
RESTORING, RETROFITTING, 
AND RECOUPLING GREAT 
LAKES SHORELANDS

LOCAL PLANNING FOR 
RESILIENT GREAT LAKES 
COASTAL COMMUNITIES

METHODS MANUAL
August 2016





RESTORING, RETROFITTING, AND RECOUPLING GREAT LAKES 
SHORELANDS
------------------------------------------------------------------------------------
SPONSORED BY
Water Center, University of Michigan
Michigan Department of Environmental Quality, Office of the Great Lakes

PRIMARY INVESTIGATORS
Richard K. Norton (PI), University of Michigan - Taubman College of 
Architecture and Urban Planning
Guy A. Meadows (Co-Investigator), Great Lakes Research Center - 
Michigan Technological University
Harry Burkholder (Co-Investigator), Executive Director - Land 
Information Access Association (LIAA)

CORE TEAM MEMBERS
Lan Deng, University of Michigan - Taubman College of Architecture and 
Urban Planning
Larissa Larsen, University of Michigan - Taubman College of Architecture 
and Urban Planning
Paul Webb, University of Michigan - School of Natural Resources and the 
Environment
MAde Studio (Maria Arquero de Alarcón and Jen Maigret, University of 
Michigan – Taubman College of Architecture and Urban Planning)
Stephen Buckman, Post-Doc, University of Michigan - Taubman College 
of Architecture and Urban Planning
Zachary Rable, Research Associate, University of Michigan - Taubman 
College of Architecture and Urban Planning
Claire Karner, Land Information Access Association (LIAA)
Katie Sieb, Land Information Access Association (LIAA)

RESEARCH ASSISTANTS
Alexandra Horst, Susan Landfried, Arthur Prokosch, Kelly Richardson, 
Lacey Sigmon, Douglas Smith, Wenting Yin, Bin Zhang, Wen Zhong



Acknowledgements 
 

Materials in this report have been developed through multiple collaborations between the University of 

Michigan’s Urban & Regional Planning Program and School of Natural Resources and Environment; LIAA; 

Michigan Technological University’s Great Lakes Research Center and the Michigan Tech Research 

Institute; the University of Michigan Graham Sustainability Institute; and the Michigan Department of 

Environmental Quality’s Michigan Coastal Zone Management Program. 

This work has been supported through grants from the Michigan Office of the Great Lakes, Michigan 

Coastal Zone Management Program; the National Oceanic and Atmospheric Administration; the 

University of Michigan Graham Sustainability Institute; and the University of Michigan Taubman College 

of Architecture and Urban Planning. 



Table of Contents
OVERVIEW                                                                                           1 
Introduction.............................................................................................................................................2
Great Lakes Coastal Dynamics and Local Master Planning...........................................................................................3

Partnership with LIAA and Michigan Coastal Communities...........................................................................................5

Research Approach to Addressing Climate Variability Impacts..................................................7
Scenario Planning, Climate Futures and Management Options...................................................................................8

Identifying High Risk Flood Areas........................................................................................................................................9

Analyzing Potential Impacts on Land Use, Environmental, Fiscal and Visualization.............................................10

PLANNING ANALYSES                                                                      12
Climate Futures and Management Options.....................................................................................13
Introduction.............................................................................................................................................................................14

Climate Futures.......................................................................................................................................................................14

Growth Management Options..............................................................................................................................................16

Identifying High Risk Flood Areas.....................................................................................................18
Introduction..............................................................................................................................................................................19

Background and Considerations.........................................................................................................................................19

Methods...................................................................................................................................................................................24

Other Approaches.................................................................................................................................................................38

Land Use Impacts..................................................................................................................................39
Introduction............................................................................................................................................................................40

Background and Considerations........................................................................................................................................40

Methods...................................................................................................................................................................................40

Other Approaches.................................................................................................................................................................62

Environmental Impacts.......................................................................................................................63
Introduction............................................................................................................................................................................64

Background and Considerations........................................................................................................................................65

Methods....................................................................................................................................................................................75

Other Approaches.................................................................................................................................................................80



Vulnerability Assessment....................................................................................................................81
Introduction............................................................................................................................................................................82

Background and Considerations........................................................................................................................................83

Methods...................................................................................................................................................................................86

Other Approaches.................................................................................................................................................................89

Fiscal Impact Analysis.........................................................................................................................90
Introduction.............................................................................................................................................................................91

Background and Considerations.........................................................................................................................................91

Methods...................................................................................................................................................................................92

Determining Revenue..................................................................................................................................................................................92

Determining Costs......................................................................................................................................................................................109

Visualization..........................................................................................................................................115
Introduction............................................................................................................................................................................116

Methods...................................................................................................................................................................................116

Research and Process.........................................................................................................................................................134

Additional Data Display.......................................................................................................................................................134

Conclusion.............................................................................................................................................137



1

SECTION I

OVERVIEW



In
tr

o
d

u
ct

io
n

2

1Introduction



3

The Great Lakes extend some 750 miles from east to west, touch some 
4,500 linear miles of U.S. shoreline, and cover a combined surface area 
roughly the size of the United Kingdom.(1) As with ocean coasts, the Great 
Lakes are large enough to generate substantial hazards to shorelands 
both from ongoing erosional processes and from periodic storm events. 

The Great Lakes are physically and institutionally different from the 
ocean. Most prominently, the Great Lakes are geologically young 
features subject to background erosion rates of about 1 to 2 feet per 
year throughout much of the basin, while simultaneously subject to 
fluctuations in standing lake water levels on the order of 1 or 2 meters 
over the course of decades.(2) Because of lake level fluctuations, Great 
Lakes shorelines can appear to be retreating lakeward (accreting) for 
extended periods while lake levels are low, only to move substantially 
inland as water levels again rise—sometimes from a single storm event. It 
is not clear how climate change will affect the Great Lakes overall, but it 
will likely increase the frequency and intensity of storms.(3) 

Institutionally, the Great Lakes are also unique because most of the 
states bordering them—including Michigan—are Northwest Territory 
states with civil townships (i.e., representing an added layer of local 
government in addition to counties and municipalities), yielding highly 
fragmented local governance of Great Lakes shorelands.(4) All of the 
Great Lakes states have also applied the Public Trust Doctrine to their 
Great Lakes shorelands, yielding state-local legal and policy institutional 
arrangements that are highly diverse and complex.(5)

Great Lakes Coastal Dynamics and Local 
Master Planning

EPA (U.S. Environmental 
Protection Agency). 2014. 
The Great Lakes: An 
Environmental Atlas and 
Resource Book. http://epa.
gov/greatlakes/atlas/index.
html.

GLERL (U.S. Great Lakes 
Environmental Research 
Laboratory). 2014. About 
Our Great Lakes: Great 
Lakes Basin Facts. http://
www.glerl.noaa.gov/pr/
ourlakes/facts.html.

MDEQ (Michigan 
Department of Environmental 
Quality). 2014. Shorelines 
of the Great Lakes. 
http://www.michigan.
gov/deq/0,4561,7-135-
3313_3677-15959--,00.html.

Norton, Richard K. 
and Guy A. Meadows. 
2014. Land and water 
governance on the shores 
of the Laurentian Great 
Lakes. Water International 
39(6):901-920.

Gronewold, Andrew D., 
et al. 2013. Coasts, water 
levels, and climate 
change: A Great Lakes 
perspective. Climatic 
Change 120:697-711.

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

Norton, Richard K., Guy 
A. Meadows, and Lorelle 
A. Meadows. 2013. The 
deceptively complicated 
‘elevation ordinary high 
water mark’ and the 
problem  with using it on a 
Great Lakes shore. Journal 
of Great Lakes Research 
39(2013):527-535.

(1)

(2)

(3)

(4)
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The International Joint Commission (IJC) released several reports 
in the early 1990s, such as the Land Use and Management Report of 
the Great Lakes-St. Lawrence River Basin Levels Reference Study,(6) 
which collectively began to document the effects of Great Lakes lake-
level variation on shoreline dynamics, the impacts of those dynamics 
on natural and built resources, and the conflicts and challenges those 
impacts were yielding with regard to shoreland area management. Other 
agencies and authors have since issued similar reports, guidebooks, 
and ‘toolkits’ designed to provide arrays of different kinds of shoreland 
area management options, along with generalized discussions of 
their applicability, strengths, and weaknesses.(7) Nonetheless, beyond 
these more generalized studies, little research has been conducted to 
systematically evaluate the acceptance, adoption, and usefulness of those 
various options in context through actual attempts at implementation. 

Figure 1. The changing shoreline in St. Joseph, MI
The house featured in the image was built in 2008 relatively far from the shoreline at the time. 
However, the fluctuating shoreline at the same site as seen in these aerial photographs dating back to 
1938, shows the ability of the lake to reshape its shores. The house was moved back from the shore by 
the home owners in 2015 because of rising lake levels.

International Joint 
Commission. 1993. Lake 
Levels Reference Study: Great 
Lakes-St. Lawrence River 
Basin, Annex 2 (Land Use 
and Management). Working 
Committee 2 Final Report 
submitted to the Levels 
Reference Study Board, 
March 31, 1993. ISBN 1-
895085-46-2. 

US Army Corps of Engineers, 
Detroit District, and Great 
Lakes Commission. 1999. 
Living with the Lakes: 
Understanding and Adapting 
to Great Lakes Water Level 
Change. ISBN 0-9676123-0-6.

Ardizone, Katherine A., and 
Mark A. Wyckoff. 2010. Filling 
the Gaps: Environmental 
Protection Options 
for Local Governments (2nd 
ed.). Lansing, MI: Michigan 
Department of Natural 
Resources and Environment

(6)

(7)
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Partnership with LIAA and Michigan Coastal 
Communities
This report, created by the University of Michigan (UM), Michigan 
Technological University (MTU), and the non-profit Land Information 
Access Association (LIAA) in collaboration with the Michigan Office of 
the Great Lakes program staff, and local Michigan communities, uses 
recent and ongoing work on Great Lakes coastal habitats and shoreline 
dynamics to establish a set of methods enabling analysis of shoreland 
dynamics, fiscal impacts, environmental vulnerabilities, visualized high 
risk areas, and land use impacts In an effort to make planning decisions 
based on known information about the Great Lakes systems, UM and MTU 
have collaborated with LIAA to identify and analyze hazard areas and 
work with community groups to plan for better coastline management. 

The project team includes UM and MTU researchers, community planning 
staff from LIAA, and stakeholders from Michigan communities. The 
Principal Investigator is Richard K. Norton (UM Urban and Regional 
Planning). Co-investigators include: Guy Meadows (Michigan Tech 
Great Lakes Research Center); Maria Arquero (UM Urban and Regional 
Planning); Lan Deng (UM Urban and Regional Planning); Larissa Larsen 
(UM Urban and Regional Planning); Jennifer Maigret (UM Architecture); 
Paul Webb (UM School of Natural Resources and Environment); and 
Catherine Riseng (UM School of Natural Resources and Environment). 
Additional research capacity was contributed by: Stephen Buckman (Post-
Doctoral Researcher, UM Urban and Regional Planning), Zachary Rable 
(Research Associate, UM Urban and Regional Planning), and many Master 
of Urban Planning students from UM Urban and Regional Planning.

Funding for the project came from the University of Michigan Water 
Center and the Michigan Department of Environmental Quality’s Coastal 
Zone Management Program.
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Purpose of Study
The purpose of this study was to develop methods that would allow 
coastal communities to better assess the potential to restore, retrofit, and 
recouple their dynamic shorelands through state shoreland management 
policies and laws, as well as with local master plans, regulations, and 
polices. To do this, a multi-disciplinary project team integrated scientific 
knowledge and research with local planning processes in coastal 
communities in Michigan. The goal is to have other coastal communities 
explore these methods and ideas on their own, thereby helping the 
communities become more adaptive and resilient to climate shocks along 
their coastlines.

This manual describes key approaches, assumptions, and methods that 
communities can follow to address shoreland management. Communities 
can follow the same process or tailor it to their own particular interests 
and needs.
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2Research 
Approach to
Addressing
Climate 
Variability 
Impacts
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The methods described in this report used scenario planning as a useful 
planning framework for visioning. Scenario planning looks to establish 
and create plausible narratives for the future, dealing almost entirely 
with uncertainties. To clarify, scenario planning does not try to predict 
the future; instead, it seeks to simulate uncertain aspects about the 
future. 

Uncertainty in a planning setting is common, particularly when the 
planning issues are rooted in natural environmental processes, like water 
level fluctuations on the Great Lakes. Scenario planning helps navigate 
these uncertainties because it allows for adaptive planning by plotting 
different, but reasonable future narratives against each other. Narratives 
within any given scenario must have a basis in valid economic, social, and 
environmental data about the present and potential future conditions 
and should consider multiple variables and perspectives.(1)

These narratives about uncertain futures help communities test policies, 
prioritize strategies, and demonstrate potential future conditions.(2) This 
gives communities a way to process the future in the present.(3) Unlike a 
forecast, which concretely lays out a predicted future for a community, 
scenario planning arranges a palate of reasonable, potential futures from 
which decisions regarding uncertainties can be made and planned for by 
a community.

This report utilizes a scenario planning matrix that creates nine discrete 
scenarios from plausible future narratives regarding climate conditions 
and growth management options. 

Scenario Planning, Climate Futures and 
Management Options

Peterson, G. D., Cumming, 
G. S., & Carpenter, S. R. 
(2003). Scenario Planning: 
a Tool for Conservation in 
an Uncertain World. Essay 
358 Conservation Biology 
Conservation Biology, 17(2), 
358-366.

Harwood, S. A. (2007). Using 
Scenarios to Build Planning 
Capacity. In L. D. Hopkins & M. 
Zapata (Authors), Engaging 
the future: Forecasts, 
scenarios, plans, and projects 
(pp. 135-154). Cambridge, 
MA: Lincoln Institute of Land 
Policy.

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

Harwood, S. A. (2007). Using 
Scenarios to Build Planning 
Capacity. In L. D. Hopkins & M. 
Zapata (Authors), Engaging 
the future: Forecasts, 
scenarios, plans, and projects 
(pp. 135-154). Cambridge, 
MA: Lincoln Institute of Land 
Policy.

(1)

(2)

(3)
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Figure 2. Images of the three flooding 
scenarios for the City and Township of Grand 
Haven.

The risk assessment mapping methodology 
developed in this study provides the 
foundation for the overall technical analysis 
process of this report. All of the methods ` 
in this report, in one form or another, rely 
on the high flood risk assessment mapping 
component to determine impacts. For the 
purpose of understanding areas at risk, 
three climate futures were considered, each 
increasing in severity: Lucky, Expected, and 
Perfect Storm. The final scenarios for our 
study consisted of combinations of climate 
futures and management options, however, 
your community may want to define more or 
fewer climate futures depending of the level 
of detail and scope of analysis it wants to 
consider.

Identifying High Risk Flood 
Areas
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Land Use Mapping
Building upon the assessment of high risk flood areas, the land use 
mapping component can be used to determine how a community’s 
building inventory might be impacted under those risks, both current 
and future. Mapping a community’s land use variability requires at least 
three key maps: current land use coverage, future land use coverage as 
allowed through the community’s existing zoning code, and future land 
use coverage if spatially restrictive Best Management Practices (BMPs) 
are implemented to constrain development in and near natural features. 
The current land use maps show the present position of the community 
if there were no change to the built environment. The build-out land 
use maps, using the community’s zoning code as a foundation for each 
projection, allow a community to envision what future conditions could 
look like if they were to allow a full build-out according to the current 
zoning scheme at a 60% build-out efficiency. The BMP land use map 
limits development to certain areas in order to enable the conservation 
of natural areas or aid in flood management. This land use map also 
employs a 60% build-out efficiency.

It is important to emphasize that even though a community’s zoning 
code allows for a certain build-out, it does not mean that a build-out 
to that extent will necessarily occur. The build-out projections are not 
“forecasts,” but merely reasonable possibilities given a community’s 
zoning code. It is ultimately up to the community to determine its future 
land use. However, knowing what a full build-out looks like using the 
current zoning code can help inform those future land use decisions. 

Environmental Assessment
Analyzing the different environmental vulnerabilities that a community 
might expect to encounter under the different climate futures and 
management options advances future resilient community planning 
goals. The environmental vulnerability method takes information about 
what a community currently allows and/or restricts for development 
– which may or may not be detrimental to natural features – to guide 
suggested BMPs. These vulnerabilities can be further explored by 
assessing the different environmental impacts that could occur under 

Analyzing Potential Impacts on Land Use, 
Environmental, Fiscal and Visualization
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each climate future and under each management option. By exploring 
where the environment is most vulnerable, a community can be more 
informed in developing future planning documents.

Community Vulnerability Assessment
A community vulnerability assessment is a context-sensitive analysis 
that can provide a community with valuable information about areas 
or populations that are most vulnerable to climate change impacts. 
Vulnerability includes the exposure of the natural and built landscape 
to different hazards as well as how sensitive a community or segments 
of a community are to identified hazards. This assessment can help 
a community plan for these potential hazards and prioritize climate 
variability adaptation strategies.

Fiscal Impact Analysis
The purpose of a fiscal impact analysis (FIA) is to quantify the fiscal 
impacts of different development options under the different climate 
futures. For this scenario analysis, an FIA can examine the benefits and 
costs associated with each of the nine scenarios so that communities 
can make informed choices on how they would like to grow in the future. 
The FIA not only looks to issues of potentially lost revenue from property 
taxes but also examines direct hazard impacts such as structural 
damages. The FIA allows communities to compare the costs associated 
with each climate future and management option with pre-storm 
positive fiscal considerations, such as increased property taxes of houses 
closer to the Great Lakes. This analysis gives communities the ability to 
determine if the benefits of certain development options outweigh the 
costs associated with the different climate futures.

Visualization
Visualizing the impact of climate change can be one of the most 
beneficial ways to help citizens and public officials understand what 
a community can expect under different climate futures and growth 
management options and promote dialogue about a community’s future. 
Visualization, through aerial imagery, photographs, and data mapping, 
allows a community to see how each climate future coupled with each 
management option may impact a community. The power of this method 
comes in its ability to connect public officials and community members 
with data so that they can make informed decisions about the future 
development of their community. 
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SECTION II

PLANNING 
ANALYSES
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Climate Futures 
and Growth 
Management 
Options

1
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Great Lakes water levels will continue to stay relatively low. Although 
there will be wave and wind action, major storm events and wave impacts 
will not encroach on properties landward of current beaches. Potentially 
flooded inland areas (including riverine flooding) will remain as currently 
delineated by FEMA under effective Flood Insurance Rate Maps (FIRMs) 
(specifically, zones: A & AE from the effective FIRMs). Other climactic 
conditions (e.g., storm frequency and intensity, heat waves) will remain 
consistent with patterns in recent history.

Lucky Climate Future

Introduction

Great Lakes water levels will continue to fluctuate according to long-term 
decadal patterns, including recent extreme storm events. There will be 
periods of high water levels similar to the long-term highs recorded in 
1986, with Great Lakes still water elevations closer to that of long-term 
average. Large storm events will also occur more frequently. During 
these high water periods, a “100-year” storm event will create waves that 
will encroach upon coastal properties, with areas subject to wave action 
such as might be delineated by FEMA for coastal high velocity (VE) zones 
(methods for approximating VE zones on Great Lakes shores are provided 
below), areas subject to sheet flow as delineated by FEMA proposed AO 
zones, and nearshore areas subject to inundation as delineated by FEMA 
proposed AE zones. Riverine flooding at a “100-year” storm event level 
will also be present. During the “100-year” storm, areas located within 
the VE zone will be completely destroyed while areas of the community 
within the AO and AE zones will be severely damaged by inundation.

Expected Climate Future

Scenario-based planning enables users to conduct selected analyses 
given combinations of climate futures and growth management options. 
For this study and report, three climate futures and three management 
options were considered, yielding nine separate scenarios. This section 
briefly describes the key assumptions underlying each of these scenarios.

