forest fires and heavy snowstorms. Lightning that occurs without nearby rain is most likely to cause forest fires.

Location

Lightning is not confined to geographic boundaries and is a regional event. Since lightning occurs randomly, it is
impossible to predict where lightning will occur and how severe it will be. All of Antrim County is at risk to the occurrence
and impacts from lightning.

Extent/Previous Occurrences
There have been two lightning events reported to NOAA for Antrim County. There were no injuries or fatalities.

On September 1, 2000 a series of evening thunderstorms across the region produced lightning that was nearly
continuous. One man was killed by the lightning (not in Antrim County) when he and his 9 year old son climbed a small
hill behind a shopping mall to view the approaching lightning. The 40 year old father was struck and killed by a lightning
bolt. His son was thrown to the ground, but only sustained minor injuries. Lightning that Friday night also disrupted
numerous high school football games. Many games were cancelled or postponed until the following Saturday morning.
Many of the schools which began play had lengthy delays and many waited an hour or more before fans and players
could return to the field. This was widely covered by area newspapers and television stations. The cost of postponed
games is not known.

On June 18, 2012, lightning struck a home in Banks Township, Antrim County, igniting a fire that destroyed the home.
Property damages were estimated at $80,000.

Probability of Future Events and Vulnerability Assessment

Since there have been two lightning events that have occurred on record in the last 22 years, there is a 9% chance a
damaging lightning event would occur every year. However, not all lightning events may have been reported since events
with injuries, deaths, and extensive damages tend to be the only ones reported. Therefore, the number of lightning events
and damages are likely higher.

All existing and future buildings, exposed infrastructure, and populations are at risk from lightning events since it may
cause structural and wildland fires, loss of electrical and telecommunications equipment, and damage to buildings or
vehicles from falling trees struck by lightning. People that work outside or participate in outdoor recreation activities are at
a higher risk to be struck by lightning.
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Tornado

A tornado is a violently rotating column of air that extends from a thunderstorm to the ground, and can occur anytime
during the day and throughout the year. It can only be seen if water droplets, dust, and debris form a funnel. The funnel
cloud can have winds that reach up to 300 miles per hour with an interior air pressure that is 10-20% below the
surrounding atmosphere’s pressure. The length of a tornado path has been reported up to 200 miles. Tornado path widths
are generally less than one-quarter mile wide. These storms are the most violent of the atmospheric storms since they
have the potential to destroy buildings, uproot trees, hurl objects, and cause loss of life.

According to the National Oceanic and Atmospheric Administration/National Weather Service’s Storm Prediction Center,
tornadoes cause approximately 60 deaths and hundreds of millions of dollars in property damage each year. According to
the 2019 Michigan Hazards Plan, Michigan is located on the northern fringe of the nation’s tornado belt and has a
statewide expected annual loss of about $19.6 million due to tornadoes. Michigan also has an average of 18 tornadoes,
approximately 4 deaths, and approximately 50 injuries per year. Between 1999 and 2019, Michigan has had 314 reported
tornado events with 52.9% as EFO (weak) or EF1 (moderate), 38.9% reported as FO or F1 (weak), 6.7% as EF2
(significant) or EF3 (severe), and 1.6% as F2 (strong). In Northern Michigan, tornados are most likely in the summer
months, although some have occurred in the spring and fall.

Location

Tornadoes are a regional event that are not confined to geographic boundaries and can affect several areas at one time.
Also, the magnitude of tornadoes may range across the affected areas. All of Antrim County is at risk to the occurrence
and impacts from tornadoes. It should be noted that it is impossible to predict where and with what magnitude a tornado
will touchdown.

The 11 tornadoes described in Table _ have impacted different communities in Antrim County. The first reported tornado
first touched down in Long Lake Township and headed northeast into Leelanau County. The second reported tornado
began in Acme Township, headed east into Whitewater Township, and continued into Kalkaska County. The third tornado
began in Peninsula Township and headed northeast into Antrim County. The fourth and last reported tornado in Grand
Traverse County began in western Garfield Township and headed at a sharp northeast angle through the City of Traverse
City and into Peninsula Township.

Extent

The Fujita Scale (Table 24) categorizes tornado severity based on observed damage. The six-step scale ranges from FO
(light damage) to F5 (incredible damage). As of February 2007, the National Weather Service uses the Enhanced Fujita
Scale (EF Scale). This new scale ranges from EFO to EF5. Based on the Fujita Scale, Grand Traverse County’s most
damaging tornado occurred on April 3, 1956 with winds ranging from 210-261 mph. It caused no injuries or deaths, but $
250,000 in property damages.

Table 24: Fujita and Enhanced Fujita Scale Comparison

Fujita Scale EF Scale

Fujita Scale 3-Second Gust Speed " EF Scale 3-Second Gust Speed
(mph) (mph)

FO 45-78 EFO 65-85

F1 79-117 EF1 86-109

F2 118-161 EF2 110-137

F3 162-209 EF3 138-167

F4 210-261 EF4 168-199

F5 262-317 EF5 200-234

Source: FEMA

Previous Occurrences

Between 1950 and May 2022, Antrim County has had eleven reported tornadoes, causing $564,280 in property damage
and two deaths (Table 25). The most destructive tornado was a category F3 in 1974 that caused $250,000 in property
damages and two injuries. The second-most destructive tornado occurred recently, in May 2022. It was an EF1 that
began near Alba in Start Township and caused $175,000 in property damage. This tornado continued in a northeasterly
direction into Otsego County, amplifying to an F3 tornado when it hit Gaylord.
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Table 25: Tornado Events, 1950- May 2022
Begin Location End Location Date Deaths Injuries Scale Property Damage

Kearney Twp., S. end of Intermediate = 7/16/1958 $30
Lake
Jordan Twp, near Elmira Twp. 7/3/1974 2 F3 $250,000
Lilak Creek and M-66 (Otsego

County)
Central Lake Twp., Warner Twp., 7/31/1977 F2 $250
M-88 and Sunset Hill North of M-
Rd. 32, west of

Tebo School

Rd.
Jordan Twp., M-66 Jordan Twp., 9/7/1985 F1 $0
south of Old State Pinney
Rd. Bridge Rd.,

N. of the

Jordan R.
Milton Twp., east of Helena Twp. 7/8/1990 F1 $0
Chippewa Trail, on Clam
between Rex Terrace Lake, N. of
and Miller Rds. Green Street
Elk Rapids Twp., 3 miles north of Elk 8/4/1995 FO $0
Rapids
Torch Lake Twp. on lake MI, between @ 5/31/1998 FO $0
Bay Harbor Club Dr., and San Marino
Trail
Helena Twp., SE of Walling Rd. and 7/10/2007 EFO $4,000
SE Torch Lake Drive
Elk Rapids Twp., Elk Rapids 8/3/2017 EFO $55,000
south end of Birch Twp., S. of
Lake Williams Rd.
Mancelona Twp., Star Twp., 8/28/2018 EFO $80,000

west of Dry Lake Rd., NW of
north of Wetzel Lake Primrose and

Rd. Eastcott Rds.
Star Twp., north of Star Twp., 5/20/2022 EF1 $175,000
Olds Rd and west of Old Alba Rd.,
Keystone Ln. west of Alba
Hwy.
TOTAL 11 2 $ 564,280 $ 0

Source: NOAA: National Centers for Environmental Information

Probability of Future Events and Vulnerability Assessment

Since there have been eleven tornado events reported in the last 71.42 years, this indicates a 15.4% chance a tornado
would occur in a given year. While the chance for a tornado is low, if an event occurs, there is potential for a higher
magnitude tornado to touch down. Many of the reported historic events have caused property damage.

