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 GREAT LAKES BASIN COMMISSION FRAMEWORK STUDY ERRATA SHEETS

 VOLUME | rG. | coL. | LINE | TABLE ____ CHANGE ,
EIS Fwor (1] 12-14 o ' : : ' Change “According to Carter, ?me 60 million tohsl
. ) § , 3, 1 | year of sediment are due specifically to shore erosion,” -
141 2 g;‘i‘; (EI?A ‘I’:nge B | ] to “‘Accordin? to Carter, the total fine-grained sediment
T ~ load derived

ved from the Lake Erie shore is estimated at 15
to 16 mitlion tons/year.” : , .

Appendix 1 1 Title . o 1 { Delete: “Prepared by Surface Water Hydrology Work
o Page o { Group Sponsored by the U.S. Department of the Army
: . | : ] Cotps of Engineers o .

4 12 ] s - 4 13 | Add “Rescommon” under PSA 2.4

Appendix 2 2 1 4 ' 1 ' Change “Paper 1677.” to “Paper 1677.°"
26 2 20 1 .| Change “Handbook.” to “Handbook.””
37 1 28 ] | Change “1677.% to “1677.2” . o
37 2 |19 - ' [ : ] Change “Council, Bulletin 15" to “Council, Bulletin 15‘“’?,
k.1 2 47 : : I - Change “drology.®” to “drology.”” '
72 1 14 . e - Change “40.12" 1o “40.3»
SUSPRURRRIR I -2 O T I o deo | Conge‘BantoBead” -
" Appendix 3 12 {2 |3 : o | Change “Milwaukee” to “Wauwatosa” o
96 1 -] . . | Figure 3—4: In the !e’Fend, the third block, which depicts
oo -] || "Greater than 30007 should be dark pink.
Appendix 4 i : : R | - | Delete 2nd paragraph of ‘discla-imcr; i.e., *The material

 in this appendix...common law revised.”

Figures 4-93, 4-97, 4103, 3104, 4105, 4232,
4-235,4-260,4-267,4-268, 4—292: New repro-
ductions of these figures are attacher],

Appendix 6 1 68 i 1 new line 6-32 © Under “1970" insert “'Self-Supplied” between “Total
-} : 1 Water Withdrawal” and “Water Consumed.” All columns
in the new line should have dashes, except.the fina
i . column, which shiould have *91.2"
120 | 5 | heading 1 6-61 ' Change “SIC 35 to “SIC 33"
202 1 8 4 - i , | Change “1051" to “1112”
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_GREAT LAKES BASIN COMMISSION FRAMEWORK STUDY ERRATA SHEETS (Cout,)
| VOLUME PG. |COL. | LINE TABLE CHANGE
Appendix 7 143 | 2 i 7-43 I . Change “Table 7—43" to “Table 7—44"
144 | 1 K] 7-44 Change “Table 7—44" to “Table 745"
144 | 2 13 7-45 Change “Table 7—45 to “Table 7—46"
148 | 270 | 26 Change “Figure 7-31" to “Figure 731"
148 | 2 3 7—46 | Change “Table 7-46" to *“Table 7—47"
209 | 2 | 25 Change “$53 million” to “$78 million™
2091 2 | 2 Change “$24 million™ to “$54 million”
209 | 2 27 Change “$65 million” to “$90 million”
209 | 2 30 Change “$6.7 million™ to “$3.1 million”
209 | .2 n Change “$10.8 million” to “$4 .4 million” ‘
210 1 28 Change “$5.2 million™ to “$2.4 million” and change
5 L © “$7.1 million” to *$3.6 million”
210 2 22 Change “$1.3 million™ to “$0.6 million™ and change
: - “$ 1.7 million™ to “$0.8 million”
56 7--16 In title, insert *“Advanced” between “Municipal” and
B “Wastewater” .
163 | 2 heading 7-56 Delete “($ Million)”
163 | 3 heading 7-56 Delete “($ Million)” _ o
187 | ' 7-61 Add this footnote: “Note: Numbers in parentheses are -
explained in text direcily above.” :
_______ (s | || 7-e4 | mntitle chamgetsimtors2t
Appendix 10 13 10—4 In list of utility abbreviations add: “TOEC PRI
- ~ Toledo Edison Co."
42 10-12 . Add to title: *(million kWh)"
T4 10-19 Add to title: “(acre-feet per year)”
75 10-20 Add to title: “(acre-feet per year)”
77: - 10-24 Add to title: “(acre-feet per year)”
SRS LA S L1025 | Addtotile: “acrefeet peryea)” .
Appendix 13 42 7 | 2nd line from bottom 13-34 ~ Change “(52.0)" to “(3.7)"
42 8 " 2nd line from bottom 13-34 Change “3,855.0" to *272.4"
45 footnotes 13-39 Change “**Less than 50 units to *“**Less than 500 units™|
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________ | | _ | hline frombottom | | Changelaws”to “lawns”
Appendix 19 8 ' _ - 19-7 'Wrong table under correct title. Substltute attached
' . - : _ table,
97 ' o ' 1965 Add “05083, Duluth-Superior, Wisconsin™ to- title.
110 1 ¥ | 14 _ ' - Move to top of column 2, page 109,
169 _ , - -{ 19-158 In title, change *“Lane” to “Land”
172 E S 19-162 - In title, insert “‘of Pulpwood™ between “Production™
________ _........l___._..._....___.._._;___.._.__ __'__..._._..__._an_d.:.‘"l".______,.....__._.____._...._........_.._
" Appendix 21 | 140 1 6th line from bottom 1 Change “Defiance” to “Tiffin”
158 C 1 Figure 21—84: Change “Lomo™ to “Como
________ 12 |1} 2ndiinefombottom | - _ | Change “Highes” to “Hughes®
Appendix 23 88 2 11 _ _ | Change “hepatitis” to “encephalitis™
________ Bl _dr ] _____| Change ‘viema"to virewia”
Report 42 1 13 Add “some of” between “in* and “the”

——————— A T T T T T T e e e e e e e e e e e e e L T T L L T T e




- TABLE 19-7

Raw Steel Production by Districts

. Production _ Percent
District 1968 1970 1968 1970
Districts on
Great Lakes o B
Buffalo 7,210,640 5,778,552 5.5 4.4
Chicago 26,744,918 28,236,109 20.4 21.5
Cleveland 7,735,050 7,091,860 5.9 5.4
Detroit _9,l77,178 9,587,144 7.0 . 7.4
Total 50,867,786 :‘50,693,665i 38.8 38.6
 Districts Partially ST
Served by Great
Lakes Ports : ‘ . o
Pittsburgh 25,302,790 . 24,558,848 19.3 18.7
Youngstown 10,750,408 ° 10,112,467 3.2 7.7
Cincinnati 6,030,717 6,172,545 4.6 2.7
St. Louis _3,146,461 3,677,260 2.4 2.8
Total 45,230,376 44,521,120  34.5  33.9
Other Districts : :
Northeastern - 18,092,150 18,123,642 13.8 13.8
. Southem . 8,390,562 . 9,587,144 6.4 7.3
Western 8,521,665 8,405,167 6.5 6.4
Total 35,004,377 36,115,953  26.7  27.5
U.S. TOTAL 131,102,539

131,330,738 100.0

"SOURCE:

LlSt of Counties in Each District:

Buffalo District E

Cortland, N.Y.
Onendaga, N:Y.

lffNiggana;.N;Y;
‘Chautauqua, N.Y. -

Erie, N.Y.
Erie, Pa.
‘Warren, Pa.

. Chicago District -

Cook, I1l1.
Whiteside, Ill.

- .- Kankakee, Ill.

Cleveland District
Cuyahoga, Ohio
Lorain, Ohio

Detroit District
Wayne, Mich.
Macomb, Mich.

Pittsburgh District
Cambria, Pa.
Washington, Pa.
Westmoreland, Pa.
Beaver, Pa.
Butler, Pa.

Youngstown District

Lawrence, Pa.
Mercer, Pa.
Mahoning, Ohio
Trumbull, Ohio
Stark, Ohio
Richland, Ohio

Cincinnati District

Cabell, W. Va.
Hamilton, Ohio
Butler, Ohio
Scioto, Ohio

, : Boyd, Ky.
) All Pa. 2
'Howard, Ind. Hanzgzinyﬁ. 7 Campbell, Ky.
Allen,- Ind.__: _ S Daviess, Ky.

Henry, I

St. Louls, Mna.

Ramsey, Minn.

Jefferson, Ohio

St. Louis District

Peoria, Ill.
Madison, I1l.
Jackson, Mo.

Penton Publications, Marketing Library, Cleveland, Ohio
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SYNOPSIS

This appendix describes the formulation carried
out as a part of the Framework Study and the
results of those formulation procedures, including
the anticipated results of the framework solutions
or programs selected. Costs are estimated to the
end of the study period, which is the year 2020.

The appendix contains sufficient description of
the Basin, its economic and demographic charac-
teristics, and its water and related land resources
to permit an understanding of the existing situation
and the problems anticipated. It describes the basis
on which projections of requirements and needs
were made for the years 1980, 2000, and 2020, and
the quantification, where practicable, of 23 re-
source needs at these years.

The methods used to determine the ways to meet
needs are described, and tables are included to
show the results to be expected from the solutions
or programs chosen. Estimates of capital cost and of
operation, maintenance and replacement costs are
provided by time periods, broken down into Fed-
eral costs, publie non-Federal costs, and private

costs, Summary cost tables are provided.

Two separate frameworks are included. One is
the Normal Framework (NOR), based almost en-
tirely on projections stemming from the OBERS
Series C Economic and Demographic Projections
(National Economic Development, or NED, objec-
tive}). The other is the Proposed Framework
(PRO), which differs from the Normal Framework
in certain respects. It is an effort to reflect the
desires of the people in various parts of the Basin
and the decisions of the Great Lakes Basin Com-
mission with respect to certain developments. Both
frameworks are fully treated with respect to out-
puts and costs.

The appendix provides information broken down
by States, Lake basins and by planning subareas or
river basin groups.

For additional detail on the existing situation,
the methodology used in making projections, the

" single-purpose solutions proposed, and some of the

cost estimating procedures, reference should be
made to the 22 basic resource appendixes.



FOREWORD

The Great Lakes Basin Framework Study is the
first study undertaken by the Great Lakes Basin
Commission, a State-Federal organization estab-
lished by Executive Order No. 11345, dated April
20, 1967, under the authority of Section 201 of
Public Law 89-80, the Water Rescurces Planning
Act of 1965, Under this act the Great Lakes Basin
Commission is designated as the principal agency
for the coordination of planning for water and
related land rescurces in the Great Lakes Basin
among the various Federal, State, local and non-
governmental entities. Appendix 1, Alternative
Frameworks, and the Framework Study of which it

is a part, represent the first steps towards prepa-

ration of a Comprehensive Coordinated Joint Plan
(CCJP) for the development and utilization of the
water and related land resources in the Great
Lakes Basin. The CCJP is one of the major re-
sponsibilities of the Commission under the Water
Resources Planning Act.

The authority of the Great Lakes Basin Com-
mission, and therefore the scope of the Framework
Study, is limited to the Great Lakes Basin within
the United States down to and including the point
at which the St. Lawrence River ceases to be the
international boundary.