Climate Futures
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Great Lakes water levels will continue to fluctuate according long-term 
decadal patterns, consistent with assumptions made for the Expected 
future. As a difference, Great Lakes still water elevation will be higher 
than the long-term average and closer to the long-term high. In addition 
to that assumption, because of increased frequency and intensity of 
storms, the shoreland areas subject to VE zones, as well as coastal and 
riverine inundation as delineated by the FEMA proposed “500-year” 
storm event (shaded-x zones), will essentially become the “100-year” 
storm event (i.e., much more likely to occur). Properties within these 
areas, in addition to properties in the proposed AE and AO zones, will be 
severely damaged by inundation. Similar to the Expected future, during 
the “100-year” storm, areas located within the VE zone will be completely 
destroyed.

Perfect Storm Climate Future
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This management option extrapolates from the current zoning ordinance 
and simulates what a full build-out would look like should the current 
zoning guidelines remain unchanged. A full build-out does not necessarily 
mean that 100% of a community’s land will be built on, but rather reflects 
a level of build-out that could be reasonable given the current zoning and 
basic assumptions about land reserved for roadways, parks, and so on. 
In this report, a full build-out represents a 60% build-out efficiency of 
developable land to account for inherent natural space within lots, as well 
as additional roads, sidewalks, and other infrastructure enhancements. 
In simulating what the future might look like under a full build-out, this 
management option would allow the planning analyst to assess potential 
impacts to building inventory under the three different climate futures, 
should a community continue to develop under current zoning practices. 

Current Conditions

Growth Management Options

This management option reflects the infrastructure (buildings, roads, 
critical facilities, etc.) that is currently in place in communities. This 
option assumes no changes in the built environment and allows the 
planning analyst to examine the impact of climate futures on the 
community’s current state. 

Full Build-Out
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Best Management Practice (BMP) Build-Out

This management option simulates what future development might 
look like if communities implement certain zoning practices based on 
best management practices (BMPs). Instead of strictly adhering to the 
current zoning ordinances of the communities, this option applies basic, 
spatially restrictive BMPs to the simulation for this type of build-out. 
Such BMPs include: 50-foot buffers around inland water features (rivers, 
lakes, streams) and wetlands of 5 acres or more in size (as defined by 
Michigan’s Final Wetland Inventory), and a restriction of development 
altogether within wetlands 5 acres or more in size (as defined by 
Michigan’s Final Wetland Inventory). Using a scenario that involves BMPs 
would allow the community to assess how implementing these BMPs 
would alter potential development futures and assess the different 
impacts that the climate futures would have on future development.

Figure 3. Scenario matrix of the nine scenarios analyzed in the study

Climate Futures

Management Options Lucky Expected Perfect Storm

Scenario 1A Scenario 1B Scenario 1CCurrent 
Conditions

Full Build-Out
(Currently Allowed)

Scenario 2A Scenario 2B Scenario 2C

BMP Build-Out
(Spatial BMPs)

Scenario 3A Scenario 3B Scenario 3C
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2Identifying High 
Risk Coastal Areas
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In studying where and how communities might be at risk for different climate 
futures for flooding, it is necessary to understand the unique dynamics of 
flooding in the Great Lakes and to develop methods to identify and map high 
risk areas or high energy waves. This chapter provides a brief explanation of 
Great Lakes dynamics and the potential impact of climate change on the Great 
Lakes region; this information is useful in informing potential flood projections. 
Additionally, this chapter includes by a detailed step-by-step guide that will 
enable each community to develop its own set of flood scenarios using publicly-
available data. 

The Great Lakes function differently than other inland water bodies and 
tidal oceans. Great Lakes water level changes result not from the moon’s 
gravitational pull, but from cyclical changes in rainfall, evaporation, and riverine 
and groundwater inflows.(1) These factors work together to raise and lower the 
water levels of the Great Lakes in small increments daily, seasonally, and over 
the course of years and decades. Long-term water levels fluctuate by multiple 
feet.

Since the early 2000s, the Great Lakes’ water levels have remained low, but 
historical patterns over the last century indicate higher water levels are sure 
to return.(2) Lake Michigan’s water level in October 1986 averaged 582 feet 
while in January 2013, the water level averaged 576 feet. However, since 2013, 
water levels have risen, averaging 580 feet as of June 2016.(3) The decadal and 
multi-decadal shifts in water levels are not solely responsible for the movement 
of the shoreline landward and lakeward over time. The velocity and height of 
waves, erosion of shorelines, and variability in the oscillation of water levels also 
contribute to coastal dynamics on the Great Lakes.

The Great Lakes are subject to high energy waves and wave setup along the 
coastline. High energy waves are strong in speed and intensity and are primarily 
created as fast winds move across the surface of the water for extended 
distances.(4) Wave setup is the height of the water as waves reach the shore. 
High wave setup results as regional storm patterns create high winds on the 

Introduction

Background and Considerations

Great Lakes Dynamics

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

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

http://www.glerl.
noaa.gov/data/
dashboard/GLWLD.
html

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

(1)

(2)

(3)

(4)
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bounded water bodies of the Great Lakes. These powerful and tall waves are 
natural conditions that can increase the pace of erosion and damage structures 
on or near the shoreline.(5)

The shorelines of Lake Michigan are mostly made of gravel and sands that 
easily erode during times of high energy waves.(6) Coastal erosion can flood and 
damage infrastructure along bluffs and beaches and is a natural occurrence 
on the geologically young Great Lakes. Erosion is caused mainly by storms and 
winds, not necessarily by rising lake levels.(7)

The Great Lakes are contained in gradually shifting and tilting basins. This tilting 
results as the Earth slowly decompresses and rebounds from the immense 
weight of the glaciers that created the Great Lakes.(8) This attribute of the Great 
Lakes contributes to the difficulty of predicting the pace of shoreline movement. 
Therefore, it is safest to plan for great variability and rapid change in water 
levels.(9)

Powerful waves, erosion, and quickly changing shorelines are natural processes 
of the Great Lakes, each having implications for planning efforts along the 
coast. Climate change, however, augments these natural processes, and requires 
preemptive planning in coastal communities. 

Norton, Richard K. , 
Meadows, Lorelle A. 
and Meadows, Guy 
A.(2011) ‘Drawing 
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Climate and weather are directly related, but are not the same thing. Weather 
refers to the day-to-day conditions in a particular place, like sunny or rainy, hot 
or cold. Climate refers to the long-term patterns of weather over large areas. 
When scientists speak of global climate change, they are referring to changes 
in the generalized, regional patterns of weather over months, years and 
decades. Climate change is the ongoing change in a region’s general weather 
characteristics or averages. In the long term, a changing climate will have more 
substantial effects on the Great Lakes than individual weather events.

Evidence collected over the last 150 years shows a trend toward a higher 
global temperatures, higher sea levels, and less snow cover in the Northern 
Hemisphere. Scientists and ecologists from many fields have observed and 
documented significant changes in the Earth’s climate. Warming of the 
climate system is unequivocal and is now expressed in higher air and ocean 
temperatures, rising sea levels, and melting ice.(10)

The Great Lakes Integrated Sciences & Assessments Center (GLISA) is a 
consortium of scientists and educators from the University of Michigan and 
Michigan State University that provides climate models for the Great Lakes 
Region in support of community planning efforts. According to GLISA, the 
Great Lakes region experienced a 2.3 degree Fahrenheit increase in average air 
temperatures from 1900 to 2012.(11) An additional increase of 1.8 to 5.4 degrees 
Fahrenheit in average air temperatures is projected by 2050. Although these 
numbers appear relatively small, they are driving very dramatic changes in 
Michigan’s climate and greatly impact the Great Lakes.(12)

There is strong consensus among climate experts that storms, greater in 
number and intensity, will occur in the Great Lakes region.(13) This is already 
happening as “the amount of precipitation falling in the heaviest 1% of storms 
increased by 37% in the Midwest and 71% in the Northeast from 1958 to 2012.” 
(14) As storms drop more precipitation and generate stronger sustained winds, 
the Great Lakes will see stronger and higher waves.(15) In addition to direct 
damage caused by storms, sustained increases in the number of storms and 
their intensity can both directly and indirectly pollute waters by overloading 
sewage and stormwater capabilities.(16) Increases in the intensity of storms also 
quickens the pace of erosion on Great Lakes shorelines. In fact, the Federal 
Emergency Management Agency (FEMA) projects approximately 28% of 
structures within 500 feet of a Great Lakes shoreline are susceptible to erosion 
by 2060.(17)
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The natural ups and downs in the water levels of Lake Michigan will continue 
regardless of the impacts of climate change.(18) However, climate change is 
likely to augment this natural process resulting in more variable water levels 
as warmer air temperatures result in fewer days of ice cover and faster 
evaporation.(19) In other words, lake levels could rise and fall faster and with 
even less predictability than in the past. Fortunately, much of Michigan’s coastal 
infrastructure was built in previous decades during times of high water levels.(20)

However, fast rising waters can erode shorelines, damage infrastructure, and 
cause extensive flooding in inland rivers.(21) When lake levels fall, access to 
infrastructure like docks may be restricted and navigation hazards in shallow 
waters are exposed. Low lake levels pose a threat to coastal vegetation and 
can reduce the pumping efficiency of drinking water intake pipes.(22) Additional 
ramifications of changing lake levels include a drop in water supply, restricted 
fish habitats, more invasive species, faster erosion, and an overall decline in 
beach health.(23) Climate change is likely to augment the natural highs and lows 
of lake levels, causing more variability and a faster rate of change, making each 
of these potential ramifications both more likely and less predictable.
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Methods for identifying high risk areas were derived from a combination of 
available data and reasonable assumptions about future water levels and 
storminess. In other words, to understand what areas might be susceptible to 
flooding, future climate assumptions were established for the Lucky, Expected, 
and Perfect Storm climate futures, as defined earlier, using as much publicly 
available data as possible.

The components of these climate futures help explain how to begin mapping 
high risk flood areas. There are various flood zones (i.e. A, AE, etc.) within 
FEMA’s FIRMs, and these zones play a role in the composition of each of the 
climate futures. FIRMs are available as a free download from FEMA’s website in 
digital format. These GIS shapefiles spatially locate where these flood zones are 
present in any community helping officials identify a community’s flood risks. 
Additionally, it is well-documented that sillwater lake elevations vary often, 
depending on a number of factors. Historic water levels from GLERL/NOAA are 
available for discovery at their online dashboard (http://www.glerl.noaa.gov/
data/dashboard/GLWLD.html), and provide reasonable stillwater benchmarks 
(historic high, average, and low) for crafting realistic climate futures. Building 
data-driven assumptions gets complicated, however, when accounting for 
potential future storminess. 

In order to craft more reliable assumptions regarding potential future 
storminess, a combination of GLERL/NOAA’s hourly and six-minute interval 
water elevations at their gage stations from January 1970 through June 2016 
were first compiled. The data were then checked from each station for normal 
distribution in order to estimate the water elevation change for .2% and 1% 
storms – using data from USACOE/FEMA to access the portion attributable to 
waves. A total storm surge estimate – after also calculating potential wave runup 
(verified with numerical reports as a function of lake fetch) – was developed for 
all stretches of Michigan’s coast. This pursuit requires quite a bit of scientific 
and statistical analysis, the rigor of which is probably unlikely for most coastal 
communities. As such, Figure 4 presents estimates of total storm surge for the 
entire Michigan portion of the Great Lakes basin, calculated by researchers at 
Michigan Technological University for this study. These estimates provide a good 
starting point for employing the methods described in this chapter. That said, it 
is recommended that communities or planners do their own sensitivity analysis 
to check potential land cover changes should the storm surge vary by some 
+/- feet. The reason for this is that if there are dramatic land cover changes in 
potential coastal flooding discovered during a sensitivity analysis, it may be wise 
to adapt these estimates to better fit the community in question.

Methods
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Ontonagon to 
Point Iroquois
Avg. Total: 7.3ft

Ontonagon
EC: 2.1 ft
R: 5.1 ft

TS: 7.2 ft

Powell
EC: 2.2 ft
R: 5.0 ft
TS: 7.2 ft

Marquette
EC: 2.3 ft
R: 5.0 ft
TS: 7.3 ft

Port Inland
EC: 4.4 ft
R: 5.2 ft

TS: 5.6 ft

Grand Marais
EC: 2.4 ft
R: 5.0 ft
TS: 7.4 ft

Naubinway
EC: 2.4 ft
R: 5.0 ft
TS: 7.4 ft

Port Dolomite
EC: 4.6ft
R: 5.1 ft

TS: 9.7 ft

Point Iroquois
EC: 2.4 ft
R: 5.1 ft

TS: 7.5 ft

De Tour Village
EC: 5.1 ft
R: 5.1 ft

TS: 10.2 ft

Mackinaw City
EC: 3.9 ft
R: 3.7 ft
TS: 7.6 ft

Rogers City
EC: 3.3 ft
R: 5.0 ft

TS: 8.3 ft
Alpena

EC: 3.0 ft
R: 5.0 ft
TS: 9.0 ft

Tawas City
EC: 3.7 ft
R: 4.4 ft
TS: 8.1 ft

Harbor Beach
EC: 4.4 ft
R: 5.0 ft
TS: 9.4 ft

Port Sanilac
EC: 4.4 ft
R: 5.7 ft

TS: 10.1 ft

Lakeport
EC: 4.4 ft
R: 5.5 ft
TS: 9.9 ft

Newport
EC: 2.1 ft
R: 4.3 ft

TS: 6.4 ft

Grand View
EC: 2.2 ft
R: 5.1 ft

TS: 7.3 ft

Toledo
EC: 2.3 ft
R: 5.1 ft

TS: 7.4 ft

St. Joseph
EC: 4.0 ft
R: 5.1 ft
TS: 9.1 ft

Holland
EC: 3.5 ft
R: 5.0 ft
TS: 8.7 ft

Muskegon
EC: 4.0 ft
R: 5.0 ft
TS: 9.0 ft

Ludington
EC: 4.4 ft
R: 4.3 ft

TS: 8.4 ft

Leland
EC: 4.1 ft
R: 4.3 ft

TS: 8.4 ft

Mackinaw City 
to Tawas City

Avg. Total: 8.0 ft

Harbor Beach 
to Lakeport

Avg. Total: 9.8 ft

Toledo to 
Newport

Avg. Total: 7.0 ft

Calumet Harbor, IL 
to Ludington

Avg. Total: 9.0 ft

Ludington to 
Mackinaw City

Avg. Total: 8.4 ft

De Tour Village 
to Port Inland

Avg. Total: 9.7 ft

EC: Elevation Change
R: Runup

TS: Total Surge

Figure 4: Total storm surge estimates for Michigan portion of Great Lakes basin
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1. Go to http://msc.fema.gov/portal.

2. Type in the community you are looking to analyze and click “Search”.

3. When the new page opens, you will notice that there is a box below the 
Search Results that says something like “The flood map for the selected area 
is number ____________”. Take note of that number. This will be useful for 
downloading the appropriate dataset. 

4. Click on “Show all Products for this area”. A new page will open.

5. Click on the “Effective Products” folder. A list of sub-folders will appear. 

6. Click on the “NFHL Data-County” folder

7. There may be more than one product in this folder. If so, refer to the number 
you wrote down earlier. There should be a product that matches the first five 
digits of that number after the beginning of “NFHL_” under the “Product_
ID” column. Click on the Download button for that product. 

8. A zipped file will be downloaded to your computer.

9. After download, extract all of the files to an easily accessible location.

10. Open ArcMap, click the “Add Data” button, and search for your newly 
downloaded files.

11. When you have located your files, you can add everything, or simply add 
the shapefile titled: “S_FLD_HAZ_AR.shp”. This shapefile is the location and 
attributes for flood insurance risk zones shown on the FIRM and is the only 
relevant file for this mapping exercise. 

Pseudo VE Method

Under this method, your community will be able to identify areas of high risk by 
only using data that is free to the public and is provided by both FEMA and the 
USGS. The basic assumptions established above for the climate futures guide 
this identification method. As such, downloading existing FEMA FIRMs, and 
manipulating the data from these FIRMs using GIS, is the first task in identifying 
high risk areas. The following provides a step-by-step sequence for mapping 
high risk areas under the current climate conditions.
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The next steps will provide your community with an opportunity to explore 
where it may be susceptible to high velocity (VE) wave action (and further 
explore different climate futures). These zones are labeled as “Pseudo VE” 
zones. To identify the “Pseudo VE” zones, it is necessary to access USGS digital 
elevation data. In particular, you will need to download Digital Elevation Models 
(DEMs) from the USGS and manipulate that data in GIS. To do this, use the 
following set of instructions.

1. Go to http://viewer.nationalmap.gov/basic/ to access the USGS National Map 
Viewer.

2. Either use the map on the webpage to zoom to the community of study, 
or use the “Search” bar at the top of the webpage to search for your 
community of study and then select “Zoom to” under the appropriate result 
of the search.

3. On the left side of the screen, there is a list of datasets you can select from. 
Click on “Elevation Products (3DEP).”

Step 1: Download the Digital Elevation Model (DEM)  

12. Right click on the “S_FLD_HAZ_AR” layer and select “Open Attribute Table”.

13. After the table opens, right click on the “FLD_Zone” column. Sort Ascending. 
Select all of the “A” and “AE” attributes under this column. Close the table.

14. Right click on the “S_FLD_HAZ_AR” layer and highlight “Data”. Click on the 
“Export Data” sub-option. 

15. Under “Output feature class,” click on the button with a folder and an arrow 
above it to save your new data. A new window will open. Make sure that the 
“Save as type:” says “Shapefile. Create a new folder in your desired location 
named with a name for the current climate conditions flood forecast. Click 
“Save”.

16. After this, click “OK” on the original window for “Export Data”. It will ask 
you if you would like to add the new layer to your current ArcMap document. 
Click “Yes”.

17. Your new current climate conditions forecast map is created.
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4. The Product Search Filter will appear.  Select the 1/3 arc-second DEM. 
Currently, this option is the best available resolution of all of the currently 
available DEM products. Better DEM resolutions, such as LiDAR, may be 
available for your community, but the remaining process remains the same 
(just with different resolution names). 

5. For File Format, Select “ArcGrid”

6. At the top of the Search Options box on the left side of the screen, click the 
button “Find Products.”

7. Confirm that this is the correct product and select Download under the 
Actions column.

8. A zipped file will be downloaded onto your computer.

9. After download, extract all of the files to an easily accessible location.

10. You are now ready to open the DEM(s) within ArcMap.

1. Open a new ArcMap Document.

2. Save the ArcMap Document with a unique name. 

3. Use the “Add Data” button to add your newly downloaded and saved DEM(s). 
Do not select the thumb.jpg file. After clicking, “Add”, a new window may pop 
up that reads, “This raster data source does not have pyramids or contains 
insufficient pyramids…” Click “Yes”.

4. Once added, the first thing that you need to do is to convert the cell values 
that compose the DEM to integers. To do this, follow the “Spatial Analyst 
Tools --> Math --> Int” pathway within the ArcToolbox to open up the 
appropriate tool to convert the cell values. 

5. Under the “Input raster or constant value” dropdown menu find your newly 
added DEM. 

Step 2: Convert the DEM to a polygon 
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6. Next, use the “Output Raster” file button to save your converted DEM in an 
easily accessible location. Click “OK” once the saved pathway is determined.

 
7. It may take a minute or two, but a new raster will appear under your 

“Layers” table of contents. 

8. Once the “Int” tool has completed converting your DEM, you can convert 
the new raster to a polygon layer. To do this, open ArcToolbox and follow the 
“Conversion Tools --> From Raster --> Raster to Polygon” pathway to open up 
the appropriate tool to convert the new raster to a polygon layer. 

9. Under the “Input raster” dropdown menu find the new raster layer. 

10. Next, use the “Output polygon features” file button to save the new polygon 
layer to an easily accessible location. Click “OK” once the saved pathway is 
determined. 

