STATE OF MICHIGAN

JOHN ENGLER, Governor REPLY TO:

DEPARTMENT OF ENVIRONMENTAL QUALITY LANO & WATER MANAGESENT DIVISION

PO BOX 30458
HOLLISTER BUILOING, PO BOX 30473, LANSING MI 48809-7973 LANSING M 48009-7954

RUSSELL J. HARDING, Diractor

TO WHOM IT MAY CONCERN:

SUBJECT: Evaluation of Critical Dune Areas

Enclosed with this letter you will find a copy of the Evaluation of Critical Dune Areas
report completed by Michigan State University, Center for Remote Sensing (MSU), in June
1996. This report was required under Part 353, Sand Dune Protection and Management,
of the Natural Resources and Environmental Protection Act, 1994 PA 451, as amended.

Please note that this report represents MSU’s recommended changes to existing Critical
Dune Areas (CDA). The Department of Environmental Quality (the Department) is in the
process of evaluating this report. Therefore, it should not be considered a recommendation
of the Department. Any changes made to the boundaries of CDAs must be made by the
Legislature.

If you have any questions regarding this report, please contact Mr. Steve DeBrabander at
517-373-3895, or you may contact me.

Sincerely,

es G. Ribbens, In Charge
oastal Programs Unit
Land and Water Management Division

517-373-8787
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Statement Of The Problem

According to Buckler (1978):

The sand dunes along the shorezone of Michigan's Great Lakes are among the
youngest and largest geomorphic features within the state. Because of favorable
conditions, nowhere are they better developed than on the eastern and southern
shores of Lake Michigan. These dunes are somewhat unique and collectively
probably represents the largest accumulation of sand dunes along any fresh water
body in the world. They are valued by many for their aesthetically pleasing
backdrop to the lakeshore, for the ecological communities which they support and
for the recreational potential they provide. Because the environmental (climatic and
geomorphic) conditions under which they formed no longer exists, once destreyed,

they are not likely to regain their present significant size and extent.
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In an effort to preserve the quality of the state’s dunal topography, the Michigan
Legislature passed the Sand Dune Protection and Management Act (1976 PA 222). This act
gave authority to the Michigan Department of Natural Resources (MDNR) to undertake specific
steps to ensure the wise use and protection of Michigan's sand dunes within two miles of the
ordinary high water mark along all of its Great Lakes shorelines.

Act 222 was amended in 1989 by PA 146 and 147, to include the regulation of all
vegetation removal, earthmoving, and construction activities within designated Critical Dune
Areas (CDAs) which were recognized as a "unique, irreplaceable and fragile resource that
provides significant recreational, economic, scientific, geological, scenic, botanical, educational,
agricultural and ecological benefits to the people of this state and to people from other states and
countries who visit this resource." These Critical Dune Areas were mapped by staff from the
Land and Water Management Division, MDNR to define areas which were subject to regulation
under PA 222, as amended by PA 146 and 147, and were published in the Atlas of Critical Dunes
(MDNR, 1989). These CDAs were based on an analysis of the delineated barrier dune
formations, a review of soil surveys and U.S.G.S. topographic maps, and maps of exemplary
dune-associated plant species provided by the Natural Features Inventory.

Further amendments to the Sand Dune Protection and Management Act occurred in 1994
(1994 PA 135). The first portion of Section 23a of PA 135 (1994) stipulated:

Within 1 year of the effective date of this section, the department shall appoint a
team of qualified ecologists who may be employed by the department or may be
persons with whoin the department enters into contracts who shall review "the atlas
of critical dune areas" dated February 1989. The review team shall evaluate the
accuracy of the designations of critical dune areas within the atlas and shall
recommend to the legislature any changes to the atlas or underlying criteria
revisions to the atlas that would provide more precise protection to the targeted
resource. : .

In January, 1995, all environmental protection acts were codified and repealed and became parts
of the Natural Resources and Environmental Protection Act (1994, PA 45 1). - The Sand Dune
Protection and Management Act as amended became Part 353 of Act 451,

In April 1995, the Center For Remote Sensing at Michigan State University responded to
a Request For Proposal issued by the Office of Purchasing, State of Michigan, Department of
Management and Budget (Invitation To Bid Number: 07115001458) on behalf of the Great Lakes
Shorelands Section, Land and Water Management Division, MDNR (now the MDEQ, Michigan
Department of Environmental Quality.
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Criteria for Identifying and Mapping Critical Dune Areas

Section II-C-1 of the RFP (Work Statement - Tasks - Evaluation of Atlas of Critical Dune
Areas) states:

A. Detailed evaluation of the accuracy of designated CDAs dated February 17,
1989, utilizing remote sensing, U.S.G.S. topographic maps, soil surveys, on-
site inspections, vegetation determinations, geomorphologic interpretation and
other methods determined useful. The purpose of this review is to determine if
the current CDA designations accurately represent the CDAs of this state,

B. Detailed evaluation of sand dune areas which were not designated as CDAs to
determine if they meet the definition of CDAs utilizing the methods listed in
ltem 1 above. The purpose of this review is to determine if all sand dunes
which exhibit CDA qualities have been included in the designation.

The Sand Dune Protection and Management Part (353) of the Natural Resources and
Environmental Protection Act (1994 PA 451) stipulated that the MDNR was to make or cause to
have made several types of comprehensive studies and inventories relating to the dunes and their
values for environmental, recreational and industrial purposes. The "Dune Type Inventory and
Barrier Dune Classification Study of Michigan's Lake Michigan Shore" (Buckler, 1978; 1979)
[hereafter refered to as the Buckler Study] was authorized under the old Act 222 (1974) and
contracted by the Geological Survey Division, MDNR. The Remote Sensing Project {the
precusor to the Center For Remote Sensing] at Michigan State University was the contractor.
The Buckler Study created the Dune Morphology Classification of the Lake Michigan Shore
(Figure 1) which greatly aided the present reevaluation project.

The Buckler Study was conducted within seven high priority areas consisting of nine
shoreline segments along Michigan's Lake Michigan shoreline. The boundaries of the segments
were predetermined by the MDNR for the Series I Designated Sand Dune Areas (MDNR, 1978).
In subsequent contracts, Buckler continued the inventory and classification of dunes types and
the delineation of the barrier dune within the confines of Series II and Series III Designated Sand
Dune Areas. All of these studies by Buckler resulted in the creation of a set of map folders, one
for each 7.5-minute quadrangle (many 7.5-minute quadrangles were photographically created
from 15-minute quads for these studies), which contained stable-base overlays registered to the
USGS maps. The overlays depicted the dune classification of the area, delimited the barrier dune,
and portrayed other miscellaneous delineations (Figure 2).

As stated earlier, in response to the 1989 amendments to Act 222 of 1976 [now Part 353,
1994 PA 451] the Critical Dune Areas (CDAs) were mapped by the MDNR in order to define
which areas were subject to regulation. These were documented in the A#as of Critical Dunes
dated February 17, 1989. In the review of background materials germain to this project, the
specific criteria used by the MDNR to map CDAs were made available and are listed in Table 1.
Center for Remote Sensing
Michigan State University 3




Duns Form RelaliveRelief | Orientation of Dune Arrangement of Undetlying and/or

of Dune Form Form with Respect Dune Form Associated
to Present Shoreline Landforms
Parabolic dune high parallel singular n/a
Moderate normal repetitive
low arcuate
irregular
linear dune Ridge high parallel Singular n/a
Mmoderate normal repetitive '
low arcuate
irregular
dune Terrace high paraiiel Singular nfa
Moderate normal repetitive
low arcuate
’ irregular
dune PLatform high paraiel Singutar n/a
Moderate normal repetitive
low arcuate
irreguiar
Domal dune high singular nfa
Moderate repetitive
low
Complexdune field high n/a n/a n/a
Moderate
low
dune Flat nfa n/a ‘ " nia n/a
marginal sand high ' lacustrine plain
Apron Moderate nfa n/a outwash plain
fow aliuvial plain
Moraine
till piain
inter-dune Lowtand n/a n/a n/a as ahove

On the maps, polygons are identified by concatenating selected letters (shown as bold capitals above) from
the categories listed under the criteria Form, Relicf, Orientation, Arrangement, and Associated Landforms.
For example, the capitalized items in line one above (Parabolic, High, Parallel, Repetitive) would be shown

as "Phpr" on the map. Pmpnr is a related dune assemblage, but exhibiting a moderate amount of local
relief. Cl refers to a Complex dune field of low relief. A low relief, marginal sand apron formed on an
outwash plain is shown as "Alo".

