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LAKE MICHIGAN POTENTIAL DAMAGES STUDY
RECESSION RATE AND LAND USE ANALYSES
DACW39-97-0007, Delivery Order DO03

FINAL REPORT
1.0

INTRODUCTON

1.1

Background

The U.S. Army Corps of Engineers has initiated an extensive and long-term assessment
of potential shoreline damages over the next 50 years due to fluctuating lake levels along
the Lake Michigan shoreline. The Study is dedicated to meeting several of the
recommendations that came out of the 1986-1993 IJC Great Lakes Levels Reference
Study (International Joint Commission, 1993) including:
¾ Objectively assessing the economic value of all shoreline interests in terms of
"potential damages" that could occur under differing hydrologic conditions, or
alternate management approaches to lake level controls;
¾ Initiating coastal erosion monitoring program;
¾ Updating and improving the area of coastal process research;
¾ Updating land use and land use trend information; and
¾ Developing effective public information processes.
The first year of this study (1996-1997) has focused on developing the Study Plan,
collecting coastal erosion data and the design of computer models and associated input
databases for coastal processes and economic assessments.
One of the key inputs to the models referred to above is both long-term and short-term
recession rate data. A direct economic evaluation of potential damages can be made
through the use of shoreline recession rates, or more specifically the horizontal extent of
bluff crest or dune scarp retreat over time. Land values of area lost and the value of
damage to buildings or structures associated with the shoreline recession provide an
estimate of potential damage. Thus it becomes important to have accurate and reliable
shoreline recession rate data for as much of the shoreline as possible.
Another key input related to recession rates is the existing land use along the shoreline,
as well as the possible trend in land use into the future. From a potential damage point of
view, it is important to know the relationship between the recession rate of a particular
stretch of shoreline and the land use or possible land use that is occurring on it. For
example, a highly erosive, developed shoreline will have greater "potential damage" than
a highly erosive undeveloped shoreline. If we have sound databases of both land use
and land use trends, we can input these into the models being developed to help predict
possible future damages along the shoreline.
USACE Contract DACW39-97-D-0007 DO03
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1.2

Objectives of This Report

This report addresses the model input requirements of recession rates, land use and land
use trends and will summarize activities carried out by Christian J. Stewart under
Contract DACW39-97-0007, Delivery Order Number DO03, Recession Rate and Land
Use Analysis.
There were three general objectives to the work carried out in this activity:
1)
2)
3)

Assemble and assess all available recession rate data for the Lake Michigan
Shoreline;
Assess data gaps in recession rate data relative to other factors such as land use,
shore type, land use trends; and
Identify areas where new recession rate data needs to be calculated or areas where
existing recession rate data needs to be refined or revised and provide
recommendations on how to accomplish this.

In meeting these general objectives, a number of specific tasks were carried out. These
include:
a)

h)

the updating of the Lake Michigan kilometer-by-kilometer Great Lakes Shoreline
Recession Rate Database (Stewart, 1994) with new (i.e., 1994-present) data;
the development of a single "best" value per kilometer recession rate database for
the Lake Michigan shoreline;
the analysis and assessment of short-term recession rates and their correlation to
periods of lower or higher water levels;
the development of a kilometer-by-kilometer existing land use database;
the development of a kilometer-by-kilometer land use trend database;
the development of a kilometer-by-kilometer shoreline classification database;
the development of a relational database system to assist in the identification of
priority areas for recession rate data collection or revision, and recession rate data
"gap analysis"; and
the application of this database system to the Lake Michigan shoreline data set.

1.3

Format of This Report

b)
c)
d)
e)
f)
g)

Section 2 of this report provides a description of the various Recession Analyses that
were completed including the update of the overall database with new data, the creation
of a single-value, or "best-value" recession rate database and the examination of shortterm trends in recession rate data, relative to periods of higher or lower water level.
Section 3 reviews the Land Use Analyses that were completed including the development
of a kilometer-by-kilometer database of existing land use, the examination of land use
trends and the development of an associated database, and the examination of ownership
USACE Contract DACW39-97-D-0007 DO03
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along the shoreline. Section 4 provides an introduction and description of the Recession
Rate Analysis System, a piece of software designed for this project that will assist in
correlating recession rate data with land use issues and in selecting those reaches where
new or revised recession rate data is required. Section 5 provides a description of the
analyses carried out with the Recession Rate Analysis System and presents the results.
Finally, Section 6 highlights a number of recommendations based on the data analyses
and summarizes our conclusions. A series of Appendices are also provided and detail the
various data sets produced during this project.
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2.0

RECESSION RATE ANALYSES

2.1

Collection of New Recession Rate Data

2.1.1

Introduction

In 1994 the U.S. Army Corps of Engineers - Detroit District prepared a comprehensive
kilometer-by-kilometer database of recession rate data for all of the U.S. Great Lakes
shorelines including Lake Michigan (Stewart, 1994). This database provides mean,
median, maximum and minimum recession rates for each kilometer reach and was based
on all available shoreline recession rate data as of March 1994.
In order to utilize this as a baseline recession rate database for the 1997 Lake Michigan
Potential Damages Study, any new recession rate data (i.e., anything updated, calculated
or created subsequent to the 1994 database) for the Lake Michigan shoreline needed to be
incorporated to this database.
To acquire this new data, inquiries were made with various individuals and State
agencies. New recession rate data was acquired primarily for the Michigan and
Wisconsin shorelines through the following data sources:
¾ State of Michigan, Department of Environmental Quality: New or updated data
was obtained for the majority of counties (excluding Berrien), along the eastern
shoreline of Lake Michigan;
¾ Wisconsin Recession Rate Study - The State of Wisconsin contracted S.E.H. and
Baker Engineering to develop a new recession rate methodology for the Wisconsin
coast. Three 10-mile test sites in three counties (Manitowoc, Ozaukee, Racine) were
completed and "new" recession rate data was determined for these sites;
¾ SEWRPC Lake Michigan Recession and Bluff Stability in Southeastern
Wisconsin - This 1997 report by SEWRPC provides updated recession rate data for
Kenosha, Racine, Milwaukee, and Ozaukee Counties. Calculations are provided for
the periods 1963-1995, 1970-1995 and 1975-1995.
¾ Bay/Lakes Regional Planning Commission, Lake Michigan Recession and Bluff
Stability in Southeastern Wisconsin - This is a report similar in nature to the above
and covers some of the northeastern counties including Sheboygan, Manitowoc,
Kewaunee and Door. Calculations are provided for the period 1978-1992.

USACE Contract DACW39-97-D-0007 DO03
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2.1.2

Description of the New Data Sets

In keeping with the format of the original Stewart (1994) report, this section will provide
a brief discussion of each of the four new data sets. Information will be provided where
possible on:
¾
¾
¾
¾
¾
¾

The source and method of measurement of the data
The geographical extent of the data
The nature and types of data
The methodology and timeframe for data collection
The quality, reliability and accuracy of the data
Specific issues that arose when entering the data into the "master" USACE recession
rate database.

A.

State of Michigan, Department of Natural Resources / Department of
Environmental Quality Recession Rate Data

General

The Land and Water Management Division of the Michigan Department of Natural
Resources (now part of the Department of Environmental Quality) is responsible for the
determination of erosion setbacks for development along the Michigan shoreline. To
calculate these setbacks, they have determined detailed recession rates for most of the
Lake Michigan shoreline, although coverage in most of the northernmost counties (Delta,
Schoolcraft, Mackinac, Emmet, Charlevoix, Grand Traverse and Leelanau) is somewhat
limited. The 1994 USACE database contained a large amount of this data, however some
of the data has been updated in 1995 and 1996. To provide updated values, new
recession rate data was obtained for a number of counties and townships (Table 1).
In the updates for these counties, 1938 aerial photos were compared to 1988 or 1989
photography resulting in a period of record of 50 years for most of the data (there were a
few exceptions). This expanded the original calculations by approximately 15 years as
original data was calculated using 1973 photos. Calculation of 1973 to 1988 recession
rates was not carried out as part of the updates.
Method of Calculation