11. It may take a few minutes, but a new polygon layer will appear in the Table of 
Contents under “Layers”.

12. Save your ArcMap Document.

1. Add your community’s boundary shapefile to your ArcMap file. You may have 
to project your community’s boundary shapefile if it the DEM’s datum and 
the boundary’s datum are not the same. Follow the steps in the Projection 
box on page 29 if you need to project your data. Otherwise, continue to the 
next step.

2. Once added, use the “Clip” tool under the “Geoprocessing” dropdown menu 
at the top of the ArcMap Document to clip the converted to polygon layer 
DEM to the community’s boundaries. A new window will open when the 
“Clip” tool is selected.

3. Use the “Input Features” dropdown menu to add the converted to polygon 
DEM layer, and the “Clip Features” dropdown menu to add your community’s 
boundary shapefile. 

Step 3: Clip new polygon layer to community boundaries
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1. Go to https://www.census.gov/cgi-bin/geo/shapefiles2014/main to access the 
TIGER/Line Shapefile database.

2. Under the “Select a layer type” dropdown menu find and select “Coastline”. 
Click “Submit”.

3. A new window will appear. Click “Download national file”.

4. Once downloaded, unzip or “extract all” of the associated files from the 
folder to an easily accessible location.

5. In ArcMap, add the TIGER/Line national coastline shapefile. Project it using 
the Project tool.

6. In terms of future data management, reduce the data to that of just the 
coastline of the community you are studying. To do this, use the “Select 
Features” tool (after zooming out a bit) to select the coastline polyline 
segment that impacts that community of interest. 

7. Once the segment is selected and highlighted, right click on the TIGER/
Line coastline layer, and highlight the “Selection” option from the dropdown 
menu. A submenu will appear, and click “Create Layer from Selection”. 

Step 4: Create the coastal zone

4. Next, use the “Output Feature Class” file button to save the clipped polygon 
layer to an easily accessible location. Click “OK” once the saved pathway is 
determined. 

5. Your clipped polygon layer will be added under your “Layers” table of 
contents. 

Projecting Data
1. Open ArcToolbox and follow the “Data Management --> Projections and Transformations --> 

Project” pathway. 
2. Under “Input Dataset,” use your community’s boundary shapefile. For “Output Dataset,” name 

the output file to be saved in an accessible location.
3. Under “Output Coordinate System,” select the button to the right and open the “Spatial 

Reference Properties” box. Under the “XY Coordinate System” tab, open “Layers” and click the 
coordinate system you want to project to. Click OK. Click OK again on the “Project” box.  Your 
new projected shapefile will be added to the map.
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8. Using the selected coastline layer, create a 1000 ft buffer using the “Analysis 
Tools --> Proximity --> Buffer” pathway within the ArcToolbox. When the 
Buffer tool window opens, find the selected coastline layer from the 
dropdown menu under “Input Features”. Save the new feature to an easily 
accessible location using the “Output Feature Class” file button. 

9. Also, using the blank box under “Distance [value or field]” and “Linear unit”, 
type “1000” and find and click “Feet” in the dropdown menu next to the box. 
Click “OK”.

10. A new layer with the 1000 ft buffer will appear under the “Layers” table of 
contents.

11. Next, use the “Clip” tool under the “Geoprocessing” dropdown menu at the 
top of the ArcMap window to clip the new buffer layer to the community’s 
boundaries. A new window will open when the “Clip” tool is selected.

12. Use the “Input Features” dropdown menu to add the buffer layer, and 
the “Clip Features” dropdown menu to add your community’s boundary 
shapefile.

13. Next, use the “Output Feature Class” file button to save the clipped buffer 
layer to an easily accessible location. Click “OK” once the saved pathway is 
determined. 

14. Your clipped buffer layer will be added under the “Layers” table of contents.
 
15. The clipped buffer layer of 1000 ft represents the coastal zone for your 

community.

1. To find Still Water Elevation numbers, go to: http://www.glerl.noaa.gov/data/
dashboard/GLWLD.html. 

2. A pop-up window entitled “To get started” will appear over surface water 
elevation graphs for each of the Great Lakes. Close this pop-up window by 
either clicking “OK” or the “X” in the top, right corner. 

3. In the top, right corner of the webpage, there are boxes checked for each of 
the Great Lakes (and for Lake St. Clair). For easier reading, un-select each 

Step 5: Identify community Still Water Elevations
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of the lakes that are not relevant to your community. Meaning, if you are 
located on Lake Superior, un-select “Michigan-Huron,” “St. Clair,” “Erie,” and 
“Ontario”.

4. Once this is done, click the top, left corner button that reads, “To feet”. This 
changes the elevation display from meters to feet. There should be a red, 
horizontal line in the graph representing the “Average for period of record 
(1918-present)”. The elevation figure associated to this red line is the long 
term average Still Water Elevation (SWE). This is the SWE to use for the 
Expected climate future. Expected SWEs for all of the lakes (as of 2016) are 
listed in Figure 5 on page 32.

5. To find the SWE number for the Lucky climate future, select under the drop-
down “Observations” menu the “Record lows (1918-2016)” observation box. 
This will populate the graph with dashes of the observed record low, so that 
one can compare the months of the record low year to the months of any 
other year in which data has been recorded. Placing your cursor over any of 
the bottom/lowest dashes will reveal when the observed lowest water level 
took place, as well as the month and year you are currently comparing that 
water level to, and most importantly, the lowest water level elevation. That 
is the SWE number to use for the Lucky climate future. Lucky SWEs for all of 
the lakes (as of 2016) are listed in Figure 5 on page 32.

6. For the Perfect Storm Still Water Elevation, select under the drop-down 
“Observations” menu the “Record highs (1918-2016)” observation box. The 
process of finding this number is similar to the one just described for the 
Lucky climate future. The difference is that you need to place your cursor 
over any of the top/highest dashes. The elevation listed here is the SWE 
number for the Perfect Storm climate future. Perfect Storm SWEs for all of 
the lakes (as of 2016) are listed in Figure 5 on page 32.

7. To note, it may be easier to round your elevation numbers for SWE. Water 
level fluctuates daily, and so these numbers are not meant to be firm, but 
rather starting points for crafting scenarios around uncertain futures. Use 
your discretion to round/simplify SWEs.
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Still Water Elevation Levels (1918-2016)

Lake
Lucky Climate 

Future
Elevation (ft)

Expected Climate 
Future

Elevation (ft)

Perfect Storm 
Climate Future
Elevation (ft)

Lake Superior 599.47 601.7 603.38

Lakes Michigan/ Huron 575.42 578.8 582.35

Lake Erie 568.17 571.32 574.28

Lake Ontario 241.93 245.28 248.56

Figure 5. Still Water Elevation Levels for Climate Futures
The record low, average, and record high still water elevation figures informed the climate future 
creation. Please note that these figures are accurate as of 2016 and will need to be reviewed 
depending on when you create your scenario analysis using the methods described in Step 5. 
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1. Right click on the previously converted to polygon DEM layer, and click on 
“Open Attribute Table”.

2. A new window will appear that displays the data (in a table form) that 
composes the polygon layer. One of the attributes of the table is titled 
“gridcode”. This column represents the elevation of the separate polygon 
features of the layer itself, but the elevation is in meters. It is easier, for this 
exercise, to work with elevation in feet.

3. To get the elevation in feet, click on the icon in the top, left of the window, 
directly under the word “Table”. A dropdown menu will appear. Click on “Add 
Field”.

4. A new pop-up window will appear where you are able to specify the “Name” 
and “Type” of the new field. In the box next to “Name:” type “Elev_Ft”. Then, 
using the “Type:” dropdown menu, select “Double”. Click “OK”.

5. In doing this, a new column within the attribute table will appear. All of the 
values, at present, will show “<Null>”. 

6. Right click on the new “Elev_Ft” column, and select “Field Calculator…” A 
new pop-up window will appear. Click “Yes”.

7. The Field Calculator window will open. This is where you can convert the 
elevation from meters to feet, and fill in the “Elevation_Feet” column 
accordingly. To do this, first make sure that the “VB Script” button is 
selected (with a blue dot). 

8. Then, double click on “gridcode” within the box underneath “Fields:”. This 
will populate the box directly underneath “Elev_Ft =”.

9. Next, Click on the “*” button just above the same box that just populated 
with “[gridcode]”. This adds the “*” to the box and represents a 
multiplication symbol. 

10. Click directly to the right of the “*” symbol in the box, and type “3.28084”. 
This number represents how many feet are in 1 meter (rounded to the fifth 
decimal). This equation tells the “Elev_Ft” column how to fill in its currently 
“<Null>” cells. Once the box reads: “[gridcode] *3.28084” click “OK”.

Step 6: Manipulate data and clip to coastal zone
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11. The calculation will process, and a box saying “Calculating records…” will 
appear. Depending on the size of your community, it may take a minute or so 
to complete.

12. Once the process is complete, you should see numbers within each of the 
cells of the “Elev_Ft” column. 

13. The next step is to select the pertinent polygon fields that are less than or 
equal to certain elevations. This process is started by going back to the icon 
near the top, left of the attribute table window and clicking on it. Find and 
Click on the “Select by Attributes…” item in the dropdown menu.

14. Once done, the “Select by Attributes” window will open. In the “Layer” 
dropdown menu, select the DEM for your community. Make sure that 
the “Method:” dropdown menu within the window reads “Create a new 
selection”.

15. Then, double click on “Elev_Ft” in the box underneath “Method:”. This will 
populate the box directly underneath “SELECT * FROM [the name of your 
layer] WHERE:”.

16. Next, click on the “< =” button near the middle, left of the window. This will 
also populate the same box, and should now read: “Elev_Ft <=”.

17. Similar to the “Field Calculator,” this selection equation looks for certain 
attributes. You will be looking to find elevations (in feet) that are less than 
or equal to certain still water elevations. For purposes of simplifying the 
methodology, start with the first elevation number for the Perfect Storm 
flood forecast. Click directly to the right of the “<=” symbol in the box, and 
type the number for your Perfect Storm Pseudo VE Zone. 

18. The box should read: “Elev_Ft <=___”. Once it does, click “Apply”. Doing this 
will create a selection within the Attribute Table (and those features that met 
the requirements of the equation will be highlighted). Click on the “X” in the 
top right corner of the Attribute Table window to close the table. You will 
notice certain features highlighted on the map itself, and those features are 
the features currently selected by the rule you have created. 
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19. Right click on your converted to polygon DEM layer and highlight “Selection” 
in the dropdown menu. Click on “Create Layer From Selected Features” in 
the submenu. This will create a new layer in the “Layers” table of contents, 
which represents all of the areas within your community that have an 
elevation of the you identified in step 17 (the Perfect Storm VE Zone) or 
lower.

20. The next step is to clip this new layer to the previously created coastal zone. 
To do this, use the “Clip” tool under the “Geoprocessing” dropdown menu at 
the top of the ArcMap document. 

21. Use the “Input Features” dropdown menu to add the new layer with the 
selected elevations, and the “Clip Features” dropdown menu to add your 
coastal zone layer.

22. Next, use the “Output Feature Class” file button to save the clipped selected 
elevation layer to an easily accessible location. Click “OK” once the saved 
pathway is determined. 

23. Your clipped selected elevation layer will be added under the “Layers” table 
of contents, and this represents all of the areas within the coastal zone that 
have an elevation of the Perfect Storm Pseudo VE Zone or lower.

24. This process of selecting attributes based on elevations, creating new layers 
based on those selections, and then clipping said selections to the coastal 
zone will need to be replicated to fully complete the creation of Pseudo 
VE Zones for your community. You will need to repeat Steps 13-23 for 
each of the elevations listed in the table below which is a reference for the 
appropriate elevations.
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1. In reviewing the new polygon layers that represent Pseudo VE Zones, it 
is important to make sure that the areas where the polygons intersect 
the coastal zone are logically representative of where communities might 
experience high velocity wave action. Meaning, if polygon features cover 
land near the edge of the coastal zone, but not near the shoreline, or are 
present near the shoreline, but then have gaps in land coverage and are 
present again near the edge of the coastal zone, those specific polygon 
features need to be further examined (and potentially removed) from the 
Pseudo VE Zone.

2. There are several different ways to do this, but the Converted to Polygon 
DEM (clipped to the community) can be used to reference the elevation 
in the areas where the polygon features are coming into question. If, for 
example, the elevation shows a bluff of four feet above the elevation used to 
create the Pseudo VE zones, then you can remove any polygon features that 
fall landward of that bluff (near the edge of the coastal zone). 

Step 6: “Ground Truth” Pseudo VE Zones 

The elevation number accurately representing the Pseudo VE Zones, for either 
the Expected or Perfect Storm, is the sum of Still Water Elevation (SWE), Wave 
Run Up (WRU), and Wave Action (otherwise known as Elevation Change). This 
number (in feet) is represented Figure 5. For the rest of the manual, the sum of 
the Wave Run Up and Wave Action (Elevation Change) will simply be referred to 
as Total Storm Surge. 

Average Total Storm Surge numbers for communities across the State of 
Michigan are denoted in coastal stretches in Figure 4. Use these numbers with 
NOAA/GLERL’s Still Water Elevation numbers (found at their online dashboard)  
to craft Expected and Perfect Storm Pseudo VE elevation numbers for your 
community. 

Pulling these figures together (the Still Water Elevation and Total Storm Surge) 
the Pseudo VE Zones are as follows:
• Expected Climate Future = Expected Still Water Elevation + Total Storm 

Surge
• Perfect Storm Climate Future = Perfect Storm Still Water Elevation + Total 

Storm Surge 
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3. Removing polygon features can easily be done using the “Edit Features” 
toolset. It may be necessary for you to first bisect polygon features under 
this toolset before you are able to remove polygons that do not logically fit 
into the high velocity wave action premise. Please refer online tutorials and 
ArcGIS toolset descriptions if further guidance is needed. 

4. Once these two processes are completed (downloading and manipulating 
the FEMA FIRMs, as well as downloading and manipulating the USGS DEMs 
for “Pseudo VE” zones), the different climate futures can be “identified” 
or mapped fully. To do this, merge the appropriate layers in GIS so that the 
following zones are represented for each of the climate futures:

Lucky – Existing FEMA FIRM A & AE zones
Expected – Existing FEMA FIRM A & AE zones + “Pseudo VE” zone using 
the Expected parameters for stillwater elevation
Perfect Storm – Existing FEMA FIRM A, AE, & Shaded X zones  + “Pseudo 
VE” zone using the Perfect Storm parameters for stillwater elevation. 
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There are many possible mapping methods that can help identify high risk 
flood areas. One of these methods comes directly from FEMA. FEMA created 
the computer program, HAZUS, to help regions identify where they might be 
susceptible to natural disasters (flooding being one of the natural disasters 
that HAZUS analyzes), and the potential costs (clean up, inventory damage, 
shelter, etc.) of that natural disaster. The positives of using FEMA’s HAZUS 
computer program are twofold: (1) HAZUS could identify high risk flood areas 
for communities and (2) HAZUS could quantify in detail the cost of flood events 
that corresponded to the constructed climate futures. HAZUS’s capabilities 
are impressive, if you are able to obtain the right data inputs and have the 
necessary knowledge to appropriately manipulate the program’s stock settings. 
However, those are two real challenges.

Running a Level 1 analysis with HAZUS can be successful by using stock data 
(for the most part) to assess the location of flooding and costs of this flooding 
for a community. However, a more in-depth Level 2 analysis is difficult for 
multiple reasons. A Level 2 analysis requires more complex datasets that are 
difficult to access. These datasets are called coastal and riverine flooding depth 
grids. FEMA has never created them for the State of Michigan, but they are 
available in other states. Additionally, the scope of a HAZUS analysis was limited 
to counties and census tracts as of 2015, which made it difficult to analyze 
specific community boundaries. (This limitation may change with updates to the 
HAZUS tool). As such, inherent flaws prevented HAZUS from providing reliable 
city-level or township-level results, only providing numbers that were skewed 
as a result of the program’s limited flexibility. Moreover, in order for HAZUS 
to provide realistic damage and fiscal impact numbers, users are required to 
extensively update general building stock data. This effort would be very time-
intensive and difficult for a community planning staff to manage. 

However, if a community has access to these datasets and wants to learn and 
run HAZUS, it can produce extremely useful information about not only where 
the high risk areas are in their community, but also about what different storm 
events will cost their community. 

Other Approaches
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3Land Use 
Impacts
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Management options have been integrated into this scenario planning 
framework so that jurisdictions can assess their current and potential risks 
under different climate futures. The management options component of the 
scenario planning method can therefore inform your community about different 
development options and how those options intersect with uncertainties about 
the climate. In studying where and how your community might be at risk under 
different development futures, it is necessary to develop tools and methods 
to identify and map current infrastructure arrangements, as well as future 
projected management options. This chapter explains different management 
options, provides a sample framework for how to begin this process, and then 
includes a detailed guide for how to use the CommunityViz program to establish 
development futures for any community.

In order to create management scenarios that reflect possible futures most 
relevant to your community, you should consider the following questions when 
creating your community’s development futures. 
• What do you currently have in terms of structures and infrastructure? 
• What does your current zoning ordinance allow for in terms of future 

development?
• What kinds of Best Management Practices (BMPs) might you wish to 

implement that could restrict exposing future development to high risk 
floods?

Management options can be integrated into the scenario planning framework 
to assess your jurisdiction’s current and potential exposures under different 
climate futures, thus enabling your community to plan for growth in an 
uncertain future. This approach evaluates three conditions:

1. Current State: This management option is essentially the baseline, no change 
option. It considers what is currently in place, in terms of infrastructure 
(transportation, energy, water and waste water, and the related critical 
facilities) and buildings.

Introduction

Background and Considerations

Methods
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2. Full Build-Out: (Based on current zoning ordinances) – This management 
option extrapolates on what the current zoning ordinance anticipates 
as future development within a community, should the current zoning 
ordinance remain in place. The ArcGIS software extension CommunityViz 
aids this analysis. The full build-out management option assesses potential 
additional impacts to the community building inventory, with a continued 
build-out under current zoning practices.

3. BMP Build-Out: (Based on Best Management Practices – BMPs) This 
management option also uses a techniques software (e.g. CommunityViz) 
to simulate what future development might look like if a community were 
to implement certain zoning practices. Instead of strictly adhering to the 
current zoning ordinance of the a community, this management option 
applies spatially restrictive Best Management Practices (BMPs) to simulate 
this build-out. The BMPs used for our study, and that might be adapted to 
your community included: 50-foot buffers around inland water features 
(rivers, lakes, streams) and wetlands of 5 acres or more in size (as defined 
by Michigan’s Final Wetland Inventory); and a restriction of development 
altogether within wetlands 5 acres or more in size (as defined by Michigan’s 
Final Wetland Inventory). This management option assesses how BMPs would 
alter potential development patterns for communities. It also assesses the 
different impacts that the climate futures would have on future development 
if BMPs were indeed implemented. 

In order to establish these futures, master plans and zoning ordinances should 
be reviewed for relevant land-use regulations and guidelines. This should 
be augmented by any additional land-use regulations and restrictions not 
specifically detailed in these documents. As your community develops its 
management options, an assumptions template can be useful as the template 
can help explain how CommunityViz functions, how the program can be used as 
a tool to allow for direct community input into the creation of build-out futures, 
and how CommunityViz can help guide future community collaboration. This 
can ensure transparency regarding how different development scenarios are 
created and can serve as a way to check if the build-out results are realistic.

The following section explains the development of an assumptions template 
for the community of Grand Haven, MI and could serve as model for other 
communities.
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In order to run the build-out analysis, the CommunityViz program requires 
defined land boundaries (in the form of a polygon shapefile) with specific zoning 
classifications, which CommunityViz calls “Land-Use Designations”. This allows 
the analyst to designate specific development standards for each of the land 
uses. The most credible build-out analysis will employ an up-to-date shapefile 
with parcels and their zoning classification. 

