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CHAPTER 1
Introduction

According to the Urban Sustainability Directors
Network, community resilience is the ability of a
community to 1.) anticipate, accommodate and
positively adapt to or thrive amidst changing climate
conditions or hazard events; and 2.) enhance quality
of life, reliable systems, economic vitality and
conservation of resources for present and future
generations.

Resilience includes adaptive capacity. Communities that are resilient
are able to learn from adversity and adapt quickly to change.
Adaptation is a critically important characteristic of resilience because
it allows us to prevent further harm from disasters and disruptions
while making the most of the new conditions. By adapting rapidly to
changing climate circumstances, communities may not only survive
challenges, but thrive.

Communities interested in becoming more resilient asses their
vulnerabilities and make action plans to reduce their sensitivities and
exposures to hazards of all kinds. For example, local governments
can improve building standards to reduce heating and cooling
challenges posed by severe temperature swings (cold and heat).

Great Lakes coastal communities face a unique subset of
vulnerabilities and challenges that shift and change under
unpredictable conditions over long periods of time. The Great Lakes
are one of the most unique and dynamic environmental features in the
world. The Great Lakes Basin contains more than 20% of the worlds
surface freshwater, 84% of North America’s surface freshwater and
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supports a population of more than 33 million people. Michigan — the Great Lakes State — is surrounded by four
of the five Great Lakes and is home to 3,300 miles of Great Lakes shoreline.

Yet in general, riparian land (land adjacent to water bodies) in coastal communities throughout the state is not
adequately protected from development pressures. Coastal communities have an especially important role to
play in protecting the Great Lakes. In 2001, the Michigan Department of Environmental Quality acknowledged
“fragmentation of coastal habitats, loss of agricultural and forest lands, increased impervious surfaces and
resulting stormwater runoff, and the increased development of coastal hazard areas, wetlands and Great Lakes
Islands, could be improved through better coastal land use planning.™ The high Great Lakes water levels of 2019
have brought a new sense of urgency to coastal communities.

Planning for coastal areas at the local level requires knowledge of both local conditions and state and federal
regulations. This Northwest Lower Michigan Coastal Resilience Atlas has been compiled to provide officials in
each coastal community in the region with useful information and data to support more resilient land-use planning
and community development decision-making. In doing so, this Atlas will help communities better plan for and
respond to changes to the region’s climate and the potential for coastal hazards.

The Atlas begins in Chapter 2 with model coastal dynamics and climate change language that can be used and/
or inserted in your community master plan and other local plans. Chapter 3 provides an overview and maps of
potential coastal flooding scenarios for each coastal community, and Chapter 4 provides an overview and maps of
shoreline and bluffline recession in coastal communities. Chapter 5 provides a heat vulnerability assessment for
each coastal community. Finally, Chapter 6 provides an overview of potential shoreland management options for
coastal communities throughout northwest Lower Michigan.

1 As cited by Norton, 2007 — Michigan Department of Environmental Quality. 2001. 309 Enhancement Grants Assessment/Strategy.
Lansing. MI DEQ Coastal Management Program.
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CHAPTER 2
Sample Master Plan Chapter

COASTAL DYNAMICS AND CLIMATE CHANGE IN THE MASTER PLAN

A master plan is a document that is meant to provide a periodic review of all of a community’s systems, and to determine or reaffirm
the values and goals upon which the community wishes to base its land-use decisions. Preparation and adoption of a master

plan are guided by Michigan Planning Enabling Act (MPEA), PA 33 of 2008, which assigns this task to a community’s Planning
Commission. Though the master plan itself does not constitute a law or regulation, it forms the advisory basis of the zoning
ordinance, which is the set of local laws governing land use and land-use intensity.

The comprehensive scope of a master plan is particularly suited to coastal resiliency planning. The holistic context of a master
plan gives a community an opportunity to review each of its systems — including its ever-changing coastline — through the lens of
resiliency, and also presents an opportunity to consider new practices.

Most master plans are organized into two major sections. The first section of the document includes the goals, objectives and
policies that guide the physical development of the community. The second section is the background information or data that
provides justification and support for the plan, typically including a summary of past and current socio-economic conditions as well
as detailed information on the status, trends and impacts of important and interlinked community systems (e.qg., infrastructure,
housing, transportation, food systems, natural features, social systems, etc.). For coastal communities looking to improve
community resilience, this section of the master plan should also provide background information and data on how these systems
are impacted by coastal dynamics, Great Lakes water levels and climate change.

