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FIn partnership with the State of Michigan Department of Natural Resources (DNR), Parks and 
Recreation Division and Taubman College of Architecture and Urban Planning, this capstone 
project supports the State’s efforts to plan for the future of Michigan State Parks. Park 
management agencies across the country have been shifting to promote sustainability, climate 
adaptation, and vitality. This team has been tasked with assessing these issues through state-
level assessment of climate adaptation and electric recreational vehicle potential, as well as 
more location specific assessments of Porcupine Mountains Wilderness State Park in the Upper 
Peninsula and Belle Isle State Park in Detroit.
 
The first of four sections focuses on the current and future opportunities to promote e-recreational 
vehicles (ERVs) in parks across the state. This team, led by Danielle Contorer, Harrison Clark, and 
Jihwan Park has proposed steps to encourage the use of climate-friendly electric recreational 
vehicles in parks through infrastructure development. In addition to planning recommendations 
for where these chargers should be placed, this section examines private and grant-based 
mechanisms which may fund upgraded electric infrastructure and the best course of 
implementation for ERV chargers, based on existing case studies and programs. 

The second section focuses on climate adaptation efforts highlighting natural vulnerabilities 
across the state of Michigan to better prepare for declining weather conditions and increased 
natural disasters. This team, led by Dylan Vaughn-Jansen, Lingxiao Du, and Sarah Fleckenstein 
addresses best practices for the implementation of a general management plan, recommends 
adaptive strategies, and summarizes research regarding the increased climate risk faced by the 
State of Michigan.
  
The remaining two sections provide more site-specific explorations and recommendations to 
help parks identified by the State. Belle Isle State Park is exploring a number of changes within the 
park to enhance visitors’ experiences. This team, led by Christopher Dahman and Jiahao Wang, 
develops plans to improve natural areas, promote sustainable transportation, and manage off-
peak periods. These plans include multiple approaches for increasing park vitality including goose 
population management, urban dark sky, turf remediation, media plans, and event programming.

The Porcupine Mountains Wilderness State Park team, led by Arthur O’Leary, Matthew Hastings, 
and Rasha Mohamed, investigates approaches to increase economic vitality in the face of 
climate change at Porcupine Mountains Wilderness State Park. The Porcupine Mountains staff are 
interested in the long-term viability of the park’s recreational area. This section of the report will 
examine projections for the Midwest skiable season and suggest potential avenues for the park’s 
economic development including through increasing recreational opportunities outside of skiing. 
Reorganizing lodging prices, utilizing the ski hill area for recreation opportunities like mountain 
biking, and building adventure course attractions are among the top recommendations to 
cement the park’s ability to draw regional visitors.

4
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PROBLEM STATEMENT the planning, policy, and financing needs 
which underlie ERV rollout specifically in 
state parks, while providing background, 
analysis, and recommendations for the 
Michigan DNR. Expanding ERV infrastructure 
is inherently connected with other statewide 
and national initiatives including securing 
enhanced electric grid resiliency and 
greater energy efficiency. These aligning 
missions create opportunities for subsidized 
resources among other sources of national 
attention and support. It is our hope that 
these recommendations will keep Michigan 
a leader in vehicle technology as well as 
a destination for environmentally-friendly 
tourism and recreation.

In this report, electric vehicles (EVs) refer 
to all-electric vehicles in the electric 
charging ecosystem. This includes electric 
cars, bikes, ATVs, watercraft, snowmobiles, 
motorhomes, and campers. Of these, 
bikes, ATVs, watercraft, and snowmobiles 
comprise the family of electric recreational 
vehicles – that is, all-electric “toys” primarily 
intended for outside recreation. These are 
not to be confused with motorhomes or 
campers, which are primarily intended for 
shelter while camping, traveling, and so 
on. Recommendations regarding electric 
campers and motorhomes are also a subject 
of this report, and though some may call 
these vehicles “recreational vehicles” (or 
RVs), this term is not used here to refer to 
campers and motorhomes, in order to avoid 
confusion.

1.  INTRODUCTION 
1.1 How chargers & electric charging 
infrastructure work

There are many electric charger types, 
but they are generally classified into three 
“levels,” based on their power. Level 1 and 
level 2 chargers generally use alternating 
current (AC) – the same type of electricity 
that powers most electric devices in America. 

With technological advancements and 
political support, electric vehicle use is 
increasing across the country. Electric 
vehicles are capturing an increasing market 
share, and consumer interest in the market is 
likely to continue growing. Currently, electric 
cars dominate the conversation, but electric 
recreational vehicles (ERVS) – such as jet 
skis, boats, and snowmobiles – are expected 
to gain market popularity in the coming 
years, due in large part to the environmental 
concerns of traditional combustion engine-
based recreational vehicles.

Many start-ups are already selling these 
electric recreational vehicles, while many 
new and existing companies are making 
their first forays into the ERV market. Car 
manufacturers have also started to explore 
electric motorhomes and campers for 
camping. Both electric bikes and cars have 
seen skyrocketing sales, with rural and urban 
areas alike adding chargers and other 
infrastructure to support the conversion 
to EVs. Advancement of the infrastructure, 
technology, and investment in the ERV sector 
has spurred development, and the Parks 
and Recreation Division of the Michigan 
Department of Natural Resources is uniquely 
poised to entice and encourage use of these 
new technologies in their parks.

Specifically, the division has asked how 
they might prepare for, promote, and lead 
the country in the upcoming introduction 
of electric recreational vehicles, campers, 
and boats. Currently, Michigan is in the 
first phase of deploying a statewide EV 
expansion initiative, Charge Up Michigan. 
Through the initiative, at least 51 charging 
locations have been funded in Michigan state 
parks,1 though the placement methodology 
prioritizes statewide mobility in a bare-bones 
calculation of allowing electric vehicles 
to successfully navigate the state without 
losing charge. Conversely, this report details 

Level 1 charging is often conducted through a 
wall outlet and requires only a cord with one 
three-prong end and another for the electric 
vehicle, but it is very slow. Level 2 charging 
generally requires some modification of 
traditional electric infrastructure, but most 
modern structures can be converted without 
concern. In general, they draw about the 
same amount of power as a standard clothes 
dryer – around 240-volts. 

Level 3 charging is somewhat different 
from either levels 1 or two. Instead of using 
alternating current, they use direct current 
(DC). Because the electric current from 
a level 3 charger (often called a DC Fast 
Charger) delivers charge without interruption, 
these chargers are extremely fast, but they 
require significant and expensive retrofitting 
of existing infrastructure. For electric 
recreational vehicles currently on the market, 
level 3 chargers are generally not supported 
and often unnecessary or cost-prohibitive 
except in areas that expect extremely high 
rates of ERV traffic. All currently available 
ERVs use level 2 charging, with only one ERV 
offering (a snowmobile by Taiga) expected 
to offer level 3 capability in the future. Level 2 
charging provides a less expensive  and more 
universal step toward encouraging ERV use 
in state parks, so the unique infrastructure 
needs of level 3 chargers are recommended 
only in the event that demand significantly 
outweighs charging capacity in parks with EV 
charging capability.  

During the rollout of the first electric vehicles, 
some vehicle  manufacturers attempted to 
create specialized and unique connectors 
for their vehicles. This originally led to many 
adaptors and access concerns, but the SAE 
J1772, known colloquially as the “J plug”, 
has become the standard choice for level 
2 charging. We were unable to find a single 
example of an electric recreational vehicle for 
sale in the United States that did not use this 
type of connector. As a result, level 2 chargers 
for cars and recreational electric vehicles use 

the same type of connectors and equipment, 
creating a surprisingly inter-operational 
system, and allowing REV owners to charge 
their recreational vehicles at sites designed 
for cars. While this would perhaps suffice 
in dire circumstances (or perhaps en route 
to a trail), park-based chargers are a more 
desirable alternative, both because they 
allow mid-recreation charging and because 
they avoid additional burden for ERV owners 
to find charging sites outside of the park 
system.

Figure 1.1: States Parks with area greater than 
1000 acres in Michigan

Figure 1.2: EV Chargers & States Parks with 
area greater than 1000 acres in Michigan

1.2 Geographical analysis on existing 
chargers and state parks



1110

1.3 Charging requirements and best 
practices

The placement of chargers in Michigan’s 
state parks is unlikely to be a one-size-fits-
all approach. Therefore, while this section 
makes generalizations about the regions 
and park attributes that are likely to be 
best suited for charger installation, it also 
defers to the professional experience of 
staff at the Michigan Department of Natural 
Resources. It is evident from insights gained 
through our analysis of EV technology, 
existing policies, and case studies across 
the United States, that Michigan State 
Parks will require a range of strategies to 
implement this new technology across varied 
locations and contexts. In combination 
with park staff expertise, we hope that 
the recommendations presented here 
will encourage best practices in charger 
placement, installation, and partnerships.

SNOWMOBILES AND ATVS

First, we recommend establishing chargers 
on paths and in parks already frequented 
by snowmobiles and ATVs. The primary 
benefit of this recommendation is economic: 
the only new infrastructure requirement 
would be the charging station itself, and 
DNR staff will not be required to build, 
maintain, or groom additional trails. Like 
electric cars, electric recreational vehicles 
are meant for incorporation alongside 
existing recreational vehicles, so separation 
is unnecessary. Similarly, the establishment 
of charging stations along routes currently 
used by snowmobiles and ATVs is likely to 
spread awareness of ERV adoption through 
conversation with ERV users and curiosity 
about the new infrastructure. In expectation 
that the majority of ERV early adopters are 
likely to already own a recreational vehicle 
and frequent certain trails and regions, this

Figure 1.3: Taiga’s EV snowmobile, the first electric model commercially available2 

recommendation also encourages direct 
marketing to potential adopters. 

The best placement for ERV chargers is 
wherever they will be most used. Given 
this, the placement of chargers on loops 
or out-and-backs is an attractive option – 
enabling users to make use of the chargers 
at various points of their recreation. This will 
also encourage more awareness of chargers, 
due to RV traffic going past, if not using, the 
charging site. For this reason, placement of 
chargers as near as possible to trails is ideal. 
Similarly, because charging an ERV takes a 
larger amount of time than filling a tank with 
gas, placement of chargers is crucial and 
may even become a source of economic 
development for rural regions if done 
correctly. If an ERV user can stop at a bar, 
restaurant, or other attraction – or perhaps 
a town which contains many such locations 
– they are likely to do so while awaiting a 
new charge. This will also reduce the costs 
of electrification because modern electric 
infrastructure is more likely to be available 
in areas which already have residences and 
businesses. Earlier adopters of ERVs may also 
have more expendable income to spend at 
these locations and an interest in small or 
local businesses. If companies begin renting 
ERVs, this would also enable switching-out 
snowmobiles or ATVs which are running low 
on battery for a new one, or charging at a 
provider-specific location. Similarly, ERV users 
may be interested in exploring nature on foot 
while waiting to recharge, so short trails or 
attractive natural sites nearby to charging 
locations could prove popular. 

Finally, to encourage use of ERVs on trails, 
signage and marketing are crucial. In the 
early stages of ERV rollout, trails which cater 
to ERV users are certain to be unique and 
rare. The DNR should seize on this opportunity 
to promote the opportunity, marketing these 
trails on their website and social media 
accounts, as well as through press releases 
and public relations campaigns. Signage 

in the area is also crucial, not only because 
ERV users who get lost may find themselves 
running out of battery, but as a way to reduce 
range anxiety for potential trail users and 
make the presence of such areas better 
known among current snowmobile and ATV 
users. Chargers installed with these vehicles 
in mind should include payment systems, 
even if they are not initially enabled, so that 
consumers can be asked to cover the cost of 
the electricity that is generated.

WATERCRAFT 

The placement of boat and jet ski chargers 
is, by necessity, simpler than placement of 
snowmobile and ATV chargers. Chargers 
must be installed on docks, and in many 
cases, this may be as simple as retrofitting 
existing dock infrastructure. Many docks in 
the United States already have electricity, 
often in 30 and 50-amp configurations, to 
charge the batteries on personal watercraft 
while they are docked. Though watercraft 
chargers are not yet ubiquitous as neither 
electric boats nor waterskis are currently 
shipping to consumers, this existing 
infrastructure is almost certain to lower the 
cost of installation. We therefore recommend 
that electric charging infrastructure for 
personal watercraft sit side-by-side with 
existing, traditional charging pedestals so 
that electric boat owners may make use 
of the existing infrastructure without taking 
space away from gas-powered personal 

Figure 1.4: EV jet ski dockside with EV charger3 
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watercraft. As the transition to electric 
watercraft continues, it may be possible to 
phase out older charging pedestals, though 
converting, not reducing, charging options 
on existing docks is the best approach to 
encouraging electric boat users at the lowest 
cost and with the least disruption to other 
watercraft-users. As with all electric charger 
installations, we recommend including 
payment systems on the pedestals so that 
users will offset the costs associated with 
increased electricity draw. 

CAMPERS & MOTORHOMES

Campers and motorhomes are already 
largely dependent on charging pedestals 
at overnight camping sites. Currently, there 
are no electric motorhomes or campers 
on the market in the United States, and 
the majority of camper users do not travel 
more than a few hundred miles from their 
homes – still a number of manufacturers, 
such as Winnebago, are attempting to bring 
E-motorhomes to market. Motorhomes 
and campers are also frequently plugged-
in during their use, with chargers directly 

running the battery.4 Therefore, while electric 
campers and motorhomes should have 
the ability to charge at state parks, electric 
camper and motorhome users are unlikely 
to expect to charge their batteries, or need to 
do so, at campgrounds in state parks. With 
this in mind, we recommend a wait-and-see 
approach toward installing charging stations 
focused on campers and motorhomes, 
especially given that future vehicles are likely 
to use the same chargers as electric cars. 
In the meantime, investment in upgraded 
electricity infrastructure in areas where 
campers and motorhomes currently use 
power is the best way to prioritize resources 
to prepare for any market trend and will 
benefit current users of motorhomes as well. 
Considering how the cost of power could 
be passed onto consumers is also a best 
practice, and improvements of the electrical 
infrastructure should include meters or 
payment systems, even if not active, so 
that the future potential for increased 
electricity demand at these sites will create 
increased costs for the Department of Natural 
Resources. 

Figure 1.5: E-RV Winnebago Sprinter Van Concept Model5

2. EXISTING AND FUTURE TRENDS IN 
EVS
2.1  Industry’s Transition to Electric Vehicles

The electric vehicle market has exploded 
in recent years. There is good reason to 
believe that Americans will continue gaining 
interest in the electrification of vehicles (both 
cars and recreational), especially as the 
price point of battery technology continues 
to fall. In 2021, global CO2  emissions 
from the transportation sector were 7.7 
gigatons, equivalent to 23% of all global 
CO2 emissions.6 Of this, road transportation 
emissions accounted for 77%.7  Because this 
sector relies so heavily on fossil fuels, the 
electrification of road vehicles is essential, 
and electric vehicles will play a significant 
role in decarbonization. Fortunately, global 
electric vehicle sales continue growing. 
Global electric car sales reached their 
highest rate in 2021 – 9% of all new cars sold 
– despite the global supply chain issues. 
Battery electric vehicle (BEV) and plug-in-
hybrid electric vehicle (PHEV) sales increased 
from 200,000 in 2013 to 10.5 million in 2022, 
representing 13% of global light vehicle sales 
in 2022.8 According to Goldman Sachs and 
Bloomberg, EVs will make up about half of 
new car sales worldwide by 2035.9,10 In the 
United States, 630,000 electric cars were sold 
in 2021, accounting for 4.5% of total car sales.11 

However, the United States still lacks sufficient 
charging infrastructure, compared to what 
will be needed to meet demand in the near 
future. Charging issues are the biggest 
concern for EV consumers in the US.12 S&P 
Global Mobility estimates that there are 
about 126,000 Level 2 and 20,000 level 3 
chargers in the US as of 2022. By 2027, about 
1.2 million Level 2 chargers and 109,000 Level 
3 chargers need to be deployed nationally to 
meet expected demand. In addition, by 2030, 
about 2.13 million level 2 and 172,000 level 3 
public chargers will be required to keep up 
with an expected 28.3 million electric vehicles 

on US roads.13 Increased demand for these 
chargers could be alleviated by ERV-specific 
chargers in park environments, far from 
parking lots – beginning with popular state 
parks in areas with more EVs. 

2.2 Political Support for EV Infrastructure

Climate change, the coronavirus pandemic, 
global supply chain issues, and the Russian 
invasion of Ukraine have changed the U.S. 
energy market significantly, making fossil fuel 
supply sources much less reliable and their 
prices more volatile. The United States has 
also begun taking significant steps toward 
increasing access to fossil fuel alternatives. 
For example, the Inflation Reduction Act (IRA), 
signed on August 16, 2022 contains $369 
billion in energy security investments and 
climate protection programs over the next 
ten years.14 Expanding the electric vehicle 
market is one of the main contents of the act, 
and the same technological innovations are 
likely to benefit technological innovations 
relevant to ERVs as well.

The Bipartisan Infrastructure Law (BIL)will also 
provide $7.5 billion to develop EV charging 
infrastructure in the US. The goal is to install 
500,000 public chargers by 2030. However, 
even the addition of public chargers could be 
insufficient to support the growing number 
of electric vehicles predicted to be on the 
roads in the near future.15 The National 
Electric Vehicle Infrastructure (NEVI) Formula 
Program, created by BIL, also contains a total 
of $5 billion to be spent on electric-vehicle 
chargers across 53,000 miles of highways 
in 35 states across the country, including 
Michigan.16

Michigan’s Department of Natural Resources 
funds their Waterways Program from two 
sources – boat registration fees and the 
Michigan marine fuel tax.17 We recommend 
that the Michigan DNR invest in watercraft 
chargers which allow billing by kilowatt hour 
(kWh) and explore their statutory ability to 
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electric recreational vehicles are closely 
intertwined, with Americans’ interest in the 
market representing a shift toward electric 
modality. Further, Level 2 chargers for electric 
cars are most often compatible with electric 
recreational vehicles. This means that, as 
Americans bring chargers into their homes 
for their new electric vehicles and become 
comfortable finding and using chargers in 
public places, there will be fewer hurdles 
to adopting electric recreational vehicles. 
Advances in battery-electric technology may 
similarly benefit both cars and recreational 
vehicles which rely on electric power.

ELECTRIC CAMPERS AND MOTORHOMES

Electric camper and motorhome market 
is just emerging. Some companies have 
announced their new electric campers and 
motorhomes. Major car manufacturers, such 
as Mercedes Benz, Toyota, and Volkswagen, 
unleashed their 100% electric campers 
in 2022 and 2023.21,22 Traditional camper 
and motorhome manufacturers, Bowlus, 
Winnebago Industries, and Thor, also unveiled 
their all-electric campers and motorhomes in 
2022.23,24,25 

With technological advancement and 
political support, car manufacturers are able 
to mount high-capacity battery packs and 
efficient power systems to campers and 
motorhomes. The price of electric campers 
and motorhomes is also getting affordable, 
accelerating market growth in electric 
models. 

ELECTRIC WATERCRAFT

A number of factors influence the sale 
and use of personal watercraft, including 
technological improvements, access to 
water activities, and disposable income.26 
North America is the largest watercraft 
market, and the U.S. market accounted for 
the biggest market share in 2020.27 In 2019, 
Taiga also unveiled its electric water jet, 

divert those funds to the Waterways Program 
in order to make up for the expected loss 
of marine fuel revenue. In the long term, we 
recommend that the State of Michigan adopt 
a two-tier boat registration fee, where EV 
boats pay a higher rate due to their marine 
fuel tax-free operation. Michigan may 
consider this alongside requiring registration 
for jet skis (as Wisconsin does) as a method 
to recoup revenue lost to electrification.

2.3 Market Trends of Electric Vehicles

An electric vehicle is defined as “a vehicle 
that can be powered by an electric motor 
that draws electricity from a battery and 
is capable of being charged from an 
external source.”18 We categorized electric 
vehicles into three categories: electric cars, 
electric motorhomes and campers, and 
electric recreational vehicles. As already 
mentioned, electric recreational vehicles 
mean all-electric “toys” intended for outside 
recreational use, including electric bikes, 
electric all-terrain vehicles (ATVs), electric 
watercraft, and electric snowmobiles. 
In addition, although some may call 
motorhomes and campers “recreational 
vehicles” (or RVs), this term is not used in this 
report to refer to campers and motorhomes, 
in order to avoid confusion.

ELECTRIC CARS 

As explained in industrial and political trends, 
the electric car market has exploded. The 
number of electric cars is rapidly growing, 
already accounting for 4.5% of total car sales 
in 2021. The transition will definitely affect 
the needs and patterns of state park visitors, 
so we need to prepare for the change. An 
increasing number of SUVs and Pickup trucks, 
which are commonly used for camping at 
state parks, were going electric, accounting 
for 16% of total SUV sales and 1.8% of total 
pickup track sales, respectively, in 2022.19,20

Besides, though cars are not the focus of 
this study, interest in electric vehicles and 

introducing the first-ever mass-produced 
electric watercraft.28 The only electric 
watercraft currently on the market in the U.S., 
the watercraft boasts nearly 30 miles of use 
between charges. Taiga currently supports 
level 1 and 2 charging on these boats as 
shown in Figure1.6, but they are working to 
integrate level 3 charging.29 The company 
who owns Sea-Doo has similarly signaled 
their commitment to electrifying their fleet by 
2026.30

snowmobiles in terms of acceleration, 
top speed, noise reduction, and pollution 
minimization.32 

ELECTRIC ATVS

ATV market is also transitioning to 
electrification not only to minimize traditional 
ATVs’ noise and pollution but also to cope 
with current volatile gas prices. The Global 
electric ATV and UTV market size is expected 
to grow at an annual average of CAGR 19% 
during 2023-2029 with battery technology 
advancement.33 The U.S. market also is 
expected to grow around 19% annually 
since North America is the biggest and fast-
growing market in the world.

In 2021, Polaris unveiled the Ranger XP Kinetic 
with a driving range of 80 miles and a towing 
capacity of up to 2,500 lbs,34 and EcoCharger 
launched Lithium Prestige 4WD ATV with 
a driving range of 69 miles and a towing 
capacity of up to 881 lbs.35 In 2022, Theron 
Sport, a small start-up based in Quebec, 
developed Reever with 110 miles of driving 
range and 1,500 pounds of towing capacity.36 
Although the prices of the models, ranging 
from $20,000 to $30,000, are much higher 
than traditional models, most models are 
eligible for a 10% tax credit off the purchase 
price.37

Figure 1.6: Taiga watercraft “Orca” charging 
with an universal charging connector.

Figure 1.7: Polaris ATV in a Michigan state park, 
just off the trail.

ELECTRIC SNOWMOBILES

Taiga, the Montreal-based start-up, has 
recently released a lineup of snowmobiles, 
some of which have begun shipping to 
customers. These snowmobiles have a 
range around 60 miles between charges, 
with one which supports level 3 charging 
in development. Taiga snowmobiles have 
been quickly adopted, and the company 
is investing in chargers along designated 
partnership paths in Québec, which will be 
detailed in the case study. The maker of Ski-
Doo has pledged to go all electric by 2026, 
and brands like Artic Cat are attempting to 
follow.31

Taiga announced the first electric 
snowmobile to the public in 2018, and 
now the company’s products have better 
specifications than traditional two-stroke 
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2.4 Current Issues and Challenges

With ongoing trends in electric vehicle-
friendly policies and increased industry 
interest, the number of electric vehicles in the 
US is expected to grow for the foreseeable 
future. Currently, most state parks require a 
car to visit because of their remote locations 
and limited public transportation options. 
Electric cars are already popular to bring 
visitors to and from the parks, with chargers 
available in increasingly remote areas. The 
electric camper and motorhome market is 
also emerging. Therefore, state parks need to 
prepare to establish charging infrastructure 
to attract people to state parks and increase 
revenue.

In addition, parks need to expand their 
electric vehicle infrastructure to mitigate 
air and water pollution. Most particulate 
matter (PM10) emissions in national parks 
are dominated by road dust, and sulfur 
dioxide (SO2) and nitrogen oxides (NOx) 
emissions are primarily from automobile 
fuel combustion.38 Decreasing the number 
of traditional gas-combustion vehicles is 
essential to reduce air pollution, such as SOx, 
NOx, and PM10, in state parks. 

In addition, most snowmobiles currently use 
two-stroke motors, which emit 90 times as 
much air pollution as standard automobiles 
and seriously impact water chemistry and 
quality.39 Snowmobiles are also extremely 
loud, especially in comparison to their often 
quiet surroundings, and consequently may 

disturb wildlife and people. Although there 
has been severe criticism of two-stroke 
motors, they still comprise a vast majority of 
snowmobiles in use, especially due to their 
lower price point. Therefore, there is a trend 
to regulate the number of snowmobiles 
and water jets at national or state parks. For 
example, to encourage this switchover, the 
National Park Service announced a federal 
regulation code that prohibits personal 
watercraft with two-stroke engines that do 
not meet 2006 emission standards at Lake 
Mead and Lake Mohave National Recreation 
Area after the year 2012.40 In addition, NPS 
regulates the number of snowmobiles up to 
720 per day at Yellowstone National Park from 
2006 and 540 in 2008.41 Electrification of these 
vehicles can mitigate these environmental 
concerns.

There is already a movement to expand 
electric vehicle infrastructure in national 
and state parks in the US from the public 
and private sectors. The National Park 
Service (NPS) is collaborating with the 
National Renewable Energy Laboratory 
(NREL) to install Level 2 charging stations 
in all 28 California national parks and 
monuments to serve their 39 million visitors 
per year.42 NPS is also partnering with BMW 
to install up to 100 electric vehicle charging 
stations nationwide.43 In addition, Rivian, 
an electric vehicle maker and automotive 
technology company, is installing electric 
charging stations across the US, including 
Michigan, Tennessee, Colorado, and South 
Carolina.44,45,46,47 

Traditional Electric

Watercraft (120 - 180 hp) $10,000 - $20,000 103 $15,000 - $25,000 104

Snowmobile $10,000 - $15,000 105 $17,000 - $20,000 106

ATV (four wheel, 250 cc - 1000 cc+) $5,000 - $15,000 107 $10,000 - $25,000 108

Table 1.1 Price differences between traditional and electric recreational vehicles

With the negative environmental impacts of 
traditional watercraft, a shift in the market 
share toward electric watercraft would 
provide opportunities to reduce certain 
sources of pollution in vulnerable areas. For 
example, motorboat use can lower water 
quality in lakes by raising levels of nitrogen, 
polyaromatic hydrocarbons, and methyl tert-
butyl ether – all of which threaten to disturb 
ecosystems and deplete water quality.48 
Though the adoption of e-watercraft cannot 
entirely remove emissions, it would almost 
certainly improve environmental conditions 
and contribute to the preservation of 
Michigan’s waterways and Great Lakes.

One of the major challenges is that the 
prices of electric recreational vehicles are 
higher than those of traditional ones as 
shown in Table 1. However, fortunately, the 
price is going down with technological 
advancements and tax credits.

The State of Michigan has installed the first 
two Level 2 EV charging stations in Holland 
State Park and unveiled its plan to install 
more than 30 additional charging across 
15 Michigan state parks in 2023.49 Although 
this project can serve as a stepping stone 
for expanding electric vehicle infrastructure 
in the future, it is likely to be insufficient, 
both due to its small scale and parking lot 
placement, as this will not serve recreational 
vehicles on trails, docks, or campgrounds.

3. CASE STUDIES
3.1  Taiga Snowmobile Trail in Quebec, 
Canada

In June of 2022, Taiga Motors kicked off 
its deployment of EV chargers with the 
installation of e-snowmobile chargers in 
the remote forests of the Mauricie and 
Lanaudière regions of Québec. This location 
is a hotspot for snowmobilers already, and 
upon visiting the Lanudinére’s official website, 
users find a snowmobile page boasting, 
“Endless snow. Infinite white landscapes” 

before welcoming users to “Snowmobile 
Country.” Taiga’s expansion into this area 
builds on nearly 3,000 miles of existing routes 
and trails.50

Taiga created a 150 mile loop for 
snowmobilers to ride freely, knowing 
that they were within reach of a charger 
as shown in Figure 1.8.51 Without electric 
charging infrastructure, this would have been 
unthinkable, and would-be electric adopters 
would have found themselves constrained to 
short, out-and-back trips and competition 
with cars for use of level-2 chargers in the 
area, found themselves constrained to short, 
out-and-back trips and competition with 
cars for use of level-2 chargers in the area, 
or constrainment to charge using traditional 
outlets – a process which is feasible for 
overnight charging but would be unlikely to 
allow operation for more than one battery-
life per day. 

Amazingly, Taiga achieved this loop with 
only two charging stations. The first stop 
consists of two level-2 chargers and one 
level-3 charger. 50 miles from the start of the 
trail, the charger is placed in Le Baluchon, 
an éco-villégiature (small, countryside 
getaway location) with a focus on preserving 
that natural environment for tourists. Local 
businesses seem likely to thrive with the 
placement of electric charging stations so 
close to the town, and snowmobilers will have 
the option between a three-hour charge 
and a visit to the village or a faster, one-hour 
charge. 50 miles further, riders may also 
stop at Pourvoirie du Lac Blanc, a small town 
with tourist-focused amenities and dining 
establishments. With both level-3 and level-2 
chargers available, snowmobilers again have 
the option to take a longer or shorter break 
before covering the last 60 miles to return to 
the trailhead. 
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At the time of construction, Taiga was not 
yet shipping their e-snowmobiles, and the 
trail has only recently been unveiled. Still, 
many of the lessons from their deployment 
of chargers may inspire future attempts 
to build networks of chargers to satisfy 
growing ERV needs. Notably, this is the only 
known e-snowmobile-friendly trail in the 
world. The assumed user base for this track 
are individuals who already frequently go 
snowmobiling in the area and choose to buy 
their own e-snowmobiles. Taiga’s investment 
in both the product and the locale represents 
a “build it and they will come” mentality that 
is familiar among EV car companies and  
has proven effective at expanding use by 

minimizing so-called range anxiety.52 The 
choice of a trail in the shape of a loop also 
maximizes the ability of snowmobilers to use 
chargers and may allow potential expansion 
in the future – as e-snowmobile ranges or 
EV trail networks grow. Finally, incorporating 
level 2 and 3 chargers nearby to local villages 
and locations of interest encourages the use 
of either charger, depending on the user’s 
preference, and offers flexibility to patronize 
local businesses while keeping the cost of 
installation down by not relying solely on 
level-3 charging.

Figure 1.8: Taiga’s electric off-road charging network with the 250-kilometer trail loop through the 
forests of the Mauricie and Lanaudière regions in Quebec. There are two stops with both level-2 
and level-3 charging stations.  

3.2 Renewable Energy Facilities in New York 
State Parks 

A number of state and local governments 
are shifting their energy sources to 
renewable energy for sustainability and 
energy independence. The global electricity 
generation share of renewable energy rose 
from 1.4% in 2000 to 13% in 2021, driven by the 
rapid growth of solar and wind power.53,54 
In particular, global renewable energy 
consumption has grown at an average of 
12.6% per year.55 The electricity market in the 
US also has a similar trend. The renewable 
energy share increased from 9.2% in 2010 to 
19.7% in 2021, especially with the increase in 

solar and wind power from 0.01% to 2.81% and 
from 0.15% to 9.21%, respectively.56

Renewable energy deployment in national 
and state parks is also spreading across the 
country as many states set decarbonization 
and renewable energy targets. In particular, 
New York State is one of the most ambitious 
states in the US regarding renewable energy 
expansion and climate change adaptation. 
The state has a goal of generating 70% of its 
electricity from renewables by 2030 and 100% 
from zero-emission sources.57 The recently 
passed Climate Leadership and Community 
Protection Act (CLCPA) funds infrastructure 
to generate an estimated nine gigawatts 
of offshore wind installation by 2035, six 
gigawatts of distributed solar by 2025, and 
three gigawatts of energy storage by 2030.58 
From 2011 to 2021, New York State Parks 
have installed 6 megawatts of solar panels, 
covering 15% of State Parks’ total statewide 
energy consumption. New York State Parks’ 
goal is to cover half of its electricity needs 
at parks, historic sites, recreational trails, 
golf courses, and other facilities through 
renewable energy by 2027.59

Grant Cottage State Historic Site in New 
York State went off the grid in 2021 since a 

Figure 1.9: Doreen Paris, president and CEO of 
NYSERDA announced that N.Y. Grant Cottage 
became the first NYS park to disconnect 
from the grid during a press conference 
on Monday, April 19, 2021 in Wilton (Lori Van 
Buren/Times Union) 
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$400,000-project with 90 solar panels with 
34.2 kilowatt-output and 48 batteries for 
power storage can provide 100 percent of 
the electricity needed to operate its two-
story residential building and visitor center.60 
The system will enable Grant's Cottage to 
become the first State Park disconnected 
completely from the electric energy grid 
(Figure 1.9).61 The project was supported by 
the New York State Energy Research and 
Development Authority (NYSERDA)'s On-site 
Energy Manager Program. 