The Framework Study represents the combined
efforts of all the Great Lakes Basin Commission
member agencies, coordinated by the Commission
staff headquartered in Ann Arbor, Michigan. The
States of Illinois, - Indiana, Michigan, Minnesota,
New York, Ohio, Pennsylvania, and Wisconsin
played a major role in the formulation of frame-
works for those planning subareas and Lake basins
within their geographic areas. Because of their
heavy involvement in water and related land re-
sources programs, the U.S. Army Corps of Engi-
neers and the Department of Agriculture were
represented on all framework formulation task
forces. The Department of the Interior was often
involved through the Bureau of Outdoor Recre-
ation and the Fish and Wildlife Service {formerly
the Bureau of Sport Fisheries and Wildlife). The
Environmental Protection Agency was represented
in most cases, or provided input on special request.
Matters dealing specifically with the Lakes involved
the Lake Survey Center of the Department of
Commerce. Other agencies were represented as
appropriate. Even when representatives were not
actually present at task force meetings, they pro-

vided background information and represented
their agency’s concerns during the decision-making
process. Planners from regional agencies, repre-
sentatives from private groups such as American
Association of University Women and League of
Women Voters, as well as concerned and interested
individuals, also served on the task forces for for-
mulation or acted as observers.

Thus, it is believed that the framework formula-
tion fairly represents the professional knowledge of
the Federal and State agencies having specific re-
sponsibilities in the Basin and also the judgment,
agpirations, and desires of the people in each part
of the Basin.

The 15 plan formulation task forces worked
under the general direction of the Plan and Pro-
gram Formulation Committee. A member of the
staff of each Commissioner, either the .Commis-
sioner or a technical assistant, comprised the com-
mittee. The Chairman was Leonard T. Crook, Ex-
ecutive Director and Planning Director, Great
Lakes Basin Commission.

The chairmen of the task forces were members of
the Commission staff. The following Commission
staff members directed the work in the various
Lake basins toward preparation of the initial
drafts of text and tables reporting the formulation
process and results.

Lake Superior
Eugene A. Jarecki
Lake Michigan
Eugene A. Jarecki
John L. Hull
David C. N. Robb
Lake Huron
John L. Huli
Lake Erie
Kenneth E. McElroy
Paul Vachon
Leonard T. Crook
Lake Ontario
Kenneth E. McElroy
Paul Vachon

Alfred Behm of the Corps of Engineers, North
Central Division, provided coordination with the
Upper Mississippi River Comprehensive Basin
Study in River Basin Group 2.2.

Throughout the study period many permanent
and temporary members of the Basin Commission
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- staff participated in caleulations and preparation of -

tables. Suzanne Braley and Susan Green were re-
sponsible for compiling many of the final tables
throughout the appendix.

Compilation of the appendix, including writing of

Section 1 to- 5 and Sections 11 and 12, was the
responsibility of Q. C. Reedy of the Commission
staff, with the assistance of Martha W. Deline. M.
Annette Ketner supervised the design and produc-

- tion of the volume,
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INTRODUCTION

The primary function of the Alternative Frame-
works Appendix is to document the Greal Lakes
Buasin Framework Study plan formulation process
and to present the results of that process. In draft
form, it also served as a basic working documernt
for those individuals and organizations directly in-
volved.

The reader is referred to the Report for a de-
seription of the Framework Study, its conclusions

and recommendations. Basic information on avail-
able resources and present and projected require-
ments, needs, and problems related to the water
and related land resources in the Great Lakes Basin
are presented in Appendixes 2 through 23. The
Environmental Impact Statement contains infor-
mation on the effects the Proposed Framework
may have on the environment.

The basic purpose of the Greal Lakes Basin
Framework Study is to identify geographic areas

and resource categories where future demands as

compared with available supplies may create prob-
lems in meeting the needs of the people of the Basin
for water and related land resources. Geographiec
areas and resource categories where potential con-
flicts exist between competing resource uses are

‘also identified. As a first step toward a comprehen- -

sive coordinated joint plan for management of the
resources of the Great Lakes Basin, this study
provides a rational framework to formulate and
evaluate the relative merit of alternative courses of
action to solve the eurrent and potential problems,
resolve the potential conflicts, and meet the needs
of the people at a minimum cost.

The Framework Study was accomplished under
- puidelines established by the United States Water
Resources Council. These were initially dated Oc-
tober 1967, but were upgraded to reflect the mul-
tiobjective concepts stated in the 1970 draft “Prin-
ciples and Standards.” These were not rigorously
applied but had considerable influence on the plan-
ning process. The objectives are: ‘

(1) to enhance natjonal economic development

(2) to enhance the quality of the environment

(3) to enhance regional development

(4) to enhance social well-being or quality of life
for all people.

While the Great Lakes Basin Commission recog-
nized the validity of the objectives promulgated by
the Water Resources Council, it also recognized

that to identify one objective as environmental was
to imply that the others might not consider en-
vironmental quality, and that this might be mis-
leading.

Accordingly, other terms were adopted and the
objectives are referred to in this study as Normal
Growth (NOR), Limited Growth (LIM), and Ac-
celerated Growth (ACC). :

The Framework Study is a broad appraisal of the
needs and desires of citizens of the Great Lakes
Basin for the conservation, development, and utili-
zation of water and related land resources. It iden-
tifies the regions (hydrologie, political, economic,
etc.) that have current or potential problems and
require more detailed investigations and analyses.
It recommends implementation of plans and pro-
grams in areas not requiring futher study. It con-
siders Federal, State, and local means, both strue-
tural and nonstructural, for dealing with the
problems within the framework of the major ob-
jectives stated previously.

The Great Lakes Basin Framework Study. did
not involve basic data collection, cost estlmatmg, or

~ detailed formulation of projects. It was not de-

signed to give specific answers to what should be
done; rather, it was intended to indicate possibili-
ties that should be considered and consequences of
these choices.

The Framework Study formulation process con-
sisted of five major steps. Step 1 involved an as-
sessment of the present resource capability. In
Step 2, the goals, objectives, subobjectives, cri-
teria, and problems of water and related land re-
sources in the Great Lakes Basin were defined,
mainly in qualitative terms. In Step 3, the quanti-
tative requirements and needs for water and re-

_lated land resources were derived. In Step 4, al-

ternative programs were proposed to meet the
needs determined in Step 3 and solve the problems.
Finally, in Step 5, the economie, demographic, and
physical consequences of the alternative programs
proposed in Step 4 were estimated.

In assessing the present resource capability the
year 1970 was selected as a standard base, and the
results are summarized in the tables provided in
this appendix. Resource capability is summarized
in the Reportand described in detail in Appendixes
2 through 23,

The process of defining goals, obJectlves subob—

xxxvii



xxxviii  Appendix 1

jectives, criteria, and problems is discussed in de-
-tail in the body of this appendix. Three time spans
* were considered in this and other framework stud-
ies throughout the nation: a short-range period
ending in 1980, a medium-range period ending in
the year 2000, and a long-range period ending in the
year 2020. It must also be recognized that in mul-
tiobjective planning the goals, objectives, subob-
jectives, criteria, and problems differ greatly and
dynamically among many other factors. For exam-
ple, the aspirations of an individual change dramati-
cally both from day to day and over a long time as
changing circumstances and varying physical and
intellectual contingencies have their effects. The
interests of an individual are usually much nar-
rower and more immediate than those of an inter-
est group, local government, State government,
Federal government, or international body. These
differences become dramatically evident in the
_process of attempting to quantify requirements and
needs. For the majority of categories of water and

related land use, requirements are a funetion of"

total population and the direct or indirect per capita
demand for the resource. Since needs are simply
the difference between requirements and available
developed supply, determination of needs to be met
in the formulation process depends heavily on pro-
jected levels of population and per capita demand.

Traditionally, planning has been predicated on
the basic concept that growth is inevitable; indeed,
that it is good and therefore desirable. Thus, future
populations and per capita demands have normally
been projected within relatively narrow ranges of
variability by extrapolating trends by simple or
- elaborate methods. The development of require-
ments and needs was basically a matter of a simple
mathematical calculation, and problem identifica-
tion was basically the process of identifying unmet
needs in time and place. The plan formulation
process then became one of selecting alternative
means of meeting those needs that would not be
detrimental to the economy of the environment.

The last decade, however, has seen a radical
change in planning philosophy. Questions, which at

one time were never asked, or whose answers were'

considered extraneous to the planning process,
have now become a part of the planning process
itself. These include questions as to whether a
laissez-faire, perpetual growth philosophy is really
desirable or acceptable, let alone inevitable. The
new environmental awareness has forced a shift in
emphasis from rather simple single-purpose strue-
tures for water supply and pollution control to

coordinated management schemes involving non--

structural as well as structural measures for total
environmental management. Goals of social well-
being and environmental quality have become
major considerations to the publie and major prob-

lems for the planner who must translate them into
quantitative criteria, standards, requirements, and
needs. These significant shifts in the desires of
individuals and collective groups at all levels of
government have made the planning process sub-
stantially more complex, but at the same time more
relevant and controversial.

To facilitate the planning process, the Great
Lakes Basin was subdivided into five Lake basins
numbered in downstream order: Lake Superior,
1.0; Lake Michigan, 2.0; Lake Huron, 3.0; Lake
Erie, 4.0; and Lake Ontario, 5.0. See map of Great
Lakes Basin (Figure 1-1). The Lake basins were
then subdivided into 15 river basin groups with two
to four to each Lake basin, depending upon stream
configuration, political boundaries, ‘and population
concentrations. Because much of the information to
be used was available only on a political subdivision
basis, the Region (the political boundary equivalent
of the Basin) was also subdivided into 15 planning
subareas, utilizing county lines as boundaries to
approximate as closely as practicable the hydrolo-
gic boundaries of the river basin groups. This sub-
division is illustrated on Figure 1-2.

Section 1 contains a list of the counties in the
Basin, arranged by planning subareas, and a list of
the river basins and complexes arranged by river
basin group.,

As an initial phase of the planning process, the
task of assembling information on available re-
sources and on needs and problems was divided
among 22 work groups, each having a specific sub-
ject area or function for study and analysis. The
general procedure was for each work group to
assemble data pertinent to its subject field from
published and unpublished information. Historical
information to show trends was utilized, and the
most recent information available was obtained.
The base year adopted for common data compari-
sons was 1970, and in those cases where the latest
best information was for another year, an estimate

. was made for the base year. Projections were made

of the requirements or demands for the particular
resource under study for each of the three target
years, 1980, 2000, and 2020. The projections were
based on the projected population and economic
growth presented in the OBERS studies, a popula-
tion and economic growth study of the nation pre-
pared by the Office of Business Economics (OBE),
Department of Commerce; and the Economic Re-
search Service (ERS), Department of Agriculture.
As a result of reorganization, the OBE was re-
named Bureau of Economie Analysis, but the acro-
nym OBERS is still used. These studies were ap-
propriately disaggregated to the 15 planning
subareas.

The requirements or demands generated by each
resource use, or function, were compared with the




available. developed resource for each funetion in
each planning subarea. The developed resource in
each planning subarea in 1970, known as the sup-
ply, compared with the demands or projected de-
mands for the base year and the three target years,
provided information on the needs to be met in each
of these years. Needs are, in other words, the
measure of the extent to which the presently de-
veloped resources fail to meet the projected re-
quirements. Each of the work groups also identi-
fied existing and potential problems in its subject
area, and each of them suggested ways in which the
_problems could be solved and the needs met.

This historic information and the projections,
together with the estimates of requirements,
‘needs, supply, the statement of problems, and the
analysis of the ways to solve problems and meet
needs, provided the basie input to framework for-
- mulation. The actual formulation was undertaken
by 15 task forces, one for each planning subarea in
the Basin. Each task force consisted of a member of
the Commission staff, representatives of the De-
partments of Agriculture and the Army, represen-

tatives of the Statés, and representatives of other.