The City of Grand Haven has 19 different zoning classifications, each with 
different development restrictions:
• SFR - Single-Family Residential
• MFR - 2 Unit Residential
• MFR - Multiple-family Residential 
• NS - North Shore
• E - Eastown
• MDR - Moderate Density Residential
• DR - Dune Residential
• S - Southside
• OT - Old Town
• NMU - Neighborhood Mixed Use (1 or 2 Unit & Multi-unit)
• CB - Central Business
• B - Beechtree
• WF-2 - Waterfront 2
• I - Industrial
• OS - Office-Service
• C - Commercial
• WF - Waterfront
• CC - Civic Center
• TI - Transitional Industrial

Assumptions Template - Grand Haven, MI

Identifying Land Use Designations
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The next step of setting up the build-out analysis is to define the density rules 
for development based on a standard quantity and measurement system for 
each of your land-use designations. For example, One Dwelling Unit (Quantity) 
per Acre (Measurement).

For the CommunityViz software, it is helpful to think about land use designations 
in three ways when filling in the density rules: Residential, Non-Residential, and 
Mixed-Use. 
• For Residential land-use designations, you only need to fill in the “Dwelling 

Units” columns to define the quantity of buildings allowed per land 
measurement. CommunityViz allows you to do this in a few different ways, 
depending on what’s defined in your zoning ordinance:

• Dwelling Units per Acre
• Dwelling Units per Hectare
• Minimum Lot Size (Acres)
• Minimum Lot Size (Hectares)
• Number of Dwelling Units
• Units per Acre
• Units per Hectare

• For Non-Residential land-use designations, you only need to fill in the 
“Floor Area” columns to define the quantity of buildings allowed per land 
measurement. CommunityViz allows you to do this in a few different ways, 
depending on what is defined in your zoning ordinance:

• Floor Area (square feet)
• Floor Area (square meters)
• Floor Area Ratio (FAR) – This is estimated in CommunityViz from 

commonly used land use rules. The three ways CommunityViz can 
estimate the FAR are:
• Building Info: FAR is generated for the land use designations with

• maximum building heights or
• building coverage ratio (building footprint divided by lot size)

• Open Space/Parking Info: FAR is generated for the land use 
designations with
• open space ratio (the open area divided by the area of the lot),
• parking ratio (the number of surface parking spaces required per 

area of building floor space), or
• lot size/setback information: FAR is generated for the land use 

designations with
• average lot size in sq. feet or sq. meters
• building setbacks in sq. feet or sq. meters

Density Rules



L
an

d
 U

se
 I

m
p

ac
ts

44

• Mixed-Use land-use designations, you need to fill in both the “Dwelling Units” 
and “Floor Area” columns. To do this, follow the same procedures defined 
above for the Residential and Non-Residential land use designations. 

Quantity Measurement Quantity Measurement

SFR - Single-Family 
Residential

MFR - 2 Unit Residential

MFR - Multiple-
family Residential

NS - North Shore

E - Eastown

MDR - Moderate 
Density Residential

DR - Dune Residential

S - Southside

OT - Old Town

NMU - Neighborhood 
Mixed Use

CB - Central Business

B - Beechtree

WF-2 - Waterfront 2

I - Industrial

OS - Office-Service

C - Commercial

WF - Waterfront

CC - Civic Center

TI - Transitional Industrial

Land-Use Designation*
Dwelling Units Floor Area
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CommunityViz allows you to specify if your land use designations allow for 
mixed-use buildings. 
If this applies to any of your land-use designations, then you are allowed to 
specify those uses within the building in the following way:
Mixed-use land-use designation:___________________
Floor area uses within this designation (specify up to 5):

Note: These boxes are provided in an empty format like you see above, so you 
have a chance to customize each land-use designation’s mixed-use building. 
CommunityViz allows you to enter floor area in a variety of ways, similar to 
above. If there is more than one land-use designation that allows for mixed-use 
buildings, there is the opportunity to provide separate inputs for each of those 
land uses. It is possible that this level of complexity is not possible within the 
current parameters of your zoning ordinance, and the rules are optional. As 
such, a build-out can be processed without this information. 

Mixed Use Rules

Building Use Percent of Floor Area Floor Area per DU (if applicable)
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Land-Use Designation
Dwelling Units 
per Buildings

Area Floors

SFR - Single-Family 
Residential

MFR - 2 Unit 
Residential

MFR - Multiple-
family Residential

NS - North Shore

E - Eastown

MDR - Moderate 
Density Residential

DR - Dune Residential

S - Southside

OT - Old Town

NMU - Neighborhood 
Mixed Use

CB - Central Business

B - Beechtree

WF-2 - Waterfront 2

I - Industrial

OS - Office-Service

C - Commercial

WF - Waterfront

CC - Civic Center

TI - Transitional 
Industrial

This step in CommunityViz is optional, but provides a way of producing a more 
realistic build-out. You are able to specify particular sizes and densities for 
buildings, as defined by your zoning ordinance. By providing this information, 
CommunityViz produces building footprints for your build-out instead of 
building points that mark the center of potential new buildings. It is possible, 
as stated above, that this level of complexity is not possible within the current 
parameters of your zoning ordinance.

Building Information
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When you start a new CommunityViz analysis, you are allowed to enter as many 
separate shapefile layers as you desire. Such layers may include current building 
footprints, impervious surfaces, and any environmental areas that your zoning 
ordinance explicitly restricts building on (such as protected parks, protected 
wetlands areas, and protected flood plains, if relevant to your current zoning 
ordinance). Some of the layers that you enter into the CommunityViz analysis 
may be used to constrain development on land that is either already built on or 
on land for which building is not allowed.

Constraints to Development

This step provides not only another opportunity to restrict and constrain 
prospective build-out development, but also allows you to reflect on changes 
made to land-use designations by comparing the full build-out results to existing 
buildings within each land-use designation in your community. CommunityViz 
produces a report that allows you to do this level of analysis. 

Again, if you have recently updated shapefile layers that contain centroid 
points for existing buildings, that would help produce a more credible build-out 
analysis. 

Existing Buildings
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Land-Use Designation
Minimum Separation 

Distance (Btwn 
Buildings)

Layout Pattern
Front Setback 

(Setback from Road)*

SFR - Single-Family 
Residential

MFR - 2 Unit 
Residential

MFR - Multiple-
family Residential

NS - North Shore

E - Eastown

MDR - Moderate 
Density Residential

DR - Dune Residential

S - Southside

OT - Old Town

NMU - Neighborhood 
Mixed Use

CB - Central Business

B - Beechtree

WF-2 - Waterfront 2

I - Industrial

OS - Office-Service

C - Commercial

WF - Waterfront

CC - Civic Center

TI - Transitional 
Industrial

In this step, you are able to specify, based on your zoning ordinance, how 
buildings will be placed in each of the land-use designations. There are three 
different options for the layout pattern (Random, Grid, and Follow a Road 
Layer). CommunityViz notes that, “the grid pattern is good for new urbanist 
type development and the random for suburban type development”. Following 
a Road Layer will only follow current roads – it does not allow for the prospect 
that future development could result in different road infrastructure. 

*If you have an updated roads shapefile, which includes private roads, 
CommunityViz will be able to base Build Out setbacks from more accurate roads 
data

Spatial Layout
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There are three main packages available through the Placeways website to purchase/
download CommunityViz: 1. Free, 30-Day Trial package; 2. $1400, Commercial package; 3. 
$875 Government/Non-Profit package (prices as of 2016). To fully assess the three packages, 
please visit the following webpage: http://placeways.com/communityviz/purchasing.html 

Placeways includes an extensive video tutorial library (as well as many other resources) on 
their website. It is highly recommended that future users explore the video tutorial library, as 
well as the other resources, before getting started. The following links to the video tutorial 
webpage: http://placeways.com/communityviz/videotutorials.html. 

Prior to downloading/purchasing, use the Placeways website to make sure that your 
computer meets the system requirements for CommunityViz. 

Prior to even downloading the CommunityViz 
software from the Placeways website, please 
make sure to find and read through the zoning 
ordinance of the community that you are 
studying. 

Follow the Placeways provided instructions for 
downloading and installing CommunityViz. 
After installation, a Scenario 360 icon will 
appear on the computer’s desktop.

Double-click the icon to open the CommunityViz 
Scenario 360 software. Since the tool is 
an ArcGIS extension, the program will 
open a blank ArcGIS map document.  

After the document opens, go to the 
“Customize” drop-down menu at the top of the 
map document, and select “Extensions…”. You 
will see the image on the right:

CommunityViz Information and Methodology

Obtaining Information

Setting It Up
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Make sure that the “Scenario 360” box is checked. If it isn’t, then click in the empty box next 
to “Scenario 360”. Once the check mark appears, select the “Close” button.

Next, under the “Customize” drop-down menu, find the “Toolbars” sub-menu, and make sure 
that a check mark is next to “Scenario 360”. If there is not a check mark, highlight and click 
on top of “Scenario 360”. The following toolbar will appear.
 

This toolbar contains the “Build-Out Wizard” decision tool needed to perform a build-out 
analysis.

To start a new Scenario 360 analysis, use the “Scenario 360” drop-down menu and select 
“Start”. A new window that looks similar to this will open:

Click on the “Create New 
Analysis” button. You will be 
directed to set up the parameters 
of your new analysis. 
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When the new window opens, select the 
“Create new analysis from…” button, 
as well as the “Current map document” 
button.

Click “Next >”.

Fill in the blank space next to “Analysis 
Name” to provide a unique name to 
your new CommunityViz Scenario 360 
analysis. You have the option to provide 
a description that you see fit for this 
analysis as well. You can also change 
the saved location of the analysis, but 
it is recommended that you leave the 
pathway for the analysis at default: C:\
CVFiles\. 

Click “Next >”.
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Review the “Analysis Summary” 
information in the gray box, and if the 
information is correct, click “Finish”.

The last window associated with 
creating a new Scenario 360 analysis 
will open and look like the picture on 
the next page.
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You have the opportunity to provide 
a “Base Scenario Name” to your 
analysis. This is important if you plan 
to run more than one scenario for each 
community – and can help you keep 
track of your different analyses. Use 
your discretion to name your scenario 
appropriately. 

Click “OK”.

Once clicked, your new Scenario 
360 analysis is created and saved.  
Additionally, this “Scenario 360 
Content” box will appear.

Your setup for a Scenario 360 analysis 
is complete.
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In order for the “Build-Out Wizard” decision tool to be used, all of the previous 
steps must be followed. Additionally, at least one projected polygon layer must 
be added to your new Scenario 360 analysis – in reality you will need more than 
just one projected polygon layer. 

The polygon shapefiles that can be used in your build-out analyses include:  
city/township boundaries, city/township parcels with zoning classifications, 
impervious surfaces, building footprints, inland water, wetlands, public property, 
and floodway boundaries. When adding polygon shapefiles to your Scenario 
360 analysis, it is important to think about adding polygon shapefiles that help 
signal where development can take place, as well as where it cannot take place. 
This is important to keep in mind because that is essentially how the Build-Out 
Wizard works; it uses the polygon shapefiles (and their associated areas) to 
either place potential buildings, or to exclude potential buildings. For example, 
a polygon shapefile that contains parcel and zoning data can be used in the 
“Build-Out Wizard” to direct different types of development within a given area, 
based on the rules and assumptions you provide the decision tool. Likewise, 
an inland water shapefile can be used in the “Build-Out Wizard” to restrict 
potential development in the middle of a lake or river. Once you have added 
an appropriate spectrum of polygon shapefiles that represent where future 
development can and cannot take place, you are ready to open the “Build-Out 
Wizard” decision tool.

To access the “Build-Out Wizard” decision tool, click on the “Scenario 360” 
portion of the Scenario 360 toolbar that was previously added. Once you click 
on that portion, a drop-down menu will appear. Find “Tools” and highlight that 
portion of the menu. The side-menu containing all of the decision tools will 
appear. Click on “Build-Out Wizard”.

Build-out Wizard
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Select the “Advanced” button, 
and click “Next >”.

This window represents the first 
of many in which the “Build-Out 
Wizard” allows you to create rules 
and assumptions about future 
development in the locality you are 
analyzing. Specifically, you are able 
to specify which polygon layer, and 
which attribute of that polygon layer, 
contains zoning district information – 
CommunityViz calls these “Land-Use 
Designations”. You do this by scrolling 
through the drop-down menus in the 
window, and selecting the appropriate 
polygon layer and attribute. 

Once you have done this, click “Next >”.



L
an

d
 U

se
 I

m
p

ac
ts

56

Use your zoning ordinance to fill in 
the appropriate density rules and 
regulations for the different land uses 
within your community. As discussed 
in the CommunityViz Assumptions 
template, for Non-Residential land-
use designations, you only need to fill 
in the “Floor Area” columns to define 
the quantity of buildings allowed per 
land measurement. CommunityViz 
allows you to do this in a few different 
ways, depending on what is defined in 
your zoning ordinance. Using the “FAR 
Estimator” helps do this in ways that 
are logical to how they may be written 
into a zoning ordinance. 

Once you have done this, click “Next >”.

This portion of the “Build-Out Wizard” 
tool allows you to define how “efficient” 
you want the projected build-out to 
be. As discussed previously, a 60% 
efficiency factor can be used to 
account for a “full” build-out whereby 
a community realistically builds in 
infrastructure improvements and open 
space. 

Once you have decided on what makes 
the most sense for your community, 
click “Next >”.
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Optional step allows you to specify 
building sizes, particularly for 
commercial buildings. If building sizes 
are in your zoning ordinance, it may 
make sense to enter this information at 
this point in the tool. 

Once you have done this, click “Next >”.

This step is a very important one as it 
allows you to constrain development in 
areas of your community where either 
development is already in place, or 
where it could not logically exist (i.e. 
inland lakes). Likewise, when thinking 
about BMPs, constraining development 
in buffers or large wetlands may make 
sense – and would be entered as layers 
to constrain here as well. Make sure 
that all of these land use polygon layers 
are entered into your CommunityViz 
file prior to this step. Select those 
layers that you wish to constrain, use 
the arrow pointing towards “Constraint 
Layers” to successfully ask the tool to 
prohibit placing projected development 
within these layers, and click “Next >”.
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This step is very similar to the previous 
one. This step in the tool allows you 
to enter a current buildings layer to 
ensure that projected build-outs do not 
occur on top of existing structures. The 
difference between the last window and 
this window is that the layer(s) entered 
here must be point files. Previously 
constraints had to be polygon files. If 
you constrained development within 
existing footprints above, it is still 
important to add the point file of those 
buildings in this window. Click “Next >” 
when done.

The very next window indicates that 
you have completed the “Numeric 
Phase” of designing your build-out 
assumptions. Click “Next >” to advance 
to the “Spatial Build-Out” phase.
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The “Spatial Layout” window is another 
very important part of the “Build-Out 
Wizard” tool. This window allows you 
to enter the rules regarding minimum 
building separation and setbacks from 
roads that exist in your community’s 
zoning ordinance. It also allows you to 
select a “Layout Pattern”. These are 
described in more detail above (in the 
Assumptions Template). Click “Next >” 
once you have entered the appropriate 
regulations for each land use. 

The “Spatial Buildings” window is an 
optional portion of the tool where you 
can enter footprint size regulations (if 
they exist in your zoning ordinance). 
Since this requires the program to draw 
footprints, using this portion of the 
tool makes the “Build-Out Wizard” take 
much longer to run. Click “Next >”.
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This window indicates that end of 
the “Spatial Phase” of the “Build-Out 
Wizard” tool. The default “Faster” to 
“More Accurate” number is 10. You can 
choose to change that number in either 
direction. Based on multiple trials, 
having the tool run “More Accurate[ly]” 
substantially increased the time without 
substantially changing the results of 
projected build-outs. 

Click “Finish.” A window for 3-D 
modeling will appear. This is an optional 
add-on to the analysis, but it is not 
critical in analyzing your community’s 
scenarios. 

Make sure the “Numeric” and “Spatial” 
boxes are clicked. Once that is done, 
click “Run Build-Out”. 
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Running the build-out can take a long time – in our project, the processing time 
to create the build-outs lasted between one and eight hours. The processing 
time depends on the size of your community, the number of constraints, if 
your constraint layers are appropriately clipped to your community, and how 
accurate you want CommunityViz to be in its analysis. 

After the different build-out futures are created with CommunityViz, the hard 
analysis of land use impact can occur. Each climate future can be tested against 
each management option to create one scenario and to determine the impact 
on land use (as well as other impacts). 

After creating the three climate futures and running the build-out projections 
for both the full build-out and the BMP build-out management options, a 
scenario-based land use impact analysis allows you to identify current and 
potential structures at risk under the three climate futures. You will be able 
to analyze which current structures and how many potential future structures 
would be impacted by flooding under each of climate futures. As seen in the 
scenario planning matrix in Figure 3, the three management options under the 
three climate futures portray land use impact information (which/how many 
structures are at risk) for nine different scenarios. 

The process for doing this is fairly simple, and can be repeated for each of the 
nine different scenarios. The steps are as follows:

1. In ArcGIS, add one of the climate future polygon shapefiles (Lucky, Expected, 
and Perfect Storm).

2. In ArcGIS, add one of the management option point shapefiles (Current 
buildings, Full Build-Out, and BMP Build-Out).

3. Click on the “Geoprocessing” menu at the top, and select “Clip”. A new pop-
up window will appear.

4. Under “Input Features” use the dropdown menu to select the management 
option shapefile that you added. Under “Clip Features” use the dropdown 
menu to select the climate future polygon shapefile that you added.

Identifying Structures at Risk 
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There are other techniques software that could perform similar analyses, 
and you could choose to explore alternative methods to performing a similar 
analysis. Additionally, because each community can define its own management 
scenarios, the inputs into the Scenario 360 tool will vary form community 
to community. For example, the BMPs could employ different restrictions or 
allowances depending upon the local context. It is important that individual 
communities consider how they want future development to proceed.

Other Approaches

5. Use the folder button associated with the “Output Feature Class” to tell 
ArcGIS where to save and how to name the new feature that’s going to be 
created by using the “Clip” geoprocessing tool (use a naming convention 
that will be easy for you to discern between the nine different scenarios).

6. Once this is all completed, click on the “OK” button. 

7. Shortly after doing this, your newly clipped feature will appear under your 
“Table of Contents”. Depending on which climate future and management 
option you have just clipped, this will tell you different things. For example, 
if you clipped Current Buildings by the Lucky Climate Future, you will now be 
able to see/analyze which current buildings are exposed to flood risk under 
the Lucky Climate Future. 

8. Repeat steps 1 through 7 until you have clipped all three of the management 
options by all three of the climate futures. This will give you nine different 
scenarios – each identifying at risk structures.  The Full build-out and BMP 
build-out management options do not provide specific locations for at-
risk structures; however, this analysis can help you determine how many 
structures would be at risk under each climate future.
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4Environmental 
Impacts
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The Great Lakes and their shorelands are one of the most unique and precious 
environmental features in the world. In fact, the Great Lakes basin contains 
more than 20% of the world’s surface freshwater supply and supports a 
population of more than 30 million people.(1)  That said, the nature of the 
shorelands vary not only within each state in the basin, but also from state to 
state. Furthermore, each state has a different way of regulating and managing 
the Lakes’ shorelands. As a result, the climate futures and growth management 
options discussed in this manual will need to be evaluated differently for 
environmental impacts depending on the state and local regulations for your 
community. 

This section focuses the natural shoreland features of Grand Haven and the 
regulations that are pertinent to Michigan. This chapter can serve as a guide for 
how to evaluate environmental impacts for your community. 