In addition, New York State Parks launched 
major solar power projects at four state parks 
on Long Island and in the Hudson Valley, 
partnering with New York Power Authority 
(NYPA) and AES Distributed Energy in 2020. NY 
Green Bank, a division of NYSERDA, provides 
financing to support the projects. The four 
solar arrays at state park locations total 3.8 
MW and are expected to produce about 4.6 
GWh of energy annually. The first location 
is Sunken Meadow State Park in Kings Park 
(Suffolk County, easternmost portion of Long 
Island) as shown in Figure 1.10.62 Two ground 
arrays contain a total of 988 solar panels that 
are expected to produce about 444,100 kWh 
annually and will connect to the grid through 
a PSEG distribution line.63 The second location 
is Taconic State Park (Columbia County). A 
ground array will contain 3,640 solar panels 
expected to produce about 1.6 GWh in the 
first year and will connect to the grid through 
an NYSEG distribution line. The third location 
is James Baird State Park in Pleasant Valley 
(Dutchess County). A ground array at the site 
will contain 6,474 solar panels expected to 
produce about 2.7 GWh in the first year and 
will connect to the grid through a Central 
Hudson distribution line. The last one is 
Clarence Fahnestock State Park (Putnam 
County). A ground array at the Canopus 
parking lot will contain 384 panels expected 
to produce nearly 166 MWh in the first year 
and connect to the grid through an NYSEG 
line.

Figure 1.10: Installed solar farm in Sunken 
Meadow State Park in Kings Park (Suffolk 
County, easternmost portion of Long Island) 

3.3  Rivian EV Charging Systems in State 
Parks

Rivian, an electric car manufacturer, plans 
to install a “Waypoint Chargers Network” at 
shops, restaurants, hotels, and parks across 
the U.S. and Canada. The network will consist 
of more than 10,000 Level 2 chargers open to 
the public for EVs using the J1772 plug.64 The 
J1772 plug is the type of plug used by most 
electric vehicle makers, including Tesla, Ford, 
Hyundai, Toyota, and Rivian, for Level 1 and 
Level 2 charging. Their plan also includes 
steps to install chargers at state parks. Rivian 
has installed or plans to install additional EV 
charging stations at state parks in Michigan, 
Tennessee, Colorado, South Carolina, and 
other states. 

The Lake Michigan EV Circuit Tour, also 
called an “Electric Route 66”, is another 
example of partnership between Rivian, state 
governments, utility companies, and non-
profit organizations to install EV chargers in 
state parks. The circuit spans more than 1,100 
miles of drivable shoreline along the lake. 
New EV chargers will be installed along the 

Figure 1.11: Partnership to install level 2 Rivian chargers in Michigan

route within the next few years to link major 
cities surrounding Lake Michigan – including 
Chicago, Milwaukee, Green Bay, Traverse City, 
and other cities. Rivian already reached an 
agreement with the states of  Illinois, Indiana, 
Michigan, and Wisconsin to proceed with the 
multistate collaboration project.65 As part 
of the plan, Rivian has installed two Level 2 
charging stations in Holland State Park and 
will expand the plan to 15 additional state 
parks in Michigan.66

Rivian partners with local governments, utility 
companies, transmission companies, and 
nonprofit organizations to install EV charging 
stations in state parks. For example, Rivian will 
provide Level 2 Rivian Waypoints chargers at 
no cost to the state or taxpayers in the state 
of Michigan. Figure 1.11 shows the financing 
structure and stakeholders of the project. 
ITC, an independent electricity transmission 
company, provides the funding for electrical 
use. Consumers Energy, a Michigan-based 
utility company, runs a program to pay for 
upgrades to the electrical systems at state 
parks necessary for installing EV chargers 
through the Power MI Drive program. Adopt 
a Charger, a nonprofit organization, provides 
technical, marketing, and sponsorship 

support for the operation of the chargers.67

In addition, Rivian powers its charging 
networks with 100% renewable energy. This 
means that the amount of electricity the 
EV charging system delivers is equal to or 
less than that generated from renewable 
resources on an annual basis.68 Rivian uses 
various mechanisms to meet renewable 
energy electricity demands, including power 
purchase agreements (PPA), onsite and 
community-based renewable projects, 
and partnerships with utilities or local 
energy developers. When it is not possible 
to connect to current energy sources or 
the current grid heavily relies on fossil 
fuels, Rivian develops energy sources in 
local communities partnered with energy 
developers. A  6.75-megawatt solar project 
in Tennessee is a representative example. 
Since Tennessee’s grid is powered by only 
0.4% solar, Rivian was not able to find proper 
sources for its electricity demands. Therefore, 
the company partnered with Clearloop, a 
Nashville-based carbon solution company, 
to develop “Paris Solar Farm – Puryear” in 
Henry County in Tennessee. Rivian provided 
15% of upfront financing of the solar project 
to cover electricity that will be used by 
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Rivian Waypoints chargers planned for 
Tennessee state parks.69 Through this 
partnership, Rivian is committed to reducing 
carbon and increasing renewable sources 
generation and access for local communities. 
Meanwhile, Clearloop quantitatively 
measures carbon emissions and compares 
the impact of renewable energy projects to 
determine where the new solar projects can 
be deployed. The company also assesses 
the social and economic impacts of the 
project on communities in terms of economic 
benefits and sustainability.70

3.4  O’Shea Solar Park

Public lands may also be leased to private 
companies, particularly utility companies or 
energy developers, as a source of revenue 
for both public and private partners. O’Shea 
Solar Park in the Grandale neighborhood of 
west Detroit, completed in 2017, is a perfect 
example of a partnership between the 

public sector and a local utility company. 
The 20-acre site owned by the city of Detroit 
had been abandoned for many years. A 
playground and a historic recreation center 
were damaged and decommissioned for 
several years. The city of Detroit and DTE 
Energy, a local utility company, partnered to 
transform this abandoned site into one of 
the largest urban solar farms in the U.S.71 The 
2.44 MW solar array facility, consisting of 7400 
Suniva high-efficiency modules, SMA string 
inverters, and Solar FlexRack racking systems, 
can power 450 homes in Detroit as shown in 
Figure 1.12.72,73 According to the City of Detroit, 
the predicted tax revenue is $1.4 million over 
20 years. DTE also paid $25,000 one-time 
lease payment and agreed to maintain a 
portion of the the 10-acre solar array which 
costs approximately $400,000 over the lease 
lifetime. Beyond that, DTE Energy also rebuilt 
playgrounds, picnic areas, and educational 
facilities, and provided local job training 
and placement for local workers during 
construction and maintenance.

Figure 1.12. The O'Shea solar project in Detroit. DTE partnered with the city of Detroit on a 10-acre 
2.44 MW solar project in 2017. DTE and the city agreed to a one-time lease payment of $25,000 
covering 20 years. 

4.  RECOMMENDATIONS
4.1  Financing Mechanisms to Expand Energy 
Grids 

Implementing EV chargers in state parks 
will likely require financing from a variety 
of stakeholders. Adding EV chargers and 
infrastructure to state parks places an 
additional strain upon the existing energy 
capacity at each site, so the first focus must 
be on expanding energy capacity at state 
parks. Once the grids have been retrofitted 
and can sustain an optimal level of electric 
current, state parks could add the supply of 
charging stations in which the grid was built 
to support.74 To determine if a park’s electric 
grid needs to first expand in order to build 
out charging capacity and infrastructure, 
individual parks will need to contact utility 
distribution planners through their respective 
utility providers. Depending on the need 
for increased charging infrastructure and 
the current capacity, state parks will have 
differing needs and expected costs for 
installation. Once the electric grid has been 
retrofitted to meet a specific park’s needs, a 
park can purchase its own chargers for an 
average of $2,000 per unit, for an average 
installation cost of $2,000 per unit.75 However, 
financing the grid’s expansion is the first step 
to implementing EV infrastructure. 

One of two options for expanding state 
parks’ electric capacity focuses on building 
existing electric grids to enable its support 
of added electric use. Expanding the grid’s 
current electric source involves increasing 
transmission and distribution substations 
to augment the existing infrastructure.76 
Facilitated either through federal grant 
application and distribution or fragmented 
contracts between individual state parks 
and regional electricity companies, the 
financing for this expansion will require 
assessments of existing energy capacity at 
individual parks. Grid expansion provides an 
opportunity to incorporate more resilient and 
efficient energy infrastructure for increased 
clean energy production over time. There is 
federal capital available for this initiative. The 
Biden-Harris Administration launched the 
Grid Resilience Innovative Partnership (GRIP) 
program as part of the administration’s 
Building a Better Grid Initiative, and was 
funded by the Bipartisan Infrastructure Law 
in 2022.77 The GRIP Program provides $5 
billion between FY 22-26 to finance initiatives 
and programs that innovatively utilize 
transmission retrofitting and grid expansion 
to expand clean energy. Creating resilient 
and reliable grid infrastructure throughout 
Michigan’s state parks optimizes this capital 
by simultaneously contributing to the 

Program Relevance

Smart Grid Grants Increasing capacity of transmission systems, 
integrating renewable energy at the transmission 
and distribution levels, and facilitating the 
integration of increased electrified vehicles and 
buildings.78

Grid Innovation Program Innovative approaches to expand existing 
energy grids to accommodate increased EV 
infrastructure.79

Transmission Siting and Economic 
Development Grants Program

Economic development focus: expanding 
state parks visitation to households with EVs, 
E-motorhomes, and E-recreational vehicles.80

Table 1.2: Available Federal Grants through the GRIP and Transmission Facilitation Programs
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electrification of vehicle and recreational 
infrastructure. This Program provides a 
plethora of financing mechanisms available 
to states to administer electric grid 
expansion. The federal assistance is attained 
by a state entity which then distributes the 
funding between its targeted parks. The state 
of Michigan’s DNR is a qualifying entity to 
apply for the following grants, and if granted 
the capital, can distribute it between state 
parks at its own disposal. Therefore, the DNR 
will further have to analyze and prioritize 
which parks at differing scales should receive 
different levels of funding. The financing 
options have various intentions, and Table 1.2 
shows potential programs that have direct 
relevance to Michigan’s potential initiative.

4.2  Renewable Microgrids as a 
Supplemental Electricity Source

The second of two recommendations for 
bridging the energy gap between existing 
energy availability and the energy necessary 
to power new EV chargers is utilizing a 
microgrid of renewable energy sources. 
The necessary retrofitting for electric grids 
at state parks, allows an opportunity to 
supplement traditional electric systems by 
adding a microgrid as a separate source of 
electricity to supplement the existing energy 
system. Installing a microgrid allows for the 
opportunity to switch the source of energy 
to renewable systems such as solar or wind. 
Electricity generated from a traditional 
grid source is financed by surge pricing 
where the relationship between energy 
consumption and energy costs are directly 
correlated. Solar panel efficiency refers to the 
relationship between peak sunlight received 
by a solar panel and its ability to convert 
that sunlight into electricity.81 Utilizing a solar 
grid can avoid peak period pricing which 
exponentially increases electric costs due to 
widespread overuse of electricity. Because 
Michigan state parks see their highest 
visitation rates in the summer and warmer 
months, longer peak hours of sunlight will 

align with the changes of demand for EV 
chargers. Considering peak charging periods 
and associated costs, solar charging most 
effectively reflects the popular hours of EV 
demand with hours of peak sunlight. Energy 
grids directly offset energy consumption with 
immediate renewable energy supply. Aside 
from covering the gap of electric supply, an 
added source of renewable energy creates 
an opportunity to cover the added electricity 
consumption of chargers. This financing 
consideration would sustainably consider the 
longevity of costs associated with charging 
electricity. Excess energy generated by a 
renewable source could be dedicated to 
other park uses, decreasing dependence on 
nonrenewable sources of energy altogether. 
Our team spoke with representatives from 
DTE who confirmed the potential interest in 
land leasing partnerships from an electric 
company’s perspective.82 Compensation 
including land square footage and energy 
supply and service can be exchanged 
mutually between parks and electric 
companies. Implementing energy microgrids 
in or near state parks provides clean sources 
of supplemental energy production available 
to be focused for EV charging infrastructure.

4.3  Land leasing for renewable energy 
sources

If electricity in state parks comes from fossil 
fuels, the transition to electric vehicles will 
only continue to advance carbon emissions. 
Of course, small-scale solar panels on 
building roofs or in parking lots may increase 
the portion of renewable energy sources 
in state parks. However, beyond that, other 
options to increase DNR’s revenue might 
include selling excess energy or leasing 
public lands to the private sector. 

O’Shea Solar Park is a great example of 
creating partnerships between state parks 
and local electricity companies, making 
use of unused public lands and increasing 
revenue. Since many major companies Figure 1.13: Charging points per EV and kW per electric LDV in selected countries, 202183
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Maine, California, Oregon, North Carolina, 
South Carolina, and Texas.91,92,93,94 

4.4  EV Charger Hardware / Infrastructure 
Private Rebates

Currently, EV manufacturers are facilitating 
rebate programs for residential, commercial, 
and public initiatives to incentivize the growth 
of EV markets and infrastructure. In the United 
States, the number of EVs on roads grew 
faster than the number of public charging 
points, with about 18 EVs per charging point in 
2021.95 The report continues to articulate that 
while EVs more than doubled in the US in 2021, 
the quantity of electric chargers more than 
tripled. The EV market’s success is dependent 
upon more frequently placed chargers, and 
the elimination of charge anxiety on behalf 
of EV consumers. This correlated market 
relationship incentivizes manufacturers 
to offer financial rebates and benefits to 
external institutions and public spaces for 
offering access points of EV charging.

Unlike the recurring and long-term financial 
planning required to retrofit energy systems 
in the first section of financing, financing/
purchasing EV charging infrastructure is 
a one-time investment, with additional 
maintenance and upgrades only necessary 
later in the hardware’s lifecycle. The below 
table exhibits existing rebate programs 
administered through private electric 
companies and available to state parks. All 
of the listed rebate programs are financed 
through first-come-first-serve capital, 
and are only available until the funding 
runs out. While rebates and discounted 
financing plans for charging hardware are 
only intended to spark initial momentum 
in expanding statewide/national EV 
infrastructure, the state has an opportunity 
to leverage these foot-in-the-door needs 
of manufacturers and capitalize on cost-
effective plans for installing promotional 
chargers. Figure1.14 breaks down Michigan’s 
regions by electric service provider by region. 
A majority of the state’s electric production is 

are willing to, or eager to, find  appropriate 
land to develop renewable energy 
sources with ESG business trends and 
decarbonization commitments, there are 
likely to be many well-qualified partners in 
Michigan. As previously detailed, electric 
vehicle manufacturers, such as Rivian, 
Mercedes, and Tesla, started to develop by 
themselves and invest in renewable energy 
projects to meet their environmental and 
social commitments.84,85,86 Beyond this, utility 
companies are also trying to increase their 
renewable energy sources. Consumers 
Energy’s ambitious integrated resource plan 
(IRP) to retire coal-powered plants by 2025, 
15 years faster than the original target, and to 
provide 63% of its electricity by clean energy 
sources by 2040 was already approved by 
the Michigan Public Service Commission 
(MPSC).87,88 DTE’s IRP to develop 6,500 MW of 
solar, 8,900 MW of wind, 1,810 MW of battery 
storage, and retire two coal-fired power plant 
units totaling 1,535 MW in 2028, was also 
approved by MPSC.89

Land leasing for utility-scale renewable 
energy projects can be a perfect option to 
meet the green targets of private companies 
and local and federal governments, as 
well as to increase DNR’s revenue. There is 
also political support from the Biden-Harris 
Administration and Congress to permit 25 
gigawatts of renewable power on public 
lands not later than 2025.90 

The Bureau of Land Management (BLM), 
managing 245 million acres of public 
lands with solar, wind, and geothermal 
potential, is leasing its land to the private 
sector to support the government’s target 
and increase its revenue. By 2022, the BLM 
had approved more than 120 renewable 
energy projects on public land with a 
combined generating capacity of over 12,000 
megawatts. The Bureau of Ocean Energy 
Management (BOEM) is also leasing wind 
energy areas in various states, including New 
York, New Jersey, Massachusetts, Virginia, 

facilitated by companies which offer public 
or commercial rebate incentives. Table 1.3 
shows examples of electric company rebate 
programs. 

Figure 1.14. Electric Utility Service Area Map96 
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Electric Company Rebate Details

Cherryland Electric Cooperative97

Rebate Amount Level 2 EV Charger: $1,000 rebate. Rebate cap is $15,000.00 
for large projects involving other energy efficiency measures 
that are being installed.

Eligibility / qualifications Qualifying chargers must be public facing and Energy Star 
rated

Consumers Energy98

Rebate Amount Public Level 2 Charger: Can qualify for a rebate of up to 
$7,500 for the installation of a for a site location that will be 
accessible to residents of a Multi-Dwelling Unit

Public Level 2 Charger: Can qualify for up to $5,000 for 
accommodation/hospitality sites where overnight charging 
is likely to occur

Eligibility / qualifications Install at least one Public Level 2 Charging Station from 
PowerMiDrive’s approved list

DTE Energy99

Rebate Amount Level 2 Charger: Up to $2,000 per port

DC Fast Charger: Up to up to $55,000 per charger
Eligibility and Qualifying Criteria Required:

• Well-lit area

• Publicly accessible 24/7

Preferred:
• No more than $100,000 required by DTE to fund system 
upgrades

• Proximate to highway access
Great Lakes Energy100

Rebate Amount Level 2 Smart Charger: Up to $800 per unit
Eligibility and Qualifying Criteria Level 2 charger must be permanently installed and have 

data capability.
Holland Board of Public Works101

Rebate Amount Level 2 charger: 50% of the cost of the charger up to $1,500. 

DC fast charger (480v 150kW minimum): determined on a 
case-by-case basis with a maximum rebate of $35,000.

Eligibility and Qualifying Criteria • The DCFC location will be in a visible, safe, well-lit, and 
accessible location with a parking space for each charger 
port.

• The DCFC shall be in an area that has amenities to 
accommodate a minimum of a 30 minute charge time.

• The premises of the DCFC will provide clear signage to 
create visibility and guidance for effective DCFC utilization, 
available 24 hours per day seven days per week.

Lansing Board of Water and Light

Rebate Amount Level 2 Charger: $4,500 rebate, and up to three chargers 
per customer location (for a total of up to $13,500 rebate per 
account location)

Eligibility and Qualifying Criteria Submit this one page application form

Contact EVProgram@lbwl.com for individualized project 
qualification confirmation. The program will go live end of 
April 2023.

Presque Isle Electric & Gas Co-Op102

Rebate Amount Level 2 Charging Station: Up to $600
Eligibility and Qualifying Criteria Custom incentives based on forecasted (kWh/yr) energy 

savings

• $0.07 per annual kWh savings (projected) or 75% of the 
project cost, whichever is lower

Table 1.3: Electric company rebate programs.

applicants are urged to utilize to optimize 
the rebate application process. Partnerships 
between manufacturers and state parks can 
take place on varying scales depending on 
the extent of charging infrastructure desired 
by individual parks.

While each region has access to the rebate 
programs administered by their local/
respective electric company, there is no 
mechanism for statewide application and 
retention method for public EV chargers. 
Because of the inherent fragmentation of 
electric services, each rebate comes with 
individualized eligibility and qualification 
requirements. Some companies have a 
list of pre-approved subcontractors that 
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5.  CONCLUSION
Electric recreational vehicles pose a series of 
challenges and opportunities for Michigan’s 
State Parks. Infrastructure improvement will 
be a necessary first step to accommodating 
the future of electric recreational vehicles 
in the park system, and as ERVs become 
increasingly common, the placement of 
charging stations will become a major 
factor in encouraging and facilitating ERV 
users. The environmental benefits of this 
shift, as facilitated by the Parks Department, 
are numerous and will protect the natural 
environment across Michigan if successfully 
implemented. ERVs will also open a number 
of fiscal opportunities, spurring economic 
development in areas near chargers and 
allowing parks to charge their users for the 
convenience of charging on the go. 

We would like to suggest some 
recommendations for expanding EV 
infrastructure in state parks. The first one is to 
capitalize on numerous funding opportunities 
to build both the electric grid infrastructure 
and charging stations themselves. Michigan’s 
Department of Natural Resources is lucky 

to be at the forefront of this movement as 
an early adopter. Besides, there are many 
programs that include subsidies, grants, and 
rebates available to expand EV infrastructure 
from governments and private companies. 

The second recommendation is to establish 
new partnerships and improve existing 
partnerships with the private sector and 
non-profit organizations. Electric utilities 
– both cooperatives and companies like 
DTE and Consumers Energy – and electric 
vehicle companies are keen to establish 
partnerships with state and local government 
organizations. Some of the partnerships may 
provide offset installation costs or support 
land leasing in exchange for electric grid 
updates or charger installation. 

With these and other opportunities to build 
out the charging capacity of the state’s 
parks at an offset cost, Michigan can build 
its capacity as a destination for ERV users 
across the region as a first adopter by 
harnessing the private market’s resources 
and enthusiasm for expansion.

Figure 1.15: Increased Provision of EV Charging Stations Should be Prioritized
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KEY RECOMMENDATIONS

PLANNING RECOMMENDATIONS FINANCING RECOMMENDATIONS

• Install chargers where people already want to recreate instead of creating new trails to cater 
exclusively to ERVs.

• Prioritize EV chargers where perceived demand is highest, based on visitation rates and the 
number of recreational vehicles currently in use.

• Create charging stations on routes like out-and-back trails where EV users can charge at 
multiple points and make better, more frequent use of charging stations.

• Work with local communities and businesses, especially those that rely on tourism, to establish 
locations where people can charge their ERV while enjoying local restaurants, coffee shops, 
and hotels.

• Invest in marketing and engagement to get EV chargers noticed online, such as on chargings 
apps and websites run by EV manufacturers and third parties. Include ERV-focused language 
and photographs in marketing materials.

• Look into public-private partnerships, including land leasing programs, that will benefit both 
parks and power companies. Reach out to electricity co-ops, as well as major companies, in 
order to provide EV charging opportunities across regions.

• Maintain existing partnerships and establish new partnerships with the private sector, including 
electric and utility companies, EV manufacturers, and non-profit organizations. 

• Explore federal funding programs to fund grid resilience and efficiency, especially in areas in 
rural regions and areas along the coasts.

• Consider building solar microgrids to bridge the “electricity gap” in areas, especially where use 
depends largely on seasonal and meteorological factors. This will provide additional energy 
that is likely to coincide with peak periods (i.e. sunny days).
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PROBLEM STATEMENT
Though the Midwest is not expected to 
experience the same devastating weather 
events as Western, Southern, and coastal 
US communities, Michigan is not immune to 
the impacts of climate change.1,2 Michigan 
is already experiencing significant changes 
in the natural environment – such rising 
temperatures, increased precipitation 
patterns, and greater frequency and 
intensity of extreme weather events such 
as storms and flooding.3,4 These changes 
have significant impacts on ecosystems, 
infrastructure, and visitors of Michigan state 
parks. 

State parks conserve and protect Michigan’s 
priceless natural resources, which provide 
environmental services such as carbon 
sequestration, water purification, cultural 
significance, and human wellbeing. Green 
spaces and healthy ecosystems are 
considered to be some of the most effective 
ways for cities to adapt to extreme heat, 
precipitation, and other weather events in 
towns and cities. However, in order for these 
natural resources to stay healthy, resilient, 
and accessible to their users, the parks 
themselves require additional adaptation 
measures. In addition to increased climate 

risks, the visitation and use of state parks is 
expected to increase as warmer seasons 
become extended. Additionally, Michigan 
and the Great Lakes Region is commonly 
regarded as a potential haven for climate 
refugees which will likely further increase the 
visitation and reliance on state parks.5 

The Michigan Department of Natural 
Resources (DNR) has the challenge of 
managing a broad range of natural features 
and diverse ecosystems within over 100 state 
parks. These parks and diverse environments 
will be impacted by compounding effects of 
climate change (i.e. warming winters leads 
to warming lake temperatures and changes 
in precipitation patterns).6 The changes we 
examined fall into four key climate hazard 
categories: extreme heat and warming, 
increased storm events, shoreline erosion, 
and lake level variation. From these climate 
risks we identified vulnerable infrastructure 
that includes: trails, buildings, roads/parking, 
electric systems, stormwater systems, 
cultural resources, park use. This report 
provides a list of specific, tangible actions 
the Department of Natural Resources may 
employ to proactively create a system of 
resilient infrastructure that will counter the 
rising climate challenges.7

Figure 2.1 South Haven, MI Large Waves, High Winds, and Beach Erosion

1. INTRODUCTION
As the stress of climate change impacts 
environmental systems, people, and 
infrastructure, the Department of Natural 
Resources Parks and Recreation Division 
will be faced with the decision to adapt. 
This section of this document will provide 
recommendations for adaptation strategies 
to key climate-related hazards and threats to 
park infrastructure and operations.

Climate adaptation is often described as 
“managing the unavoidable,” as compared 
to mitigation, which is described as “avoiding 
the unmanageable.” In other words, climate 
adaptation is an approach to climate 
change where adaptors work to coexist with 
climate change’s effects. This is in contrast 
to mitigation, which is an effort to lessen 
the effects of climate change before they 
begin. While both adaptation and mitigation 
are necessary for climate resilience, this 
section will be detailing adaptation measures 
exclusively. This will be done in four phases. 
This section further explains adaptation 
measures that can be taken proactively 
by the Department of Natural Resources 

to respond to the imminent threat of 
climate change. It is not intended to serve 
as a disaster-response plan or any other 
retroactive or responsive plan.

First, this section will outline the research 
methodology of our team. Next will be a 
description of vulnerabilities of the state park 
system. After that, this section will describe 
hazards faced by state parks in Michigan. 
This will be accomplished through four key 
lenses: heat-related hazards, storm-related 
hazards, shoreline erosion, and lake level 
variation-related hazards. Each of these 
three focus areas will include vulnerabilities, 
recommended adaptations, general 
management plan implementations, and 
asset management considerations.

Climate adaptation is a vital component of 
climate resilience. While the hazards faced 
by the Michigan state parks are broad and 
intertwined, there are concrete steps that 
can be taken to protect the assets and 
infrastructure of the parks.8

Figure 2.2 Warren Dunes State Park
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In our report, we have used a variety of 
methods to gain a deeper understanding of 
the natural hazards climate change brings to 
state parks and their respective adaptation 
strategies. We have used a variety of 
information sources to see how these risks 
might affect the parks and the ecosystems 
around them. 

The impacts of climate change are 
dependent on hyperlocal information such 
as the natural features, elevation grades, soil 
types, and forest density to name a few. The 
immensely diverse terrain and environments 
throughout a single state park can vary, and 
is particularly varied throughout the state of 
Michigan. 

In order to identify the unique challenges of 
each region of Michigan, we examined nine 
state parks in the South Lower Peninsula, 
North Lower Peninsula, and Upper Peninsula. 
We conducted informational interviews 
with the park managers and used the 
park websites and news articles to collect 
information about the climate impacts, 
infrastructure, natural resources, and visitor 
activities within the nine state parks. 

Our adaptation strategy recommendations 
come from a variety of sources including 

1.1 Methods peer-reviewed articles, case studies, 
literature, and discussions with experts in the 
field.  

By bringing together a wide range of sources 
and viewpoints, we provide a complete 
picture of the asset and infrastructural 
vulnerabilities in Michigan state parks and 
provide practical and effective solutions to 
protect them in the long run.9

Figure 2.3 Tahquamenon Falls State Park

2. CLIMATE HAZARDS
We used the Fourth National Climate 
Assessment, a mandated analysis of climate 
change in the US, to outline the specific 
impacts of climate change on the Midwest. 
We describe the climate change effects as 
“hazards” because they will create natural 
shocks and stressors to the environment, 
infrastructure, and people. We grouped 
the Midwestern climate impacts into four 
key climate hazard categories: heat and 
warming, increased storm events, shoreline 
erosion, and lake level variation. These 
natural hazards will alter the ecosystems, 
infrastructure, and use of Michigan state 
parks.  

We focused our adaptation research on the 
infrastructure, cultural resources, and visitors 
of the parks who will be exposed to these 
climate hazards including: trails, buildings, 

harbors and boats, roads and parking lots, 
electric utilities, storm water systems, cultural 
resources, and park visitor use. The following 
section outlines the climate hazards and their 
impacts in Michigan state parks. 

2.1 Extreme Heat and Warming

While there is an abundance of threats 
facing Michigan’s state parks from increased 
temperatures, there are also a number of 
adaptations that can be implemented to 
respond to these potentially devastating 
effects of climate change. The risk of wildfire 
will be elevated in wooded areas such as 
state parks, and structures will need to be 
re-evaluated for risk. Roads and parking lots 
will possibly be compromised; vulnerable 
to buckling and cracks. Power outages 
from severe storm events are likely, which 
could compound the risk of fire by leaving 
emergency fire suppression unavailable. The 
effects of overall increased temperatures in 
Michigan are going to be significant to the 
state parks system.

2.2 Increased Storm Events

century, which will include more frequent and 
intense storms in addition to late growing 
season droughts.12 This will mean that there 
will likely be both wet weather events and 
longer periods of drought. Heavy rainfall 
events are likely to increase in frequency due 
to the warming climate. This also increases 
the risk of flash flooding events. Additionally, 
the warming climate, atmospheric instability, 
and extreme storm events can increase the 
probability of tornadoes and strong winds in 
Michigan.13

2.3 Shoreline Erosion

Michigan state parks are facing climate 
hazards in the form of shoreline erosion. 
Shoreline erosion along the Great Lakes 
poses a threat to both park infrastructure 
and natural habitats.14 As extreme weather 
events become more frequent due to climate 
change, powerful storm surges and high 
winds contribute to the erosion of beaches, 
dunes, and bluffs. 

A recent study using LiDAR-equipped 
unmanned aerial vehicles (UAV) 
documented substantial shoreline recession 
at two Lake Michigan beaches between 2013 
and 2019, with nearly 35 meters of shoreline 
lost and 70 cubic meters of material per 
meter submerged or eroded.15 This erosion 
process compromises the stability of park 
structures, trails, and recreational areas, 
while also disrupting the delicate balance 
of shoreline ecosystems.16 As a result, park 
visitors may find limited access to certain 
areas and altered landscapes, affecting their 
overall experience.

Michigan is expected to be significantly 
impacted by precipitation patterns, with 
changes in frequency and intensity. Michigan 
is predicted to experience more snowmelt, 
higher rates of precipitation, and increased 
frequency of extreme storms. Though the 
impacts will vary by region, the general 
emerging patterns appear to be warmer, 
wetter, and wilder weather events.

As a result of warming temperatures and 
changes to precipitation, the duration of 
natural snow cover has decreased and is 
projected to continue to decrease in the 21st 
century.10 Winter precipitation is expected to 
increase in the Northern part of the United 
States and will likely come in the form of rain 
which increases snow melt.11 

Overall, the Midwest is expected to have 
slightly more precipitation over the next 

2.4 Lake Level Variation

In addition to shoreline erosion, Michigan 
state parks face challenges associated 
with fluctuating lake levels and flooding.17 
Rising lake levels can inundate low-lying 
areas, leading to damage to park facilities, 
submerged trails, and limiting recreational 
activities. On the other hand, unusually low 
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lake levels may expose lake beds, impacting 
boating and fishing opportunities for park 
visitors.18

Climate change is a driving factor 
behind these lake level fluctuations, 
with consequences for commercial and 
recreational boating, coastal planning, and 
management. Additionally, variations in lake 
water levels can trigger changes in lake-
edge wetland types and areas, influenced by 
hydrogeomorphological predictors such as 
water level, hydroperiod, and elevation.19

Our team focused adaptation 
recommendations around the infrastructure, 
cultural resources, and park users that/
who will be exposed to the expected climate 
hazards. We outline this section into four 
parts: vulnerabilities, adaptation strategies, 
asset management questions, and red flags. 
The vulnerabilities describe infrastructure, 
cultural resources, and visitors that may be 
affected by the key climate hazards. The 
adaptation strategies include infrastructural 
changes and park management practices 
that will increase the resilience of 
infrastructure, cultural resources, and visitors. 
The asset management questions are lists 
of questions that should be added to the 
current Asset Management system in order 
to identify and monitor key infrastructure’s 
conditions. The red flags are indicators that 
infrastructure is vulnerable to further damage 
and requires immediate attention. 
 