Federal agencies as appropriate. The initial work of
formulation was generally undertaken indepen-
dently by the task forces. In some cases the task
forces met with representatives of local interest
groups or with individuals who had particular
qualifications or interest in the area and were in a
position to spend time working in the formulation

process. In other cases the local input was obtained .

through existing reports, consultation with profes-
sional personnel in the area who had knowledge of
local attitudes, and by written communication.
For each of the functions all conceivable alterna-
tive ways of meeting needs and solving problems

were listed and considered by the task forces. Some .

of these could be quantified as having a specific
identifiable effect on the needs to be met. Others
were qualitative only, and some had so little impact
that they were dropped from further consideration.
The solutions chosen by the task forces in each case
were identified in sufficient detail to permit recon-
structing the planning process. The necessary doec-
umentation was prepared and tabular presenta-
tions made of needs, problems, needs met, needs
unmet, types of solutions adopted, costs to Fed-
eral, non-Federal, and private entities, and other
pertinent mformatlon

In some cases needs arising in one planning sub-
area could be met in another, and a fully devel-
oped formulation procedure would include a formal
transfer of needs and selection of programs in the
receiving area to meet these needs. In the present
study such a formal procedure has not been fol-
lowed. For some functions the methodology for
quantifying needs incorporated patterns of meeting

Introduction wxxxiz

needs that included the use of resources in one area
by persons from ancther. In outdoor reereation, for
example, established patterns of travel result in
the recreation requirement (need) at the forest
campground rather than at the permanent resi-
dence. Also, for some functions such as commerical
navigation, the whole of a Lake basin rather than a
single planning subarea is the element to be con-
sidered. If the availability of a resource in a certain
planning subarea permitted, programs were some-
times selected that would develop the capability of
the resource above the needs in that planning sub-
area. This would help offset the inability of that
resourece to meet the needs in other planning sub-
areas. ' ‘

The frameworks. for each Lake basin and for the
Great Lakes Basin are obtained by summing up the
planning subarea quantities. Thus, for some func-
tions, unmet needs in one area are absorbed by
surplus resource capability in another. This as-
sumption of transferability is not always appro-
priate. An examination of the specific eircum-
stances must be made in eich case, and some
adjustments may be required.

In the six-county area in Illinois in Planning
Subarea 2.2, needs met by programs adopted for
the Upper Mississippi River Comprehensive Basin

- Study were transferred to that study area and the

remainder were met, insofar as possible, in Great
Lakes Basin Framework Study programs.

The formulation. process was initially carried
through for projections based on the Normal
Growth (NOR) objective, developed from the
OBERS projections, and subsequently the same
process was repeated to a limited extent and with
appropriate modifications for two additional objec-
tives, labeled ACC and LIM for accelerated and
limited growth.

The ACC and LIM frameworks were only par-
tially developed, not as potential alternative
frameworks for consideration by the Commission,
but rather as planning tools to define and limit the
extreme positions of high and low demands on the
water and related land resources of the Basin. They
were not fully developed in any respect, and are
not published. These frameworks bracket the NOR

* Framework, and they provided the planners with

guidelines to assist in selecting the final mix of
developmental and environmental econsiderations
for the Proposed Framework. The elements of
ACC framework reflected needs for water and
related land resources based on maximum possible
population and maximum possible per capita de-
mand on all portions of the resource base. The LIM
framework, on the other hand, was based on re-
quirements projected on the basis of limited popu-
lation growth in the Great Lakes Basin and de-
creasing per capita use of the resources.
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The frameworks prepared by the task forces
were reviewed by a subcommittee of the Plan and
Program Formulation Committee (Subsection 2.2)
and by that Committee itself, and recommended to
the Commission for consideration. At this time a
series of meetings was held throughout the Basin to
obtain the reactions of loeal interest groups and
individuals to the emphasized objectives in the
various parts of the Basin, and the detailed compo-
nents of the frameworks developed pursuant to the
objectives. Appropriate -modifications were then
made in the frameworks, and the information pre-
sented in this appendix is the result.

During the framework formulation process and
in the preparation of this appendix, a number of
annexes were sugpgested. These would cover cer-
tain items in more detail than required in the ap-
pendix, and would provide a permanent repository
and reference for some information, keeping the
size of the appendix within manageable limits. As
work progressed, it was found that information in
some of the five suggested annexes might be incor-
porated elsewhere, that some annexes should not
be published because of questionable widespread
value, and that others could be made available to
persons who would have use for them. Because of
frequent references to the letter designations of
the annexes and the publication of Annex B in 1972
for use as a planning tool, the letter designations of
the annexes have been retained, even though some
of them are not now actively in use. The informa-
tion below indicates the designations associated
with the various annexes and the status of each
with respect to publication and the data eontained
therein.

Annex A contains a list of counties by planning
subarea and a list of basing and complexes by river
basin. group. This information has been incor-
porated into Section 1 of Appendix 1, and the annex
is therefore not being prepared.

Annex B, “Procedures for Determination of Al-
ternative Futures in the Great Lakes Basin
Framework Study,” gives a detailed diseussion of
alternative requirements including Alternative
Demand Supply and Needs (ADSUN). This annex
has been prepared and will be reproduced in limited

quantity with copies available for reference to per-
sons who need the information. It principally sup-
plements Section 3 of Appendix 1.

Annex C consists of tables of requirements, sup-

ply, and needs by river basin groups for all time

frames. This annex was proposed when it was
expected that there would be separate needs de-
veloped for NOR and PRO Frameworks and that
the working draft would also include the rudimen-
tary ACC and LIM frameworks, When it was de-
cided not to prepare separate needs for PRO, the
annex became less desirable, and it was decided not
to compile the information in this form. There will
be no Annex C.

Annex D, “Issues and Alternatives,” provides a

record of the issues raised before the Commission, -

the decisions reached thereon, and the alternatives
considered for the solution of problems and meet-
ing of needs in the various resource use categories.
It will be reproduced in limited quantity and will be
available for reference to persons who have need
for this information.

Annex E, “Programs, Capital Costs, and OM&R
Costs,” compiles work sheets used in the frame-
work formulation process. It consists of tables that
are a basie record of the program selections and the
costs for the various elements of these program
selections. Because of refinement in the data and a
number of internal changes in the program selec-
tions and capital costs and OM&R costs, the annex
is not correct and up-to-date and does not reflect

~ accurately the information given in the tables of the

appendix. However, it is the only record which
shows the breakdown of program selections and the
cost of these various components. It is not being
corrected or updated because of the work in-
volved. A number of copies have been distributed
to persons who participated in the Framework
Study, and additional copies, prepared in late 1972,
are available in the Commission office for reference
use and loan. The annex should be used with cau-
tion. The data should be checked against the infor-

" mation in Appendix I -and the latter considered

more reliable. However, for persons who wish to
know some of the details of the preparation of the
appendix and the selection of the frameworks,
Annex E is a valuable document.
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Section 1

BASIN DESCRIPTION

1.1 General

The physical setting of the Great Lakes Basin
has influenced the development of the Basin, in-
cluding the economic activities, the population, and
the distribution of the population. The setting also
played a principal role in determining the frame-
works which were suggested for the conservation,
control, and use of the water and related land
resources of the Basin. The most significant single
element in the physical setting is the series of five
Great Lakes, the largest series of freshwater
bodies in the world. This unique water feature,
coupled with the mineral resources of the Basin and
the agricultural opporunties afforded by the land,
has produced a highly developed industrial and
agricultural area, supporting 14 percent of the
U.S. population in 4 percent of the total U.S. area,
and contributing far more than its share of the
country’s economic activity.

Executive Order No. 11345 established the Great
Lakes Basin Commission on April 20, 1967, and
defined its jurisdietion to “extend to those portions
of the Great Lakes States of Illinois, Indiana,
Michigan, Minnesota, New York, Ohio, Pennsyl-
vania, and Wisconsin that are drained by the St.
Lawrence River system, including the Great
Lakes, their tributaries, and tributaries to the St.
Lawrence River which reach that river within the
United States. . , .”

As defined, Great Lakes Basin is located in the
eastern portion of the north central United States
along the boundary with Canada between 40°30’
and 48°20" north latitude and 74°30’ and 93°10" west
longitude (Figure 1-1). The Basin extends nearly
900 miles from west to east and 525 miles between
its north-south extremes. General area information
for the entire Basin as well as the study area is
presented in Table 1-1.

1.2 Planning Subdivisions

For planning purposes the study area has been
subdivided into five major subbasins, and further
into fifteen river basin groups. The five subbasins

N\

are drainage areas in the United States of the five
Great Lakes: Superior, Michigan, Huron, Erie, and

Ontario including the St. Lawrence River. For'

convehience, these major subbasins are usually re-
ferred to as basins (Figure 1-1).

Some of the information needed for the study
was available only by counties, without regard to
drainage basin boundaries. Consequently, the term
Great Lakes Region was adopted for this study as
an approximation by county boundaries of the
Great Lakes Basin. The Region does, however,
include certain seleeted additional counties having
an important economic relationship to the Basin.
The Region is divided into five subregions having a
similar county-boundary relationship to the five
Lake basins. These subregions are shown on the
maps as plan areas and use the same numbers, 1
through 5, as the corresponding basins. Each of the
five plan areas has been further divided into groups
of associated counties, called planning subareas
(PSAs). The planning subareas are counterparts of
the river basin groups. Both are numbered as deci-
mal subdivisions of the respective plan areas and
basins (Figure 1-2).

This breakdown of the study area considered
many criteria including the utilization of existing
water management study areas; the recognition of

intrastate, State, interstate, and international in-

terests; the collection, processing, and presentation
of hydrologic, economie, and demographic data; and
each area’s potential for comprehensive water
management. Many of these considerations are

complementary, others are competitive. The.

adopted breakdown is consistent with these cri-
teria,

The relationship of the various levels of subdivi-
sions is illustrated in the partial listing in Table 1-2,
which also shows the numbering system adopted.

1.2.1 Counties

Table 1-3 shows the eounties in the Great Lakes
Region, arranged by plan area and planning sub-
area. There are no duplications in this listing. All
counties in the Great Lakes Region are shown, and
none are shown which are not in the Region.
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'TABLE 1-1

Basin Description 3

General Great Lakes Information (area in square miles)

Drainage Basin
(land & water)

Water Surface Land Surface!

U.S. Canada Total u,s. Canada Total U.s. Canada Total

Lake Superior 37,500 43,500 81,000 20,600 11,100 31,700 16,5900 32,400 49,300
Lake Michigan 67,900 0 67,900 22,300 0 22,300 45,600 0 45,600
Lake Huron 25,300 49,500 74,800 9,100 13,900 23,000 16,200 35,600 51,800
Lake St. Clair 2,370 4,150 6,520 162 268 - 430 2,208 3,882 6,090
Lake Erie 23,600 9,880 33,500 4,980 4,930 9,910 18,620 4,950 23,600
Lake Ontario 16,800 15,300 32,100 3,460 3,880 7,340 13,340 11,420 24,700
Total to Lake

Ontario Outlet 173,470 122,330 295,800 60,602 34,078 94,680 112,868 88,252 201,100
Lake Ontario Qutlet

to Moses—Saunders Dam 1,6852  1,3252 3,010 1202 1152 235 1,565  1,210° 2,775
Total? 175,200 123,600 298,800 60,720 34,190 94,910 114,430 89,450 203,900
Grass-Raguette-5t, Regis 3,200 3,200
Total Basin Study Area 178,350 60,720 117,630

'Difference between total basin area and water area.
2Estimated breakdown between .S. and Canada,

YRounded.