The update procedure used is essentially the same as that used in the original
calculations. Historic and modern low-altitude, vertical aerial photographs were
examined to identify the edge of active erosion. A Zoom Transfer Scope is then used to
optically match the photo pairs. When matched, the change in the edge of the active
erosion is measured at the transect lines established in the original study where possible.
These measurements were then incorporated into the original rates, resulting in the total
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Table 1:

Counties and Townships For Which New or Updated
MDNR Recession Rate Data Was Obtained

County

Townships

Mason

Grant, Summit, Pere Marquette (and City of
Ludington), Hamlin

Oceana

Golden, Benona, Claybanks, Pentwater, Village of
Pentwater

Ottawa

City of Ferrysburg, Spring Lake, Grand Haven, City of
Grand Haven, Port Sheldon, Park

Allegan

Laketown, Saugatuck, Ganges, Casco

Van Buren

South Haven, Covert

horizontal movement of the eroding / accreting edge over the entire time period. A major
improvement in the update study was the larger scale of both the historic and modern
photographs (1:6000). This improved image resolution and contrast allowing
determination of the edge of active erosion much easier.
Data Accuracy and Reliability

Photogrammetric determination of recession rates is one of the most common methods of
recession rate determination and can be regarded as being generally accurate, although
MDNR reported some problems in delineating the bluff crest on the original smaller
scale, or poor quality aerial photographs. This problem was alleviated somewhat on
more recent larger scale aerial photographs which provided improved image resolution
and contrast over the imagery used in the original calculations. In addition, field
reconnaissance was also sometimes used to assist in determination of bluff position.
Despite such problems, the method of calculation is consistent for all counties and
townships and is reliable enough to be utilized in the calculation of setbacks for
development. Because of this, the data is considered "highly certain" in the data base.
Database Considerations

The updated Michigan recession data occurs from Reach 683-783 in the database (see
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Appendix 11). As this data represents a "new" period of record, it has been entered as a
separate line entry for the associated reach, along with the old data. This results in
multiple line entries for each of the reaches where this new data occurs. In keeping with
the original data format, the "Remarks" column of the database refers to this as
"Michigan DNR" data, despite the recent name change to Department of Environmental
Quality.
B.

Wisconsin Recession Rate Study, SEH and Baker (1997)

General

In 1995 the State of Wisconsin Coastal Management Program retained engineering
consultants Short, Elliot and Hendrickson Inc. (SEH) and the Michael Baker Corporation
(Baker) to develop a state-of-the-art methodology for determining recession rates along
the Wisconsin shoreline of Lake Michigan. The proposed methodology was to utilize
both GIS and digital orthophotos to determine recession rates along three 10 mile test
segments. The overall goal of the project was to develop legally defensible erosion
hazard setbacks for use in managing the shoreline.
Three specific study areas were selected for analysis. In Manitowoc County, the area
begins at the north county line and extends 10 miles to the south (USACE Reaches 13021318) . In Ozaukee County the area begins at the south county line and extends north for
10 miles (USACE Reaches 1172-1188). In Racine County, the first segment begins at
the north county line and extends to the south 8 miles (USACE Reaches 1109-1122) .
The second segment begins at the south county line and extends north 2 miles (USACE
Reaches 1098-1101).
Method of Calculation

The study utilized comparison of digital elevation models and digital orthophotos
constructed from historical (1956) and recent (1995) aerial photographs. In the
comparison, elevation contours were developed for top of bluff, toe-of-bluff and midbluff elevations. These contours were then measured using "automated computer
techniques" and "automated photogrammatic analysis" to develop recession rate
relationships. For each study area, baselines were established and transects were drawn
every 200 feet along the shoreline. At each transect, the "mid-bluff" contour was
selected for the purposes of recession calculations. This reference feature was computer
generated from the DEM and was selected because it was felt to be the point on the slope
least influenced by water-surface fluctuations and also the most stable point on the slope
during erosion. Recession rates were generated by comparing the differences between
1

All new recession rate data entered into the database has been shaded in Appendix 1 to differentiate it
from previous data.

USACE Contract DACW39-97-D-0007 DO03
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historic and recent mid-bluff positions. The data was then smoothed to remove smallscale variations.
Data Accuracy and Reliability

SEH and Baker (1997) claim that the use of a mid-bluff contour in the calculation of
recession rates, as opposed to the more traditional top-of-bluff contour, has a number of
advantages including the lack of subjectivity in defining the contour (it is automatically
generated), the fact that it is not subject to water surface fluctuations, and that it's retreat
rate should be more constant and less episodic. Recent discussions with State of
Wisconsin personnel however (Mr. Al Lulloff and Mr. Alberto Vargas, personal
communication) have indicated some concerns with the data and approach used. For
example, in some areas, the use of mid-bluff contours to calculate 60-year recession rates
produces an "erosion hazard line" that is lakeward of the present-day bluff crest.
Assuming that the bluff crest will also have retreated during this timeframe, the true
erosion hazard in this case has not been addressed. In light of this uncertainty with the
approach and the resulting data, we have ranked the "Confidence" of this data in the
database as "Moderately Certain" (Category 3).
Database Considerations

For purposes of entry into the USACE database, the end-point recession data was utilized
(i.e., not the smoothed data). On average there were 15-17 data points per kilometer
reach. Data points were relatively easy to locate on the topographic maps and were
entered accurately. The data does not "fill" any previous data gaps, but adds additional
data records to those already present from previous researchers and for other periods of
record.
C.

SEWRPC Lake Michigan Recession and Bluff Stability in Southeastern
Wisconsin

General

In August of 1994, the Southeastern Wisconsin Regional Planning Commission
(SEWRPC) responded to a request from the Wisconsin Department of Administration for
the conduct of a study of current shoreline erosion and bluff stability conditions along the
Lake Michigan shoreline of Southeastern Wisconsin. The report covers the shoreline in
four coastal counties - Kenosha, Racine, Milwaukee and Ozaukee. The recession rate
data collected in this study essentially provides updates and improvements to data already
included in the USACE database from previous SEWRPC (1982, 1984 and 1989) and
Wisconsin Coastal Management Program reports (Acomb et al., 1977; Mickelson et al.,
1977; Schneider et al., 1977a and b).
USACE Contract DACW39-97-D-0007 DO03
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Method of Calculation

Shoreline recession rates were measured using Regional Planning Commission ratioed
and rectified, 1 inch = 400 foot scale aerial photographs taken in 1963, 1970, 1975 and
1995, with measurements being made for the periods of 1963, 1970, and 1975 through
1995 (three periods of record). All measurements were made parallel to the east-west
U.S. Public Survey Section lines. The measurements were corrected for minor variations
in air photo scale and for the angle of the shoreline in order to represent recession
perpendicular to the shoreline. Shoreline recession was measured at intervals of
approximately one-quarter mile along the entire study area shoreline. Some gaps existed
in areas of urban development or harbor structures.
Data Accuracy and Reliability

The 1997 report does not provide any exhaustive assessment on the accuracy of the new
recession rate data. It is assumed however, that given the procedures utilized were the
same as those used in the previous studies, the data should be as reliable as the previous
data (see Stewart 1994 for discussion of previous data accuracy). As such, the
"Confidence" of this data has been ranked as "highly certain" (Category 2).
Database Considerations

This data supplements previously entered data for these reaches and results in three new
line entries for each reach. Reaches encompassed by the new data include a majority of
those between 1074-1216.
D.