Figure 1. Dune morphology classification of the Lake Michigan shore (Buckler, 1978; 1979). -
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INLAND BOUNDARY OF THE
BARRIER DUNE FORMATICN  BARRIER DUNE FORMATION

Figure 2.

A

NORTQN SHOR|
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Example of the topographic map overlay created by Buckler displaying both the
outlines of the various dune assemblages and the landward boundary of the Barrier
Dune Formation. See Figure 1 for an explanation of the codes used to identify the

various dune types. ‘
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Table 1. 1989 Criteria for identifying Critical Dune Areas, Land and Water
Management Division, Michigan Department of Natural Resources

Critical Dune Areas include the following:
1. Barrier dune formations designated pursuant to 1976 PA 222.

2. Areas outside the barrier dune formations which meet all three
of the following criteria:

a. Areas composed primarily of dune sa{nd, as identified on
soil surveys. _

b. Areas containing dunes at least 20 feet in height.
Isolated occurrences of single dunes meeting height
criteria were not included,

¢. Areas exhibiting a minimum length (measured more or
less parallel to the shoreline) of 1.5 miles.

3. Additional areas were included if they met the following
criterion:

Areas supporting exemplary dune asssociated plant communi-

ties as identified by MNFI, within the boundaries of a desig-
nated sand dune area,

plant communities:
interdunal wetlands
coastal plain marsh
dune and swale complex
open dunes
mesic southern forest
dry mesic southern forest
mesic northern forest

A
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During the initial phase of the work, all available background and source materials were
reviewed by the team. Each team member became familiar with all phases of the interpretation
project including the MDEQ mapping criteria (see Table 1), definitions, and standards.
Following this familiarization phase, the team analyzed a pilot area as a means of evaluating the
MDEQ criteria. All project participants (project manager, senior analyst, and the photo
interpreters) worked together to study an arbitrarily selected stretch of shoreline to review
existing and potential Critical Dune Areas. A series of questions resulted from this initial
method review. On October 4, 1995, the MSU team met with the following staff from the Great
Lakes Shorelands Section, Land and Water Management Division to resolve these issues: Steve
Debrabander, James Ribbens, and Christy Fox. The following decisions were made at this
meeting:

1. 1s there a spatial contiguity requirement for CDAs? That is, do otherwise acceptable

dune polygons which are physically separated from the shore-bound CDA polygon get
included?

No, there is no contiguity requirement, detached polygons within the two mile shore
buffer are acceptable.

2. How irregular may the boundary of a CDA polygon be? Is there a minimum width for
protrusions of CDA or intrusions of non-CDA lands? :

Be as accurate as possible in delineating the CDA boundary. There is no prescribed
width criteria to peninsulas or reentrants.

3. What unit area of analysis should be used to evaluate the local relief (e.g., 40 ac, 10 ac,
25 ac)?

No decision was taken on this issue. It was determined that a strict unit area of analysis
had not been employed by MDEQ staff during their mapping of CDAs. There was
concensus among MDEQ staff and the MSU team that the unit area should be somewhere
in the range of 10 to 40 acres. The MSU team committed to a mini-study to evaluate this
issue. Upon conclusion of the mini-study, MDEQ staff will review the recommendations
of the MSU team and finalize the relief criteria method.

4. How was the 1.5 mile shore length criteria actually employed? Does it refer to the actual
length of the polygon measured along its longest axis or to the length of the shoreline

subtended by rays projected from the ends of the CDA polygon at right angles to the
shoreline? '

This criteria was not rigorously employed in a quantitative manner, Rather, the polygon
was visually evaluated to estimate whether a trend line quasi-paralle! to the shore and
passing through the polygon was about 1.5 miles in length.

A\
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Is there a minimum area threshold for individual CDA polygons?

After some discussion, and refering back to the previous dialog about shore length, a
concensus rule was developed that CDA polygons must be >= 40 acres in size. The
rationale was that a 40 ac. or larger CDA polygon (considering only the portion within
the 2 mile shore buffer) might not have a projected shore length of 1.5 miles but would
nevertheless be recognized as a Critical Dune Area by most observers. Conversely, it
was decided that if any of the very abrupt, longitudinal dunes which might be 1.5 miles or
greater in length were not 40 acres or more in size they would be too small to include in
the regulated class of CDA. In order for a polygon to be less than 40 acres in size and be
1.5 miles in length, its width must be less than 220 feet. At the mapping scale of
1:24,000 (1":2,000%, this ground distance distance appears as a width of only 0.11 inches.

Which soil textures should be used for "dune sand"?

Concensus was reached that the upper horizons (A, E, or B) could be loamy sand or sand,
but that the C horizon must be sand (but not stratified sand and gravel).

Regarding the two-mile inland limit of the study, if a CDA polygon extends beyond the

two-nile limit does it get truncated at the limit line or mapped inland to its natural
border?

. This should not happen since the two-mile limit was created in part to handle this prob-

lem. If some rare circumstance does occur, the CDA must be truncated along the two-
mile inland limit.

On October 18, 1995, the MSU team met with MDEQ staff (Steve Debrabander and

James Ribbons) to review the resuits of the local relief mini-study (see question 3 above).
Several new questions were discussed and resolved:

A

Regarding map generalization, should two or more CDA polygons be merged into one
larger polygon when they occur close to one another? If so, what is the maximum gap
size? Also, what is the minimum size of an area to be excluded from within a CDA
polygon when it fails the local relief criteria.

The aim of the project is to capture as little non-CDA terrain as possible within any

CDA polygon. Therefore, do not merge proximal CDAs, show them as distinct areal
units. In an attempt to be as precise as possible, necks and blanks of non-CDA terrain
within and around a CDA polygon must be wider than 0.1 inches to be shown at the scale
of 1 inch: 2,000 feet (i.e., they must be approximately 200 feet or more wide to be
mapped.

Center for Remote Sensing
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After a thorough review of the mapping results of the various criteria trials over the same
test area (i.e., local relief assessed in unit areas of 10 ac., 40 ac., and 160 ac. using local-relief
thresholds of 20 ft., 40 ft, and 60 ft.) the MSU team recommended and the MDEQ staff
concurred that the standard for mapping Critical Dune Areas should be:

[

Q

The unit area for assessing local relief shall be 10 acres
The local relief threshold for inclusion as a CDA shall be >= 40 feet

CDAs must be 40 acres or larger in size irrespective of their pro-
jected shoreline length

A CDA must be composed primarily of dune sand (C horizon =
sand not stratified sand and gravel)

*+ These criteria do not apply to Barrier Dunes as designated pursuant
to 1976 P.A. 222 as amended

The above analysis and discussion was conducted in fullfillment of the directive given in
Section 23a of the 1994 amendments to the Sand Dune Protection and Management Act (1994
PA 135) and restated in Section I-A of the Request For Proposal that the contractor was to
conduct "... a review of the underlying criteria used to determine critical dune areas that would
provide more precise protection to the targeted resource." Several changes in the criteria to be
used for mapping CDAs were recommended and adopted by the Land and Water Man agement
Division, MDEQ. These changes are:

1.

A

Employ a 10-acre unit area within which to evaluate local relief. This
makes the relief criterion much more spatially precise. The previous
MDNR criteria did not include this parameter.

Use a minimurm local relief threshold of 40 feet. The implemented procedure
required four 10-ft. contour lines to be within the sand dune feature (i.e., the
interpreters did not interpolate between.contour lines in order to "get" 40 fi. of
local relief). The previous MDNR criterion used a threshold of 20 feet. This
change ensured that the targeted resource that was mapped would be very obvious
in the field and on maps and airphotos.

Employ a 40-acre minimum polygon size for CDAs. This criterion was

much easier to impliment than the previous MDNR criterion of 1.5 miles of
projected shore length. Once again, this change was agreed upon in order to
ensure that the CDAs that were mapped would be very obvious in the field as well
as on maps and airphotos.

