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As the scientific consensus on the reality of climate change continues to 
grow, planners and decision-makers are asking themselves how they 
can apply the information to better equip their communities for future 

conditions. These questions are compounded for coastal resource managers, who must 
address not only the issues common to all communities, but also the unique challenges 
that stem from their proximity to large water bodies: water level changes, increased 
wave action, and costal erosion, among others. 

This document is intended as a guide for local government officials in coastal areas 
to help identify and address the vulnerabilities in their communities. The checklist 
items range from specific low- or no-regrets decisions (those that will result in a net 
positive outcome or a minimal net cost regardless of future conditions) to general 
vulnerability assessments. 

Many of the items listed represent a significant capital investment, and should 
be considered as part of ongoing upgrades and maintenance, rather than as urgent 
matters. For instance, we would not expect a municipality to tear out functional fixed 
docks from a marina before the end of their useful lives to replace them with floating 
docks. Rather these changes should be considered when the time comes to replace 
infrastructure in the course of normal maintenance. 

In each case, communities should evaluate the cost of taking action, the likelihood 
of losses without action, and along with the potential scale of those losses, how 
sudden or unpredictable a precipitating event might be, and the ability (or lack there-
of) to respond in real time should an extreme event occur.
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shows significantly less decline, with extreme 
changes on the order of 1.5 feet by mid-century. 

While the prevailing thought has been that 
warmer temperatures and decreased ice cover 
would drive a trend toward lower water levels, 
recent research by Lofgren and Hunter (20113) 
“showed that a technique for downscaling General 
Circulation Model predictions that is based on 
energy conservation greatly reduces the increase 
in evapotranspiration losses resulting into river 
runoff generally larger than what is observed today. 
Thus, the net effect of climate change on lake levels 
becomes less clear...” (Di Marchi and Dai 20114).

Rising water levels could lead to problems with 
erosion, overtopping of fixed docks, and damage to 
shore infrastructure. 

Given the uncertainty in the direction and magni-
tude of water level changes (Quinn and Sellinger 
20075), the primary focus of harbor adaptation 
should be in building flexibility and resiliency, partic-
ularly for long-lived infrastructure. Additionally, any 
infrastructure planning should be carried out with an 
understanding of how changing water levels (partic-
ularly lowered levels) will impact harbor access. 

ports, harbors and marinas
Consider replacing fixed docks with floating 
docks or adaptable dock systems

Ensure boat launch ramps are sufficient to 
provide access across the range of predicted 
water surface elevations, or plan a response 
to changing water levels

Select materials able to withstand increased 
weathering and wave action

Assess the practicality and cost of main-
taining harbor access under lower water 
conditions

Ports, harbors and marinas are at risk in several 
ways. Water surface elevations in the Great Lakes 
are likely to change as temperature and precipita-
tion patterns shift; however there is no consensus 
regarding the magnitude or even the direction of 
that change, largely because of the many different 
feedbacks that impact the system. 

Some models predict a drop in mean water 
levels, with decreases in mean water levels in Lake 
Michigan as high as 4.5 feet by the middle of the 
century (e.g. Angel and Kunkle, 20101; Hayhoe, 
20102),. This is a change on the order of the roughly 
5 foot total variation observed between 1860 and 
2010. Changes of this magnitude would lead to an 
increase in the need for channel and harbor dredg-
ing, exposure of legacy infrastructure to increased 
weathering, and potentially could require redesigns 
as lake waters retreat. 

Predictions for lake levels on Lakes Erie and 
Ontario are of similar magnitude. Lake Superior 

1 Angel, J. and K. Kunkel. 2010. The response of Great Lakes water levels to future climate scenarios with an emphasis on Lake 
Michigan-Huron. Journal of Great Lakes Research, 36: 51-58.

2 Hayhoe, K., VanDorn, J., Croley, T., Schlegal, N., and D. Wuebbles. 2010. Regional climate change projections for Chicago and the U.S. 
Great Lakes. Journal of Great Lakes Research, 36, 7-21.

3 Lofgren, B., Hunter, T. and J. Wilbarger. 2011. Effects of using air temperature as a proxy for potential evapotranspiration in climate 
change scenarios of Great Lakes basin hydrology. Journal of Great Lakes Research, 37 (4): 744-752.

4 DiMarchi, C. and Q. Dai. 2011. Predicting Climate Change Impact on the Great Lakes Navigability and Shore Management. Ann Arbor: 
NOAA Great Lakes Environmental Research Laboratory.