Sample content for a coastal resilience “chapter” for a master plan follows here for reference. Information and links to data and other
features (e.g., charts, figures) are referenced and highlighted as appropriate.

OUR GREAT LAKES COASTLINE

The Great Lakes represent one of the most unique and precious environmental systems in the world. In fact, “the Great Lakes basin
contains more than 20% of the world’s surface freshwater supplies and supports a population of more than 30 million people.™
Michigan is home to nearly 3,300 miles of Great Lakes shoreline, along with 36,000 miles of rivers and streams, and 11,000 inland
lakes.2

Yet in general, riparian land (land adjacent to a water body) throughout Michigan is not adequately protected from development
pressures.® Coastal communities have an especially important role to play in protecting the Great Lakes. In 2001, the Michigan
Department of Environmental Quality (DEQ) acknowledged “fragmentation of coastal habitats, loss of agricultural and forest lands,

1 Mackey, S.D. 2012: Great Lakes Nearshore and Coastal Systems. In: U.S. National Climate Assessment Midwest Technical Input Report. J. Winkler, J. Andresen, J. Hatfield, D. Bidwell,
and D. Brown, coordinators

2 Ardizone, Katherine A. and Mark A. Wyckoff, FAICP. Filling the Gaps: Environmental Protection Options for Local Governments, 2" Edition. 2010.

3 As cited by Norton 2007 — Michigan Department of Environmental Quality. 2001. 309 Enhancement Grants Assessment/Strategy. Lansing, MI: DEQ Coastal Management Program.
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This figure is updated annually
by the Army Corps of Engineers
and should be included in
this summary. The figure can
be found at: https://www.lre.
usace.army.mil/Missions/
Great-Lakes-Information/
Great-Lakes-Information-2/
Water-Level-Data/

increased impervious surfaces and resulting stormwater runoff, and the increased development in coastal hazard
areas, wetlands, and Great Lakes Islands, could be improved through better coastal land-use planning.”

Planning for coastal areas requires knowledge of coastal dynamics, climate change and their impacts on current
and future local conditions. This chapter provides a summary of these dynamic processes and provides the basis for
future land-use planning along our coastline.

OVERVIEW OF COASTAL DYNAMICS AND THE GREAT LAKES

The Great Lakes function differently than other inland water bodies and tidal oceans. Understanding these dynamics
can help our community plan for naturally occurring changes along the shoreline.

Changing Water Levels of the Great Lakes

Great Lakes water level changes result not from the moon’s gravitational pull, but from cyclical changes in rainfall,
evaporation, and river and groundwater inflows.® These factors work together to raise and lower the water levels

of the Great Lakes in small increments daily, and larger increments seasonally and over the course of years and
decades. Long-term water levels fluctuate by multiple feet. Figure 1 illustrates the water level of Lake Michigan from
1918 to 2019 (Lake Michigan and Lake Huron are technically considered one lake). However, under certain climate
conditions, water levels can dramatically fluctuate over short periods of time. For example, following the extreme
winters of 2014 and 2015, water levels in Lake Michigan rose between three to four feet from an all-time low (576
feet) set just a year earlier.

Figure 1. Lake Michigan-Huron Water Level Changes, 1918 — 2019
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4 bid
5 Norton, Richard K., Meadows, Lorelle A. and Meadows, Guy A. (2011) “Drawing Lines in Books and on Sandy Beaches; Marking Ordinary High Water on
Michigan’s Great Lakes Shorelines under the Public Trust Doctrine.” Coastal Management, 39: 2, 133 — 157, First published on 19 February 2001 (iFirst).
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The Great Lakes are in a period of rising lake levels (see Figure 2). Since the early 2000s, water levels
had remained low, but historical patterns over the last century indicated that higher water levels were sure
to return.s In May of 2019, Lake Michigan’s water level rose an astounding nine inches. Lake Michigan’s
water level on June 5, 2019 was 581.61 feet, which was just 0.19 inches away from the all-time record
high set in 1986.

Figure 2. Lake Michigan Water Levels

Lake Michigan-Huron

A brief summary on monthly water levels can be found at: https://www.lre.
usace.army.mil/Missions/Great-Lakes-Information/Great-Lakes-Information-2/
Basin-Conditions/. Although this summary provides a “snapshot” in time and
may be quite different once the master plan is adopted, it can provide a useful
comparison during future master plan updates, amendments and/or revisions.

