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Great Lakes Watershed
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Total Change 
(feet)

Time 
Span

Annual Rate 
of Change 
(ft./yr.)

Period of Change

Lakes 
Michigan‐
Huron
+1.5 8	months +2.4 Feb. 2013	– Aug	2013
+ 3.5 17 months +2.5 Feb. 1928 ‐ July 1929
+3.1 18 months +2.1 Feb. 1951 ‐ Aug. 1952
+3.2 18 months +2.1 Feb. 1959 ‐ Aug. 1960
+5.6 8.5 years +0.7 Jan. 1965 – July 1973
‐4.8 3.5 years ‐1.4 July 1929 – Jan. 1933
‐4.0 2.3 years ‐1.7 Oct. 1986 – Feb. 

1989
‐4.7 3.5 years ‐1.3 Aug. 1997 – Dec. 

2000
Lake Superior
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BASIC The Flood Insurance Rate Map
Hazard Identification
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greatlakescoast.org



Generalized Coastal Zone Schematic
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BETTER Fill in the Gaps
 Overlay other jurisdictional lines, wetlands and other protected areas 
over the FIRM

 Map other flood‐related hazards (coastal erosion hazard area, areas 
with local flood history; stream erosion; dam failure inundation; 
mudflow hazard) 

 Document High Water Marks from significant storms to aid in 
FIS/FIRM updates

Hazard Identification
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NAI Strategies

 Higher Mapping Standards

 Natural & Beneficial Functions

 Information Sharing

Hazard Identification
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NAI Higher Mapping Standards
 Use future conditions hydrology (flood discharges 
based on build‐out scenarios for current zoning)

Map hazards not shown on FIRM (unstable bluffs and 
coastal recession)

Hazard Identification
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Identify Sensitive Resources ‐ NAI
Natural & Beneficial Functions
Environmentally Sensitive Areas

 Wetlands
 Beaches
 Critical Habitat for Threatened & Endangered Species

Hazard Identification
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Information Sharing

Make Community Data Available
 Limit Fee and/or Licensing Requirements
 Host Website for Downloading Data
 Develop Disaster Contingency for Data Access

Hazard Identification
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Think big and small, 
current & future…

Explore hazards 
history & impacts...

Find stories 
(examples, anecdotes 
and photos) to 
supplement other data 
sources…

Hazard Identification
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NAI Strategies
 Hazard Identification

 Planning
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 Mitigation Actions 
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 Education and Outreach 
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Do nothing

Retreat 

Accommodate

Protect

Adaptation Strategies



Planning

 Prepare comprehensive land use plans
 Identify hazard areas
 Identify appropriate land uses

 Develop special subject plans to supplement 
comprehensive plans
 Economic development plans
 Habitat protection plans
Watershed management plans

 Adopt zoning or other ordinances to enforce plans

BASIC Planning & Implementation
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Planning

 Identify flood‐risk areas on plans and restrict 
development

 Adopt low‐density zoning in floodplains

 Use specialized tools (ex: GIS, HAZUS, etc.)

 Prepare FPM, storm water management plans to 
supplement comprehensive plans

 Prepare multi‐hazard mitigation plans

BETTER Risk Analysis and Strategy
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Planning

Include watershed, MOM and sustainable development 
principles in land use planning
 Consider current and future development
 Coordinate floodplain planning with other planning 
activities (economic development, housing, 
recreation, ecosystem restoration, water quality, etc.)

 Identify long‐term implications of alternative land 
uses

 Promote “sustainable” development

NAI Sustainability
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Some great 
planning tools:

Planning
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Digital CoastDigital Coast

www.csc.noaa.gov/digitalcoast/ 47



Digital Coast Data

Aerials Bathymetry

LiDAR LandCover
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CanVis Tool

Visualization

Alternatives

Communication
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Regulation & Development Standards

Adopt floodplain management ordinance 
recognizing:

 Flood damage can still occur with minimum 
standards

 BFEs subject to change, particularly as 
development occurs in watershed

BASIC Core Regulations
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Regulation & Development Standards

 Prevent a loss of storage and/or an increase in 
velocity

 Restrict development in Coastal High Hazard 
Areas

 Adopt higher health/safety regs
 Utilize “green infrastructure” 
 Adopt storm water regulations 

BETTER Higher Regulations
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Regulation & Development Standards

Require community permits for shore protection 
structures:
 Include a requirement that structures do not 
adversely impact neighboring property

Adopt setback regulations in areas with unstable bluffs

NAI Ensure Neighbors are not adversely 
impacted
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CAUSES OF COASTAL EROSION







GL States with Coastal Setbacks
 Michigan
 Pennsylvania
 Ohio
 New York
 Wisconsin (some counties)