In addition to infrastructure and park 
management projects, park managers 
should work to maintain the ecological health 
and resilience of the local environmental 
systems.  The rich and diverse ecological 
systems of Michigan will be under 
considerable stressors including pollution, 
water temperature changes, differences in 
precipitation, and invasive species are likely 
to thrive. 

3. ADAPTATION STRATEGIES

Michigan is expected to experience higher 
high temperatures. These temperatures will 
lead to increased drought risk, wildfire risk, 
and infrastructure damage to everything 
from roads cracking and buildings damaged 
by wildfire. This damage is hard to avoid, as 
it is challenging to avoid rising temperatures’ 
effects.

Anticipated threats associated with warming 
include damage to buildings and other 
structures, buckling roads and parking lots, 
hazardous electrical utility settings, and 
diminished park use. After outlining the 
threats, adaptation tactics will be outlined 
and made clear. 

Additionally, asset management strategies 
will be covered in this section as they pertain 
to extreme heat. Finally, this section will 
establish thresholds for action to be taken 
to further adapt to the effects of climate 
change.

3.1 Extreme Heat and Warming Hazards

The effects of increased temperatures on 
structures in Michigan’s state parks will be 
significant. State parks boast a natural setting 
and natural-inspired design (“parkitecture,”) 
which, while aesthetically pleasing, can pose 
problems concerning wildfire control due to 
issues like proximity to nearby treelines and a 
lack of defensible space.20 

Rising temperatures bring increased 
likelihood of wildfires in Michigan’s state 
parks. Increased snowfall in winters, a result 
of climate change’s impacts to storms, 
leads to greater branch breakage, adding 
potential fuel to wildfires, especially in 
unmaintained forestland. While wildfires 
were once a natural occurrence, they are 
becoming more frequent and hotter around 
the globe as temperatures rise dramatically 
and poor forest management leads to brush 
fuel.21 For example, in recent years Porcupine 

BUILDINGS AND STRUCTURES VULNERABILITIES

Mountains Wilderness State Park reported 
three wildfires, one burning as much as 
approximately 1,100 acres due to a lightning 
strike.22 This exemplifies the rising risk of 
wildfires due to natural causes. Additional 
risks are present due to wildfires caused by 
human-made sources, which will be covered 
in the utilities section.

To combat the risk of wildfires, the USDA 
Forest Service recommends maintaining 
up to a 30-foot radius from buildings of 
low, green vegetation, and a 30 to 100-foot 
radius from buildings of fuel reduction; 
this refers to clearing brush from forest 
floors and eliminating adjacent trees in 
the fuel reduction zone.23 Implementing a 
fuel reduction zone of up to 100 feet from 
buildings deemed critical and located in 
forested areas will be a necessary adaptation 
to the increased risk of wildfires caused 
by extreme heat. PRD should evaluate all 
buildings vulnerable to fire and determine 
which critical buildings should have fuel 
reduction zones implemented. Asset 
management plans should also require a 
verification that buildings have adequate 
space available for emergency vehicles in 
the event of fire or other emergencies.

Rising temperatures will also bring increased 
cooling needs for park buildings like visitor 
centers and ranger stations. Some of these 
buildings may not currently be equipped 
with air conditioning. The Department of 
Natural Resources should consider an asset 
management plan that includes an audit 
of frequently-occupied buildings of this 
nature to determine their air conditioning 
capabilities and whether or not the buildings’ 
air conditioning should be upgraded.

Additional consideration should be placed on 
the cleanup of forest floors after heavy snow 
events. Particularly after a dry, hot summer, 
heavy snows cause branch breakage, 
leading to accumulation of wildfire fuel 
on the forest floor. As snow begins to melt 

in springtime, crews should clear downed 
vegetation from forest floors to reduce 
severity of potential wildfires.24

Heat is a considerable factor in the wear 
and tear of surface parking lots and asphalt 
roads. Increased temperatures lower the 
structural integrity of asphalt roads, leading 
to buckling and cracking over time.25

When feasible, roads should be constructed 
of concrete, which is considerably more 
durable than asphalt even though concrete 
roads come with higher construction costs. 
Asset management will consist of increased 
maintenance of roads and parking lots; 
sealing cracks and filling potholes will be 
more common. General management plans 
should be updated to include more thorough 
inspection and maintenance of roads and 
surface parking lots.

ROAD AND PARKING LOT VULNERABILITIES

ELECTRIC UTILITIES VULNERABILITIES 

The primary risk commonly associated with 
electrical utilities is the downing of overhead 
transmission or distribution lines. These lines 
carry high voltage over long distances, and 
are susceptible to damage from storms. If an 
electrical line is downed during or following 
an extreme heat event, the risk of wildfire is 
drastically increased. Potential fuel for the fire 
is abundant, and the higher temperatures 
lower the threshold for fire to spread.26

In addition to the risks associated with fire, 
downed electrical lines also can lead to 
complications related to power outages. 
Parks that operate on wells rely on electrical 
pumps to source water for structures as 
well as fire suppression. If a line is downed, 
causing fire, the compounding risk of a lack 
of fire suppression could be catastrophic.

Potential adaptations vary. Above ground, 
electric infrastructure should  be regularly 
cleared of vegetation to protect them 
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from fire or high wind events.. A further 
adaptation, although costly, is the transition 
to underground electrical lines. Underground 
conduit eliminates the risk associated with 
high wind and wildfire threats. Finally, to 
prevent loss of fire suppression or water 
pressure during outages, backup solar power 
should be installed at wells to provide pump 
power. This electricity could also be used 
to power critical systems during outages, 
such as ticket sales or ranger stations. This 
does not have to be limited to backup power 
either, as installing permanent, large-scale 
solar power infrastructure is of great benefit 
to parks economically and environmentally. 

General management plans should include 
language requiring the regular clearing and 
maintenance of transmission and distribution 
lines throughout state parks. New utilities 
in wooded areas should be considered as 
strong candidates for underground conduit 
rather than overhead lines.

PARK USE VULNERABILITIES

lengthen, but the rising temperatures 
could have a ripple effect resulting in more 
dramatic rain events.27

Popular adaptations to extreme heat include 
the addition of air conditioning and cooling 
centers throughout parks, as well as the 
introduction of more native and climate 
resilient shade trees. Shade trees on trails 
provide a much more pleasant experience 
for guests of the park hiking or otherwise 
recreating on trails. 

For rising heat, air conditioners are necessary 
additions to parks to provide relief from 
intense temperatures. Many parks in 
Michigan and throughout northern states are 
not equipped with air conditioning. However, 
it is a relatively inexpensive addition to park 
buildings that could be vital in the viability of 
park use throughout hot summer months.

In addition to air conditioning, cooling 
centers may become necessary for parks 
that experience intolerable climates in the 
future. An air conditioned tent or other large 
structure with seating and plentiful chilled 
bottled water is all it would take to prepare a 
cooling center at minimum.

A significant risk to state parks is the decline 
in park use associated with the effects of 
climate change. Increased heat may seem 
like a potential boon to attendance, as 
winters will generally shorten and summers 

Figure 2.4 Shaded Trail at Kal-Haven Trail State Park

Buildings and 
Structures

• How far away from the treeline is the building?
• Is there 100’ of defensible space?
• Is there adequate fire equipment access for the building?
• Is there working air conditioning in the building?
• Is fire suppression available without electricity? Is solar backup power 
available?

Roads and 
Parking Lots

• What is the road made of (paved or unpaved; asphalt or concrete)?
• Are there considerably large cracks or potholes in the road or parking lot? 
• Is the road surface appropriate for the level of traffic?

Electric Utilities • Are overhead distribution and transmission lines clear from tree branches?
• Are transmission line rights-of-way clear of dense vegetation and 
accessible?

This section concludes with a list of asset management survey questions to be included for park 
managers, as well as a list of red flag conditions that indicate the need for immediate action in 
response to climate change. The asset management questions are for inclusion in the facilities 
asset management survey conducted by park managers. Red flags should be available to all 
relevant parks staff and action should be taken to rectify any conditions as soon as possible.

ASSET MANAGEMENT SURVEY QUESTIONS RELATED TO EXTREME HEAT AND WARMING

RED FLAGS FOR EXTREME HEAT AND WARMING

Buildings and 
Structures

• Cooling systems unable to maintain comfortable temperatures.
• Fire suppression is unavailable without electricity.

Roads and 
Parking Lots

• Surfaces cracking and/or melting due to heat.

Electric Utilities • Overhead lines make contact with tree branches
• Electrical system unable to provide key services during outage (insufficient 
backup).
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Climate adaptation for flooding involves 
gray and green infrastructure to reduce the 
risks and vulnerabilities of more frequent and 
extreme storm events. There are four main 
approaches to climate adaptation to extreme 
storms and flooding: protect, accommodate, 
avoid, and retreat. These methods provide 
different approaches depending on the type 
of weather and flooding events that affect 
the land and infrastructure (see figure 2.5).28

• Protection strategies refer to physical 
barriers that stop or separate floodwaters 
from entering particular areas. Gray 
infrastructure strategies that stop 
floodwaters could include dams, levees, 
and riprap.29 Green protection strategies 
could include coir rolls and dunes.30 Coir 
rolls are large rolled logs that are filled 
with natural fibers that act to slow erosion 
and floodwaters. Similarly dunes naturally 
work to absorb and slow down floodwaters. 
Protection strategies are most effective for 
areas that experience flooding from lake 
level or riverine level rising. These strategies 
are most relevant to the “Shoreline Erosion” 
and “Lake Level Variation” sections.
• Accommodation involves designing 
buildings and infrastructure to be more 
resilient to flooding by minimizing water and 
flood damage. This could include raising 
structures above flood levels, designing 
buildings with flood-resistant materials, 
and/or constructing stormwater storage 

3.2 Increased Storm Event Hazards

Figure 2.5 Protect, Accommodate, Avoid, and Retreat

around the infrastructure (ie. bioswales or 
retention ponds). These strategies are most 
effective for areas that experience continual 
minor flooding or occasional extreme 
flooding. 
• Avoiding refers to avoiding new 
development in areas prone to flooding. 
This is mainly used for areas at high risk for 
flooding such as floodplains and floodways, 
or areas near rising sea or lake levels. This 
can include regulations that prohibit or limit 
development in areas that are currently or 
are predicted to be high risks to flooding. 
• Retreating involves moving structures 
from areas that are at high risk for 
flooding. This may be necessary in areas 
where protection and accommodation 
measures are too expensive, insufficient, 
or unreasonable. This approach will likely 
be the main measure to adapt the cultural 
resources within Michigan state parks. 

A combination of these approaches may 
be necessary to adapt to the increasing 
risks of storm events and flooding. Different 
approaches may be more appropriate for 
different areas which will depend on the cost 
of protection, availability of suitable land for 
avoiding or retreating, and the level of worker 
capacity for different approaches. 

These flooding adaptation methods 
(Protection, Accommodation, Avoiding, 
and Retreating) will guide the following 
recommendations to adapt park 
infrastructure and cultural resources. 

Many trails are built near water features 
and are prone to high soil moisture 
concentration.31 Increased precipitation and 
snowmelt will result in flooded or muddy trails 
which can be susceptible to damage and 
widening with overuse. Intense storms can 
also knock down trees or branches which 
may fall onto the trail and create barriers 
for park visitors. Creeks and riverines may 
also flood which can damage small bridges. 
As the climate of Michigan changes, the 
frequency and cost of maintenance of trail 
infrastructure will increase, particularly on 
popular trails.32

In areas that have particularly high flood 
risks, avoid and retreat methods should be 
prioritized. Rerouting trails and sections of 
trails with highest flood risks to areas that will 
be necessary.36 Park management should 
consider the possibility of higher water levels 
for areas where trails that pass by creeks and 
rivers.

TRAIL VULNERABILITIES

Muddy Trails

For consistently muddy sections of trails, the 
more long term solution and environmentally 
friendly option would be to retreat. This 
means that muddy sections of trails should 
be relocated to align with side-hills and 
include sloping trail grades.33 This will 
allow water to run off, rather than sit on 
flat surfaces. Future trail developments in 
areas prone to flooding or mud should be 
constructed along higher elevations with 
sloping grades. Additionally, park managers 
could deter the use of problematic trails by 
closing off trails during wet seasons. 

Retreat and Avoid

Accommodate:

When retreating or avoidance methods 
are not feasible, there are options to 
accommodate the trails to reduce mud 
and water retention. Muddy sections of 
trails could be hardened with larger rocks 
or geosynthetics such as geogrids, geonets, 
and cellular contaminants of substrates.34 
Geosynthetics are the unnatural adaptation 
method, but they can help with additional 
drainage, better tread holds, and they require 
less infill.35  

Flooded Trails

Retreat

Commonly flooded trails can be 
accommodated by modifying infrastructure 
for future climates. This could include 
boardwalks or sections of boardwalks 
that raise the trail above the floodwaters. 
Additionally, culverts can be added or 
increased in size to accommodate additional 
water flow. Trails that cross creeks and 
rivers should have bridges that are made 
of materials that are rot resistant.37 The 
bridges should also be at a height that 
accommodates higher water levels. 

Accommodate:

Widening Trails

Accommodate:

Hikers typically step along the edges of trails 
that are flooded or muddy. This can lead 
to widening of the trails and trampling of 
trailside vegetation.38 Popular trails that also 
experience muddy or flooded trails should 
be accommodated by putting logs or large 
rocks along the edge of the trail to deter 
walking off trail. 

Additionally, a way to keep hikers from 
widening trails is to place educational 
signs around the park to communicate the 
consequences of widening.39 This could 
additionally inform visitors about vegetation 
or animals that may be vulnerable to being 
trampled. 
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Buildings and structures that are located 
near water features will be particularly 
vulnerable to flooding and damage after 
frequent and intense weather events. Indoor 
flooding may occur due to pooling around 
structures or through leaks in the building. 
Extreme weather events such as strong 
winds, heavy snow, and ice can directly 
damage buildings or they can cause trees to 
fall on buildings. 

by waterproofing windows or adding french 
drains and gutter extensions to help move 
water away from the building. In areas where 
there are occasional floods due to acute 
shocks, such as flash floods, buildings may 
need to be retrofitted by raising it above the 
height of flood waters. This is a very costly 
adaptation measure, but can reduce flood 
insurance premiums.41

BUILDING AND STRUCTURE 
VULNERABILITIES

Heavy Rain Flooding and impacts on 
Buildings and Structures

There are different forms of accommodating 
buildings for heavy rain flooding to prevent 
structural damage.

Accommodate:

Buildings can be accommodated to protect 
them from rain runoff flooding areas close 
by. Installing rain barrels can keep rainwater 
from pooling near foundations. Rainwater 
can be safely retained in rain gardens 
and french drains as well. If buildings are 
located in areas where water frequently 
floods or surrounds the building, the heating 
and cooling equipment should be moved 
to higher elevations within the building to 
prevent the risk of flooding the equipment.40 
It is common for older infrastructure to have 
sewage and stormwater systems together. 
This causes major issues when the water 
system is inundated and untreated sewage 
can come back into the building. In these 
cases, backflow valves can be installed 
to prevent sewage from coming up in the 
building. 

Buildings that experience frequent flooding 
in a specific area should install a sump 
pump to remove water from the building. 
Park managers can put sandbags in 
front of expected flood waters as a rapid 
response to flooding in specific areas. 
Additionally, buildings can be weatherized 

In areas that experience continuous major 
flooding, buildings and structures should be 
relocated. Moving the structure to higher 
elevations will reduce the risk of flooding the 
most. However, this adaptation measure is 
very costly; it requires the building to have a 
solid structure that can withstand the forces 
of moving the building.42 Additionally, new 
structure developments should consider 
the location of rising lake levels and river 
levels as precipitation increases with climate 
change. The decision to physically move 
buildings away from flood zones, versus 
abandoning old buildings and constructing 
new ones will need to be assessed by the 
cultural significance, available land for new 
development, and costs involved. 

Retreat or Avoid

Wind speeds will likely increase with more 
intense and frequent storms from climate 
change. Additionally, warming temperatures 
will make snow wetter and heavier and ice 
storms may be more frequent. Wind, ice, and 
heavier snow can put considerable stress 
on buildings and structures causing direct 
damage. These stressors can also damage 
trees which can fall on buildings and 
structures.

Storm Damages to Buildings and Structures

Accommodate:

Weatherizing buildings to reduce moisture 
condensation and leaks will be important for 
maintaining structural resilience to withstand 
heavy snow, ice, and strong winds. This will 
prevent moisture from rotting or weakening 

weight bearing structural components. The 
top chords of trusses, rafters, purlins, and 
truss plates are most vulnerable to water 
damage (see figure 2.6).43 Additionally, 
buildings should be made with strong roofs, 
walls, floors, and foundations that will be 
resilient to strong winds and potentially 
tornadoes.44

When structures show signs of holding more 
weight than they are meant to handle, park 
managers will need to remove the snow. 
Caution should be taken when removing 
snow because it can make the higher up 
snow quickly slide down the roof. 

HARBORS AND BOATING VULNERABILITIES

Harbors and boating will be impacted by 
more extreme weather conditions such as 
fast winds and rapid atmospheric pressure 
changes. These impacts can result in storm 
surges, seiches, and in the more rare case 
edge waves.45 

Storm surges are temporarily occuring high 
waves that are created by strong winds that 
can reach a height of one to eight feet in the 
Great Lakes (see figure 2.7). They are most 

Figure 2.6 Top chord diagram

common on the western and eastern coast of 
Lake Erie, but they can also occur in shallow 
bays that have long distances of open water 
where wind can blow across it.46 Edge waves 
are the most rare form of storm surge which 
is created by a derecho, or long line of strong 
thunderstorms.47

Seiches are similar in the way that wind 
pushes water into larger waves at one side of 
a lake (see figure 2.8). Seiches are different 
from storm surges because they are created 
by atmospheric pressure changes, fast 
moving weather fronts, and strong shifting 
winds.48

All of these forms of lake level changes occur 
during extreme storm events and can cause 
flooding or extremely low shoreline levels. 
Larger waves, storm surges, and seiches can 
damage harbors and boating infrastructure 
with wave impacts. Moreover, extremely low 
tides can damage harbors and boating by 
scraping the bottoms of boats. Therefore, the 
frequency and cost of maintenance of harbor 
and boating infrastructure will increase. 

Figure 2.7 Storm Surge Diagram Figure 2.8 Seiche Diagram
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Storm surges and seiches that create high 
water levels with larger waves can damage 
harbors and boating infrastructure with 
wave impacts. Michigan state parks that are 
located in high risk areas for storm surges or 
seiches should prepare to plan for additional 
repairs and upkeep maintenance to 
sustain the resilience and stability of harbor 
infrastructure. 

Harbors can become resilient to temporarily 
higher water levels by maintaining, modifying, 
or replacing weaker harbor and boating 
infrastructure with stronger made materials. 
For example, wood docks are less resilient to 
freezing and rotting whereas polyethylene, 
aluminum, and steel are more durable. 

Pilings, which are wood, concrete, or metal 
posts that anchor docks should also be 
regularly maintained and assessed for 
damage by park managers. Piling can be 
repaired or replaced with more durable 
materials, like concrete or metal. Semi-rotted 
wood pilings can be repaired with steel pipe 
halves that are bolted together around the 
piling (see figure 2.9).49,50

When water levels become particularly low, 
marinas will need to adapt so that boats 
do not scrape their bottoms in abnormally 
shallow waters during and after storms. 
Though it is costly, regular dredging in 
harbors can help boats safely navigate 
through shallower waters. Furthermore, 
dredging simultaneously helps manage 
siltation and erosion. 

Harbor infrastructure made from wood will 
become more susceptible to rot damage 
when it is exposed to the open air during 
low water levels. Park managers should 
regularly assess and maintain key harbor 
infrastructure such as docks, slips, and dock 
pilings.51 

High Water Levels in Harbors

Accommodate:

Low Water Levels in Harbors

Accommodate:

ROADS AND PARKING VULNERABILITIES

Roads and parking lots maintenance 
will increase with snow, ice, and rain 
precipitation. Increased precipitation during 
winter months will likely include more snow 
and ice, which requires heavy road and 
parking lot maintenance. Warmer winter 
months with fluctuanting freezing and non-
freezing temperatures will damage roads 
when water gets into cracks and expands, 
thus creating potholes.

Flooded parking lots and roads can damage 
the road materials, but it also can create 
problems for the surrounding water systems. 
Impervious pavement can move runoff 
quickly, which can move road contaminants 
into waterways and overburdened 
stormwater systems.

Figure 2.9 Maintained Pilings

Road Maintenance

Road maintenance frequency and costs 
will likely increase as a result of climate 
changes. This will include winter road 
maintenance such as salting and snow 

Accommodate:

plowing. Additionally, with warmer winter 
temperatures and more precipitation, the 
State Parks should expect to perform more 
road repairs such as pothole and crack filling. 

used by Wayne County, Michigan when they 
worked to convert large park areas to native 
habitat and reduce the amount of runoff in 
stormwater systems. Similar to all roadside 
plantings, bioswales, and rain gardens, the 
line of sight may be impacted if taller natives 
are planted. Additionally, there will be initially 
higher maintenance needed to establish the 
plants.52, 53

Heavy Rain Flooding and Impacts on Roads 
and Parking Lots

Accommodate:

There are many adaptation solutions for 
roads and parking lots to move rainwater 
off the paved surface. The slope grading of 
parking lots and roads should water off the 
road to nearby locations. The slope can be 
adjusted to allow water to move toward safe 
water storage locations. Green infrastructure 
will be the most sustainable method for 
safe water storage of excess runoff. The 
following examples of green infrastructure 
for water storage can be constructed and 
used in combination with one another. The 
appropriate form and/or combination of 
water storage method(s) will depend on the 
grading of the surface and amount of runoff 
that needs to be accommodated for. 

Native plant grow zones can be planted with 
native, deep-rooted, salt-resistant plants that 
will be able to absorb large amounts of runoff 
(see figure 2.10). Native plant grow zones 
can be planted in open areas along roads 
where the stormwater runoff moves off by 
sheetflow. Native plant grow zones have been 

Figure 2.10 Roadside native plant grow zones

Rain gardens are another way to collect 
stormwater runoff along roads and parking 
lots. They are shallow depressions in the 
ground that are planted with native, deep-
rooted, and salt-resistant plants which will 
hold the water and filter it through the soil.54 
Rain gardens should be installed in areas 
where water flows heavily over the side of the 
road or parking lot, or it can be located where 
stormwater pipes outlet. Rain gardens are 
shallow, but can hold more water depending 
on the space available. 

Bioswales are similar to rain gardens in 
the way that they are shallow depressions 
with native, deep-rooted, and salt-resistant 

Figure 2.11 Roadside rain garden 
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plants. However, the purpose of bioswales 
is to move water from roads and parking 
lots toward another water storage location 
such as a rain garden, detention basin, 
or retention pond. In the case that water 
storage developments are unable to handle 
the amount of runoff, bioswales can include 
stormwater pipes that take runoff away from 
the site.55

In cases with larger amounts of runoff and 
there is large amounts of space nearby, a 
detention basin or retention pond may be 
a necessary development. Both detention 
basins and retention ponds can hold large 
amounts of water and are shaped in similar 
ways. To differentiate the two, detention 
basins include an outlet structure that 
moves water away from the site, whereas 
retention ponds do not have an outlet 
structure. Detention basins tend to be dryer 
than a retention pond. Since the detention 
basin outlet structure lets water move 
immediately toward stormwater outlets, it 
does not contribute to considerable water 
quality improvements.  Additionally, detention 
basins should be designed to drain within 3 
days.56 If they do not drain properly, they can 
become breeding grounds for mosquitoes 
because detention basins may hold shallow, 
still water, whereas retention ponds typically 
hold deeper water.57 Retention ponds do not 
have an outlet structure, which allows them 
to hold more water over long periods of time. 
Retention ponds can also provide habitat 
for marine animals, native plants, and birds. 
In order to keep both retention ponds and 
detention basins clear of mosquito breeding, 
park management should work to keep 
the inlets, outlets, and the bottom of the 
pond clean of debris; maintain erosion; and 
maintain vegetation around the ponds. 

New developments of parking lots and 
roads in areas that experience frequent and 
higher amounts of flooding could benefit 
from additionally installing pervious (or 
permeable) pavement materials. Pervious 

pavement allows stormwater to infiltrate 
into the soil, which minimizes wear on the 
pavement. The type of permeable pavement 
design can influence the durability of the 
surface, which can include pavers, porous 
asphalt, or pervious concrete (see figure 
2.12). However, permeable pavement costs 
twice as much as regular pavement, and it 
also requires regular maintenance to clean 
out debris that will stop water from filtering 
through the pavement.58

As a local Michigan example, the city of Ann 
Arbor has used pervious pavement for low 
volume streets. The city of Ann Arbor has 
used pervious concrete for alley way and 
pavers that line streets. Due to the high cost 
and maintenance of pervious pavement, 
this stormwater management infrastructure 
should be carefully planned to make sure 
that the site will be a long term location of a 
road or parking lot that will not be at high risk 
of erosion or lake level rising. 

The type of pervious pavement that the 
parks may install will be dependent on the 
area that needs to be paved, the budget, 
and subsurface make-up to allow water to 
filter through the ground.59 The cost-benefit 

Figure 2.12 Different types of pervious 
pavement

Case Study Example:

analysis of installing pervious pavement 
should also include long term costs such as 
semi-annual pavement sweeping. 

There are multiple parks in Michigan that 
have made use of the transmission line 
cleared zones by developing biking and 
walking paths along the border zone of the 
clearing. The Canton Trail System has a 
section located along a transmission trail for 
three miles.61 The Novi ITC Corridor Trail is also 
located along transmission line clearings, 
and it connects different trails by hiking and 
biking routes (see figure 2.14).62,63

Retreat:

Roads that are located near bodies of water 
that experience frequent and extreme 
flooding to the point where roads are closed 
often, should be relocated or alter the path of 
the road to higher elevations when possible. 

ELECTRIC UTILITY VULNERABILITIES 

Electricity supply will likely be disrupted by 
more frequent and intense storms that can 
directly or indirectly damage electricity 
distribution infrastructure. Strong wind 
and heavy snow precipitation can directly 
damage distribution power lines; though 
most commonly, strong wind and heavy 
snow can take down trees and limbs that pull 
down lines or poles.

Direct Storm Damage to Power Lines

Avoid:

Power lines that are high above the ground 
are the most common way to distribute 
electricity because they are the cheapest to 
install. Underground power cables are much 
more resilient to fallen trees and different 
weather conditions, but they are much more 
expensive to install.

Tree Damage to Power Lines

Transmission lines typically have large 
vegetation removed by clear cutting trees 
(see figure 2.13). This largely reduces the 
risk of fires and downed transmission lines 
which are particularly expensive and high 
voltage. Similarly, the distribution power lines 
that lead to lights and buildings in the parks 
should keep clear zones around power lines 
to reduce the risk of fallen trees. This means 
that park management should regularly 
prune branches away to keep conservative 
distances from the lines.60

Avoid:

Figure 2.13 Transmission line clear zones

Case Study Example:

Figure 2.14 Novi ITC Transmission Trail
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In the case that extreme storm events take 
out the power, there can be multiple effects 
to the park structures and lighting. This can 
impact infrastructure that park staff and 
visitors rely on for safety, comfort, or business 
(ie. indoor and outdoor lighting, heating and 
cooling systems, cashier registers, and water 
pump systems). Water, heating, cooling, and 
light may be essential for park visitors and 
staff’s resilience during inclement weather 
and emergencies. 

Local solar power production and generators 
should be considered to develop electrical 
resilience at the state parks.  However, 
solar power generation is a much more 
sustainable and cost effective option 
compared to diesel generators.64 Additionally, 
switching to renewable energy production 
reduces the parks’ environmental impacts 
and fulfills the Parks and Recreation Division’s 
Green Initiatives Principle 1: Waste and Energy 
Reduction.

storage such as rain gardens, bioswales, 
detention basins, and retention ponds can 
build resilience of stormwater systems. 
By absorbing or holding rainwater, these 
stormwater storage systems can slow down 
stormwater from moving to nearby bodies of 
water and filter pollutants. These systems will 
be particularly important during flash flood 
events which can quickly move sediment and 
cause erosion. 

Park managers should be aware if the park 
has a combined stormwater and sewage 
systems. Combined sewer systems are 
vulnerable to overflow with increased 
precipitation and extreme storm events. 
Combined sewer overflows will pollute nearby 
streams and bodies of water with untreated 
sewage. In order to avoid this, park managers 
should plan to have separate stormwater 
and sewage systems installed. 

STORMWATER SYSTEM VULNERABILITIES 

More frequent and intense precipitation 
events will lead to increased pressure 
on stormwater systems. The timing and 
distribution of precipitation will also impact 
stormwater systems, which may lead to 
overflowing stormwater systems and culverts. 

Accommodate:

Stormwater systems may need to be 
designed or upgraded to handle larger 
volumes of runoff, which could include 
increasing the capacity of stormwater 
pipes, storage facilities, culverts, and other 
infrastructure. 

As discussed in the “Roads and Parking 
Vulnerabilities” section, stormwater 

CULTURAL RESOURCE  VULNERABILITIES 

Cultural resources within Michigan state 
parks can include architectural historic sites, 
historic archeology, prehistoric archeology, 
and underwater sites such as shipwrecks.65 
Many of the cultural resources will be at risk 
due to excess precipitation and intense storm 
events as a result of climate change. Excess 
rain will likely weather historic structures and 
archaeological sites, and extreme weather 
events will make archaeological resources 
vulnerable to inundation. 

Furthermore, many of the archeological 
resources within the state parks also have 
not been found, inventoried, or identified 
yet. Flooding events have a high potential to 
wash away topsoil and uncover new cultural 
resources. As new cultural resources are 
discovered and more visitors come to the 
parks, they may be at risk of looting and theft. 
This is particularly common for beached 
shipwrecks and stealing shipwreck wood for 
reclaimed wood furniture.66 

Power Outage

Accommodate:

Heavy Flooding Events and Stormwater 
Systems

Additionally, as the parks’ landscapes change 
and develop as a result of climate change, 
cultural resources may be uncovered during 
trail, road, or other construction activities. 
In these cases it is important to value the 
unearthed archaeological resources and act 
accordingly to preserve them. 

community, there are potential economic 
development gains to the widespread 
appreciation and research. When researchers 
visit the sites and stay in the community, they 
simultaneously support the local tourism 
industry and may rent boat time or other 
equipment to visit the shipwrecks.67 

Exposure, Weathering, and Theft of Cultural 
Resources

Protect:

In most cases protection measures for known 
archeological sites will be the most plausible 
strategy to enhance the resilience of cultural 
resources. The most feasible protection 
measures will require Park Managers to 
plan for an inventory of cultural resources, 
to develop community appreciation, and 
educate the public about the cultural 
resource. 

In many cases, there is no option to 
accommodate cultural resources due to 
their fragile nature. However, developing 
community appreciation and knowledge can 
help develop plans to preserve archeological 
artifacts and/or discourage theft.  Park 
managers should develop partnerships with 
experts and proper representatives within the 
Michigan Tribal Historic Preservation Officers, 
Tribal Cultural Representatives, and State 
Historic Preservation Officers. These local 
experts can help identify cultural artifacts 
and educate people of their history and 
value. Developing community appreciation 
and a sense of pride is an important way to 
protect cultural resources. 

Case Study Example:

Thunder Bay National Marine Sanctuary 
protects the many shipwrecks in Lake Huron 
off the coast of Michigan through legal 
conservation boundaries and educational 
outreach. The sanctuary supports research, 
education, and community involvement 
which protects the shipwrecks through 
local networks. In addition to the supportive 

Flooded Cultural Resources

Cultural resources are not as flexible 
to adaptation due to the fact that they 
cannot be changed or moved easily or at 
all, and they tend to be very fragile. There 
are cases where historic architectural sites 
can be adapted and relocated. However, 
this is specific to the structural soundness 
of the building and capacity for structural 
accommodations without drastic change to 
the building. 

Accommodate and Retreat:

More frequent and intense storms can create 
unfavorable or hazardous conditions for 
park visitors. Days with intense storms will 
certainly deter visitors, however warming 
temperatures will likely extend the visitation 
season beyond the current peak visitation 
season (Memorial Day to Labor Day). 

The aforementioned sections have described 
the impacts climate change will have 
on infrastructure due to the prediction of 
increased frequency and intensity of storms. 
Infrastructure damage will also impact 
visitors’ experiences of parks and will likely 
limit accessibility to the parks when trails, 
roads, and parking lots are closed or partially 
closed. 

Though there will likely be more precipitation, 
projections estimate that there will be less 
overall snow and shorter durations of snow 
cover. This will alter the winter activities that 
park visitors are able to participate in. Snow 
dependent activities such as snow shoeing, 
skiing, and snowmobiling will become 

PARK USE AND VISITATION VULNERABILITIES
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increasingly more expensive to maintain with 
artificial snow, there will be shorter periods 
to partake in these activities, or possibly 
unfeasible in certain areas. 