The county utilizes the “Rave” mass natification system for notification of tornado warnings and watches, along with other
severe weather alerts. The system notifies a participant via their mobile or land-line phone. The National Weather Service
may concurrently utilize their notification system when deemed necessary in severe weather event situations to send
phone natifications to all users within signal of a cellular tower. Additionally, there is one manual emergency siren located
in the Village of Mancelona.

Antrim County Emergency Management Department maintains contracts with eight of the eleven local fire stations in the
county so that they may be utilized as temporary shelters in the event of an emergency. Provide list:
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The American Red Cross can set up temporary shelters within 12-24 hours after an emergency event occurs; usually this
is done within an existing structure. The two Antrim County Senior Centers in Mancelona and Bellaire, as well as local
libraries, have been utilized during regular hours for temporary shelters to be used during the day.

There are no homeless shelters located within Antrim County.
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Extreme Temperatures

Prolonged periods of very high or very low temperatures are often accompanied by other extreme meteorological
conditions, such as high humidity, drought, heavy snowfall, or high winds. Extreme heat or extreme cold primarily affect
the most vulnerable segments of the population, such as the elderly, children, impoverished individuals, and people in
poor health.

Nationwide, there have been approximately 175 deaths per year that are attributable to extreme heat according to the
2019 Michigan Hazard Analysis. The threats from extreme heat are heatstroke, sunstroke, muscle cramps, heat
exhaustion, and fatigue. It is hazardous to livestock and agricultural crops, causes water shortages, exacerbates fire
hazards, exacerbates respiratory problems, prompts excessive electrical energy demands, and causes infrastructure
failures. Urban areas experience the most serious extreme heat with the combined high temperatures and high humidity
that produce a heat-island effect.

According to the 2019 Michigan Hazard Mitigation Plan, Michigan has 11 average annual extreme heat events with 0.4
average annual deaths and 41 average annual injuries.

In the United States, approximately 700 people die each year as a result of severe cold temperature-related causes
according to the 2019 Michigan Hazard Analysis, with a significant number of deaths occurring due to illnesses or disease
that are negatively impacted by severe cold weather, such as stroke, heart disease, and pneumonia. Exposure to extreme
cold temperatures can be life threatening and can cause hypothermia and frostbite. According to the 2019 Michigan
Hazard Mitigation Plan, Michigan has 35 average annual extreme cold events with 1 death, 9.4 average annual injuries,
and $6.4 million in average annual property and crop damage. Extreme cold affects transportation modes and power
utilities, resulting in dead vehicle batteries and loss of power/heat.

Measuring Extreme Temperatures (Extreme Heat and Extreme Cold)

Extreme heat is measured with the National Weather Service’s Heat Index Chart (Figure 7). The chart uses relative
humidity and air temperature to determine the likelihood of heat disorders with prolonged exposure or strenuous activity.
Individuals are unable to shed excess heat from their bodies when they experience prolonged exposure to hot
temperatures, which results in heat disorders.

Figure 7: National Weather Service Heat Index
NWS Heat Index Temperature (°F)
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Source: National Weather Service

Extreme cold is measured with the wind chill index, which is a measure of the rate of heat loss from exposed skin caused
by the combined effects of wind and cold. As the wind increases, heat is carried away from the body and reduces the
external and internal body temperatures. Figure 8 shows the NOAA Wind Chill Chart as it corresponds to various
temperatures and wind speeds.
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Figure 8: National Weather Service Wind Chill Chart
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Figure 9 are the observed temperatures at East Jordan (in Charlevoix County, adjoining Antrim County to the north) for
2021. The dark blue line shows temperatures recorded between January 1 2021 and December 21, 2021. The red line
above shows record high temperatures for that day, and the light blue line below indicates record low temperatures for
that day. Note that maximum record high temperatures were reached in 2021 on April 8 (82 degrees F), April 9 (81
degrees F), and on December 16, 2021 (63 degrees F).

Figure 9: Daily Temperature Data:
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Location, Extent and Previous Occurrences

Extreme temperatures are a regional event that are not confined to geographic boundaries and range in severity across
the affected areas. All of Antrim County is at risk to the occurrence and impacts from extreme temperatures.

Antrim County has had two extreme heat events in 2001 and 2018. The events did not have any deaths, injuries, or
property/crop damages. The heat events consisted of hot and humid conditions that caused outdoor events to be modified
and attendance at outdoor events to be lower than normal.

The first instance of reported excessive heat occurred on August 1, 2001. Excessive Heat was also a problem the first two
weeks in August across all of northern Michigan. Temperatures reach the mid to upper 90s, on average, a few days each
year; however, for a 5 day (8/5 - 8/9) stretch overnight low temperatures failed to fall below the lower 70s in most areas.
This very humid air mass was unusual for northern Michigan, an area which typically sees cool nighttime temperatures
and for this reason has very few homes with air conditioners. No heat related deaths or injuries were reported; however,
most outdoor events were modified due to the forecasts of hot and humid conditions. County fairs sent animals home, yet
still there were livestock losses at fairs in Otsego and Alcona counties. Attendance at county fairs was well below normal
and this was attributed to the heat. This period of excessive heat also brought on a drought event at the same time.

The second instance of reported excessive heat occurred on June 30, 2018. The month of June closed with one of the
hottest days in recent memory. Highs were well into the 90s, including 99 at Alpena, and 98 at Traverse City and Gaylord.
The National Weather Service office near Gaylord also hit 98; that was (by several degrees) the warmest reading
recorded at that location since observations began there in the late 1990s. Heat indices exceeded 105 degrees across
most of northern lower Michigan, and some locations exceed 110. The warmest reported heat index on the day was 114
near Indian River. There were estimated to be between 25 and 30 individuals who visited local hospitals due to heat-
related ilinesses.

There have been two extreme cold events on record with NOAA for Antrim County. However, it should be noted that since
cold temperatures typically occur during winter months, many events may have gone unrecorded. The first reported event
occurred on February 4, 2007. Exceptionally cold air surged into Northern Michigan. High temperatures on the 4th (Super
Bowl Sunday) were around zero, with low temperatures that night from five to ten below zero. Gusty northwest winds
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produced hazardous wind chills of 20 to 30 below zero, along with blowing and drifting snow. Many area schools closed
on the 5th, due to the extreme cold and poor road conditions.