Indiana
New York 
Wisconsin

Fastland Dry Sand Wet Sand Lake

Private 
Ownership

Public Trust

Michigan
Illinois

Minnesota 
Pennsylvania

Fastland Dry Sand Wet Sand Lake
Private 
Ownership

Public Trust

Ohio

Fastland Dry Sand Wet Sand Lake
Private 
Ownership

Public Trust

Strong Private Ownership

Overlapping Ownership

Strong Public Ownership
Ordinary High 
Water Mark

Ordinary High 
Water Mark

Ordinary High 
Water Mark

Low Water Mark / 
Swash

Low Water Mark / 
Swash

Low Water Mark / 
Swash

Marking OHW on the Great Lakes











Regulation & Development Standards

Preserve beneficial natural floodplain functions
 Adopt setback standards to establish minimum 
distances from river channels or shorelines

 Adopt buffer zone requirements between sensitive 
and developed areas

 Implement stream restoration programs

NAI Natural Floodplain Functions
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Developing a No-Build Zone Ordinance – St. Joseph, MI

Milwaukee, WI

Michigan 
City, IN

St. Joseph, MI

Holland, MI

Chicago, IL

Kenosha, WI





Water’s 
edge

BFE and limit 
of vegetation

State 
OHWM

Federal 
OHWM

2008 – A new home



Base Flood Elevation (BFE)



Water’s 
edge

BFE and limit 
of vegetation

State 
OHWM

Federal 
OHWM

BFE 
+5’

2008 - A new home



Developing a No-Build Zone Ordinance – St. Joseph, MI



Developing a No-Build Zone Ordinance – St. Joseph, MI



Developing a No-Build Zone Ordinance – St. Joseph, MI

During the 1970’s sand‐bags were used to protect 
these four homes from wave damage



Developing a No-Build Zone Ordinance – St. Joseph, MI

2011 - Seawall Application



Developing a No-Build Zone Ordinance – St. Joseph, MI

Setback Line
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BASIC Structural Controls, Insurance

Mitigation

 Structures used to control flooding
 Levees, floodwalls, seawalls
 Groins
 Channel modification
 Dredging

 Flood Insurance
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Mitigation

 Enforcing the rules you *do* have
 Elevating structures
 Building barriers around a structure
Wet and dry floodproofing

BETTER Human Adjustment to Flooding
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Non‐structural vs. 
Structural









Mitigation

 Include Ecosystem Services in BCA
 Relocate structures out of the floodplain
 Acquire properties in the floodplain

NAI Human Adjustment to Flooding
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Case Study 



Case Study 



Case Study 

• Removed Natural Vegetation
• Graded (Compacted) Front Yard
 Sloped Yard Towards Lake



Case Study 

• Mound System Near Bluff Top Edge
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BLUFF STABILITY BMPs
Vegetation Restoration 



 Bluff Stability BMPs
 Courtesy of Gene Clark – WI SeaGrant
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BLUFF STABILITY BMPs
Vegetation Restoration – 3 Month Growth



BLUFF STABILITY BMPs
Surface Water Management:  Rain Barrels

Source: greenculture.com



BLUFF STABILITY BMPs
Surface Water Management: Rain Gardens

Source: Invisible Structures



BLUFF STABILITY BMPs
Ground Water Management: French Drains



BLUFF STABILITY BMPs
Ground Water Management: French Drains



BLUFF STABILITY BMPs
Ground Water Management: Wick Drains
Source: Edward E. Gillen Co.



BLUFF STABILITY BMPs
Ground Water Management: Wick Drains
Source: Edward E. Gillen Co.



Mitigation

 Take a “master plan” approach to flood protection

NAI Master Planning and Monitoring

Involve all levels of services…
•Utilities (water, sewer, power)
•Stormwater
•Streets
•Building services
•Planning
•Parks
•Budget/Finance

Involve the public…
•“Town Hall” meetings
•Workshops with 
Planning Commission
•Owners of properties 
affected
•Other interested parties
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Relocation
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Infrastructure

 Doing the minimum to maintain the infrastructure 
and repair it after a flood or other disaster

 Includes roads, bridges, utilities, parks, drainage 
systems

BASIC Response and Replacement
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BETTER Protection Measures, Procedures
Infrastructure

 Routine inspections of bridges, culverts, etc. after a 
flood event, with resulting corrective measures

 Do a “flood audit” of all public buildings in relation 
to the floodplain

 Participate in the development of emergency action 
plans
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NAI Plans and Alternatives
Infrastructure

 Use a capital improvement plan (CIP) to acquire land 
for public uses – parks in the floodplain, channels 
and drainage structures, etc.

 Restrict road development through flood‐prone 
areas (wetlands, marshes, floodplains, etc)

 Create a master greenway plan to link open spaces
 Stream restoration
 Regulate critical facilities out of flood zones
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Case Study – County LS
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Thank you for your time!
Questions???
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