5 Quinn, F. and C. Sellinger. 2006. A Reconstruction of Lake Michigan-Huron Water Levels Derived from Tree Ring Chronologies for the 
Period 1600-1961. Journal of Great Lakes Research, 32:29-39.
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Coastal ecosystems
Select longer-lived plants (10+ years) with 
hardiness under changing climate patterns in 
mind when undertaking restoration

Protect vulnerable coastal ecosystems from 
wave action

Maintain open space for ecosystem migration 
with changing water levels

Develop and implement plans for controlling 
the spread of invasive species 

Coastal ecosystems are fragile and highly valuable 
for the services they provide. In addition to acting 
as habitat and as breeding areas for many species, 
coastal plant populations often serve to protect 
vulnerable shorelines from erosion due to wave 
action. 

Many coastal ecosystems are highly sensitive to 
water levels. If lake levels change significantly, these 
systems could be drowned or left stranded above 
the waters that sustain them. Under natural condi-
tions, many plant populations are able to migrate 

up or down the shore as water levels vary, however 
in many areas coastal development limits the 
area available for migration. In the case of coastal 
wetlands that are protected by a beach or similar 
formation, water level declines may reduce moisture 
availability effectively destroying the ecosystem. 

Some plants may also suffer from rising tempera-
tures. With rising temperatures a near-certainty, 
some changes in plant population makeup should 
be expected. These changes should be taken into 
account when choosing plantings for wetland 
restorations. 

Invasive species are an additional threat to coastal 
ecosystems. While aquatic invasive species are 
nothing new to the Great Lakes, changing climatic 
patterns may provide new opportunities to alien 
species as native plant and animal communities are 
brought under increasing stress. Unfortunately the 
biological response to changing climates is quite 
complex and unpredictable, so the best response at 
this stage is vigilance.                            
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Wastewater conveyances
Eliminate combined sewers, if applicable

Minimize leaks in sanitary sewers to avoid 
sanitary sewer overflows during heavy rains

Combined Sewer Overflows (CSOs) and Sanitary 
Sewer Overflows (SSOs) are discharges of untreat-
ed sewage to surface waters. Combined sewers 
(those in which sanitary sewage and stormwater are 
purposely transported in the same system), while 
once common in the Great Lakes region, have now 
largely been eliminated6, 
making this an isolated and 
well-understood problem. 

SSOs, on the other hand, 
can be caused by sewer 
failure or by “infiltration/
inflow” (I/I) events, wherein 
stormwater enters the sani-
tary sewer system through 
leaks. From 1996-2000, the 
state of Wisconsin reported 
an average of 96 overflow 
events per year caused by 
I/I. These events are gener-
ally caused by heavy rains, which are expected to 
increase in the future; thus it is reasonable to assume 
that sanitary sewer systems will come under more 
frequent stresses in the future. 

A certain amount of I/I is inevitable and must be 
accounted for in the design of a sewer system; 
however it is important to minimize the stress 
on existing systems. Thus regular maintenance 
and monitoring of any sanitary sewer system is 
important. 

Water efficiency
Promote rainwater capture and storage 

Promote the use of high efficiency appliances 
and plumbing fixtures

The Great Lakes region is fortunate to possess 
abundant, high quality water resources. This 
resource has been critical to the development of 
our agricultural, industrial, and tourist economies, as 
well as to the high quality of life that residents have 
come to expect.

These suppl ies are 
not, however, inexhaust-
ible, and it is increasingly 
recognized that best prac-
tices call for minimizing the 
impacts of human activity 
on the water system. The 
uncertainty arising from 
climate change increases 
the importance of enacting 
these changes, as hydro-
logic systems are brought 
under increasing stresses. 
In many municipalities, 

growth will increase water demands, and warmer air 
temperatures are also likely to contribute to increased 
water use.