Despite the more extreme weather conditions 
and infrastructural damage due to climate 
change, visitation to parks is expected to 
increase within areas that will have relatively 
milder climate impacts.68,69 

During and After Storms

The main way to build park visitor’s 
resilience to extreme weather conditions is 
to educate people to prepare expectations 
and preparedness. Park managers should 
educate visitors about the volatility of climate 
change and how it is difficult to predict 
future weather conditions. Therefore, visitors 
should be educated about emergency 
preparedness. Educating visitors could 
include permanent or temporary signage, 
workshops, or tours of the impacts the park 
has experienced. 

Parks should have publicly accessible and 
resilient shelters available for visitors to reside 

in case of emergency during extreme storm 
events, which should be well publicized to 
visitors. This could include shelters to reside 
during rain events, extreme cold conditions, 
and extreme wind events that could include 
tornadoes. 

After extreme weather conditions, the park’s 
infrastructure and environment may be 
damaged. Park managers should work to 
close off hazardous areas or areas that may 
be vulnerable to treading from visitors. Park 
managers can educate visitors about how to 
avoid dangerous areas and “leave no trace” 
practices to protect themselves and the 
vulnerable environment around them. 

Park managers commonly struggle to fix 
issues around the parks due to the insufficient 
budgets and staffing. Visitors should be 
provided information about the limitations of 
park management to fix issues around the 
park. These limitations could potentially be 
an opportunity to ask for community help 
around the park, such as volunteer labor, 
donations, or alternative partnerships.  

Figure 2.15 Tree damage after storm

Trails • Is the soil type around trails conducive to rainwater absorption?
• Does it have a strong drainage capacity? 
• What condition is the trail bridge in? Are bridges on trails strong enough 
to withstand higher water levels? Are bridge materials made of rot resistant 
materials?

Buildings and 
Structures

• Is the building at the bottom of an elevation grade change?

Harbors and 
Boating

• Is the harbor infrastructure resilient to storm surges or larger waves? 
• Is the harbor infrastructure adaptable to extremely low tide levels? 
• Is the harbor infrastructure made from rot resistant materials? 

Roads and 
Parking

• Is the road paved or unpaved?
• Are there considerably large cracks or potholes in the road or parking lot? 

Electrical 
Utilities

• Is there a buffer zone separating power lines and trees? 
• Is there a backup electrical source for emergencies to operate water 
pumps, park operations, and lighting?

Stormwater 
Systems

• Is the stormwater system combined with sewage? 
• Do culverts consistently flood over their capacity? 

The following Asset Management Survey Questions and Red Flags are meant to organize data on 
the structural conditions and identify vulnerabilities of the park infrastructure. 

ASSET MANAGEMENT SURVEY QUESTIONS RELATED TO STORM EVENTS

RED FLAGS FOR INCREASED STORM EVENTS

Trails • Trampled vegetation 
• Consistently muddy trail sections  

Buildings and 
Structures

• Water pooling next to foundation
• Foundation Cracks
• Stormwater leaks in the building

Harbors and 
Boating

• Fixed height docks
• Too much height between the dock and the water level 
• Not enough space between the dock and the water level
• Exposed wood docks or pilings 

Roads and 
Parking Lots

• Water pooling in a certain section of parking lots or roads
• Consistently closed roads

Electric Utilities • Extreme sagging during winter storm events
• Branches reaching over power lines 
• Power outages for extended periods
• Potable water systems on a pump system that is reliant on electricity

Stormwater 
Systems

• Combined stormwater and sewage systems
• Inundated culverts 
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Climate change has led to significant 
shoreline erosion in Michigan state parks, 
particularly along the coastline. Coastal 
erosion is a process by which local sea level 
rise, strong wave action, and coastal flooding 
wear down or carry away rocks, soils, and 
sands along the coast.70 The rising water 
levels in the Great Lakes due to climate 
change are exacerbating erosion problems. 
For instance, the water level of Lake Michigan 
has increased by six feet since 2013, and the 
levels are predicted to continue rising in the 
coming decades.71

To address shoreline erosion, it is crucial to 
conduct asset management surveys that 
identify vulnerabilities and develop erosion 
prevention strategies. These surveys focus 
on various aspects of park infrastructure, 
including trails, buildings, roads, and 
electrical systems, as well as cultural 
resources and the overall park experience. 
Furthermore, red flags are suggested to 
indicate issues or vulnerabilities that could 
compromise the safety, resilience, or long-
term functionality of park assets.

construction projects to provide stabilization, 
filtration, and drainage), retaining walls, 
and vegetation planting is also important. 
Additionally, park management should 
regularly inspect and repair affected trails 
and install barriers and signs to guide visitors 
away from hazardous areas.

3.3 Shoreline Erosion

TRAIL VULNERABILITIES 

Trail instability refers to the wear and tear 
that occurs on the surface materials of a trail 
due to natural causes. This can cause the 
surface of the trail to become uneven and 
loose, resulting in ruts and holes that can 
make the trail unsafe and unsustainable. If 
left unchecked, this erosion can make the trail 
unusable due to safety concerns or difficulty 
navigating.72

Trail Instability

Accommodate:

For trails, we can realign them, add 
boardwalks, and construct erosion-resistant 
paths. Implementing erosion control 
measures like geotextiles (permeable fabric 
materials used in civil engineering and 

Case Study Example:

California State Parks initiated a project to 
address erosion issues by removing and 
recontouring trails. Interventions included 
selected trails were closed and removed 
using techniques such as decompacting 
soil, restoring natural contours, and re-
establishing native vegetation. The 
recontouring process minimized the visual 
impact of the removed trails and aided 
in the recovery of damaged ecosystems. 
The trail removal and recontouring project 
in California State Parks has successfully 
addressed erosion issues and improved the 
overall trail network.73 (See figure 2.16).74

Figure 2.16 Trail Obliteration and Rehabilitation

Erosion can undermine the stability of the 
foundation, and structural harm occurs to 
the base of buildings and other infrastructure 
due to the wearing away of soil, rock, or other 

BUILDINGS AND STRUCTURES 
VULNERABILITIES 

Foundation Damage

materials, leading to potential issues such as 
cracks, settling, or even collapse.75

or gravel, leading to potholes, cracks, and 
bumpy surfaces. Additionally, when erosion 
wears away the soil underneath these areas, 
it can weaken their overall stability and 
structure.

Accommodate:

HARBORS AND BOATING VULNERABILITIES 

In order to protect building foundations, 
erosion control measures like retaining walls, 
vegetation, or drainage systems should 
be installed. By regularly inspecting and 
maintaining foundations, park managers can 
detect and address potential issues before 
they escalate. Additionally, structures should 
be designed and built with erosion-resistant 
foundations, such as piers or piles, which 
elevate the structure above erodible soil.76 In 
some cases, at-risk-structures will need to 
be relocated away from erosion-prone areas 
like coastal or riverbank zones, or unstable 
slopes. 

Loss of Protected Mooring Areas or Docking 
Infrastructure 

Accommodate:

As shorelines erode, natural harbor areas 
or coves may change in shape and extent, 
resulting in a decrease in available sheltered 
spaces for mooring or anchoring boats. This 
erosion can also undermine the stability and 
functionality of vital shoreline structures, such 
as docks, piers, and boat ramps.

ROAD AND PARKING VULNERABILITIES 

Surface Deterioration and Subsurface 
Undermining

Erosion has the potential to damage parking 
lots and roads by breaking up the asphalt 

To reduce wear and tear on roads and 
parking lots, stronger, weather-resistant 
materials should be considered during 
construction. Establishing regular 
maintenance schedules can facilitate 
prompt identification and repair of damages. 
Regular inspections and geotechnical 
assessments can detect areas of weakness 
or erosion before they become major issues. 
Moreover, it is essential to integrate erosion 
control methods such as efficient drainage 
systems, retaining walls, and vegetation to 
reinforce the soil and diminish the effects of 
water runoff.77

Accommodate:

As shorelines erode, the soil around the 
underground wiring can be washed away, 
leading to exposure and potential damage 
to the cables.78 This can disrupt the electrical 
supply and communication networks, 
as well as compromise the functioning 
of stormwater systems. Furthermore, the 
erosion of shorelines can also lead to the 
undermining of nearby structures, increasing 
the risk of damage or collapse, which may 
also impact the underground wiring and 
stormwater systems.79

ELECTRIC AND STORMWATER SYSTEM 
VULNERABILITIES 

Unstable Underground Wiring

We recommend planting trees and stabilizing 
riverbanks to help control soil erosion, which 
in turn reduces sediment accumulation in 
waterways. To enhance the durability of 
underground wiring systems, it is advisable 
to use stronger materials and protective 
casings.80

Accommodate:

Employ erosion control measures like 
installing riprap, constructing seawalls, 
or utilizing living shorelines to stabilize 
eroding areas and protect crucial boating 
infrastructure. Additionally, adopt adaptive 
design elements, such as floating docks 
or modular piers, that can accommodate 
changing shoreline conditions and water 
levels.
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Erosion can cause the loss or degradation 
of historic trails and pathways, exposure, 
damage, or destruction of buried cultural 
remains, artifacts, and features due to 
the wearing away of soil and sediment 
layers. Increased erosion can also lead to 
the exposure and degradation of buried 
archaeological sites. 

Erosion can lead to closures of park facilities, 
like campgrounds or picnic areas, as well as 
reducing the size of beaches, meadows, or 
other recreational areas. Also, erosion can 
create hazards like falling rocks, landslides, or 
unstable ground.82

CULTURAL RESOURCES VULNERABILITIES 

Degredation of Historic Trails and Pathways 
and Loss of Archaeological Sites

Accommodate:

We propose regularly maintaining and 
restoring historic trails and pathways 
by clearing debris, repairing damaged 
sections, or reinforcing vulnerable areas with 
erosion-resistant materials. We should also 
incorporate cultural resource protection into 
long-term park management and climate 
adaptation plans. Raising public awareness 
about the importance of cultural resources 
and the risks posed by climate change and 
erosion is crucial.81 Encouraging responsible 
park use and visitor behavior can also help 
minimize human-induced erosion.

PARK USE VULNERABILITIES 

Limited Access to Facilities, Loss of Recreation 
Areas, or Safety Hazards

Accommodate:

Relocating or reinforcing vulnerable facilities 
should be considered to minimize disruptions 
to park operations and visitor experiences. 
This might entail moving campgrounds or 
picnic areas, or strengthening structures such 
as restrooms or visitor centers. Revitalizing 
eroded recreational zones, such as beaches, 
meadows, or playgrounds, through the 
addition of new sand, soil, or vegetation, or 
by implementing erosion-resistant elements 
like sand fences or retaining walls, is crucial.83 
Most importantly, installing safety features, 
such as warning signs, barriers, or fencing, 
to inform visitors of potential erosion-related 
hazards and safeguard them from harm is 
importance.

Figure 2.17 Eroding Shoreline Close Cabins at Tawas State Park

The following Asset Management Survey Questions and Red Flags are meant to organize data on 
the structural conditions and identify vulnerabilities of the park infrastructure. 

Trails • What is the current condition of the trail?
• What are the most vulnerable sections of the trail network?
• What are the primary causes of instability? And what are the potential 
consequences of trail instability?

Building and 
Structures

• What is the estimated remaining useful life of the building, and how does 
shoreline erosion affect this estimate?
• What are the erosion rates and patterns in the park?

Harbors and 
Boating 

• Are there visible signs of erosion, such as collapsing banks or exposed 
roots, along the shoreline near harbors and boating infrastructure?
• Has any infrastructure, including docks, piers, boat ramps, or waterfront 
amenities, been damaged or undermined due to erosion?

Roads and 
Parking

• How can we assess the current condition of surfaces and underlying 
support?
• What are the primary causes of erosion-related surface deterioration and 
undermining in the area?
• What specific erosion control measures have been implemented, and have 
they been effective in stabilizing the soil and reducing the impact of water 
runoff on the area?

Electric Utilities • Are there any noticeable signs of erosion around riverbanks or 
underground wiring systems?

Stormwater 
Systems

• What measures are in place to monitor and control sediment buildup and 
erosion at the site?

ASSET MANAGEMENT SURVEY QUESTIONS RELATED TO SHORELINE EROSION

RED FLAGS FOR SHORELINE EROSION

Trails • Steep or eroding banks alongside trails
• Cracks, slumping, or a visible loss of material along the edges of trails84

• Accumulation of sediment along trails or in nearby water bodies

Buildings and 
Structures

• Visible cracks, bowed walls, or uneven floors
• Doors and windows sticking or misaligned
• Soil loss or erosion around the foundation

Harbors and 
Boating 

• Noticeable loss of land, collapsing banks, or exposed roots along the 
shoreline
• Cracked, leaning, or partially submerged docks, piers, or boat ramps

Roads and 
Parking

• Edge deterioration of the road or parking lot
• Uneven or sunken pavement

Electric Utilities • Frequent and unexplained power outages and irregular voltage 
fluctuations

Stormwater 
Systems

• Stormwater outfalls exposed to erosion
• Blocked or rerouted water flow
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Rising water levels in the Great Lakes have 
led to more frequent seasonal tidal flooding 
in Michigan state parks. A striking example 
of this impact is the six-foot increase due 
to climate change in Lake Michigan’s water 
level since 2013, as reported by the National 
Weather Service.85 

Moreover, the Great Lakes’ water levels are 
predicted to continue to increase in the next 
few decades due to climate change: Lake 
Superior rising 19 centimeters (7.5 inches), 
Lake Erie 28 centimeters (11 inches), and 
Lake Michigan and Huron by 44 centimeters 
(17.3 inches) by 2050. Great Lakes residents 
already struggle with flooding, especially 
after the record-high water levels in 2019 and 
2020. Currently, water levels are no longer 
at record-highs, flooding remains a huge 
problem.86 However, some other scientific 
organizations, such as the National Oceanic 

3.4 Lake Level Variation and Atmospheric Administration (NOAA), 
the Great Lakes Integrated Sciences and 
Assessments (GLISA), and the International 
Joint Commission (IJC), have studied the 
potential impacts of climate change on the 
Great Lakes water levels and have indicated 
that they could increase in the future.

This section delves into the flooding issues 
affecting our parks’ infrastructure—from 
trails and buildings to roads and electrical 
systems, as well as the preservation of 
cultural resources and the overall park 
experience. For each vulnerability and their 
respective adaptation strategies, we propose 
asset management survey questions that 
create a foundation for developing effective 
climate adaptation. In addition, we identify 
potential red flags to ensure the long-term 
viability and functionality of the assets. These 
red flags signify issues or vulnerabilities that 
could affect the safety or resilience of the 
assets.

Figure 2.18 Flooded campsites at Tawas State Park

Washouts occur when floodwaters erode the 
soil and other supporting materials along 
a trail, leading to the collapse or removal 
of portions of the trail. This can make the 
trail impassable or hazardous for hikers. 
Washouts can also undermine the stability 
of nearby structures such as bridges or 
boardwalks, posing additional safety risks87.

To maintain trail usability and visitor safety, 
it is recommended to reroute trails to 
circumvent damaged areas. If a washed-
out section is too extensive for rerouting, 
elevating trails or constructing bridges 
over the affected areas may be necessary. 
These bridges not only enable hikers to 
safely traverse but also protect the trail from 
further damage. To avert future washouts, 
reinforcing susceptible trail sections with 
materials such as gravel, rocks, or geotextiles 
is advised,88 as these help stabilize the trail 
and mitigate the impact of floodwaters (see  
Figure 2.19).89

TRAIL VULNERABILITIES 

Washed Out Trails

Accommodate:

Floodwaters can compromise the integrity 
of a building’s foundation, walls, and support 
structures, weakening the overall structure 
and potentially leading to collapse. Prolonged 
exposure to water and moisture can cause 
construction materials, such as wood and 
drywall, to deteriorate, making buildings less 
safe and functional.90

(a) before (b) after

Figure 2.19 relocating or elevating trails

BUILDINGS AND STRUCTURES 
VULNERABILITIES 

Weakened Foundations and Material 
Deterioration

Accommodate:

Incorporate flood-resistant design principles 
when building new structures or renovating 
existing ones in state parks. Reinforce 
foundations, elevate structures, use water-
resistant materials, and design proper 
water flow and drainage. Elevated walkways 
and paths, as well as flood-resistant 
infrastructure, also provide additional 
protection.91
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The Des Allemands community in St. Charles 
Parish, Louisiana, experiences flooding during 
tropical storm events. To address flood 
protection while also creating a community 
asset, the parish is considering a project that 
involves bank stabilization along Bayou des 
Allemands and the implementation of low 
earthen barriers.

During the onset of storm seasons, temporary 
flood protection is overlaid on a compacted 
earthen base. Low earthen barriers prevent 
water intrusion and can be landscaped with 
plants, trees, or grass. They can surround a 
single house and yard or a small grouping 
of homes, providing protection from floods 
up to three feet. However, it is important to 
note that these barriers can trap water on 
the internal side, requiring a pumping system 
to move water out. In cases of storms and 
power loss, a backup power source would 
be needed. During heavy rainfall events, low 
earthen barrier systems may require active 
attention from landowners or neighborhoods 
to ensure they function as intended (see 
figure 2.20).92,93

Increased flooding can bring more sediment 
into harbors, which leads to siltation and 
sedimentation. As a result, the water 
becomes shallower, making it more difficult 
to navigate and ultimately impacting the 
quality and enjoyment of boating activities.

Case Study Example:

Figure 2.20 Compacted Earthen Base

HARBORS AND BOATING VULNERABILITIES 

Salination of Waterways and Siltation

Accommodate:

Preserve or restore natural barriers like 
marshes, bags, fens, and dunes, which can 
act as buffers to help absorb floodwaters 
and reduce the impacts on water quality and 
ecosystems. Also, carry out periodic dredging 
of harbors and navigation channels to 
remove accumulated sediment and maintain 
safe water depths for boating activities.

ROADS AND PARKING  VULNERABILITIES 

Inundation of Low-Lying Areas

Low-lying areas in parks are at a higher risk 
of flooding since they sit at lower heights and 
are usually near bodies of water like rivers, 
lakes, or shorelines.94 Floodwaters can cause 

surface damage, undermine the structural 
integrity of the pavement, and potentially 
lead to potholes or cracks. Additionally, 
floodwaters often carry sediment, which can 
accumulate on roads, affecting usability and 
necessitating extensive cleanup efforts.

can disrupt operations, affect lighting and 
communication systems, and pose safety 
risks to visitors and staff96. Also, the existing 
stormwater systems, including catch basins, 
culverts, drainage channels, and retention 
ponds, can become overwhelmed when 
flooding.

Accommodate:

Construct raised walkways, paths, and 
access points in flood-prone areas to 
maintain accessibility and visitor safety. 
Upgrade park roads and parking lots 
with flood-resistant materials or green 
infrastructure, such as bioswales (shallow, 
landscaped channels designed to capture, 
filter, and slow down stormwater runoff), 
permeable pavements, and rain gardens, to 
help absorb and filter stormwater.95

ELECTRIC AND STORM WATER SYSTEMS 
VULNERABILITIES 

Damaged Electrical Infrastructure and 
Overburdened Stormwater Systems

Flooding can cause significant harm to 
electrical equipment, such as transformers, 
power lines, and control systems, within 
state parks. When water infiltrates this 
equipment, it can lead to short circuits, 
malfunctions, or even complete failure. As a 
result, park facilities may lose power, which 

Case Study Example:

Raise essential electrical components above 
anticipated flood levels and install waterproof 
casings or enclosures for electrical 
equipment. Enhance existing stormwater 
management systems and promote natural 
drainage by restoring wetlands, reforesting 
areas, and maintaining or improving riparian 
buffers along waterways. Incorporate 
alternative power sources, like solar panels or 
generators, to add resilience for park facilities 
in case of electrical infrastructure damage.97

(a) before (b) after

Figure 2.21 Simplified electrical system diagram

Note: The basement panel will remain vulnerable to flooding. The panel should be isolated from 
the rest of the electrical system.99

Accommodate:

Gulf State Park, Alabama has incorporated 
flood-resistant design principles in the 
construction of its facilities, including 
elevating structures and using water-
resistant materials, to minimize damage from 
hurricanes and coastal flooding. Simplified 
diagram showing primary electrical system 
components mitigated by relocation to 
higher floors as figure 2..98
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Flooding can have severe consequences 
for historic buildings, monuments, or 
other structures within state parks. When 
floodwaters infiltrate these structures, 
they can weaken foundations, cause 
wood to rot or warp, corrode metals, and 
damage masonry. Additionally, flooding 
can accelerate erosion processes around 
archaeological sites, which can expose, 
damage, or wash away important artifacts 
or features100. Fast-moving floodwaters can 
cause soil to erode rapidly, leading to the 
destabilization of archaeological remains.

Plant vegetation around archaeological sites 
to anchor the soil and reduce erosion, which 
also acts as a natural buffer, absorbing water 
and minimizing flood impact.101

CULTURAL RESOURCES VULNERABILITIES 

Damage to Historic Structures and Erosion of 
Archaeological Sites

Accommodate:

It is recommended that parks determine 
which vulnerable structures exist in areas 
prone to flooding and develop mitigation 
plans to safeguard them. To protect historic 
structures from water infiltration, implement 
flood-proofing measures like installing flood 
barriers or sealing building openings (a 
process of closing or covering gaps, cracks, 
or other openings in a building to prevent 
unwanted elements, such as water, air, or 
pests, from entering). Enhance drainage 
systems around historic structures and 
archaeological sites to prevent water 
accumulation and reduce the risk of damage. 

Figure 2.22 Lowered lake levels on Lake Huron

PARK USE VULNERABILITIES 

Damage to Park Infrastructure and Disruption 
of Recreational Activities

Floods can wreak havoc on park facilities like 
restrooms and visitor centers. They also lead 
to limited access to park areas as campsites 
or picnic spots become submerged. As a 
result, activities such as hiking, fishing, and 
camping are affected, with fishing spots 
and boat launches becoming damaged or 
contaminated.102

Accommodate:

Create backup plans for recreational 
activities that might be disrupted and 
communicate clearly about park closures or 
changes in access to park facilities. Develop 
and implement emergency response plans 
outlining procedures for park staff and visitors 
during flood events, including evacuation 
routes and communication strategies, to 
ensure safety and minimize confusion. When 
building or renovating park facilities, consider 
using flood-resistant materials and designs, 
such as elevating structures in flood-prone 
areas, to reduce potential damage and 
improve the park’s resilience to flooding 
events.103

Trails • Do washouts occur frequently in the park? Are there patterns that can help 
predict future events?
• What is the current condition of the park’s drainage systems, and how 
effective are they at preventing washouts?
• What are the potential environmental impacts of trail repair or reconstruction, 
and how can these be minimized?

Buildings 
and 
Structures

• What is the expected lifespan of the existing materials and foundation, 
considering the local climate and potential for flooding? 
• Are there any historical records of flooding events in the area?
• What are the costs and benefits of using alternative, more flood-resistant 
materials in building construction or repairs? 

Harbors and 
Boating

• Has flooding affected coastal habitats, such as marshes, dunes, or other 
ecosystems that serve as natural buffers or support marine life?
• Is there an accumulation of sediment in harbors, navigation channels, or 
around boat ramps that has led to navigational hazards or shallow waters?

Roads and 
Parking

• What are the most vulnerable assets in low-lying areas of the park?
• What is the current state of the park’s infrastructure (ie. roads, bridges, and 
buildings) in low-lying areas?
• Are there current park management practices that protects assets and in 
low-lying areas?

Electrical 
Utilities

• What are the conditions and capacities of the electrical infrastructure? 
• What are the anticipated future demands on these systems due to climate 
change, park use, or park development?
• Is the electrical infrastructure suceptible to flooding? Would it be feasible to 
install solar power systems as a means to address power outages?

Stormwater 
Systems

• What are the capacities of the stormwater systems in place? 
• How vulnerable are the stormwater systems to flooding, and what are the 
potential consequences of damage or failure?

ASSET MANAGEMENT SURVEY QUESTIONS RELATED TO LAKE LEVEL VARIATION

RED FLAGS FOR SHORELINE EROSION

Trails • Puddles or pools of standing water along trails
• Weather warnings for heavy rainfall, flash floods, or snowmelt

Buildings 
and 
Structures

• Swelling, warping, or buckling of materials, including wood, drywall, or flooring
• Frequent or recurring flooding events in the area

Harbors and 
Boating

• Degradation or loss of coastal habitats, such as marshes, fens, or dunes
• Lake levels meeting or inundating docks

Roads and 
Parking

• Puddles, mud, or visible water seepage in low-lying areas 
• Rivers, creeks, or other water bodies visibly rising or overflowing their banks

Electric 
Utilities

• Electrical equipment submerged or exposed to water
• Inadequate drainage near electrical infrastructure

Stormwater 
Systems

• Frequent standing water or inadequate or blocked drainage
• Overflowing or breached retention or detention ponds
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Increased temperatures are going to require 
great adaptation from the Department 
of Natural Resources. The risks of rising 
temperatures are associated with everything 
from infrastructural challenges like buckling 
roads to diminished park use. Additionally, 
as the average global temperature rises, 
snowmelt will increase and snowfall will 
decrease. Increased rain events compared 
to snow events are anticipated, and higher 
temperatures increase the intensity of 
storms.

Increased intensity and frequency of storm 
events will require substantial infrastructural 
changes within Michigan state parks. 
These infrastructural changes may require 
considerable financial support and additional 
staffing support. The risks of extreme 
weather events will impact the infrastructure, 
ecological systems, and park visitors. 

Climate change has significantly impacted 
Michigan’s state parks, especially along 
the coastlines, as it leads to more shoreline 
erosion and flooding risks. The increasing 
water levels in the Great Lakes, particularly in 
Lake Michigan, have posed a threat to park 
infrastructure, natural resources, and cultural 

4. CONCLUSION
assets. By implementing erosion control 
measures, flood-resistant designs, regular 
maintenance and inspections, and proper 
park management, we can help protect 
Michigan’s state parks from the devastating 
effects of climate change.

Climate change is anticipated to impact 
Michigan and the Great Lakes region in 
the coming years. Adaptation measures 
related to rising temperatures, storm events, 
and erosion and flooding will be necessary 
to implement, and this section outlined 
the necessary steps to take to adapt to 
climate change’s effects. The risks of rising 
temperatures are associated with everything 
from infrastructural challenges like buckling 
roads to diminished park use. It is projected 
that Michigan will experience more snowmelt, 
precipitation, and increased frequency of 
extreme storm events. The Great Lakes’ 
swelling water levels have posed a threat to 
Michigan state parks. Climate change is a 
growing threat, but with proper adaptation 
the devastation can be minimized. The 
Michigan DNR’s adoption of adaptation 
measures will be vital in continued operations 
throughout the coming decades.

Figure 2.23 Rifle River Recreation Area
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KEY RECOMMENDATIONS

• Determine critical 
building status to decide 
if buildings should have a 
100-foot fuel reduction zone 
implemented
• Clear vegetation within 
100 feet of critical buildings
• Construct new parking 
areas and roads using 
concrete for longevity.
• Plan for cooling centers 
throughout high summer 
volume parks.
• Begin to install air 
conditioning in frequently 
occupied buildings.

• Divert stormwater runoff 
to safe stormwater storage 
locations such as retention 
ponds, detention basins, rain 
gardens, and other green 
infrastructure. 
• Construct infrastructure 
to be resilient to flooding 
with rot resistant materials.
• Construct infrastructure 
to be structurally strong and 
weatherized to withstand 
damage such as downed 
trees, heavy snow, ice, and 
wind. 
• Inventory critical 
electrical reliant systems 
such as water systems, 
essential park operations, 
and lighting systems and 
plan for resilient backup 
power sources such as 
renewable energy source or 
a generator. 

• Assess park 
infrastructure vulnerabilities 
and implement erosion 
prevention strategies, such 
as realigning trails and using 
adaptive design elements. 
Protect building foundations 
and stabilize harbors and 
boating infrastructure for a 
safer park experience.
• Utilize weather-resistant 
materials and protective 
casings for roads and 
stormwater systems. 
Conduct regular inspections 
and assessments, reinforce 
vulnerable facilities, and 
implement erosion-resistant 
elements to maintain park 
infrastructure.
• Maintain and restore 
historic trails, protect 
cultural resources in park 
management, raise public 
awareness, and address 
park use vulnerabilities with 
safety features to mitigate 
erosion-related hazards.

• Use flood-resistant 
design principles in 
new constructions and 
renovations, such as 
elevated structures, 
reinforced foundations, and 
effective drainage systems.
• Enhance existing 
stormwater management 
systems and encourage 
natural drainage through 
wetland restoration, 
reforestation, and riparian 
buffer maintenance.
• Allocate resources to 
enhance understanding 
of flooding impacts on 
park resources and guide 
the development and 
implementation of effective 
adaptation strategies.

EXTREME HEAT/WARMING INCREASED STORM EVENTS SHORELINE EROSION LAKE LEVEL VARIATION
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PROBLEM STATEMENT

1. INTRODUCTION
1.1 History & Importance of Project

Belle Isle State Park (see Figure 3.1), covering 
982 acres, is a recreational park situated on 
an island in the Detroit River. The Anishinabeg 
peoples who initially lived in Belle Isle in its 
earliest known days, called it “Wah-na-
be-zee” or Swan Island.1 Prior to the arrival 
of Europeans, these indigenous peoples 
inhabited and used the area for trading 
and hunting. During the 1700s, the French 
settlers referred to it as “Hog Island,” and it 
was used for keeping animals. In 1879, the 
City of Detroit purchased the island from the 
Campau family and opened it to the public 
the following year. As urban areas grew, cities 
began designating space for relaxation and 
recreation, and Belle Isle became a popular 
choice to become a park. Some elements 
of a plan created by famous landscape 
architect Frederick Law Olmsted were 
integrated into the island’s design.2

Operating more than 100 parks and 

existing users to adopt more sustainable 
and multi-modal access to the park. High 
traffic volumes during peak months (May-
September) are a major issue at Belle Isle 
and often cause considerable delays/
congestion. To mitigate this problem, lessons 
from effective apps, programs, and studies 
from around the world were examined, both 
in the transportation and scheduling context.
Doing so enables DNR to address the 
separate issue of off-peak periods in an 
attempt to incentivize planned visitation 
to the island during less-popular time 
slots. Utilizing this app-based model in 
conjunction with enhanced programming 
and destinations promises noticeable 
improvements in visitor behavior. When 
combined with infrastructural advancements 
such as better transit and multimodal 
amenities, this campaign could encourage 
alternative visitation patterns that shift 
periods of peak demand.

Belle Isle State Park, the largest city island 
park in the country, is a popular destination 
for locals and visitors alike, offering a variety 
of recreational and cultural activities. 
Remaining committed to its mission, DNR has 
asked the University of Michigan Graduate 
Consultant Team to research solutions to 
problems relating to natural area restoration, 
urban dark sky designation, transportation, 
and park management during off-peak 
periods. This plan addresses these concerns 
through research, data analysis, and case 
studies, providing the State with strong 
recommendations to improve Belle Isle in the 
years to come.  

Looking to improve the environmental 
footprint at Belle Isle, the Department 
of Natural Resources has tasked the 
consultant team with several deliverables 
relating to natural area restoration. Site-
specific turf remediation is of exceptional 
importance, as there is a desire to create 
habitat for important fauna such as bees 
and small mammals while simultaneously 
limiting attractiveness to canadian geese. 
Impervious surfaces are also being targeted, 
with an emphasis on replacement or 
removal in order to use the island’s spaces 
more effectively. Due to the ever-growing 
threats posed by climate change, shoreline 
protection measures are being examined as 
well.

Along with on-the-ground measures, 
the report also explores the possibility 
of “urban dark sky” designations and 
recommendations to help Belle Isle meet the 
requirements and reduce light pollution while 
still maintaining adequate lighting for safety 
and security. 

In addition to the need to improve natural 
amenities on the island, the DNR also made 
a request for a transportation-centric media 
campaign to encourage both new and 

Figure 3.1: Belle Isle is situated between the cities of Detroit (right) & Windsor (left)

recreation areas statewide, the DNR is 
committed to the adoption of innovative 
design and management trends to 
encourage sustainability, climate resiliency, 
and vitality at its facilities. This focus has 
come to define investment at Belle Isle 
State Park, which has seen more than $50 
million in DNR-funded improvements since 
the department’s takeover in 2014. With 
restrictions on indoor activities and social 
gatherings during the pandemic, residents 
turned to outdoor activities and nature as 
a way to maintain physical and mental 
health, putting added pressure on Belle Isle’s 
facilities. 