Center for Remote Sensing :
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Barrier Dunes and their Relationship to Critical Dune Areas

1978):

A\

The following discussion is extracted from the original Barrier Dune report (Buckler,

The Sand Dune Protection and Management Act (Michigan Legislature, 1976) defines
a barrier dune as "the first landward sand dune formation along the shoreline of a Great
Lake or a sand dune formation designated by the department” (Michigan Department of
Natural Resources, 1978). This definition is somewhat ambiguous, and it is most difficult,
ifnot impossible, to clearly designate a barrier dune from a morphological point of view,
given the types, arrangements, ages and evolutionary processes of the lakeshore dunes,

The delineation of the "barrier dune", therefore, is not included in the scheme of the
Cune Morphology Classification of the Lake Michigan Shore. It must be defined as a
separate entity. Dune types vary along the shoreline and so must the morphologic and
geometric characteristics of the barrier dune.

in the spirit of P.A, 222 the barrier dune seems to refer to a dune assemblage which
separates the present-day shorezone and the interior environments. It is the landward
edge of the recreationally oriented, "aesthetically pleasing” shoreland and the iakeward
edge of inland oriented activities. It is a sand formation whose relief and location impede
interaction between the two areas. In essence, the barrier dune is a buffer zone, but a
buffer zone which seems more important, and unique, to the littoral rather than the
terrestrial environment. ...

To realisticaily delimit the barier dune formation the following prerequisites were
assumed:

1. Logical criteria should be establised so that it can be defined as objectively as
possible.

2, Its definition must allow for variation in its morphologic and geometric charac-
teristics.

3. Its boundaries, and especially its landward limit, should be relatively easily
recognized and delineated on stereo-paired aerial imagery at a scale of
1:20,000 and larger.

4. |t should be a relatively permanent formation.

As a practical definition, this study has identified the BARRIER SAND DUNE FORMA-

TION as that first* dune assemblage whose forms display the greatest relative relief within
the officially designated "sand dune areas” (Michigan Deparment of Natural Resources,
1978), its inland boundary is at the base of the assemblage's fandward limit. ...

* In cases where two different dune assembiages within the sand dune area have similar
retative relief, the most lakeward assemblage would normally be the recognized barrier
sand dune formation.

Center for Remote Sensing
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As Buckler clearly pointed out, the barrier dune is not a morphologically defined
landform. It is defined solely on the basis of its position relative to the shoreline. Critical Dune
Areas, on the other hand, are defined on the basis of morphology, primarily their local relief. As
'discussed above, one of the original MDNR criteria that was not changed was that all barrier
dunes designated pursuant to 1976 P.A, 222 were automatically members of the Critical Dune
Areas. It should be noted, however, that because they are delineated using different criteria,
numerous portions of the designated Barrier Dunes do not meet the relief criteria established
for Critical Dunes Areas.

In keeping with the terms of this contract, the MSU team did not alter the delineation of
any of the previously mapped barrier dunes except in two cases. First, where obvious digitizing
errors had occurred (i.e., the map in the Atlas of Critical Dunes did not match the original Barrier
Dune delineation - the so-called Buckler maps) the correct line position is shown on the
evaluation maps. The second case involves correcting mapping errors in the original Series I, II
or III Barrier Dune Mapping Projects conducted for the Geological Survey Division, MDNR.
This is necessary, because at the time the Barrier Dune Mapping Projects were conducted,
numerous areas along the Lake Michigan shore, in west and northwest Lower Michigan in
particular, were mapped by the USGS only at the 15-minute quadrangle level of detail (1:62,500
scale, usually with a 20 ft. contour interval). In comparison, the largest-scale topographic map
now available for these areas is the 7.5-minute, 1:24,000 quadrangle which typically has a 10 fi.
contour interval. In the original Barrier Dune Mapping Projects, all maps were compiled at the
1:24,000 scale, but those areas lacking a 7.5-minute map were completed by photo-enlarging the
15-minute (1:62,500) quadrangle by a factor of 2.604. In such cases, the basemap becomes a
1:24,000-scale product, but its inherent spatial accuracy in both the horizontal and the vertical
domains remains those associated with the original 1:62,500 scale.

The horizontal National Map Accuracy Standard (NMAS) for both the 1:24,000 and the
1:62,500 quadrangles is 90% correct +/- 1/50 inch at scale. For the 7.5-minute quadrangle that
measures +/- 40 feet; for the 15-minute quadrangle it measures -H\- 104 feet. The vertical NMAS
for both maps is 90% correct +\- one-half a contour interval, For maps with a 10 ft. contour
interval that means +/- 5 feet; for those with a 20 ft. contour interval (e.g. many of the 15-minute
quads) it measures +/- 10 feet. It should be expected that some "errors" exist in the original
Barrier Dune Maps, induced solely as result of the scale differences of the topographic maps.

Examples of Problem or Change Areas

Figure 3 illustrates the application of the 40 . local relief criterion regarding the
delineation Critical Dune Areas. Polygons "A" and "B" are examples of the type of terrain
which were added as new CDAs. The sand ridge noted at "C", however, does not exhibit 40 feet
of relief and therefore is not a qualified CDA. Also shown on Figure 3, at "D", are two portions
of a designated Barrier Dune which do not meet the relief criterion for CDA. Areas such as this

A\
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exist in many places within the Designated Sand Dunes Areas of Michigan, As discussed above,
this project was not authorized to, and did not, edit any of the Designated Barrier Dune polygons
due to low relief. Digitizing errors were, however, corrected. In Figure 4, the area shown at "1"
illustrates the correction of such an error. The sand ridge at "2" is typical of a dune area that is
too small in size to qualify as a CDA. Finally, the dune at "3" is an example of a newly added
CDA. In this case, the addition itself is less than 40 acres in size but it is acceptable due to its
contiguity with an adjoining dune assemblage (a designated Barrier Dune).

T.7 R.16 W.

Figure 3. Examples of CDA mapping problems.
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T.4N. R. 16 W.

Grean Mountain gt )
Beach ol

Figure 4. Examples of change areas from the reevaluation of the Atlas of Critical Dunes.

Reevaluation of the Atlas Critical Dunes

Appendix A presents the details of the quadrangle folders, their relationship to the pages
of the Aflas of Critical Dunes, the names of the USGS quadrangles (both current and previous)
involved , the relationship of the folder number to the Series I, I1, or III Sand Dune Area designa-
tions used by the Geological Survey Division, the status of the soil surveys in the various areas,
and the status of the revision mapping conducted by this project. Of the 72 pages in the Aflas of

Critical Dunes, changes are recommended on 60 of them (as shown in the extreme right hand
column of Appendix A).

The actual changes (additions, deletions, or linework alterations) are graphically depicted
on the various registered overlays presented in Appendix B. Where changes to the Atlas were
suggested or suspected by MDEQ staff (as shown by circled question areas), the page from the
Atlas is reproduced and annotated regarding the review recommendations. Following the page
from the Atlas, the one or more overlays to the 7.5-minute quadrangles are presented. These
graphics are plotted at the scale of 1:24,000 and serve as registered overlays to the USGS 7.5-
minute quads to which they refer. Registration is achieved via the section-corner tic marks.

- These maps are presented in Folder number sequence with respect to the USGS quadrangle
format. The folder number generally increments northward along the west shore of the Lower
Peninsula, In the Upper Peninsula, the folder numbers increment westward along the north shore

of Lake Michigan and again westward along the Lake Superior shoreline from Chippewa County
to Keeweenaw County.

A

Center for Remote Sensing
Michigan State University 13




References

Buckler, William R. 1978. Dune Type Inventory and Barrier Dune Classification Study of
Michigan's Lake Michigan Shore. Contract report from the Remote Sensing Project,
Michigan State University submitted to the Geological Survey Division, Michigan
Department of Natural Resources. 71 p.

Buckler, William R. 1979. Dune Type Inventory and Barrier Dune Classification Study of
Michigan's Lake Michigan Shore. Report of Investigation 23. Lansing, Michigan: Geo-
logical Survey Division, Michigan Department of Natural Resources. 31 p.

MDNR. 1978. Proposed designated dune areas: Series I. Lansing, Michigan: Geo
logical Survey Division, Michigan Department of Natural Resources. 18 p.

MDNR. 1989. Atlas of Critical Dunes. Lansing, Michigan: Land and Water Management
Division, MDNR. February 17, 1989 (reprinted February, 1993). 74 p.