The second instance of extreme cold was the Governor Declared Emergency that occurred on January 29, 2019. Wind
chills of 15 to 30 below zero were common in northern lower Michigan. Wind chills were much colder in eastern upper
Michigan, including -51 at Kinross, and -42 at Sault Ste Marie and Mackinac Island. The low temperatures caused
schools to close.

Probability of Future Events and Vulnerability Assessment
There have been two extreme heat events on record with NOAA in Antrim County over the past 20.4 years: one in 2001
and one 2018. This indicates that there is 10.2% chance of another extreme heat occurring in a given year.

There have been two extreme cold events on record with NOAA in Antrim County over the past 14.4 years: one in 2007
and one in 2019. This indicates that there is a 14% chance of another extreme cold event occurring in a given year. Since
extreme cold events tend to occur during the winter months and are coupled with blustery winds and snowstorms, these
events may have been reported as other hazards or not at all, which means there may have been more extreme cold
events in the county.

Extreme heat and cold events are more likely to impact unsheltered populations (i.e., people at campgrounds, outdoor
events, and the homeless) as well as the elderly or disabled.

Antrim County Emergency Management Department maintains contracts with eight of the eleven local fire stations in the
county so that they may be utilized as temporary shelters in the event of an emergency. Provide list:

The American Red Cross can set up temporary shelters within 12-24 hours after an emergency event occurs; usually this
is done within an existing structure. The two Antrim County Senior Centers in Mancelona and Bellaire, as well as local
libraries, have been utilized during regular hours for temporary shelters to be used during the day.

There are no homeless shelters located within Antrim County.

The Northwest Lower Michigan Coastal Resilience Atlas written by the Land Information Access Association (LIAA)
completed a Heat Vulnerability Assessment® of coastal communities. A community’s vulnerability is their exposure to the
hazard (determined by tree canopy and impervious surface coverage) + their sensitivity. Sensitivity is determined by the
folowing factors:

Persons > 65 years

Persons living alone

Minority (non-white) persons

Persons living below the poverty threshold

People > age 25 with less than a high school education

Disability status (i.e., ambulatory difficulty, mental disability)

Torch Lake Township has the second highest median age (60.4 years) of all Antrim County communities. Their relative
sensitivity to extreme heat events is pictured in Figure 10. Other Lake Michigan shoreline communities in Antrim County
consist of Banks Township, Milton Township, Elk Rapids Township and the Village of Elk Rapids. The Heat Vulnerability
maps for those communities can be found in pages 804-843.

Figure 10: Torch Lake Township Relative Sensitivity of Population to Extreme Heat Events

5 Land Information Access Association. (2019). Northwest Lower Michigan Coastal Resilience Atlas.
http://www.resilientmichigan.org/nw_atlas.asp
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Neorthwest Lower Michigan Coastal Resilience Atlas

Chapter 5 | Heat Vulnerability | Antrim County 819

Source: LIAA Northwest Lower Michigan Coastal Resilience Atlas
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Drought

Drought is a normal part of the climate cycle. It is a slow-moving hazard, which causes people to underestimate the
damage it can do, but losses from drought are as substantial as those from hurricanes, tornadoes and other faster-moving
disasters. Drought causes losses to agriculture; affects domestic water supply, energy production, public health, and
wildlife; and contributes to wildfire, to name a few of its effects.

Location

Drought is a regional event that is not confined to geographic boundaries and range in severity across the affected areas.
All of Antrim County is at risk to the occurrence and impacts from drought.

Extent

The Palmer Drought Severity Index (PDSI) uses readily available temperature and precipitation data to estimate relative
dryness. It is a standardized index that generally spans -10 (dry) to +10 (wet). Maps of operational agencies like NOAA
typically show a range of -4 to +4, but more extreme values are possible. The PDSI has been reasonably successful at
quantifying long-term drought.

The U.S. Drought Monitor (Figure 11) combines several input sources including the PDSI and the Standardized
Precipitation Index to prepare a weekly map showing parts of the U.S. that are in drought. The map uses five
classifications: abnormally dry (DO), showing areas that may be going into or are coming out of drought, and four levels of
drought: moderate (D1), severe (D2), extreme (D3) and exceptional (D4) (Figure 12).

Figure 11: Antrim County Historical Drought Levels
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Figure 12: U.S. Drought Categories and Historically Observed Impacts
Michigan v

Historically observed impacts

Grass fires increase

%0 Lawns are brown; landscape and gardens are watered more frequently

Most crops and vegetation are stressed; farmed Christmas trees are stressed
o Well levels decline

Corn and soybean yields are low
D2 Mature trees are stressed

Streamflow is extremely low, potentially too low to irrigate

Source: US Drought Monitor
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Previous Occurrences

There have been two instances of drought in Antrim County. The first was a Presidential Declared Emergency for drought
problems in the State was enacted in 1977 and included Antrim County. The second occurred on August 1, 2001. It was
preceded by a warmer than usual July 2001 with less than an inch of rainfall recorded in some areas. This lack of rain and
warm conditions became serious during the first two weeks of August when little if any rain fell and temperatures jumped
into the 90s. The stress on the crops was most noted in northern Michigan corn, but also hit hay crops to a lesser extent.
As a result of the drought, the U.S.D.A. declared several counties disaster areas and granted farmers in counties where
the crop losses were 30% or greater, special low interest loans.

Probability of Future Events and Vulnerability Assessment

Between 1977 and May 2022 (45.4 years), there have been two drought events on record. This equates to a 4.4% annual
chance for a drought event in Antrim County. In Northern Michigan’s forested regions, drought can adversely impact
timber production and some tourism and recreational enterprises. This can also cause a drop in income, which impacts
other economic sectors. Drought conditions also increase the risk for wildfire. Many portions of Antrim County are heavily
forested and can be vulnerable to drought-related wildfire threats. Additionally, the threat to water sources should also be
considered. Many county residents rely on ground water wells for drinking water. Even drought events in category D1
experience water well level decline. Drought events combined with excessive heat can have severe impacts on vulnerable
populations, such as the elderly and lower income populations.

Antrim County Emergency Management Department maintains contracts with eight of the eleven local fire stations in the
county so that they may be utilized as temporary shelters in the event of an emergency. Provide list:

The American Red Cross can set up temporary shelters within 12-24 hours after an emergency event occurs; usually this
is done within an existing structure. The two Antrim County Senior Centers in Mancelona and Bellaire, as well as local
libraries, have been utilized during regular hours for temporary shelters to be used during the day.

There are no homeless shelters located within Antrim County.
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Wildfire

A wildfire is an unplanned, uncontrolled fire in grassland, brushland, or forested areas. Wildfires can occur in any forest or
grassland type under dry conditions; however, some forest types are more susceptible to wildland fires. For example, jack
and red pine forest stands have a high risk for wildfires, as they dependent on fire to provide all the right conditions for
regeneration, while aspen and white pine forest stands have a moderate risk. The primary cause of wildfires is from
human activities, specifically burning outdoor debris. Wildfires cause destruction to property and timber resources, and
injuries or loss of life to wildlife and persons living or recreating in wildfire prone areas. Long-term effects include scorched
and barren land, soil erosion, landslides/mudflows, water sedimentation, and loss of recreational opportunities.