1.2 Scope of Work

1.3 Methods

The first section, “Natural Area Restoration,” 
deals with topics including turf remediation, 
goose population control, shoreline 
protection, and potential urban dark sky 
designation at Belle Isle. The second section, 
“Transportation,” approaches mobility issues 

at the park through a media lens, exploring 
marketing campaign basics, best practice 
examples both inside and outside the park 
setting, and examples of transportation-
focused smartphone applications. The third 
section, “Impervious Surface Repurposing,” 
emphasizes redesign and reuse of Belle Isle 
State Park’s space, and mainly includes the 
repurposing methods for the Paddock and 
unutilized impervious surfaces. The final 
section,  discusses events programming 
and many potential ways to attract visitors 
during off-peak periods. The report contains 
numerous case studies across the United 
States and world, conceptual strategy 
guidelines, and feasible implementation 
measures for Belle Isle specific issues – as 
well as several maps and site renderings.

This report prioritized sustainability and ease 
of implementation and attempts to provide 
a comprehensive view of the strategies most 
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Figure 3.2: Team members conducted multiple site visits at Belle Isle 

likely to advance these goals. The research 
methods primarily consist of: 

• Field Investigation: The team has 
conducted multiple on-site visits to Belle 
Isle to gather information, identify site 
conditions, investigate problem areas, 
and take photographs.

• Surveys & Secondary Research: Team 
members conducted thorough surveys 
that involved interviews, data collection, 
and literature review. The team also 
had conversations with staff to gain 
access to issues and policy information, 
which helped the team understand the 
current situation and expectations for 
improvements on the island.

• Case studies: The project relied heavily 
on case studies as its primary research 
method. The team conducted extensive 
research and analysis of various case 
studies, examining similar projects and 
initiatives both locally and globally to gain 
insights and inspiration. 

Excessive or inappropriate use of artificial 
light, also known as light pollution, can have 
severe environmental consequences for 
both humans and wildlife, as well as our 
climate.3 Considering growing concerns 
about environmental sustainability, energy 
consumption and climate change, multiple 
efforts are being made to mitigate light 
pollution and provide outstanding dark sky 
experiences. At the request of DNR, the team 
reviewed the Urban Night Sky Place Proposal 
and the International Dark Association (IDA) 
requirements for IDSP designations. This 
section discusses domestic and international 
cases of urban lighting plans and puts forth 
recommendations for establishing guidelines 
for an urban night sky place on Belle Isle.

2. NATURAL AREA RESTORATION
2.1 Urban Night Sky Place Designation

CONTEXT

Hangzhou, China is famous for the West Lake 
– a natural space for individuals to recreate 
and relax.4 The West Lake site covers 22.79 
square miles and attracts more than 300,000 
visitors per day.5 Since 2013, the government 
of Hangzhou has tried many kinds of planning 
to improve the nighttime environment of the 
West Lake scenic site, including a dark sky 
plan.

The West Lake District once had a plethora 
of streetlamps, tree lights, and building 
screen lights, all of which were intended to 
make the area exceptionally vibrant and 
alluring. However, since 2013, the government 
of Hangzhou has established a dark sky 
protection zone in the West Lake Scenic area.6 

In order to prevent stray light that will beam 
into the sky, the use of diffuse light bulbs 
(bulbs which cast light in every direction) is 
not permitted in most natural settings.

After four years, this dark sky reserve was 
codified in 2017 with a precisely defined 
range of allowable lighting infrastructure.7 
In addition, the government of Hangzhou 
strengthened penalties for violations and set 
up an accountability system for pertinent 
departments. For example, companies and 
organizations receive instruction about 
proper lighting use from administrative 
officials. Those companies and organizations 
who fail to make corrections within a 
designated time limit can be fined between 
$400 and $2000.8

Following the success of the Hangzhou Urban 
Lighting Master Plan, Hangzhou experienced a 
remarkable leap forward in the construction 
of its lighting system and protection of the 
night sky. The plan outlined how urban 
lighting would be distributed across different 
areas and zones, with each zone having 
specific indicators related to factors such as 
brightness, color temperature, and standards 
for using colored lights.9 The plan also created 

three lighting sections. (see Figure 3.3)

• The document outlines various aspects 
of fundamental traffic lighting such as 
street lighting levels, operating hours, 
maintenance procedures, emergency 
protocols, and other elements related to 
roads, sidewalks, slow greenways, parking 
lots, bridges, and traffic signals. 

• West Lake has a landscape lighting plan 
for installing lighting fixtures on surfaces 
(mountain, water), landscape landmarks 
and spots (portal, landmark, night viewing 
spots, buildings). The lighting fixtures 
are controlled by the smart control 
system. By utilizing solar energy, LED high 
efficiency light sources, and other smart 
technologies, lighting uses less energy 
and emits fewer greenhouse gasses. 

• The master plan provides specific 
guidelines for night tours routes and big 
events in the scenic area such as dark sky 
camping. 

Figure 3.3: West Lake, Hangzhou, China

CASE STUDY - HANGZHOU, CHINA
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The city has successfully integrated the 
principles of dark sky protection into its 
urban planning, promoting the harmony of 
artificial lighting and night environment, and 
emphasizing the balance between urban 
development and ecology.10

RECOMMENDATIONS

First, Belle Isle State Park can implement 
comprehensive lighting plans:

• Transportation Lighting Management 
Plan: Only absolutely essential lighting 
like street lamps that are needed for 
safety should be used. This includes 
lights which are used for safe and secure 
transportation, including vehicles’ lights, 
and lighting for parking lots, streets, 
sidewalks, and bicycle paths, etc. The 
proper use of shielding and careful aiming 
to target the direction of the light beam is 
important so that light shines downward 
and does not spill beyond where needed. 
Prescribed routes for night visitors will also 
limit the use of light infrastructure in the 
remaining non-visit areas.

• Building Lighting Management Plan: 
Reduce light fixtures outside the building 
such as Nature Center, Conservatory, Belle 
Isle Aquarium, and control the lighting 
level and operating hours based on the 
occupancy. 

• Landscape Lighting Management Plan: 
All lighting for landscape should be 
targeted and directed to light up only 
the intended area, such as James Scott 
Memorial Fountain, Livingstone Memorial 
Lighthouse, “One World ... Under Michigan 
Stars’’ Sculpture, etc. Keeping landscape 
lighting to the lowest possible level allows 
visitors to enjoy the nighttime landscape 
while minimizing the impact on the 
environment. (see Figure 3.4)

Second, the DNR can explore the cost/benefit 
of developing a sophisticated control system 
for lighting infrastructure:

Figure 3.4: James Scott Memorial Fountain

• Consider a night sky quality monitoring 
program by using photometers, utility 
meters and other technologies to track 
the evolution of night sky brightness. This 
data can be used to analyze the changes 
of sky brightness level over the year. 
Smart lampposts can also capture a wide 
range of new forms of data which may be 
a valuable new asset for the park.

• Using advanced technologies such 
as sensors, controllers, and software 
can not only help staff control lighting 
infrastructure to meet the requirements of 
IDA and night event hosters, but also save 
energy and money.11 LED smart lighting 
and sensors work together to monitor 
and adjust the lighting levels based on 
factors such as time of day, weather, and 
activity levels in the park. This system 
can deliver a 20-25% reduction in energy 
costs, while the payback is pegged at 
around five years.12 For example, the 
lights can be programmed to switch 

on 15 minutes before sunset and off 15 
minutes after sunrise. Many companies 
are already working on developing this 
functionality. For instance, Philips Lighting 
provides a complete range of outdoor 
control systems, which are designed for 
sustainable use on parking lots, street 
lighting, and area lighting. Many lighting 
manufacturers also offer a dark-sky series 
of light fixtures.

• By installing a smart lighting control 
system, park staff can easily control the 
behavior. An excessive amount of lighting 
may not necessarily improve safety and 
security at night. Instead, by ensuring 
that the lighting parameters fall within a 
certain range, it becomes easier to create 
a safe and comfortable night environment 
for visitors.13 According to the available 
studies, the color temperature range 
of the light comfort zone in urban park 
pedestrian space is (3126 K, 4498 K), and 
the average horizontal illuminance range 
is (4.08 lx, 6.99 lx).14 While considering the 
lighting control, the park staff also need to 
pay attention to the use and experience 
of some visually impaired people with 
night blindness. The park can utilize night 
pathways with luminescent materials.15 
(see Figure 3.5)

Third, creating a harmonious night 
environment among Belle Isle, Detroit River 
and the built area will not only protect the 
Detroit night sky environment, but also 
to promote nighttime activities. Belle Isle 
State Park is an urban oasis situated on 
the Detroit River, which makes it  easily 
accessible both from Detroit and Windsor, 
Canada. This unique location with stunning 
waterfront views also creates a challenge 
for maintaining a dark night sky due to the 
constant urban glow.16 Additionally, the park 
closes at 10pm, depriving citizens of the 
opportunity to fully enjoy the night sky. To 
address this issue, Belle Isle can consider 
implementing periodic activities that allow 
for controlled fluctuations in lighting. For 

example, one way to plan nighttime activities 
is to schedule dining and entertainment 
activities during dusk time. As the sky 
gradually darkens, the event can transition 
naturally into observation events.

The park might also consider organizing 
events such as Night Week, Dark Nights, and 
Observation Nights to provide citizens with 
an opportunity to explore the Milky Way and 
the beauty of the night sky. To accommodate 
the events, the park will have to extend its 
operating hours until midnight and dim the 
lighting to a lower level. These events would 
include stargazing and other observation 
activities that promote a deeper education 
and appreciation of the night environment.

As the DNR aims to transform the turf lawn 
into native vegetation and create a more 
hospitable environment for native species 
on Belle Isle, this section delves into the 
creation of a native plant database. In order 
to balance the aesthetic and functional 
needs of the park and its visitors, developing 
a vegetation management plan for Belle Isle 
can ensure the preservation of the natural 
beauty while providing a safe and enjoyable 
environment for everyone. The team broke 
the vegetation management plan into 
two main categories: Ecological, and River 
viewing.

2.2 Turf Grass Remediation

INTRODUCTION

CREATING A NATIVE PLANT DATABASE

Native plants have a crucial role in the 
ecosystem as they are suited to the local 
environmental conditions, promote soil 
fertility, minimize erosion, and require fewer 
fertilizers and pesticides compared to 
non-native plants. Moreover, they support 
local wildlife such as bees and butterflies, 
amphibians, reptiles, and mammals, which 
helps maintain biodiversity.17 
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Figure 3.5: “Starpath” employing luminescent 
materials

an online resource that provides information 
about the various native plant species 
found in Michigan. The database contains 
information on over 1,600 species of plants 
native to Michigan, including their common 
and scientific names, bloom time, and the 
types of soils and light conditions in which 
they thrive. This database also provides 
information about the ecological benefits of 
native plants, including their ability to support 
pollinators such as bees and butterflies, and 
their role in preventing erosion, improving soil 
health, and providing habitat for wildlife. In 
addition, the database offers advice on how 
to incorporate native plants into landscaping 
projects and includes a section on plants 
that are particularly well-suited for rain 
gardens and other types of water-conserving 
landscapes.19

Another Michigan firm involved with native 
landscaping is Designs By Nature, LLC which 
is a fully licensed greenhouse in Laingsburg 
Michigan, established in 1997 and grows 
only native plants of Michigan Genotypes. It 
has a database for wildflowers which gives 
important information for setting pollinator 
areas.

Through the integration of various sources 
and the creation of a local plant database, 
the DNR can acquire valuable resources 
to aid in the selection, procurement, and 
cultivation of plants. These resources will 
also prove useful during the subsequent 
implementation processes.

Certain institutions and organizations in 
Michigan offer a robust vegetation database, 
which can greatly assist in the selection 
of native plant species for Belle Isle. The 
Natural Area Preservation (NAP) in Ann 
Arbor provides lists of native vegetation 
for Southeast Michigan. These lists include 
a variety of trees, shrubs, and herbaceous 
plants that are native to the region and are 
important for preserving the biodiversity and 
ecological health of the area. The tree list 
includes species such as the sugar maple, 
red oak, and white pine, which are common 
in Southeast Michigan. The shrub list includes 
species such as the common elderberry, 
hazelnut, and highbush blueberry, while the 
herbaceous list includes species such as the 
wild columbine, Virginia bluebells, and wild 
ginger.18

The Michigan Native Plants Database, 
maintained by The Native Plant Nursery LLC, is 

ECOLOGICAL METHODS & ALTERNATIVES

The ecological aspect of the plan involves 
the maintenance and restoration of natural 
areas for wild species, and sustainable 
alternatives for lawns. 

No Mow May
No Mow May is a campaign that has rapidly 
gained popularity in the United States since 
2020, with many cities such as Ann Arbor, 

Royal Oak City, and Appleton participating. 
The purpose of this campaign is to pause 
mowing during the month of May, allowing 
flowers to bloom in lawns. By partnering 
with the Parks for Pollinators BioBlitz 
program, the National Recreation and Park 
Association has engaged numerous parks 
in the important work of educating their 
communities and advancing pollinator 
protection strategies across the country.20 

The program uses Geographic Information 
System (GIS) analysis to select specific sites 
and implement regulations for mowing and 
maintaining the protected areas.21 A recent 
study showed that these steps can benefit 
bees, butterflies, grasshoppers, and other 
insects.22 

Less intense mowing practices lead to fewer 
pests and potential cost savings for park 
managers. Our team encourages Belle 
Isle to join the No Mow May campaign and 

Figure 3.6: No Mow May, Ann Arbor, Michigan

create small-scale pollinator areas (1,000 
sq ft - 1 acre) which are not heavily used by 
visitors (see Figure 3.6). One consideration 
for mowing is to avoid cutting more than 
1/3 of the grass blade at a time in a single 
mowing.23 And in the summer, moving the 
blade height to between two and four inches 
will provide the best results.24

Rain Gardens 
Furthermore, as a more long-lasting method 
of native plant preservation than No Mow 
May, installing a rain garden is one of the 
easiest and most cost-effective methods. 
(see Figure 3.7) It helps filter and absorb 
stormwater into groundwater resources while 
providing beauty and wildlife habitats in 
small spaces. Rain gardens can vary in size 
depending on the site conditions, the amount 
of runoff that needs to be managed, and the 
desired aesthetic qualities. When creating a 
native rain garden, it’s important to consider 
the local environment and include trees, 
shrubs, and herbaceous perennials that are 
adapted to the area. Typically, a rain garden 
ranges from 300 to 1000 square feet in a park 
and costs $7 to $25 per square foot.25

A key point of installing a rain garden is to 
consider the bloom time and what native 
plants look like in different seasons. Native 
plants provide year-round beauty, so all 
the parts of plants such as stems, leaves, 
flowers, fruits, etc., can produce a unique and 
beautiful landscape in each season. Belle 
Isle State Park can achieve durability and 
diversity in rain garden landscapes by mixing 
plants from different seasons. (see Figure 3.8) 
Especially in the winter, use a variety of hardy, 
native vegetation to ensure success of new 
planting areas. 

Urban Gardening and Urban Farming 
Opportunities
Urban gardens with edible landscapes can 
enable children and people to provide their 
own healthy, fresh, locally grown produce. 
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eating. The organization also offers a variety 
of programs and workshops for community 
members, including technical training, 
workshops, and children’s playground.

To give another example, Cuyahoga 
Valley National Park, about 20 miles south 
of Cleveland, is the only national park to 
lease land to farmers.28 The farmers must 
follow local, state and federal regulations to 
make sure sustainable farming.29 The urban 
farming program is good to maintain healthy 
soil and minimize environmental impact by 
using sustainable methods like rainwater 
harvesting and companion planting. And it 
increases access to fresh produce, improves 
food security and gives opportunities for 
community members to come together, 
and work collaboratively. What’s more, in 
2022, Pittsburgh City Councilman Anthony 
Coghill converted an unused field in Brookline 
Memorial Park into a city-run urban farm, 
which grows food to be donated to local food 
banks and distributed to residents.30 

Numerous instances of flourishing urban 
gardens in urban areas exist, wherein 
significant turf areas and unused surfaces 
were transformed into more lively green 
spaces.

For instance, a Michigan based organization 
involved with turf lawn conversion is the 
Michigan Urban Farming Initiative (MUFI). 
MUFI focuses on promoting sustainable 
agriculture and food security in urban 
areas.26 The organization operates a three-
acre urban farm in the city’s North End 
neighborhood, which is used for growing a 
variety of crops, including vegetables, fruits, 
and herbs. Beginning in 2011, MUFI’s 100,000 
volunteers have cultivated and provided 
more than 50,000 pounds of organic produce 
to over 2,000 households living within a 
2-square mile area, without charging 
any fees to the recipients.27 In addition 
to producing food, MUFI also serves as a 
community hub for education and outreach 
on sustainable agriculture and healthy 

Figure 3.7: Rain Gardens can provide habitats for Belle Isle fauna, increasing biodiversity

Figure 3.8: Seasonal plantings enhance variety & aesthetic appeal of Rain Gardens
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While there may not be a concrete case 
study or established effectiveness of 
programs involving urban farming in national 
parks in Michigan, our team recommends 
that the DNR explore this concept as a part 
of a sustainable alternative, based on an 
analysis of the benefits and case studies 
of urban agriculture. The DNR can consider 
implementing an urban farming program in 
the future if it meets regulatory requirements 
to give a space for social gathering and food 
security. 

Using Online Platforms for Habitat Protection
Educating the public about the benefits of 
native plants, the importance of preserving 
biodiversity, and the impact of human 
activities on the environment can go a long 
way in fostering a culture of sustainability.  
For example, the Cornell Labs Yardmap 
project and Hummingbirds at Home program 
both focus on habitat improvement for birds. 
They enlists people to take photos and log 
observations of hummingbirds and other 
birds on flowers to view and share habitat 
improvements.31

The team recommends that DNR develop a 
program for pollinator protection and habitat 
for native fauna. For instance, during the NO 
Mow May period, the park can host an event 
about taking and posting photos of native 
wildlife. This event can help the park staff 
collect wildlife data and increase the public 
awareness of habitat protection. Besides, 
involving the community in the planning, 
design, and maintenance of vegetation 
projects can also create a sense of ownership 
and pride in local green spaces, ultimately 
leading to greater success and longevity of 
the initiatives.

Meanwhile, the team has recommended 
some sites that can be used to install rain 
gardens, create pollinator areas, build 
riverfront landscapes, and host events 
through research. Since converting turf grass 
can have significant costs up front, the team 

recommended implementations be located 
only in select areas. For example, converting 
some turf lawn near the paddock area to 
bioswales to better accommodate storm 
water infiltration might be an appropriate 
location. (see Figure 3.9)

Due to the public desire for riverfront scenery, 
the vegetation plan for the riverbank 
area should focus more on grasses and 
shrubs that maintain views of the water. In 
general, low-lying shrubs and grasses are 
often preferred for river viewing areas, as 
they allow for an unobstructed view of the 
river. American white waterlily and water 
smartweed are both good alternatives to 
the free-floating invasive plants, while many 
emergent plants which have roots instead of 
floating along the surface, like pickerelweed 
and blue flag iris, also add diversity to the 
waterfront scenery.32  Many visitors on the 
island like sitting and looking at the water, 
so based on site conditions and shoreline 
protection(discussed in the following 
section), the Park can place benches and 
plant trees to provide shade. (see Figure 3.10)

RIVER VIEWING CONCEPT

INTRODUCTION

2.3 Goose Population Control

Nesting in urban areas for over 50 years, 
Canada Geese (Branta canadensis) have 
made their homes in countless parks, golf 
courses, and landscaped urban areas across 
the United States. With more than 9.92 million 
birds nationwide,33 the threat of conflict 
between geese and humans is significant, 
necessitating an increased emphasis on 
sustainable goose management.34 Limiting 
goose habitat can both restrict population 
growth on the island and reduce contention 
between geese and park visitors, leading 
to better park experiences. This section 
discusses the general biology of Branta 
Canadensis, common nonlethal methods 
used to deter them, the political implications Figure 3.9: Turf Lawn near the Paddock transformed into a Rain Garden with amenities 

GENERAL BIOLOGY

of alternatives, and several site-specific 
implementation possibilities.

Department of Natural Resources a degree 
of control over where Belle Isle’s geese 
congregate and reside. 

Like all waterfowl, Canada Geese are 
subject to natural predation from a variety 
of species, each of which finds a niche 
at different stages of the bird’s life cycle. 
Due to the determined nesting behavior of 
geese – which sees an increase in defense 
intensity by both the mother and the father 
as incubation draws to a close37 – unhatched 
young tend to be relatively safe. As a result, 
the highest vulnerability occurs during the 
first 70 days after goslings hatch. During this 
period, individuals are unable to fly, notably 
weak, and dependent on their parents for 
protection. This results in predation from 
a wide array of species including foxes, 
hawks, raccoons, and coyotes – all of which 
are present year-round on Belle Isle.38 

While studies have shown that as much 
as 95% of all gosling mortality is due to 

While constantly feeding, Canada Geese 
are scrupulous grazers, only consuming 
plants (or parts of plants) high in protein, 
such as grass shoots, and seed heads, as 
well as various aquatic plants.35 Selectivity 
in feeding peaks from early spring to late 
summer, a period of significant note due to 
its connotations with peak visitation at Belle 
Isle. Spring also coincides with their breeding 
season, as nest construction and egg laying 
begin around late March. Like their feeding 
tendencies, Geese are also discriminatory 
when it comes to nesting, preferring islands, 
inlets, and other geographies surrounded-by 
or adjacent-to water.36 This selectivity can be 
seen largely as an opportunity, as planting 
more desirable vegetation near natural 
nesting areas and in locations less-needed 
for human use can potentially give the 
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must be noted that lethal methods such as 
hunting, egg destruction, and euthanasia 
(during molt, when geese are flightless) 
have also been employed, but are highly 
contentious politically and should be 
avoided when possible. In the case of Belle 
Isle, such avoidance is quite feasible, as the 
large island provides enough real estate 
for a symbiotic association between geese 
and park visitors. The following section 
illustrates ways in which the Department of 
Natural Resources can employ plantings, 
infrastructure, and deterrents to foster such a 
relationship. 

One of the most effective methods employed 
in goose management is the practice of 
landscape modification. The technique 
“deters geese from sites by restricting their 
ability to move between water and land 
without flying, reducing the nutritional value 
of forageable land, and making the site 

Developed by the Jack H. Berryman Institute 
for Wildlife Damage Management and the 
International Association of Fish and Wildlife 
Agencies, the existing toolbox for goose 
management is both diverse and scalable. 
Among the list of proven methods include 
the elimination of food handouts, exclusion, 
landscape modification, removal/relocation, 
frightening devices, hazing, and repellants.40 

Exclusion and landscape modification 
are explored below, as they represent the 
most effective options available to DNR. It 

predation, average survival rates among 
the young remain above 90%.39 This means 
park managers cannot realistically rely 
upon natural predators as a form of goose 
population control. Instead, DNR must 
look to implement a coordinated series of 
nonlethal methods to create an effective and 
sustainable goose management program at 
the park. 

Figure 3.10: Potential Locations for Turf Remediation

POTENTIAL NONLETHAL CONTROL METHODS

EXCLUSION

more after flight due to the increased caloric 
demands that the activity requires.44 Because 
of this, they will opt for “safe” (e.g. areas with 
a seamless barrier between water & land) 
feeding areas whenever possible. Finally, 
water serves as a vital resource in the nesting 
process, as females prefer to nest on islands, 
muskrat houses, or platforms surrounded by 
water and adjacent to food.45 By constructing 
barriers between provision and protection, 
DNR can influence where gaggles choose 
to congregate, manufacturing a healthy 
separation between the birds and park 
visitors.
 

There are numerous infrastructural 
possibilities available to the Department 
of Natural Resources when it comes to 
fabricating exclusionary habitats on Belle 
Isle. Considering the emphasis on aesthetics 
and natural environment restoration on 
the island, solutions must flow seamlessly 
into the landscape. For major bodies of 
water such as the large pond adjacent to 
the James Scott Memorial Fountain and 
northern portions of Lake Tacoma, a layered 
approach is preferable. This starts with 
placing a short fence (1-2 feet high) in the 
water and surrounding it with emergent 
aquatic vegetation. (see Figure 3.13)46 
Many native plant species can be utilized 
for this function, including Narrow-Leaved 
Reedgrass, Jointed Twig Rush, and Hardstem 
Bulrush.47 Implementing a variety of plantings 
in a stratified fashion will not only conceal 
the fence, but it will also obstruct a goose’s 
preferred sightline of 30 feet, making the 
pond/lake feel unsafe and less desirable.48 

A subsequent layer of exclusion should be 
fabricated on land adjacent to the body 
of water via the planting of thick shrubs or 
hedges.49 Just as is the case with aquatic 
plantings, use of native species is crucial 
and can be achieved through hearty shrubs 
such as Upland Switchgrass, Porcupine Grass, 
Dogwood Shrub, and Spicebush.50 These tall 
plantings serve as great hiding spots for 
predators and further limit goose visibility, 

Figure 3.11: Geese near the Paddock

appear unsafe.”41 Adequately addressing 
each of these tenets is crucial, as a site must 
be made unattractive on multiple fronts in 
order to properly deter waterfowl. Due to Belle 
Isle’s proximity to other large urban areas, 
emphasizing “unattractiveness” promises 
to have a significant impact on goose 
population, as many birds will likely opt for 
more-preferable areas. 

Among the most successful landscape 
modification tactics available to DNR is the 
concept of exclusion, which uses physical 
environmental alterations to restrict ease 
of movement between water and land.42 
Geese exhibit natural tendencies towards 
areas where connected land-water access 
is readily available for several reasons. First 
and foremost, such habitats provide the 
waterfowl with ease of escape in instances 
of predation, as the birds tend to view bodies 
of water as a low-exertion, highly successful 
getaway option.43 This notion of exertion also 
applies to feeding, as geese must forage 
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selective regarding what species they will 
eat.52 Given this, the alteration of turf type, 
height, and fertilization can have a major 
impact on feeding interest, especially 
when good alternatives are available. In 
exclusion zones, a major emphasis should 
be placed on mowing and trimming grass 
as infrequently as possible, as geese prefer 
young shoots for their high nutritional value 
and ease of digestion.53 When grasses are 
at least six inches high, it becomes difficult 
for the waterfowl to access these shoots. 
Palatability – the degree to which lawns 
are sought out by geese as a preferred 
feeding option – should also be addressed, 
both via fertilization restrictions and ground 
cover modifications. Turf grasses containing 
endophytes represent one of the best 
options for DNR, as they contain bitter-
tasting alkaloids which deter consumption 
by geese.54 While there has been expressed 
concern over the use of tall fescue, other 
endophytic grasses exist, such as fine fescue 
and ryegrass.55 These turf types can be 

Another important component of landscape 
modification in the goose management 
context is turf remediation. Urban geese 
obtain much of their sustenance from the 
consumption of grasses and are quite 

making foraging in the area more dangerous. 
With both “provision” and “protection” areas 
carrying greater risk, geese will opt for safer 
locations if they are available. This, the third 
and final layer of the exclusion approach, 
is known as the concept of “tolerance 
zones.” The purpose of these environments 
is to ensure the success of site aversion by 
providing geese with undisturbed, preferable, 
and safe forage.51 Tolerance zones should be 
implemented in areas underutilized by park 
visitors, thereby preventing goose-visitor 
conflict. A visualization showing a potential 
distribution layout of exclusion & tolerance 
zones at Belle Isle is shown below. (see Figure 
3.12)

Figure 3.12: Designated Tolerance & Exclusion Zones on Belle Isle

FURTHER LANDSCAPE MODIFICATION TENETS

takeoffs.56 To ensure the success of exclusion 
zones, tolerance zones should be designed 
to attract geese in all possible formats. 
Space design should include the planting of 
Kentucky Bluegrass (a favorite food amongst 
Canadian Geese), regular mowing, removal/
restriction of tall shrubbery/trees, and 
optimizing ease of transport between water 
and land.57 A sample ideation utilizing these 
concepts is shown below. (see Figure 3.14) 

further bolstered by other unpalatable native 
ground cover, including Pennsylvania Sedge, 
Wintergreen, and Wild Ginger. Implementing 
these ground covers alongside traditional 
turfs, shade trees, and shrubs will enhance 
the aesthetic appeal of Belle Isle’s lawns, 
reduce the amount of turf remediation 
needed, and create spaces of poor 
palatability. 
 
For optimal implementation, turf remediation 
must be conducted in a place-based 
manner with exclusion and tolerance 
zones receiving different treatments. In 
exclusion zones, unpalatable grasses and 
groundcovers should be planted, both in 
prairie and balanced landscape formats. 
Fertilization (due to its adding of nutrients 
and thus consumption value to plants) must 
be kept to a minimum, as well as mowing. 
Trees should also be prioritized in these areas, 
as geese require a low flight angle of roughly 
13O and will avoid areas preventing easy 

Figure 3.13: Mirror Lake at The Ohio State University is a great example of Exclusion in action

FRIGHTENING, HAZING, & HABITUATION

While impactful, landscape modification on 
its own will not suffice as a long-term goose 
management technique due to the notion 
of habituation. Geese are highly intelligent 
animals and quickly adapt to methods 
used to control them, especially those 
used repeatedly. Because of this, a suite of 
frightening/deterrent techniques should be 
implemented in exclusion zones. Below is a 
list of proven approaches provided by The 
Humane Society of the United States:58
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Optimized coastal risk reduction typically 
includes both natural and structural 
remediation techniques, with infrastructure 
intensity determined based on the reach, 
resilience, and fetch of a shoreline.59 To 
better understand these terms, definitions 
from the National Oceanic & Atmospheric 
Administration (NOAA) are provided…60

Reach – “A longshore segment of a 
shoreline were influences and impacts, 
such as wind direction, wave energy, 
and littoral transport (movement of non-
cohesive sediment such as sand) mutually 
interact. 

Resilience – “The ability to avoid, minimize, 
withstand, and recover from the effects 
of adversity, whether natural or man-
made, under all circumstances of use.” 
In the shoreline context, this applies to 
engineered, ecological, and community-
based defense measures.

Fetch – “A cross-shore distance along 
open water over which wind blows to 
generate waves. For any given shore, there 
may be several fetch distances depending 
on predominant wind direction.”  

List of Possible Hazing Techniques:

• Radio-Controlled Boats
• Recordings of Canada Goose Distress 

Calls  
• Scare Dogs 
• Canine Effigies (Coyote, Wolf, Dog 

Cutouts/3D Models)  
• Lasers Pointers Specifically-Designed to 

Deter Geese 
• Methyl Anthranilate (Repellant Dispersed 

as Fog)

Figure 3.14: Exclusionary infrastructure applied to the Paddock Pond

2.4 Best Practices in Shoreline Protection 

INTRODUCTION

and southern shore adjacent to the athletic 
fields. Utilizing a combination of sand, stone, 
and vegetation, sills provide habitat and 
ecosystem services while simultaneously 
dissipating wave energy.69

Utilizing software from the Czech firm 
Windy, project collaborators studied the 
above factors to determine case studies 
most relevant to Belle Isle.61 In regard to 
wind, Belle Isle is characterized by working 
winds from the North, East, and West, with 
westerlies being the most common.62 
These winds are gusty yet mild, as speeds 
tend to hover between 9 and 20 miles per 
hour (60% of winds recorded in 2022 were 
between 9-13mph).63 Relative to oceanic 
coastlines, waves are a non-issue, as the 
island experiences flat water conditions. 
Chop waters only arise in instances of strong 
gusts (27+ mph), which only comprised ~5% 
of recorded gales on the island in 2022.64  
Considering the typical direction and speed 
of wind & wave, fetch tends to be strongest at 
the island’s western tip but can fluctuate due 
to the area’s variable wind direction.
 