A

Center for Remote Sensing
Michigan State University 14




Appendix A

AL

Center for Remote Sensing
Michigan State University




e|iemZ ey = N 1 abeyd penb 21U G =, safueud ou =ou
UOSHOLT BPUIT =] sdew sepe 0} ssbueyo =90
TSI yjueld = A :
a'sul  Jd'4] £2'ZZ 5661 (2451 BURBO(): pazmbip saung JaHong i AN HE 00052: 1 £861 sieaf] e2'zz| o'ou
IE) . : ‘a]qes nod a1 0g
e H
ou's; 44| 2Z'ie =) (2181 BURBIO!: Butssiw l JMNUEH:  000Se:L €861 ajges uiod etif|  ge'rg| ou'd
*ADIg) uonetou awos ‘pezmbip sucbijod MS e ‘aye] aigsbig [}
W H
2! J4] 1E0E G661 {z261| ‘euedopi uonelou ou ing peznbip suobijod L JAS HE 000zt £861 e algsbigll 122 22
*A01d) 'S12UI00 UMO ] gl
wua
ou 1 61 8g6L| wsunp{ uobaysnpy: £%0< “iapiong Ad euop JoN 000SERL £861 }aa10 JaMo[d MIEA
ou i 6t 896t | wamng| uoBasniy ¢¥04 “sapjong Ag auop JoN i 0005Zik £861 93l JoMold 6L U 7L
ou ] gL 8961  wealng| uobaysniy pazniblp 10N aunp tauieg L 'S enbejuoNi _ 000GE:L £861 BRUIIUSIY gLl ou 91
ouau Td]  8EL1 8961 juaung| uobaxsnpy: pazpibip Arepred sunp sauseg L Jg enfieluopi  000SE: L £861 epufluyol|[ BL°LE[ ouou
‘uoyeq 41}
0 i 51 gasl| wauny| ucBaysnpi paziibip saung Japiong 1 MuobaysniN:  000veiL 0861 A UoBaxsniy sLl o 51
2 i SL ge6l| weunp! uvobaysni: paznibip seung Japiong 3 “Ah UoBaysny 000YZ:4 086t "M UobBaysny SLL D bl
ou d 9l 8961 waund| uobaxsniy; puequt 3 *3 uobexsniy 0oove-t 0861 *g uoBaysnpy ar|ou i
Je] 00 "BaJE JBY) Ul SPPE oN
2 i vl 896L| weunp| uobaysnpy paznibip seung Jopiong i USABH PUBIDE  000F2!1 0861 UaABH pueln [NIEEED
B) i L z61] wennp EMEND paznibip ssung Jappng 1 USABH DUBIS:  000FZ:1 0861 uaaeH puesn D
2 1 1 2i6L]  weun)y eMEND: pazipbip seung Japiang L uBABH PURID!  000FE:l 0861 USARH puely MEE
2 1 £l 2461 usung eMENO: paziibip seung Jeppng 8 uopleys Hod: _ 0oovel 0861 uoprays 3od A
3 1 £l 261 usung eMEIO pezibp seung Japong L Uop|gUS Hod4i 000kl 0861 uop[ays Hod gL} o 1t
) 4 zl zZ61] Wweungy eMEND pezpbip seung Japang 2 "M PUEIIOH]  000%E-L 261 “M PuEjioy Zll © 11
2 o zl ZL6L]  ueuny BMEND peznibip seung Jepang 2 ‘M PUEIIOHE  D0OVE:L 2.6l M pUeliod ENIET
3 | zl £8611 weunp|  uefejyi paznibip ssung Jopiong 2 "M PUBiOH:  000+2:)L 26l "M PUE[IOH ZL 9 6
) 1 Ll Z861]  wauny uebeyy} pazIbip seung Japong 2 ajpausd: 000kl 1861 yomebnes 1 3 6
2 J Lt gLl jusunoy|  uebepy pozmbip ssund Jopong 2 ajpAusdi  000bE:L L86L Aamebnes 1kl o 8
au d ol Z86L[ wauny ueba|y Bale J2Y) Ul S3ung oN 2 eiiaued:  000FE: L 1861 uuao oL{ou g
au d 6 986L|  uaung| ueing uep eaJe [Bl) Ui saung ON L 35 UsaeH UINOS:  000F3 L 1861 uaAey yinosif 6| ou Z
0 1 g 986l uaung| uang ueai paznIbip saung Jepong 1 3g usABH YINogi  000VE:L 1861 a0l gl 2 /
0 1 8 gg61|  weuny| using ueai paznibip seung Jeppng L 335 uaAeH UInogi  poobeil 1861 1an0g|| g 9 9
5 W i 9g6L[ usung| uaing uea: pazyibip seung JapRng L BWOjOD! 0002 0451 BWIO}OD AEENE]
B ] ] 086t weuny usnag: paznibip ssungl Jaong L elojogi  000betlL 0461 BUIOIOD I[To g
o W 9 0861]  Wweund usiyag: pszbip seung Japang I siubied uousgi  000bE:L 0461 syblay uojuag g o ¢
au ! s{|___0861] ueun)d usuIeg: paznibip saung 1apong ! D|ASUBABIST  DOOYE:L 0261 olliASUanalS gl ou v
B W £ 086L] uaLng EMEEE paznibip seung 1appong L uewshbpug:  000vE:L 0/61 uewabppglt gl o ¥
2 W g| o0ss\| weimnD uskliagi pezwbip 10U 6-| L vewsbpugi  000vZ 1 061 uew2BpLg gl o ¢
10 1529 Juawbas sung Jews v ;
u El ¥ 0861 BNy usliafl: 15ea Jej 001 "SHEQ £ U seund oN 1 $HEeQ e 000beEil 061 SYeQ E vl w2
2 W € 0861 usung usLLIag: paznibip saung Japng 3 uewabpug 000t L 061 uewiabpug g 2 2
ou N 4 0861 WweMnD uaLliag: pazmbip seung Japiong I 3 oeyng MaN 000¥e: 1 0L61 g ofeying MaN ﬁ gl U g
ou W 4 086L( auny usuleg; Japong Aq M ofelng moN 000¥c: 1 0461 “H o[e}ng maN g v g
! auop Jou ylom Ing peznBip yan
0 1 1 0861 waund usulag: Japiong Aq MoOleNg MBNE  000FZ:L 0i61 "M ojegng MaN I o2t
| i auop lou yiomng pazmbip wgo
-z abueyd Aq & eep, Asang Auned: sdew Japjong Jo| Selleg sewepnispenh maui  spenb (s)penpt MaN|[# Japlod] # 9bed
suop| Jtaplod|| Asaing 1teg i sme)s sepe aunp pue BurzniBla 1apiong (s)pent ploé o opeast mau seny
depy 1tos i jooa
Aaning pog sdepy aung Aydeifiodo |
Buiddepy uoisinay UONIELLIOU] 821Nn0g voljewIojul xapul

v xipuaddy



Ieamz Yew = W
uos}oug Bpu =

2 ebed

penb ajnuiw G|, =

L3

sabueys ou = ou

sdew sefje 0} sabueyo = o

T sy juel = 4
Qu W 8g 461 wBlnG| neuepsn: PezRIGIp saung Japiong 4 LN ARD Blde: 0005 L £g61 Aeg 10qieH pooy 82 au
(3
u W 8¢ €461 auny| neueed: pazuibip seung Jepong A 3N A0 eidep 00052} £861 Aeg JogieH pooy gE(ou  gg
ou W 8E EL611 UBMNG| NEUReST: pazlibip saung 1apong 4 L3N A0 elde:  000Se: L €861 Aeg logiey peoy|| ge| U LE
2 4 FAY £461] Juauny| neuelsan: pezyibip soung Jopjong [ LMN AD eiden: 0005201 £861 Joqay uars|| ig] 9 lg
2 A L€ £/61 Waund| neugpeT: paznibip saung Jepiong 4 LN AID eidel: 00052k £861 Joqiy uan|| L8] 9 9F
o'l W]  Le9E €461 weund| neuepen: {saunp oN) 4 MN A sideiN:  000seE:L €861 Jogy uarn lg'ge 2’0
pazibip Jou saung Japong USABH L] - se
oo W} LE'9E g6l weinp| neuepeT: paznibip 1ON saung Jexong < MNAID eiden; T 0005EL £861 1000y U2jo 1g'9E 9'o
UBARH Ua|K), sg
ov'o| WNTZeeeSEll  el61| weund|  neuelss] peziiBIp LON saung Jexong 2z aNendw3i oooszl| €861 loqiy uspolfze'se’sg[ o0
‘Uanep uay) ge
H “aad=
2 1 (53 €461 uaung; neuegat: paznibip seung Japiong e LONendw3ai 000521 £861 aJ|dw SE| 2 VE
2 1 5€ €461 Waung|  neuepan) paznibip seund Jopiong e «JN HOpuRl] 000se:1 £861 aadwg SE| 9 tE
‘.35 andwy