Approximately 55% (20.4 million acres) of Michigan’s total land area is forest cover. The vast forests provide Michigan
with the largest state-owned forest system in the United States. In addition, Michigan has the fifth largest quantity of
timberland acreage, with 19.3 million acres (including hardwoods and softwoods). That vast forest cover is a boon for both
industry and recreation, and these areas have been gradually increasing in recent years. However, it also means that
many areas of Michigan are vulnerable to wildfires.

Michigan’s fire season starts in early spring, when leaves and grasses remain dry from fall and winter and trees are not
yet green. Wildfires are often accompanied by drought where dry conditions increase the potential to burn. Often a
thunderstorm will roll through and lightning will strike causing sparking of dry leaves and dead wood. High winds can then
spread wildfire. Wildfires can become unpredictable in windy conditions or when the wind changes direction suddenly.
Cooler nighttime temperatures often help suppress wildfires and the potential for wildfire; however Michigan has had
several major fire events.

According to MDNR and U.S. Forest Service records, between 1910 and 1949, over 5.8 million acres of forest were
burned, an average of 145,000 acres per year. By comparison, it was reported that between 1950 and 1996, the MDNR
and U.S. Forest Service were involved in suppressing over 46,100 wildfires that burned 390,000 acres of forest, which
averages only 8,300 acres burned per year. This drastic reduction in the acres of timber burned was largely the result of
(1) increased use of specialized equipment to suppress the fires, and (2) intensified efforts toward fire prevention.

However, lightning strikes are not the primary cause of wildfires in Michigan. Recently, only about 4% of all wildfire in
Michigan were caused by lightning strikes, and most other causes have been attributed to human activity. Outdoor debris
burning is the leading cause of wildfires in Michigan. Most Michigan wildfires occur close to where people live and
recreate, which puts both people and property at risk. The immediate danger from wildfires is the destruction of property,
timber, wildlife, and injury or loss of life of persons who live in the affected area or who are using recreational facilities in
the area.

Location

All of the county’s communities and developed areas are vulnerable to wildfires since the community centers and rural
residential developments interface with the high risk forest types (e.g. Red Pine, Eastern White Pine, and Jack Pine).
Approximately __ acres or ___ % of Antrim County is forested. Jack Pine forests make up ___acres of forested land. As
shown on the Environmental Features Map in Appendix A , Pine forests are located primarily in ___ .These townships and
villages are located in the _ area of the county where it is heavily forested and are highly susceptible to wildfire events.

Extent and Previous Occurrences

Extent can be measured by the number of acres burned and the cost of property damage. Between 1981 and 2018 there
were 256 reported wildfires on lands under MDNR jurisdiction. This resulted in 285 total acres burned, or an average of
7.5 acres burned/6.7 wildfires per year. No property damages were recorded.

Probability of Future Events and Vulnerability Assessment

There is a 100% chance there will be a wildfire on MDNR lands in a given year, and a small chance there will be a wildfire
on lands outside of MDNR jurisdiction. Forest types (Red Pine, Eastern White Pine, and Jack Pine) within Antrim County
are susceptible to wildfires. Additional factors that increase fire risk include dead or dying Ash trees as a result of
diseasel/invasive species, lightning strikes, and human factors such as the number of persons residing, camping, or
traveling through the County. Historically, Michigan’s landscape has been shaped by wildfire; however, over the last
several decades, the current landscape has transformed from wildland to residential development. With the increase in
residential development in and around rural areas prone to wildfires, there is an increase in the potential for loss of life
and property damage. Unfortunately, rural areas do not have enough fire suppression forces available to protect every
structure from wildfires. Residential development in rural Antrim County is often isolated from town centers and
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emergency services. Those subdivisions that are located in rural areas near Jack Pine forests are identified on the
Vulnerable Populations and Hazard Areas Map in Appendix A.

Shoreline Hazards (Coastal Flooding and Coastal Recession)

Shoreline hazards include coastal flooding and coastal recession. Coastal recession (subsidence) is the wearing away of
land, such as loss of riverbank, beach, shoreline, or dune material. It is measured as the rate of change in the position or
displacement of a riverbank or shoreline over a period of time. Short-term erosion typically results from periodic natural
events, such as flooding, hurricanes, storm surge, and windstorms, but may be intensified by human activities. Long-term
erosion is a result of multi-year impacts such as repetitive flooding, wave action, sea level rise, sediment loss, subsidence,
and climate change. Death and injury are not typically associated with erosion; however, it can destroy buildings and
infrastructure. Waters of the Great Lakes may cause shoreline hazards to occur making the entire northwest Michigan
coastline is susceptible to shoreline hazards. As indicated in Figure , large portions of the Lake Michigan shoreline
throughout west Michigan are identified as “High Risk Erosion Areas in 2019.”

Figure : Great Lakes Shorelines with High Risk Erosion Areas, 2019
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Shoreline flooding results when water levels rise and push inland or during rainfall or snowmelt accumulates and is not
able to drain properly. Shoreline flooding may also be caused during storms and wind events with high-energy waves. In
developing the Northwest Lower Michigan Coastal Resilience Atlas, scenario planning was used to determine the
potential impact of three differing levels of storms combined with high waters. The three scenarios are described as
follows:

The first scenario, “Lucky” Future: Under the Lucky Climate Future, Great Lakes water levels will continue to stay
relatively low. Although there will be wave and wind action, major storm events and wave impacts will not encroach on
properties landward of current beaches. A Lucky Future projection, indicating the land areas that would be affected by
high-energy waves along the shorefront and/or adjacent riverine flooding under these conditions, is shown in green on the
maps.
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“Expected” Future: Under the Expected Climate Future, Great Lakes water levels will continue to fluctuate according to
long-term decadal patterns, including recent extreme storm events incorporated into the ongoing Great Lakes Coast Flood
Study being conducted by the Federal Emergency Management Agency (FEMA). Given those ongoing fluctuations, this
Climate Future accounts for periods when Great Lakes still-water elevations are closer to the long-term average. In
addition, this Climate Future anticipates the so-called “100-year storm event” (or 1% storm) becoming more like a 20- or
50-year storm event (i.e., an expected storm within the normal community planning time horizon) because of increased
storminess. The Expected Future projection is shown in yellow on the maps.

“Perfect Storm” Future: Under the Perfect Storm Climate Future, Great Lakes water levels will continue to fluctuate
according to decadal patterns, consistent with assumptions made for the Expected Future. However, for this Perfect
Storm Climate Future, the estimated still-water elevation is set higher than the long-term average and closer to the long-
term high (583 feet). In addition, this Climate Future anticipates the occurrence of a so-called “500-year storm event” (or
0.2% storm) occurring within the planning time horizon while lake levels are high. The Perfect Storm Future projection is
shown in red on the maps.