Michigan is home to nearly 3,300 miles of Great Lakes shoreline, with 36,000 
miles of rivers and streams, and 11,000 inland lakes.(2) Yet in general, riparian 
and littoral lands throughout Michigan are not adequately protected from 
development pressures.(3) Coastal communities especially have an important 
role to play in protecting the Great Lakes. In 2001, the Michigan Department 
of Environmental Quality (MDEQ) acknowledged “fragmentation of coastal 
habitats, loss of agricultural and forestlands, increased impervious surfaces and 
resulting stormwater runoff, and the increased development in coastal hazard 
areas, wetlands, and Great Lakes Islands, could be improved through better 
coastal land use planning.”(4)

This chapter explains the benefits of Michigan’s natural coastal features 
including wetlands and critical dunes, which are critical to mitigating flooding, 
providing natural habitats for numerous species, and serving as landmarks 
representing Michigan’s unique natural heritage. However, these features 
are being threatened by natural processes, elevated by climate change and 
development pressures. This chapter details Michigan’s regulations regarding 
these natural features and briefly discusses different methods to evaluate 
the impacts of different climate futures and growth management options on 
existing natural features. In order to effectively plan for coastal areas at the 
local level, it is critical that decision-makers have knowledge of both local 
conditions and state and federal regulations regarding these environmental 
features and understand how different scenarios could affect the natural 
landscape.

Introduction

Mackey, S. D., 
2012: Great Lakes 
Nearshore and 
Coastal Systems. In: 
U.S. National Climate 
Assessment Midwest 
Technical Input 
Report. J.
Winkler, J. Andresen, 
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Bidwell, and D. 
Brown, coordinators.
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A. and Mark A. 
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Federal, state, and local policies play an important role in shaping land use 
and development along the shoreline. The Federal Emergency Management 
Agency’s (FEMA’s) National Flood Insurance Program (NFIP) is among these 
polices, as are Michigan policies to protect wetlands, High Risk Erosion 
Areas (HREAs), Critical Dune Areas, and the shoreline. Possible actions local 
governments can take to supplement state and federal regulations are outlined 
as well.

The NFIP is an optional program from which communities can receive flood 
insurance for disaster relief by agreeing to regulate development in the 
floodplain. The NFIP was created in 1968 under the National Flood Insurance 
Act. The NFIP is currently administered by FEMA and has four major goals:

• charge flood insurance premiums to private property owners, ensuring 
taxpayers do not bear the sole burden of private property flood losses;

• provide residents with aid after flooding;
• guide development away from hazard areas; and
• require building construction to minimize or prevent flood damage.

The floodplain must be locally regulated to qualify for the NFIP, but FEMA 
defines what land is considered eligible in a floodplain for the NFIP. Floodplains 
are mapped in either a Flood Hazard Boundary Map (FHBM) or, more commonly, 
a Flood Insurance Rate Map (FIRM).

FIRMs are created and released by FEMA. FIRMs are generated for various 
return periods, like the 50-year storm (2%), 100-year storm (1%), and 500-
year storm (0.2%).(5) It is important to note that individual property owners can 
petition to change the flood zone designation for their property, so FIRMs may 
not be fully derived from scientific analysis.

In 1973, the Flood Disaster Protection Act was passed, which penalized 
communities that did not participate in the NFIP by limiting federal money to 
acquire floodplain property available to non-participating communities. This act 
also mandated that buildings in floodplains must have flood insurance coverage 
in order to receive any federal financing, loans, or disaster relief.(6)

Federal: National Flood Insurance Program (NFIP)

Background and Considerations

FEMA (2013). Great 
Lakes Coastal Flood 
Hazard Studies. Web. 
Accessed July 2015.

FEMA (2005). 
Floodplain 
Management 
Requirements: A 
Study Guide and 
Desk Reference for 
Local Officials. Web. 
Accessed July 2015.

(5)

(6)
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A participating community has a number of responsibilities to remain compliant 
with NFIP regulations. These include monitoring floodplain development and 
building permits, inspecting development, maintaining records, revising and 
assisting in floodplain mapping, and providing information to the local public 
about the requirements of the program. Once a community’s FEMA region 
releases updated FIRMs, a community has a period to review and appeal the 
drafted map. After that point, the community has six months to adopt the new 
FIRM through an ordinance.(7)

FEMA. https://www.
fema.gov/media-
library/assets/
documents/26319

(7)
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Wetlands help reduce flood 
damage by absorbing flood 
water and then slowly releasing 
it. One acre of the typical 
wetland is able to absorb one 
million gallons of water, protect 
adjacent and downstream land 
from damage, and slow the 
speed of flooding across an 
area.(8) The storage capacity of 
a specific wetland varies by its 
size, slope, type of vegetation, 
location relative to the flooding 
path, and water levels in the 
wetland prior to flooding. 
Coastal wetlands also alleviate 
the severity of erosion along 
a shoreline during a storm. 
Perhaps more than any other 
environmental asset, wetlands 
buffer the coast by absorbing 
high energy waves and 
disrupting the flow of currents.(9)

Wetlands

Figure 5. Grand Haven wetlands

Environmental Protection Agency (2001). Functions and 
Values of Wetlands: Wetland Fact Sheet. Web. Accessed July 
2015.

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

(8)

(9)
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The Clean Water Act of 1972 mandated that permits be granted for development 
on regulated wetlands. This federal act gives the United States Army Corps 
of Engineers (USACE) the authority to grant permits to build on regulated 
wetlands, with the Environmental Protection Agency (EPA) having the authority 
to veto permits issued to all wetlands. MDEQ is the co-administrator of the 
permitting process, sharing joint regulatory powers with the Army Corps of 
Engineers. Michigan was the first state, and is one of only two states, to assume 
a role in the permitting process for wetlands.(10) Here, MDEQ issues a permit to 
build on wetlands if the applicant meets qualifications. Permitting decisions 
are subject to public comment, including those made by local governments. A 
property owner must obtain a permit from the State of Michigan before building 
on a regulated wetland. 

A wetland is regulated if it
• is connected to or within 1000 feet of a Great Lake shoreline,
• is connected to or within 500 feet of an inland lake, pond, or river,
• is equal to or greater than 5 acres in size, or
• is essential to the preservation of the state’s natural resources, as 

designated by the MDEQ.(11)

Local governments in Michigan can protect additional wetlands not regulated 
by the state. Under Michigan’s Natural Resources and Environmental Protection 
Act (NREPA), local governments can require that wetlands less than 5 acres in 
size be regulated by a permitting process.(12) A local government must possess 
an inventory of existing wetlands to adopt a wetland ordinance. The MDEQ 
must be notified of a local wetland ordinance, though the State does not need 
to review or approve.(13) Local governments can also protect wetlands through 
site plan review provisions and zoning ordinances.(14) Under the Michigan Zoning 
Enabling Act, protecting the natural environment is a justification for zoning 
requirements like buffers and other tools.(15) Site plan review provisions in the 
zoning ordinance can require that wetland permits be obtained from the MDEQ 
as a condition of local zoning approval.(16) 

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

NREPA PA 451 of 
1994, Part 303
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A. and Mark A. 
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2010.
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Public Act 303, 
324.30307
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A. and Mark A. 
Wyckoff, FAICP. 
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Protection 
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Administration, 
authorized by 
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Michigan has coastal, forested, and shrub wetlands, each inundated with 
water either all or part of the year.(17) The function and diversity of wetlands 
was misunderstood as European settlement began, and many wetlands were 
dredged, drained, and converted to serve industry and agriculture.(18) Today, less 
than half of the state’s wetlands remain, and in a time of changing climate, the 
need to conserve and restore wetlands is paramount.(19)

Furthermore, wetlands face a number of challenges related to climate 
variability:
• Rising water levels will actually increase the number of naturally occurring 

wetlands on low-lying uplands. However, wetlands cannot expand where 
structures like bulkheads, dikes, and other structures block their advance.(20)

• As precipitation and storminess increase, runoff water and draining can 
increase sedimentation and nutrient input in wetlands. This can lead to algae 
blooms and invasive species.(21) 

• Consistent high water levels endanger vegetation and animals that depend 
on the naturally fluctuating water levels in wetlands.

Michigan 
Department of 
Environmental 
Quality. Wetlands 
Protection: 
Protecting 
Michigan’s Wetlands. 
Web. Accessed July 
2015.

NREPA PA 451 of 
1994, Part 303

LIAA (2014). Climate 
Change Adaptation 
& Local Planning for 
Michigan’s Coastal 
Wetland Resources. 
Web. Accessed July 
2015.
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Figure 6. Grand Haven High Risk Erosion Areas (indicated by dashed line on 
coast) 

The State of Michigan regulates 
development in what it 
designates as High Risk Erosion 
Areas (HREAs). The authority 
for this regulation comes from 
the Shoreline Protection and 
Management Act.(22) To identify 
HREAs, MDEQ compares 
new and historic imagery to 
designate areas of coastline 
that have eroded by more than 
1 foot per year. The MDEQ then 
uses erosion rates to calculate  
setbacks from the “erosion 
hazard line,” or generally, the 
line of stable vegetation. These 
setbacks, based on the projected 
eroding shoreline, are calculated 
30 and 60 years into the future. 
Usually, new structures must 
be built landward of the erosion 
hazard line, but the regulations 
regarding those structures 
depend on whether the structure 
is readily moveable. While some 
small permanent structures may 
be permitted within the 30-year 
setback, all new structures must 
be built landward of the erosion 
hazard line. 

The purpose of this regulation 
is to prevent costly clean 
up, mitigation, and hazards 
to residents, while keeping 
insurance costs down. Preventing 
construction in HREAs also 
protects the Great Lakes from 
pollutants from structure debris 
and septic fields.(23) 

High Risk Erosion Areas

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

Michigan Department of Environmental Quality, Coastal Zone Management 
Program with financial assistance from the National Oceanic and
Atmospheric Administration, authorized by the Coastal Zone Management 
Act of 1972. 2010.

Ibid.

(22)

(23)
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The MDEQ is in the process of updating HREAs in some areas of Michigan.(24)

Local governments can assume MDEQ’s permitting responsibilities for HREAs 
through an ordinance. To do so, the ordinance cannot be less restrictive than 
the State’s regulations and the MDEQ must approve the ordinance. A local 
government can adopt an ordinance requiring greater and more uniform 
setbacks in HREAs than the MDEQ.(25) Other actions can be taken through a 
local zoning ordinance, including performance standards for soil and vegetation, 
clustering development away from vulnerable erosion areas, and instituting site 
plan review processes for any development in HREAs.(26)

Ardizone, Katherina 
A. and Mark A. 
Wyckoff, FAICP. 
Filling the Gaps: 
Environmental 
Protection 
Options for Local 
Governments, 2nd 
Edition.
Michigan 
Department of 
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Quality, Coastal 
Zone Management 
Program with 
financial assistance 
from the National 
Oceanic and
Atmospheric 
Administration, 
authorized by 
the Coastal Zone 
Management Act of 
1972. 2010.

NREPA, 1994 
Michigan PA 451, 
Part 323.

Michigan 
Department of 
Environmental 
Quality. High Risk 
Erosion Areas: 
Program and Maps. 
Web. Accessed July 
2015.
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Michigan’s dunes are one of the 
most striking environmental 
features in the nation. Together, 
they represent the largest 
freshwater dune ecosystem in 
the world. The dunes provide 
unique habitats for rare and 
endangered species and hold 
priceless environmental and 
recreation value. Michigan’s 
Sand Dune Protection and 
Management Act calls for the 
protection of Critical Dune Areas 
(CDAs) through state regulation. 
MDEQ determines whether a 
dune is designated a Critical 
Dune Area.(27) Under the statute, 
a property owner must receive a 
permit for any activity that alters 
the appearance or contour of a 
Critical Dune.

Generally, CDA regulation states 
development:
• should not occur lakeward of 

the crest of the dune
•  should plan for soil erosion 

and water runoff
• should not alter the elevation 

or slope of the dune

Figure 7. Grand Haven critical dunes

Critical Dunes

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

(27)
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In 2012, Governor Snyder signed Public Act 297. This Act updates the Critical 
Dune regulation in several ways, which all make acquiring permits to build on 
the dunes easier. The amendment clarifies that MDEQ cannot deny a permit 
solely because “public interest” would be violated by the proposed development. 
It also limits who is able to challenge a permit to just property owners and those 
living nearby. The Act no longer requires an analysis of alternative placements 
for buildings and requires the MDEQ to issue permits for driveways and other 
paved pathways to permanent structures in a CDA. Additionally, the Act now 
permits building on the lakeward-facing slope of the first foredune.(28)

Local opportunity under the updated Sand Dune Protection and Management 
Act is limited. While Part 353 allows the local government to assume the 
permitting process for CDAs, local governments can no longer be more 
restrictive than the State. As a result, adopting the permitting power of 
the State through the Sand Dune Protection and Management Act will not 
increase regulation on Critical Dune Areas. A local government can do much 
more to protect the dunes through zoning ordinances and other planning 
efforts. Only 30% of the State’s dunes are considered Critical Dune Areas and 
are subject to state regulation, unless wetlands, High Risk Erosion Areas, or 
other environmental areas are located on the property.(29) Local government 
administration of the permitting process has been met with mixed results, 
especially in areas with small coastal lot sizes, where the requirements of Part 
353 may trigger a regulatory takings claim.

Ardizone, 
Katherina A. 
and Mark A. 
Wyckoff, FAICP. 
Filling the Gaps: 
Environmental 
Protection 
Options for Local 
Governments, 2nd 
Edition. 2010.
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In addition to the above regulatory powers, there are also three water marks 
used by different entities to regulate activities along the shoreline.

First, the United States Army Corps of Engineers (USACE) uses a high water 
mark line (called the Ordinary High Water Mark or OHWM) to determine the 
extent of navigational waters they regulate. For example, Lake Michigan’s 
boundary is set based on a 581.5-foot water level above sea level.(30) Second, the 
MDEQ regulates development below a separately determined water line. This 
is sometimes referred to as the Elevation Ordinary High Water Mark Line (or 
EOHWM). This water line is elevation-based and for Lake Michigan is determined 
using a 580.5-foot water level above sea level line.(31) 

There is only a one-foot difference on Lake Michigan between the water level 
used to determine the regulatory authority of the USACE and the MDEQ. There 
is also a difference between the water mark lines on the other Great Lakes, 
but it varies. Because of this, the two bodies co-administer a joint permitting 
process for activities taking place below either water mark line. These include 
dredging, placing seawalls or rock revetment, or building of permanent docks.(32) 

Lastly, the State of Michigan uses a water mark line sometimes referred to as 
the Natural Ordinary High Water Mark (or NOHWM) to determine the extent of 
the public trust with regard to access along the shore. The NOHWM comes from 
the 2005 Michigan Supreme Court case Glass v. Goeckel, which found that the 
public has a valid right to walk below the NOHWM, defined as the point where 
natural vegetation begins or evidence of past high water levels exist.(33) This 
case also determined the NOWHM line is not equal to, or dependent on, the 
State’s regulatory power defined by the Elevation Ordinary High Water Mark.

Water Mark Lines

http://www.lre.
usace.army.mil/
Missions/Great-
Lakes-Information/
Links/Ordinary-High-
Water-Mark-and-
Low-Water-Datum/. 
Use this website to 
access the different 
OHWMs set by the 
USACE for the other 
Great Lakes.

http://www.
michigan.gov/
deq/0,4561,7-135-
3313_3677_3702-
352662--,00.html. 
Use this website to 
access the different 
EOHWMs set by the 
MDEQ for the other 
Great Lakes. 

http://www.
michigan.gov/
deq/0,4561,7-135-
3313_71520_24403-
--,00.html. The 
details of that joint 
permitting process 
can be found at this 
website.

Glass v. Goeckel. 
Michigan Supreme 
Court. 29 July 2009

(30)

(31)

(32)

(33)
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Wetlands are an important 
tool for community resilience, 
particularly for benefits related 
to flood control and water 
quality. In our study, GIS was 
used to compare existing 
wetlands to areas of potential 
wetland restoration in each 
climate future to give the 
community a broader picture of 
areas that could best provide 
the flood-control benefits 
of wetlands. Additionally, 
unprotected wetlands (i.e., under 
5 acres in size) were counted 
using GIS. It is important that 
this analysis is an overall, 
generalizable study useful to 
compare one scenario to another. 
It should not be used to identify 
individual wetlands or areas 
of private property suitable to 
wetland restoration. 

Figure 8. Grand Haven’s existing and potential restored wetlands in 
relationship to the Lucky climate future. 

Wetlands

Methods

Existing Wetlands

Potential Wetlands
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Potential wetlands were also 
mapped to identify restorative 
opportunities in communities. 
Potential wetlands are areas 
with hydric soils that are not 
currently developed, and have 
been identified by the National 
Wetland Inventory as potential 
wetland restoration areas. 
Wetlands under 5 acres in size 
are considered unprotected, as 
they are not currently regulated 
by any local or state process. 
These, too, were mapped 
because in aggregate, small 
wetlands can still have a large 
effect on the ecosystem’s flood 
control and water quality.

It is difficult to estimate the 
impacts of future development 
on existing and potential 
wetlands, given the site-specific 
permitting process currently in 
place. That is, it is impossible to 
predict how many landowners 
may apply to develop a wetland 
area, or how many of those 
applications may be approved 
or denied. However, our team 
was able to demonstrate the 
impact future development may 
have on wetlands by visually 
showing the wetlands on or 
near properties with room for 
development under current 
zoning (Figure 9). A discovered 
trend is that if communities 
pursue development in line with 
BMPs (of the kind described 
previously), fewer existing 
wetlands are at risk.

Figure 9. Grand Haven’s wetlands in relationship to growth management 
scenarios
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Impervious surfaces have a 
well-understood negative impact 
in a flood event. The increased 
runoff can exacerbate the 
risk of structural damage and 
reduce regional water quality. 
This is an especially important 
variable to consider in a flood 
zone. Impervious surface 
includes building footprints as 
well as sidewalks, driveways, 
and roads. As such, impervious 
surfaces were mapped in GIS 
and overlaid on high-risk flood 
areas generated by each of the 
climate futures to estimate the 
percentage of impervious that 
each flood forecast impacts 
(Figure 10). This analysis 
reflected only current build-
out conditions, and can thus be 
seen as a conservative estimate 
in light of inevitable future 
growth. Studies recommend 
the percentage of impervious 
surface in any general area be 
below 10% to remain protected 
from harmful amounts of 
runoff. Our analysis informs 
communities whether or not 
they are above or below this 
threshold. That said, in highly 
urbanized areas, it may make 
sense for communities to fall 
above the 10% impervious 
margin if the greater watershed 
they exist within is largely 
pervious.

Figure 10. Grand Haven impervious surface

Impervious Surfaces in 
Areas Likely to Flood
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Critical Dune Areas are 
important assets for coastal 
communities and, due to 
their soil composition, may 
be especially vulnerable to 
damage from both flooding and 
development. Our intent was to 
provide some base of analysis 
for the future health of Critical 
Dunes, especially as development 
on Critical Dunes is likely to 
increase due to weakened 
regulations noted earlier.

While it is impossible to predict 
the number and scope of 
development permits that may 
be granted in the future, we were 
able to provide some insight into 
parcels that may be developed 
in or near Critical Dune Areas. 
Mapped Critical Dune Areas were 
overlaid on the climate futures 
in GIS to understand how much 
Critical Dune land is impacted 
under each forecast. While this 
analysis does not investigate 
how dune land behaves during 
flooding, the proportion of dune 
land in each flood zone is useful 
information for planning future 
development in communities.Figure 11. Grand Haven critical dunes with Full and BMP Build-Outs

Critical Dune Areas 
Impacted by Flooding

Additionally, the build-out management options were overlaid on the Critical Dune Areas in GIS to 
see the potential for future development within these sensitive areas (Figure 11). In at least one of 
our communities, the observed potential for development in and near Critical Dune Areas is very 
high. This illustration can help prompt communities to start discussing new planning methods 
to regulate their sensitive environmental features, despite being handicapped by some state 
regulations.
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Figure 12. Grand Haven High Risk Erosion Areas (coastal dashed line) with 
climate futures

High Risk Erosion Areas 
Impacted by Flooding

While high-risk erosion areas, 
as identified by the State of 
Michigan, can vary spatially over 
time, it is important to consider 
where they have been identified 
and how coastal flooding might 
influence the pace of erosion 
in HREAs (Figure 12). As part 
of this study, we identified 
where MDEQ’s designated 
HREAs in communities overlap 
with coastal VE zones because 
these flooding zones are prone 
to strong, high velocity waves 
that could increase the pace 
of erosion in already high risk 
areas. This relationship could 
affect the projected 30-year 
and 60-year setback lines 
for new development and 
subsequently the community’s 
growth management plan. 
Therefore, the intersection of 
HREAs with coastal VE zones 
provides an additional layer of 
environmental information from 
which communities can make 
more resilient land management 
decisions. 
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The analysis presented above only discusses some of the environmental 
features and practices that could be considered when developing growth 
management plans and BMPs. Your community may want to consider the impact 
of tree canopy or other features that are more appropriate for their community. 
The goal of this exercise is to identify the magnitude of change that occurs as 
flood risks rise. 
-
There are many lists of BMPs collected from other research throughout the 
state and nationally. No list is on its own completely comprehensive, and any 
BMP recommendation requires a community to determine if it is appropriate 
given their circumstances.