6 Meadows, Guy A., and Meadows, Lorelle, A., Wood, W.L., Hubertz, J.M., Perlin, M. “The Relationship between Great Lakes Water Levels, Wave
Energies, and Shoreline Damage.” Bulletin of the American Meteorological Society Series 78:4. (1997): 678-683. Print.
7 http://www.Ire.usace.army.mil

177.50 < 582.35

o 177.00 - . I‘/\/\ | ~ I 580.71
o ¢ —
o n/\/\l\ Q
YT T [ Inl N A =

£ /\
176.00 — R e \ [V - 577.43
175.50 B I B B e ey TR
1984 1987 1990 1993 1996 1999 2002 2005 2008 2011 2014 2017

.

I .

How are Great
Lakes Water Levels
Measured?

Great Lakes water levels
are measured via the
International Great Lakes
Datum (IGLD), a reference

system of benchmarks at
various locations on the
lakes that approximate sea
level. Great Lakes water
levels are expressed as
measurements above this
reference elevation.
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One inch of water on Lake
Michigan represents 800

billion gallons of water.

A summary (and figure)
on water level forecasts can
be found on the following

water level summaries:

https://www.lre.usace.
army.mil/Missions/
Great-Lakes-Information/
Great-Lakes-Water-Levels/
Water-Level-Forecast/Weekly-
Great-Lakes-Water-Levels/

https://www.lre.usace.
army.mil/Missions/
Great-Lakes-Information/
Great-Lakes-Water-Levels/
Water-Level-Forecast/
Monthly-Bulletin-of-Great-
Lakes-Water-Levels/

According to a recent U.S. Army Corps of Engineers summary, based on current conditions, Lake Michigan is
expected to continue its seasonal rise. From July through September, monthly mean water levels are forecasted
to be less than an inch to 2 inches below the record high water levels, while in October and November, monthly

mean levels are forecasted to be 8 to 10 inches below record high levels® (see Figure 3).

It is important to note that changes in water levels are not solely responsible for the movement of the shoreline

landward and lakeward over time. The velocity and height of waves, erosion of shorelines, and the pace of
fluctuating water levels also contribute to coastal dynamics on the Great Lakes.

+5

4

+3

+2

Figure 3. Lake Michigan-Huron Water Level Prediction
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Wave Energy and Height

The Great Lakes experience high-energy waves and wave setup along the coastline. High-energy waves are high

in speed and strong in intensity and are primarily created as fast winds move across the surface of the water for
extended distances.® “Wave setup” is the height of the water as waves reach the shore. High wave setup results as
regional storms create high winds on the Great Lakes.° Powerful and tall waves can quicken the rate of erosion and
damage structures near the shoreline.™* In [insert jurisdiction], the prevailing winds are predominantly from s
the west and north.

This statement is generally
accurate for every
community in northwest

Lower Michigan.

Erosion

The shorelines of Lake Michigan are mostly made of gravel and sands that easily erode during times of high-energy
waves.'? Coastal erosion can cause flooding and damage infrastructure along bluffs and beaches. Erosion is
caused mainly by storms and winds, and is exacerbated when lake levels are high.*

Quickly Changing Conditions

The Great Lakes are contained in gradually shifting and tilting basins. This tilting results as the Earth slowly
decompresses and rebounds from the immense weight of the glaciers that created the Great Lakes.'* This
shifting causes water levels to change more quickly in some places than others, because the shape of the water
basin varies along the coast.'™ This attribute of the Great Lakes makes it difficult to predict the pace of shoreline
movement. Therefore, it is safest to plan for great variability and rapid change in water levels.®

9 National Oceanic and Atmospheric Administration. “Coastal Currents” Ocean Services Education, NOAA, 25 March 2008. Web. Accessed July 2015.

10 Norton, Richard K, Meadows, Lorelle A. and Meadows, Guy A. (2011) “Drawing Lines in Law Books on Sand Beaches: Marking Ordinary High Water on
Michigan’s Great lakes Shorelines under the Public Trust Doctrine’, Coastal Management, 39: 2, 133 — 157, First published on: 19 February 2001 (iFirst)

11 |bid.

12 |bid.

13 Meadows, Guy A., and Meadows, Lorelle, A., Wood, W.L., Hubertz, J.M., Perlin, M. “The Relationship between Great Lakes Water Levels, Wave Energies, and
Shoreline Damage.” Bulletin of the American Meteorological Society Series 78:4. (1997): 675-683. Print.