Belle Isle is already well protected from wave-
based erosion through strategic placement 
of revetments, sills, and breakwaters 
along its shores. Located primarily on the 
western tip and southern edge of the island, 
revetments (see figure -R-) are comprised 
of stone rubble and concrete blocks, 
fortifying shores from the threats of waves 
& erosion.65 Requiring little maintenance 
and featuring an indefinite lifespan,66 this 
type of “gray” infrastructure promises to 
protect Belle Isle for years to come. Due to the 
strait connecting the Detroit River with Lake 
Okonoka, the island also employs a series 
of breakwaters in its shoreline protection 
suite. These offshore structures break waves 
and stabilize wetlands, protecting the calm 
water conditions on the lake.67 Much like 
revetments, breakwaters are economical 
in shallow waters, enabling DNR to properly 
maintain them as a sustainable shoreline 
protection measure.68 Due to moderate wave 
conditions, “green techniques” known as sills 
are employed in various spots across the 
rest of the island, including the eastern tip 

CURRENT CONDITIONS & INFRASTRUCTURE

Figure 3.15: Breakwaters near South Pier

CASE STUDY - BEAUFORT LIVING SHORELINE

Noting significant erosion along its Beaufort, 
NC Lab Beach in the late 1990s, NOAA moved 
to bolster the shoreline’s infrastructural 
defense mechanisms. Emphasizing the 
utilization of “green” techniques, the 
administration decided to construct a marsh 
using cordgrass (Spartina alterniflora) and 
oyster sill. Combining organic features with 
infrastructural capabilities, the oyster sill 
was found to be preferable to the often-
used granite alternative, as it created a 
valuable fishery and bird habitat while 
also dissipating wave energy.70 Due to the 
living nature of the sill, water quality also 
improved, as the oysters removed nitrogen & 
phosphorous from the bay surrounding Pivers 
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Island.71 Studying erosion trends following 
shoreline reconstruction in 2000, NOAA noted 
numerous successes. The marsh performed 
significantly better in storm conditions when 
compared to “gray” infrastructure such as 
bulkheads, completely eliminating lawn 
erosion.72 In regard to cost, the oyster sill 
proved to maintain itself, acting as a living 
shoreline and growing in size over the 10-year 
study period.73 As a result of oyster population 
growth and subsequent sediment accretion, 
the planted marsh progressed further into the 
bay, both enhancing habitat opportunities 
and increasing the depth of the natural 
erosion barrier. 

Figure 3.16: Revetment at Western Tip of Island

CASE STUDY - COXSACKIE BOAT LAUNCH

CASE STUDY - CLIMATE READY BOSTON

River National Research Reserve acted, 
utilizing a partnership with the New York 
State Office of Parks, Recreation, and Historic 
Preservation to create lasting infrastructural 
change. Regrading the shore to a shallow 
slope (<18O), project collaborators crafted 
a series of stone terraces planted with 
native dogwood, pickerelweed, and bulrush 
along the riverbank.75 These plantings, 
along with Sycamore trees planted further 
up shore, reduced erosion via a bolstered 
root substructure. To create a more resilient 
water-land interface, small boulders were 
placed in the intertidal zone, limiting the 
erosion effectiveness of both wave and ice.76 
The project was a resounding success, as 
the installed slope, rock, and plant features 
prevent further shoreline erosion adjacent 
to the boat launch, enabling continued park 
visitor access to the Hudson River.77

Built on a highly erodible historic fill (non-
indigenous material placed on a property 
to raise elevation) along the Hudson 
River, the Coxsackie State Boat Launch 
had been susceptible to erosion since its 
conception.74 In February 2012, the Hudson 

 In December 2016, the City of Boston 
mobilized to protect its vulnerable 
shorelines via modifications in public policy, 
management practices, and land use 
regulations. Titled Climate Ready Boston, the 
resultant plan guides future investments in 
sustainable infrastructure/policy, placing a 
strong emphasis on place-based solutions. 
While conducted on a much larger scale 
than Belle Isle, the document produced by 
the Massachusetts capital provides DNR with 
a strong ideation on how to guide shoreline 
protection investment. Utilizing GIS analysis, 
Climate Ready Boston studies “Near Term” 
(2030-2050), “Mid-Term” (2050-2100), 
and “Later Term (2100 Onward) floodplain 
progression, showing what percent of specific 
areas could be inundated by flood waters at 
various points in the municipality’s future.78 
Based on these projections, the plan provides 
a list of eleven place-based resilience 
strategies, emphasizing both infrastructural 
and informal (such as education) methods.  

Using the Coxsackie Living Shoreline project 
as a benchmark, the Department should 
introduce staggered shorelines in areas 
of high visibility, including shores south of 
the athletic fields and just west of the Belle 
Isle Beach House (see Figure 3.17). Along 
with enhancing freshwater marsh habitat 
and erosion defense,81 these affordable 
improvements will enhance the natural 
aesthetic for bikers/walkers on the Iron Belle 
Trail.
 
Develop a Shoreline Protection Plan

Applying lessons from Climate Ready Boston, 
DNR should begin work on a climate resiliency 
plan, placing a major emphasis on shoreline 
resilience. Future floodplain data should be 
analyzed to determine near-term, mid-term, 
and long-term threat levels, which in turn 
can help the Department determine whether 
enhanced infrastructure will be needed. While 
“green” infrastructure is optimal now, Belle 
Isle may need to upgrade in the future.

Enhance the Effectiveness of Existing Sills 
Through the Utilization of Living Shoreline 
Principles

Structural case studies from Beaufort, NC 
and Coxsackie, NY provide DNR with a strong 
range of ideas to enhance the effectiveness 
and vitality of sills located across the island 
and should be implemented. This should 
include the implementation of oyster sill, 
which would reduce wave energy while 
also aiding in the recovery of the freshwater 
mussel, an endangered mollusk native to the 
Detroit River.79

 
Promote Greater Diversity in Plantings on 
the Island’s Sills

Consistent with the Conservancy’s mission to 
“protect, preserve, restore, and enhance the 
natural environment and unique character 
of Belle Isle,”80 DNR should look to diversify 
plantings and landscapes at the island’s sills. 

RECOMMENDATIONS

Figure 3.17: Using a variety of sill plantings enhances both aesthetic appeal & erosion resilience
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Impactful engagement, regardless of 
sector, focus, or goal, relies on key tenants 
to effectively reach an audience. As efforts 
begin to forge a transportation-centric 
media campaign for Belle Isle, prioritization 
of such tenants – including reach, frequency, 

outdoor education classes for students 
in kindergarten through 6th grade and a 
limited number of classes for preschool 
students; local high schools and college 
students environmental education and 
service learning classes; undergraduate and 
graduate students in relevant fields may fulfill 
academic requirements while facilitating 
particular restoration projects.

When seeking funding for ecological 
enhancement projects, our team focused 
on tree planting and green space initiatives. 
First, the Greening of Detroit is a non-profit 
organization focused on enhancing the 
quality of life for Detroiters by planting trees, 
providing job training, and involving  youth in 
the education of the natural environment. 

Second, the Michigan Master Gardener 
Association (MMGA) supports the Michigan 
State University Extension Master Gardener 
Program and local communities by 
promoting horticultural education and 
gardening techniques. The park can use the 
MMGA Calendar of Events to post gardening 
events and activities which may attract 
experts on gardening stuff. 

Third, Wild Ones, a not-for-profit educational 
organization, offers free, professionally 
designed native garden templates for 
multiple regions in the United States. The 
organization is able to assist the park in 
constructing rain gardens and bioswales. 
Fourth, The Michigan Association of 
Conservation Districts (MACD) is a not-for-
profit membership organization that can 
provide landowners with a wide range of 
wildlife information, assistance, and program 
delivery to address wildlife habitat and 
species management. 

The DNR can explore the possibility of 
forging a long-term partnership with the 
organizations mentioned above to receive 
ongoing support in terms of products, 
personnel, and technical assistance for 
vegetation planting.

Non-profit groups often find it easier to 
obtain grants and other funding when there 
is volunteer support and an educational 
component included in a proposal. The 
team suggests that Belle Isle can design 
some educational programs. For example, 

FUNDING & SUPPORT OPPORTUNITIES

3. TRANSPORTATION MEDIA PLAN
3.1 Media Campaign Basics

Figure 3.18: Belle Isle’s following on Instagram

awareness and increasing social media 
following, especially on Instagram.89 While 
the Belle Isle Conservancy currently boasts 
sixty-four thousand followers on Facebook 
and twenty-three thousand followers on 
Instagram (see Figure 3.18), this comprises 
only 9.4% and 3.7% of Detroit’s population, 
respectively. Enhancing these numbers will be 
key to the success of a new media platform 
for the park, as most visitors surveyed during 
the Belle Isle Multimodal Mobility Study 
reported residence in the Detroit Metro Area. 
To do this, quality market research is required, 
with key emphases on target audience 
selection, industry trend analysis, and content 
type designation.90 With the target audience 
data provided by the Belle Isle Multimodal 
Mobility Study and industry trend analysis 
included in this section, DNR will be equipped 
to produce/budget a final content plan. 
Once enacted, the media campaign must be 
tracked in real-time to ensure strengths are 
bolstered and weaker portions are revised.91

budget, and goals82 – will be crucial en route 
to success. Reach and frequency are of 
significant note, as they largely determine 
the cost of the campaign. Data collected 
from the Belle Isle Multimodal Mobility Study 
shows that a strong majority of park visitors 
are Detroit residents, meaning the scope 
can be limited to the city and its surrounding 
metropolitan area.83 Reach requires a 
platform, all of which vary in total usage 
and age distribution. As of 2021, YouTube 
(81% of Americans), Facebook (69%), and 
Instagram (40%) are the highest-used apps, 
serving as the best avenues for advertising 
and outreach.84 Considering Facebook and 
YouTube both reach at least 70% of persons in 
the 18-29, 30-49, and 50-64 age cohorts, they 
function as the most effective advertising 
platforms.85 Promotions can be bolstered by 
additional outreach on Instagram, which is 
characterized by young users and Facebook 
ownership, the latter of which would enable 
a streamlined fee-payment system.86 These 
payments vary in cost, averaging $0.94 “per-
click”/$12.07 per 1,000 impressions (views) 
and accumulating to upwards of $4,000/
month.87 Because most best-practices utilize 
proprietary apps and advertising, DNR must 
be strategic about its budgeting and the 
amount of advertising it deems practical. 
 

            Determining advertising feasibility can be 
broken into five major steps, often termed the 
“Media Plan Process.”88 Utilizing this procedure 
is crucial to strategic use of funding and a 
successful campaign. Shown below are each 
of the components:

1.      Set Campaign Goals
2.     Conduct Market Research
3.     Determine Budget
4.     Begin Media Campaign
5.     Analyze Results, Adjust as Needed

The identification of principal goals is the first 
step of strong media plan formation. Based 
on the desire to construct a proprietary 
transportation app for Belle Isle, advertising 
strategy should center around driving brand 

“A majority 
of Belle Isle 
visitors reside 
in Detroit, 
prioritizing 
the area 
for media 
campaign 
focus.”
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A media campaign which successfully 
markets and encourages shifts in travel 
habits exists in two arenas – one “within” 
Belle Isle and one “outside” of it. The latter 
of these domains involves traditional media 
methods including advertising, promotions, 
and crafting of brand image. Examples of 
these initiatives are plentiful, including MTA’s 
#TakeTheTrain, #TakeTheBus movement 
to restore post-pandemic transit usage, 
San Diego MTS’s “Choose Transit” ridership-
increase strategy, and Mariposa County’s 
brand-awareness push.92 Learning from these 
studies will enable DNR to implement a media 
campaign that best-connects with park 
visitors. 
 

Originally designed to restore train and 
bus ridership in the aftermath of COVID-19, 
MTA’s #TakeTheTrain, #TakeTheBus initiative 
provides DNR with numerous lessons on how 
to devise a cost-effective media campaign. 
When the national COVID shutdown began 
in March of 2020, New York City and its 
bustling economy came to a sudden halt. 

Subway ridership fell by more than 60%, while 
commuter rail saw a 90% decrease in its 
rider base.93 As MTA applied for a $4 billion 
federal bailout, it began looking to the future, 
aware that the road to recovery required 
patience and sound budgeting. From 
this understanding arose #TakeTheTrain, 
#TakeTheBus – a strategy focused on 
posters, wraps, and strong brand recognition. 
The initiative was centered around four 
unique yet unified campaigns:

1. “New York is Open” – Designed to sell the 
alluring parks/spaces accessible to New 
Yorkers via MTA transit offerings.

2. “Comeback” – A call to all NYC residents 
to “hop aboard” the legendary city’s 
comeback story.

3. “Public Transit is Better” – Campaign 
used to remind riders of the time, climate, 
and safety benefits of rail & bus.

4. “Signs of Affection” – Implements 
the iconic MTA design standards to 
encourage residents to return to the 
subway, a defining characteristic of the 
New York experience

3.2 Utilizing Media Outside Belle Isle

Figure 3.19: New York’s MTA utilized physical branding to initiate user behavior in travel habits 

as doing so will enhance the scope of its 
project and lead to stronger outcomes (see 
recommendations). 
 
Although media such as posters and internet 
content are the tools used to change rider 
behavior, master plans serve as the bedrock 
for a successful media campaign. Mariposa 
County’s Transit Marketing Plan acts as a 
great resource in this regard, as it provides 
DNR with strong standards pertaining to 
plan structure, content, budgeting, and 
implementation.  The document is broken into 
three primary sections – Introduction, Market 
Assessment, and Marketing Plan – and is 
structured using the previously discussed 
“Media Plan Process,” serving as an example 
of its implementation. Among the notable 
content in the plan is the Trip Characteristics 
subsection, which studies the variables trip 
purpose, frequency of mode use, and the 
availability of transit system information to 

Posting the graphics across the city 
and within transit vehicles, MTA aimed 
to recapture reputation and nostalgia, 
promoting its services via visual anecdotes. 
The creation of strong branding has worked 
for MTA – which has seen ridership climb to 
nearly 70% of pre-COVID levels as of February 
202394 – and promises to work for DNR as 
well. Using MTA’s strong branding as a model 
(see Figure 3.19), the Department can work 
to itemize Belle Isle and its assets, inspiring 
strong changes in park user behavior. 

While traditional posters, billboards, and 
posted graphics are a staple of any 
media campaign, internet engagement 
represents the way of the future. The San 
Diego Metropolitan Transit System (SDMTS) 
mobilized this ideal through its Choose 
Transit campaign, an initiative aimed at 
encouraging ridership of 18 to 50-year-
old nonusers, students, parents, and 
environmentally-conscious individuals 
residing near transit lines.95 Utilizing 
instructional video assets, social media 
content, and the support of 80 partner 
organizations such as Caltrans & SANDAG, the 
agency garnered 250 million paid advertising 
impressions and 3.5 million earned media 
impressions.96 Studying its ridership pre- and 
post-implementation, SDMTS found that 
the media campaign directly influenced 
user behavior, as its bus and trolley systems 
saw 15% and 17%  increases in ridership, 
respectively.97 The agency also used the 
Choose Transit initiative to reinvigorate its 
“ride free day,” combining increased publicity 
with eliminated costs to spur changes in 
transportation behavior. The exercise was 
a resounding success, as ridership on the 
fare-free day exploded by more than 52,000 
trips.98 These findings illustrate both the 
benefits of implementing an internet-based 
media plan, as well as the importance of 
partnerships in campaign execution. As such, 
DNR must look to work with local and regional 
transportation actors (DDOT, SEMCOG, etc.) 
as it constructs its engagement strategy, 

Figure 3.20: SDMTS used a unified physical & 
digital media campaign to increase ridership
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guide where enhanced marketing efforts 
are needed.99 Described in Section 3, the 
plan’s clearly defined marketing objectives 
– including the increase of brand awareness 
and user-friendliness – are of important as 
well, as they guide the final engagement 
strategy. Along with content and structure, 
Mariposa County’s campaign offers great 
insight into effective budgeting, as the local 
transportation commission utilizes a “5% of 
Operating Budget” standard when investing 
in advertising.100 This is highly relevant to DNR, 
as it can use the rule to balance funding 
needs at Belle Isle and to substantiate federal 
financial support for advanced marketing 
infrastructure such as app development and 
social media promotions. Further analysis of 
its budgeting shows that Mariposa County 
organizes its investments into a 5-year 
“Marketing Plan Schedule,” updating/revising 
its efforts every fiscal year.101  By utilizing this 
phased approach, the county made better 
use of its allocated capital, implementing 
the complete plan over an extended 
timeframe. Due to the significant costs of 
an internet-based campaign and to the 
desire to enhance Belle Isle in other manners 
simultaneously, this approach is highly 
relevant to DNR.

crowding, coupled with strong intervention 
tools, could effectively manipulate crowd 
flow and distribution. To test the theory, a 
proprietary app consisting of a central server, 
control interface, and numerous clients was 
developed.103 The application featured the 
following functionalities: 

• An interactive map showing an 
individual’s current location as 
determined by GPS.

• A listing of attraction wait-times, updated 
in real time via cellular communication.

• Information and incentives.

Incentives, termed “bonuses” in the app, were 

Despite its impact on brand awareness, 
mode choice, and usage habits, traditional 
advertising can do little to alter behavior 
once visitors have arrived at the park. 
For this reason, we recommend that DNR 
staff consider implementing a tailored 
engagement strategy for efforts “within” Belle 
Isle, modeling its efforts based on findings 
presented by Brown, Kappes, and Marks in 
their analysis of park user tendencies. In their 
study, the authors employed the concept of 
“load-balancing” (the practice of directing 
variable demand in a closed system) 
to solve the problem of uneven visitor 
distribution.102 The premise was that a globally 
aware system knowledgeable of real-time 

3.3 Utilizing Media Inside Belle Isle
Figure 3.21: PIVOT shapes travel behavior 
through information design

Along with enhancing crowd distribution and 
reducing congestion, well designed apps can 
facilitate multimobility through information 
design, furthering DNR’s ability to encourage 
changes in travel behavior. A strong example 
of this in practice is Columbus, Ohio’s PIVOT 
app, which is part of the city’s smart city 
initiative. Powered by real-time data, the 
software suggests routes based on schedule, 
budget, and mode preferences, giving users 
viable (and often preferable) alternatives 
to simply traveling by car.108 The application 

categorized into three types – Informational 
(e.g., notification of current congestion 
at a particular attraction), Experiential 
(e.g., preferred seating at a show/event), 
and Commercial (e.g., discount on food/
merchandise).104 These incentives were then 
tested over two study periods, one in the 
United States (5-day duration, 910 visitor 
groups) and one in Europe (10-day duration, 
1,370 visitor groups) to measure effectiveness. 

Findings from the incentive test illustrate the 
potential of app-based behavior control, 
as the study found that “incentives pushed 
to mobile devices can be a valuable crowd 
mitigation mechanism, with significant 
crowd movement being easily achieved via 
cost-effective incentives.”105 Bonuses were 
highly effective in the pilot, as an average 
of 1 in every 4 visitor groups responded to 
any given push impetus. This high rate of 
incentive redemption benefitted not only 
those receiving them, but all park users, as 
better crowd distribution led to decreased 
congestion and shorter wait times.106 Notably 
for DNR, the authors found that “a mobile 
app like the one used in the study can be 
easily achieved without additional park 
infrastructure or large capital outlay.”107 Such 
affordability, combined with the high success 
rate of the featured bonuses, makes the 
study a strong model for app development in 
the Belle Isle context. 

3.4 Utilizing Media Inside Belle Isle

3.5 Recommendations

is well-designed and user-friendly via 
strong aesthetic appeal, simplifying and 
facilitating the multimodal process (see 
Figure 3.21). This success comes at a cost, 
however, as Columbus spent $2.3 million to 
develop the program.109 This investment was 
made possible through the United States 
Department of Transportation’s SMART Grants 
Program, which provides funding to public 
sector agencies to conduct projects focused 
on advancing smart community technologies 
and transportation efficiency.110 In fiscal year 
2022 alone, SMART funded 59 projects in 33 
states outlaying $94 million in total financial 
support.111 While highly selective – only about 
15% of proposals are accepted each year 
– the program represents a strong funding 
source for DNR as it looks to create a viable 
transportation and incentive app for Belle Isle.  
However, without significant outside funding, 
we don’t recommend the DNR pursue this 
option due to the high cost.

Design & Implement a Physical Advertising 
Campaign

As displayed by MTA’s #TakeTheTrain 
initiative, there is significant value in strong 
branding and consistent signage. In talks 
with Lori Pawlik of Wade Trim, team members 
discovered that many visitors are currently 
getting lost on Belle Isle due to a lack of 
proper wayfinding infrastructure.112 Improving 
the amount and quality of signage will not 
only facilitate travel around the island but 
will also encourage shifts in user behavior. 
With less well known  destinations currently 
hard to find, many visitors stick to those 
which they know best.113 Implementing strong 
signage can change this, enabling visitors 
to feel more comfortable exploring the 
island, promoting more sustainable visitation 
patterns and reducing congestion at specific 
attractions. 
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Partner with Local Transportation Entities to 
Create Complimentary Physical Solutions

Along with advertising, the physical 
environment can play a role in individual 
travel behavior.115 Despite how strong DNR’s 
media campaign may be, a program would 
benefit from establishing partnerships with 
regional entities including (but not limited 
to) the City of Detroit, DDOT, and SEMCOG to 
construct infrastructural enhancements to 
its media push. These improvements should 
be tailored to the message DNR chooses to 
create and could include…
 
• Cycling – Working with the City of Detroit 

& DDOT to designate, fund, and build 
dedicated bikeable routes from the 
city to Belle Isle. This should include the 
construction of bike lanes “offshore” (in 
Detroit, leading to Belle Isle) and proper 
wayfinding consistent with branding 
used for the media plan. It must be noted 
that while the average cyclist can travel 

Design & Implement a Digital Advertising 
Campaign

Similar to how the San Diego Metropolitan 
Transit System (SDMTS) employed a strong 
social media campaign to increase bus and 
trolley ridership, Belle Isle can use YouTube, 
Facebook, and Instagram to promote multi-
modal access to the island. The SDMTS study 
proved that social media by itself can be 
a strong tool in changing behavior without 
altering transportation offerings,114 meaning 
that simply encouraging visitors to take 
transit or bike will undoubtedly lead to a more 
diversified mode share. However, it must 
be noted that to create more widespread 
changes, infrastructural (such as bike lanes 
leading into the island and park & ride 
facilities) and service-based (such as more 
frequent, regular transit service to Belle Isle) 
improvements will be needed. However, the 
bridge to Belle Isle limites the ability of DNR to 
provide these alternative modes of access.
 

Figure 3.22: Land West of Gabriel Richard Park could be transformed into a Belle Isle Park & Ride

Download rate could likely be increased by 
advertising the app on physical signage (via 
QR code and logo), social media ads, and on 
DNR’s website.

12 miles per hour, most bike trips (43%) 
range from 2-5 miles,116 a statistic which 
can guide infrastructure investment. 

• Transit – Conversations with Wade 
Trim revealed that there is significant 
stakeholder interest in the implementation 
of a shuttle originating outside of Belle 
Isle that stops frequently at destinations 
across the island.117 Cost is one of the 
biggest components determining transit 
ridership,118 so a free shuttle should be 
prioritized if possible. Shuttle service 
could be provided via a partnership 
between DNR & DDOT, similar to how the 
City of Columbus and COTA utilized the 
creation of the “Cbus” – a once every 15 
minutes shuttle – to enhance tourism in 
Downtown Columbus.119  However, this 
type of improvement would likely be quite 
expensive and therefore may not be 
particularly feasible from a cost-benefit 
standpoint.

• Parking – Shuttle ridership could be 
significantly bolstered via the construction 
of park & ride facilities in Detroit with 
shuttle stations. Considering that 67% 
of patrons currently access Belle Isle by 
car,120 this likely represents the fastest way 
to reduce the number of automobiles 
on the island, as many drivers would 
embrace not having to wait in the long toll 
lines. 

Recommendation #4 – Create a Belle Isle 
Smartphone App

Learning from the amusement park study,121 
DNR should attempt to create a Belle Isle 
App which could be used to influence visitor 
behavior. The app could assist DNR in its goal 
to change behavior towards sustainability 
and enhance off-peak visitation by sending 
incentives to individuals possessing the 
software. The app should be designed 
with the same branding standards (color, 
typeface, etc.) as both the physical and 
digital campaign in order to become more 
recognizable and thus more widely used. 

Figure 3.23: Potential painted traffic 
playground at the Paddock

4. IMPERVIOUS SURFACE 
REPURPOSING
4.1 Introduction

Belle Isle has a significant amount of 
impervious pavement, including the Paddock 
and some unutilized parking lots on the west 
side of the park. According to Wade Trim, 
a Detroit-based engineering consultant 
firm, the average daily parking occupancy 
rate in the Paddock in July, 2022 was less 
than 50 percent.122 The team used ArcGIS to 
estimate that the Paddock and surrounding 
parking lots had about 11.7 acres of unutilized 
impervious surfaces (see Figure 3.25). 
Additionally, the lack of major attractions 
and recreational facilities near the area 
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Due to the large size of the unutilized 
impervious surfaces on Belle Isle, the team 
recommended that the DNR takes the low-
cost approach of painting. For example, 
Portland Bureau of Transportation (PBOT)’s 
Safe Routes to School program began 
installing temporary traffic playgrounds and 
play spaces in summer 2020.123 (see Figure 
3.23) A traffic playground is a small model 
of a city traffic map roadways painted onto 
a paved surface in a park, school yard or 
closed-off street, and it provides children and 

makes people hesitant to use the parking 
lots. Therefore, in this section, the team 
explored cost-effective ways to transform 
these parking lots, such as painting, adding 
playgrounds and food trucks, as well as 
sustainable methods for placing bioswales to 
redesign and repurpose these surfaces.

families a fun space to learn rules of the road 
away from street traffic.124 Simple paint on the 
vacant parking lot guides children through 
a range of games, including a “follow me” 
track, giant Tic-Tac-Toe, “Dot and Boxes,” and 
hopscotch.125 The program also incorporates 
educational materials and activities, such 
as videos, games, and simulations, to further 
reinforce important traffic safety concepts. 

Painting on the parking lots is a semi-
permanent method and needs to be 
repainted every 1-3 years. Typically, a 
4500 square feet project ranges between 
$500-$1200 in hard costs for paint, painting 
supplies and food if all of the organizing 
including program coordination, community 
engagement and artwork is volunteer labor.126 

Not only is it a low-cost method to remodel 
these spaces, but it also adds a sense of 
belonging.

Furthermore, graffiti art is a more artistic 
form of expression that can add a unique 
and authentic character to parking lots and 
other impervious surfaces. By incorporating 
the artist’s vision and creativity, the site 
can become a canvas for meaningful and 
impactful artwork which can also contribute 
to the site’s branding and identity, making it 
more memorable and appealing to visitors. In 
addition, the vibrant outdoor space can also 
serve as a distinctive landmark and guide 
for visitors, improving their appreciation and 
navigation of the site. 

Typically, an artist from the community 
volunteers to elicit and then interpret 
community feedback into a coherent design 
that successfully depicts the community’s 
shared sense of place.127 The DNR can partner 
with museums and companies such as the 
Detroit Institute of Arts Museum, Dossin Great 
Lakes Museum, and Ford Motor Company to 
provide a unique opportunity for artists or 
residents to paint in the unutilized parking 
lots. The themes for painting and graffiti art 
can range from reproductions of existing 

Figure 3.24: More permanent additions can 
bolster Paddock repurposing

4.2 Painting Parking Lots

lots into vibrant and bustling marketplaces. 
It is designed to provide a space for these 
groups to sell their products directly to 
customers, while also fostering community 
building and economic empowerment.130 (see 
Figure 3.26)

Belle Isle State Park can explore the option of 
utilizing the Paddock as a temporary location 
for a farmers market. By developing a place 
spanning roughly 0.4 acres, the island could 
provide visitors with a marketplace providing 
local sellers with a suitable temporary sales 
venue, while simultaneously offering a 
diverse range of high-quality and distinct 
products. For example, The Come Thru Market 
in Portland, Oregon is a community-focused 
incubator market that aims to support Black 
and Indigenous farmers and makers in the 
area.129 It transformed underutilized parking 

art works, highlighting industrial features, 
portraying visions of the community, and 
more. The possibilities are endless, and such 
a collaboration would undoubtedly bring a 
fresh, creative perspective to the island.128 
(see Figure 3.25)

4.3 Event-Based Approaches

Figure 3.25: The Paddock provides a great opportunity to showcase local artists

COME THRU MARKET

POP-UP RETAIL

Pop-up shops are temporary retail stores, 
designed to be highly experiential, with 
unique displays, decorations, and interactive 
elements that help to create a memorable 
and engaging shopping experience.131 

Pop-up shops can be made from shipping 
containers which can take advantage of 
underutilized and negative spaces. The team 
recommended that the DNR collaborate with 
popular brands, such as SpongeBob, Nike, 
etc. to establish container pop-up shops at 
the Paddock, creating a temporary display 
area. The popularity of these brands could 
also serve as a draw for people to gather 
in the space. Additionally, installing a small 
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bandshell with an electrical connection can 
accommodate bands and other recreational 
activities to make the space more pleasant.
For instance, Piazza Pod Park in Philadelphia 
is a multi-use park with retail spaces 
made entirely of shipping containers.132 The 
well-designed space features a variety 
of themes, including food and beverage, 
fashion, art, health, and beauty. As a result, 
this once dusty parking lot has become an 
amazing place for dining and recreation 
in the Northern Liberties neighborhood 
in Philadelphia, PA. The unique collection 
revitalizes this area and offers people a new 
space to experience.133 (see Figure 3.27)

nearby lawns for visitors to enjoy their food. 
This concept has been successfully executed 
in the Food Truck Rally event on the island in 
2018 and has the potential to attract a large 
number of visitors.134 Besides, food trucks 
and vendors are flexible forms which can be 
found in many areas of the island, so a food 
truck sign which can be placed in designated 
areas can provide visitors with a sense of 
direction and purpose.135

Another way to reuse the Paddock and 
unutilized areas is to place food trucks. Our 
team recommends that Belle Isle explore the 
potential of hosting a food truck event in the 
southern section of the paddock, where there 
is ample open space for food trucks and 

Figure 3.26: “Come Thru Market” can transform the Paddock into a place of community building

FOOD TRUCKS

A good example of repurposing vacant lots is 
Arch Street Park, Lawrenceburg, Indiana.(see 
Figure 3.28) The park covers approximately 
1.3 acres and features a variety of amenities 
and recreational activities, such as an 
ADA playground, swings and climbing 
equipment, Shadow Play Tri Runner, Rox All 
See Saw, Merry Go Round, and Infinity Bowl.136 

By laying synthetic turf or other padded 
surface and installing amenities, the park 
underwent a remarkable transformation 

4.4 Building A Playground

from a drab and underutilized parking lot 
into a vibrant and welcoming public space.137 

Artificial turf not only replaces the unsightly 
impervious surface but also provides a 
more comfortable and attractive surface 
for children. There are also lawns and 
native plants on the site. Overall, it is a great 
playground providing a green space for 
people of all ages and abilities.

Building a playground like Arch Street Park 
is an excellent way to repurpose impervious 
surfaces. To transform an impervious surface 
into a vibrant community space, the first 
step is to lay down an artificial synthetic turf 
instead of high-cost materials. The average 
installation costs $5,300, and the price per 
square foot ranges from $5.50 to $19.75.138 

Although the initial expense of installing 
synthetic turf is more than the cost of 
planting a natural grass lawn, it could be a 
cost-effective option in the long run because 
of its lifespan of 10 to 25 years and the 
absence of lawn upkeep costs.139

Along with this, the park can also include 
equipment and facilities such as fitness 
equipment, playgrounds, and other 
recreational activities for people of all ages. 
(see Figure 3.29) This not only provides a 
much-needed space for families to unwind 
and spend time together but also adds an 
element of fun and playfulness to the area. 
Additionally, several benches and shaded 
areas can be added to encourage visitors 
to relax and enjoy the scenery. Besides, by 
partnering with amusement equipment 
suppliers, such as GameTime Playground 
supplier, the park may receive additional 
equipment and financial support.

Figure 3.27: Piazza Pod Park in Philadelphia, PA transformed shipping containers into a vibrant retail 
space

4.5 Installing Bioswales

Removing large parking lots or installing 
permeable parking lots can be costly 
endeavors, which involves several steps 
such as preliminary assessment, design, 
excavation, and installation. Given DNR’s 
cost-saving considerations, the team 
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presents two strategies for shifting the 
flow and attracting more visitors - offering 
weekday discounts and hosting more events 
during off-peak periods. It’s worth noting that 
the success of an event is often determined 
by the suitability of the venue, and therefore 
the events discussed in this section are 
directly related to the previous sections on 
site renovation and repurposing.

suggests focusing on improving the Paddock 
area, considering providing bioswales 
along the low-lying areas on the periphery 
of the Paddock to encourage better 
infiltration of stormwater. These bioswales 
should be located in where the direction 
of stormwater would be flowing off of the 
concrete surface.140 By planting resilient native 
vegetation, bioswales eventually require 
little maintenance and help cleanse the 
stormwater while adding a touch of visual 
interest to the parking lot area.141 (see Figure 
3.31) In conclusion, the Park can repurpose 
the Paddock and selected impervious areas 
by using a mix of options mentioned above. 
(see Figure 3.30)

Figure 3.28: Arch Street Park

5. ATTRACTING USERS DURING OFF-
PEAK PERIODS
5.1 Introduction

5.2 Applying Discounts

Similar to many other parks, Belle Isle State 
Park experiences varying levels of user 
demand throughout different periods of time. 
To encourage visitors to come to the park 
during off-peak periods, such as weekdays 
and the spring and winter seasons,the team 

First, to attract more users and encourage 
them to engage in events or programs 
during off-peak periods, offering incentives 
can be a helpful strategy. This could include 
discounts on admission fees, free services 
like refreshments or merchandise from food 
trucks or pop-up shops. Nature Center, 
Conservatory, Aquarium, Museum can offer 
a “weekday discount” on general admission 
tickets if they visit on a weekday rather than 
on the weekend. For example, Columbus 
Museum of Art in Ohio also provides an 
additional incentive to attract visitors during 
weekdays. They offer discounts on admission 
fees every Thursday from 5-9 PM, where 
visitors can purchase general admission 
and special exhibition tickets for only $5 
instead of the regular $18.142 This promotion 
not only makes the museum more accessible 
to people who may not have the financial 
means to visit during regular hours, but also 
provides an opportunity for those who are 
busy during the weekends to still enjoy the 
museum’s exhibitions and events.