Location

To reference the Northwest Lower Michigan Coastal Resilience Atlas, “Climate scientists predict that northwest Lower
Michigan can expect more frequent storms of increasing severity in the decades ahead. The total amount of rainfall per
year in also likely to increase. The potential for substantially larger rain events and severe storms raises concerns of harm
to human health and damage to buildings and infrastructure, especially for areas along the Lake Michigan coastline.”

The following Antrim County jurisdictions are located on the Lake Michigan coast (Grand Traverse Bay) and are impacted
by shoreline hazards: Banks Township, Torch Lake Township, Milton Township, Village of Elk Rapids and Elk Rapids
Township. LIAA documented potential shoreline hazards for these communities in the Northwest Lower Michigan Coastal
Resilience Atlas. Specific areas of shoreline hazards were identified during public input sessions. These are marked as a
hazard area on the Hazard Area Map in Appendix A.

Antrim County

Source: LIAA, Northwest Lower Michigan Coastal Resilience Atlas
Figure 13 - 15 illustrate the three potential flooding scenarios at Elk Rapids Village/Elk Rapids Township. “Lucky” scenario
flooding is shown in green, “Expected” flooding scenario is shown in yellow, and “Perfect Storm” future scenario is shown

in red. These communities would bear the greatest impact out of all Antrim county coastal communities in a “Perfect
Storm” flooding scenario.

Figures 13 -15: Panels #74 and #75 Coastal Flooding Scenario, Elk Rapids Township/Village of Elk Rapids
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Northwest Lower Michigan Coastal Resilience Atlas
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Coastal recession or erosion to Lake Michigan communities is a constant, but very small wearing away of the shoreline.
The Great Lakes are estimated to lose one foot of shoreline per year to normal wave and wind activity. However, storms
and increased wave activity have caused increased coastal recession to varying degrees in Antrim County’s coastal
communities.

Chapter 4 of the Northwest Lower Michigan Coastal Resilience Atlas describes bluffline recession since its recorded
shoreline in 1938. The blue line indicates the shoreline in 1938, the green line indicates the bluffline in 1938, the yellow
line is the bluffline in 2016, and the red line is the predicted 30 year bluffline. The overall shoreline recession areas are
shown in Figure 14 for Banks Township. Detailed maps of shoreline recession boundaries for all Antrim County coastal
communities are appended.
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Figure 14: Shoreline Recession, Banks Township
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Source: LIAA, Northwest Lower Michigan Coastal Resilience Atlas

53



Additionally, all of the coastal communities in Antrim County contain several areas of “High Risk Erosion Areas”, as
designated by the State of Michigan’s EGLE. Figure _ illustrates one of the maps from that report, for Torch Lake
Township. Torch Lake Township also contains State-designated “Critical Dune Areas”, which are areas not included in
the designated Barrier Dune Formations that are composed primarily of dune sand and exhibit several dune-like

characteristics.

High risk erosion areas are those shorelands of the Great Lakes where recession of the landward edge of active erosion
has been occurring at a long-term average rate of one foot or more per year, over a minimum period of 15 years. EGLE
staff conducted the initial recession rate research of coastal counties between 1980 and 1986; during that time they
identified high risk erosion areas in 36 of 41 coastal counties. An EGLE permit is required prior to construction on a parcel
in a high risk erosion area regardless of where the structure is proposed on the parcel. Any person or local governmental
agency proposing to erect, install, move, or enlarge a permanent structure on a parcel must obtain a permit prior to the

commencement of construction.
Figure __. EGLE’s Map of High Risk Erosion Areas and Critical Dune Areas for Torch Lake Twp. (North)
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Extent
Shoreline recession can be measured by feet of bluffline retreat and property damages. Bluffline retreat distances vary

across the county, and there are no reported damages from bluffline recession. Shoreline flooding can be measured by
flood water levels, inches of rainfall, lake water levels (shown in Figure 15), and damages.
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In recent years, the swings in water levels have been unprecedented. In January 2013, Lake Michigan-Huron set an all-
time record low of 576.02 feet, and seven years later in July of 2020 Lake Michigan-Huron reached a monthly record high
of 582.22, only second to the October 1986 monthly record high of 582.35.

Figure 15: Lake Michigan-Huron Historic Water Levels, 1918-2021
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Previous Occurrences

The Great Lakes experienced record high lake levels in 1985-86, and again in 1997-98. As of 2021, Lake Michigan is at a
higher than average level, retreating from the record high levels of 2020. The recent high lake levels have contributed
many areas of coastal erosion as well as backups of rivers and tributaries, causing infrastructure damage and failures
throughout Antrim County and many other areas in Michigan.

Probability of Future Events and Vulnerability Assessment

While there are no records of shoreline flooding or erosion (subsidence) on record with NOAA for Antrim County, that
does not mean there is 0% risk of such an event occurring in the future. Shoreline or soil erosion hazards involve the loss
of property or necessitate the relocation of homes as sand or soil is removed by flowing water (lake, river, etc.) and
carried away over time. The foundation of a structure, or underground utility pipes in the area, may become fully exposed
and vulnerable to weather, extreme temperatures, water damage, or other sources of risk. Shoreline banks that support
roadways may erode and cause the road surface to crack, become unstable, or more prone to deposits of sand, snow,
water, and ice. This hazard is especially relevant to those municipalities that contain residential and commercial
development along Grand Traverse Bay (Banks Township, Torch Lake Township, Milton Township, Village of Elk Rapids
and Elk Rapids Township) that experience seasonal shifts in water levels and possible ice erosion hazards.

As lake water levels fluctuate and increased storminess occurs, shoreline recession and flooding will continue. In 2021 the
levels of Lake Michigan-Huron began to decline, however, as historic data shows us, the water will begin to rise again.
Those communities that have already faced shoreline hazards are likely to experience issues in the future. Changes in
land use practices and improvements to the shoreline such as natural vegetation plantings or shoreline armoring may
reinforce the shoreline for a period of time, but is likely not a permanent solution.

Storm Surges (Seiches) and Rip Currents

While storm surges (seiches) and rip current events are a possibility in Antrim County, the likelihood of an event is very
small. There are no seiche or rip current events listed in the NCEI| database for Antrim County. There also have not been
any reported coastal hazard (rip current) incidents along Antrim County’s Lake MI shoreline according to the Great Lakes
Current Incident Database. Therefore, seiches and rip currents have been removed from the hazard analysis.
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Public Health Emergency (Infectious Disease)

Public health emergencies occur when there is a widespread and/or severe epidemic, contamination incident, bioterrorist
attacks, or other situation that negatively impacts the health and welfare of the public. These emergencies include disease
epidemics, large-scale food or water contamination incidents, extended periods without adequate water and sewer
services, harmful exposure to chemical, radiological or biological agents, and large-scale infestations of disease-carrying
insects or rodents. A common characteristic of public health emergencies is that they impact or have the potential to
impact a large number of people either statewide, regionally, or locally in scope and magnitude. These health
emergencies can occur as primary events or as secondary events from another hazard or emergency (e.g. flood, tornado,
or hazardous material incident).

