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ABSTRACT

Lake Michigan is one of the most valuable of the nation's water
resources. As demands upon its various uses increase, the need for the
coordinated and comprehensive management of its resource uses intensifies.
Identified in this report are ten major human uses of Lake Michigan in
need of more comprehensive public management, and the federal government's
role in the comprehensive management of these resource uses is described.
Basic federal activities in the areas of policy, planning, implementation
and regulation, and review are described as they relate to the nation's
water resources, in general, and to Lake Michigan, in particular. Trends

in the development of the federal role in each of these areas are described.
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PREFACE

This paper was developed while I was employed as a research
assistant for the University of Michigan Sea Grant Program. This pro-
gram, by fostering a broad range of research in a number of disciplines,
aims to develop a systematic plan for comprehensive Great Lakes resource
management. It is funded by the National Oceanic and Atmospheric
Administration and the University of Michigan.

I would like to thank Dr., J. W. Bulkley in the School of
Natural Resources at the University of Michigan for the personal
guidance he gave in developing my graduate program, in supporting my
employment in the Sea Grant Program, and in directing the development
of this paper. I would also like to thank Dr. D. C. Chandler, director,
Great Lakes Research Division for his time and help in serving on my
thesis committee.

Great appreciation must also be expressed to Mr. David Robb of
the Great Lakes Basin Commission, who offered many hours of his time in
helping me develop my understanding of the concepts of water resource
management, and who contributed significantly to the evolution of this

paper.



RESEARCH FRAMEWORK

This report has been prepared by Mr. William Jackson for the
Public Policy and Institutional Interaction Project of the Sea Grant
Program at the University of Michigan. This research project is
directed toward developing effective means and mechanisms for formu-
lation and implementation of comprehensive resource policies for the
Great Lakes. Mr. Jackson's investigation represents an initial
examination of the role of the federal government in the development of
water management for Lake Michigan. The research investigation began
with an examination of the Lake Michigan Enforcement Conference as an
institution of public policy formation. The limited scope of the Lake
Michigan Enforcement Conference led to an examination of the role of
the federal government in the specific field of water quality.

Mr. Jackson has provided a valuable baseline survey of compre-
hensive resource management for Lake Michigan. His report examines the
variety of uses for which the lake resources may be utilized. The
report identifies the need for comprehensive resource management in
view of the legitimate but conflicting uses of the lake's resources.
Next, the report provides guidance on the aspects of comprehensive
resource management, which includes policy, planning, implementation,
and regulation, and finally review. Mr. Jackson has made a systematic,
thorough, and most capable investigation of his research topic.

Accordingly, it is anticipated that this report, together with those
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which will follow it, all will contribute to the goal of developing

more effective resource management within the Great Lakes.

Jonathan W. Bulkley, Associate Professor
Project Director, Public Policy and
Institutional Interaction
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INTRODUCTION

Lake Michigan is one of the most beautiful bodies of fresh water
in the world.l In its deep blue waters are stored the emotions, the
thoughts, the fears, the love, the respect, and the joy of all who have
experienced, first hand, this great physical wonder. Its mood, whether
one of violent anger, strength, joy, peace, or sorrow, is easily com-
municated to a receptive mind. It makes one wonder--does the lake give
moods to people, or do people give moods to the lake? The answer lies
in its depths, and therein lies its beauty.

Lake Michigan is more than beauty, it is life in its highest
form. Its water relates to and reacts with the land and the sky to
provide a habitat for countless numbers of plants, mammals, fish,
reptiles, birds, insects, and bacteria. Around its shores reside over
15 million people, each of whose life depends upon and relates to the
massive environmental system that is the Lake Michigan resource.

People, unlike virtually every other living thing in the Lake
Michigan basin, contribute nothing of positive importance to the grand
ecological systems that are naturally Lake Michigan's. Instead, in the
process of using the lake for their own needs, they deplete or upset
the lake's natural existence, which, in turn, decreases its usefulness
as a source for the fulfillment of human needs.

Evidence of human impact is everywhere. Cladophora, a stringy
alga not naturally abundant in the lake, can now readily be found

clinging to rocks in its southern waters. A beach in Hammond, Indiana,



must be closed to swimming. A lifeguard in Grand Haven, Michigan, must
regularly rake dead alewives from the public beach. State parks in
Michigan turn visitors away by the thousands every summer. DDT is
found in the fatty tissue of the lake's coho salmon, while the lake
trout are rarely found at all. The people, over 15 million of them,2
have access to only 15% of "their" lake.