14 Dorr, J. A. and D. F. Eschman. 1970. Geology of the Great Lakes. Ann Arbor: University of Michigan Press.

15 Wilcox, D. A, Thompson, T.A., Booth, R.K., and Nicholas, J. R., 2007, Lake-level variability and water availability in the Great Lakes: U.S. Geological Survey
Circular 1311, 25 p

16 |bid.
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Climate Change and the Great Lakes

Powerful waves, erosion, and changing shorelines on the Great Lakes have been well-documented throughout
history, and each has implications for planning efforts along the coast. Climate change, however, exacerbates these
natural processes, requiring preemptive planning in coastal communities. This section will discuss climatologist
predictions of increased precipitation and storminess in the Great Lakes region, variable lake water levels, and rising
water temperature. First, it is important to understand the global context of climate disruption.

Global changes in climate

Climate and weather are directly related, but not the same thing. Weather refers to the day-to-day conditions in a
particular place, like sunny or rainy, hot or cold. Climate refers to the long-term patterns of weather over large areas.
When scientists speak of global climate change, they are referring to changes in the generalized, regional patterns
of weather over months, years and decades. Climate change is the ongoing change in a region’s general weather
characteristics or averages. In the long term, a changing climate will have more substantial effects on the Great
Lakes than individual weather events.

Additional information
about changes to
the region’s climate
(including maps) can
be found at http://glisa.
umich.edu/resources/
great-lakes-regional-
climate-change-maps

Figure 4. Historical and Predicted Climate Changes in the Great Lakes Region
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Evidence collected over the last century shows a trend toward warmer global temperatures,
higher sea levels, and less snow cover in the Northern Hemisphere. Scientists from many fields
have observed and documented significant changes in the Earth’s climate.!” Warming of the
climate system is unequivocal and is now expressed in higher air and ocean temperatures,
rising sea levels, and melting ice.*®

To help predict what the climate will be in the future, scientists use computer models of the
Earth to predict large-scale changes in climate. These General Circulation Models (GCMs) have
been improved and verified in recent years, resulting in relatively reliable predictions for climate
changes over large regions.?® Scientists downscale these techniques to predict climate change
for smaller regions.

Climate Change on the Great Lakes

The Great Lakes Integrated Sciences and Assessments Program (GLISA) is a consortium of
scientists and educators from the University of Michigan and Michigan State University that
provides climate models for the Great Lakes region in support of community planning efforts like
this Master Plan.

Figure 4 illustrates the historical and predicted climate changes from GLISA for the Great Lakes
region. According to GLISA, the Great Lakes region experienced a 2.3° Fahrenheit increase in
average air temperatures from 1951 to 2017.» An additional increase of 3° to 6° F in average
air temperatures is projected by 2050. Although these numbers appear relatively small, they are
driving very dramatic changes in Michigan’s climate and greatly impact the Great Lakes.

The National Climate Assessment for 2009 included a number of illustrations to help us
understand the extent and character of anticipated climate change impacts.2 One of these
illustrations, Figure 5, shows Michigan under several emissions scenarios, each leading to
changes in Michigan’s climate. Just by maintaining current emission levels, Michigan’s climate
will feel more like present-day Arkansas or Oklahoma by the end of the century.

17 Intergovernmental Panel on Climate Change. (2007). Observed changes in the climate and their effects. Eb. Accessed July 2015.
18 |bid

19 Intergovernmental Panel on Climate Change (2013). What is a GCM? Web. Access July 2015

20Great Lakes Integrated Sciences and Assessments (2019) Temperature. Web. Accessed April 2019.

21U.S. Global Change Research Program. Global Climate Change in the United States, 2009. Cambridge University Press, Cambridge,
MA.

22|bid.