2% 1M1 SE) ON |zuag: paziibip saung Japiong ¢ «HN BopuRd:  00052:1 £861 andwsz gg| 9%
'PE ‘EE *.35 andurgt ‘yeineqg ‘yopjuerdll ‘be‘ee £e
o' 1M1 5g ON eizueg pazmBip seung sepiong & AN HOPURISE 000580 £861 andury e[ oo’
‘be ‘ce ‘yeinag ‘popjuesyl| ‘ve ‘es £e
3 " £E ON erzuag paznibip seung Jepong g SAN Hopjuey 0005z | £861 Hopjueld £E| 0 2¢
o' 93| eg'ee ON aruag pezbip saunq Ja|yong c AS HopjueL 000821 £861 Hopjueldli  £e'2e o'0
, ‘ ‘epoq(y 1€
2 4 23 ON alzuag: pazmbIp $aunq Japiong P LMS HOPIUBIYE— 000S2 L]  E86L eLOqI ZEHo  og
E) 4 Lg PIO|  esjsiepy: pazniBip ssung Japong z N BWENSUO:  000SE:L|  £861 o)E| Jeag 15[ 2 62
ou's oc'se PIO} oelsiuen: pazmbip ssung Jappng 14 N BWENBUOD: 00051 €861 BuEUQ pe'sz| ou's
‘£96) ajepye 62
2 W 62 PIO| osisiuepy: paznibip ssung Jepiong z LOEIJegE 00052 £g61 ojepyled gz| o sg
au'a 4] gE'ie PIO| essiuen: B8JE U] Saun(] oN z LBMe reg 000521 Zo6! EE T gzle au's
: {AAN easIuel Lz
2 7 pxd plO| esis|uen: {zese u saung o) ! ~NB3JSIieN: 000521 2861 MN o:sIuey el © L8

pazaiBip saung Jepjeng
2 1 12 G661 wus| uosepy: pazmbip saung Jepiong i +« N 88]5Iuely 000S2:1 2861 MN 291SIURly 2] 9 92
< 1 9z S661 wss| UOSEIN: paznibiip seung Japjong i N S3ISIURI: 000821 286} e unuey 9Z| 9 52
2 El 214 G661 ks bl uosepy: peznibip LON Seung Jaxong L LS @ASBNE  000SE L 2861 eye ::EmI: 92| 2 s
2 4 T4 S661 wiray) uosep: pazmbip 10N seung Joyong L S S9ISINBN:  000SZ:| 2861 8yeT uljuey 92| 2 ¥¢
2'ou 47 92'se G661l wiagug uosep: pazibip ssung JappRng I =MN coum:_u:;_m 00052 ¢861 qeT] uljluey gg'se] o2'ou
‘6861 uoBuipny 2
ou a §T g661 WL uosen pazybp seung Japeng I +MN :oumczu:;_m 000521 £861 uojburpnTy gg|0U €2
9 1 e cgeel WIpiau] uosep: Bale yey) Ul seung oN L S volBupRTi  000SE:L £861 JREmitiad vZ| 2 g2
2 1 ¥ G661 W] uosen; pezitbip LON saung Jaxong I LMS Uolbulpn: 000521 E861 Jajeminag vzl 9 2¢
o' 14| t2'eg S661 (261 BUBSD( pazubip LON SBun( Joxong I ~MS coacmvan_m 0005z L E861 Jderemuad ve'ee 2'0
‘AQId) ‘sieapy 12

WSl
sabueyn Ag # aep|  Asaing AUNog: sdew Japjong Jo| seues saweN Spenb maui spenb (sipeno man|[# 1eplod| # abed
suop| Joplod|l Asmung lles i snyeys sepe aunp pue SuiznBig Japiong (s)penp plo:  jo ajess: Mau seny
dew 11os i jooeq
Ranng j10g sdep aung AydesBodo]
Buiddepy ucisiaay uolnewioju] 92Inog uoneuLIoiUl Xapuj

v xipuaddy




UBDIBMZ B = N ¢ abey penb a;nuitu g1 =, sabueys ou =ou
UOSHIUD BPUIM =) sdew se|je o1 sefuryo =2
oISy queld =4
2 W 88 EL6L] Weun) 1Bwg: PaZRIbIP 10N Seung Jexong ] LN UOIS|IBdE  000G2:1 28861 Bunana 86| 0 65
o'oul W7l ess £/61] uaung FEIEE peznbip seung Jepiong 1 Reg suoig Biai  000%2:1 2861 Bupeaanlf  sgfzg| o'ou
Aeg suolg Big up seung oN 'GL6L Aeg euo)s Big j2is)
Q a g5 SL6L  usumD oz pazmbip 1ON seung Jaxong 4 SN US|l 00052 a6l ssld gg(d 8%
2 T as €461 Bung P pazibip 1 ON seung Jexang Z «MN coﬂm__mnm. 00052-4 2861 sslig 95|90 IS
s 1 ag £6L] juanny Jwwg: pezpblp LON Seung jexong c MN UoIsiiad:  000s2:) 286} sslg C 95|10 8§
< 1 55 €461 usung JERNER peziibip 1ON seung Jaxong 2 LN UOIsHed: 0005251 2861l efe])IA $5010 G52 95
9 a mm,_ gi6L  usung Jaunug: pazibip 1ON Saung Jaxong < .IN abeliA SS0ID!  Q00sSeiL 2861 abe]|IA $S010 ge| o> 95
au R vel|  e461] wenng]  ewwg: poziiip LON Seung Jexang z AN foxsoledi 000521  £86t sBupdg toqrey T EES
AN Aodsoled ¢
B 1 gsl|  v261| weunDd| xoasleyn: Dutssuu sepiod £ J11eAeag]  000PZiL 9861 M1 uaplen g5l o s
‘N1 J2AE3H
9 q £5 ¥I6L]  WaUND| XIoAspeyn: Buissiw Japjo- € L1Jereegi  DOOYE:L 9861 N 'l Joaeag £6| 0 €5
9 3 esll ™ vzeL| waunpl xorspeynt Bujssiu Jopiod £ . 1JoaBRg:  QO0FEL 986l S "1 Jeaeag g5/ es
au W zsll  vzel| wmunD] xwosspeyD: Buissiau Japlod e Ji1eneagi  00DVEIL| 9961 TYBIH zg[ou 1
E W 1S ¥Z6L[ waump| xorepeyn: pazalbip LON $eung Jexong ] M8 aloysfegl 0005z £861 uouol| 1s[>  o0g
2 W osf|  vi6L] wennd| xorepeyDi Sepy Ul 0g pessep Z XIOABIRUDE . 0005e €861 x1on8rey |l HEE
10N 10 Qg Jepjong Allenied
: .U@N;_m_c 10N S8un( Jayang
) 4] 0s Yi6L  uslnd| XIOASIRYD: SEY Ul g9 passep I LXioAaley 0008z ) €861 XloA3IBYD 05 2 6F
10N Ing Qg Japjong Arened
: ‘pezmBip ) QN SHUNA JeMang
ou d 6vl[ vi61[ weund| xonepeys {seung oN) z Sonsieyol s 00082l €861 xoaRiIeyD 6y[ou 6t
pazmbip LON seung 1e%ong ‘poomyy
Kl 1 ¥ 8L6L[ WaMND WU SEY W 2 L35 e [elud 000se L £86) e [enuad ab(ou  8p
i Qg se pessei 10N Ing ag Jerong !
‘paziBip Aenred Jaaus sund
2 n FA4 8/61; u_uND Wiuy: SenY Ul (04 passep c -3IN spided i 000se £861 spided 3|3 FA4
! LONIng g se sessep Japong :
] W ot 84611 aung [N gt'd 288 BUNQ JO JSAS |leWg 2 LIN spidey HI3:  000S2:} £861 uapIy oy
Q W st L8[  WLBUND| neueee: Buissiw sopiod £ 1X0d's:  000Fet 9861 I X0d 'S 151 A K
2 W 5h €261 Jueund| neueseT: Buissiu Japjod € .« 1XodSE  Q00¥Et 9861 1X04°S AL
2 W tr €461 WBMND| nBURGSTE  JSPIO) WOl fuissiu Jeays aung 14 »3S NOHUBIN "NE  000SE: L £861 ‘I noyuen ‘N vt 2 5S¢
9 A t g6t usung| neue@ai  Jeploj woy Buissiw jeays sung [4 LIS NOHURN "N: _ 000Se:L £861 ‘] neRUEW "N P 9 v
2 1 gyl es61] wweung| neue@en:  Jspioj woy Buissiuljsays aung z LMS noNue "N 000521 £861 | NOJURI S ev[o ev
0 I 2zt £/61] weung| neuepsi paznibip saung Japang g L3N voduypoN: 00052 L £861 HodyuoN A EE
o'ul W' evLY £461] wBLND| neue@eT: paziibip saung Jappng b4 +MN Hodypo 000S2° 1 £861 yodyuoNl[  Z¥'Ly| o'du
, ‘AN LtodiyitoN : op
B W 0y, £461] JUBLND| nNeURRsT: pazyiBip saung Japong F LN UOdUUON: 00052 L £861 1314 silH oyl o v
2 W or EL6L] JuaUng|  neuese: pazibip seung Japong 2 AN HoduboN: 0005211 £861 1314 SIS or| 2 oF
ou 1 6E L6 Wwaung| neueseT: {saunp oN} [ AN HOdUHON:  000SE: L £861 pugRq 68| U 6B
pezbip seung Jepang
ioabueyn Ag # alep| Asmng [SULLLE sdew Japjong jo! sa1198 saweN:spenb maui  spenb (s)pent man||# sapiod| # ebed
suop] Japlodll Aoaing liog i smes sepie aunp pue BuzniBig Japjong (s)penp p| jo B[eogi Ma3u seny
dep lios i joaeg
AsAIng 10g sdepy sung Aydeibodo
Buiddey uolsinay uofjewlloju] 320§ uojyeuLIOL XapuU]