Other Approaches
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5Vulnerability 
Assessment
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The effects of climate change will be felt by everyone. With planning and 
preparation, communities can weather and recover from storms and become 
even better places to live and thrive. Through community-wide planning, cities 
and townships can actively cultivate their abilities to recover from adverse 
situations and events, working to strengthen and diversify their local economies 
and communication networks, increase social capital and civic engagement, 
enhance ecosystem services, improve human health and social systems, and 
build local adaptive capacity.

Planning for a more resilient community requires a community vulnerability 
assessment that is designed to identify and help prioritize adaptation strategies 
in the community planning process. Vulnerability can mean a model that defines 
‘vulnerability’ as ‘exposure plus sensitivity.’(1) Exposure refers to hazards in the 
natural or built environment, while sensitivity refers to the degree to which a 
community or certain segments of a community could be impacted by an event. 
By assessing the potential for exposure to a hazard and the sensitivities of 
specific populations, maps are generated that identify the community’s areas 
with relatively greater vulnerability. This tool provides direction for community 
planners and public health workers in reducing risks to human health in the 
future by knowing where the areas of vulnerability lie and why the vulnerability 
exists.

In completing the assessment, factors such as demographics, environmental 
conditions, locations of critical facilities and essential services, and the built 
environment are considered. This type of assessment can inform policies, 
programs, and projects that can reduce identified vulnerabilities, which will 
inevitably lead to a more resilient community.

Climate change is expected to have many vulnerability-related effects that 
should be considered in community planning and development (e.g., extreme, 
heat, high winds, tornadoes). However, for the purposes of this study, the 
community vulnerability assessment is limited to flooding and and its impacts 
on housing, critical facilities, and social services. 

This chapter provides information regarding climate variability and its 
relationship to vulnerability as well as a brief catalog of different ways to 
understand and assess vulnerability depending on a community’s context and 
priorities. As a way to demonstrate how to analyze vulnerability, this chapter 
includes an example of three vulnerability components that were relevant to 
the three climate futures, growth management options, and the community of 
Grand Haven, Michigan.

Introduction

Foundations for 
Community Climate 
Action: Defining 
Climate Change 
Vulnerability in 
Detroit. University of 
Michigan. December
2012.

Equity in Building 
Resilience in 
Adaptation Planning. 
National Association 
for the Advancement 
of Colored people 
(NAACP)

Adger, W. N. (2006). 
“Vulnerability.” 
Global 
Environmental 
Change 16 (3): 
268-281. Adger, 
W. N., N. Arnell, 
and E. Tompkins 
(2005). “Adapting 
to climate change-
perspectives across 
scales.” Global 
Environmental 
Change 15(2):77-86.
 
Polsky, C., R. Neff, 
and B. Yarnal 
(2007). “Building 
comparable global 
change vulnerability 
assessments: the 
vulnerability scop-
ing diagram.” Global 
Environmental 
Change 17(3-4): 472-
485.

(1)

(2)
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Background and Considerations

As discussed in Chapter 2, “Identifying High Risk Coastal Areas,” the earth 
has experienced an increase in average air and ocean temperatures, rising sea 
levels, and a decrease in ice cover. Those conditions are expected to persist as 
climate continues to warm.(3) The Great Lakes region is projected to experience 
an increase of 1.8 to 5.4° F in average temperatures by 2050, increases that 
could cause dramatic change in the Great Lakes climate.(4) 

Recent models indicate that the climates of Lake Michigan coastal communities 
will experience greater increases in temperature during the winter months and 
at night. There are a variety of weather impacts expected with this change in 
average temperatures. Some of the potential impacts of climate change in these 
coastal communities include:

• More frequent and severe storms
• Increases in winter and spring precipitation
• Less precipitation as snow and more as rain
• Less winter ice on lakes
• Extended growing season (earlier spring/later fall)
• Greater frequency and intensity of storms
• More flooding events with risks of erosion
• Increases in frequency and length of severe heat events
• Increased risk of drought, particularly in summer

It is important to note that increased flooding and more intense drought are 
not mutually exclusive nor contradictory. In the Great Lakes region, scientists 
are predicting more intense rain events in the fall and winter and more intense 
droughts in the summer months. These changes in climate could have a number 
of both positive and negative effects on the coastal communities. For example, 
an extended growing season could help support new crops and increase 
crop yields for area farmers. On the other hand, the highly variable weather 
conditions such as severe storms and flooding mixed with summer droughts 
present big challenges to farming.

Climate Variability

Wang, J., X. Bai, 
H. Hu, A. Clites, 
M. Colton, and 
B. Lofgren. 2011. 
Temporal and spatial 
variability of Great 
Lakes Ice Cover, 
1973-2010. Journal
of Climate 25:1318-
1329.

Great Lakes 
Integrated Sciences 
and Assessments 
(2015). Temperature. 
Web. Accessed July 
2015.

(3)

(4)
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Vulnerability can have many components and is often context-specific. As 
stated, for the purposes of this study, we selected aspects of vulnerability that 
were more relevant to the three climate futures, the coastal management 
scenarios, and the Grand Haven community. However, in order to have 
adequate preparation and planning, communities should identify the aspects of 
vulnerability most relevant to them and their scenarios. In identifying aspects of 
vulnerability related to flooding scenarios, communities may want to consider 
the following issues and questions. We address some of these issues in our 
analysis.

• Climate models suggest Michigan communities can expect more frequent 
storms of increasing severity in the decades ahead. The total amount of 
rainfall per year is also likely to increase. However, climate models suggest 
the precipitation will be more concentrated in the winter, spring, and fall 
seasons and there will be more localized, intense storms at almost any time 
of year. The potential for substantially larger rain events raises concerns 
over the potential for harm to human health and damage to buildings and 
infrastructure. 

• In assessing vulnerability, local officials can evaluate potential exposures 
as well as sensitivity to flooding. Buildings, roads, bridges, sewer lines and 
other infrastructure located in a flood zone are exposed to greater risks. 
Where flowing floodwaters have the greatest energy, structures may be 
undercut, collapsed or moved, and soils will erode. Even areas outside of an 
identified floodplain are subject to flooding from heavy downpours. Where 
the soils have low permeability and physical drainage is inadequate, water 
will accumulate and cause ponding during large storm events.

• Different housing types and age of housing can impact susceptibility to 
flooding damage. For example, mobile and manufactured homes are often 
particularly susceptible to flood damage because they generally lack a 
reinforced foundation. Moreover, homes built prior to 1940 used a more 
porous concrete material for basement construction, so water can flow more 
rapidly through the foundation making them more likely to suffer from flood 
damage.

Climate and Vulnerability



85

• Municipal infrastructure plays an important role in protecting homes from 
flood damage. Communities with an aging storm sewer system or ones 
where the storm sewer has not been fully disconnected from the sanitary 
sewer are more prone to damage from an overloaded system in the event of 
a severe rain event.

• Locations of key community assets such as community centers or grocery 
stores may be important to consider as they often provide day-to-day 
services to community residents. 

• The locations of key infrastructure and assets that could be at risk may 
be important to identify as these types of facilities could be potentially 
dangerous or could greatly disrupt community activity. These assets include 
critical facilities such as utilities and other social service centers and 
institutions such as hospitals and schools.

• Major health effects of long-term changes to the climate are predicted for 
the Midwest Region. Already, people in Michigan are experiencing higher 
rates of skin and eye damage from increased exposure to ultraviolet 
radiation, increased incidence of respiratory and cardiovascular diseases, 
and increased incidence of vector-borne and water-borne diseases. Weather 
conditions and high heat events exacerbate poor health conditions like 
allergies, asthma, and obesity.

• Certain populations may be more at risk to climate change impacts including 
extreme heat events and flash flooding. Characteristics of vulnerable 
populations include: 
• elderly
• linguistically-isolated
• low-income
• socially-isolated and living alone
• low educational attainment
• minority
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Methods

Housing Sensitivity and Flood Vulnerability

In many communities, flooding impacts are felt most 
significantly at the household level. A home’s flood risk 
is based on its relative location to floodplains and other 
flooding hazard areas. The household flood sensitivity 
refers to how well the house structure is equipped to deal 
with flooding.

As modeled by the University of Michigan, household 
sensitivity to flooding can be determined by looking at the 
age of the housing stock and homeowners financial ability 
to maintain and improve the home, which is approximated 
using the median household income. In general, homes 
built before 1940 used a more porous concrete material 
for basement construction, so water can flow more rapidly 
through the foundation. Moreover, older homes may be 
more vulnerable if residents have not had the financial 
resources to make improvements and upgrades. By looking 
at median household income as a marker of likely upkeep 
of the home, an attempt was made to exclude older homes 
that have been well-maintained and undergone upgrades 
from our areas of flood damage risk.

The team then identified the flood vulnerability of these 
structures by intersecting the pre-1940 structures with 
each climate future to identify which specific structures 
were at risk as seen in Figure 13.  It is important to note that 
this is not a comprehensive analysis of all types of housing 
that are at risk for flooding. Other potentially vulnerable 
housing includes mobile or manufactured homes or homes 
connected to an aging sewer system. 

Pre-1940 Structures

Administrative Boundary

Figure 13. Grand Haven’s pre-1940 structures that 
would be affected under each flood scenario.
         *Housing data provided by LIAA

Lucky Climate Future

Expected Climate Future

Perfect Storm Climate Future
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In general usage, the term ‘critical facilities’ 
is used to describe all man-made structures 
or other improvements that, because of their 
function, size, service area, or uniqueness, have 
the potential to cause serious bodily harm, 
extensive property damage, or disruption 
of vital socioeconomic activities if they are 
destroyed, damaged, or if their functionality is 
impaired.(5) The following is a list of the facilities 
we included in our list. 
• emergency response facilities (fire stations, 

police stations, rescue squads, and 
emergency operation centers);

• custodial facilities (hospitals, long-term care 
facilities, jails and other detention centers, 
and other health care facilities);

• schools;
• emergency shelters;
• utilities (water supply, wastewater treatment 

facilities, and power);
• communications facilities;
• other assets determined by the community 

to be of critical importance for the 
protection of the health and safety of the 
population; and

• places where 300+ people congregate.

In our analysis of Grand Haven’s critical facilities 
and their relationship with the three climate 
futures, we found that no critical facilities were 
at risk as seen in Figure 14, although several are 
on the edge of the each flood zone.  

Critical Facilities

Lucky Climate Future

Expected Climate Future

Perfect Storm Climate Future

Figure 14. Grand Haven’s critical facilities shown in 
relationship to the three climate futures
        *Critical facilities data provided by LIAA

Risk Management Series Design Guide for Improving Critical 
Facility Safety from Flooding and High Winds. FEMA 543 
January 2007.

(3)
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Service centers and institutions (such as 
homeless shelters and churches) are important 
in delivering day-to-day support to residents. 
In the event of an emergency, such as a 
flash flooding episode, service centers and 
institutions are especially important as a safe 
place where residents can go if they cannot 
return home. These maps highlight key locations 
of places where residents may seek temporary 
refuge in the event of an emergency and the 
relationship between those places and each of 
the climate futures. 

Communities with high population densities, 
frequent extreme weather events, or both are 
likely to have designated services centers. In 
the event of loss of power due to flooding or 
extreme storms, locations with a backup power 
source, such as a generator, are essential.

In our analysis of Grand Haven’s community 
services and their relationship with the three 
climate futures, we found that no community 
service facilities were at risk as seen in Figure 
15; however, this analysis does not account for 
road closings (brought on by flooding) that may 
prevent accessing these community facilities. 

A best management practice for a resilient 
community is to designate community service 
centers that are accessible, evenly distributed 
across the population, open 24 hours, and well-
known to residents to help ensure universal 
access.  

Community Service Centers

Lucky Climate Future

Expected Climate Future

Perfect Storm Climate Future

Figure 15. Grand Haven’s community services shown 
in relationship to the three climate futures
             *Community services data provided by LIAA

Administrative Boundary
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Vulnerability can be assessed in a number of ways particularly when considering 
that climate change is projected to have wide-ranging impacts. The Background 
and Considerations section earlier in this chapter provides a number of ways to 
think about vulnerability with respect to climate change. Ultimately, planning 
analysts will need to determine their most relevant aspects of vulnerability to 
their scenarios and the community in question in order to conduct a meaningful 
vulnerability assessment.

Other Approaches

Snover, A.K., L. Whitely Binder, J. Lopez, E. Willmott, J. Kay, D. Howell, and J. Simmonds. 

2007 Preparing for Climate Change: A Guidebook for Local, Regional, and State Governments. In association with and 
published by ICLEI – Local Governments for Sustainability, Oakland, CA

Michigan Climate and Health Adaptation Plan 2010-2015 Strategic Plan, Prepared by the Michigan Department of 
Community Health (2001)

Additional Resources
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6Fiscal Impact 
Analysis
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A fiscal impact analysis (FIA) is an important planning tool in this scenario 
analysis because it affords communities and planners the knowledge of the 
fiscal costs and benefits that come from development in high risk flood areas. 
In terms of benefits, an FIA quantifies the tax revenue a jurisdiction would 
receive by allowing (and from previously allowing) development in their high 
risk flood areas. In terms of costs, an FIA quantifies the costs of providing public 
services to current - and potential future - development in high risk flood areas. 
It also quantifies potential direct damage to structures that might occur within 
high risk flood areas, both under current conditions and under potential build-
outs. Having the complete picture of costs and benefits allows planners and 
communities to understand whether or not development in high risk areas is 
fiscally responsible for their jurisdiction.

In preparing to do a fiscal impact analysis for your community, it is necessary 
to gather relevant financial documents for your community such as annual 
financial reports and property value assessments. There are also a number of 
assumptions about zoning, property values, and so forth that will need to be 
made to make this analysis possible. These assumptions used in our study are 
noted throughout the methodology.

Introduction

Background and Considerations
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Methods

This section introduces the methods established to conduct a fiscal analysis of 
flood impacts on a community. There are three parts to the methodology: (1) the 
development of a map using ArcGIS that will enable future analysis of current 
buildings and future build-outs, (2) the identification of build-outs located in 
flood zones and the potential fiscal impact of potential floods on buildouts, 
and (3) an analysis of current development and the potential fiscal impacts of 
different climate future scenarios. 

This section provides a step-by-step guide for how to do an FIA using the 
climate futures and management options your community has created.  You 
may find that the methods could be simplified by using a Python script or GIS 
Model Builder; however, to ensure transparency of these methods, this section 
provides the detailed steps used to conduct the FIA. The tools used in this 
analysis are ArcGIS and Microsoft Excel. Additionally, it is important to note 
that methods used in this FIA are Michigan-specific, particularly in regards to 
property assessment. However, they can be adapted to any community. 

Part I: Initial Map Development for Determining Revenue

Step 1: Spatial Join of Current Buildings and Future Buildouts

In this section, you will create a dataset that includes 
all current buildings with property values (SEV Values 
in Michigan) greater than 0. This data will also be used 
later when approximating property values for potential 
Full build-outs and BMP build-outs.

1. Open a new ArcMap document and in the Catalog 
tab, connect to the folder(s) where you saved your 
Final and BMP build-out shapefiles, climate future 
shapefiles (Lucky, Expected, Perfect Storm) and the 
municipal data sets (zoning and building footprints)
Check to see that the zoning districts shapefile is 
organized by parcel and contains property values 
(SEV, Assessed, etc).

In our study, we used 
the SEV (State-Equalized 
Value), which is 50% 
of the market value, to 
assess property values. 
In Michigan, property tax 
rates are applied to the 
SEV, thereby making this 
value the most relevant to 
a community’s property 
tax revenues in Michigan. 
Property values in your 
community may be 
assessed differently and 
therefore that value should 
be used in this section.

Determining Revenue
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2. In the folder you are working 
in, create a file geodatabase 
to organize your new files 
and reduce the file size. To 
do this, right click on the 
folder, and select New --> File 
Geodatabase and name the 
geodatabase. (You can create 
separate geodatabases for 
base layer data, Final build-
outs, and BMP build-outs as 
each analysis will produce 
numerous files).

3. First, you will identify the 
current buildings that have a 
property value greater than 
0. Open the “Spatial Join” 
tool either by searching 
for it in the Search box or 
by opening ArcToolbox --> 
Analysis Tools --> Overlay --> 
Spatial Join.

4. Input the following information:
Target features: building footprints
Join features: zoning districts (or file with property values
Output feature class: (save the file in your geodatabase) 
All other options remain in the default setting

5. Under the Selection menu at the top, click on Select by Attributes. In 
the menu below method, select property value used by your community, 
then click on the “>” button, and type in 0. A number of buildings will be 
highlighted in the document.

6. Right click on the layer you are working with, click on “Data” and then 
“Export Data”. Save the layer as a new file in the geodatabase. Import the 
new data to the ArcMap document.
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Step 2: Build files for different zoning categories

This step will explain how to simplify and create 
different files according to the land uses you will be 
analyzing. This step requires simplifying the zoning 
code to the extent your community wants to. 

1. Choose what kind of general land use you want 
to merge first (e.g. Residential, Commercial, 
Industrial). Using the general zoning district file, 
select all of the zoning categories that fit into this 
larger category.

2. Open the “Select by Attributes” box, from the menu below “Method”, select 
the appropriate field name where the zoning districts are categorized. 
Double-click it so that it appears at the bottom of the box where it says, 
“SELECT * FROM ____”. Then click on the “=” button. Lastly, click on the 
“Get Unique Values” and select one of the zoning categories you want to 
merge. Then click on the “OR” button and repeat to add another zoning 
category. Your formula should look similar to this:

“ZONECITY1” = ‘Dune Residential’ OR “ZONECITY1” = ‘Moderate Density 
Residential’ OR “ZONECITY1” = ‘Multiple Family Residential’ OR “ZONECITY1” 
= ‘Single Family Residential’

All of the parcels that match this zoning description will be highlighted.

3. Right click on the zoning category file, click on “Data” and then “Export 
Data”. Save the layer as a new file in the geodatabase. Import the new data 
to the ArcMap document. 

4. Repeat this step for all of the general zoning categories you want to work 
with. By the end, you will have several separate files for different zoning 
categories. Check to make sure that you have cleared all of your selections 
(highlighted areas) before proceeding to the next step.)

Because this analysis 
is very time-intensive, 
simplifying the zoning 
code  makes the process 
more efficient without 
losing quality analysis. Our 
study combined residential, 
commercial, industrial, and 
agricultural zones together.
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Step 3: Create separate buildings shapefiles according to zone

This step allows you to separate 
different buildings according to 
zoning category. This will ensure 
that you are using comparable 
properties for future build-outs 
helping you accurately determine 
potential revenues or costs.

1. Under the Geoprocessing menu, 
select the “Clip” tool and input 
the following information:
Input Features: the current 
building file you created in Step 1
Clip Features: one of the zoning districts created in Step 2
Output Feature Class: save the file in your geodatabase

2. Repeat this step for each of the zoning districts you created in Step 2. You 
should have the same number of current building files as you have zoning 
districts for your analysis.