NOTE: The drainage basin area in both U.S. and Canada, above the mouth of the St. Regls River is approximately 302,000

square miles.

TABLE 1-2 Hydrologic and Political Subdivisions

HYDROLOGIC SUBDIVISIONS

POLITICAL SUBDIVISIONS

GREAT LAKES BASIN
2.0 Lake Michigan Subbasin

2.3 Lake Michigan Southeast River Basin Group

St. Joseph River Basin
Black River Complex
Kalamazoo River Basin
Ottawa Complex

Grand River Basin

GREAT LAKES REGION

2.0 Lake Michigan Plan Area

2.3 Lake Michigan Southeast Planning Subarea
{25 counties) .

1.2.2 River Basins and Complexes

Table 1-4 shows the interrelationships among the
Lakebasins, river basin groups, and hydrologicareas
‘river basins and complexes).

1.3 Land and Water Areas

The areas of the Region and Basin are given in
Table 1-5 and Table 1-6, the information for which
came from Appendix 13, Land Use and Manage-
ment, The area by political boundaries (the Region)
shows the water area (rivers, lakes, and embay-
ments) and the remaindér as land in thousands of
acres.” The area by hydrologic boundaries (the
Basin) is shown in both square miles and thousands
of acres for comparison. The basic measurements

were made by different processes and treat some
nearshore portions of the lakes differently.

The distribution of the area among the States is
also shown in Figure 1-3.

1.4 Natural Characteristics

1.4.1 Geology, Physiography, Topography

Most of the rock formations that underlie the
Great Lakes Basin were formed within the last
half-billion years or since the end of Precambrian
Era. A geologic reconstruction of the Region sug-
gests that many forces have been at work, from
superheated lavas and voleanies to widespread gla-
cial action. In the Paleozoic Era, which was 500
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TABLE 1-3 Counties in the Great Lakes Region by Plan Area and Planning Subarea

LAKE_SUPERIOR--PLAN AREA 1.0

PSA 1.1--L. Superior West

MINNESOTA
Carlten
Cook
Lake
St. Louis

WISCONSIN
Ashland
Bayfield
Douglas
Iron

" PSA 1.2--L. Superior East

MICHIGAN
Alger
Baraga
Chippewa
Gogebic
Houghton
Keweenaw
Luce
Marguette
Ontonagon

LAKE MICHIGAN--PLAN AREA 2.0

PSA 2.1--L. Michigan NW

MICHIGAN
Dickinson
Iron
Menominee

WISCOMSIN
Brown
Calumet
Door
Florence
Fond du Lac
Forest
Green Lake
Kawaunee
Langlade
Manitowoc
Marinette
Marquette
Menominee
Oconto
Outagamie
Shawano
Sheboygan
Waupaca
Waushara
Winnebago

PSA 2.2--L. Michigan SW

ILLINCIS
Lock
Du Page
Kane
Lake
McHenry
will

PSA 2.2 cantinued

INDIANA
Lake
La Porte
Porter
Starke

WISCONSIN
Kenosha
Milwaukee
QOzaukee
Racine
Walworth
Washington
Waukesha

PSA 2.3--L. Michigan SE

INDIANA
Elkhart
Lagrange
Marshall
Noble
St., Joseph
Steuben

MICHIGAN
Allegan
Barry
Berrien
Branch
Calhoun
Cass
Clinton
Eaton
Hillsdale
Ingham
Ionia
Jackson
Kalamazoo
Kent
Montcalm
Ottawa
St. Joseph
Shiawassee
Van Buren

PSA 2.4--L. Michigan NE

MICHIGAN
Antrim
Benzile
Charlevoix
Delta
Emmet
Grand Traverse
Kalkaaska
Lake
Leelanau
Mackinac
Manistee
Mason
Mecesta
Missaukee
Mugkegon
Newaygo
Oceana
Osceola

million to 250 million years ago, the Basin was
covered by shallow seas teeming with aquatic life.
Sediment and evaporites from these seas formed
the bedrock deposits of limestone, dolomite, other
carbonates, sandstones, and shales, which charac-
terize the Basin. Some of the world’s greatest salt
deposits occur in the lower Lake Michigan and

PSA 2.4 continued

Schoolcraft
Wexford

LAKE HURON--PLAN AREA 3.0

PSA 3.1--L. Huron North

MICHIGAN
Alcona
Alpena
Arenac
Cheboygan
Crawford
Iosco
Montmorency
Ogemaw
Oscoda
Otsego
Presque Isle

PSA 3.2--L1 Huron Central

MICHIGAM
Bay
Clare
Genesee
Gladwin
Gratiot
Huron
Isabella
Lapeer
Midland
Saginaw
Tuscola

LAKE ERIE--PLAN AREA 4.0

PSA 4.1--L. Erie NW

MICEIGAN
Lenawee
Livingston
Macomb
Monroe
Ozkland
St. Clair
Sanilac
Washtenaw
Wayne

PSA 4.2--L. Erie SW

INDIANA
Adams
Allen
De Kalb

OHIC
Allen
Auglaize
Crawford
Defiance
Erie
Fulton
Hanceck
Henry
Huron

PSA 4.2 continued

Lucas
Mercer
Ottawa
Paulding
Putnanm
Sandusky
Seneca
Van Wert
Williams
Wood
Wyandot

PSA 4.3--L. Erie Central

QHLO
Ashtabula
Cuyahoga
Geauga
Lake
Lorain
Medina
Portage
Summitc

PSA 4§.4--L. Erie East

PENNSYLVANIA
Erie

NEW YORK
Cattaraugus
Chautauqua
Erie
Niagara

LAKE ONTARIO--PLAN AREA 5.0

PSA 5.1--L. Ontario West

NEW YORX
Allegany
Genesee
Livingston
Monroe
Orleans
Wyoming

PSA §5.2--L. Ontario Central

NEW YORK
Cayuga
Herkimet
Madison
Oneida _
Onondaga
Ontario
Oswego
Schuyler
Seneca
Tompkins
Wayne
Yates

PSA 5.3--L. Ontario East

NEW YORK
Jefferson
Lewis
St. Lawrence

Erie-Ontario regions, with thickness of almost 2000

feet reported.

Depressions in sedimentary strata over the Basin
were the beginnings of the present five Lakes. Ice
up to two miles thick covered the entire Region
during thousands of years of climatic change. As
the glaciers advanced and receded they scoured and




Basin Description

TABLE 14 River Basins and Complexes in the Great Lakes Basin

LAKE SUPERIOR BASIN 1.0

Lake Superior West, River Basin Group 1.1

Superior Slope complex
St. Louis River
Apostle Islands complex
Bad River '
Montreal River complex

Lake Superior East, River Basin Group 1.2

Porcupine Mountailns complex
Ontonagon River

Keweenaw Feninsula complex
Sturgeon River

Huron Mt. complex

Grand Marais complex
Tahquamenon River

Sault complex

LAKE MICHIGAN BASIN 2.0

Lake Michigan Northwest, River Basin Group 2.1

Menominee complex
Menomtinee River

Peshtigo River

Pensaukee . complex

Oconto River

Suamico complex

Fox River

Sheboygan-Green Bay complex

Lake ‘Michigan Southwest, River Basin Group 2.2

Chicago-Milwaukee complex

Lake Michigan Southeast, River.Basin Group 2.3

5t. Joseph River
Black River complex
Kalamazoo River
Ottawa complex
Grand River

Lake Michigan Northeast, River Basin Group 2.4

Muskegon River

Sable complex

Manistee River

Traverse complex

Seul Choix-Groscap complex
Manistique River

Bay de Noc complex
Escanaba River

LAKE HURON BASIN 3.0

Lake Huron North, River Basin Group 3.1

St. Marys complex
Les Cheneaux complex
Cheboygan River

River Basin Group 3.1 continued.

Presque Isle complex
Thunder Bay

Alcona complex

Au Sable River
Rifle—-Au Gres complex

Lake Huron Central, River Basin Group 3.2

Kawkawlin complex
Saginaw River
Thumb complex

LAKE ERIE BASIN 4.0

Lake Erie Northwest, River Basin Group 4.1

Black River

St. Clair complex
Clinton River
Rouge complex
Huron River

Swan Creek complex
Raisin  River

Lake Erie Southwest, River Basin Group 4.2

Maumee River
Toussaint-Portage complex
Sandusky River
Huron-Vermilion complex

Lake Erie Céntral, River Basin Group 4.3

Black-Rocky complex-
Cuyahoga River

Chagrin complex

Grand River
Ashtabula-Conneaut complex

Lake Erie East, River Basin Group 4.4

Erie-Chautauqua complex
Cattaraugus Creek
Tonawanda-Buffalo complex

LAKE ONTARIOQ BASIN 5.0

-

Lake Ontario West, River Basin Group 5.1

Niagara-Orleans complex
Genesee River

Lake Ontario Central, River Basin Group 5.2

Wayne-Cayuga complex
Oswego River
Salmon River complex

Lake Ontario East, River Basin Group 5.3
Black River '
Perch River complex
Oswegatchie River
Grass-Raquette-5t. Regis complex

5
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TABLE 1-5 ' Land and Water Area, Great Lakes Region and Basin; by Plan Area, PSA or RBG, and
State : : .

Political Boundaries Hydrologic Boundaries

Plan Area 1000s Acres Total Area % of % of
Planning Subarea Rivers, Lakes, 1000s of Square % of Lake Great Lakes

& State Total Area and- Embayments Land Area Acres Miles RBG Basin Basin
1.0--Lake Superior 16,998.4 1,033.1 " 15,915.3 10,870.4 16,985 —— 100 14.4
1.1 10,324.5 851.0 9,473.5 5,906.5 9,229 100 54.3 7.8
. Michigan — -— - 83.8 131 1 - —
Minnesota 7,317.8 737.9 6,579.9 3,930.9 6,142 67 — -
Wisconsin 3,006.7 113.1 2,893.6 1,891.8 7 2,956 32 —— -—
1.2 6,673.9 232.1 b,441.8 4,963.9 7,756 100 45.7 6.6
Michigan 6,673.9 232.1 6,441.8 4,905.0 7,664 99 — ——
Wisconsin ——— —-— —-— 58.9 92 1 e
2.0=--Lake Michigan 33,283.1 1,010.7 32,272.4 29,011.0 45,330 —-—— 100 38.5
2.1 10,401.9 .391.2 10,010.7 10,791.0 16,861 100 37.2 14.3
Michigan 1,936.6 46.8 1,889.8 2,300.8 3,595 21 ——— —
Wisconsin 8,465.3 344.4 8,120.9 8,490.2 13,266 79 e ———
2,2 5,315.8 103.7 5,212.1 1,391.9 2,175 100 4.8 1.9
Illineis 2,401.3 34.0 2,367.3 38.4 60 3 —— ——
Indiana 1,194.2 19.9 1,174.3 426.2 666 30 ———— ——
Michigan -_— -— - 106.2 166 8 - —_—
Wisceonsin 1,720.3 49.8 1,670.,5 821.1 1,283 59 —_— S -
2.3 9,126.4 171.0 8,955.4 . 8,291.8 12,956 100 28.6 11.0
. Indiana 1,608.3 27.9 1,580.4 1,084.8 1,695 13 — ——
Michigan 7,518.1 143,11 7,375.0 7,207.0 11,261 a7 —_—— —_—
2.4 8,439.0 344.8 8,094.2 -8,536.3 13,338 100 .29.4 il.3
Michigan 8,439.0 344.8 8,094.2 8,536.3 13,338 100 —— —_——
3,0--Lake Huron 8,628.4 186.5 8,441.9 10,357.8 16,184 - ‘100 13.8
3.1 4,167.0 149,2 4,017.8 5,207.7 8,137 100 50.3 6.9
Michigan 4,167.0 149.2 4,017.8 5,207.7 8,137 100 —— ——
3.2 4,461.4 37.3 4,424,1 5,150.1 8,047 100. 49.7 6.9
Michigan 4,461.4 37.3 T 44,4241 5,150.1 8,047 100 —— ——
4. 0--Lake Erie " 15,876.0 197.6 © 15,678.4 13,734.4 21,460 - 100 18.2
5.1 4,062,1 81.7 3,980.4 3,328.0 5,200 100 24,2 4.4
Michigan 4,062.1 81.7 3,980.4 3,313.3 5,177 © 99 ——— —-——
Ohio —— —-— -— 14.7 23 1 S——— —-——
4,2 ) 6,368.7 49.2 6,319.5 6,634.9 10,367 100 48.3 8.8
Indiana BB4.5 3.9 880.6 820.5 1,282 12 —— ———-
Michigan —_— -— —ae 328.3 513 - 5 —— ——
Dhio 5,484.2 45.3 5,438.9 5,486.1 8,572 83 ——— ———
4.3 2,332.2 23.6 2,308.6 2,081.9 3,253 100 15.2 2.8
Ohio 2,332.2 23.6 2,308.6 1,978.9 3,092 95 ————— —-——
Pennsylvania -— -— -— 103.0 161 5 -_— -—