vV xipuaddy




SBlemZ BN = W
UoSyOUJ BpUI] =7

IS Ul = 4

p abed

penb ajnuiu gL =,

safiueyo ou =ou
sdew sefne 0} sebuelyo =0

BaJE U] SBUNP ON € 000¥2L spenody _
HIBUUBY JO ISOM

0 W FAS anoqe 98g 2 IN spided l3:  000+E: L 3N spided X139 i
late aye] Uydlo],

2 W al PRI Jaby epeu! sppYy g . 1d _[BUOd puels) 000se L £861 oxe sseddel) al

o d =74 PIC 1ol Saunp [eagud oN £ MS Id s[qes ny 000vE- L 9961 MS 1d alqes Ry =74

au d bL PO JELIY seunp [2IQUD ON £ 1deges ny:  000vZL| 9961 2d a|qes ny v
‘ealR SHO0I paIndld
1apjong Ag paddew 1nq se|ly u1 10N

: ]
ous|  44]  11'sl ON| MELS3MBY paznibip 10N ssung Jayong £ xiuaoyd: 0oovel G/61 xaoydl] 2278z ou's
‘Joqiey ejbes gL
o  Jd 8. ON| meuaamadl: paznibip LON saung Jayong € Xuaoud:  000verl G/61 Jogey a(bex 8L10 1L
°of I 8. oN| meuaama) pezibp LON seung Jaxong € JogreH sibeg:  Qo0vEiL S/61 Joquey ejbeg gilo 1z
o' ERE| £L'24) PO ‘_mmam pazibip 1ON seungq Joxong e 1 e|qes Ucﬁwm 000ve:1L 996} e alqes pueayy £LeL '9
. ‘go61 ‘siesepy puets 0L
oo | L PIO Jabiyi pazRIbip ION saung Jaxong € srefew pueln:  000veil 8961 sjese|y pues||  ZLLL 2's
‘JN_Siesely pues 69
2 d ¥ PO 8onT: PazZRIBIP TON saungd Josong € IN SfeJeyy pURIDi  000vz:yi  896L; 3N Stesely puess| V1 IENEE)
a 4 171 PO eoni pazmibip TON saung Jaxyong £ IsepME 000¥e L 8961 1S3 0Ll 2 89
: ’ oye ebuoensniy aye - abuopeysnly
9 El 69 _ PIO aonT pazmbip LON seung Jaong > Bseg B 000FEiL 8961 isegq 69| 0 19
eBuopeysniy: e - ebBuopeysny
2 d &l PIO R pazblp LON seun(l Jaxong € MN &Y Aslegl  000¥2:) 8961 "MN @y Asiegl 899 9
0 d g9 PIO son pazIBIP LON seung Jaxong 3 MN et Asiegi  000¥Eh| 896l mNoe1dsiegll  89jo 99
0 4 9 pPIO gonT; pazubip LON saung Jexong e ‘Newe1hsieg:  000vEL| 895k "N oxe Asieg|f 92 g9
2 o 99 266 weunp| emedduoi Buissiur Jeplod € WSWSMes fejjod;  000VE L 1sel|  jusweomes Jejiogl 99{o 9
S d 55 PIQ| Yelojooyog: Buissius Jepjo- £ JaAunn:  0oovell ei8l Jaanno|l §9| 2 €9
2 d 9 pIO| Yeiojooyog: . burssiw Japiod € wiod Xioug In8g:  000¥E} [445] ulod X1043 Inag ¥9| 2 g9
B 4 cofl  cg6l| wwejul| oeuppRn: paznibip ssung sepong L uoasgi  00OPE:L GLG1L 1oAdlg £9[ 0 19
o d 29 Se61L WHBJU||  JBUBDBIA: pezjubip seung sepRng I Lisuuay 000%2:1 #8961 Hlouusy 9l 2 19
) d L9 ce6L]  wuawi| oeunoeni pezybip seung Japong L seueyp xny sluiodi  000v2:L $361| Seuayp Xny ejujod 19] © 09
u = 09 G661 W] SRUBDRN: puejUl 18} 00} Saung 1 SBUBYD XNY Qjuiod:  000¥2'L G461 uelop og9|ou 09
0 4] 65 £L6L) wauny amEEm_W paziibip ATHOO $8ung Jaxang 2 1d c_a_zwos_m 000te- 1 ¥961 Id uidinoay| 65/ % 65
cabueyn Ag # aep|  Aeams Auned: sdew Japong j(o| sollag salueN:spenb mou: spenb (s)peno man|[# Jeplod| # abed
auop| Jeprodlt Aeaing jlog i snjeys sepe aunp pue BurzmBig Japgong (s)pend pioi o o_mumm mau seny
dew nos i joageq
Aaming j10g sdepy aung Aydesbodo]

Buiddep) uorsinay

UOIlEUWLIOU] 92JN0S

UOnEULIOJUI X3pU]

v Xipuaddy




Appendix B

A

Center for —Remote Sensing
Michigan State University




Folder 1: New Buffalo West
Legend

Deslgnated Crtical Dunss
------- Error Cormectons

g Critical Dune Addibons

@ Critical Dune Delefons

N

R. 22 W.
R.21W.

19

T.38N.

*Note: Shoreline not shown




Folder 3: Bridgman

Legend
Dasignaled Critical Dunes
Emee Comectons

Critical Duna Addtions

Critical Cuna Doletions

T.68S.
T.78S.

R.20 W.
R.20W.

26

*Note: Shoreline not shown




Folder 3: Bridgman

Legend

Dasignated Critical Dunss

T.6S. R.20 W.
T.65 R.19W

e Ervor Comections

& Critical Dung AddiSens
@ Critcal Dune Deletons

N
l

__{_

T.6S. R.20W.
T.7S8. R.20W.

| *Note: Shoreline not shqwn




T.SS.R.I9W. - i

T.6S5. R.19W.

) \ j\\ W e
X 7
A

MeTd S9L l
MOTI SOL .

e

IT

.\\

13

Wi

t-sho

*Note: Shoreline no



Folder 6: Benton Heights

Legend
———— Designated Critical Dunas

------- Error Commecions

Critical Dwne Deletions

' § Critical Dune Additions
&3

A

N
I

T.3S. R. 18 W.

15

*Note: Shoreline not shown




Folder 7: Coloma

Legend

Designated Critical Dunes
------- Error Comrections

& Critical Duné Addtions

@ Critical Duna Deletons -

)

N
I

T.2S. R. 18 W.
T.28. R. I8 W.