Reducing water use is a “no-regrets” or “low- 
regrets” planning decision; that is, one that will 
cost little or nothing over the lifetime of the project, 
regardless of future conditions. Widespread adop-
tion of water efficiency will allow municipalities to 
use smaller drinking and waste water treatment 
systems, in addition to providing some degree 
of resiliency against potential decreases in water 
availability.
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6 Once common in the Great Lakes Region, combined sewers remain in a handful of cities, including Milwaukee, Detroit, and Chicago. 
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urban environments
Minimize heat island effects by creating green 
spaces and through shade plantings 

When selecting long-lived plantings such 
as trees, choose varieties able to tolerate 
increased heat stress and reduced moisture

Institute appropriate setbacks to protect 
structures in the event of water level rise

Encourage building design standards 
that stress efficiency and resilience under 
increased climatic variability

The development of urban environments should 
be carried out with an eye towards building resil-
iency in the face of considerable uncertainty. The 
potential for increased severity of storm events, 
heat waves, droughts, and similar climatic events 
may impose new stresses on urban structures and 
on people living in urban environments. 

Potential impacts include an increase in bluff 
erosion rates, increased soil heave and subsid-
ence, increased soil saturation, increased outdoor 
temperatures, and other stressors to both building 
structures and residents. Given the long design life 
spans and significant capital investments represent-
ed by urban development, it is important that new 
construction account for the range of risks likely to 
be encountered under future climate conditions. 

roadways
Ensure alternatives exist for roads at risk from 
water-level rise, bluff recession, or groundwa-
ter flooding

Assess bridges, culverts, and other road cross-
ings for potential larger storm events

Develop a flood response plan identifying 
vulnerable areas 

Transportation infrastructure is, of course, vitally 
important to maintaining the economic vitality of 
a community, as well as playing a critical role in 
emergency management. Researchers predict an 
increase in maintenance costs and frequency with 
rising air temperatures. Indeed, the city of Chicago 
predicts a doubling of road maintenance costs 
under a high emissions scenario. In addition, the 
potential for increasing flood peaks and/or rising 
lake levels could increase flood damages. In addi-
tion, more extreme climate events could leave roads 
inaccessible during emergency response activities, 
potentially exacerbating damages. 

Adapting physical transportation infrastructure for 
climate change will likely happen over time as exist-
ing structures are replaced and upgraded. The need 
to upsize or change infrastructure such as culverts 
and bridges will have to be evaluated on a case-
by-case basis, depending on the estimated cost of 
failure. Analysis should examine backwater effects, 
and the potential to lose road access to critical infra-
structure in the event of a failure. 
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General adaptation and risk assessment
priorities. Many planners use the “SMART” frame-
work to help identify goals that are “Specific, 
Measureable, Achievable, Results-oriented, and 
Time-bound”. 

Prioritizing objectives will help simplify the daunt-
ing task of choosing which items can be tackled 
immediately, and which should be put off for the 
future. First-tier items are those which can be under-
taken in the current planning session, which require 
no additional research or information to undertake, 
and which do not require a drastic reordering of a 
maintenance schedule. Second-tier items are those 
which cannot be tackled immediately, either due 
to information or funding constraints, in addition 
to items which can be included in a regular main-
tenance or upgrade schedule. Third-tier items are 
those which are probably out of reach within your 
planning window. 
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Identify site-specific risks or vulnerabilities

Identify goals and objectives for your 
community

Organize and prioritize objectives into first, 
second, and third-tier categories

Engage community members and stakehold-
ers in decision-making and priority-setting 
processes

A certain amount of any adaptation strategy will 
be specific to a particular community. Certain risks 
will be greater or less for particular communities, as 
will the willingness to bear particular costs, either 
for implementing adaptation strategies or losses 
from future climate events. 

Setting clear goals for your community will allow 
planners to balance different costs and identify 

Conclusions
There is a great deal of uncertainty about the precise impacts of climate change, particularly on issues relat-
ing to water resources. This uncertainty can make it feel like a difficult issue to react to. We do have a clear 
understanding, however, that significant climate changes are likely, and local government officials would be 
well-served to invest time in understanding the range of possible outcomes, and how they would impact 
their local communities. 

Understanding and recognizing climate-related decision points will allow communities to smoothly 
integrate climate change data into their ongoing planning processes. This document can serve as a quick 
reference guide to help local officials keep climate change on the table as they guide decision making for 
their communities. 
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resources
Wisconsin Initiative on Climate Change Impacts 
www.wicci.wisc.edu 
In February 2011, WICCI released its first compre-
hensive report titled "Wisconsin's Changing Climate: 
Impacts and Adaptation." The Coastal Community 
Working Group report provides useful information for 
Great Lakes coastal communities (www.wicci.wisc.edu/
report/Coastal-Communities.pdf).