Bay-Lake Regional Planning Commission Lake Michigan Recession and
Bluff Stability in Northeastern Wisconsin

General

In August of 1994, the Bay-Lake Regional Planning Commission (SEWRPC) responded
to a request from the Wisconsin Department of Administration for the conduct of a study
of current shoreline erosion and bluff stability conditions along the Lake Michigan
shoreline of Northeastern Wisconsin. The report is similar to that above for the
Southeastern shoreline and covers the shoreline in four northeastern coastal counties Sheboygan, Manitowoc, Kewaunee and Door. The recession rate data collected in this
study essentially provides updates and improvements to data already included in the
USACE database from previous Wisconsin Coastal Management Program reports
(Hadley et al., 1977a and b, Dagle et al., 1980).
USACE Contract DACW39-97-D-0007 DO03
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Method of Calculation

Shoreline recession rates were measured using U.S. Army Corps of Engineers
unrectified, 1 inch = 2400 foot scale aerial photographs taken in 1978 and 1992. Bluff
measurements were made for these periods from a known point common in both sets of
photos. The measurement was converted into ground feet and subtracted to determine
the approximate amount of recession. All measurements were made parallel to profiles
established in the previous studies. Measurements however were not made at profiles. In
some cases measurements were not possible die to the lack of a common feature in which
to measure from. Recession rates in feet per year were calculated by dividing total
recession by the number of years between photograph dates.
Data Accuracy and Reliability

The 1997 report does not provide any exhaustive assessment on the accuracy of the new
recession rate data. It is assumed however, that given the procedures utilized, the data is
as accurate as any other calculated in this manner. As such, the "Confidence" of this data
has been ranked as "highly certain" (Category 2).
Database Considerations

This data supplements previously entered data for these reaches and results in one new
line entry for each reach. Reaches encompassed by the new data include a majority of
those between 1248-1363.
2.2

Creation Of A Single-Value Recession Rate Database, Lake Michigan
Shoreline

As a first step in the analysis of recession rates and land use for the Lake Michigan
Potential damages study, the revised recession rate database created above (Appendix 1)
had to be reviewed in order to select a single, most appropriate recession rate value for
each kilometer reach along the shoreline2.
To a degree, this exercise was performed during the creation of the recession rate data set
that was prepared for the USGS and University of Virginia during the creation of the as
2

This is being done primarily out of a "database convenience" point of view in that it provides a single,
reliable value of recession for the reach that can then be assessed in terms of accuracy relative to land use
and other issues. Some concern has been expressed that we may wish to have the option of using or
inputting all values into the coastal process model being developed in order to predict shoreline position
during ranges of water levels and over different time periods and that the most important aspect is the
presence or absence of recession data not necessarily whether there is one value that is better than others.
Should we need all the data, it is readily available in the full data set.
USACE Contract DACW39-97-D-0007 DO03
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yet unpublished map of Great Lakes erosion and accretion (Stewart et al., 1997).
However, the logic and assumptions used in creating this data set were never explicitly
recorded, and since then, changes in our understanding of recession and the use of
recession rate data in the establishment of hazard lands along the shoreline have
occurred. As such, a review of the data was again necessary to establish the best value of
recession for each reach.
2.2.1

General Assumptions

For the USGS exercise described above a number of general assumptions were used in
selecting the best value of recession for each reach. Generally speaking, the best value of
recession was that which:
¾ Had the longest period of record;
¾ Was the most accurate in terms of it’s “Confidence” ranking (this usually correlated
to the method of calculation used);
¾ Had a fair number of data records within the reach;
¾ Was used by the State in the determination of formal erosion hazard setbacks; and
¾ Was the only estimate of recession available for the reach
In re-visiting the database for this project, we had to consider a number of other issues.
For example, many agencies (State of Ohio for example, Mr. Scudder Mackey, personal
communication) are beginning to use shorter term recession rate information to establish
setbacks as they feel it is more representative of coastal and development conditions that
have existed in the recent past. Historic data (e.g., comparing circa 1800 shorelines to
1990s shorelines) may be less representative of reality than comparing 1960s or 1970s
shorelines with 1990s shorelines. Given this, we looked for such short-term data and
where appropriate given other factors such as it's confidence, number of data points, etc.,
selected it for use here.
Second, some of the State CZM recession rate data used in determining single value
recession rates for the USGS project were fairly low in the confidence ranking. Where
these occurred and where other more confident data existed, the more confident data was
substituted.
Third, an assumption was made in the original database that recession rates of all bedrock
shorelines was zero, even if the shoreline was classified as “non-resistant” bedrock.
Recent discussions as part of the shoreline classification exercise have indicated that the
erosion of soft bedrock areas can be a critical component of profile retreat in these areas.
In light of this, the classification information for the Lake Michigan shoreline was
consulted and where “non-resistant” bedrock was identified, the recession rate was
changed from “0.00” to “no data.” This occurred primarily in portions of Emmett
County as well as in areas of the Upper Peninsula.

USACE Contract DACW39-97-D-0007 DO03
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Fourth, the new data sets entered into the master database (described above) were used in
many places as new "best" values for many reaches. This is particularly true of the new
Michigan DNR and SEWRPC (1997) data in Michigan and Wisconsin respectively.
Despite it’s lower confidence, some of the SEH and Baker (1997) values were used for
some reaches, as they replaced data that was of an even lower confidence, or where data
was based on only a single data point.
2.2.2

The Database

Once all data had been selected, a single value recession rate database was created. A
hardcopy of this database is presented in Appendix 2. Specific review notes that were
made during the selection of the individual values are also presented in the "Notes"
section of this Appendix. Unlike the master database, only mean recession rate values
are listed, along with the period of record, source and comments where available.
2.3

Short-Term Trends in Water Levels and Recession Rates

This task involved a closer examination of all known recession rate data for Lake
Michigan in an attempt to determine relationships between water level trends and
recession rates (i.e., can we establish with any accuracy, recession rates during high
water periods?, low water periods?, falling water level periods?, rising water level
periods?), as well as to determine if recent recession rates have been significantly
changed (relative to long-term historic rates), as a result of shoreline modification,
development, changes in sediment supply, etc.
Existing recession rate data was examined with reference to periods of higher or lower
water levels on the Great Lakes in order to determine if there were any data sets that were
calculated over a high water, or low water level period. The theory here was that by
pulling these data sets out, we might be able to get a better handle on whether or not the
data reflects increases in erosion rates during high water and decreases in erosion rates
during low water, a case commonly observed by shore property owners.
2.3.1

High Water Periods

In reviewing the data it became apparent that there were generally 2 high water periods
that could be extracted. These are loosely defined as the 1970s high water period and the
1980s high water period. No data records existed that were suitable to cover the 1950s
high water period. Periods of record within each of these vary, and in some cases cover
the time when levels were rising to the peak levels, or only the very short period when
levels were at their peak. The periods of record available in the database for the 1970s
and 1980s high water periods are as follows:

USACE Contract DACW39-97-D-0007 DO03
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2.3.2

1970s HW Periods of Record

1980s HW Periods of Record

1967-1977
1970-1974
1972-1973
1969-1973
1964-1972
1972-1978
1965-1975
1969-1975
1969-1976
1971-1976
1970-1976
1968-1976
1970-1980?

1977-1986
1980-1987
1984-1986
1980-1984?
1984-1987
1979-1986
1976-1987

Low Water Periods

Data covering low water level periods is scarce. Only one data set was available
covering the 1960s low water period (1955-1967) and it is of low confidence. Other data
sets tended to cover the "low" water period between the 1970 peak and the 1980s peaks.
Data sets used here have periods of record of: 1973-1984, 1978-1984, and 1975-1980.
For both high water recession and low water recession, available data sets were found for
the eastern shoreline of Lake Michigan from about Reach 695 - 940 (Michigan and
Indiana shoreline), and for the Wisconsin shoreline from about Reach 1073-1340. This
was to be expected, as these are areas that have traditionally had erosion problems, and
thus areas where researchers have focussed their efforts.
All high water and low water recession rate data that was extracted from the database has
been printed separately in Appendix 3. The headings in this Appendix include:
REACH
70HWRR = 1970s High Water Recession Rate Value
70POR = Period of Record Associated With the RR Value and the Source
80HWRR = 1980s High Water Recession Rate Value
80POR = Period of Record Associated With the RR Value and the Source
LWRR = Low Water Period Recession Rate Value
LWPOR = Period of Record Associated With the RR Value and the Source
It should be noted that the single value recession rate database (Appendix 2) and the
short-term trend information are actually included in one continuous spreadsheet file.
USACE Contract DACW39-97-D-0007 DO03
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They have been printed separately because of paper size limitations.