To state it more simply, Lake Michigan has been poorly used.

It has not been purposely abused as much as it has been inexcusably and
senselessly ignored. The lake has not been consciously managed for
what it is--a physical and biological resource system offering a myriad
of interdependent and conflicting uses. Instead, each of its uses has
been developed primarily for single purpose economic gain. Much, in
the positive sense, has come from this resource use development. This
cannot be argued. What can be argued is that the past development and
management of Lake Michigan, for human use, has resulted in many
failures.

The most obvious failure is the pollution that threatens the
lake's condition as we know it. Also, there has been discrimination in
the distribution of its benefits and costs, a remarkable indifference
to life forms other than our own, a failure to promote many of its non-
economic social benefits, a failure to respect the future needs of the
basin's inhabitants, and a failure to understand the interdependent
nature of the various uses of the lake.

Management of Lake Michigan's various resource uses has been
unsuccessful, as evidenced by the failures just mentioned. This
management has failed primarily because it has not been comprehensive

in its nature. Comprehensive management is management that considers



the lake as a complex ecological system offering many legitimate con-
flicting and interrelated resource uses. It is a management that de-
velops these uses for the economic, social, and spiritual enrichment

of human life, and respects the lives of other animal and plant species

Recently, the need for the comprehensive management of all of
our nation's water resources has been more widely recognized. There
has been a response at all levels of government as well as in many
private sectors. The rise of the federal government's role in the com-
prehensive management of the Lake Michigan resource will be described.
The lake and its human uses will be discussed, and the arguments for
the need for comprehensive management will be further developed. Also,
the various components of a comprehensive management program will be
outlined and the developing federal role in each of these areas will be
discussed.

Because of the relative breadth of the subject matter, the fol-
lowing discussion must necessarily be somewhat of a general overview.
Still, while reading, it must be remembered that the federal role is
only one role in a management effort that, in the case of such an inter
state body of water, includes federal, state, interstate, and local
governments, private groups and interests, and even international par-
ticipation. So, while the subject matter covered will, in one sense,
be quite broad, it will, in another sense, be quite narrow.

It is hoped that by reading this discussion, a more thorough
understanding can be obtained of the role of the federal government in
the comprehensive management of Lake Michigan. While the federal role

is only one part of the total management spectrum, it is the component



which determines the framework within which all other management
activities take place. By understanding the past development of the
federal role, and by examining the apparent direction of this role's
future development, it is possible to obtain a more accurate perspec-
tive on the purpose, the role, and the futures of all other Lake

Michigan resource management components.
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LAKE MICHIGAN: A PHYSICAL DESCRIPTION

A. Size

With 1,100 cubic miles of water, Lake Michigan is the fourth
largest body of fresh water in the world.3 Its surface area is 22,400
square miles and its deepest point is 930 feet. The lake drains
45,500 square miles of adjacent land. This drainage basin runs 350
miles north and south and 270 miles east and west. Sixty-four percent
of this adjacent land is in Michigan; 31%, in Wisconsin; 5%, in Indiana;

and 0.2%, in Illinois.

B. Geology

Lake Michigan, in its present form, has been in existence for
about 10,000 years, and possibly even less. This is the length of
time that has elapsed since the retreat of the last continental ice
sheet, which, in combination with three previous ice sheets and subse-
quent weathering, formed the lake and its drainage basin. The lake
itself is divided into two basins, a southern basin, with a maximum
depth of 535 feet, and a northern basin, with a maximum depth of 930
feet. A comparatively shallow ridge runs from Grand Haven, Michigan,
to Milwaukee, Wisconsin.

The surrounding land is characterized by numerous glacial lakes
and moraines, but has fairly low relief. The northern portion of the
basin is in contrast with the southern portion in several ways. The

north is generally higher in elevation, more rugged, and more heavily



forested. The south is more rolling, with less prominent glacial
features. Extensive sand dunes are located along most of the lake's

eastern shore.