*Note: Shoreline not shown



Folder 8: Covert
eeeeee




Folder 8: Covert

eeeeee







*Note: Shoreline not shown

T.4N. R. 16 W.
T.3N. R 16 W.

LY
I 4
1]
1
'
L]
L
'
'
L]
’
1
"
H
3
¥
’
r
.
-
e/
P’
’
'
"
.-
*
.
s
el
.\
H
e

Folder 11: Saugatuck

Legend
— Designated Critical Dunas
------- Emor Contections
-
k‘ Ciitcal Dune Additions
@ Crifical Dun Deletong

4

N



T4N. R 16 W.

‘ _Folder 11: Saugatuck
_ Legend
m ' Dasignatad Critcal Dun
\ ------- Enor Corfections
§ & Critical Duoa Adtions
& 22
\Y‘
\
>

-
---------

*Note: Shoreline not shown




28

34

Folder 12: Holland West

Legend

Deasignated Critical Dunes
------- Error Comactions

<
& Critical Dune Addtons
E Critical Dune Delatons

)

N
I

T.5N. R. 16 W.
T.4N.R. 16 W.

*Note:; Shoreline not shown




‘Folder 12: Holland West

Legend

Dasignated Criscal Dunes

------- Error Comections
<
& Critcal Dina Addifons

@ Critical Duna Deletions

A

N
I

‘ T.5N. R 16 W.
T.4N.R. 16 W,

4 : *Note: Shoreline not shown




 T.6N.R.16W.

Folder 13: Port Sheldon

Legen

Designated Critical Dunes
- Emor Comections

Critical Dune Additions

@ Critical Duna Cafabions

*Note: Shoreline not shown



T7N. R/ 16 W.

T.6N. R. 16 W.

Folder 13: Port Sheldon

z

*Note: Shoreline not shown



*Note: Shoreline not shown

T.7 R 16 W.

\

21

Folder 13: Port Sheldon

Legend
Designated Critical Dunas
Emer Comrections

Critcal Dune Add¥ons

Critical Dune Delebons




‘ ..mx\\‘
.\\\\\\

m.m.

wmm
dewmm lAII.N.
Bl

Rzl







Folder [5: Muskegon West

T.9N R 17W.

+

Legend
—_— Designated Criteal Dunes
------- Ermer Comections

*Note: Shoreline not shown

19

30




28

+ X\\\ T

gon West
eeeeee '
———  Designated Critcal Dune
------ - Emor Comections
Ceitical Ouno Addtions '
@ Critical Ovmva Delebons )
A A




T.12N. R. 18 W,

26

35

Folder 19: Flower Creek

Legend
— Designated Critcal Dunas
------- Emor Comectons
“ Critical Dune Additions
@ Chitcal Duna Delabiens.

A

- N
I

*Note: Shoreline not shown




i T.12N. R. 18 W, l

,l.

Folder 19: Flower Creek 10

Legend

Designated Critical Cunas
------- Eimor Gorrections

g ‘ Critical Duna Additions

@ Critcal Dune Detations

A

N
I

*Note: Shoreline not shown




T.14N. R. 1§ W.
T.13N. R. 18 W.

Folder 20: Town Comers

Legend

Desionated Crigeal Dunas

------- Error Comections
ﬁ . Citical Duno Additions

@ Critical Dung Defations

*Note: Shoreline not shown




_‘_

19

T.14N. R. 19 W.
T.14N. R. 18 W.

Folder 21; Bigshie Lake

Legend

_— Designated Gritical Cunes

------- Emer Comections
& Critcal Dune Addtons
@ Critcal Dune Dalgtions

4

N
I

*Note: Shoreline not shown




T.15N. R. 18 W.

Folder 23: Mears

Legend

Cesignated Critical Dunas
------- Emor Comectons

N Critical Duna Addtions

@ Critical Dune Deletions

(4

N
y

*Note: Shoreline not shown




Folder 23: Mears

Legend
T.16 N. R, 18 W. =~ Designated Critical Dunos
"""" Etror Comections
s Critical Dune Addtions
@ Critical Duns Deletons

4

N
I

34

*Note: Shoreline not shown




T.16 N. R. 18§ W.

Folder 24: Pentwater

Legend
— Designated Criticat Dunes

------- Error Correctons

*Note: Shoreline not shown




eeeeee




Folder 24: Pentwater

Legend
bl Designated Critical Dones

------- Emor Comections
" - "
Critical Dune Addtions
AN °

@ Critical Duna Delsbions

A

N
|

35

T.17N. R. 18 W.
T.16 N. R. 18 W.

“*Note: Shoreline not shown ‘—l"




Folder 27. Manistee NW
Legend

A — Dasignated Critieal Dunas

------- Enor Comrecions

*Note: Shoreline not shown

T.20N. R. 18 W.
T.20N. R 17 W




Folder 26: Hamlin Lake
Legend

_— Designated Critical Dunes

------- Emor Commactons
s Critead Duna Addtions

l T.20N. R. I8 W.
T.19N. R. 18 W.

*Note: Shoreline not shown




T.ION. R.18W.

18

egen
me—— Designated Criseal Dones

Folder 26: Hamlin Lake

- Eiror Corections

EN TR
(&

teal Duna Addition:
Critcal Ouns Detetions

ot shown

*Note: Shoreline n



*Note: Shoreline not shown




Folder 27: Manistee NW

Legend
et Dedgnated Crifcal Dunes
-------- Efror Comectons

Crifcal Dune Additions
@ Crifcal Dune Celofons

4

N
I

T.21 N.

T.20 N.

+
+

R. 18 W.
R17TW

*Note: Shoreline not shown




T.23N. R.16 W.
T.22N. R. ' &
Folder 29: Parkdale N. R. 16 W.
Legend

—— Oesighated Critical Dunes

------- Emor Coftecticns
“ Critical Dune Additions

@ Critical Dune Defetons

N
I

-----

T.22N. R. 17 W.
T.22N. R. 16 W.

l *Note: Shoreline not shown




Folder 29: Parkdale
" Legend

— Designated Critical Dunes
-------- Error Cotrectons

s Critical Dune Additions
5"" Critical Dune Delations

(XA

N
I

32 33

T.23N. R.16 W. ‘
T.22N. R. 16 W.

*Note: Shoreline not shown ‘ \




T.23N. R. 16 W.

*Note: Shoreline not shown

_J[_

15

22

Folder 31: Bear Lake

Legend
—— Caslgnated Critical Dunas

------- Errer Corrections
& Critical Dune Addiions

Critical Dune Delaticns

A

N
|




T.25N. R. 16 W.

Folder 32: Elberta
Legend

Designated Criteal Dunes
------- Emor Comections
)
& Critical Duna Additions

Crifical Dunva Dejetions

4

N
l

*Note: Shoreline not shown




Folder 32: Elberta

Legend
— Designated Critcal Dunas
------- Error Cofrectons
L\‘ Critesl Dune Additions
@ . Critical Duna Delafons
If 35
T.26N. R. 16 W.
T.25N. R.16 W
2

*Note: Shoreline not shown




T.27N. R. 16 W.
T.26 N. R. 16 W,

*Note Shoreline not shown



UMOUS JOU JUIRIOYS 90N 4

N

\

SUDRBIAQ BUN IEIALD @
7
[

SUONRPY OUN(] [ERNG . ﬂ

SUORIDMOD JOLT memm-ee

T.27N. R. 16 W.
T.27N. R I5W.

£alin) fEapu paleudiss]

puabian
nopuely gg I3pjog




- .

T.27N. R. 15 W, ;

an
AT L L]

Folder 34: Beulah
Legend

Designated Critical Dunes

------- Emror Comectons

N Critcal Duna Addibons

@ Critical Dune Delations

N
I

*Note: Shoreline not shown ' i




Folder 35: Empire

Legend

———rr Cesignated Critical Cunas

------- Ermer Comectons
) - .
& Critcal Dune Addtons
(A

"’!‘j Critical Dune Delatons

)

N
!

R ISW
R. 14 W.

l T.28N.
T. 27 N.

*Note: Shoreline not shown




Folder 35: Empire

Legend

Designated Critical Dunes
------- Error Carectons

) - )
s Critical Dune Addtions
[
bt L .
’k Criticat Duna Delations

4

N
I

R.15W.
R. 14 W.

‘ T.28 N.
T. 27 N.