2.3.3

Short Term Recession Rate Analysis

In order to better visualize the relationship between long term recession rates and shortterm trends, a series of simple graphs were created with the data. These are found in the
following pages. Graphs have been prepared for the eastern coast of Lake Michigan from
Reach 1 (Mackinac Bridge) through to Reach 940 or so (Gary, IN - Chicago border), and
from Reach 1073 (IL-WI border) to Reach 1340 (Kewaunee, WI), as these are the areas
where multiple data sets were available.
Examination of these graphs shows some simple but interesting relationships.
In the majority of cases, recession rate data calculated over the high water level periods is
significantly higher than the long-term average rate of recession utilized. There are a few
cases where this does not hold, and a few others where data calculated by Wood in the
mid-80's shows significant increases in accretion during the high water level period. This
occurs along portions of the Indiana shoreline and bears further investigation to
determine if it is a measurement error, or due to some other factor (e.g., nourishment?).
Where data for both the 1970s and the 1980s is available, 1980s high water recession
rates tend to be higher than the 1970s high water recession rates. This may indicate a
direct correlation between water level height and erosion rate, however, there does not
appear to be enough data available to really verify this any further.
Where "Low Water" recession rate data is available, it was found to be significantly
lower in all cases versus both long-term data and 1970 s or 1980s high water data.
A graphical representation of this nature makes it easy to identify recession "hot spots",
whether one is looking at the long-term data or the short-term trend information. It
certainly seems to raise a red flag as to those areas that may experience severe problems
during a high water period. Granted, the data is a bit biased based on where researchers
have conducted studies, but it seems to serve as a good starting point for hazard
identification.
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Graph 1
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Graph 2
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Graph 3
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Graph 4
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Graph 5
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Graph 6
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3.0

LAND USE ANALYSIS

3.1

Determination of Existing Land Use By Kilometer Reach

In order to be able to correlate recession rates with existing land use along the shoreline,
it was necessary to establish the existing land use associated with each 1 km reach
segment, as this level of detail in the data had never yet been derived. This data was not
easily extractable from the USACE GIS database electronically and thus was done
manually.
Land use maps (plots) and USGS topographic maps of the Lake Michigan shoreline with
1km tick marks on them were obtained from USACE and utilized in this exercise.
Proceeding linearly along the shoreline, all land use classes occurring in each reach were
recorded in a column in the database. Only land use classes within a maximum of 0.5
km of the shoreline were recorded. In many cases, particularly where residential
development was present, only the most adjacent land use to the waterline was recorded.
Where residential development occurred along with other land uses, estimates of the
linear percent of the reach occupied by the residential categories were made.
The land use data compiled in this exercise is circa 1978. Land use updates are currently
underway within Detroit District, however the data was not yet available for this
exercise.
Land use by reach data is presented in Appendix 4, along with data for land use trends,
and ownership (see discussions below).

3.2

Determination of Land Use Trend Information

Land use trend information was available from three key data sources for this study.
These are summarized here.
3.2.1

Land Use and Land Use Trend Data Collected During the IJC Reference Study

Past and future land use trend information for Lake Michigan was collected as part of
Phase II of the IJC Water Levels Reference Study (Taylor and Gauthier, 1993). The data
was based primarily upon responses provided from questionnaires that were distributed
to regional planning entities along the shoreline. Questions were posed that requested
their best estimations of current development percentages (circa 1990), past development
percentages (circa 1980) and anticipated development percentages (circa 2000).
Land use trends generated in this study refer exclusively to new development in the
residential, commercial / industrial and public infrastructure categories. Ten-year
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development trends that were generated represent the increase in percentage of the
shoreline that is expected to be developed into any of these three categories. Data at the
county level for the Lake Michigan shoreline is presented in the table below.
County
Michigan
Emmet
Charlevoix
Antrim
Grand Traverse
Leelanau
Benzie
Manistee
Mason
Oceana
Muskegon
Ottawa
Allegan
VanBuren
Berrien
Menominee
Delta
Schoolcraft
Mackinac
Indiana
LaPorte
Porter
Lake
Illinois
Cook
Lake
Wisconsin
Kenosha
Racine
Milwaukee
Ozaukee
Sheboygan
Manitowoc
Kewaunee
Door
Brown
Oconto
Marinette

10-Year Development Trend (% increase ~1990-2000)
+2
+3
+5
+5
+3
+2
+3
+1
+2
+4
+2
+3
+4
+5
+5
+5
+1
0
0
0
0
0
0
+3
+6
+11
+4
+6
+14
+6
+4
+5
+2
0

Source: IJC Land Use and Shoreline Management Task Group Report (Taylor and Gauthier, 1993).

A number of difficulties were encountered in the collection of this data. First, there was
a lack of responses for nearly 15% of the shoreline counties and different interpretations
of what should be considered "developed." Second, while explicit instructions were
provided to each office, little consistent quality assurance measures could be enforced.
Significant efforts were put forth to compare responses to published land use estimates
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for all locations. In the case of non-respondents, judgments were applied to interpolate
responses from adjacent counties to determine trends, but not development percentages in
the past, nor in the future.
3.2.2

State of Wisconsin Land Use Trend Data, 1978-1992

Subsequent to the work completed during the IJC Reference Study, the State of
Wisconsin initiated a comprehensive review of land use change in the Lake Michigan
coastal zone between 1978-1992. This work (see Niedzwiedz, 1995a-k) utilized 1978
and 1992 color aerial photographs to map and delineate land use areas and numbers of
structures in each area for each county along the Lake Michigan shoreline. The
following land use classification categories were used:
¾
¾
¾
¾
¾
¾
¾

Residential
Commercial (included institutional)
Industrial
Transportation (includes utilities and other public infrastructure)
Extractive
Agricultural and Natural (includes wetlands and open water)
Open and Other (includes outdoor recreation)

For the purposes of this study, we were primarily interested in the increases (or
decreases) in area of the "developed" land use categories over this time period. This
included the residential, commercial, industrial and transportation categories. These
values were combined together in order to provide a combined percent change in the
developed categories for each county. This data is summarized in the tables below:
Kenosha County
Land Use

1978

Residential
Commercial
Industrial
Transportation
Totals:

1992 Change (acres) %Change

473
126
26
49

508
131
0
121

35
5
-26
72

7
4
-100
147

674

760

86

13

Racine County
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Land Use

1978

Residential
Commercial
Industrial
Transportation
Totals:

1992 Change (acres) %Change

648
173
124
54

660
187
57
123

12
14
-67
69

2
8
-54
128

999

1027

28

3

Milwaukee County
Land Use

1978

Residential
Commercial
Industrial
Transportation
Totals:

1992 Change (acres) %Change

866
104
238
489

808
134
155
422

-58
30
-83
-67

-7
29
-35
-14

1697

1519

-178

-10

1978

1992 Change (acres) %Change

Ozaukee County
Land Use
Residential
Commercial
Industrial
Transportation
Totals:

507
57
0
37

642
64
0
46

135
7
0
9

27
12
0
24

601

752

151

25

Sheboygan County
Land Use

1978

Residential
Commercial
Industrial
Transportation
Totals:

1992 Change (acres) %Change

473
6
0
85

570
16
66
90

97
10
66
5

21
167
6600
6

564

742

178

32
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Manitowoc County
Land Use

1978

Residential
Commercial
Industrial
Transportation
Totals:

1992 Change (acres) %Change

519
111
89
164

561
120
121
205

42
9
32
41

8
8
36
25

883

1007

124

14

Kewaunee County
Land Use

1978

Residential
Commercial
Industrial
Transportation
Totals:

1992 Change (acres) %Change

428
71
54
49

468
78
38
82

40
7
-16
33

9
10
-30
67

602

666

64

11

Door County
Land Use

1978

Residential
Commercial
Industrial
Transportation
Totals:

1992 Change (acres) %Change

2762.8
237.8
6.1
78.3

3247.2
311.1
0
118.4

484.4
73.3
-6.1
40.1

18
31
-100
51

3085

3676.7

591.7

19

Brown County
Land Use

1978

Residential
Commercial
Industrial
Transportation
Totals:

1992 Change (acres) %Change

598
39
60
309

557
39
52
265

-41
0
-8
-44

-7
0
-13
-14

1006

913

-93

-9
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Oconto County
Land Use

1978

Residential
Commercial
Industrial
Transportation
Totals:

1992 Change (acres) %Change

291
2
0
8

277
7
0
11

-14
5
0
3

-5
250
0
38

301

295

-6

-2

Marinette County
Land Use

1978

Residential
Commercial
Industrial
Transportation
Totals:

1992 Change (acres) %Change

373
31
10
3

388
35
9
15

15
4
-1
12

4
13
-10
400

417

447

30

7

As mentioned earlier, the above tables represent changes in area (in acres) of the various
land use categories by county. The individual reports also contain data on the number of
structures found in each category and the changes in number of structures from 19781992.
3.2.3