C. Hydrology

Lake Michigan is a part of the immense Great Lakes hydraulic
system. Its lake levels and flows increase and decrease in response to
the amount of water being supplied to the basin. Some basic hydrologic

data are given in Figure 1. The fluctuating lake levels, while

Average Annual Precipitation - - = - = = - - - - - - - - - - 31.08 in.
Average Annual Evaporation - - - - = = = = - - - - - - - - - 26.00 in.
Average Annual Natural Outflow - - = = = = = = = - - - - - - 117 bgd.
Highest Monthly Mean Elevation - = = = = = = = = = - = - - - 582 ft.
Lowest Monthly Mean Elevation - - = = = = = - - = - - - - - 575 ft.
Mean Elevation — = = = = = = = = = = = = = = =~ « = - - « - - 578.7 ft.

IA
Figure 1--Basic Hydrologic Data for Lake Michigan

important to the ecology of the lake's shallows and marsh areas, cause
some problems. High water levels greatly increase shoreline erosion
and low water levels necessitate a decrease in the tonnage that can be
loaded by commercial ships at most of the lake's ports.

The lake's circulation is characterized by (1) deep, vertical
mixing (turnovers) during the fall and late winter, when the water
density is homogeneous, and (2) by surface circulation and limited
vertical mixing in the spring and summer, when water temperature is
stratified. The stratification of spring and summer water is in three
layers. The bottom layer is heavy and cold (£ 39°F). The middle,
thermocline area is characterized by rising temperatures with decreasing

depth. The top layer is a light, warm, thin surface layer. The major



driving forces for the lake's circulation, in addition to temperature,

are the wind and the Coriolis forces.

D. Climate

Lake Michigan is entirely within the northern temperate zone.
Cold, snowy winters, and warm, humid summers are typical. The climate
of the region is greatly influenced by the presence of the lake. Its
waters moderate temperature fluctuations of the nearby land, and its
evaporation, combined with a warming of westerly winter winds, results

in heavy snows on the Michigan side of the lake.



LAKE USES IN NEED OF COMPREHENSIVE MANAGEMENT

Any management structure or institution designed to develop,
maintain, and distribute the physical, biological, and social resources
of Lake Michigan must be primarily concerned with these ten specific
resource uses: drinking water, commercial shipping (including harbor
maintenance), fisheries, industrial water supply, waste disposal,
recreation, wildlife, scenery and aesthetics, shoreline, and thermal

coolant.

A. Drinking Water

Over 1.5 billion gallons of Lake Michigan's water are treated
daily (2,320 cfs) to be used as drinking water in fifty separate
municipalities.5 Over two-thirds of this total is utilized by the city
of Chicago. Grand Rapids, Michigan, is another major user. It is
anticipated that the demand for Lake Michigan waters for municipal uses
will triple by the year 2020. " An increase in population, an increase
in per capita water consumption, and an increase in the number. of com-
munities obtaining water from the lake will all contribute to this
threefold increase in the use of Lake Michigan for municipal water sup-
ply.

Deteriorating water quality has resulted in rapidly increasing
costs for treatment of lake water for drinking. Chicago, for example,
has encountered nearly a 407 increase over ten years in the amount of

money spent, per million gallons treated, for activated carbon,
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chlorine, and coagulants.] Notable increases in the intake water of
coliforms, fecol streptococci, odor, ammonia nitrogen, phenols, and
phosphates account, in part, for this cost increase.

The major federal agency concerned with municipal water supply
is the Environmental Protection Agency (EPA). They inherited this
responsibility, which was formerly that of the Federal Water Pollution
Control Administration (FWPCA) in the Department of the Interior, in

1970.

B. Commercial Shipping

Lake Michigan, since the completion of the Saint Lawrence
Seaway, is an important navigable waterway for national and inter-
national shipping. Annual commerce on Lake Michigan is approximately
70 million tons.8 Major commodities transported are iron ore, coal,
gravel, and grain. Important ports are Calumet and Indiana harbors,
Milwaukee, and Muskegon.

The economic importance of commercial shipping is- virtually
immeasureable. 1Its general importance was described by the COSREL
Report.

Marine transportation is unmistakably the most efficient of the

major positive uses of the coastal zone; it uses only one-half

per cent of the national coastline, yet its annual gross
economic activity may be equal to all other positive uses com-
bined, it is possibly the most important single factor in the
location and growth of 11 of our 13 largest citaes, and it pro-
duces fewer use-conflicts than most other uses.