b4 3,113.0 43,1 3,069.9 1,689.6 2,640 100 12.3 2.2 -
New York 2,588.8 38.0 2,550.8 1,466.9 2,292 87 — —
Pennsylvania 524.2 5.1 519.1 222.7 348 13 —_—— ——-
5.0--Lake Ontario 11,721.0 449.3 11,271.7 11,3_08.8 17,670 —-— 100 15.0
5.1 2,476.8 158.1 2,458.7 2,249.6 3,515 100 19.9 3.0
New York 2,476.8 18.1 2,458.7 2,188.8 3,420 97 ——— ——
Pennsylvania — —— -— 60.8 95 3 - - —_——
5.2 5,682.6 255.2 5,427.4 4,362,9 6,817 100 38.6 5.8
New York 5,682.6 255.2 5,427.4 4,362.9 6,817 100 - —=== ——
5.3 3,561.6 176.0 3,385.6 4,696.3 7,338 100 41.5 6.2
New York 3,561.6 176.0 3,385.6 ' 4,696.3 7,338 100 —— ———

TOTAL 86,506.9 2,927.2 83,579.7 75,282.4 117,629 - —~- —— —-——
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TABLE 1-6 Land and Water Area, Great Lakes Region and Basin, by State
Region--Political Boundaries Basin——Hydrologic Boundaries

1000s Acres Total Area 7 of

Rivers, Lakes, 1000s of Square  Great Lakes
State Total Area and Embayments Land Area Acres Miles Basin
Illinois 2,401.3 34.0 2,367.3 38.4 60 0.05
Indiana 3,687.0 51.7 3,635.3 2,331.5 3,643 3.10
Michigan 37,258.1 1,035.0 36,223.1 37,138.5 58,029 49.33
Minnesota 7,317.8 737.9 6,579.9 3,930.9 6,142 5.22
New York 14,309.8 487.3 13,822.5 . 12,714.9 19,867 16.89
Ohio 7,816.4 68.9 7,747.5 7,479.7 11,687 9.94
Pennsylvania 524.2 5.1 519.1 386.5 604 0.51
Wisconsin 13 ,192.3 507.3 - 12,685.0 11,262.0 17,597 14.96
TOTAL 86,506.9 - 2,927.2 83,579.7 75,282.4 117,629 100.00

Michigan

1 Wisconsin 43%

)

Minnesota 8%

~Pennsylvania 1%
||||Il0l$ 3%
Indlana 4%

TYotal Area in Region

State (1,000,000 acres)
Michigan 373
New York 143
Wisconsin . 13.2
Ohio ' 7.8
“Minnesota . 1.3
“Indiana ' 3.7
Ilinois 2.4
Pennsylvania 0.5
Total Area in Region 86.5

" 'FIGURE 1-3 ' Percentage of Tdtal Region Area
in Each State

- gouged the land, leaving thick deposits of glacial

--material over much of the Basin. It was only after

the retreat of the Wisconsin ice sheet about 11,000
years ago that the waters of the present Great

Lakes began to collect. Subsequent isostatic read-
justment of the earth’s crust, some independent
erustal warping, and natural erosion led to a drain-
age system that constitutes the Great Lakes Basin.
The areal geology of the Basin provides a sepa-
ration of the entire Great Lakes dramage basin into
three major physiographie provinees (Figure 1-4).

" The Superior Highlands of northern Minnesota,

northern Wisconsin, and northwestern Michigan
are in the Laurentian Uplands Provinee, or
Laurentian Plateau. This area is generally eharac-
terized by low-lying swamps, poorly drained areas,
and ocecasional ranges of hills. Elevations range
from 600 to 1,200 feet. An outlying portion of the
Laurentian Plateau includes the Adirondack
Mountains of New York, -east of Lake Ontario and
south of the St. Lawrence River. Here the relief is
sharply defined, with. elevations up. to 4,500 feet
above sea-level. The four lower Lakes and much of
the drainage basin are in the Interior Lowlands
Province, whieh is better drained than the Lauren-
tian Uplands. Its pronounced ridges consist largely
of glacial moraines and outcrops of resistant, dip-
ping, older bedrock. The latter appears as the
Niagara Peninsula of New York and Ontario and
the Door Peninsula of Wisconsin. Elevations in the
Interior Lowlands range from 700 to 1,000 feet.
Minor portions of the drainage basins of Lake On-
tario and Lake Erie are in the Appalachian Plateau
Province. The adjacent higher area, which forms
the Basin boundary, is the Allegheny Mountains, or
Allegheny Plateau.

1.4.2 Climate

In general, the Great Lakes Basin experiences a
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FIGURE 1-4 - Physiography of the Great Lakes Region



continental to semimaritime climate that is largely
determined by westerly atmospheric circulation
(eyclonic storms), the Basin’s latitudinal position
between 40°30" and 48°20’ N, and the modifying
influence of the Great Lakes on local weather.
Climate over the Region is normally humid
throughout the year, with cold winters and ecool
summers in the north and warm summers in the
south. Average annual frost-free season is about
four months at the northern extremity of the Basin
about six months at the southern extremity.

Prevailing winds in the Great Lakes area are
from the west, although winds do blow from any
sector. Winter winds of highest frequency and
magnitude are from the west in the western half of
the Basin. In the eastern half of the Basin, winter
winds are most frequently from the west, south-
west, and northwest. Summer winds are usually
from the southwest and south throughout the
Basin. There is a strong tendency for maximum
wind vectors to be aligned with the long axes of the
Lakes.

. Mean annual surface air temperatures over the
Basin range from approximately 39°F on Lake Su-
perior to 49°F on Lake Erie. Minimum and max-
imum monthly temperatures occur in February and
July, respeetively, on all the Great Lakes. Dif-
ferences in latitude cause a decrease in average
monthly temperatures of about 10°F from south to
north. The Great Lakes, which comprise about
one-third of the area of the Basin, act as a medium
for heat exchange between the water masses and
the atmosphere. The Lakes tend to moderate tem-
perature differences in adjacent land areas. Thus,
- the interiors of Michigan’s upper and lower penin-

sulas are colder than the coastal areas at the same
latitudes.

Short-term local variations in surface air tem-
peratures can be extreme. It is not unusual for
intense cells of cold aretic air to lower temperatures
as much as 50°F in one day.

In addition to moderating air temperatures, the
Great Lakes also change Basin humidity by con-
tributing thousands of tons of meisture by evapo-
ration. Estimates of the annual rate of evaporation
on the surface of the Great Lakes range from a
minimum of approximately 1.5 ft. on Lake Superior
“to approximately 3.0 ft. on Lake Erie. On an annual
average the Great Lakes increase the humidity of

- the Basin approximately 15 percent.

Annual precipitation over most of the Great
Lakes Basin including rainfall, snow, and less im-
portant modes of transfer of water from the atmos-
pheretothe earth surface rangesfromless than
28 to more than 37 inches. Annual snowfall ranges
from 40 inches to 120 inches. In the southeastern
and eastern portions of the Basin, the Adirondack
Mountains and the Allegheny Plateau, the total
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annual precipitation increases to more than 47
inches. The relative uniformity of precipitation
over a large area is due to the lack of any major
topographic variation in the Basin and the uni-
formity of exogenous weather. Increases in pre-
cipitation on the southeastern edge of the Basin are
caused by the higher elevations of those areas.

Precipitation decreases somewhat from the south
to north and from east to west. Precipitation de-
creases with inereased latitude because the colder
atmosphereat highlatitudes does not contain as
much moisture as the warmer, southern atmos-
phere. The east-to-west precipitation decrease is
caused by the interaction of the Lakes (moisture
sources), the prevailing westerly winds, and Basin
configuration. The prevailing exogenous winds
have reduced moisture content after having
crossed the plains. They receive moisture from the
Lakes, and precipitation amounts increase toward
the east. The Allegheny and Adirondack highlands
trigger orographic precipitation in the eastern por-
tions of the Basin.

Seasonally, the lake effect influences precipita-
tion patterns in the Basin. Spring and summer
precipitation is greater inland than over the Lakes
and coastal areas. Conversely, winter precipitation
is greater over the Lakes and coastal areas than
inland.

1.4.3 Water Resources

The 95,000 square miles of Great Lakes surface
area covers 32 percent of the entire Great Lakes
drainage area in the United States and Canada.
Relatively short, immature streams, inland lakes,
and minor embayments constitute more than 2.9
million acres (4,500 square miles) of additional sur-
face water in the Basin. Ground water is present
throughout the Basin, but it is in very limited
quantity in the areas where the basement rock is
near or at the surface.

Surface and subsurface water resources are in-
terconnected and in ample supply over the entire
Great Lakes Basin. These water resources are
constantly moving through a complex hydrologic
cycle, in which water may be stored, be eaptured
and used by local flora and fauna, be evaporated, or
run off without use. Generally speaking, about
one-third or 12 inches (63.2 billion gallons per day)
of the water which falls annually as precipitation
runs off the land into streams, lakes, and ultimately
into the Great Lakes. Average annual runoff from
major U.8. tributaries ranges from 9 to 38 inches
due to differences in temperature, vegetation, ter-
rain, surficial features, geology, and land use, as
well as to differences in annual precipitation dis-
tribution. General low topographic relief and surfi-
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cial glacial deposits encourage infiltration of water,
while numerous lakes, marshes, and peat bogs re-
flect poor development of regional surface drainage
systems. Area streams are generally short, and
their average annual flows are low for the amount
of area drained.

Base flow of regional streams is derived largely
from ground-water sources. Figure 1-5 shows that
nearly half of the Basin’s land area is underlain by
aquifers that yield more than 0.25 million gallons
per day per square mile (mgd per sq. mi.). Well
vields in the Basin can range as high as 5,000
gallons per minute (gpm) in these areas. Average
annual yield from ground-water systems in the Basin
is estimated at 26 bgd (Table 1-7).

