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Introduction
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.

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.
(1)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.
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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

Shoreline and hydrography

Grand Haven City

Grand Haven Township

Administrative Boundary

Administrative Boundary

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

Shoreline

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

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

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
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Topography

Contours

Tree Canopy

Administrative Boundary

Existing Tree Canopy

Administrative Boundary

Contours (shapefile)

Tree Canopy

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

USDA Geospatial Data Gateway
https://gdg.sc.egov.usda.gov/

(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)

(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.
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Wetlands

Existing Wetlands

Critical Dunes and HREA

Administrative Boundary

Critical Dunes

Administrative Boundary

Offset Line Illustrating High Risk Erosion Area

Wetlands (shapefile)

Critical Dunes (shapefile)

Michigan Geographic Data Library

Michigan Geographic Data Library

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

http://gis.michigan.opendata.arcgis.com/
High Risk Erosion Areas (PDF)
Michigan Geographic Data Library
https://www.michigan.gov/deq/0,4561,7-1353311_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.)
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Historic Aerial Images

Current Aerial Images

Grand Haven, 1986

Grand Haven, 2016

Historic Aerial Images

Current Aerial Images

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

ArcMap’s high resolution basemaps
Under File, select Add Data and then click
“Add Basemap...” and select “Imagery”

Michigan Department of Natural Resources
(DNR)
http://www.michigan.gov/dnr/0,4570,7-15310371_14546---,00.html

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/)
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Land Use Management Strategies
Local planning documents
including zoning codes,
master plans, and zoning
maps are available at the
local government websites.

Administrative Boundary
Agriculture Parcels
Industrial Parcels
PUD Parcels
Waterfront Parcels
Commercial Parcels
Residential Parcels
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Growth Management Scenarios

Full Build-outs

Administrative Boundary

BMP Build-Outs

Administrative Boundary

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.
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Flooding Scenarios

Lucky Flood Zone

Expected Flood Zone

Perfect Storm Flood Zone

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

Drawing Conventions
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.
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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

Administrative Boundary
Lucky Flood Scenario

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.

124

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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Specificity
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.
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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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1980

1969

Source: USGS Earth Explorer, Aerial Photo Single Frames, 1969

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

Lucky Flood Scenario Images

Visualization

Bird’s Eye View Images
Historica Aerial Images

Source: Bing Maps, Bird’s Eye View, 2015

Aerial image, 2015
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Critical dunes and high-risk erosion areas with build-outs

Source: Bing Maps, Bird’s Eye View, 2015

1997

2015

Source: Google Earth Pro, Historical Imagery, 1997

Current tree canopy with build-outs

Source: Esri 2015
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Current wetlands with build-outs

Visualization

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, policymakers, and experts about shoreland development and management.

Additional Data Display
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.
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Current Parcels Affected under Perfect Storm Scenario
City of Grand Haven and Grand Haven Township, Michigan
40

Industrial
Planned
Development

182
02

Commercial

211

Commercial
Waterfront

53

Moderate Density
Residential
Multi-family
Residential

99

North Shore

72

Dune Residential

61

Transitional
Industrial

51

33

Old Town

25

Waterfront 2

156

Unclassified

01

Industrial

22

Planned Unit
Development

03
37

Commercial

293

R-2: Single Family
Residential

40

Rural Residential

03

Total Parcels

GRAND HAVEN TOWNSHIP

950 Total Parcels

Agricultural
R-1: Single Family
Residential

15

985

Commercial

535

01

GRAND HAVEN CITY

Total Property Tax Revenue Generated by
Properties in the Floodplain
Lucky

Current
Build-Out

Mobile Home
Residential

Additional
Full
Build-Outs
Additional
BMP
Build-Outs

Rural Preserve
Unclassified

Administrative Boundary
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Perfect Storm

1,221,214 4,395,661 4,850,268
3,316,801 4,983,655 4,782,876
80,203 2,230,611

Waterfront Parcels
Commercial Parcels
Residential Parcels

Perfect Storm Flood Zone

Expected

2,218,803

Industrial Parcels
PUD Parcels
Agriculture Parcels
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Future Build-outs under Perfect Storm Scenario
City of Grand Haven and Grand Haven Township, Michigan
Structures Impacted
CURRENT

256

FUTURE BUILD-OUTS

241

BMP BUILD-OUTS

49

Build-Outs affected, according to BMPs

Administrative Boundary
Perfect Storm Flood Zone

Inside
floodplain

Outside
floodplain

Percentage
inside
floodplain

8

5,853

.14%

97

5,764

1.7%

101

5,730

1.7%

BMP Build-Outs
Full Build-Outs
Social Critical Facilities
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BMP Build-Outs in Inundated Areas
Full Build-Outs in Inundated Areas
Infrastructural Critical Facilities