Despite its overwhelming economic importance, commercial ship-
ping results in vessel pollution of harbor waters; disturbing of river,

bay, and lake bottoms by dredging operations; single use access to the

wiater; and occaslonal ofl apflls.
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The role of the federal government in the business of commercial
water transportation stems directly from the commerce, defense, and
property powers it receives from the Constitution. It is empowered to
regulate waters for purposes of interstate commerce, national defense,
and navigation. Through the Army Corps of Engineers, piers, jetties,
and wharves are constructed, and harbors are dredged and maintained.

The U.S. Coast Guard in the National Oceanic and Atmospheric Administra-
tion (NOAA), aids in navigation, ice-breaking, and search and rescue

missions.

C. Fishery

At one time a major industry on Lake Michigan, commercial
fishing has deteriorated drastically since the early 1940s. The reason
for this is that the lake's delicate ecological systems have been in
radical states of disequilibrium because of the accidental introduction
of exotic animal species. Oligotrophic lakes, such as Lake Michigan,
have relatively simple predator-prey relationships. The introduction
of the lamprey eel and the alewife resulted in the elimination of the
lake's game fish (whitefish, trout) and the small herbivorous fish
(chubs and perch), respectively. In addition, two important native
fish, the lake sturgeon and the grayling, have been overfished to near
extinction by commercial fishing. Whereas over 40,000 people were
employed by the fishing industry in 1940, only a few hundred are so
employed today. The lake's wounded fishery is now being managed pri-
marily for sport fishing.

The federal role in Great Lakes' fisheries has not been a major
one. The management responsibility of the lakes' fisheries is primarily

that of the states. The major federal respomsibilities in this area
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are those of the Bureau of Sport Fisheries and Wildlife (BSFW). The
BSFW is primarily research oriented. Among other things, it adminis-
ters the Great Lakes' lamprey eel control program, and assists the
states in programs to stock the lakes with sport fish such as coho
salmon.

Important fish found in Lake Michigan are lake trout, smelt,
whitefish, northern pike, yellow perch, coho salmon and chinuk salmon.
Several native fish, whose existence is endangered, are lake sturgeon

and the long jaw cisco.

D. Industrial Water Supply

The Great Lakes region is the largest industrial area in the
United States. In 1960, over 40% of the nation's industrial output
occurred in the Great Lakes region."'0 The proximity of important
manufacturing resources, the availability of cheap water transportation,
and the abundance of fresh water to be used in industrial processes
helps explain this industrial concentration.

The use of Lake Michigan water for such purposes as cooling,
pickling, processing, and rinsing water approaches 4.25 billion gallons
per day (6,574 cfs).ll This volume is expected to triple by the year
2020. 1Indiana industries account for over three-fourths of this use.
Primary industries in this area are steel, cement, chemicals, and
petroleum products. Other important water-using industries (see Figure
2) are food products and paper production. Much of the water used by
these industries is returned to the lake in a polluted state.

The federal government interjects its influence in a wide
variety of ways into the nation's private industrial sector. Its role

in areas directly concerning U.S. industry and water resource
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LEGEND

(Q Food and Kindred Products
o Paper and Allied Products
@ Chemicals and Allied Products
G; Pstroleum and Coal Products

Figure 2. Industrial Centers*
@ Primary Metal Industries

Taken from "Water Pollution Problems of Lake Michigan and Tributaries,
Federal Water Pollution Control Administration, 1968, p. 6.
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management is centered in the pollution abatement activities of the
EPA. Efforts to attract industries, and responsibilities in locating

them, have generally been those of lower-level governments.

E. Waste Disposal

Lake Michigan has always been a major receiver of numerous types
of municipal, industrial, and agricultural wastes. Municipal wastes,
when not adequately treated, are high in nutrients, especially phos-
phorus. Industrial wastes include o0il, phenols, ammonia, cadmium,
mercury, and cyanide in addition to such oxygen-consuming wastes as
paper pulp and foodstuffs. Agricultural wastes include nutrient runoff
and pesticides.

These wastes originate in all parts of the Lake Michigan basin
and are transported by currents throughout the lake. While any body
of water has a natural capacity to assimilate wastes, this capacity
has been exceeded in parts of southern Lake Michigan, Green Bay, and
Traverse Bay.

The results of excess pollution input into the lake are
numerous. Premature aging, or eutrophication, may well be the most
important problem resulting from water pollution. Oxygen depletion,
radiation, toxic chemicals (including pesticides), o0il slicks, and
waste heat are also inputs that adversely affect the lake's water
quality.