3. Repeat the same clipping procedure for the Full buildouts. At the end of all of 
the clipping, you should have the same number of Full buildout files as you 
do zoning districts.
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Step 4: Create buffer areas for future buildings

This step will allow you to estimate 
property values for the potential 
future build-outs.

1. Under the Geoprocessing menu, 
select “Buffer” and input the 
following information:
Input Features: one of the Full 
buildout files you created in Step 
3.
Input Features: the selected Full 
buildout file
Output Feature Class: (save your 
file in an appropriate location)
Distance: .25 miles
All other options remain in the default setting.

2. Do this step for all of the Full build-out points for the different zones you 
created in Step 3. 

For each potential build-out, we applied a quarter-mile buffer to identify existing properties 
in the same zoning category, which we assumed would be comparable properties for the 
potential build-outs. This allowed us to identify the mean property value for surrounding 
similar structures and assign it to future buildouts. We also we distinguished between 
residential and nonresidential developments so that residential build-outs would only be 
compared with other residential build-outs and nonresidential build-outs would be compared 
with nonresidential build-outs. 
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This step joins the mean property 
value of the existing properties to 
the potential build-outs, assuming 
that the potential build-outs would 
be similar to properties that were 
already built in the quarter-mile area.

1. Select one of the buffers you 
created in Step 4. Right click 
on the buffer, then click Joins 
and Relates --> Join. Input the 
following information:

What do you want to join to this 
layer?: Join data from another 
layer based on spatial location
Choose the data to join this 
layer: select the appropriate 
current buildings layer that 
matches the buffer you chose. 
For example, if you are working 
with an Industrial Buildouts 
Buffer, then you should select the 
Industrial current buildings 
How do you want the points to 
be summarized?: Select Average, Maximum, Minimum
Specify output shapefile or feature class for this new layer: save the file in 
your geodatabase

Select OK.

2. Repeat this step for each of the buildout buffers and current buildings files 
you created in Step 4.

Step 5: Join the full buildout buffers to the current buildings

1. Follow Steps 3-5 to perform the same analysis for BMP buildouts. You do not 
have to clip the current buildings to zoning districts again as you did in Step 
3. You only need to clip the BMP buildouts.

Step 6: Conduct BMP buildout analysis
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Part II: Fiscal Impact Analysis of Buildouts

Step 1: Identify the properties affected by each climate scenario

This step will enable you to identify how many potential build-outs would be 
affected by each flood scenario and then determine the impact on potential 
property values of the flooding scenarios.

1. Import the climate future shapefiles (e.g. Lucky, Expected, Perfect Storm) to 
the ArcMap document that contains all of the work from Part I.

2. From the Selection menu, choose, “Selection by Location” and input the 
following information:
Selection method: select features from
Target layer(s): the spatially joined layer from Part I, Step 5 (e.g. Residential_
FullBuildout_Join)
Source layer: one of the climate futures (Lucky, Expected, Perfect Storm)
Spatial selection method for target layer feature(s): have their centroid in 
the source layer feature
Click OK.

3. Export the data to a separate file clearly saving is as within the Lucky flood 
zone.

4. Open the attribute table of the original spatially joined file and click on the 
“Switch Selection” button at the top of the attribute table bar or in the Table 
Options menu.

5. Export that data clearly saving it as outside the Lucky flood zone.

6. Close the attribute table.

7. Repeat the same process for each of the climate future scenarios (Expected 
and Perfect Storm)

8. Repeat steps 2-7 for each of the spatially joined files from Part I, Step 5.
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Step 2: Organize data in Excel

1. Export each of the files you created in Step 1 to Excel using the Table to Excel 
function. (Toolbox --> Conversion Tools --> Excel --> Table to Excel). 

2. For ease of organizing data, you should work with one flood scenario at 
once. For example, export all of the inside Lucky flood zone tables that cover 
each different zoning district. Then bring all of these files into one Excel 
document. 

3. In a separate tab or spreadsheet, create a new table to summarize the data 
from each of the scenarios you will be analyzing from ArcMap. Use the 
following table as a guide.

4. In each table for the zoning category in the Lucky Flood Zone, locate the 
columns of property values (Average, Minimum, Maximum) and calculate 
the sums of each of those columns for NON-RESIDENTIAL zoning (e.g. 
commercial, industrial, agriculture). Residential zoning will be somewhat 
different because there may be multiple dwelling units.

5. The residential zones require some additional steps because some of the 
zones may contain multifamily housing.  Add a new column in your Excel 
table next to the Average SEV Values, the Maximum SEV Values, and the 
Minimum SEV Values columns labeling the columns, “AvgSEV_x Units”, 
“MaxSEV x Units”, or “MinSEV x Units’, for example.
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6. Then in the “AvgSEV x Units” column, you will need to multiply the Average 
SEV Value by the number found in the Dwelling Units column. Repeat this 
step for the MaxSEV and MinSEV columns, respectively.

7. For each of these new columns, calculate the sum of the property values 
(Average, Minimum, and Maximum).

8. Follow the same steps for the properties found outside the Lucky flood zone 
in a new tab in the same spreadsheet.

9. In separate tables, repeat steps 1-8 for the remaining flooding scenarios 
(Expected, Perfect Storm) for Full build-outs.

10. Input all of the data into the Summary spreadsheet.

11. In the Summary table, add a Share of Flood Plain Properties row to 
Properties Inside the Flood Zone table (refer to the table in this step) for all 
of the climate future scenarios.

12. In that row, divide the number of units that are inside the flood zone by the 
total number of units that have the same zoning classification. For example, 
if you have 20 residential units out of 2000 total residential units in the 
community that will be flooded, use the formula =20/2000. One percent of 
your community’s residential units are inside the flood zone.

13. Repeat all of the steps in Part III for the BMP buildouts.
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Step 3: Calculate property tax revenues for your community

1. In order to do these calculations, you will need the 
total property tax rate for your community and the 
municipality’s or townships property tax rate. 

2. Create a separate table for homestead and non-
homestead properties. Use the table below as a 
guide. 

3. Use the following formulas to calculate estimated property taxes:
Homestead total property tax revenue= 
Sum of “SUM of SEV Values” of all current residential properties (e.g. rural 
residential + residential) * Homestead total property tax rate

Non-homestead total property tax revenue=
Sum of “SUM of SEV Values” for all current nonresidential properties (E.g. 
industrial + commercial + agriculture) * Non-homestead total property tax 
rate

Total property tax revenue= 
Homestead total property tax revenue + Non-homestead total property tax 
revenue

Township property tax revenue=
Sum of “SUM of SEV Values” for all zoning areas (E.g. residential + industrial 
+ commercial) * Township property tax rate

For simplicity, our study 
assumed that all residential 
properties would be qualified 
as homestead, while all 
nonresidential properties 
would be non-homestead. 
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Step 3: Calculate additional municipal financial impacts

1. Count the total units of future residential and nonresidential buildouts in 
both the Full buildout and BMP buildout management options. Then identify 
how many of these buildouts are within the flood zones for each of the 
climate future.

2. Collect data from the 
government’s financial 
report in order to 
additional revenue and 
expense calculations. 
Use the table and 
formulas as a guide.

While property tax revenue is the major revenue source that development can generate, 
development can also bring additional revenues such as state revenue sharing or other 
miscellaneous revenue sources. These additional revenue sources are often difficult to 
quantify. However, with information provided by the annual financial reports published for 
local governments, it is possible to approximately estimate the magnitude of these other 
revenue sources.
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3. Using the current residential and non-residential numbers, you should 
determine the revenues and expenses per unit in order to later extrapolate 
those figures to potential buildouts. Use the following table and formulas as 
a guide.

Formulas:
Portion of total units = total units / current units 
Revenue per unit = (Total Revenue (excluding property taxes and service 
charges) * Portion of total units) / Current units
Expenses per unit = (Total Expenses (excluding sewer and water fund) * Portion 
of total units) / Current units

Note: The average costs per residential and non-residential development are 
just a rough estimate of the public costs of serving development. These cost 
numbers for both residential and non-residential development can be further 
adjusted based on the community’s understanding of the cost of service delivery 
in their community. For example, the government may have more detailed data 
on expenses for specific types of services than what the final financial reports 
show; therefore, that information could allow for more accurate cost numbers.

Formulas:
Total Revenue (excluding property taxes and service charges) = sum of all 
revenues excluding property taxes and charges for services. 

*Charges for services are excluded because these types of activities are usually 
self-sufficient

Total Expenses (excluding sewer and water fund) = sum of all expenses 
excluding sewer and water fund.

*Sewer and water fund expenses usually correspond to the charges for those 
services.
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4. Create tables to summarize the Full buildout and BMP buildout scenarios for 
each climate future. Use the information from previous steps, the following 
table and formulas as a guide.

Total Revenue from Buildouts = (Residential revenue per unit * Residential units) 
+ (Non-residential revenue per unit * Non-residential units)

Total Township Property Tax Revenue: refer to figure obtained in Step 2.
Total Annual Township Revenue = Total Revenue from Buildouts + Total 
Township Property Tax Revenue

Total Annual Government Expenses = (Residential expenses per unit * 
Residential units) + (Non-residential expenses per unit * Non-residential units)
Net Revenue = Total Annual Township Revenue – Total Annual Government 
Expenses

*These formulas will need to be adjusted based on the number of units 
identified under each scenario. For example, in the Lucky scenario, the total 
revenue from buildouts should reflect the residential and non-residential 
revenue from properties located within the Lucky flood zone.
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Part 3: Current Development Pattern Analysis

1. In a new tab for your spreadsheet, create three tables that will analyze 
current development and its relationship to the climate future scenarios. You 
should have separate tables for each of the climate future scenarios. Use the 
following table for reference.

2. In the sheet where you created the summary tables for BMP and Final 
buildouts under each climate future, create another table that will reflect 
the impact of flooding on current development. Use the following table as a 
guide.

3. In the ArcMap document 
you have been working with, 
combine all of the residential 
zoning areas (if you have not 
done so already). Under the 
Geoprocessing menu, select 
Merge and input the following 
information.

Input Datasets: all of the files 
to be merged
Output Dataset: save the file 
in your geodatabase
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4. Repeat Step 3 for all non-residential zoning areas (e.g. commercial, 
industrial, agriculture).

5. Locate the current buildings that are inside and outside the flood zones for 
each of the climate futures. In the Selection menu, open “Select by Location” 
and enter the following information.

Target layer(s): the complete current buildings files you created in Part I, 
Step 1. Check to make sure it has property values attached to it.
Source layer: one of the flood zones.
Spatial selection method for target layer features: intersect the source 
layer feature
Click OK.

6. Export those selected buildings into a new shapefile and save the file (e.g. 
“CurrentBldg_Lucky_Flood”).

7. Open the attribute table for the complete current buildings and at the top 
of the attribute table, click Switch Selection. Export these selected buildings 
and save the file (e.g. CurrentBldg_Lucky_NoFlood).

8. Repeat steps 4-6 for the other climate future scenarios.

9. Now you will separate the current buildings inside and outside the flood zone 
according to the residential and non-residential categories you created in 
Step 3. 

10. Under the Selection menu, click on “Select by Location” and input the 
following information:

Target layer(s): one of the current building flood or no flood files created in 
steps 4-6 
Source layer: the combined residential or non-residential file
Spatial selection method for target layer features: intersect the source 
layer feature
Click OK.
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11. Right click on the current building file you selected from and open the 
attribute table. Click “Show selected records”            creating a table similar 
to the one below

12. Locate the property values column you have been working with, right click, 
and select “Statistics”.

13. Record the following information into the current development tables you 
created in Steps 1 and 2. 

Count represents the number of current residential buildings located in the 
flood zone you are working with.
Sum is the total property value of these current residential buildings.

14. At the top of the attribute table, click on “Switch Selection”. Now the 
selected results are the residential buildings not located in the flood zone 
you are working with. Locate the property value column, right click, and 
select “Statistics”.
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15. Record the following information into the current development tables you 
created in Steps 1 and 2. 

Count represents the number of current residential buildings located outside 
the flood zone you are working with.
Sum is the total SEV Vale of these current residential buildings.

16. Repeat Steps 3-13 for the buildings located in/outside the other flood zones. 
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Step 1: Obtain data

1. Obtain the following datasets.
• the nine different scenario shapefiles of at-risk structures (e.g. the files 

for structures affected by the Lucky flood including current structures, 
full build-out, and BMP build-out. Instructions for creating these are found 
in the “Land Use Impacts” chapter.

• USGS DEMs converted to polygons - instructions for obtaining and 
manipulating DEMS are found in the “Identifying High Risk Areas” 
chapter.

• FEMA’s Base Flood Elevations (BFE) - The BFE transect lines for your 
community are included in the data package you download from FEMA 
when crafting your climate futures, and the process of doing this is 
detailed under the “Pseudo VE Method” in the “Identifying High Risk 
Areas” chapter. Once downloaded, open ArcGIS and use the add data 
feature to open the downloaded folder, and add “S_BFE”. This gives the 
BFE for various portions of your community.

The next part of quantifying the cost of development in high risk flood areas is 
estimating the amount of direct building damage associated with each climate 
future under the different management options (aka, each scenario). Detailed 
information about the creation of the climate futures is found in the chapter, 
“Identifying High Risk Flood Areas.” Likewise, detailed information about the 
creation of the different management options is found in chapter, “Land Use 
Impacts”.

For each of the nine scenarios, damage assessments can be quantified by 
using a variety of publicly available data. One of these datasets are Generic 
Depth-Damage Relationship curves published for residential  and non-
residential  buildings by the US Army Corps of Engineers (USACE), which lists 
anticipated damage percentages to structures at different flood water depths. 
Additionally, community tax data regarding property values (SEVs in Michigan) 
for structures provides a way to define what any given structure is worth, as 
does the projected value of build-out structures discussed earlier. By multiplying 
the expected percent of damage to each structure by the total value of each 
structure, and then adding all of those amounts together (for the structures 
within each climate future), a community can estimate a total amount of 
anticipated damage for each of their nine scenarios. 

Determining Costs
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• community tax data containing SEVs for properties
• the projected value of build-out structures - these were identified in the 

“Determining Revenue” portion of this chapter.
• USACE Generic Depth-Damage Relationship curves for residential and 

non-residential structures

Step 2: Apply an elevation to at-risk structures

1. In ArcMap, add converted to polygon USGS DEM.

2. In ArcMap, add the scenario files of at-risk structures.

3. Select one of the management option files. Click on the “Geoprocessing” 
menu at the top, and select “Intersect”. A new pop-up window will appear.

4. Use the “Input Features” dropdown menu to add both the converted to 
polygon USGS DEM and one of the scenario shapefiles of at-risk structures.

5. Save the layer as a new shapefile. Use a naming convention that will be easy 
for you to discern between the nine different scenarios).

6. Shortly after doing this, your newly intersected feature will appear under 
your “Table of Contents”. When you right click on the feature and open the 
attribute table, you will be able to scroll to the right and see the elevation 
of each of the structures at risk under the scenario you added during the 
“Clip”. 

7. Repeat this process for the remaining scenarios.



111

Step 3: Export attribute table to Excel

1. Right click on the newly intersected features and select “Open Attribute 
Table”

2. Use the “Table Options” dropdown menu        (at the top left) to select 
“Export…”

3. Use the folder button associated with “Output table:” to tell ArcGIS where to 
save, and how to name the exported table. Use the “Save as type:” dropdown 
menu to select “Text File”. Click “Save”. Click “OK”.

4. A new pop-up menu will ask if you want to add the table to the current map. 
Click “No”.

5. Open a new Excel spreadsheet.

6. Use the “Data” tab to add data “From Text”. Click the “From Text” option and 
locate the exported table you just saved as a text file from the window that 
opens up. Click “Import”.

7. A “Text Import Wizard” window will open. For “Step 1 of 3” make sure that 
“Delimited” is selected. Also select the “My data has headers.” button. Click 
“Next >”.

8. For “Step 2 of 3” select “Comma” under the “Delimiters” buttons. Click 
“Next >”.

9. For “Step 3 of 3” you can keep the “Column data format” of “General” 
selected. Click “Finish”. Click “OK” to add the data to your new spreadsheet.

10. The data associating an elevation to the structures at risk in the scenario 
will populate your spreadsheet. 

11. Repeat this process for the remaining scenarios.
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Step 4: Apply Base Flood Elevations (BFEs) to at-risk structures 

Riverine Depth and Damage Assessment:
1. Add “S_BFE” from the FEMA data package for ArcGIS.

2. From there, you need to use your discretion to apply the closest BFE 
transect to the at-risk structures. The best way to go about this is to use the 
“Identify” tool in ArcGIS. Hover the “Identify” cursor over the BFE transect 
and take note of the elevation. Then, use the “Identify” cursor to select the 
structures at-risk near the transect line, and also use a distinguishing field 
to take note of which structures are near said BFE transect (i.e. a street 
address, an Object ID, etc.). This is important, because you will need to add 
the elevation associated to the specific structures to the Excel spreadsheet 
you have created.

3. Once you have taken note of these two things, go back to your Excel 
spreadsheet and add a column entitled “BFE”. Populate the corresponding 
cells for the structures near that particular transect line with the elevation 
you’ve noted. 

4. Repeat this process until you have taken stock of all your at-risk structures 
within riverine flooding zones. 

Coastal Depth and Damage Assessment: 
1. For Lucky Scenarios: use the Lucky stillwater elevation to populate the 

corresponding cells for the structures within the coastal flood zones.

2. For Expected and Perfect Storm Scenarios: use either the Expected Pseudo 
VE elevation figure, or the Perfect Storm Pseudo VE elevation figure to 
populate the corresponding cells for the structures within the coastal flood 
zones that are anticipated to be exposed to high velocity wave action.
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Step 5: Use the USACE Generic Depth-Damage Relationship 
curves to determine damage for at-risk structures

1. In your Excel spreadsheet, create a new column within and name it “BFE 
Depth #”. This column will represent the difference in depth between the 
elevation of the each structure and the noted BFE for both riverine and 
coastal flood risk structures. In the first cell enter “=” and then select the 
first cell under your structure elevation column. Then, enter “-“ and select 
the first cell under your BFE column. It should look something like “=C2-
D2”. Hit enter. This will provide the difference between these two columns. 
When the new cell is populated under “BFE Depth #” place your cursor over 
the bottom, right corner. A “+” cursor will appear. Click and drag down the 
column until you’ve reached the last row in your spreadsheet. Unclick. 

2. With the entire column now populated, you can start to evaluate the 
numbers. A positive number means that a structure is above the BFE, and 
thus will not be flooded – although it’s possible that a basement may feel 
wet. A negative number means that a structure is below the BFE, and will be 
flooded by the number of feet shown. For example, -4.5 feet means that a 
structure will be flooded by 4.5 feet. 

3. The next part is time consuming, but crucial to estimating damage per 
structure. Use the USACE Generic Depth-Damage Relationship curves for 
residential and non-residential structures to associate anticipated flood 
damage percentages per structure type based on flooding depth. To do this, 
look at the USACE Generic Depth-Damage Relationship curves, and look at 
each “BFE Depth #” and take note of the anticipated damage percentage. It 
is easiest if you create another new column in your Excel spreadsheet and 
name it “% Damage”. Populate this column with the anticipated damage 
percentages for each building. If the structure has a positive “BFE Depth #” 
that is outside the depth-damage curves, then that structure is anticipated 
to have zero percent damage. 

4. For the Expected and Perfect Storm Scenarios: If the structure is located in 
a Coastal VE Zone, it can be difficult to discern whether or not a particular 
structure will be completely (100%) damaged by inundation and wave 
action. An approach to dealing with this uncertainty is to create a reasonable 
range for the damage estimate. First, assume that any structure that is more 
than 50% damage in the Coastal VE Zone by just inundation would likely 
be completely damage with additional wave action impacting the structure.     
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To fine tune your estimate, it is worth your time to use a base map or Google 
Maps to ground truth if a structure that appears to fall within this category 
would actually likely be hit directly by high wave action (Are there other 
structures or trees impeding wave action? If so, then just assume structure 
is damaged by amount provided by the depth-damage curves). That defines 
the high end of the range of damage. For the low end, simply use the 
damage percent provided by the USACE Generic Depth-Damage Relationship 
curves. 