Location

Public Health Emergency can be a worldwide, national, state or regional event that is not confined to geographic
boundaries and range in severity across the affected areas. All of Antrim County is at risk to the occurrence and impacts
from an infectious disease. Depending on the type of disease, different populations are more susceptible.

Extent

The extent of a public health emergency can be determined by the number of cases and deaths, and the amount of
money spent to prepare for and respond to public health threats. In Antrim County, the Health Department of Northwest
MI works with local, state, and federal agencies to prepare for and respond to public health threats. It developed a
comprehensive emergency preparedness program capable of responding to a variety of emergency situations with funds
from the Centers for Disease Control. The Health Department of Northwest MI reports, as of |, there are
cumulative cases of COVID-19 and __ deaths. Those 80 years and older have the most deaths of any age range at

deaths.

Previous Occurrences

Throughout the years, there have been many pandemics. For example, there was an outbreak of severe acute respiratory
syndrome (SARS) in 2003. This virus was a new coronavirus that resulted in over 8,000 illnesses worldwide. Of these,
774 died. Since 2012, Middle East respiratory syndrome (MERS), a coronavirus, has been reported in 27 countries where
there have been approximately 2,494 people infected and 858 deaths. In 2017, the World Health Organization (WHO) put
SARS and MERS on its priority pathogen list to spur further research into coronaviruses. More recently in 2020, a
Presidential and Governor Emergency was declared for COVID-19 Pandemic in Michigan.

Probability of Future Events and Vulnerability Assessment

Naturally occurring pandemics may result in widespread precautions around the world. The Antrim County Health
Department created a pandemic plan that serves as a template for responding to a large-scale outbreak of influenza and
other highly infectious respiratory diseases. That plan is being tested currently since COVID-19 appeared in January
2020. The response is ongoing to this pandemic. The elderly, immune-compromised, and low income populations are
most vulnerable to public health emergencies.

Invasive Species

The National Invasive Species Council defines an invasive species as, “A species that is not native and whose
introduction causes, or is likely to cause, economic or environmental harm or harm to human health.” The Council was
formed under Presidential Executive Orders 13112 and 13751 to prevent the introduction and spread of invasive species,
and to support efforts to eradicate and control invasive species that are established throughout the United States. NOAA’s
National Ocean Service identifies invasive species as “capable of causing extinctions of native plants and animals,
reducing biodiversity, competing with native organisms for limited resources, and altering habitats.” Invasive species
harmful to Michigan and Grand Traverse County may be either terrestrial invasive species (TIS) or aquatic invasive
species (AlS).

Terrestrial invasive include non-native, land-based plants, insects, animals and diseases that harm Michigan’s
environment, economy, and human health. Aquatic invasive (water-dwelling) species include non-native plants, animals,
and other organisms that have evolved to live primarily in water (aquatic habitats) rather than on land. Aquatic habitats are
habitats that are covered with water all or part of every year. Michigan State Departments cooperated to prepare the
Terrestrial Invasive Species State Management Plan and the 2013 Aquatic Invasive Species State Management Plan
Update: Prevention, Detection, and Management in Michigan Waters. Each plan outlines a statewide strategy to reduce
the environmental and economic damages caused by either TIS or AIS.
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Location

Combined, terrestrial and aquatic invasive species may be present in Grand Traverse County forest, wetland, farmland,
grassland, aquatic, shoreline, and urban environments. “A Field Guide to Invasive Plants of Aquatic and Wetland Habitats
for Michigan” (Campbell, Higman, Slaughter, Schools) identifies the Lake Michigan coastline as particularly vulnerable.
“Lake-moderated climates along the Lake Michigan shoreline, Saginaw Bay, the Thumb, Lake St. Clair, and western Lake
Erie are much milder than those in the state’s interior... These areas have the potential to harbor species typically found
far south of Michigan.”

Extent

According to the 2013 Aquatic Invasive Species State Management Plan, “Since the 1800s, at least 182 nonindigenous
aquatic organisms have colonized habitats of the Great Lakes ecosystem. These species include: algae (27), vascular
plants (55), invertebrates (66), fish (28), and bacteria and viruses (6) (National Oceanic and Atmospheric Administration
2011). Roughly 55% of these species are native to Eurasia; 13% are native to the Atlantic Coast.” The Great Lakes
Regional Collaboration estimates that a new aquatic invasive species arrives in the Great Lakes at a rate of one every
eight months. The State estimates that $24 million per year is spent to control aquatic plants in Michigan, including
Eurasian Watermilfoil. Additionally, an estimated $200 million per year is lost by the Great Lakes region due to the effects
of ship-born invasive species on sport fishing, commercial fishing, wildlife watching, and raw water usage.

Previous Occurrences

Non-native terrestrial and aquatic species are introduced to Michigan and the Great Lakes both intentionally and
unintentionally. Aquatic invasive species are the result of unwanted fish and aquatic plants released from home
aquariums, travelled across the ocean in ballast water carried by freighters, or entered from the ocean through human-
built channels such as the Welland Canal. There are 32 AIS specifically listed in the State Management Plan. The State
TIS Management Plan lists fourteen species including insects, mollusks, plants, mammals, a shrub, and a bird. Top
priority plants in the region include garlic mustard, Japanese knotweed, invasive phragmites, and Oriental bittersweet.

Probability of Future Events and Vulnerability Assessment

The Great Lakes and connecting channels and rivers form the largest surface freshwater system in the world. This
freshwater system, along with Michigan’s inland lakes, streams, rivers, and wetlands represent an invaluable resource
and are therefore justifiably a top natural resource management priority. The State of Michigan estimates 42% of
threatened or endangered species are considered at risk due to non-native species. The Michigan Department of
Environment, Great Lakes, and Energy produced the “Michigan Watch List Aquatic Invasive Plants: A Guide for
Identification” for those species that have been identified as posing an immediate or potential threat to Michigan’s
economy, environment, or human health. Included in the watch list are ten species that have been found in limited parts of
Michigan and surrounding states. The State TIS Management Plan provides a list of eleven terrestrial species on the
watch list.

The Charlevoix, Antrim, Kalkaska, and Emmet Cooperative Invasive Species Management Area (CAKE CISMA) was
established in 2015 as a joint effort between local conservation districts and various non-profits. Their mission is to
protect the natural resources, economy, and human health of Northern Lower Michigan through collaborative outreach
and management of invasive species. They partner with many other organizations, such as the Antrim Conservation
District, Tip of the Mitt Watershed Council, and Grand Traverse Regional Land Conservancy.
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Impacts from Climate Change
Climate describes the average weather conditions for a particular location and over a long period of time.