Figure 5. Emissions Scenarios
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Increased Precipitation and Storminess

There is strong consensus among climate experts that storms greater in number and intensity will occur in the Great Lakes region as

a result of climate change.> This is already happening as “the amount of precipitation falling in the heaviest 1% of storms increased by
35% in the Midwest from 1951 to 2017."» As storms drop more precipitation and generate stronger sustained winds, the Great Lakes will
see stronger and higher waves. In addition to direct damage caused by storms, sustained increases in the number of storms and their
intensity can both directly and indirectly pollute waters by overloading sewage and stormwater capabilities. Increases in the intensity

of storms also quickens the pace of erosion on Great Lakes shorelines. In fact, the Federal Emergency Management Agency (FEMA)
projects approximately 28% of structures within 500 feet of a Great Lake shoreline are susceptible to erosion by 2060.x

Variability of Lake Water Levels

The natural ups and downs in the water levels of Lake Michigan will continue regardless of the impacts of climate change.?” However,
climate change is likely to augment this natural process, resulting in more variable water levels as warmer air temperatures result in
fewer days of ice cover and faster evaporation.?® In other words, lake levels will rise and fall faster and with less predictability than in the
past.

Fortunately, much of Michigan’s coastal infrastructure was built in previous decades during times of high water levels.? However, fast-
rising waters can erode shorelines, damage infrastructure, and cause extensive flooding in inland rivers.®® When lake levels fall, access
to infrastructure like docks may be restricted and navigation hazards in shallow waters may be exposed. Low lake levels pose a threat
to coastal vegetation and can reduce the pumping efficiency of drinking water intake pipes.®* Additional ramifications of changing lake
levels include a drop in water supply,® restricted fish habitats,** more invasive species,** faster erosion, and an overall decline in beach
health.?® Climate change is likely to augment the natural highs and lows of lake levels, causing more variability and a faster rate of
change, making each of these potential ramifications both more likely and less predictable.

23 Great Lakes Integrated Sciences and Assessments (2019) Temperature. Web. Accessed April 2019.

24 |bid.

25 Crice, T., & Yurkovich, E. (2011). Adapting to climate change: A planning guide for state coastal managers — a Great Lakes supplement. Silver Springs, MD: NOAA Office of Ocean and
Coastal Resource Management.

26 The Heinz Center. (2000). Evaluation of Erosion Hazards. Web. Accessed July 2015.

27 Dinse, Keely. Preparing for extremes: The Dynamic Great Lakes. Michigan Sea Grant. Web. Accessed July 2015.

28 Cruce, T., & Yurkovich, E. (2011). Adapting to climate change: A planning guide for state coastal managers — a Great Lakes supplement. Silver Springs, MD: NOAA Office of Ocean and
Coastal Resource Management.

29 Dinse, Keely. Preparing for extremes: The Dynamic Great Lakes. Michigan Sea Grant. Web. Accessed July 2015.

30 |bid.

31 |bid.

32 Cruce, T., & Yurkovich, E. (2011). Adapting to climate change: A planning guide for state coastal managers — a Great Lakes supplement. Silver Springs, MD: NOAA Office of Ocean and
Coastal Resource Management.

33 |bid.

34 |bid.

35 Dinse, Keely. Preparing for extremes: The Dynamic Great Lakes. Michigan Sea Grant. Web. Accessed July 2015.
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Water Temperature

Climatologists predict there will be fewer days below freezing in Michigan and other Great Lakes states. As
temperatures remain warm for a greater part of the year, the winter season will shorten and the lake ice cover that
accompanies winter weather will decline. In general, annual average ice cover on the Great Lakes underwent a
shift from higher amounts prior to the 1990s to lower amounts in recent decades. However, there remains strong
year-to-year variability, and high ice years are still possible.® Figure 6 illustrates the variability in ice coverage in
the Great Lakes between 1973 and 2019.

Lake ice cover allows heat radiation from the sun to be reflected, so when ice declines, the surface water
temperature will increase as more heat is absorbed by the water. In the Great Lakes, average summer lake
surface temperatures have been increasing faster than the surrounding air temperatures, with Lake Superior
surface temperatures increasing by 4.5°F between 1979 and 2006.%”

The associated impacts of rising water temperatures include changes to where fish and other aquatic animals can
live, increased vulnerability to invasive species, and increased risk of algae blooms.3® Rising water temperatures
also enable winds to travel faster across the surface of the lake, increasing the vulnerability of coastal
communities to damaging waves as storms and winds increase.*® Lastly, ice cover protects the shoreline during
winter storms. With less ice cover, the shoreline is more susceptible to erosion and habitat disruption.

Figure 6. Variability in Ice Coverage
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36 Great Lakes Integrated Sciences and Assessments (2019) Temperature. Web. Accessed April 2019.