TABLE 1-7 Ground Water Potential, Based on
70% Flow Duration

Basin Yield (mgd)
Lake Superior 4,240
Lake Michigan 11,710
Lake Huron 3,215
Lake Erie 1,945
Lake Ontario 4,910

TOTAL 26,020

The areas adjacent to Lake Superior and in the
Adirondack region of New York have low yields
because the underlying bedrock is the Precambrian
crystalline complex. Elsewhere, in Pennsylvania,
Ohio, and much of New York, the sedimentary
bedrock formations also are low-yielding aquifers.
In some Michigan and Indiana areas the water is
too saline for use. Fresh water is present through-
out the Basin, but saline water may be encountered
in one or more aquifers almost any place in the
Basin. _

The Great Lakes represent the greatest fresh-
water storage system in the world (Table 1-8).
Waters from Lake Superior, Lake Michigan, and
the Georgian Bay all drain into Lake Huron, which
transmits the water from these basins, as well as
its own supply, to Lake Erie through the St. Clair
River, Lake St. Clair, and the Detroit River. Lake
Erie in turn transmits all of this water, plus the
contribution of its own basin, through the Niagara
River to Lake Ontario. The Lake Ontario outlet is
the head of the St. Lawrence River. The factors of
water supply to the Lakes are shown in Figure 1-6.

There is a progressive drop in surface elevation
through the series of Lakes, as shown in Figure
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TABLE 1-8 Great Lakes Surface Area, U.S.
and Canada .

Area World Ranking

Lake (sq.mi.) {Freshwater)
Superior 31,700
Huron 23,000
Michigan 22,300
Erie 9,910 11
Ontario 7,340 14

TOTAL 94,250

1-7. Twenty-two feet in elevation separate Lake
Superior and Lake Huron. Lake Huron and Lake
Michigan are one large reservoir at approximately
the same level. Only eight feet in elevation sepa-
rate Lakes Huron and Erie. The drop from Lake
Erie to Lake Ontario is 325 feet, largely concen-
trated at Niagara Falls.

The chemical and biological characteristics of the
Great Lakes system are undergoing rapid change
except in Lake Superior. The Lakes changing the
most are those surrounded by the greatest con-
centrations of human population. Significant in-
creases in the last 40 years in levels of total dis-
solved solids, largely phosphates, caleium, sodium,
sulfates, and chlorides, particularly in Lakes Erie
and Ontario, are generally considered to correlate
with the rapidly aging aquatic systems.

Total alkalinity (as €aCO,) ranges from 46 parts
per million (ppm) in Lake Superior to 113 ppm in
Lake Michigan. The pH ranges from &.0 to 8.5 for
most of the waters, except Lake Superior, where
the range is from 7.0 to 8.0. Sulfate concentrations:
are greater than chloride concentrations in the
upper Lakes, and sulfates and chlorides are almost
equal in Lakes Erie and Ontario. The proportions
of calcium, magnesium, and sodium in the upper
Lakes are about 10:3:1. Potassium usnally averages
around 1 ppm in all the Lakes. Silica usually flue-
tuates between 2 and 3 ppm, although only trace
amounts of silica oceur at times in the highly pro-
ductive waters of Lake Erie. Concentrations of
total phosphorus are low in the upper Lakes and
areusually less than 5 ppm in the open waters of
Lake Superior. The phosphorus content of water
from Lake Erie is about six times greater than that
in the the other Lakes. The dissolved oxygen con-
tent of much of the Great Lakes water is near
saturation, even at the greatest depths, and super-
saturation is common. However, dissolved oxygen
concentrations of less than 1 ppm have been found
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in Lake Erie in the bottom waters in an area of
several hundred square miles of the central basin.

The plankton composition found in the Great
Lakes is characteristic of large and deep lakes.
Diatoms are the most important constituents of the
plankton, although zooplankton may oceasionally
‘equal the diatoms in biomass but not in numbers.
Blue-green and green algae are at times especially
abundant in Lake Erie and Lake Ontario.” How-
ever, even in Lake Erie diatoms usually comprlse
75 percent of the phytoplankton.

1.4.4 Related Land and Other Natural
Resources

A number of complex climatic, topographic, geo-
logie, and human factors have combined to create
basinwide differences in the quantity, quality, and
distribution of soils, forests, minerals, fish, and
wildlife resources.

1.4.4.1 Seils

The soil types of the Great Lakes Basin are
" determined by past and present climatic conditions,.
natural drainage, vegetative cover, and the break-
-down of parent glacial material. The entire Basin
was glaciated and left with drift that ranges in
thickness up to 1,100 feet. Lacustrine deposits
generally characterize the present take shore
areas while organic soils are common in inland
swamp and marsh areas.

The soils of the Basin are best described in terms
of areal groups which reftect s0il origin and compo-
gition in terms of management practices. In Min-
nesota, the Upper and northern Lower Peninsulas
of Michigan, and the related Wisconsin area, the
soils are influenced by the cool, moist forest and are
light-colored, acid, rather infertile, and - low in or-
ganie matter. They vary greatly because of- dif-
ferences in parent material. In the northern por-
tion, the topography is uneven due to intense
glaciation. Stones, sands, and gravels are ecommon,
and there are swamps and marshes in which or-
gamc soils have formed. A small amount of good
soil is intermixed with the poor. The primary veg-
etative cover is pine, spruce-fir, and hardwood
forest.

In the southern part of this area, sands with
sandy or gravelly subsoils predominate. Some
.erops can be grown, but productivity is limited, and
‘the area is best suited to pine forest. There are
some gently sloping to flat plains on the shores of
Lake Superior in all three States that are relatively
-smooth, stone-free, usually rich in lime in the sub-
soil, and thus suitable for limited farming. Much of
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the land remains in forest. Most of the rolling
uplands have loamy soils. The more level and
stone-free areas are good to excelient: eropland.
Much of the less suitable land remains in forest
cover. There are a few rocky highlands like the
Porcupine Mountains in the area.

In eastern Wisconsin and southern Michigan
nearly all the soils were formed under forest vege-
tation and are light in color and low in organic
matter except in areas of poor natural drainage. All
of the soils in these two areas were heavily gla-
ciated. Most of the soils usually are quite acid,
therefore, liming is a first essential for crop pro-
duction, especially for alfalfa. Fertilization with
phosphorus and potassium is also generally re-
quired for efficient crop production, and nitrogen

fertilizer usage has increased greatly in recent

years. Soil drainage, both internal and surface
drainage, is requlred for efficient economic opera-
tions. '
The largest area of productive soils is in the
eastern Wisconsin area where the topography gen-
erally is level or gently rolling. Most of the soils are
loams to clay loams and of good permeability and
water-holding capacity. Scattered areas of organic
soils (peats and mucks) are in the poorly drained
areas. Limited areas of sandy soils also oceur. In

. Southern Michigan the glacial material varies in

texture from sand to clay. The soils are quite
variable in texture, permeability, and management
requirements. The topography is nearly level to
gently rolling, although glacial knolls and hills are

-common in some places. The least productive of

these soils are found near the western Basin
boundary in Wisconsin. The soils are primarily
droughty sands and loamy sands and poorly drained
organic soils.

The muck and peat soils of the eastern Wiseonsin
and southern Michigan area have special require-
ments. They are potentially productive when they
are drained. Fertilization of these soiis is necessary
for crop production. They can be utilized for either
specialized or general erops.

Northern Indiana, eastern Illinois, northwestern
Ohio, and extreme southern Michigan have been
heavily glaciated. The soils that were formed under
forest vegetation are generally light in color and
low in organic matter, although there are also ex-
tensive areas of dark-colored, poorly drained soils,
developed from varicus types of glacial material.
These differ considerably in texture. Fine-textured
soils, such as the Hoytville and Paulding clays, are

- .extensive in the lacustrine lake plain area of north-

western Ohio. Sands and sandy loam seils occur in
northwestern Indiana. Most of the soils in other
areas, however, have a.friable loam to silt leam
surface layer.

The land is mostly level to gently rolling, except
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on moraines and near main streams where the land
may be rolling to steep. Much of the land was
originally poorly drained; most of it is now artifi-
cially drained, but inadequate drainage is still a
problem in many areas: Peat and muck soils are
rather extensive in northwestern Indiana and are
intensively used.

‘The northeast area of the Basin includes portions -

of northeastern Ohio, the northern portion of Erie
County, Pennsylvania, and northern New York.

The soils were derived from parent material that.
varied from hard crystalline rock to lake-plain-

sands and clays. Most of the region was covered by
glaciers from the north. They mixed older soils
with various kind of rocks, such as sandstone,
shales, limestones, and eclays, Most of the soils are
in the gray-brown podzolic group and are quite
deficient in lime and phosphorus The surface hori-
zons are fairly high in organic matter. There is a
considerable area of more productive soils which
developed from calecareous glacial drift south of
Lake Ontario in New York. _

Poor drainage is a serious problem in northeast-
ern Ohio and Erie County, Pennsylvania, or where
the soils have been developed from sandstone or
shale.

Along the southern shores of Lake Erie and Lake
Ontario is the Lake Pldin Province. It averages 3 to
5 miles in width along Lake Erie and is generally 10
to 25 miles wide along Lake Ontario. The land is
generally level to gently rolling, and dairy farmmg
is prominent in this area.

1.4.4.2 Forests

Before settlement, most of the land area of the

Basin was occupied by virgin forest. Forest cutting .

and clearing began in the early 1800s and increased
during the settlement period. Not only was the land
cleared for agricultural uses, but the nation’s
lumber needs were increasingly supplied from the

Basin's forests, particularly during the last half of -

the nineteenth century. The dramatic harvest of
the original stands attracted the growth of wood-
using industries which soon outstripped the sus-
tained yield and eventually moved to other areas.
By the early 1900s, most of the virgin forests had
been cut, and the lumber companies’ operations
were gone. Approximately 39.6 million acres,
nearly half of the Basin, are now classed as forest

land. Most of the forest cover has been reestab-

lished by natural regeneration and forest manage-
ment practices. States with the highest percentage
of the forest resources are Minnesota, Wisconsin,
Michigan (northern half); and New York. Common
species are conifers, such as pines, spruce, and fir,

which dominate the upper Basin and the New York
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mountainous regions, and hardwoods, which cover
much of the southern and central Basin. Agricultural
land use in central lower Michigan, Ohio, Pennsyl-
vania, and New York has replaced forested lands.
The forests are used now for the multiple purposes
for which they are suited.

1.4.4.3 Minerals

The distribution of the rocks and sediments of -
each of the three geologic eras represented in the .
Great Lakes Basin also defines the type and loca-
tion of mineral resources  and mineral production
within the Basin. Virtually all-of the metal re-
sources, including iron, zine, lead, silver, and cop-
per are found in the Precambrian rocks. Hence,
these resources are produced in the northwestern
and extreme eastern parts of the Basin in Michi-
gan, Minnesota, and New York. The Paleozoic
rocks contain the mineral fuels of oil, gas, and coal,
and nonmetallic minerals including limestone, dolo-
mite, sandstone; shale, salt, gypsum, and natural
brines, and are largely found in. lower Michigan,
Ohio, Illinois, Indiana, and New York, The occur-
rence and production of these mineral fuels and
nonmetals depend on the geographic distribution
and accessibility of certain formations. The non-
metal deposits of sand and gravel, elay, marl, and
peat found throughout the Basin are contained in
the unconsolidated Cenozoic sediments.