According to the World Meteorological Organization, “A disaster related to a weather, climate or water hazard occurred
every day [in the United States? Globally?] on average over the past 50 years — killing 115 people and causing $202
million (US $) in losses daily, according to a comprehensive new report from the World Meteorological Organization
(WMO). The number of disasters has increased by a factor of five over the 50-year period, driven by climate change,
more extreme weather and improved reporting. But, thanks to improved early warnings and disaster management, the
number of deaths decreased almost three-fold.” (source)

The impacts of climate change already are, and continue to be, deep and widespread in the Great Lakes region. Rising
temperatures and COz: levels, increasing precipitation and extreme weather events, and longer frost-free seasons are
already affecting agriculture, infrastructure, natural resources, public health, and vulnerable populations. The Great Lakes
Integrated Sciences and Assessments (GLISA) is one of 11 NOAA Regional Integrated Sciences and Assessments teams
that focus on helping the nation prepare for and adapt to climate variability and change. GLISA summarized the impacts
of climate change in the Great Lakes region in a two-page Executive Summary factsheet, reiterated below. The findings
come from peer-reviewed publications.

Average Frost-free Total Heavy Precipitation
Temperature Season Precipitation Events

t 11

2.3°F 16 Days 14% 35%

1951-2017 1951- 201? 1951-2017 1951-2017

Temperature

Since 1951, annual average air temperatures have increased by 2.3°F (1.3°C) in the U.S. Great Lakes region. By mid-
century (2050), average air temperatures are projected to increase by 3°F to 6°F (1.7°C to 3.3°C). By end of century
(2100), average air temperatures are projected to increase by 6°F to 11°F (3.3°C to 6.1°C).

Precipitation

Since 1951, total annual precipitation has increased by 14% in the U.S. Great Lakes region. Future projections suggest
more precipitation on average, but not necessarily during all seasons (summer to be drier) and not for all locations
depending on which model is used. Reduced lake ice cover and enhanced evaporation may lead to increased lake-effect
snowfall in the near-term, but rising temperatures will cause more winter precipitation to fall as rain as opposed to snow
across the region by late century.

Snow, Ice Cover and Lake Temperature

Summer lake surface temperatures have been increasing faster than the surrounding air temperatures, with Lake
Superior increasing by 4.5°F between 1979 and 2006. Annual average ice cover on the Great Lakes shifted from higher
amounts prior to the 1990s to lower amounts in recent decades. There remains strong year-to-year variability, and high
ice years are still possible. Lake-effect snowfall has increased in northern areas and may continue to increase through
mid-century.

Extreme Weather

The frequency and intensity of severe storms has increased. This trend will likely continue as the effects of climate
change become more pronounced. The amount of precipitation falling in the heaviest 1% of storms increased by 35% in
the U.S. Great Lakes region from 1951 through 2017. More severe storms may have a negative economic impact due to
resulting damages and increased costs of preparation, clean up, and business disruption.

The increased frequency of severe storms, flooding, drought and extreme heat can have the following impacts on public
health, the built environment, economy and natural environment:

e Public Health
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o

Increased heat waves and humidity may amplify the number of heat-related deaths and illnesses.

More storm activity and flooding, resulting in increased point- and non-point source pollution, will likely
increase watershed contamination and water-borne illnesses.

Warmer surface waters amplify the risk of toxic algal blooms and fish contamination.

e Built Environment

o

o

The seasonal distribution of the water cycle will likely change. Warmer temperatures may lead to more
winter rain and earlier peak streamflows. This can impact stormwater and road/bridge infrastructure,
along with any structures located within a floodplain.

More extreme heat may increase the risk of heat damage to pavement and railroads.

More extreme precipitation may compromise transportation routes and damage infrastructure.

Reduced summer water availability may interfere with some industrial operations (i.e., hydropower,
thermoelectric and nuclear plant cooling.)

Warmer temperature and more frequent heat waves will likely increase electricity demands, particularly in
urban areas and during summer months.

Projected increases in droughts, severe storms, and flooding events may amplify the risk of erosion,
sewage overflow, interference with transportation, and flood damage.

e Economy

O

Winter recreation/tourism are likely to suffer due to reduced snow cover and shorter winters. Reduced
lake ice cover and enhanced evaporation may lead to increased lake-effect snowfall in the near-term, but
rising temperatures will cause more winter precipitation to fall as rain as opposed to snow across the
region by late century.

Increasing temperatures and a longer summer season may increase the demand for lake and beach use.
Overall, summer tourism may grow before temperature rise becomes unfavorable for outdoor recreation.
The fishing industry (commercial and recreation) is likely to be impacted by the decline of coldwater
species of fish, such as lake trout and whitefish.

Shipping lanes will likely be open earlier and longer due to reduced ice cover on the Great Lakes.

Low lake levels can affect navigation channels and reduce the maximum loads carried by vessels, which
amount to substantial monetary losses per transit.

In the near-term, a longer growing season and higher CO2 concentrations will likely have a positive effect
on crop and forest productivity. In the long-term, the negative effects of increasing storm activity,
flooding, extreme heat, summer drought risks, and pests may outweigh the benefits of a warmer climate.
More severe storms may have a negative economic impact due to resulting damages and increased
costs of preparation, clean up and business disruption.

e Natural Environment

o

Warmer surface water temperatures increase stratification of the lakes and decrease vertical mixing,
leading to hypoxic conditions that will further stress biomass productivity in lakes and wetlands.

With stronger storms, the presence of impervious surfaces increase runoff and nutrient loading to surface
water bodies; combined sewer overflows and agricultural fertilizers are major contributors to high nutrient
loads. This contributes to the formation of harmful algal blooms and hypoxic dead zones that can degrade
shoreline water quality and coastal ecosystem health.

The coupling of climate change and land use change (i.e., more impervious surface area) could result in
even greater impacts on water quality.

Increasing variability in Great Lakes water level fluctuations.

Despite increasing precipitation, land surfaces in the region are expected to become drier overall due to
increasing temperatures and evaporation rates.

More frequent summer droughts could affect soil moisture, surface water, and groundwater supply.
Increased evaporation rates and sustained levels of high or low water levels may change wetland areas.

The rate of warming may outpace the rate at which ecosystems are able to migrate and adapt.

Wildlife populations better adapted to cold temperatures will continue to decline as competing species
migrate into the region with rising air and surface water temperatures.

Forest productivity will likely increase in the short term, until other impacts of climate change such as
increased drought, fire and invasive species present additional stressors to forests.
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V. Goals and Objectives

The mission of the Antrim County Natural Hazards Mitigation Plan is to protect the health and safety of the public and
property in the County which includes prevention of injury, loss of life, property damage, breakdown in vital services like
transportation and infrastructure, economic slumps, maintain tourist base, and liability issues. This is done by taking
action to permanently eliminate or reduce the long-term risks from natural hazards.

Specific goals and objectives have been established based upon the community’s natural hazards analysis, as well as
input from the Task Force participants and the public through meetings, request for comments on the draft plan, and the
presentation of the plan to the Local Emergency Planning Team.