37 Ibid.

38 Dinse, Keely. Preparing for extremes: The Dynamic Great Lakes. Michigan Sea Grant. Web. Accessed July 2015.

39 Cruce, T., & Yurkovich, E. (2011). Adapting to climate change: A planning guide for state coastal managers — a Great Lakes supplement. Silver Springs, MD:
NOAA Office of Ocean and Coastal Resource Management.
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CHAPTER 3
Coastal Flooding

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 is 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.

SCENARIO PLANNING WITH CLIMATE FUTURES

In preparing this Atlas, LIAA and the University of Michigan researched coastal dynamics
to help coastal communities in northwest Lower Michigan better understand and manage
the threats from increased coastal flooding. The project team relied on a useful planning

tool called “scenario planning” to help envision plausible narratives for the future flooding
conditions of coastal communities in the region.

Uncertainty in a planning setting is common, particularly when the planning issues are
rooted in environmental processes like water levels on the Great Lakes or unpredictable
changes in climate. Scenario planning helps navigate these uncertainties, allowing for
adaptive planning by comparing different but reasonable future narratives against each
other. These narratives help communities test policies, prioritize strategies and demonstrate
potential future conditionst. This gives local officials a way to process the future in the
present.2 Unlike a forecast, which concretely lays out a predicted future for a community,
scenario planning arranges a palate of reasonable potential futures from which decisions
regarding uncertainties can be made and planned for by local officials.

1Holway. J., Gabbe, C.J., Hebbert, F., Lally, S., Mathews, R., & Policy, L. | of L. (2012) Opening access to
scenario planning tools. Policy Focus Report (p. 56) Retrieved from https://wwwlimcolninst.edu/pubs/2027_
Opening-Access-to-Scenarioplannong-Tools

2Harwood, S. A. (2007) Using Scenarios to Build Planning Capacity. In L.D. Hopkins & M. Zapata (Authors),
Engaging the future: Forecasts, scenarios, plans and projects (pp. 135-154). Cambridge, MA: Lincoln Institute of
Land Policy.
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To develop the scenario planning framework, the research team had to establish assumptions regarding future climate conditions that
could affect northwest Lower Michigan. These varying “climate futures” — all of which are reasonably anticipated possibilities — are
arranged from a least impactful (“Lucky”) to a most impactful (“Perfect Storm”) condition in terms of the potential for wave damage and
flooding hazards they would bring.

The following descriptions outline the key assumptions made in defining each of the climate futures as compared to the others. The
maps in this chapter show the estimated land areas that would be affected by waves and flooding under these three climate futures.

“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.

“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.

Taken together on the maps, the three climate futures are progressively cumulative; that is, the Expected Future is cumulative of all the
green (Lucky) and yellow areas put together, and the Perfect Storm Future encompasses all green, yellow and red areas. It is important
to note that this flooding analysis is only complete for Lake Michigan coastal areas; inland rivers, streams and other waterbodies may
show little or no data.

Where data was made available (in Benzie, Charlevoix, Emmet, Grand Traverse and Leelanau counties), tables are included that
provide estimates of the State Equalized Value (SEV) of properties impacted by flooding in the different climate futures for each
jurisdiction. Each table begins with a listing of the jurisdiction’s total SEV, then lists the SEV of properties impacted by each climate
future. These dollar totals are also cumulative; that is, the Expected dollar amounts are cumulative of all of the properties impacted in
the green and yellow areas, and the Perfect Storm dollar amounts encompass properties impacted in all green, yellow and red areas.

The following sections are organized first by county, then by each local jurisdiction within that county. Coastal villages are included on
the same page as an adjacent township, which is noted in each occurrence.
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Emmet County

Coastal Flooding Scenario Impacts

Total SEV Lucky Expected Perfect Storm
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Coastal Flooding Scenario Impacts

Total SEV Expected Perfect Storm
$ 27,285,650.00 | $ 1,013,800.00| $ 11,021,100.00 $ 18,063,900.00

Coastal Flooding Scenario Impacts

Total SEV Expected Perfect Storm
$ 39,006,300.00| $ 1,147,100.00| $ 14,115,200.00| $ 17,639,100.00
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Coastal Flooding Scenario Impacts