Again, federal responsibility for the abatement of water
pollution is concentrated primarily in the Environmental Protection

Agency.
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F. Recreation

The Lake Michigan basin, especlially Lake Michigan, itself,
represents one of the major water-oriented recreation areas in the
country. Swimming, fishing, boating, picnicking, and camping repre-
sent the area's major recreational activities. As population grows,
and as the amount of leisure time for the average American increases,
the demand for the lake's recreational resources will become even more
intense.

Presently, only 4% of the lake's 1,661-mile shoreline has been
developed into public recreation areas, and only 10% of the shoreline
is public beach.12 Most recreational facilities on the lake's southern
half are used to capacity. Many, in the Calumet, Hammond, and Green
Bay areas are closed because of pollution problems.

A study by the Bureau of Outdoor Recreation (BOR) shows that
there are 80,000 summer homes, 200 private campgrounds, and 400 private
group camps in the Lake Michigan basin.13 There are 625 federal,
state, and local public recreation areas equal to 88,300 developed
acres of recreation land in the basin. The BOR study estimates that to
meet needs in 2010, 240,000 acres of intensively developed recreation
land and 550,000 acres of extensively developed land will be needed.

Outdoor recreation is a sideline, or by-product, of the
activities of several federal agencies, including the Army Corps of
Engineers, but it is not their primary function. Federal agenciles that
are more directly involved in recreation are the National Park Service
(Sleeping Bear and Indiana Dunes National Lakeshores), the Bureau of
Sport Fisheries and Wildlife, and the Bureau of Outdoor Recreation

(primarily a coordinating agency). Most recreation areas on Lake
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Michigan are provided and managed by the states, counties, and

municipalities.

G. Wildlife

Besides supporting a major fishery, Lake Michigan and its
shoreline provide important habitats for numerous birds, mammals,
reptiles, and migratory waterfowl. Nesting waterfowl common to Lake
Michigan include the wood duck, the mallard, the blue-winged teal, and
the ring-necked duck.

Lake Michigan's leeward (eastern) shore is a rare example of a
"shifting dune'" ecosystem. The progression from sterile sand to beach
grass, to cottonwood, to pine, and eventually to a beech-maple climax
occurs in only a few hundred yards. The variety of life systems in
this habitat include animals as rare as the bald eagle, osprey, beaver,
mink, otter, Kirkland's warbler, and greater sandhill crane to animals
such as woodcocks, rabbits, black bears, squirrels, and deer.

Traditionally, federal laws dealing with wildlife have been
primarily concerned with providing for research, forest land manage-
ment, and increases in recreational opportunity offered by wildlife.
Primary federal responsibility concerned with wildlife management is
located in the Bureau of Sport Fisheries and Wildlife in the Department

of the Interior.

H. Scenery and Aesthetics

Not only is it difficult to put a price on the scenic, aesthetic,
and historic resources of the Lake Michigan basin, it is difficult to
define what these resources are. Sunsets and wind could be included

in this category. So, too, could the lake's moods, represented by
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water color, wave action, visibility, sound, and temperature, and

molded together by personal mood and experience. Sand dunes, beaches,
forests, wildlife, city lights, fog horns, driftwood, beach grass, and
sea gulls all represent resources of the highest scenic and aesthetic
potential. Nobody in the federal government has been responsible for

the management of this most precious Lake Michigan use.

I. Shoreline

The management, development, and use of shore areas has recently
received attention as being a most important aspect of the management
of a water body.14 Shore uses determine, to a major extent, water
uses, pollution sources, public access, erosion, and the stability of
shoreline ecology. Often, when a shore area is used for one purpose,
it eliminates all potential for any alternative use.

The Lake Michigan shoreline is used for industry, recreation,
cottages and homes, agriculture, primitive areas, metropolitan areas,
harbors, electric power plants, airports, highways, sand mining, and
marinas (see Figures 3 and 4). The use of the Lake Michigan shoreline
has long been discriminatory in favor of the rich. At present, less
than 15% of its shoreline is publicly owned. A major part of this
public 15% is the Chicago waterfront.

Most major shoreline problems result from the absence of any
comprehensive shore-use and development programs. Lake Michigan's
shoreline has long been managed as private property on the open market.
It has been subject only to local zoning, and development has long
been oriented toward maximizing a locality's economic base. Local
resources of importance or value to a wider segment of the public have

not been managed as such. Only recently have the federal legislators
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Taken from the "Great Lakes Water Use Map," Canadian Department of
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