1.4.4.4 Fish.

Fish habitat provided by inland streams and
lakes, as well as by the Great Lakes, supports a
wide variety of celd- and warm-water species for
sport fishing and a limited commercial fishery. -

About 173 species in 75 genera and 29 families -
are represented in the Great Lakes system. In
addition to those which found their way to the

- Great Lakes by natural means there are 11 species

which have been purposely or accidentally intro-
duced and have established themselves. An addi-
tional 7 species were introduced but failed to es-
tablish permanent populations.

However, of all these species supported by the
Great Lakes, only 53 have, at various times, con-
sistently contributed to the eommercial fishery as
food. An additional 8 species contributed in a mar-
ginal way. Of the total, 26 are definite sport fishes, -
11 are marginal sport fishes, and 28 species are, or
have been, both commercial and sport fishes. An -
additional 10-or 12 species, principally minnows,
are of commercial importance as the basis of a
bait business associated with sport fishing. The -
maximum numbeyr of utilized speeies is about 110,
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-but only 14 of the 173 species have been considered '

prime species, readily acceptable on the market and
commanding a price commensurate with the cost of
capture and processing. Another group of prime
species is that considered adequate for sport and
food by the angler. These two groups are listed. in
Table 1-9. Not all of these species can be taken
today; some are endangered, and some are extinet.

TABLE 1-9 Historically Important Commer-
cial and Sport Fishes of the Great Lakes

Genus and Species

Common Name

COMMERCIAL FISH

lake sturgeon Acipenser fulvescens
lake trout
lake whitefish

cisce (lake herring)

Salvelinus namaycush
Coregonus clupeaférmis
Coregonus artedii
bloater Ceoregonus hoyl
deepwater cisco Coregonus johannae
blackfin cisco CD.Eegonus nigripinnis
kiyi’ Coragonus kigi’
northern pike Esox lucius
white. bass Roccus cfxrysops
yellow perch Perca flavescens
sauger Stizostedion canadense
walleye Stizostedion vitreum vitreum

blue walleye (blue pike) Stizostedion vitreum glaucum

SPORT FISH

rainbow trout Salmo. gairdneri

brown trout Salmo trutta
brook trout Salvelinus fontinalis
lake t1;out Salvelinus namaycush
northern pike Esox lucius
muskellunge Esox masguinongy
smallmouth bass Micropterus dolomisui
largemouth bass Micropterus salmoides
yellow perch Perca flavescens

walleye Stizostedion vitreum

‘Habitat conditions vary over inland lakes and
streams with coldwater species dominating in the
.northern half of the Basin and warmwater species
most common in the southern portion. Trout fishing
is good in many lakes and streams in Minnesota,
Wisconsin, Michigan, Pennsylvania and New York.
Some of these lakes and streams are stocked on a
. “put and take” basis.

Sport fishing for warmwater. species such as
smallmouth bass, northern pike, walleyes, large-
mouth bass, and muskellunge is a multimillion dol-

lar business. In addition, panfish such as bluegill,
perch, and other species are abundant throughout
the Basin. The number of fishermen seeking these
species may exceed those angling for game fish,
Salmonid fishing is also noteworthy. Recent stock-
ing of the Great Lakes with coho and chinook
salmon has made these fish abundant in streams
tributary to Lakes Michigan, Superior, and Huron.

The introduction and immigration of exotic spe-
cies has modified the native species distribution
greatly. Carp were introduced the latter part of the
19th century, and substantial populations were well
established by 1900. Smelt were stocked. in a lake
tributary to Lake Michigan in the 1920s, and spread
quickly throughout the upper Great Lakes and into
Lake Erie. The sea lamprey and the alewife, now
abundant in most of the Lakes, were unknown
except in Lake Ontario prior to the opening of the
Welland Canal. It is generally accepted that the sea
lamprey entered Lake Ontario after 1880 via the
Erie Canal. The first record of alewives in Lake
Ontario was in 1873. Carp and smelt have contrib-
uted substantially to the commercial take. Alewife,
despite its abundance, is difficult to market. The
white perch is a recent immigrant. A large popula-
tion is established in Lake Ontario in the Bay of
Quinte and in eastern Lake Erie. The relationship
of these exoties to other species is as yet unknown,
except in the case of the sea lamprey, which, be-
cause of its parasitic nature, has caused drastic
decreases in the abundance of certain native fishes.
Control measures have been undertaken by both
the U.S. and Canada. :

1.4.4.5 Mammals and Birds

Nearly all of the Great Lakes Basin is wildlife
habitat. In the U.S3. portion of the land area, there
are 75 million -acres of habitat or resource base out
of a total of 84 million acres. The shoal waters in the
TU.S. portion of the Great Lakes total 610,000 acres.
Of this total, 491,000 acres are important to wild-
life. All of the open waters are used from time to
time by migrating waterfowl. The value of this
habitat varies greatly, but the important eonsider-
ation is that all nonurbanized land, some urban
land, and all waters have some value to wildlife.

The eight kinds of Basin wildlife habitat include
northern wilderness forests, farmland woodlots,
blocks of eastern hardwood forest, river bottom
woodlands, serub and brush lands, open fields and
meadows, cropland, and freshwater wetland.

As a.rule, the supply of wildlife habitat other
than cropland is good in the northern and far east-
ern areas of the Basin and is only fair south of these

- areas, The country north of the Milwaukee-Buffalo

line is forested and sparsely settled, while south of




this line the area is heavily settled and is primarily
industrial and agricultural,

The single most important factor affecting Basin
wildlife and habitat is human population growth
and the resultant increase in intensity of land use,
which causes both degradation and loss of habitat.

The varieties of wildlife that occupy this habitat
are diverse, and include big game, small game, and
furbearers, waterfow), shorebirds, wading birds,
and song birds. There are about 63 species of
mammals and 300 species of birds native to the
Basin. Some of these animals and birds are rare,
some are endangered, and some are ecommon.

The Lake Superior basin is the northernmost of
the five Great Lakes basins and has ecological
characteristics that differ from the others. The
soils, waters, and the Lake are of low fertility. The
geology of the basin and the weather are responsi-
ble for the vegetative types and lack of productiv-
ity. Topsoils are thin and acidic and support only
specialized plant species. The runoff is low in nu-
trients. Streams, lakes, and marshes are infertile
and Lake Superior is a cold, infertile or oligotrophic
lake.

The wildlife species of the Lake Superior basin
reflect the soil types and plant ecology. They are
fewer in species diversity, lower in density, and
more specialized than elsewhere in the Great Lakes
Basin. Of all the wildlife species of the basin,
perhaps the timber wolf demonstrates best the
influence of the environment. The wolf requires a
vast unbroken wilderness with few human intru-
sions. He also requires white-tailed deer and moose
populations as well as smaller mammals in suffi-
cient numbers to sustain him through the winter.
Prey species require a special habitat to thrive, and
natural or man-caused disturbances in the habitat
can diminish prey species populations and thereby
diminish the wolf population.

Other Lake Superior basin species include
coyote, red fox, snowshoe hare, ruffed grouse,
black bear, bald eagle, osprey, sharp-tail grouse,
woodcock, spruce grouse, bobeat, lynx and fur-
bearers including otter, fisher, beaver, mink,
muskrat, and pine marten.

Lake Michigan and its extensive drainage basin
encompass a wide variation in vegetative and eli-
matological situations. The basin’s northern extrem-
itiesareforestedonbothsidesofthe Lake, butin
~ Wisconsin the forest cover begins to change and

gives way to agricultural lands at the Green Bay
latitude. In Michigan the forest cover extends fur-
~ ther south to approximately the Muskegon-Clare-
Midiand line. Land around the southern tip of the
Lake (exclusive of urban areas) is completely agri-

cultural with little tree cover remaining in Indiana

and Illinois,
Wildlife species in the Lake Michigan basin’s
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northern areas are the same as those of Lake
Superior basin with the exception of the timber
wolf, which is very rare. The black bear is found
throughout the northern region. Further south the
wildlife species become - less specialized. Farm
game such as the ring-necked pheasant, cottontail

~ rabbit, and gray and fox squirrel, and big game

such as the white-tailed deer and black bear are
common.

Michigan contains a pocket of prairie chicken
habitat, which supports a low population of these
rare birds. Another rare species found in the area is
the Kirtland's warbler which nests in a special
habitat niche in young pine forest lands. Bald
eagles and ospreys, which used to be common in the
Green Bay area and in the islands and bays on the
opposite side of the Lake, are becoming less com-
mon but are still present seasonally. Remaining
waterfow!] marshes in the Green Bay area support
nesting and idle waterfowl. Significant waterfowl
marshes exist in the Fox River and Wolf River
drainage basins and at Seney, Michigan. Small wa-
terfowl marshes also exist at river mouths around
the Lake.

Degraded habitat in the urbanized southern Lake
Michigan basin supports little wildlife. However,
some paradoxes oceur here, Large flocks of resting
waterfowl are to be found off the Gary, Indiana,
steel complex during the fall. City parklands and
forest preserves support small pepulations of rab-
bits, squirrels, furbearers, and numerous species of
songbirds. These are important because they pro- -
vide recreation and outdoor enjoyment right in the
urban areas.

The northern half of the Lake Huron basin has a
rolling topography vegetated with a variety of cov-
er types including northern forest jack pine and
other timber, open grassy areas, wooded bogs, and
brush lands. Many small lakes and marshes are
present, and this region is of high wildlife value.
The southern half is generally flat, heavily agricul-
turalized, and less wooded. The streams are slow-
moving and of lower quality than the northern
streams, but wetlands important to wildlife are
present,

Many thousands of acres of fine waterfow! marsh
surround the open waters of Saginaw Bay and
extend inland up the Saginaw River system, creat-
ing a nationally known waterfow] concentration
area. Inland wetlands also support nesting popula-
tions of geese and ducks.

The Lake Huron Area has a variety of wildlife

" species such as black bear, white-tailed deer, elk,

turkey, sharp-tailed grouse, prairie chicken,
mourning dove, ring-necked pheasant, woodcock,
ruffed grouse, cottontail rabbit, snowshoe hare,
gray squirrel, fox squirrel, aquatic and terrestrial
furbearers, bobcat, waterfowl, shore birds, pas-
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serine birds, and other songbirds. Eagles, osprey,
and the endangered Kirtland’s warbler can also be
found in the basin.

The western part of the Lake Erie basin is a flat
lake plain, heavily farmed and urbanized. Cover
consists of brushy, idle farmiand, smal! woodlots,
and wooded stream bottoms. Stream gradients are
very gentle and streams are wide, shallow, and
slow-moving. The tree and shrub species are those
of the eastern deciduous forest.

The very gently sloping character of the west
end of the Lake Erie bagin changes almost imper-
ceptibly eastward, first to rolling topography and
then to plateaus and glaciated valleys in New York.
The cover here is much more extensive than in the
western half of the basin. Tree and shrub species
are the same as in the western basin, but also
include conifers and shrub species associated with
northern hardwoods. The wildlife of this area in-
cludes those species adapted to farmed areas and a
low-to-medium population of forest species. Some
white-tailed deer are found in the western basin,
but the Allegheny Plateau in the east is the best
forest wildlife habitat, with ~white-tailed deer,
black bear, turkey, ruffed grouse, and squirrels
present. Probably the most important wildlife pop-
ulations of the basin are the waterfowl in the highly

productive marshes of the western basin and in.

scattered areas in the eastern basin.