Total SEV Lucky Expected Perfect Storm
$ 49,849,300.00] $ -1 $  2373,300.000 $§ 2,706,900.00
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Total SEV Lucky Expected Perfect Storm
$ 80,427,350.00| $ -1 % 390,900.00| $  1,418,500.00
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$ 400,989,200.00| $ 979,700.00| $  34,154,000.00| $ 115,892,300.00
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Coastal Flooding Scenario Impacts
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Total SEV Lucky Expected Perfect Storm
$ 315,996,500.00 | $ 7,727,100.00) $ 58,032,600.00 | $ 114,688,800.00
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$ 581,874,400.00| $ 20,177,200.00] $  74,400,000.00 | $ 119,350,700.00
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Total SEV Expected Perfect Storm
478,891,650.00] $ - $
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Charlevoix County

Charlevoix Hayes Twp

Coastal Flooding Scenario Impacts

Charlevoix County

Total SEV Lucky Expected Perfect Storm

Charlevoix County
$ 820,165,551.00 | $ 90,079,300.00] $ 180,384,000.00 | $ 295,602,100.00
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L1t

Charlevoix County

Coastal Flooding Scenario Impacts

Total SEV Expected Perfect Storm

$ 261,673,595.00| $ 12,803,100.00) $  52,352,700.00 | $ 116,771,600.00
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Charlevoix Twp.

ol

Charlevoix County

Coastal Flooding Scenario Impacts

Charlevoix Twp

Total SEV Lucky Expected Perfect Storm
$ 184,155,806.00 | $ 20,293,700.00] $  47,369,000.00| $ 65,391,800.00
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Charlevoix

o1

Charlevoix County

Coastal Flooding Scenario Impacts

Total SEV Lucky Expected Perfect Storm
$ 299,884,200.00| $ 56,982,500.00] $ 78,737,400.00 | $§ 95,642,800.00
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Norwood Twp.

oK

Charlevoix County

Coastal Flooding Scenario Impacts

Norwood
Total SEV Lucky Expected Perfect Storm
$ 74,451,950.00] $ -1 $  1,924,900.00) $ 17,795,900.00
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Grand Traverse County

Coastal Flooding Scenario Impacts

Grand Traverse County
Total SEV Lucky Expected Perfect Storm
$ 3,500,025,000.00 | $ 75,857,200.00| $ 209,592,600.00 | $ 465,142,900.00
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Coastal Flooding Scenario Impacts

Total SEV Lucky Expected Perfect Storm
$ 432,433,800.00| $ 4,146,200.00| $  21,034,100.00 | $ 48,999,300.00
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East Bay Twp.

Grand Traverse County

Coastal Flooding Scenario Impacts
East Bay

Total SEV Expected Perfect Storm
$ 742,917,500.00 | $ 13,607,600.00) $ 31,328,300.00 | $ 70,844,000.00
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Traverse City

Grand Traverse County

Coastal Flooding Scenario Impacts

Traverse City (within Leelanau County)
Total SEV Lucky Expected Perfect Storm
$ 41,623,200.00| $ 4,270,900.000 $  6,169,800.00| $  7,949,800.00
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Peninsula Twp.

Grand Traverse County

Coastal Flooding Scenario Impacts

Total SEV Lucky Expected Perfect Storm
$ 983,995,100.00 | $ 27,833,100.00] $ 83,722,500.00 | $ 173,974,600.00
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Leelanau County

Coastal Flooding Scenario Impacts

Leelanau County

Total SEV Lucky Expected

$ 3,402,236,245.00 | $ 114,536,520.00 | $ 255,435,310.00] $ 585,910,250.00

Perfect Storm
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Northwest Lower Michigan Coastal Resilience Atlas

Elmwood Twp.

.

Leelanau County

Coastal Flooding Scenario Impacts

Total SEV Expected Perfect Storm

$ 375,149,300.00§ $ 15,989,600.00] $  37,820,300.00| $ 50,055,500.00
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Coastal Flooding Scenario Impacts

Bingham |
Total SEV Lucky Expected Perfect Storm
$ 276,936,100.00| $ 5,043,600.00) $ 19,431,400.00) $ 33,101,900.00
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Suttons Bay

]
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Coastal Flooding Scenario Impacts

Suttons Bay Twp

Total SEV Lucky Expected Perfect Storm
$ 210,405,570.00 | $ 6,259,620.00] $ 17,482,500.00) $ 40,173,740.00

Coastal Flooding Scenario Impacts

Suttons Bay
Total SEV Lucky Expected Perfect Storm
$ 85,486,600.00 | $ 3,392,400.00] $ 18,739,210.00) $ 27,962,210.00
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Northwest Lower Michigan Coastal Resilience Atlas
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