Adapting to Climate Change: A Planning Guide for 
State Coastal Managers 
coastalmanagement.noaa.gov/climate/adaptation.html 
This report from the NOAA Office of Ocean and Coastal 
Resource Management helps coastal managers develop 
and implement adaptation plans to reduce the risks 
associated with climate change impacts affecting their 
coasts. A Great Lakes Supplement (coastalmanagement.
noaa.gov/climate/docs/adaptationgreatlakes.pdf) provides 
more specificity on regional climate trends and impacts.

Climate Adapted Planning Resources 
www.regions.noaa.gov/great-lakes/?page_id=1590 
NOAA’s Great Lakes Regional Collaboration Team and 
The Nature Conservancy have together developed 
multiple resources that empower coastal communities 
to engage in planning for and adaptation to a chang-
ing climate. Materials include a guide, an outreach and 
engagement case study, a video, and online climate 
tools.

Tools for Coastal Climate Adaptation 
www.natureserve.org/climatetoolsguide/ 
This guide from the Ecosystem-Based Management 
Tools Network focuses on sofware and web-based 
applications for coastal climate adaptation that leverage 
visualization, modeling and decision support tools.

Hazards and Climate Adaptation, NOAA Coastal 
Services Center 
www.csc.noaa.gov/climate/ 
A portal for data, tools and technical assistance to 
help communities address coastal hazards and climate 
adaptation.

Climate Wisconsin: Stories from a State of Change 
climatewisconsin.org/ 
Wisconsin's Educational Communications Board 
received a regional Emmy for this series of videos 
and accompanying resources that highlight expected 
climate change impacts on industries and pastimes in 
Wisconsin.

Changing Climate, The Ohio State University 
changingclimate.osu.edu/ 
The key feature of this website is an outstanding webinar 
series on climate topics in the Great Lakes region.

Collaboratory for Adaptation to Climate Change 
adapt.nd.edu/ 
A valuable resource for research, education, and collabo-
ration in the area of adaptation to climate change. The 
project is funded by the National Science Foundation and 
the University of Notre Dame. A key outreach partner is 
The Nature Conservancy’s Great Lakes Project.

CAKE: Climate Adaptation Knowledge Exchange 
www.cakex.org/ 
CAKE is a joint project of Island Press and EcoAdapt. It is 
aimed at building a shared knowledge base for managing 
natural systems in the face of rapid climate change and 
includes many case studies relevant to climate adaptation 
in the Great Lakes region.

Climate adaptation Websites  
of the Great Lakes sea Grant network
Illinois-Indiana Sea Grant 
www.iisgcp.org/topic_climate.html

Lake Champlain Sea Grant 
www.uvm.edu/seagrant/category/topics/climate-change

Michigan Sea Grant 
www.miseagrant.umich.edu/explore/
climate-weather-and-the-great-lakes/

Minnesota Sea Grant 
www.seagrant.umn.edu/climate/

New York Sea Grant 
www.seagrant.sunysb.edu/articles/t/noaa-sea-grant-and-
climate-change-resources-coastal-processes-hazards-news

Ohio Sea Grant 
changingclimate.osu.edu/

Pennsylvania Sea Grant 
www.paseagrant.org/topics/climate-change/

Wisconsin Sea Grant 
www.seagrant.wisc.edu/home/topics/ClimateChange.aspx

http://www.seagrant.umn.edu/
http://seagrant.wisc.edu
www.wicci.wisc.edu
www.wicci.wisc.edu/report/Coastal
www.wicci.wisc.edu/report/Coastal
-Communities.pdf
coastalmanagement.noaa.gov/climate/adaptation.html
coastalmanagement.noaa.gov/climate/docs/adaptationgreatlakes.pdf
coastalmanagement.noaa.gov/climate/docs/adaptationgreatlakes.pdf
www.regions.noaa.gov/great
www.csc.noaa.gov/climate
climatewisconsin.org
changingclimate.osu.edu
adapt.nd.edu
www.cakex.org
region.Climate
region.Climate
www.iisgcp.org/topic_climate.html
www.uvm.edu/seagrant/category/topics/climate
www.miseagrant.umich.edu/explore/climate
www.miseagrant.umich.edu/explore/climate
www.seagrant.umn.edu/climate
www.seagrant.sunysb.edu/articles/t/noaa
changingclimate.osu.edu
www.paseagrant.org/topics/climate
www.seagrant.wisc.edu/home/Topics/ClimateChange.aspx