Second, the team suggests offering discounts 
for commercial vehicles during weekdays. 
This can incentivize businesses to use Belle 
Isle as a meeting or event space during 
slower days, while also generating revenue 
for the park. Also, package discounts 
for picnics and BBQs can be offered to 
customers who book a complete package 
that includes catering, equipment rental, 
and other services. The Park can offer a 
10% discount for customers who book a Figure 3.29: Playgrounds act as a cost-effective & popular impervious surface repurposing option

early morning hours on the first Wednesday 
of every month, which allows them to 
experience the museum in a calm and 
peaceful atmosphere before the museum 
officially opens to the public.145

complete package for their event during 
off-peak season. Furthermore, the Park can 
provide services for hosting birthday parties, 
and charge lower fees during weekdays 
compared to weekends. For example, 
Rapids Water Park is a water park located 
in Riviera Beach, Florida. This park offers 
birthday services and packages that include 
admission tickets, a reserved table, pizza, 
and soft drinks143. Due to the limited number 
of party space and a 10% midweek discount, 
this method diverted some of the weekend 
visitors into the week144. 

Third, Belle Isle State Park can hold the 
Peaceful Mornings event during off-peak 
periods which allows visitors to purchase 
discounted admission tickets for the early 
morning hours. For instance, the Museum 
of Modern Art (MoMA) offers a program 
called “Quiet Mornings” which is designed to 
attract visitors during off-peak hours. Visitors 
can purchase discounted tickets for the 

5.3 Hosting Events During Off-Peak Periods

Placemaking is an approach to planning, 
designing, building and maintaining public 
spaces in a way that focuses on the people 
that use and benefit from the space.146 Belle 
Isle can hold some weekday-only events and 
periodic festival during off-peak periods:
 
Food Truck Wednesdays

Ann Arbor Restaurant Week is a biannual 
celebration of local food.147 During Restaurant 
Week participating restaurants offer fixed 
price lunches and dinners. Some of the 
less expensive restaurants offer 2-for-1 
pricing.148 Following Ann Arbor’s example, 
Belle Isle State Park can hold Food Truck 
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Figure 3.30: Rendering displaying a combination of event & painting-based options to repurpose 
Belle Isle’s Impervious Paddock

Week in the summertime at the Paddock 
where food trucks and pop-up shops can 
give visitors a fixed menu with discounted 
pricing. Besides, the Park can accommodate 
summertime bands or DJs during “Food Truck 
Wednesdays” by using the facilities.

Belle Isle Market Day

Using the previous example of the Come Thru 
Market, which takes place on the first Monday 
of every month, the market draws in a large 
number of people on weekdays by offering 
locally sourced and seasonal produce that is 
not typically found in chain supermarkets.149 
The team proposed that Belle Isle State Park 
can host a Belle Isle Market Day on the first 
Monday of every month to attract sellers and 
buyers.

Ground Painting Event

Belle Isle State Park can hold art painting 
events annually to encourage artists and 

residents to paint on the Paddock and other 
vacant parking lots. During the off-peak 
periods when parking is less occupied, this 
creates sufficient ground canvas and space 
for hosting the event.

Boulders Art Battle Royal

Strategically placed boulders, which cost 
between $200 and $400 each, can be 
used to host a biannual stone painting 
competition on Belle Isle, encouraging 
visitors to participate in the creative activity. 
For instance, the Rockefeller Flag Project 
is a temporary public art installation that 
replaces traditional American flags with 
193 unique designs created by artists from 
around the world, aimed at promoting 
messages of hope, unity, and love.150 The 
project has the power to attract a large 
number of visitors during its specific times of 
the year and also encourage people to reflect 
on practical problems such as food safety Figure 3.31: Bioswales help control stormwater and provide visual interest to parking lots

Fitness Classes

The park can offer mid-week free fitness 
classes, such as yoga and pilates, to promote 
healthy living. Many parks in Detroit offer free 
outdoor classes. For example, in partnership 
with Sidewalk Detroit, Eliza Howell Park offers 
a free all-levels Hatha yoga class every 
Monday through August 30 from 6-7 p.m.153 
Another example is Yoga on the Riverfront. 
Led by Urban Solace studio in partnership 
with the Detroit River Conservancy, it offers a 
free yoga class every Friday through August 
27 at 10 a.m. The class provides a perfect 
opportunity to unwind mid-week and prepare 
for the upcoming weekend.154 (see Figure 
3.32)

Educational Events

Hands-on workshops on gardening, farming, 
birding, painting, etc. Belle Isle can offer free 
environmental courses to visitors who bike or 
walk to the island.

and climate change. The stone painting 
theme can revolve around similar topics to 
the flag project, such as climate, equality, 
and history.(see figure151 25 Stone -R-)  At the 
same time, it is important to pay attention 
to the environmental impact and potential 
harm that airbrushing can cause to rocks 
and their surroundings.

International Festivals

Chinese Spring Festival (Lion Dance) falls 
between late January and mid-February; 
Diwali (the Festival of Lights) falls between 
mid-October to mid-November.152 As 
numerous festivals do not coincide with 
the peak season, the Park can utilize these 
festivals to promote activities that enhance 
people’s lives and cultivate a more inclusive 
environment. For example, Balboa Park in San 
Diego, California hosts an annual Diwali Mela, 
which celebrates Diwali. The festival includes 
Indian music and dance performances, food 
vendors, and cultural displays.
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at Belle Isle, the team advocates for the 
implementation of rain gardens, seasonal 
plantings, and “no-mow” periods. Such Turf 
Remediation tactics promise to revolutionize 
island landscapes, enhancing the visitation 
appeal.

The management of canada goose 
population remains a challenging issue. This 
section discusses the general biology of 
the species, common non-lethal methods 
used to deter them, and several site-specific 
implementation possibilities.

Belle Isle is characterized by an uneven 
distribution of visitors both weekly and 
monthly. The team researched methods to 
change patron behavior in its Transportation 
Media Plan section. Methods that were 
identified included consistent branding 
across physical and digital marketing 
campaigns, the embrace of regional 
partnerships between DNR & transportation 

In response to the issues raised by 
the DNR about Belle Isle State Park, 
the team conducted research using a 
variety of methods to provide valuable 
recommendations. The first section, Natural 
Area Restoration, explores Urban Dark Sky 
Designations, Turf Remediation, Goose 
Population Control, and Shoreline Resiliency.

Due to its proximity to the City of Detroit, the 
team recommends DNR adopt infrastructural 
and policy changes similar to those utilized 
from the case study in West Lake, China. By 
applying comprehensive lighting plans, smart 
control systems, and educational programs 
to its existing infrastrucutre, the team 
believes that DNR can create a harmonious 
environment benefitting both visitors and the 
environment.

To enhance biodiversity and aesthetic appeal 

Figure 3.31: Fitness classes such as outdoor yoga are an effective way of attracting off-peak use

6. CONCLUSION

including International Festivals, Fitness 
Classes, and Educational Events. Such 
programming, comnbined with strategic 
discounts, promises to attract more visitors 
during weekdays and other less-popular time 
frames.

By studying case studies and outcomes 
of various parks and cities, this report 
discusses the application of sustainable 
and recreational measures to repurpose 
impervious surfaces. Furthermore, the team 
has summarized a series of activities and 
events suitable for off-peak periods. In 
conclusion, the proposed goals of enhancing 
the natural beauty and providing a healthy 
and sustainable natural environment, 
building a smooth, safe and diversified 
transportation system, and creating a more 
dynamic and creative artificial and cultural 
space on Belle Isle have been thoroughly 
explored and analyzed in this section.

focused entities to create supportive 
infrastructure, and the fabrication of a 
proprietary app for the island. Some tactics 
are more costly than others, but a phased 
approach promises to promote sustainable 
transportation and visitation patterns to and 
from the island.

Cognizant of the large amounts of 
underutilized pavement at Belle Isle, the team 
provides a wide variety of alternatives in its 
Impervious Surfaces Repurposing section. 
Both event and place-based methods are 
identified, including “Painting the Paddock,” 
“Come Thru Market,” bioswale construction, 
and playground fabrication. This suite of 
options enables DNR to make changes based 
on the funding it has available.

Management of the park during off-peak 
periods is another significant challenge 
facing Belle Isle. Employing case studies, 
the team provides proven methods to DNR, 

Figure 3.31: International Festivals Such as Lion Dance Celebrate Culture & Attract Visitors
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KEY RECOMMENDATIONS

URBAN DARK SKY PLACE TURF REMEDIATION GOOSE CONTROL SHORELINE RESILIENCY TRANSPORTATION MEDIA OFF-PEAK/IMPERVIOUS

• Implement comprehensive 
lighting plans on 
Transportation, Buildings, 
Landscape.

• Consider upgrading smart 
control systems for lighting 
infrastructure with a list of 
lighting contractors.

• Organize educational 
activities on dark sky 
protection.

• Create a database of 
native plants: Grass, 
shrubs, trees, aquatic and 
ornamental plants.

• Make a vegetation 
management plan 
from two perspectives: 
Ecological methods, 
riverviewing concept. 
The ecological methods 
include installing rain 
gardens, no mow may 
campaign, wildlife 
platforms and urban 
agriculture future 
opportunities.

• The river viewing concept 
depicts an unobstructed 
view of the river and some 
key considerations of 
riverfront landscaping.

• Designate specific 
exclusion and tolerance 
zones across the island

• Utilize a suite of tactics 
centered around the use 
of landscape modification 
and exclusion

• Bolster efforts through the 
use of frightening devices 
and hazing

• Enhance the effectiveness 
of existing sills through 
the utilization of lizing 
shoreline principles 

• Promote greater diversity 
in plantings on the island’s 
sills 

• Develop a shoreline 
protection plan 

• Design & implement 
a physical advertising 
campaign 

• Design & implement 
a digital advertising 
campaign 

• Partner with local 
transportation entities to 
create complimentary 
physical solutions 

• Create a Belle Isle 
smartphone app 

• Low-Cost Method: Painting 
parking lots - repainted 
every 1-3 years.

• Temporary Method:  
Placing food trucks 
and pop-up shops with 
amusement equipment.

• Recreational Method: 
Installing artificial lawns 
and playgrounds

• Sustainable Method: 
Implement bioswales 
which enable the 
pavement to become 
natural.

• Host more events in off-
peak periods, such as 
Food Truck Wednesday, 
Ground Painting Event, 
Belle Isle Market Day etc.

• Weekday admission 
discounts, package 
discounts, and weekday 
birthday service discounts, 
etc.
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PROBLEM STATEMENT 1. INTRODUCTION

Figure 4.1: Site Visit Photo

The Michigan Department of Natural 
Resources’ (DNR) Parks and Recreation 
Department (PRD) tasked our team with 
enhancing the visitation and revenue of 
Porcupine Mountains Wilderness State Park. 
Specifically, with an extended summer 
season, the park wants to understand 
options for adapting the ski hill for year-
round recreational usage. This report builds 
on previous studies completed within 
Ontonagon County, including some that 
focus on increasing tourism in the Western 
Peninsula, strengthening economic vitality 
in the region, and increasing recreation 
opportunities inside Porcupine Mountains. 
Our team   gathered public feedback on 
current needs of the park, endeavored to 
understand the approaches of tourism and 
amenities offered by other state and national 
parks, and researched how other ski hills 
are adapting to extended summer seasons. 
Finally, our team cataloged potential future 
recreation opportunities, and created 
recommendations.

Porcupine Mountains is the largest state 
park in Michigan, spanning roughly 60,000 
acres with over 40,000 acres protected by 
a state wilderness designation.1 The state 
began forming the park in 1944 with land 
purchases, which aimed to protect scenic 
natural areas. The park is open year round, 
and has drawn in an average of 488,000 
visitors annually over the past 5 years. The 
park boasts over 90 miles of hiking trails, 
rustic cabins, and the last remaining large 
stands of virgin hardwood-hemlock forest in 
the state of Michigan.2 Porcupine Mountains 
has a rich history of human impact, including: 
Native American settlements, surface mines, 
logging crews, European fur trappers, and 
underground copper mines.3  The Ojibwa 
people stewarded the land that Porcupine 
Mountains resides on prior to European 
settlement. This history is honored in the 
name of the park, as the Ojibwa people 
named the area Porcupine Mountains due 
to the resemblance of the silhouette of the 
mountains to the distinctive rodent.4

1.1 Method

Figure 4.2: Porcupine Mountains Lake of the Clouds8

Our team began our project 
with a client meeting that 
included Michael Knack, Park 
Manager, and Doug Rich, 
DNR Western U.P. District 
Supervisor, informing our 
team on the condition of the 
park and what issues they 
wanted to explore more in 
depth. A small group from the 
capstone class conducted 
a site visit to Porcupine 
Mountains in early February 
and met with Doug and 
Michael. Our team was given 
informational brochures, 
maps, and newsletters, and 
gained valuable information 
while touring the ski hill along 
with a few other areas of 
Porcupine Mountains. 

Following our meeting 
with park staff, our team 
read through the 2019 
General Management Plan 
for Porcupine Mountains 
Wilderness State Park. 
Afterwards, our team met with 
University of Michigan library 
staff and were given leads 
to begin researching. From 
these meetings, our team 
decided that an analysis of 
climate impacts on the future 
use of the ski hill would be 
useful context for long term 
planning. After conducting 
this initial evaluation, 
research was broken down 
into high and low impact 
recreation uses that the ski 
area of Porcupine Mountains 
could offer.

Porcupine Mountains is home 
to a number of amenities 
that draw in people from all 
over the world. In the winter, 
the park currently offers 
skiing, snowshoeing, and 
cross country skiing, as well 
as private and group lessons 
for skiing and snowboarding.5 
While the roads close in the 
winter, cross country skis 
and snowmobiles unlock 
the many beautiful sites 
the park offers. In the spring 
and summer, the park offers 
fishing, hiking, camping, 
backpacking, canoeing, 
kayaking, boating, and 
paddle boarding.6 With 
climate change presenting 
new challenges for park 
management, Porcupine 

Mountains park staff is 
seeking to increase the 
economic vitality of the park 
by attracting more visitors. 
The park boasts many 
popular natural attractions, 
including the Lake of the 
Clouds and the scenic 
Presque Isle River corridor. 

Other attractions include the 
Summit Peak observation 
tower, Porcupine Mountains 
Winter Sport Complex, fall 
chairlift rides, an 18-hole 
disc golf course, and more.7 
Overall, the park provides 
opportunities for all to enjoy 
the wilderness, opportunities 
for individuals to connect 
with nature in solitude and in 
community.

https://www.michigan.gov/skitheporkies
https://www.michigan.gov/skitheporkies
https://www.michigan.gov/skitheporkies
https://www.michigan.gov/skitheporkies
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Figure 4.3: Management Zones of the Porcupine Mountains Wilderness State Park9

and improving cabins.10 Mountain biking, 
becoming increasingly popular in the 
Western Upper Peninsula, could increase the 
need for trail maintenance. Reorganizing 
lodging in the park could create avenues for 
additional revenue, as the current pricing 
system is outdated. (see Figure 4.3)

While in Winter Sports Complex, the chalet 
and maintenance building, at Porcupine 
Mountains, our team came across an online 
survey (see Figure 4.4) from the University of 
Michigan’s Economic Growth Institute and the 
Western U.P. Planning & Development Region 
(WUPPDR). The survey is collecting data 
from visitors to the Western Upper Peninsula 
and has a few questions directly related to 
Porcupine Mountains. This survey directed us 
towards Sarah Crane, a research manager 
at the Economic Growth Institute, Eli McClain, 
a research assistant at the Economic 
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In preparing this report, our team met with 
many stewards and professionals who 
work with the Porcupine Mountains. In this 
section, our conversations with individuals 
who work at, or on issues closely related 
to, the Porcupine Mountains. Our primary 
contacts were with Michael Knack and Doug 
Rich. During our site visit, they provided 
significant insight regarding specific issues 
the Porcupine Mountains face, and what 
strengths the park offers.  They also directed 
us to the 2019 General Management Plan 
for Porcupine Mountains, which outlines 
previous work conducted by Beckett & 
Raeder regarding  stakeholder engagements, 
park goals and priorities, and general 
information. Using this document as a 
roadmap, our team built off of this previous 
work. Two collective priorities emerged 
from stakeholder meetings documented 
in the plan: increasing trail maintenance, 

Figure 4.4: Surprise Survey

PUBLIC ENGAGEMENT

During our site visit to the Porcupine 
Mountains, our team conducted a public 
engagement survey with visitors at the Winter 
Sports Complex. From conversations with 
over twenty groups, our team gained a better 
understanding of the various backgrounds 
and interests of visitors. Most visitors had 
heard of Porcupine Mountains through 
word of mouth, and a few were lifelong 
visitors. When asked about the biggest 
barrier to visiting the park, the most popular 
responses were the remoteness of the 
park and availability of lodging. The visitors 
emphasized that they loved the wilderness 
aesthetic of Porcupine Mountains and that 
adding more shopping or food options might 
erode that value. When speaking to visitors, 
they were in general agreement that the park 
was incredibly family friendly. We observed 
many groups of friends, and families enjoying 
the snowy slopes together during our visit. 

When asked about what improvement or 
extra amenities the park could offer, visitors 
had a lot of ideas. A popular suggestion 
was to bring back a second chair lift. There 
had been a second chair lift which was 
disassembled after failing an inspection. 
This chair lift had given more access to 
the western side of the ski area. Another 
suggestion was to include a tubing hill for 
small children as an additional family friendly 
option to offer in the winter. Mountain biking 
was suggested by a handful of visitors for 
summer recreation, as was the establishment 
of a small coffee and beer bar. Overall, 
visitors were very pleased with the park’s 
current state and seemed excited at the 
prospect of additional amenities.

Growth Institute, and Jerald Wuorenmaa, 
the Executive Director of the WUPPDR. As this 
research is actively ongoing, the results of 
this survey will not be available until next 
year, however, these results may assist in 
future planning endeavors and would be 
good for staff at Porcupine Mountains to 
review. Our team suggests contacting Sarah 
Crane or Jerald Wuorenmaa with regards to 
the survey results. A few other people that our 
team contacted through the course of this 
project included Joshua Scott, associated 
with the local visitors bureau, Elissa Buck, 
DNR Commercial Services, Chuck Allen, DNR 
Department Analyst, and Sally Berman, 
president of Friends of the Porkies.
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Figure 4.5: Pictured Rocks National Lakeshore, Munising, MI11

In order to develop successful 
recommendations for economic 
development, it is important to understand 
the operations of competing parks to assess 
if current Porcupine Mountains operations 
and facilities are strong enough to draw 
individuals to the park, instead of to other 
parks. Our team looked at Isle Royale National 
Park, Pictured Rocks National Lakeshore, 
Apostle Islands National Lakeshore, 
Keweenaw National Historical Park, Grand 
Portage State Park, and Voyageurs National 
Park. These parks had been identified by 
Porcupine Mountains park staff as the 
regional competitors. This section will 
explore seasons of operation, amenities and 
activities, as well as internet and social media 
visibility across all federal facilities.

Of the six federal parks evaluated, three are 
located in the state of Michigan, two are 

located in Minnesota, and one is located 
in Wisconsin. The parks vary in size from as 
small as 278 acres to as large as 218,200 
acres in size. Four out of the six parks 
operate year round, with Isle Royale and 
Keweenaw Historical Park closing for the 
winter season.12,13 In 2021, the parks ranged 
in annual visitors with a high of 1.3 million 
visitors at Pictured Rocks, to a low of 12,457 at 
Keweenaw Historical Park.14 The subsections 
below summarize the different attractions, 
lodging and amenities, and social media 
tactics being used to draw in visitors – in 
order to provide a more in-depth look at the 
approaches different parks take.

2. CHALLENGES 
2.1 Competition 

2.2 Overnight Accommodations

Isle Royale and Voyageurs National Parks 
are the only two parks that provide lodging 
on park property, with other parks instead 
offering links to lodging information through 
their visitors bureau website. Of all the parks 
analyzed, Keweenaw Historical Park and 

Figure 4.6: Voyagers National Park

Grand Portage State Park are 
the only ones that do not offer 
options for camping on site. 

Isle Royale offers four 
options for individuals 
considering extending their 
stay overnight.15 There is the 
option to backpack, which 
includes hiking or paddling 
to a new campground each 
day. Visitors also have the 
option to set up a basecamp 
for the duration of their stay, 
so they can return to the 
same location at the end of 
each night. They also have the 
unique option to dock their 
boat and set up camp nearby. 
Most of these outdoor options 
are provided on a seasonal 
basis, as well as a first-come, 
first-served basis for parties 
under six. Isle Royale offers 
lodging at the Rock Harbor 
Lodge complex, which has 
sixty available lodge rooms 

2.3 Online Presence

Of the parks analyzed, 
websites are either operated 
on the National Parks 
Websites or on respective 
States’ websites – never 
by the individual park 
management. None of 
the parks host individual 
websites on their own, 
although the national parks 
websites have a standard 
layout that is much more 
user friendly, offering tabs 
that help users navigate the 
website which aids in the 
experience of planning a trip 
out to the parks (see Figure 
4.7). The State of Michigan 
parks website has a single 
page listing the amenities 
of the Porcupine Mountains. 
The layout of the websites 
operated by the state of 
Michigan provides brief 
information about the park, 
a slideshow of a few scenic 
pictures, a list of the activities 
and facilities in text, and an 
option to make a reservation. 
The reservations are 
exclusively for camping or day 
use for Porcupine Mountains, 
though there is a lodging tab 
for other parks. This page 
does not include the ability 
to make reservations for any 
of the park’s amenities; these 
are available only through the 
website of the concessionaire 
provider – Simple Adventures 
– a link to which is not directly 
provided on the state parks 
website. You can click a link 
to the winter sports complex, 
which navigates you to an 

which accommodate up to 
four guests and have a view 
of the lake. They also have 
twenty duplex cottages which 
accommodate six people and 
offer a private bath as well as 
a kitchenette. The Rock Harbor 
Lodge has options of dining at 
either the hall or a local grill.16

Voyageurs National Park 
offers lodging options through 
their Kettle Falls Hotel, which 
is open seasonally from May 
through September. They 
have three options for booking 
– Villa Rates, Hotel Rates, and 
Rentals. Non-kitchen rooms 
that sleep 2-4 people can be 
rented for $210 nightly, kitchen 
rooms that sleep 2-4 people 
can be booked for $260 
nightly, and suites which sleep 
up to 8 people can be booked 
for $390 nightly. Hotel rooms 
can be rented as doubles or 
singles.
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external site that gives you more relevant 
planning details. Through that link you get to 
another website, which is also operated by 
the state, illustrating how to plan a trip in the 
winter months (so far no similar feature exists 
for the summer). Although there is a link to 
their concessionaire provided on this second 
website. 

For the websites of the nearby national 
parks, the landing page offers various links to 
images across the park, but also offers three 
distinct tabs to explore information about the 
park: Plan Your Visit, Information About the 
Park, and Get Involved. The “Plan Your Visit” 
tab includes  11 sub-tabs that offer potential 
visitors the opportunity to plan a trip either 
based on season, basic information (fees, 
passes, and other relevant information), 

Figure 4.7: Porcupine Mountains Website

Figure 4.8: Porcupine Mountains Amenities List

transportation, eating and sleeping options, 
things to do, etc (see Figure 4.8). The choice 
to cluster these tabs so that website visitors 
can easily skim to find pertinent information 
makes the website much more easily 
accessible.

Figure 4.9: Isle Royale Dropdown on Website

While looking at information available across 
the different parks, the most stark difference 
was in social media presence. Most, if not all, 
of the parks our team analyzed had official 
social media pages with significant follower 
counts and consistent posting. Across the 
parks our team explored, all of the parks 
have either an official Instagram page or an 
official Facebook page – and most of the 
parks observed have both. For the average 
across the five parks with active Instagram 
accounts, there is an average of 40,000 
followers per park. Across the five parks that 
have active Facebook accounts, there is an 
average of 55,000 followers per park with a 
low of 16,000 and a high of 105,900 followers.

Social media usage by both park staff and 

visitors can be a useful tool for management, 
marketing, and visitor safety in many parks 
and protected areas. This is due to the 
fact that many of the platforms are openly 
available, can be used free of charge, and 
offer consistent data streams. According to 
park management professionals we spoke 
with, collecting data in the Upper Peninsula 
poses a number of logistical challenges. 
Typical data collection methods can be both 
costly and labor intensive, but social media 
has shown to be a promising tool for big data 
collection. Increased online visibility through 
social media is also correlated with increased 
visitors and park popularity, so social media 
expansion may be a useful tool to attract 
visitors, collect data, and understand user 
trends at the parks.17
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3. REGIONAL SKI HILL OPERATIONS
Private ski hills in the area provide a unique 
perspective for understanding current 
offerings across ski hills. By seeing what 
private hills are doing we can assess what is 
viable for the recreational market. Our team 
looked at Mount Bohemia, Snowriver, Ski Brule, 
and Mount Zion; these hills were identified 
by Porcupine Mountains staff as regional 
resorts worth noting. Specific operational and 
monetary information was not collected and 
noted to be “notoriously difficult to acquire” 
by other academic papers focusing on ski 
resorts.18 

Mount Bohemia is mostly focused on expert 
level skiers as a market, so their experience 
offers a fully packaged resort experience 
with a spa, bars, restaurants, and retreats.19 
There are no summer recreational activities 
described on their website aside from resort 
style offerings. Snowriver offers lodging and 
food for the visitors to their ski hill, but there is 
also no mention of summer recreation to be 
found on their website.20 

Ski Brule has night skiing and terrain parks 
(rails, boxes, and jumps) to bring more skiers 
to their hill during the season. They are able 
to ensure a more stable season by using 
snow guns when possible. In the summer, the 
resort offers lodging and has skeet shooting 
as well as canoe rental.21 

Mount Zion at Gogebic Community College 
offers tubing and cross country skiing in the 
winter in addition to their ski hill,22 and they 
also host a disc golf green in the summer. 
All the ski hills seem to offer some form of 
variety in the winter, while the larger resorts 
have the amenities, like restaurants and 
lodges, to keep guests around. However, 
the summer season lacks recreational 
activities throughout the region. This offers 
the Porcupine Mountains a chance to 
differentiate themselves within the market by 
offering recreation during summer months 
which no nearby ski hills have been able to 
provide.23 

Figure 4.10: Ski Brule Terrain Park24

4. SNOW LOSS LITERATURE REVIEW
As Porcupine Mountains looks to increase the 
usability of their recreational area, our team 
focused on future trends in skiing, with an eye 
toward climate change that will affect snowy 
seasons. Snowfall patterns are becoming 
less reliable, and without snowmaking 
equipment the winter sports complex at 
Porcupine Mountains is especially vulnerable. 
From a literature review conducted by our 
team, we have identified a number of factors 
that the Porcupine Mountains staff should 
consider when investing in the ski hill. Despite 
discrete ski resort operations data being 
“notoriously difficult to acquire” our team 
found predictions for ski season changes 
and information about what some resorts 
have done to mitigate the impacts of a less 
profitable skiing season.

While it is generally accepted that climate 
change is occurring, the local impacts on 
weather and seasons is hard to precisely 
predict, this research provides an overview 
of generally anticipated trends. The 
Intergovernmental Panel on Climate Change 
(IPCC) defines vulnerability as “the degree 
to which a system is susceptible to, or 
unable to cope with, the adverse effects of 
climate change, including climate variability 
and extremes.” Ski resorts fit this definition 
well, their operations are dependent on a 
favorable climate.25 The ski season, and in 
turn profitability of a ski operation, is highly 
dependent on the snow of each season.26 
Within the last 20 years, snowfall has become 
increasingly unreliable.27 Many scientific 
models estimate that ski resorts around 
the world will have less snow on average 
and that the ski-able season will become 
significantly shorter, these trends have 
already begun and are predicted to worsen.28

When it does snow, the variability of weather 
during the same time period may result 

in more rain-on-snow scenarios, which 
diminish the possible benefits from new snow 
significantly.29 Atmospheric models predict 
that the first frost will continue to be later 
in the year each season and that opening 
dates will follow. Within the next few decades 
Michigan ski hills may only be able to open 
for the season past the new year, missing out 
on any November and December visitors.30 
This poses a serious risk to remote ski hills 
since the traditional holiday season, late 
December to early January, can account 
for nearly one fifth of total lift tickets.31 With a 
later start, the pressure is on to make up the 
revenue during the operating days, despite 
likely lower attendance. Predictions for 
Midwestern ski operations estimate a season 
anywhere from 30-60% shorter in length by 
2050 than what is currently operating.32,33

4.1 Expand Snowmaking

One method resorts have taken in order to 
combat the decreasing snowfall is to expand 
snowmaking operations. Once viewed 
as an extra cushion or luxury for resorts, 
snowmaking is now increasingly crucial to 
make ski operations be able to stay open.34 
While rather expensive, many resorts see 
snowmaking as the only way to ensure 
the slopes have enough snow to be safe 
for skiers. However, even with snowmaking 
equipment, resorts may have less total snow 
than years past. Snow guns need appropriate 
temperatures to create snow. As winters get 
warmer, the efficiency of snow making will 
likely decrease. Low lying elevation ski areas 
are likely to have winter days where they 
are not able to make their own snow even 
through artificial methods.35 Some of the 
climate models included the ability to make 
artificial snow at the resorts, and these resorts 
still had shortened seasons in future.36,37 As 
the winters get warmer and greener, more 
snowmaking is required to deliver a shorter 
season. 
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Figure 4.11: Snowmaking Machines43

The ski hill at Porcupine Mountains has 
relied on natural snow for its lifetime, and 
installing snow making equipment can be 
a big financial burden. The costs of a snow 
making system depends on a number of 
factors, such as labor for construction and 
installation, weather during operation, and 
the cost of water and electricity for operation. 
Estimates vary widely, as few private resorts 
disclose their finances, but to cover one acre 
of ski hill with one foot of snow, the costs can 
be estimated around $1,200.38,39 In order to 
cover 45 acres of skiable and groomable 
hillside, the park may need to spend over 
$50,000 a year. The infrastructure required 
along with the operational energy makes 
the process expensive.40 Operating costs 
of snowmaking systems are expected to 
increase 60%, on average, between 2021 and 
2050.41 With waning ski seasons, the payback 
period for such an investment is much less 
reliable, making a sound financial model very 
difficult to create. 

There are a few other methods that resorts 
have employed to keep snow around as 
long as possible, such as shading ski trails to 
reduce melting, adding reflective material 
on top of snowpacks, or even hauling snow 
in from nearby locations.42 While all these 
methods aim to preserve as much snow, 
and skiing, as possible, the most popular 
adaptation is diversification away from snow 
based activities. Diversifying options by 
increasing the variety of attractions offered 
year round.

4.2 Rebranding Ski Resorts 

Resorts throughout the world have recently 
been rebranding from ski resorts to outdoor 
recreation resorts. In the winter some 
places have expanded their offerings to 
include tubing, ice skating, more rentals, 
lessons, terrain parks, expanded lodging, 
and food.44,45,46 Multiple  economic analysis 
reports recommend that ski resorts become 
all-season venues.47 While skiing can still 
be a primary reason for many people to 

visit, guests are made aware of the extra 
features the park has to offer.48 Many of 
the resorts analyzed have expanded into 
summer activities including mountain 
biking, hiking, and guided nature activities.49 
Luckily, Porcupine Mountains is already a 
wonderful summer destination, so expanding 
recreational activities at the ski area will 
simply increase the options. Many large 
resorts have adapted their slopes into activity 
parks that include climbing walls, alpine slide, 
zipline, even waterparks.50,51,52 These more 
intense uses require significant investments, 
but they also allow for the possibility for year-
round use. It is important for these resorts to 
offer something that is not nearby, ensuring 
they don’t create too much competition for 
their investments, so unique experiences 
are likely to be most profitable.53 Converting 
resorts into year-round destinations makes 
them more economically viable for a future 
where skiing is not able to be profitable every 
year.