Site Visits and Related Reports

Site visits along the eastern shoreline of Lake Michigan were carried out in the summer
of 1997 on two occasions. The first of these occurred near the end of June 1997 and
focussed on the Michigan counties of Berrien, Van Buren, Allegan, Ottawa and
Muskegon (Nick Raphael and Roger Gauthier, personal communication). The second of
these occurred between July 26th and August 9th, 1997 and focused on the northern
Michigan counties of Emmet, Charlevoix, Antrim, Grand Traverse, Leelanau, Benzie,
Manistee, Mason, and Oceana. Visits to these areas focused on discussion with local
planning officials. Questions on existing land use and future land use trends were asked
during all interviews. It was also obtained through field observation and notes / photos
where possible. All information collected has been summarized and is available in
summary note format should it be required. All usable information on land use trends
was extracted from this information and input to the database.
In addition to this anecdotal data, we have acquired various land use plans and Master
Plans from a number of county officials during our site visits. This material has been
reviewed to determine the availability and usability of any "Land Use Trend" information
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for entry into the database.
Land Use and Land Use Trend Information Obtained From Michigan Site Visits
County

Source of Data

Land Use/Trend Information

Emmett

Interviews with Planning,
Equalization, et al.

Bay Harbour development has been biggest
change…gravel pit to high value residential.
Some medium and small scale parcels available
for development. Shoreline values appreciate
by 20% per year. New Land Use Master Plan
available.

Charlevoix

Interviews with Planning and
Equalization

Good portion of public ownership along shore.
Medusa cement 100 year plan shows
development possibilities. Lake Charlevoix
management plan available. Beaver Island
experiencing rapid growth along shoreline.
Expected by 2040 single family homes will ring
the island. Big Rock Nuclear
decommissioning. Will be open space in 5
years?

Antrim

Interview with Planning and
Equalization

Majority of shoreline is single family
residential, zoned at Township level.
Development pressures from Traverse City and
Charlevoix. Property appreciation ~10-15% per
year. Homes changing from seasonal to high
value residential. Some condos in Elk Rapids
over past 10 years.

Grand
Traverse

Interviews with Planning,
Equalization, NWMCOG, etc.

Land use updates available. County Master
Plan developed…forecasts doubling of
population by 2020.

Focus 2020 Master Plan

Majority of coastal areas classed as "Urban or
Urban Infuence" except for north and west
shores of Mission Peninsula. This means they
will likely be developed or fully developed
within 25 years. Population increase from
74,000 to 120-130,000 by 2020. Large portions
of Traverse City and lower Mission Peninsula
shoreline already in "mixed residential"
development. Population increase of 5.4% over
past 4 years.

Interview with Planning and
Equalization

Most single family residential, no real large
parcels, most 100 foot frontage or less. 10-15%
appreciation in value per year. Seasonal
development pressure from Chicago, not many
local property owners. General Plan study
expects county increase from 18,000 to 50,000
residents. Large portion of shore is Sleeping

Leelanau

Leelanau
(cont.)
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Bear Dunes.
Leelanau General Plan (Draft)

Population increase average 23% each of last
four censuses. 1977-1990 Land use trend shows
~40% increase in "urban land" in whole county
with "open land" decreasing by 14%.
Population of coastal townships projected to
rise from 12,952 (1990) to 16,497 (2000), an
increase of ~27%.

Benzie

Interview With Planning and
Equalization

One-quarter of shoreline is federal land. No
state shoreline. New Master Plan being
prepared.

Manistee

Interview with Planning and
Equalization

Land use data available for 1978 and 1993.
Shore is pretty well developed. Land use trend
data projected into 2006 or so. 10-15%
appreciation in property value per year.

1997 Land Use Plan

Land use maps presented for 1978 and
1993…14% increase in residential development
for whole county. Decrease of 4% each for
agriculture and rangeland. Commercial and
industrial increased by 20% and 10%
respectively. Report also contains detailed
analysis of changes from one category to
another. Projecting a 15% increase in county
population from 1996-2000.

Mason

Interview with Equalization and
Zoning

Inland lakes are heavily developed. Many
single family dwellings on Lake Michigan. 810 mile stretch of shore is State Park and
National Forest land. New land use plan is
available.

Oceana

Interview with Equalization

Shore almost fully developed. 140 foot frontage
is probably the largest, mainly 60 foot lots.
May be room for some redevelopment. Don't
envision much change in land use type.

Muskegon

Interview with Equalization

Very little property turnover. Some condo's on
Muskegon Lake. Land values do not drop with
higher water levels.

Ottawa

Interview with Planning and
Equalization

Not much developable property available.
Mostly single family residential. People buying
old housing and tearing it down for new
housing. One new house ~16,000 sq.ft. Land
values increasing ~15% per year.

Allegan

Interview with Equalization

Last Master Plan in 1970's. Planning and zoning
done on Township level. Increase in property
values from $2300/fnt ft to $3500/fnt.ft 1995USACE Contract DACW39-97-D-0007 DO03
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1997.
Coastal Site Visit

Consumers Power Site…high bluff
tills…undeveloped but signs advertising lots for
sale…back bluffs developed with high value
residential.

Van Buren

Interview with County Planner

Master Plan available but 10-15 years old.

Berrien

Coastal Site Visit

Forest Beach…high value residential. Room
for redevelopment and fill-in development. St.
Joe's to Grand Mere Lakes…mainly single
family residential…visible damage to many
properties…new development occurring as fill
in…good potential for continued
redevelopment. Some resort development, old
and new.

3.2.4

Development of Land Use Trend Indices Database

One of the primary goals in this overall recession rate - land use analysis exercise is to
determine recession rate data gaps relative to changes in land use that are anticipated to
occur. For example, if we estimate that a particular reach is going to show an increase in
development, and there is presently no recession data available for that reach, it becomes
important to collect or develop recession rate data for that reach. If we keep things at this
simplistic level, our primary concern with regard to land use trends is whether or not
there is going to be a simple increase in development, a decrease in development or no
change, for each reach under consideration.
The land use trend data obtained from the IJC study, from the Wisconsin studies and
from the anecdotal information derived from interviews with planning officials, generally
provides us with specific percentages of development increase expected. While it would
be simple enough to use this data as developed, there are a number of issues that arise
that we feel prevent this from occurring. These include differences in the way the data
were collected, lack of confidence in the data generated in the IJC study, differing time
periods over which trends were estimated (e.g., 1991-2000, 1978-1992), and inclusion of
slightly different land uses in the "developed" categories in the IJC and Wisconsin
studies.
Given these concerns, we felt that instead of using the data directly, we would use it as a
starting point to develop a series of "Land Use Indices" that provide a more consistent,
lakewide assessment of the potential land use trend in each reach. In developing these
indices, our primary concern was whether there would simply be an increase in
"development", a decrease in development or no change. Reaches with an increase
would be targeted or "ranked" as of a higher concern that those with a decrease in
development or no change. As such, we have developed a simple 5 step index:
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1 = reaches where there is an estimated decrease in developed area
2 = reaches where there will be no change in the level of development
3 = reaches where there is an estimated 1-3% increase in developed area
4 = reaches where there is an estimated 4-10% increase in developed area
5 = reaches where there is an estimated >10% increase in developed area
In assigning an index value to each reach, a number of assumptions were made:
1)

It was generally assumed that data generated from any of the studies listed above
would be representative of future change in shoreline development over the next
50 years.

2)

Any level of development estimated at greater than 10% of a reach would be
ranked as the highest level of concern (index value of 5).

3)

Areas encompassed by State Parks, National Parks, State or National Forests and
large urban centers or areas of harbor structures will not have any change in their
status, i.e., their land uses are essentially fixed and will not change (index value of
2).

4)

Despite concerns about the quality of the data, IJC land use trend data developed
for the State of Michigan were used to develop indices for these areas, except in
those areas where interviews with local planning officials or personal field
observation necessitated adjustments, or where Assumption #1 applied.

5)

IJC data for Indiana and Illinois was also utilized. For both states, the level of
development was not expected to change.