Goal 1: Increase local awareness and participation in natural hazards mitigation strategies

e Encourage cooperation and communication between planning and emergency management officials
a. Develop partnerships and procedures with adjoining county Emergency Managers to coordinate
resources in the event of an emergency; for example, identifying long-term and short-term shelter sites for
a large amount of displaced people (i.e., campgrounds, hotels, community centers, special event spaces).
e Encourage additional local governmental agencies to participate in the natural hazards mitigation process
e Encourage public and private organizations to participate, including organizations who advocate for individuals
with functional or access needs (vulnerable populations)

Goal 2: Integrate natural hazards mitigation considerations into the community’s comprehensive planning
process

e Enforce and/or incorporate natural hazards mitigation provisions in building code standards, ordinances, and
procedures; and into the county’s comprehensive master plan

e Update zoning ordinances to reflect building codes, shoreline protection rules, etc.

¢ Incorporate natural hazards mitigation into basic land use regulation mechanisms

e Improve hazard preparedness and mitigation through increased community education and promotion of public

warning systems

e Strengthen the role of the Local Emergency Planning Committee in the land development process

e Integrate natural hazards mitigation into the capital improvement planning process so that public infrastructure
does not lead to development in natural hazards areas

e Encourage county agencies to assess local roads, bridges, dams, and related transportation infrastructure for

natural hazards vulnerability

Goal 3: Utilize available resources and apply for additional funding for natural hazards mitigation

e Provide a list of desired community mitigation measures to the State for possible future funding
e Encourage the application for project funding from diverse entities

Goal 4: Develop and complete natural hazards mitigation projects in a timely manner

e Encourage public and business involvement in natural hazards mitigation projects
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VI. Mitigation Strategies and Priorities
Types of Mitigation Strategies

The mitigation planning regulations requires that each participating jurisdiction identify and analyze a comprehensive
range of specific mitigation actions and projects to reduce the impacts of the hazards identified in the risk assessment.
The emphasis is on the impacts or vulnerabilities identified in the risk assessment, not on the hazards themselves. The
types of mitigation actions can be classified into the following types:

Local Plans and Regulations
Building and Infrastructure Projects
Natural Systems Protection
Education and Awareness Programs

Furthermore, a set of evaluation criteria was developed to determine which mitigation strategies were best suited to
address the identified problems in Antrim County.

e The measure must be technically feasible.

e The measure must be financially feasible.

e The measure must be environmentally sound and not cause any permanent, significant environmental concerns.

e The measure must be acceptable to those participating in the strategy and/or primarily affected by the strategy.
By anticipating future problems, the County can reduce potential injury, structure losses, loss of utility services such as
electric and internet connectivity, and prevent wasteful public and private expenditures. The County Infrastructure,
Vulnerability, and Hazard Maps in Appendix A can assist with the determining future problem areas.

Emergency Warning System Coverage

Integrated Public Alert & Warning System (IPAWS): FEMA's national system for local alerting that provides authenticated
emergency and life-saving information to the public through mobile phones using Wireless Emergency Alerts, to radio and
television via the Emergency Alert System, and on the National Oceanic and Atmospheric Administration's Weather
Radio.

Mobile warning system: Antrim County uses the Rave Emergency Communications Network, which is an electronic high-
speed outbound notification service available to the general public. The system notifies a participant via their mobile or
land-line phone. The National Weather Service may concurrently utilize their mobile warning notification system when
deemed necessary in severe weather event situations to send phone notifications to all users within signal of a cellular
tower.

Radio warning system: Antrim County uses radio channels 580 AM and 103.5 FM for emergency weather alerts.

Tornado/Severe Weather Systems: The mobile warning systems indicated previously are primarily used in the event of a
potential or current severe weather event. A manual siren is located in the Village of Mancelona.

Flood warning system: For dam failures/flooding downstream an active warning system is pre-determined utilizing
geographic boundary information and the Rave Emergency Communications Network and IPAWS alerts.

62



2016 Strategies categorized by type. New strategies or modifications added in italics.

Who are partner agencies the County or your community can collaborate with to implement these strategies?

What is the expected timeline to implement these strategies?

Hazard

Local Planning and

Inland Flooding

Wildfire

Education and

Regulations Awareness
Programs
ID Potential Flood Replace older, Protection of Public education
Areas and Wetlands damaged, or wetlands for flood | and
undersized control; Awareness
culverts/bridges acquisition, Who??
throughout the conservation
county easements
Review and adopt Replace Create prioritized | Educate
2023 FIRM Maps culvert/road list of flood prone | developers and
crossings with areas to be used | property owners
clear span for open space about green
bridges for infrastructure and
increased river floodplain
function and management
hydraulic activity strategies
Enforce Soil Erosion Drainage Establish a Prepare
and Sedimentation improvements in | “green emergency
control high infrastructure” evacuation plans
flooding potential | link system” that
areas throughout | connects and
the County, expands existing
including parks, preserves,
upgrading and greenways.
aging storm water
abatement
infrastructure

Building Code
Enforcement
For new construction

Coordinate
emergency
preparedness
with surrounding
counties

Incorporate green
infrastructure

and stormwater
management into
Master Plans and
Parks and
Recreation Plans

Continue enforcement
of state fire codes
regarding setback
requirements

Public education
and

Awareness
Who??

Assess fire
suppression
access and make
improvements

Research the MDNR
State Forest
wildfire/urban interface
rules or plan
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Hazard

Extreme
Temperatures
(Heat or Cold)

Tornadoes

Thunderstorms
and High Winds

Extreme Winter
Weather

Drought

Lightning

Local Planning and

Education and

Regulations Awareness
Programs
Public education
and
Awareness
Who??
Public education
and
Awareness
Who??
Business and Promotion of Tree Public education
homeowner burying utility Management by | and
Education; shelters lines in new power Awareness
and safe rooms construction Companies, Who??
urban forestry
Practices
promoted
Designate shelter Work with utility Perform regular
areas for camps companies tree
And campgrounds to identify and trimming and
construct removal of
alternative dead and dying
sources of frees
power
Building Code
Enforcement
Of state and county
codes
Establish new
generators
where needed
Data Collection —study Promote
of structural
Snowfall patterns and maintenance/
occurrence of improvements

damage

Develop a planning
grant for a Study

of the county areas for
snow load

design standards

Public Education
& Awareness
Who??

Adoption/Enforcement
of building codes

Public education
and

Awareness
Who??

Public education
and

Awareness
Who??
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Hazard

Hail

Dense Fog

Shoreline
Erosion

Shoreline
Flooding

Rip Current

Public Health
Emergency

Invasive Species

Local Planning and
Regulations

Education and
Awareness
Programs

Public education
and

Awareness
Who??

Public education
and

Awareness
Who??

Inventory shoreline
erosion sites

Public education
and

Awareness
Who??

Open Space
Designations or

or conservation
Easements by land
conservancies, County
& local

governments

Acquisition by
land
conservancies,
County & local
governments

Soil Erosion permits
include

Erosion areas,
drainage control,
Grading, debris flow
measures,
Placement of native
vegetation

Zoning Administration
& Enforcement of
Ordinances

Building Code
Enforcement
Through permits

Public education
and

Awareness
Who??

Public education
and

Awareness
Who??
Public education
and
Awareness
Who??
Mechanically or Public education
chemically and
remove invasive Awareness
species Who??
Monitor removal
program
progress
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