I *Note: Shoreline not shown




12

Folder 35: Empire

)

N
I

Legend

—— Designated Critica! Dunes . .
------- grmor Comrections B 3
] ot coneAcaons oo
@ Criteal Dune Delstons Cd_ Qf:
zZ Z

[+22] =]

(o] ~l

=

-
-
------

13

*Note: Shoreline not shown




,{,

19

T.29N. R 14 W.
T.29N. R.I5W

_’.

Folder 36: Glen Haven

Legend

Designated Critical Dunes

------- Emor Comections
) - -
& Critical Dune Additons
@ Critcal Dume Delabons

&)
N
|

*Note: Shoreline not shown

25




ﬁ Critical Duna Additions

E Critical Dune Delatons

< o Folder 37: Glen Arbor

. " Legend
a4 : )

. R Dasignated Critical Dunes
Z z ------ Emor Comrections
o <
o o
= &

)

N
I

36 31 32

-+ + 4

*Note: Shoreline not shown




Folder 40: Gills Pier
Legend

—————ret Oeslgnated Critica) Dures

nnnnnnn Error Corrections

z ‘ Critical Dune Adtfitons

Crittenl Dune Gelations

T3IN.R.12W.
T3IN.R. 11 W

4

N

*Note: "~ areline not shown



Folder 42: Northport
Legend

Deslg Critical Dunas

- Error Correctionz

z Critical Dune Additions

@ Criticat Dune Deletions

(

N

23

T.32N. R.I0W.

=
.
Z
[
1)
=

*Note: Shoreline not shown



PR

.

Folder 43: South Manitou Island

Legend

Designated Critical Danes

Exrvor Comections

Critical Dune Addons

N
[
@ Critical Dune Delatons

\
A

*Note: Shoreline not shown




T.31R. 14

17 16

Folder 44: Manitou Island
Legend

' Dasignated Critcal Dunas
------- Emor Comections

“ * Critical Dune Addtions

]
a
@ Crifcal Dune Detations

A

N

*Note: Shoreline not shown




-—Z—
/g 855 3




T.35N. R 13 W.
T.34N. R.13W.

Folder 45: South Fox Island
Legend

*Note: Shoreline not shown l




Folder 47: Elk Rapids

Legend

— Dasignated Critical Dunes

------- Error Comrecions

& Critical Oune AddiSons

@ Critical Dune Dalabons

/j\? ,

34

7& T.30N. R.9 W.

T.29N. R.9W.

*Note: Shoreline not shown




Folder 47: Elk Rapids

Legend
Detignated Critical Dunas
------- Enor Corrections
N . 5
& Crigeal Dune Addtions
@ Critcal Duna Defetions

4

N
|

*Note: Shoreline not shown

34

_;__ T.30N. R.9W.

) T.29N. R.9W.

N

NE




Folder 46 and 48: Alden and Central Lake
Legend

] Dasignated Cateal Dunas
------- Eror Corections

h‘ Critical Duna Additiens

@ Criteal Dune Deletions

N\

11

14

T.30N. R.9W.

*Note: Shoreline not shown




MEY NEEL
M6d NEE'L

Folder 50: Charlevoix

Legend

Designated Critical Dunes

Emor Comections

Crifcal Duna Additions

N
R

Critical Duna Delstions

12

*Note: Shoreline not shown



T.34N."R. 8 W.

24

+ Folder 51: Ironton

Legend

Dasignated Crtical Dunes
------- Ertor Corrections

& Critical Duna Additons

:,':';"l: Critical Dune Delebons
N

*Note: Shoreline not shown




T37N. R.10 W,

11

F(;lder 53: Beaver Island South

Legend

Designated Critical Dunss
------- Ertor Correctons

ﬁ Critical Dune Addibons

|

N
I

*Note: Shoreline not shown



T.38N. R.I0W,

*Note: Shoreline not shown

30

Folder 533: Beaver Island North

Legend
Designated Cribical Dunes
Error Comechons

Critcal Dune Additons

Criteal Duns Deletions

A

N
[




T.39N R.
T.38N.R.

10W.
10 W.

29

37

Folder 53: Beaver Istand North
Legend

Designated Critcal Dunes

------- Tirar Correctons

& Critical Duna Additons

5:; Critical Duna Defations
N

*Note: Shoreline not shown




*Note: Shoreline not shown

1 T.38N. R.6W.
T.37N. R.6 W.

Folder 55: Cross Village

Legend
— Dasignated Criteal Dunes
------- Error Commections
Critical Dune Additens
@ Critical Dung Delstons
N




Folder 56: Bliss

Legend
—_—_— Dasgignated Critcal Dunes.
------- Emce Comections
s Critcal Dune Addtions
@ Critcal Dune Daletions

|

N
I

18

T.38N. R. 6 W.
T.38N. R.5 W.

*Note: Shoreline not shown

-----
PR

17

————
.......

20

.......




Folder 56: Bliss

Legend
—_— Dasignated Crtical Dunas

....... Errer Comrectons
"]
Critkcal Dune Additons
N

@ Critcal Dune Dedetions

0
N
|

T.39N. R.5W. _l—

T.38N. R.5W.

*Note: Shoreline not shown

34

35




23

UMOYS JOT QUITSIOYS :DION 4

|
N

\

SUoRaleg SUnQ RS @
SUCTPPY OUNG ORI ?A

SUOROOWOY) JONT  ceemee-

soun( [opws) poeubiseg —

puabiaq

Surisas] :gc I9p[og

ct

'‘N8E'L
‘N6¢°L

1¢

9¢

N

My
MG



R.5W.

R.4W.

T.39N.
T. 38 N.

31

*Note: Shoreline not shown

32

33

Folder 58: Levering

Legend
Doszignated Critlcal Dunos
Error Corrections

Criticat Dune Additions.

Criticat Dune Detetions




T.39N. R. 4 W,

23

*Note: Shoreline not shown

Folder 59:McGulpin Point

Legend
Designated Criical Dunas
Errer Comections

Critica! Dune Additions

Critical Duna Deletions

)

N
I




T.41N. R.5W.

Folder 61: Pointe Aux Chenes

Legend

Designated Critical Dunas
-------- Error Corrections
s Critieal Duna Additons

X3 N !
't‘j_ Critical Duna Deletions

(|

N
I

| A ¥*Note: Shoreline not shown

10

15

22

o,

o 2
"’fl'l(‘rl#/’ ‘q’#/'&(%v

+

‘{_




Folder 61: Pointe Aux Chenes
Legend

Designated Critical Dunas

------- Error Conatiions
§ Ciitical Duna Additions

@ Critical Duna Deletions

32 g 1\

+ T.42N. R.5W. -—l—-

T4IN.R.5W.

*Note: Shoreline not shown




Folder 62: Kenneth

Legend

Dasignated Critical Dunes
------- Eimor Corrections

&“ Critical Duna Additons

@ Crivcal Dune Delaticns

A

N
I

+

T.42N. R 6 W.

T.42N. R.6 W.

*Note: Shoreline not shown




T.42N. R.6 W.

22 23

Folder 63: Brevort

Legend
—————  Designated Critcal Dunes
------- Error Corecions
m Critical Dune Addbions
@ Critcal Dune Deletions

A

N
I

*Note: Shoreline not shown




UMOYS 10U SUIRI0YS 9JON 4

HH
"R
SUGHMEQ) BUNg (EaHUD u..’.ﬁ.
n-_(.. SUGRPRY ALNg |CaauD VA

SUORIOUOD JONT ~  wawasan-

2atnd (D pejeubissg —
. puaba
/ W0d X0y [N3S 149 43P[og

el

+
Jr

METT NIY'L
MYIYE NIv'L



The dune formations on the following sheet are located on the eastern half
of the Seul Choix Point USGS quadrangle and meet all criteria for CDA
designation. However, under consultation with DEQ officials, it was
decided that we restrict our revisions of the CDA atlas to those dunes within
USGS quadrangles originally included in the atlas or mapped by Buckler
during the GSD series 1-3 investigations. Because these dune formations
extend eastward into USGS quadrangles where no prior MDNR/DEQ dune
protection surveys have been made, perhaps the dunes displayed on the
following sheet will not receive CDA status. There are other dune
formations in non-dune protection surveyed areas of Michigan which meet
the CDA criteria outlined in this report.

~ Center for Remote Sensing
- Michigan State University
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