6)

Indices for Wisconsin were generated from the combined percentage change
values generated from the detailed data (Section 3.2.2 above). IJC data was not
utilized for the Wisconsin shoreline.

In applying the indices, we proceeded in the following manner:
1.
2.
3.
4.

Reviewed and utilized IJC data for Michigan, Indiana and Illinois shoreline
Reviewed and utilized Wisconsin data
Adjusted reaches accordingly based on assumptions above
Adjusted any Michigan reaches based on information obtained from planning
officials or personal observations

Land use trend indices for each reach are presented in the LU_TREND column of
Appendix 4.
3.3

Determination of Ownership
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Ownership information has been obtained from topographic maps and through
information recorded during site visits. The following types of "ownership" have been
identified in the database:
State Parks
National Lakeshores
Township Parks
State Forests
National Forests
Large Scale Developments
City / Town Boundaries
Nuclear Plants (Some)
Large Industry or Utilities (Some)
Harbors
This information is presented in the "OWNERSHIP" column of Appendix 4.
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4.0

DEVELOPMENT OF RECESSION RATE - LAND USE ANALYSIS
SYSTEM

4.1

Introduction

Recall that one of the primary tasks of this exercise is to identify those reaches that would
be a priority for the collection of new recession rate data, or the refinement of existing
data, given the land use and land use trends anticipated. With this in mind, we can easily
construct a list of criteria or a series of "if-then" statements that would assist us in
flagging a reach as "priority" reach. These are presented below, along with a "logic"
diagram that helps to guide this decision making process.

4.1.1

Possible "If-Then" Statements

1. If the shoreline is presently developed (primarily class 113 or other 11x, 12x, 13x, or
14x categories) and there is no recession rate data, then this is a number 1 priority for
collection of data;
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2. If the shoreline is presently un-developed but is expected to be developed over the
next x years, and there is no recession rate data, then recession data should be
collected;
3. If the shoreline is presently undeveloped and expected to be developed over the next
x years, and there is recession data, then existing recession data should be examined
to verify accuracy and where required collect updated data;
4. If the shoreline is presently undeveloped and if it is expected to remain undeveloped
then no new data is required;
5. If the shoreline is presently developed and there is recession rate data, then existing
recession data should be examined to verify accuracy and where required collect
updated data;
6. If there is a shoreline type that shows advanced recession rates under higher water
level situations and it is presently undeveloped and is expected to be developed, then
existing recession rate data should be examined to verify accuracy and where
required new data collected for high water period increments.
7. If there is a shoreline type that shows advanced recession rates under higher water
and is presently developed and expected to remain developed or undergo increased
development over the next x years, then existing recession data should be examined
to verify accuracy and new high water level data collected where required.
8. If any land use is to switch to a developed type over next x years, then existing data
should be examined or new data collected
9. If intensity of development is to increase in already developed areas, then existing
data should be examined or new data collected .
10. Where shorelines are heavily protected and recession rate data shows high levels of
recession, new or updated data should be collected from time of construction of
shoreline protection structures to gauge effectiveness of the structure.
4.2

Development of an Automated Recession Rate Analysis System - RRA

To automate the above processes, we have created a Recession Rate Analysis System
(RRA), which is an expert system designed to undertake the priority determinations for
recession rate data and to serve as a vehicle for cataloguing, monitoring and updating the
entire database of related information (e.g., reach, land use, land use trend, etc.).
The RRA is a flexible and customizable system that integrates a powerful relational
database management system (MS FoxPro) with a dedicated Geographic Information
System mapping and visualization package (QuikMap) that will allow basic mapping and
visualization of all query results.
The RRA system is a “living system” in that, a complete copy of it, with the data
collected for the project is provided along with this report. This can then be used to run
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additional queries, and undertake additional recession rate assessments as new data
becomes available, or as various data sets become revised (e.g., land use, shoreline
classification).
It should be noted that this version of the RRA was designed to provide a basic level of
functionality in order to address the query needs of this exercise. While it is an excellent
tool for doing this, there are some components of the program that need further
refinement. If the USACE feels the RRA tool is useful for future components of the
LMPDS, then we can discuss the refinements that need to be made and allow for this in
the next round of activities within the study.
4.2.1

Data Inputs

Data inputs to the RRA include all data sets previously described in this report and
incorporated into Appendices 2-4. These include:
¾
¾
¾
¾
¾
¾
¾
¾
¾

Reach number (REACH)
Mean Recession Rate (MEAN_RR)
High Water Recession Rates (70HWRR and 80HWRR)
Low Water Recession Rates (LWRR)
Recession Rate Source (POR_SOURCE, 70POR, 80POR, LWPOR)
Existing Land Use (LAND_USE)
Land Use Trend Indices (LU_TREND)
Ownership Information (OWNERSHIP)
General Comments (COMMENTS)

Two additional data fields were added. First, to facilitate mapping of the data, latitude
and longitude (LATITUDE, LONGITUDE) values for the center points of each reach
were provided.
Secondly, in order to incorporate the physical characteristics of the shoreline into our
recession analysis, a reach by reach determination of the existing shoreline classification
was conducted. This added 3 additional data fields for Geomorphic Shore Type
(GEO_TYPE), Shoreline Protection Classification (SP_TYPE) and Nearshore
Classification (NS_TYPE). Reach-by-reach classification data was not easily
extractable from the existing USACE GIS. As such the data was compiled through
analysis of the classification information printed on the land use plot maps provided and
through examination of the original "tick-marked" USGS topographic maps. The data is
based on the original IJC shoreline classification scheme and can be revised as required
should the classification scheme change in the future.
These additional database inputs have been provided in hard copy format in Appendix 5
of this report.
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4.2.2

Description of the Recession Rate Analysis System

Install disks for the RRA have been provided with this report. To install the system,
place the Disk 1 in drive A and run the "setup.exe" file and follow any directions
provided. Upon initiation, the user will be prompted with a User ID and password
window.
The program has been initially
configured with the following log-on
parameters:
USER ID:
PASSWORD:

VISION
VGI

Enter these and then hit the return key twice.
The RRA has been designed with ease of use in mind. The User Interface is relatively
simple and un-cluttered. The main menu bar includes items for "Data Entry",
"Reports", "Listings", "Communications", "System", "Edit", "Help" and "Exit".

The Data Entry Menu
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The Data Entry menu provides users with the ability to update the database for a range of
data categories including land use, land use trend, latitude, longitude, shore type, shore
protection and nearshore classification. The "Site Location Entry" command (window
shown below) is of particular importance and allows the update of any of the data fields
for a reach of interest. This window also provides a glance at all data associated with a
reach without using the Reports function of the program. It should be noted here that
recession rates for the Current Mean, 1970 and 1980 high water period and the Low
water period will be shown on the update screens as "0.00" for those reaches where this
data does not exist. This is a limitation of FoxPro as it expects a value to be typed in this
location and thus provides appropriate characters for this. This only applies to the data
entry screen here. The remainder of the program including the Reporting and Mapping
functions are designed to read these as "blank" values.
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The Reports Menu
There are three types of query reports that can be generated from the RRA. The "Site
Location Summary Report" will provide a query
result listing by appropriate reach and will also
provide information for that reach on shore
classification data and mean recession rate data.
The " Site Location Detail Report" will provide
a query result listing by reach along with all
available data for that reach.
The query window for both the detail and
summary reports is the same and is structured so
that a full range of query possibilities can be
undertaken. "Site Range" allows the user to
choose all reaches for analysis, or a selection of
reaches for more site specific analysis. "Rate
Range" allows users to query any range of
recession rate data. Users may query up to 8 types
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of "Land Use" in a single query. Users may also "include" or "exclude" up to three data
types on "Land Use Trend", "Geomorphic Shore Type", "Shore Protection" and
"Nearshore Class." The "Select" buttons refer to recession rate data and allows the
user to query all recession rate data and reaches, only those reaches where data is
available, or only those reaches where no recession data is available. The "Sort" button
allows the query results to be sorted by reach number or by recession rate. Finally, the
icons at the bottom of the window allow the results to be output to the screen, or to the
default printer.
The "Map Site Locations" window provides the same query capabilities along with the
ability to export the query results to the QuikMap GIS Viewer for mapping and
visualization. Query results can be mapped by recession rate, geomorphic shore type,
shore protection, or nearshore type. Note that if the "No Data Available" option is
selected, mapping results can not be produced by "Recession Rate" as there will be no
recession data available to plot.
The QuikMap viewer is presently using the North American Map from the Digital Chart
of the World as a basemap. We were unable to locate a suitable basemap for Lake
Michigan and found the existing North American map to be suitable for analysis
purposes. Future refinements to the system can include utilizing a more appropriate
basemap.
When the user constructs a query and ten clicks on the QuikMap icon, the QuikMap
program is automatically launched and the query results are displayed on the North
American Map (below). To more easily view the displayed data, users will need to use
the "Zoom +" command and select the appropriate area for display. Once this is done,
the map will redraw and the new map will be displayed (following page). A legend can
then be added and the map output to a printer or to a PCX graphics file for later use.
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The Listings Menu
The "Listings" menu provides basic listings of the various data categories. For example,
selecting "Geomorphic Shore Type Listing" will provide a list of the 17 shore types in
this category. Lists can either be output to the screen or to the default printer.
The Communications Menu
At present, this menu only contains an "Import Recession Rate Data" command which
will allow the database to be updated in the future through the simple import of the
master Quattro Pro or Excel database. This will be particularly useful when the shoreline
classification data changes, or when the land use data changes and where we want to
reassess recession rate priorities or other factors following the import of the new data.
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The System Menu
This menus contains commands for Updating the Parameter File, Re-Indexing
Databases, Password Updates and Backing Up Databases. Some commands may not
be functioning properly in this version of the software and are not required for basic
query functionality.
The Edit Menu
Provides standard Windows editing functions. Some commands may not be functioning
properly in this version of the software and are not required for basic query functionality.
The Help Menu
Provides basic Help and About functions. No comprehensive Help file is available in
this version of the program. Some commands may not be functioning properly in this
version of the software and are not required for basic query functionality.
The Exit Menu
Click on this item to "Exit" the RRA.
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5.0