Step 6: Find damage costs for structures (individual and total)

1. Current Conditions Scenarios: Add the SEVs from community tax data to 
your excel spreadsheet in order to associate the value of each structure at 
risk with the anticipated damage for each structure.  Then, multiply the SEV 
column numbers by 2 to get total value. 

2. Full Build-Out and BMP Build-Out Scenarios: Add the projected value of 
the build-out structures to your Excel spreadsheet in order to associate 
the value of each structure at risk with the anticipated damage for each 
structure.

3. Multiply the total damage numbers by the corresponding percent of damage 
for each structure in a new column of your Excel spreadsheet. Do this by 
using the following Excel equation for each cell.

=%Damage * Total Value

This will provide the cost of damage for that first structure. Drag the formula 
down the column until you’ve reached the last row in your spreadsheet. 

4. The entire total damage column should be populated. Once it is, use the 
summation function that looks like this “∑”. To do this, highlight the entire 
total damage column down to the last row of your spreadsheet, excluding 
the header, and click on the “AutoSum” button that looks like “∑”. This will 
populate the cell directly below the highlighted portion of the column with 
the total cost of damage (the summation of all of the damage costs per 
structure). This is the cost of damage for each of the nine scenarios. 
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7Visualization
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Visualization is a tool of data display, data synthesis and spatial thinking with 
the capacity to represent competing interests for debate. Methodologically, 
visualization techniques can be structured to facilitate collaborative and 
interdisciplinary research by integrating disparate areas of expertise and 
communicating complex sets of information with precision and clarity. 
Furthermore, visualization techniques can foster more productive interactions 
between academic, professional practice, and community engagement 
efforts. As a collaborative research tool, visualization provides a platform for 
synthesis and enables more engaged and enlightened conversations with local 
communities, stakeholders, and decision-makers.

This chapter displays a series of visualization techniques used in depicting 
Great Lakes’ shoreland dynamics and the nine scenarios established in this 
study. Rather than providing a step-by-step guide for how all of the visuals that 
accompany this study were created, this chapter provides information about 
the publicly-available data sources used to create these images, a description of 
the work flow, an explanation of the logic behind the drawing conventions, and 
a brief description of how your community can systematically cultivate images 
that convey a clear message. 

Introduction

Methods

This study leverages scenario-based planning to consider a range of variations 
and amplifications in seasonal, decadal, and multi-decadal oscillations in Great 
Lakes water levels.(1) Figure 16 shows the components used to construct many 
of the visuals including the three climate futures, the growth management 
options, and a series of environmental and land use elements, all of which 
were considered in different parts of this overall study. The visualization of 
these scenarios offers a more detailed understanding of the trade-offs that a 
community may confront when weighing municipal growth management options 
against flooding risks. Your community may want to consider what components 
should be visualized and in what format.

Meadows, G.A., 
Meadows, L.A., 
Wood, W.L., Hubertz, 
J.M., Perlin, M., 1997. 
The relationship
between Great 
Lakes water levels, 
wave energies, and 
shoreline damage. 
Bulletin of Am.
Meteorol. Soc. 78 
(4), 675–683.

(1)
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Figure 16. Visualization construction components
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Data

The data used in these displays, with the exception of the three climate change 
scenarios and the management options which were generated based on user 
inputs, can most likely be obtained from local, state, and federal entities. 
However, to ensure reliability, your planning analyst should ground-truth all of 
the data with local partners and the public and make adjustments to any of the 
data to ensure accuracy.

Therefore, the first step in the visualization process is to gather relevant 
data for your community in order to create maps using GIS. Because of GIS’s 
precision and convenience in mapping, it is a perfect tool for Great Lakes 
shoreline studies. The initial base layers included in our study were political 
boundaries, roads, shorelines, hydrography, and topography. 

Secondly, you should gather data representing your community’s natural 
features to identify the impacts of flooding and/or development upon those 
natural features. Our study focused on wetlands, tree canopy, critical dunes, and 
high risk erosion areas. 

For your GIS analysis, you will also need the files showing your community’s 
climate futures and growth management options. 

Another powerful component of visualizing shoreland dynamics is to use 
historic and current aerial images for the purpose of comparison. These types 
of images can be obtained from Bing Maps, Google Maps, and the United States 
Geological Survey.

The following pages detail the data sources used for our study’s GIS analysis as 
of May 2016. Many of the files are already available in shapefile format and can 
be easily opened in ArcMap; however, some of them require more processing 
as will be described. The majority of these files are Michigan-specific; however, 
many other state and local governments have similar datasets available to the 
public.
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Administrative boundaries and 
roads

Grand Haven Township

Grand Haven City

Administrative boundaries (shapefile): 
Michigan Geographic Data Library 
http://gis.michigan.opendata.arcgis.com/

Roads (shapefile):
Michigan Geographic Data Library 
http://gis.michigan.opendata.arcgis.com/

Shoreline (shapefile):
NOAA National Shoreline Continually 
Updated Shoreline Product (CUSP)
http://www.ngs.noaa.gov/NSDE/

Administrative Boundary

Other hydrography GIS data:

National Hydrography Dataset (NHD): http://nhd.usgs.gov/data.html
Great Lakes Information Network: http://gis.glin.net/ogc/services.php   
Michigan Geographic Data Library: http://www.mcgi.state.mi.us/mgdl/?rel=ext&action=cext

Shoreline and hydrography

Administrative Boundary Shoreline
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Existing Tree Canopy

Contours (shapefile)

http://viewer.nationalmap.gov/viewer/

(Note: zoom in to the area of interest, click 
“Download Data” at the upper right corner, 
draw a bounding box, select “Elevation” in the 
“USGS Available Data for download” window 
and click next, in this study we usually 
download the file with the highest resolution 
(usually 1/9 arc-second or 1/3 arc-second) 
in ArcGrid format, and finally proceed to 
download)

Tree Canopy

USDA Geospatial Data Gateway

https://gdg.sc.egov.usda.gov/

(Note: On the homepage, select the political 
division you want to download the data for (county, 
state etc.) Depending on your selection, the 
following screens will require additional location 
information. On the WHAT page, select the National 
Land Cover dataset. Enter all of your information 
in order to receive the file via email. From a link in 
your email, you should be able to download the file 
for free). Upon receiving the data via email, you will 
need to open the TIF file in ArcGIS and using the 
Raster to Polygon tool, you can convert the file to 
vector data. 

Topography Tree Canopy

Administrative BoundaryContours Administrative Boundary
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Existing Wetlands Administrative Boundary  Critical Dunes

Offset Line Illustrating High Risk Erosion Area

Wetlands (shapefile)

Michigan Geographic Data Library

http://gis.michigan.opendata.arcgis.com/

Critical Dunes (shapefile)

Michigan Geographic Data Library

http://gis.michigan.opendata.arcgis.com/

High Risk Erosion Areas (PDF)

Michigan Geographic Data Library 

https://www.michigan.gov/deq/0,4561,7-135-
3311_4114_4236-344443--,00.html

(Note: these are only available in PDFs so 
they need to be geolocated in ArcMap and 
the a new shapefile will need to be created 
representing the HREA areas.)

Wetlands Critical Dunes and HREA

Administrative Boundary
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Historic Aerial Images

United States Geological Survey (USGS)
http://earthexplorer.usgs.gov/

Michigan Department of Natural Resources 
(DNR)
http://www.michigan.gov/dnr/0,4570,7-153-
10371_14546---,00.html

Grand Haven, 1986 Grand Haven, 2016

Historic Aerial Images  Current Aerial Images

Other open resources for data on the study areas, available as of May 2016 at:

• Bird’s eye views from USACE (http://greatlakes.usace.army.mil/)

• Bird’s eye views from Bing Maps (https://www.bing.com/maps/)

• NOAA Great Lakes Water Level Dashboard (http://www.glerl.noaa.gov/data/now/wlevels/dbd/)

Current Aerial Images

ArcMap’s high resolution basemaps

Under File,  select Add Data and then click 
“Add Basemap...” and select “Imagery”
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Residential Parcels

Waterfront Parcels

PUD Parcels

Agriculture Parcels

Commercial Parcels

Industrial Parcels 

Administrative Boundary

Local planning documents 
including zoning codes, 
master plans, and zoning 
maps are available at the 
local government websites.  

Land Use Management Strategies
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Full Build-outs BMP Build-Outs

The images on this page were generated using the inputs and constraints of the current 
zoning ordinances for the full build-out layer and the inputs and constraints for the BMP 
buildout layer. This process was aided by the scenario planning software, CommunityViz. More 
detail on how to create these layers is described in Chapter 3: Land Use Impacts.

Growth Management Scenarios

Administrative BoundaryAdministrative Boundary
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Lucky Flood Zone

The images on this page were generated using the methods discussed in Chapter 2: Identifying High 
Risk Flood Areas. 

Flooding Scenarios

Perfect Storm Flood ZoneExpected Flood Zone
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A variety of programs can be used to develop visuals to accompany this work 
and will depend upon what your community has available. Our study developed 
different visuals by using a workflow among the following different software 
packages. However, if you community does not have access to some of these 
programs, ArcMap is still an excellent tool that can produce complex and 
meaningful images. : 

• ArcMap handles the Geographic Information System (GIS) data through an 
overlay approach, and enable complex spatial analysis. All files need to be 
projected in the appropriate projection

• Architectural software such as AutoCAD, SketchUp, and Rhino enable 
additional 2D and 3D modeling with the data directly exported from ArcMap.

• Adobe Creative Suite (Photoshop, InDesign, Illustrator) have capabilities for 
graphic and document editing. Data imported from ArcMap can be edited 
through photographic treatment and the introduction of additional layers of 
information. 

In order to create legible images that can convey a clear message, your team 
should establish a set of drawing conventions specifically thinking about the 
scale of representation, the symbols used to represent information, and the 
specificity of the displayed information.

The following annotated diagrams offer suggestions for how your community 
could approach the task of visualization; however, depending on the purpose of 
visuals in your planning process, the drawing conventions may be very different 
for your community.

Workflow

Drawing Conventions
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Administrative Boundary

Lucky Flood Scenario

Scale

There are variety of scales that can be used to represent historic and future conditions of the Great 
Lakes shorelands. Different scales allow for the viewer to interact with each image in a different 
way. The large scale image shows the entire area which allows the viewer to gain a comprehensive 
understanding of the impact of flooding for his/her community. It also provides an image that allows 
the viewer to identify areas safe from flooding and areas that are most vulnerable to flooding under 
each scenario. The small scale image takes a zoomed in picture of an area (approximately 1.5 square 
miles) that is threatened by flooding. This scale helps more clearly demonstrate the conflict between 
water, landscapes, and urbanization potentials. Furthermore, images at this scale enable a more 
personal connection to a site as the viewer may be able to identify a specific structure or road and 
see how the flooding scenarios impact more specific areas. 

Large Scale Small Scale
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Symbols

It is important to be intentional with selecting the symbols and colors you use in your images. This 
will ensure that all of the information conveyed in each image is legible. 

The annotated images on pages 124-125 serve as examples to explain our choices in symbols and 
colors as well as in specificity. These annotations are not comprehensive, but reflect the thought 
process behind the drawing choices.

On this map, we displayed 
the three climate scenarios. 
Only two of them are visible 
because the Expected and 
Perfect Storm have the same 
parameters. The Expected 
and Perfect Storm scenarios 
are layered behind the Lucky 
scenario. By layering the 
Lucky flood over the other two 
scenarios, the image \ shows 
how the flooding escalates 
with each scenario.

The wetlands and other 
natural features are all 
displayed with colors that 
intuitively match the feature 
being displayed such as green 
for tree canopy.

For the full build-outs and 
the BMP build-outs, we 
used the same symbol in 
different bold colors to clearly 
distinguish the two growth 
management options. This 
data overlays all of the other 
data including the flooding 
scenarios the viewer can 
clearly see the intersections 
of climate scenarios, growth 
management options, and 
natural features.



129

This map shows the 
intersections between land 
use and the Lucky climate 
scenario. The map only 
shows the land use for areas 
impacted by flooding instead 
of land use for the entire area. 
This was done to enhance the 
clarity of the map by having 
the viewer focus on impacted 
areas.

The land use colors are less 
saturated to ensure that the 
climate futures layers can be 
easily identified. 

The three different colors for 
the climate futures make the 
scenarios very distinct. We 
originally began with three 
shades of blue; however, 
the differences between the 
scenarios was unclear leading 
us to three different colors. 
Also, we used a horizontal 
hatch for the floods instead 
of a solid hatch to allow the 
underlying layers to be seen in 
the image.
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There is a considerable amount of information that could be displayed in the 
visualization of these nine scenarios. In order to create simple and accessible 
images, you should consider what data should be displayed simultaneously on 
one image. Showing too little data does not convey a compelling or informative 
scenario narrative; however, displaying too much data can create a confusing 
and illegible image that fails to convey the scenario. Specificity is addressed 
differently at the large scale and the small scale as each scale requires different 
drawing conventions and means of representation.

 
Large Scale Images

Specificity can be addressed with the use of the satellite image basemap. 
For the larger scale images, the majority of the images were comprised of 
publicly-available data, the climate futures, and the growth management 
options without a satellite image basemap. This format can allow you to clearly 
represent diverse components and clearly see the relationship between the 
climate futures, current natural features, current land use, and potential growth 
management scenarios. 

However, while these images are informative, they may not engender a strong 
personal connection as it is hard to locate yourself or an area you are familiar 
with on this map. Therefore, the other large scale images used satellite imagery 
as a basemap overlaid with a climate future. Through these photographic 
images, the viewer may be more able to locate specific sites and develop a 
richer understanding of how the climate futures impact the current landscape.

Specificity
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Small  Scale Images 

In addition to the large scale images of the communities being studied, our 
team identified nine sites that would be affected by flooding and created a 
series of images that provide a more detailed view of mostly coastal sites to 
demonstrate the interaction between natural and urban features of a city. 
These zoomed-in images better illustrate the conflict between water, landscape 
dynamics, and the pressures of urbanization. Each of the nine sites contains the 
following images:
• Bird’s eye images illustrating the current built and natural landscape at 
specific points in each site. These images help ground the viewer at a specific 
location and provide context for the current situation of the shoreline.

• A land use map that shows the parcels that would be affected by flooding and 
the impervious surface in that specific site.

• Historical aerial photographs showing the changing built and natural 
environment over the past 40 years. By making historic shoreline conditions 
visible, decisions regarding development and land management can be better 
informed as these images provide evidence of the dynamic nature of Lake 
Michigan water levels.

• A set of images containing an aerial image and maps highlighting critical 
dunes and high-risk erosion areas with build-outs, current tree canopy with 
build-outs, and wetlands with build-outs. Each of these images or maps is 
overlaid with one of the flooding scenarios (Lucky, Expected, or Perfect Storm). 
These images highlight the conflict between natural features that help manage 
flooding and the anticipated development of these areas.

The following pages show some of images for one of the selected small-scale 
sites in Grand Haven township. 
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1969
Source: USGS Earth Explorer, Aerial Photo Single Frames, 1969

1980
Source: USGS Earth Explorer, Aerial Photo Single Frames, 1980

Critical dunes and high-risk erosion areas with build-outsAerial image, 2015
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Source: Bing Maps, Bird’s Eye View, 2015
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Source: Bing Maps, Bird’s Eye View, 2015

1997
Source: Google Earth Pro, Historical Imagery, 1997

2015
Source: Esri 2015

Current wetlands with build-outsCurrent tree canopy with build-outs
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Research and Process

The range of techniques described in this section reflect accepted map design 
principles, the aforementioned drawing conventions, and feedback from the 
members of this study. However, it is important to consult with participants 
in  your community’s planning process to ensure that the images were clear 
and legible. Your community could establish a system of feedback loops among 
the public, other members of local government, and other stakeholders. As 
previously stated, the more perspectives you can get on the representation of 
the data, the more informative and compelling your images will be. 

As part of the process, it is necessary to consider the different goals and 
agendas among participants in the process as well as thinking about to integrate  
the applied knowledge to expand communities’ capacity to comprehend the 
dynamic manifestations of shorelands through geographical and temporal 
scales. Additionally, you should cultivate each image with a focus on the 
intended audience so that the information can be easily comprehended by the 
audience and therefore prompt a conversation between the community, policy-
makers, and experts about shoreland development and management.

Visualization offers a unique opportunity to display information from a variety 
of disciplines as it can help integrate multiple disciplines into a single analysis. 
As your community obtains information from some of the other analyses set 
out in this manual (e.g. Fiscal or Environmental), you may want to consider ways 
to integrate that information into different visuals. This is one more way of 
disseminating information and encouraging conversation about a wide-ranging 
and complex topic. 

The images on the following pages demonstrate our study’s different ways of 
incorporating the different types of data including fiscal and land use data. The 
use of infographics and icons is an effective way to integrate other disciplines 
into the work of visualization while still clearly conveying information to the 
viewer.  

Additional Data Display
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Commercial

Commercial

40

182

02

211

51

53

99

61

33

01

22

03

37

535

293

40

01

15

Industrial

Planned 
Development

Commercial

Waterfront

Moderate Density 
Residential

North Shore

Transitional 
Industrial

Old Town

Multi-family 
Residential

Industrial

Planned Unit 
Development

Commercial

Agricultural

R-1: Single Family 
Residential

R-2: Single Family 
Residential

Rural Residential

Mobile Home 
Residential

Rural Preserve

156 Unclassified

03 Unclassified

72 Dune Residential

25 Waterfront 2

985

950

Current Parcels Affected under Perfect Storm Scenario

Perfect Storm Flood Zone

Administrative Boundary

GRAND HAVEN TOWNSHIP

Total Parcels

Total Parcels

GRAND HAVEN CITY

Residential Parcels

Waterfront Parcels
PUD Parcels
Agriculture Parcels

Commercial Parcels
Industrial Parcels 

Total Property Tax Revenue Generated by Properties in 
the Floodplain

Lucky Expected Perfect Storm

Current 
Build-Out

Additional 
Full 
Build-Outs

Additional 
BMP 
Build-Outs

1,221,214

3,316,801

80,203

4,395,661

4,983,655

2,230,611

4,850,268

4,782,876

2,218,803

City of Grand Haven and Grand Haven Township, Michigan
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Future Build-outs under Perfect Storm Scenario

Full Build-Outs
BMP Build-Outs BMP Build-Outs in Inundated Areas

Full Build-Outs in Inundated Areas
Administrative Boundary

Social Critical Facilities Infrastructural Critical Facilities
Perfect Storm Flood Zone

241

49

256

Structures Impacted
CURRENT

FUTURE BUILD-OUTS

BMP BUILD-OUTS

Build-Outs affected, according to BMPs

Inside 
floodplain

Outside 
floodplain

Percentage 
inside 

floodplain

8

97

101

5,853 .14%

5,764 1.7%

5,730 1.7%

City of Grand Haven and Grand Haven Township, Michigan
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8Conclusion

Grounded in scenario-based planning, the methods described in 
this manual provide Great Lakes coastal communities with an 
opportunity to create their own scenarios regarding climate futures 
and growth management options. Scenario-based planning enables 
communities to deal with uncertain futures and plan for ambiguous 
economic, environmental, and social challenges and goals. 

In addition to creating these scenarios, planners, using the 
frameworks and methods discussed in this manual, will be able 
to analyze the impact of different scenarios on the community’s 
environment, its fiscal future, and its vulnerable areas and 
populations and explore these different scenarios through a diverse 
array of visualization techniques.

This methods manual is the first step in establishing a way to 
analyze and plan for coastal communities as climate change 
becomes a serious threat to current conditions. Further exploration 
of such scenarios and the impacts of climate change will be 
necessary to ensure that coastal communities and their populations 
can build prosperous and resilient communities. 
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