4.3 Partnering Resorts 

Beyond diversifying the resort offerings, many 
ski resorts have been joining forces. As local 
snowfall becomes less reliable, resorts across 
the world have entered into partnerships to 
mitigate a bad season. These partnerships 
include agreements between resorts to share 
ticket revenue and ticket availability. Epic, 
a popular pass, gives access to 63 resorts 
worldwide, and the revenue from these ticket 
sales is divided among the resorts included 
with the pass.54 A season with poor snowfall 
and poor ticket sales can lead to a resort 
struggling to recover for many years,55 so 
resorts have come together into partnerships 
to reduce the risk that a bad season could 
compromise the financial stability of the 
resort.56 In these deals, there is typically a 
portion of revenue from each resort that is 
shared with the other resorts, as expanding 
skiers’ access to wider regions gives a 
higher likelihood that the skiing is favorable 
somewhere in the system.57 

Conglomerated resorts have shown to be 
more economically profitable than resorts 
that operate independently.58 In order for 
Porcupine Mountains to benefit from this 
aspect of the industry, further research is 
needed into the type of ticket deals that the 
park could make with other ski resorts. 

Aside from large partnerships of resorts 
forming, large lone resorts stand to continue 
operating longer term than smaller resorts.59 
The largest ski resorts are more capable of 
investing in themselves and able to adapt to 
new needs relatively quickly.60 As a result, the 
larger resorts with more financial cushion are 
more likely to survive bad seasons.61 This has 
been shown with many smaller ski resorts 
closing due to lack of investment. However, 
the closure of smaller resorts in the region 
could push more skiers to the ones that 
remain open.62 If this were a large enough 
trend, the open resorts could see a temporary 
increase in ticket sales at resorts that remain 
open. Eventually though, total regional ticket 
sales are expected to shrink as ski seasons 
become shorter.

4.4 Key Takeaways

Climate for skiing is becoming less reliable 
for a ski operation like Porcupine Mountains. 
Snowmaking is a temporary solution that 
may be prohibitively expensive, and may not 
be worthwhile in the long run. The possible 
skiing season at Porcupine Mountains is likely 
to start later in the year and be less reliable 
through the winter months, and shorter 
seasons are quite likely. In order to continue 
attracting visitors to the Porcupine Mountains 
area, the Park could diversify their winter 
and summer activity offerings to become a 
recreational destination year round. However, 
working alone is increasingly challenging and 
entering into a regional, or even national, deal 
with other ski resort operations could help 
balance revenue and possibly attract new 
customers. Having a larger financial base will 
allow Porcupine Mountains more flexibility to 
adapt to the fluctuating winters.
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5. CATALOGING AND 
RECOMMENDING AMENITIES
This section will examine potential amenities 
and attractions that Porcupine Mountains 
could integrate into current park plans 
to better increase visitation to the parks. 
Our investigation coincided with a turning 
point for park policy and natural features 
protections. Since the annual summer season 
is lengthening, more visitors are coming to 
the park, leading to increased need for and 
difficulty in park maintenance. The number 
of visitors reached 310,000 in 2016, when 
registration was first required for backcountry 

Year Average Visitors

2014 145,758

2015 178,01

2016 310,581*

2017 346,541

2018 450,059

2019 414,485

2020 586,555**

2021 555,522

2022 434,688

Table 4.1: Average Visitors to Porcupine 
Mountains From 2014 Onwards

campers, and rose fairly steadily to nearly 
600,000 in 2020 despite a three-month 
closure of the campgrounds and cabin 
rentals that year. The visitor number was 
nearly as high in 2021 but declined to near the 
2019 level in 2022 (430,000 visitors)63. 

This is most likely because during the 
height of COVID-19 pandemic, visitors 
could go outside and visit nature safely as 
long as they kept their distance from one 
another. It is important to note that our 
recommendations pertain specifically to the 
recreation area of the park. This is because 
most of Porcupine Mountains falls under 
a wilderness designation and is, therefore 
prohibited by law from establishing any type 
of modern recreational infrastructure. The 
only development that can occur within the 
state park is within the recreation area64. 

This section will pull in information from 
general studies that examined mountain 
biking tourism, as well as the suggestions 
offered by the International Mountain Biking 
Association (IMBA) specially for Porcupine 
Mountains. First, we’ll provide a brief overview 
of mountain biking, an attraction that could 
pull in a large number of visitors during the 
off-season of the ski hill. Next, our team 
examined potential shifts of the pricing 
of cabins currently offered by Porcupine 
Mountains.

Following this section, the report discusses 
the potential for expanding the bunny hill 
to include snow tubing. Additionally, we 
contacted multiple DNR staff about the 
possibility of expanding concessions. Finally, 
we explored the idea of having a private 
developer build a wilderness outdoor activity/
attraction. Our team’s research, public 
engagement, and discussions with Porcupine 
Mountains staff generated recommendations 
and action plans of relatively inexpensive 
ways to bring in more revenue to the 
recreational area of the park.

Data provided by Michael Knack, Manager of the 
Porcupine Mountains Wilderness State Park. 
* In 2016 the park required all back country campers to 
register and made the sites reservable hence the major 
increase.
 ** In 2020 the park lost 3 months of campsite and 
cabin rentals due to coronavirus.

5.1 Mountain Biking

Mountain Biking is becoming 
increasingly popular as 
a recreational activity 
nationally in the United States. 
Its popularity has grown 
exponentially in states with 
expansive natural land, like 
Utah, California, and Colorado. 
There are perhaps many 
reasons for this – some of it is 
due to the natural topography 
of these areas – but these 
areas also have a great 
ability to market and make 
destinations that revolve 
around mountain biking. An 
example of a mountain biking 
destination in Oregon is the 
City of Oakridge, which has 

Figure 4.12: Oakridge Backcountry Biking66

Another example is the 
village of East Burke, Vermont 
which was struggling with 
its loss of traditional industry 
in the region and struggles 
with economic stagnation 
and population loss, similar 
to Ontonagon. During this 
time period, Kingdom Trails 
Association was formed – a 
non-profit organization which 
has created a mountain 
biking network across 97 
private properties. The 
Kingdom Trails Association 
has created over a hundred 
miles of hiking trails, leading 
to an exponential increase in 
visitors (up to 137,000) and 
income (estimated to be 
around $10 million annually) 
for the village of East Burke.67

Figure 4.13: Mountain Biking in East Burke68

had a substantial increase 
in the number of mountain 
bike visitors over the last 
five yearhs. These visitors 

provide a needed boost to 
the city’s economy, which was 
historically based in natural 
resource extraction.65 
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The International Mountain 
Biking Association prepared 
a proposal for Porcupine 
Mountains in 2015, detailing 
what biking opportunities 
could be offered at the 
recreational area, particularly 
at and around the ski hill. The 
report provides guidance for 
the Michigan DNR, Friends 
of the Porkies, Nonesuch 
Mountain Bike Club, and Soke 
Trails. These stakeholders 
expressed interest in the 
development of a sustainable, 
destination-quality mountain 
bike trail system that would 
meet the needs of residents 
and bolster the outdoor 
recreation-based economy 
in and around Michigan’s 
Porcupine Mountains 
Wilderness State Park.69 
Stakeholders indicated that 
multiple opportunities exist 

Figure 4.14: Mountain Bike Jump70

Figure 4.15: Porkies Ski Hill Map

for bike trails within the park 
such as the existing facilities, 
surrounding passionate 
community, and positive 
annual revenue for Porcupine 
Mountains Wilderness State 
Park. The IMBA highlighted 

these same factors in their 
report. The existing facilities 
of the ski hill include: a 
concessions and rental 
building, event space, kitchen, 
indoor bathrooms, parking, 
and a gift shop. The chair lift

This has helped revive 
the region economically 
and has helped make it a 
thriving tourist destination. 
An example closer to home, 
within the state of Michigan, is 
Copper Harbor, approximately 
2 hours away from Porcupine 
Mountains. Copper Harbor, 
which used to be known 
for its copper extraction, is 
now nationally known for 
its well regarded mountain 
biking trails. A grassroots 
mountain biking community 
has developed one of the 
nation’s top trial systems, 
earning an International 
Mountain Biking Association 
(IMBA) designation, and is just 
a stone’s throw away from 
Porcupine Mountains.71

Figure 4.16: Topography of Potential Bike Trails72

Figure 4.17: Satellite of Potential Bike Trails73

itself has the potential to be 
retrofitted to carry mountain 
bikes up the hill, which makes 
it a particularly desirable 
amenity. This would mean 
that the facilities of the ski-hill 
would be usable during the off 
season period, and there may 
even be an opportunity to 
provide additional services to 
visitors, such as mountain bike 
rental and repair.

Local recreation advocates 
and organizations see the 
creation of trails as an 
“essential development 
for improved quality of life, 
economic diversification, 
and long-term community 
sustainability.”74 As 
mentioned, the development 
of quality biking trails has 
become the backbone of 
similar regional economies as 
evidenced by the dramatic 
increase in tourism income. 
The IMBA notes that “only 
a collaborative effort 
throughout many sectors 
of the community will turn 
the vision of great trails into 
reality.”75 The development 
of trails on and around the 
ski hill and recreation area 
of Porcupine Mountains also 
has the potential to increase 
annual visitation. As the 
summer season continues to 
extend because of climate 
change and ski hills have 
the possibility of snow loss, it 
would be beneficial to create 
a viable, all-season and/
or off-season recreational 
activity that has the ability 
to draw in visitors during the 
warmer months. 

However, there are also policy 
and environmental factors 
limiting the location and type 
of mountain bike trails. The 
Porcupine Mountains contain 
an extensive hiking trail 
system, including a segment 
of the North Country Trail. 
The majority of hiking trails 

are not open to mountain 
biking. The developed cross-
country ski trails are, but these 
paths traverse wet areas 
and unsustainable slopes; 
thus, they do not provide a 
quality mountain bicycling 
experience. According to the 
IMBA study, the soil in the park 
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5.2 Lodging and Concessions

In this section, our team developed a brief 
overview of the lodging structure of state 
campground, backcountry cabins, and 
lodge fees for Porcupine Mountains. We also 
created  a brief roadmap of potential future 
concessions. For information on lodging, we 
used DNR’s website for cabin reservations 
to compile a list of information about each 
cabin in a spreadsheet added into the 
Appendix of this paper. 

Figure 4.18: Porcupine Mountains Mirror Lake 2 
occupant Cabin81

Figure 4.19: Porcupine Mountains Mirror Lake 8 
occupant Cabin82

would make it difficult to develop sustainable 
trails with grades steeper than 7% to 10%, and 
ideal trail grades would be kept in the 5% to 
6% range.76 Keeping in mind the constraints 
above, the IMBA did identify a 15-mile stretch 
of land within the Porcupine Mountains 
recreation area in which an intentional and 
purpose-driven mountain biking trail could 
be built. This area has been identified as 
an initial target for the park, and has the 
capability of future lift access. The addition of 
purpose-built bike trails around the ski area 
would make it an attractive option for all-
season visitors and regional mountain bikers, 
including the Friends of the Porkies, Nonesuch 
Mountain Bike Club, and Soke Trails, who 
have been requesting such facilities since 
before 2014. These trails could also provide 
a potential new revenue stream for the 
state park and the residents of Ontonagon 
County. IMBA’s report recommends situating 
three bike-specific tracks near the Porcupine 
Mountain Chalet and lower lifts. 

These tracks include a skills challenge area, 
pump tracks (a small course with many 
small jumps, similar to a skate park), and a 
dirt jump or slopestyle area.77 The challenge 
area is designed for users to practice 
technical riding skills in a low consequence 
environment. The pump tracks area would 
be designed for a range of skill levels to allow 
cyclists to learn and perfect their riding skills; 
this may include a tot track and pump park. 
The dirt jump and slopestyle areas would 
also be designed for beginner to advanced 
riders, allowing for riders to eventually use the 
gravity flow trails. The cost estimates for this 
heavily depend on the amount and method 
of trail construction; pricing for contractors 
or skilled labor differs greatly as compared 
to volunteers or trails stewards. The low cost 
estimate in 2015 was $845,000 USD and 
the high was $1,795,000.78  If the Porcupine 
Mountains staff were to put this project into 
effect, they need to factor in the additional 
budgetary costs due to inflation. In order 
to provide a visual guide for this project, 

our team built a potential workflow in ESRI’s 
Survey123 for trails to be mapped out via 
GPS which could help initial placement and 
marketing maps in the future. Please see 
attached Appendix for that information.

Regarding concessions, we have spoken to 
DNR staff about the possibility of expanding 
concessions to include alcohol, as a number 
of visitors mentioned their interest in 
purchasing beer during our site visit. Since 
expanding concessions to include a liquor 
license is a time-intensive process that 
would involve Michigan State Legislature 
approval for issuance, we aren’t able to 
explain the process substantially in this 
section. It is important to note that expanding 
concessions to include a variety of alcohol 
and hot drinks should involve the current 
company in charge of concessions, Simple 
Adventures. If expanding the concessions 
offered at Porcupine Mountains seems to be 
a viable route, then it would be worthwhile 
to have discussions between DNR staff and 
Simple Adventures about the ways that 
bringing in alcohol/hot drinks could change 
service, and what that would mean for 
the current contract. However, due to the 
slower speed of this process we will not be 
expanding on it further in this report. 

Porcupine Mountains has 25 lodges in the 
park, which are a combination of modern 
lodgings with electricity and other amenities 
and backcountry cabins or yurts which 
provide shelter and rustic amenities such as 

Figure 4.20: Mirror Lake 4 Occupant Cabin83

wood-fire stoves.79 Most backcountry cabins 
are priced at $78 per night, with the exception 
of Cotten Cabin, which is priced at $100. The 
Tiny House is priced at $100 per night, and the 
Kaug Wudjoo Lodge is the most expensive at 
$215 per night.80 However, with 
the exception of these unique lodging 
opportunities, the cost per night does not 
vary according to the intended occupancy. 
For example, the two-person Mirror Lake 
Cabin is the same price as the eight-
person Mirror Lake Cabin. One potential 
increased revenue stream for the Porcupine 
Mountains may be charging more for 
cabins based on the amount of guests 
each cabin can accommodate. Therefore, 
the Mirror Lake Cabin that sleeps four could 
have an increased rate compared to the 
cabin that sleeps two, and so on up to the 
eight-person cabin. We believe these price 
increases are viable because there is such 
a high demand for lodging. For instance, the 
Michigan State Parks reservation website 
shows that modern lodging, which can be 
booked up to a year in advance, is almost 
fully booked. The same can be said for 
backcountry cabin reservations, which can 
be booked up to six months in advance. 
Adjusting prices for cabins based on 
capacity is a relatively simple change that 
has the potential to increase revenue for the 
parks by a wide margin. However, our team 
understands that there is a delicate balance 
between increasing revenue and providing 
affordable accommodations. It is important 
to continue funding state park programs and 
activities while also keeping these resources 
accessible for Michiganders who cannot 
afford steep price increases. Therefore, we 
suggest only a small increase in price to 
reflect demand and capacity in lodging. This 
would likely manifest in two-person cabins 
maintaining the price of $78 and increasing 
prices from there based on occupancy.
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5.3 Tubing hill

Expanding wintertime activities to include 
tubing were one of the suggestions received 
from public engagement. Tubing could be 
a family friendly way to increase potential 
revenue during the snow season with very 
little infrastructure needed. A tubing hill can 
be created rather easily. An attachment to 
a snow groomer can create two embanked 
tubing lanes.84 The embanked lanes provide 
a small wall of snow to buffer the tubes from 
running into each other or other visitors on 
the mountain. However, embanked lanes 
are not necessary if the tubing is on a gentle 
hill with slower speeds. The tubing run can 
be placed on a portion of the hill that has a 
significant horizontal run at the end in order 
to slow down tubes naturally. The tubing run 
can be placed without requiring an additional 
chair lift, and the walk back up to the start 
of the tubing run can help spread out the 
riders. The tubes themselves cost roughly 
$100 each,85 but they are expected to last at 
least six commercial seasons before needing 
replacement.86 With the ability to rent out 
tubes for a few dollars an hour, the tubes 
would most likely pay for themselves within 
their lifetime. The most important factor 
would be the siting of the tubing relative to 
the rest of the Winter Sports Complex. The 
tubing hill could be adjacent to the existing 
bunny hill or at the wide-open bottom of the 
Hiawatha run.

Figure 4.21: Snow Tubing in Michigan87

5.4 Adventure Courses

ZIPLINE

Ziplines and other such recreational 
features have been suggested for Porcupine 
Mountains. Due to their popularity elsewhere 
and the trend of recreational diversification 
our team researched a few of the larger 
recreational structures suggested for 
Porcupine Mountains. Many other ski resorts 
have also added ziplines and similar “activity 
parks” as mentioned in the snow loss 
section. For this reason, our team researched 
available information on how other state 
parks have done with zipline attractions.

Ziplines have been built in state parks around 
the country. Muskegon State Park has a full 
recreation center that includes a zipline.88 
The 1,400 foot dual zip line, seen here, cost the 
park roughly $215,000 to build. The funding 
came through multiple sources but included 
$120,000 from the Natural Resources Trust 
Fund and the Muskegon County Community 
Foundation.89 Rides cost approximately 
$30 and can be combined with the other 
activities. The feature opened in 2021, so it 
is relatively new. A variety of attractions are 
already at the Muskegon Luge Adventure 
Sports Park –  a portion of Muskegon State 
Park – to draw in visitors.90 The adventure 
park has plans to expand its recreational 
opportunities, and funding is already 
underway to build more ziplines. 

In Alabama three state parks have zipline 
adventure courses: Lake Guntersville State 
Park, Wind Creek State Park, and DeSoto 
State Park.91 In Idaho the zipline operation at 
Eagle Island State Park recently sold to a new 
concessionaire.92 The zipline is combined with 
a ropes course to make an Aerial Adventure 
Park for kids and adults.93 The operation sold 
for $150,000 and the operating company has 
been paying the park 7% of their gross annual 
receipts which comes to roughly $3,500.94

If a new zipline course were 
to be installed at Porcupine 
Mountains, the towers should 
be constructed along the 
edges of ski runs. This would 
provide an open space for 
the ziplines to run across, 
and the towers would not 
obstruct the winter uses. 
Running the course through 
open areas also limits the 
need for tree removal.95 The 
infrastructure required to build 
a full zipline course might be 
rather expensive and would 
require more substantial 
infrastructure constructions, 
though the chair lift could be 
used to take riders to the top 
of the zip course.

However, our cost-benefit 
analysis indicates that a zip-
line would not likely provide a 
significant amount of income 
to the State Parks system.  
If the Park took a private 
concessionaires approach, 
like the Idaho example, 

Porcupine Mountains might 
be able to identify a private 
company who could pay 
for the infrastructural 
improvements necessary for 
the zipline. Assuming terms 
similar to other agreements, 
– 7% of gross annual receipts 
paid to the park – Porcupine 
Mountains could realistically 
expect to earn a thousand 
dollars a year from the 
development. Such an 
operation would be beneficial 
to the private company, 
would create a few seasonal 
jobs, and could increase the 
likelihood of private interest 
in expanding recreational 
offerings with other structures 
at Porcupine Mountains. 
Additionally, ziplines would 
not likely be used during the 
wintertime, limiting revenue 
opportunities.  If Porcupine 
Mountains wanted to 
build, and fund, the zipline 
themselves, they could start 
with a smaller portion of the 

Figure 4.22: Muskegon State Park Zipline96

zipline with planned areas to 
expand downhill. According 
to the earlier examples, a 
1,400 foot zipline would likely 
cost more than $200,000 and 
could take up to 60 years to 
pay back from user charges 
alone, assuming a revenue 
of $3,500 a year. At that 
point, the operation would 
likely need to be replaced, 
therefore this approach is not 
recommended.

SUSPENSION BRIDGE

Porcupine Mountains has a 
wealth of scenic views that 
are unmatched, making it an 
ideal location to construct a 
pedestrian suspension bridge. 
A pedestrian bridge offers 
a great balance of scenic 
views and adventure as they 
give visitors the thrill of being 
suspended high in the air. 
There are over 1,000 bridges 
in the National Park system. 
Bridges come with many 
costs in construction and 
continued maintenance. The 
National Park system spent 
around $113 million dollars in 
2021 maintaining 84 bridges 
in the park system.97 Most, 
if not all, are not the scale 
of pedestrian suspension 
bridges, which can be 
multimillion dollar investments 
aimed at providing expansive 
views of cities or scenic 
forests. Suspension bridges 
are a large investment in time 
and cost, but they tend to be 
major attractions as they are 
more rare to come across.
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Michigan State University’s 
Hidden Lake Gardens recently 
decided to construct a 
suspension bridge in an effort 
to attract more visitors to the 
area. This project titled “Reach 
For the Sky” is a $2.2 million 
effort to build a 700 foot long 
canopy in the Hidden Lake 
Gardens. The design and 
construction of this canopy 
will be developed by Phoenix 
Experiential Designs, who 
have constructed a number 
of suspension bridges both 
domestically and abroad.98 
The project is anticipated 
to open later this spring. 
Information regarding 
pricing is anticipated to be 
announced with the opening 
of the bridge.99 Additionally, 
suspension bridges can be 
used year round and are 
particularly spectacular after 
a winter snowfall.

Boyne Mountain Resort in 
Michigan recently constructed 
a timber wood suspension 
bridge on their property. This 
1,200 ft bridge is the largest 
timber wood suspension 
bridge in the world, with 36 
ft of glass installation that 
hangs 118 ft above ground.100 
This suspension bridge 
came to fruition following the 
success of the resort’s sky 
bridge built on their property 
in Tennessee. Both bridges 
were designed and built 
by Experiential Resources 
(Eri), a firm that has 25 
years of experience building 
and designing adventure 
attractions.101 This private 
venture does not have 
publicly available information 
about the cost of construction. 
The construction process took 
approximately one year and 
three months from conception 

Figure 4.23: Suspension Bridge in Capilano Suspension Bridge 
Park105

to development.102 The entry 
fee is twenty-five dollars for 
people ages eleven to sixty-
nine.103

While construction costs of 
suspension bridges tend 
to be high, they are major 
tourist attractions and can 
yield large returns through 
purchase of additional tickets 
to access the attraction. 
The Porcupine Mountains 
scenic routes provide an 
ideal space to create a major 
attraction, draw in more 
visitors, and add another 
major revenue stream for the 
park. Conde Nast Traveler has 
an article listing “16 Incredible 
Suspension Bridges Around 
the World;” of these 16 bridges, 
online ticket pricing was 
available for 11 parks.104 Prices 
range from free admissions, 
to upwards of $40, with an 
average fee of $18.09 for adult 
entry across these suspension 
bridges. 

A suspension bridge requires 
a lot of upfront construction 
and development costs with 
continued maintenance 
costs. It could take upwards 
of a few years to see the 
return on investment. When 
the Porcupine Mountain 
Wilderness Park is able to 
make larger infrastructure 
investments, building a 
suspension bridge could be a 
viable option for development. 
It does require large upfront 
costs, but they provide a 
consistent stream of added 
income for the park system.

ALPINE SLIDE

Another recreation item that has been 
suggested for Porcupine Mountains is an 
alpine slide. Some ski resorts and parks have 
already had great success, with alpine slides 
creating off-season revenue for ski hills. An 
alpine slide is essentially a summer version of 
a bobsled; however, the alpine slide runs on a 
smooth continuous track made of fiberglass, 
concrete, or stainless steel. Alpine slides tend 
to be found in resort parks, but they are fairly 
rare and they do not appear to be available 
at state owned parks anywhere in Michigan. If 
the state partnered with a private developer 
to construct the slide, it has the potential 
to create a mutually beneficial financial 
scenario and bring in more park visitors. 

One existing example is the alpine slide in 
Park City, Utah. Park City is the largest ski 
resort in the United States, with over 7,000 
acres dedicated to skiing, hiking, alpine slides, 
and other outdoor recreational activities. The 
Alpine slide offers over 3,000 feet of a luge-
like track, and is sold with a chair lift ride up to 
the top of the track.106,107 The season runs from 
the end of May to early September. Ticket 
prices range from $17 to $28. This alpine 
slide can reach speeds of up to 25 miles per 
hour.108

Another example of an alpine slide at a 
resort is in Bromley Mountain, Vermont. This 
alpine slide was built in 1976; it is the first 
triple tracked alpine slide in North America, 

Figure 4.24: Park City Utah Alpine Slide112 

and one of the largest alpine slides in the 
world. There are three tracks, which range 
in difficulty from beginner to advanced. It 
is roughly 3,500 ft long. This slide can reach 
a maximum speed of 37 mph because of 
the manual braking system, however, most 
people will fall within the range of 15-25 
miles per hour.109 The season for Bromley’s 
alpine slide is the end of May to the middle 
of October. Tickets for the 2019 season for 
individuals cost about $37 per person,110 
though the cost depends on age, group size, 
and equipment rentals.

Alpine slides tend to have large upfront 
infrastructure costs and annual maintenance 
costs. Though specific pricing regarding 
current day pricing could not be found, a New 
York Times article from 1976 lists the price of 
crafting the alpine slide at Bromley Mountain 
VT, as $200,000.111 Adjusted for inflation, that is 
roughly $1 million in today’s dollars. Although, 
the alpine slide has an advantage of utilizing 
the existing infrastructure, since alpine slide 
systems are gravity based and there will 
need to be a mechanism to get people from 
the bottom of the run to the top efficiently. 
Therefore, using an existing chair lift would 
ease the financial burden of building another 
chairlift. If Porcupine Mountains were to install 
an alpine slide, our team would recommend 
it be in close proximity to the chair lifts, but 
not in the middle of the ski slope.

Figure 4.25: Bromley Alpine Slide113 
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6. RECOMMENDATIONS
Our recommendations for porcupine 
mountains will be structured into categories 
based on intensity of infrastructure, with 
simpler recommendations being less costly 
and more intensive recommendations 
being more expensive. Our low cost 
recommendations are to restructure cabin 
pricing and establish a more pronounced 
online presence. Changing cabin pricing 
to be by-occupancy pricing, especially for 
the backcountry cabins, would be a simple 
way to increase revenue for the park. Since 
the lodging in the Porcupine Mountains is 
so sought-after and consistently booked, 
increasing the pricing even in smaller 
increments could create a more consistent 
revenue stream for the park to use on other 
necessities and upkeep. Increasing the park’s 
presence online will help engage visitors 
who are not local to the region and point 
them toward lodging and amenities. These 
two recommendations require little to no 

Figure 4.26: White Birch Cabin

infrastructural requirements, though they 
require some system reorganization.

For infrastructural improvements, our 
medium-cost option is to create a tubing 
hill, either adjacent to the bunny hill or just 
uphill of the chalet. This activity would require 
buying an attachment to the snow groomer 
and purchasing snow tubes to rent at the 
chalet. The inclusion of a tubing hill could 
attract people who might not necessarily 
know how to ski or do not have the ability to 
ski, to partake in an exciting winter activity. 

Figure 4.27: Ski Chalet

Our high cost options involve the creation of 
trails or infrastructure in the recreation area 
of the park. The first, and likely best, course 
of action would be to create dedicated 
mountain bike trails for Porcupine Mountains. 
The other options our team analyzed, such as 
the zipline or alpine slide, may be appropriate 
in the future if Porcupine Mountains becomes 
a major summer recreational adventure 
area. Partnering with companies that 
construct and operate these facilities might 
be the best way to avoid upfront capital 
costs, increase park visits, and generate 
increased revenue for the Park. Additional 
data from the park’s operation of the ski hill 
during the 2022-2023 season could provide 
better estimates for time period and funding 
availability. The data from the visitor survey 
by WUPPDR could provide additional context 
for expanding recreational options in the 
region. (see Table 4.2)

Category Recommendation

Management Restructure pricing based off of occupancy of cabins rather than a flat
base price for all

Management
Create a more accessible media presence online through social media
and a more comprehensive website to garner more attention from
visitors not in the region

Management Assess opportunities to partner with nearby ski resorts on season passes

Low-Infrastructure Expand the bunny hill to include tubing

High-Infrastructure Create a network of mountain biking trails and courses

High-Infrastructure Build a exciting attraction through a partnership with a private developer
(Zipline, Suspension Bridge, Alpine Slide)

Table 4.2: Table of Recommendations

7. APPENDIX
The attached links below constitute the appendix of tables and surveys for the Porcupine 
Mountains research team. If you have any difficulty in reaching these links please contact staff at 
Taubman College.

Porcupine Mountain Public Engagement Survey 
Spreadsheet for Comparing State/National Parks
Spreadsheet Comparing Lodging Porcupine Mountains
ArcGIS Survey123 Public Engagement Questionnaire for Creating Bike Trails
Link to tables for comparison section

https://arcg.is/1uPuDG
https://forms.gle/MjXzqW7eR6wZ57ze8
https://docs.google.com/spreadsheets/d/1V-ut_j801N1gsqyOqA7wdOT-ot6zVgAC-fiqm68qvQI/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1tqm-GA_FmTsaKWFrGBuxbDmDj4gQitjrfGUk-t2v5gU/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1V-ut_j801N1gsqyOqA7wdOT-ot6zVgAC-fiqm68qvQI/edit#gid=1114692117
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KEY RECOMMENDATIONS

RESTRUCTURING LODGING MEDIA PRESENCE REGIONAL OPPORTUNITIES TUBING BIKING ADVENTURE COURSE

• Restructure lodging pricing 
based on occupancy 
of cabins rather than 
a flat base price for all. 
Preserve affordability 
while increasing funds 
available for recreational 
investment.

• Create a more accessible 
media presence online 
through social media and 
a more comprehensive 
website to garner more 
attention from visitors not 
in the region.

• Assess opportunities to 
partner with regional or 
national ski resorts on 
season passes to mitigate 
year to year fluctuations in 
skiable weather. 

• Expand the bunny hill to 
include tubing, increase 
family friendliness of 
the park and winter 
opportunities.

• Incrementally create 
a network of mountain 
biking trails and courses 
that can be flexible to the 
needs and wants of park 
management and visitors.

• Build an exciting attraction 
through a partnership 
with a private developer 
(Zipline, Suspension 
Bridge, Alpine Slide). 
Diversifying off-season 
recreation opportunities.
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CONCLUSION
This report synthesizes the Michigan Department of Natural Resources’ existing and expected 
areas of targeted investment, with the intention of increasing statewide park access, 
sustainability, and park revenue. Determining the necessary steps and stakeholders to implement 
Electric Recreational Vehicle Infrastructure in a cost-effective manner places Michigan at the 
forefront of electric vehicle adoption, primed to take advantage of new financing opportunities 
while safeguarding the state’s natural lands. This report recommends best practices for planning 
EV charger placement, explains current and future infrastructural needs of electrification, 
and recommends a number of partnerships to ease this transition. The section on Climate 
Adaptation outlines existing vulnerabilities of the state park system. Primarily, the section provides 
guidance regarding the risks, general management plan implementations, asset management 
considerations, and recommended adaptation strategies for the following hazards faced by state 
parks in Michigan: excessive heat, storms, erosion, and flooding.

Two focus areas highlight place-based research and recommendations for Porcupine Mountains 
Wilderness State Park and Belle Isle State Park. While the Porcupine Mountains State Park has 
attracted skiers for many years, the economic reliability of its ski season is shrinking. In order 
to stave off seasonal disinvestment, this section looks to other ski hills experiencing the same 
phenomena, many of which have diversified their recreational offerings by season –  maintaining 
skiing in the winter and adding infrastructure for mountain biking and other activities for summer 
months. In addition to offering more activities, the report recommends restructuring the existing 
lodging system to accommodate more visitors and yield additional profits. 

The report’s section on Belle Isle State Park proposes recommendations to advance goose 
management, transportation mode shift, and potential dark sky classification. This section 
analyzes various case studies for Urban Dark Sky opportunities, and its ideas for goose 
management include planting intentional landscaping, infrastructure, and other natural 
deterrents. Finally, the Belle Isle plan explores methods for encouraging visitation during off-peak 
periods by suggesting events that will incentivize visitors during less-busy times of day. 

Early adoption of sustainable, resilient, and intentional state park initiatives will set up 
Michigan’s DNR to adapt to and avoid future hazards. Together, these four sections constitute 
recommendations drawn from team site visits, stakeholder conversations, and thorough research   
to design a guiding structure for implementing programs that benefit Michigan state parks. These 
recommendations, coupled with institutional and experiential knowledge from Michigan state 
parks staff will encourage visitors to the state parks to enjoy the beauty of Michigan’s natural 
resources for years to come, even as the needs and opportunities in Michigan’s state parks 
change and evolve. 