DATA ANALYSIS

In order to conduct a number of preliminary evaluations and to test the validity and
functionality of the RRA System for analysis of this type, we have conducted a series of
queries that will help in analyzing the data and in establishing recession rate priority
areas. These are described below. Full data reports for each scenario and full page maps
are included in Appendix 6.
Case 1 - Developed Reaches With No Recession Rate Data
The initial database query conducted was to identify all reaches where there was no
recession rate data and where some portion of the existing land use in the reach was
classed as "developed". We used a full range of "developed" categories including:
111 and 112 - Multi-Family
113 - Single Family Residential
121 - Primary / Central Business District
122 - Shopping Centre / Mall
124 - Secondary / Neighbourhood
Business District
126 - Institutional
138 - Industrial
In conducting this query, we
excluded all bedrock (ST 10 and
11) and artificial (ST17) shore
types all and all reaches identified
as being "heavily protected" (SP1)
(predominantly the Chicago
waterfront and areas of intense
harbor development), as it was
assumed these would be of a
lower priority for recession rate
determination.
Results of this query are presented
in Figure 5.1. Approximately 345
reaches were identified, the
majority of which are located in
the northwest and Upper
Figure 5.1 - Case 1: Developed Reaches With No Recession Rate
Data.
Mapped By Shore Type
Peninsula shorelines of Michigan
and the Door, Brown, Oconto and
Marinette County shorelines of
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Wisconsin. This particular example has been mapped by shore type, which provides
additional information on the different types of shorelines associated with the "developed
- no data" reaches.
Case 1a - Developed Reaches, No Recession Rate Data, Shore Types 1-4 Only
The RRA can be used to further
refine this particular analysis. For
example, if we assume that the most
important shore types for collection
of new recession rate data are high
and low bluffs (ST1-4), we can run
additional queries to simply show
those reaches that are undeveloped,
have no recession data, and are ST14. Results of this query are shown in
Figure 5.2 and show two reaches in
southern Michigan (789 and 853)
and a cluster of 5 reaches in the
Green Bay area of Wisconsin (17191720, 1726-1728). In this instance
we have mapped these results by
shore protection category.

Figure 5.2 - Case1a: Developed Reaches, No Recession
Data, Shore Types 1-4 Only. Mapped By Shore Protection
Level

Case 1b - Developed Reaches, No Recession Rate Data, Expected Increase in
Development
Another way of establishing priority for reaches with existing development was to
examine those developed reaches where development pressures are expected to increase.
This involves examining the Land Use Trend criteria. In this instance the query structure
was identical to Case 1, except we wanted to include those reaches where the Land Use
Trend index identified possible increases in development (LU TREND 3, 4, or 5).
These query results are presented in Figure 5.3 and show a concentration of reaches that
meet these criteria along the coasts of Leelanau and Grand Traverse County in Michigan
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and along the Door Peninsula in Wisconsin.

Figure 5.3 - Case 1b: Developed Reaches, No Recession Data,
Expected Increase in Development. Mapped By Shoreline Type.

Case 2 - Undeveloped Reaches, No Recession Data, Expected Increase in
Development
The next step in the process was to examine reaches without recession rate data, where
some portion of the existing land use in the reach was classed as "undeveloped" and
where it was anticipated that the reach would see a potential increase in development.
For the purposes of these queries, we have divided the "undeveloped" land uses into three
broad categories. Case 2a will query Agricultural land uses (21, 22, 23, 24, and 29).
Case 2b will document Forested categories (411, 412, 413, 414, 421, 422, 423 and 424).
Finally Case 2c will document Wetland categories (611, 612, 621, 622, 623, and 624).
Once again, reaches with bedrock and artificial shore types and those classed as heavily
protected have been excluded from the query results.
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Query results are presented in Figures 5.4 to 5.6 and show heavy concentrations of
reaches meeting these criteria along the Door, Brown, Oconto and Marinette Counties of
Wisconsin and to a lesser extent along the shoreline of Leelanau and Grand Traverse
County in Michigan.

Figure 5.4 - Case 2a: Undeveloped (Agricultural)
Reaches, No Recession Data, Expected Increase in
Development

Figure 5.5 - Case 2b - Undeveloped (Forested)
Reaches, No Recession Data, Expected Increase in
Development

Figure 5.6 - Case 2c - Undeveloped (Wetland)
Reaches, No Recession Data, Expected Increase in
Development
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Case 3 - Undeveloped Reaches, No Recession Rate Data, No Expected Change in
Development, Land Used for Recreational Purposes
In the flow chart that appeared earlier in Section 4.1, it was assumed that reaches that are
presently undeveloped and that are anticipated to stay that way would rate as a low
priority for recession rate data collection, unless their was some recreational or tourist
value to the area (e.g., State Park, National Lakeshore, etc.). To establish which reaches
fell into this category a query was constructed to identify those land uses identified as
"Outdoor Recreation" (193), "Beach" (71), or "Sand Dune"(72). It should be noted that
the "Beach" and "Sand Dune" land use categories were only entered into the original
database if these land use types were predominant in the reach. This usually occurred in
areas such as Sleeping Bear Dunes National Lakeshore, and other similar areas.
Performing a query for them will ensure these areas are identified.
We also wanted to focus this query on those reaches where the Land Use Trend was not
expected to change (i.e., Category 2). This index was primarily applied to any reaches
covered by State or National Parks and Forests, but also encompasses a number of other
areas. For this query, we also excluded reaches that had a shore type classification of
"Artificial" or "Unclassified."
Query results are presented in Figure
5.7. A large number of reaches in this
category are shown along the Upper
Peninsula shoreline of Michigan. This
is due to the fact that the majority of
this shoreline is either Lake Superior
State Forest or Mackinac State Forest,
and the shore type and hence land use
class fall into the "beach" category.
Other areas have also been identified
along the Indiana (Indiana Dunes
National Lakeshore) and Illinois coasts
and along the northwest shoreline of
Michigan (e.g., Sleeping Bear Dunes,
Leelanau State Park).

Figure 5.7 - Case 3: Undeveloped Reaches, No
Recession Rate Data, No Anticipated Development,
Recreational / Tourist Use
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Case 4 - Quality Assurance and Data Verification Capabilities of the RRA
The Recession Rate Analysis System can also be used effectively to perform quality
assurance functions on the database and to ensure that there are no significant
classification errors or inconsistencies. For example, in the original classification
scheme, an assumption was made that all "Artificial" shore types would be assigned a
recession rate of "0.00" as it was assumed that the fill or structure present would be
maintained and no further recession would take place. If we query the RRA for all
Artificial shore types and map it by recession rate (Case4a), then we should find that all
artificial shore types have a recession rate of zero. If we look at the map in Figure 5.8,
we see that a number of reaches have been identified that do not meet this criteria. For
example, Reach 1089 in southern Wisconsin shows a recession rate of 1.22. Similarly,
Reach 1836, near the Michigan / Wisconsin border shows a recession rate of .82.
Identification of such discrepancies will allow us to investigate these reaches further and
adjust the database as required.
It should be noted that not all
artificial shore types are displayed
on this map. Because of the data
entry limitations of the FoxPro
program noted in Section 4.2.2,
artificial reaches with a 0.00 value
of recession, but no source
reference, are not mapped (e.g.,
City of Chicago). In these
situations however, we know that
the recession rate is already zero
and as such, these are not problem
reaches to begin with. This
limitation of the RRA can be
revised for future versions and for
future analyses.

Figure 5.8 - Case 4a: Artificial Shore Types Mapped By
Recession Rate Values.
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A second example of a QA of the
database was undertaken (Case
4b), this time looking at all
reaches with a land use category
of beaches or dunes (71, 72, 73)
and then mapped by shore type.
In this instance we would assume
that for the majority of the
reaches identified, the shore type
should fall into either the "Sandy
Beach / Dunes" category (ST7),
the "Coarse Beach" category
(ST8), or the "Baymouth Barrier
Beaches" category (ST9). A look
at Figure 5.9 shows this to be
predominantly the case, however
there are a few reaches where a
high bluff classification has been
applied. While many of these
may be cases where the beach or
dune land use class makes up a
very small percentage of the
reach, potential problem reaches
Figure 5.9 - Case 4b: Beach/Dune Land Uses Mapped By
Shore Type. For Reaches With Recession Rate Data
can be identified and we can
examine the detailed report data
(Appendix 6) or the original data
sets to verify if the classification and land use are in fact correct.
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6.0

RECOMMENDATIONS FOR FURTHER STUDY

6.1

Priority Reaches For Recession Rate Determination

The analyses conducted with the RRA have highlighted three key areas for the collection
and addition of new recession rate data. They are listed and described here in order of
priority.
6.1.1

Green Bay - Door, Brown, Oconto and Marinette Counties

All analyses conducted indicated a significant lack of data along the entire Green Bay
shoreline in Wisconsin including the counties of Door, Brown, Oconto and Marinette.
This also includes the Lake Michigan shoreline of Door County.
There are a number of reasons for this area being indicated as a priority area. First, there

Figure 6.1 - Green Bay shoreline showing shore types associated
with reaches without recession rate data.

are a number of different shore types along this coast where it would be useful to have
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some indication of recession rate, including a large portion of "non-resistant" bedrock,
"wetland" shorelines, some "sandy beach / dune areas, and a small pocket of low bluff
(Figure 6.1)
Similarly there are a large percentage of reaches without recession data that have some
level of development within them (Figure 6.2).

Figure 6.2 - Green Bay shoreline showing developed reaches without recession
rate data. Mapped by shoreline type.

Finally, the land use trend information calculated by Niedzwiedz (1995h) has found that
between 1978-1992 there was a 19% increase in developed land uses along the Door
County shoreline. If this trend continues, then there will be heavy development pressure
on this shoreline in the future, and a knowledge of recession rates may become very
critical.
6.1.2

Leelanau and Grand Traverse Counties, Michigan

Similar to the Green Bay area, the shoreline of eastern Leelanau County and western
Grand Traverse County in Michigan is a heavily developed area, with very little known
in the way of recession (Figure 6.3) The predominant shore type associated with these
reaches consists entirely of sandy-beach dune and the area will be subject to future
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development pressures from Traverse City and the general seasonal tourist influx
associated with the Northwest Michigan area.

Figure 6.3 - Leelanau and Grand Traverse County shorelines showing developed
reaches with no recession rate data. Mapped by shoreline type.

6.1.3

Upper Peninsula Shoreline Michigan

There are a number of areas along the Upper Peninsula shoreline of Michigan where
development exists but where there is no recession rate data (Figure 6.4). While most of
this development is "pocket" type development, or very sporadic, it may be useful over
time to collect recession rate data for this shoreline, particularly since the shoreline type
associated with this development is predominantly sandy beaches or dunes. In addition,
while a good portion of this shoreline is State Forest Land, and generally not subject to
any significant changes in land use, there are a few areas where an increase in
development is anticipated and perhaps where some initial data collection activities
might take place (reaches 1955-1969 and 2252-2255)(Figure 6.5).
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Figure 6.4 - Michigan Upper Peninsula Reaches with shoreline development but without
recession rate data. Mapped by shoreline type.

Figure 6.5 - Michigan Upper Peninsula Reaches with shoreline development, without
recession rate data and subject to increased development pressures. Mapped by shoreline
type.

USACE Contract DACW39-97-D-0007 DO03

Page 52

U.S. Army Corps of Engineers - Detroit District

6.2

Refinements to the RRA

The Recession Rate Analysis System was found to be an extremely useful tool for
assisting in this analysis. It combined a powerful and quick relational database with a
simple mapping tool for visualization of the results. Given that this was a "first cut" at
the development of such a system, there are a number of areas where the system could be
refined so as to make future analysis much simpler.
6.2.1 New Base Map
A new base map is required that consists only of the Lake Michigan shoreline. While the
North American Digital Chart of the World was adequate for mapping and display
purposes, the scale of it necessitated an extra step in order to "zoom" in to the Lake
Michigan area in order to see the data results. In addition, while the resolution and
accuracy of the position of our data points was suitable at a larger scale, zooming in on
select points found them to be displaced somewhat from the shoreline shown on the map
(see Figure 6.3 for example). Perhaps a base map of Lake Michigan alone would resolve
this problem.
6.2.2

The "Blank" and "0.00" Recession Rate Values

The RRA is limited in that blank values for recession rate data are shown as zero values
in the Data Entry portions of the program. To keep these zero values from being plotted
or reported as true zeros, the program was coded so that only those recession values that
also had a source identified would be reported or mapped. This took care of many of
these situations, however in some instances where a shoreline was a harbor structure or
was classed as artificial (and hence given a "true" recession value of zero) there was no
source data listed. As such these values did not get mapped. This will need to be
corrected in future versions of the program.
6.2.3

Percentage of Development in Each Reach

When entering land use data into the database, if a single family residential category was
encountered, a rough estimate of the percentage of the reach occupied by this category
was made and also included in the database. The RRA presently has no way of utilizing
this percentage in the formulation of any queries. For example, in those reaches where
both a residential and a forested land use occur, and where the residential land use
already occupies 80% of the reach, it may be a reasonable assumption that the forested
area of that reach may be subject to development or redevelopment pressure. The ability
to specifically query this information would simplify the selection of such reaches and
help identify site specific areas that may see increased development.
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6.2.4 Ownership
The RRA also does not presently include any means of performing a query on ownership
data. In addition, the ownership database does not include a great deal of specifics on
public versus private ownership, only whether it is a State or National Park, etc. A more
comprehensive database on this item and a better ability to query this information would
likely be a useful analysis tool in future analyses.
6.3

Updates to Master Database and Future Analyses

As the LMPDS proceeds, the data that make up the master data sets used by the RRA
will also change. We already know that there will be a significant reclassification of the
entire Lake Michigan shoreline including the shore protection and nearshore categories,
as well as new and updated information on present day land use. Recession rates are also
constantly being updated and it is anticipated that new recession rate data will emerge.
The RRA is flexible enough so that any changes made to these master databases can be
easily incorporated. This can be done through the Data Entry Update screens (for minor
changes) or through the import of a new master database through the Spreadsheet Import
command (for major modifications).
The RRA can also be further modified to include additional fields and the ability to query
on a fuller range of criteria or data. Additional data collected, for example, in site
specific areas on coastal processes, geotechnical issues, structure types, value,
economics, etc. could be easily incorporated and worked into query functions for the
determination of potential damages along the Lake Michigan shoreline.
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