The Lake Ontario basin contains a wide variation
of sometimes complicated topographic features,
‘The level plain around the edge of the Lake gives
way to rolling, glaciated topography. The uplands
are plateaus or glaciated hills with steep slopes.
The total relief from the St. Lawrence River to the
Adirondack Mountains is the greatest in the Basin.

Wildlife habitat in the Lake Ontario basin is
varied and is generally of high quality for wildlife
production. Farming is restricted to localized areas
of suitable soils. Elsewhere, secondary forest cover
remains. Tree species are those of the northern
forests, including balsam fir, white pine, hemlock,
birch, spruce, maple, and aspen. In the lower ele-
vations of the western half of the basm, only de-
ciduous species are found.

Bays, river mouths, and shoreline estuarles in
. the St. Lawrence River include many thousands of
acres of some of the finest freshwater marshes in
New York State. There are also high quality inland
marshes in the river system, particularly down-
_stream from the Finger Lakes and in the St.
Lawrence Plain.

Wildlife species in the Lake Ontario basin include
waterfow! and shorebirds, and farm and forest
wildlife.

dium . densities. Furbearers are well established.
Cottontail rabbit, ring-necked pheasant, squirrels,

White-tailed deer, black bear, ruffed-
grouse, and other forest species are found in me-

. and other farm game species are found in medium-

to-high densities, as are waterfowl species.

1.5 Human Characteristics

Water and related land resources have histori-
cally played a key role in economic development and
population distribution over the Great Lakes Basin.
By 1850theexploitationof theiron, eopper, tim-
ber, and agricultural resources had begun, and the
Great Lakes were now to become a main commer-
cial waterway for the nation. Railways came to the
Lakes during this time. encouraging more settle-
ment. Locks and canals built during this century
provided Great Lakes ports and cities new oppor-
tunities for growth.

The Great Lakes also supported a thriving com-
mercial fishing industry, famous for whitefish, lake
trout, and other species, which peaked in the 1890s
and has generally declined since that time, The
industry felt particularly the deadly effects of the -
sea lamprey.

The Great Lakes Region has water supply, min-
eral resources, and transportation routes which
have combined to create major industrial develop-
ments and population concentrations at former
trade centers or port cities. The lower Lake basins
have developed most rapidly, while some northern
areas of the Basin have declined in population in
recent years, largely because of the relatively
harsh climate and isolation.

1.5.1 Population and Economic Factors
The availability and high quality of natural re-

sources continue to be major factors in develop-
ment patterns of the Basin. Consequently, a ma-

- jority of the people in the Basin are concentrated in

port and industrial centers along the shores of the
Great Lakes or near the junctions of major land
and water transportation routes. In addition to this
growth of urbanized centers, some rural nonfarm
areas continue to grow rapidly.

1.5.1.1 Population

Although the Great Lakes Region constitutes
only 4 percent of the nation’s area, the population
has consistently accounted for approximately 15
percent of the people in the United States in the
census decades from 1940 to 1970 (14.4 percent in
1970). The population density for the Region is four
times the national average. There is considerable
variation among the Lake basins in population dis-
tribution and in urban-rural balance. The Lakes
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TABLE 1-10 - Population Di‘stributibn, Great Lakes Basin

Plan Area - Number of Persons ’ Population Distribution

Planning Subarea © . . Actual ) Projected % of % of % of
& State 1960 1970 1980 2000 o 2020 PSA  Plan Area Gt Lks Basin
1.0 Lake Superior 544,784 533,539 537,900 594,600 668,800 - 100 1.8

1.1 . : 358,722 345,155 366,600 417,200 475,000 100 68.1 ‘ 1.2
Michigan : - - o T o— -— —_ e _—
Minnegota 276,599 265,539 288,188 334,297 386,147 77 —— —_—
Wiscansin . 82,123 79,616 - 78,375 82,950 88,890 23 — -
1.2 - 186,062 ) 188,384 171,300 117,400 193,800 100 38.2 0.6
Michigan - 186,062 - 188,384 171,294 177,377 193,767 100 —-—— —_——

" Wisconsin - o —-— ’ — — - e —— ———
2.0 Lake Michigan 12,041,378 13,516,965 15,542,300 19,645,400 24,829,500 100 46.1
2.1 896,396 1,005,023 1,082,100 1,357,600 1,726,000 100 7.4 3.4
Michigan 65,786 62,153 66,059 74,089 86,114 6 —— [ m—
Wisconsin - 830,620 " 942,870 1,016,073 1,283,534 1,639,932 94 —_— ——

T 2.2 . 8,481,097 9,492,823 10,999,000 13,844,500 17,385,700 100 70.2 . 32.4
‘Tllinois 6,220,913 6,978,947 7,884,751 9,625,841 11,782,042 74 -+ ——— S -
Indiana - 686,570 757,989 914,612 1,221,634 - 1,611,178 8 — -
Michigan -— . -—- — L e e
Wisconsin 1,573,614 . 1,755,887 2,199,616 © 2,996,976 3,992,508 18 | --— iy
-2.3 . 2,211,001 2,522,579 2,914,000 3,771,900 . 4,876,400 100 18.7. - 8.6
Indiana 440,573 478,991 527,185 - 635,519 778,309 19 —— ———
Michigan 1,770,428, 2,043,588 2,386,807 3,136,340 4,098,081 . B1 -— ————
2,4 ' 452,884 496,540 547,200 671,400 841,400 100 3.7 1.7
Michigan 452,884 496,540 547,187 671,372 841,443 100 —— —_—
3.0 Lake Michigan 1,056,577 1,236,265 1,411,000 1,809,200 12,324,400 - 100 - 4.2
3.1 ’ 119,007 - 142,064 164,300 2@3,700 267,000 100 - 1L.5 . 0.5
Michigan - 119,007 142,064 164,285 208,655 266,959 100 —= . ————
3.2 937,570 1,094,201 1,246,800 1,600,500 2,057,400 100 -  88.5. 3.7
Michigan 237,570 1,094,201 1,246,751 1,600,538 2,057,431 100 — —
74.0 Lake Erie 10,465,813 ‘11,513,853 13,299,600 ~ 16,794,200 21,280,500 . 1e0 ' 39.3
4.1 T 4,291,457 4,848,153 5,801,700 7,425,200 9,567,600 100 - 42.1 16.5
Michigan . 4,291,457 - 4,848,153 5,801,693 . 7,425,197 9,567,643 100 = =m— -—

~ Ohio -—- -— - -— e e -
4.2 1,565,736 .1,725,351 1,963,500 2,473,800 3,116,200 100 - 15.0 5.9
Indiana 285,110 338,163 403,574 561,272 775,863 20 ' : -
Michigan - - - - -— R —-— -
Ohio 1,280,626 1,387,188 1,559,893 1,912,551 2,340,323 80 -——= ) -
4.3 : 2,825,417 3,098,513 3,476,400 4,389,200 5,526,500 100 26.9 10.6
Ohico 2,825,417 3,098,513 3,476,359 4,389,182 5,526,520 100 —— ——
Pennsylvania - - —_— T ——— -— ——— §——
4.4 71,783,203 1,841,836 2,058,000 2,506,000 3,070,200 100 = 16.0.° 6.3
New York .- 1,532,521 1,578,182 1,764,995 2,143,968 2,617,288 86 - —-_——
Penasylvania 250,682 263,654 293,010 . 362,015 452,944 14 ——— —
_5.0 Lake Ontario 2,256,046 2,531,673 2,775,600 3,494,900 4,393,100 100 - B
5.1 © 797,364 946,131, 978, 200 1,221,800 - 1,538,000 100 37.4 3.2
New York "797,364 946,131 978,212 1,221,785 1,538,044 100 —— o =
Pennsylvania - - -— -— - —— — ——

5.2 - 1,236,359 . 1,361,399 1,571,700 2,015,900 2,556,500 - 100 53.8 4.6
New York 1,236,359 1,361,399 1,571,672 = 2,015,912 2,556,549 100 ——— ' —
5.3 222,323 224,143 225,700 257,200 298,600 100 8.8 ) © 0.8
. New York 222,323 224,143 225,655 257,172 298,586 100 e —_——

TOTAL S 23,364,598 29,332,295 33,566,400 42,338,300 53,496,300 .
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Michigan and Erie plan areas have accounted for
about 46 and 39 percent, respectively, of the total
population of the Region in the period 1940 to 1970.
The other plan area percentages are Lake Ontario,
9 percent; Lake Huron, 4 percent; and Lake Supe-
rior, 2 percent. Details of actual and projected
population are given in Table 1-10, in which popu-
lations for State portions of planning subareas
are taken from Table 1941 of Appendix 19, Eco-
nomic and Demographic Studies, and populations
for PSAs are taken from Tables 19-11 to 1940
inclusive, in which the projected data are rounded
and adjusted. The State data do not correspond
exactly with the data broken down by PSAs for the
projected years 1980, 2000, 2020. Summaries of
total and urban population by plan areas and States
are shown in Tables 1-11 and 1-12.

Most of the 29 million people in the Great Lakes
Basin reside in urban port areas along the shores of
the lower Great Lakes. Major urban complexes
accounting for a dominant share of the Region’s
population include Milwaukee, Wisconsin; Chicago,
Tllineis; Detroit, Michigan; Cleveland, Ohio; and
Buffalo, New York. Over 80 percent of the popula-
tion is classified as urban. Data on Standard Met-
ropolitan Statistica! Areas (SMSAs) are given in
Table 1-13. ‘ '

The northern and inland portions of the Basin are
more sparsely populated than areas situated along
or near the Great Lakes shoreline. Population den-
sities are lowest in the northern portions of Minne-
sota, Wisconsin, Michigan, and New York. De-
clines in population have been noted in some
counties in these areas.

TABLE 1-11 Great Lakes Region Population and Urban Population by Plan Area, 1970

Percent of Percent
_ 1970 Great Lakes Urban of Region
Plan Area Population Region Population Population
1.0--Lake Superior 533,539 i.8 315,789 1.1
2.0--Lake Michigan 13,516,965 46.1 11,186,962 38.1
3.0--Lake Huron 1,236,265 4.2 702,813 2.4
4.0--Lake Erie 11,513,853 39.3 9,727,303 33.2
5.0--Lake Ontario 2,531,673 8.6 1,593,388 S.4
TOTAL 29,332,295 100.0 23,526,255 'EETE
TABLE 1-12 Great Lakes Region Population and Urban Population by State, 1970
Percent of ~ Percent
1970 Great Lakes Urban of Region
State Population Region Population Population
Illinois 6,978,947 23.8 6,710,912 22.9
Indiana 1,575,143 5.4 1,206,116 4.1
Michigan 8,875,083 30.2 6,553,773 22,3
Minnesota . 265,539 - 0.9 175,612 0.6
New York 4,109,855 14,0 2,851,286 9.7
Ohio 4,485,701 15.3 3,691,014 12.6
Pennsylvania 263,654 0.9 197,659 0.7
Wisconsin 2,778,373 9.5 2,139,883 7.3
~ TOTAL 29,332,295 100.0 23,526,255 80.2




TABLE 1-13 Population Data by SMSA for the
Great Lakes Basin, 1960 and 1970

SMSA and State 1960 1970
TOTAL GREAT
LAKES BASIN 26,364,598 29,332,295

TOTAL 30 SMSAs in

GREAT LAKES BASIN 22,022,603 24,974,257
ILLINOIS 6,220,913 6,978,947
_ Chicago 6,220,913 6,978,947
INDTIANA 1,076,801 1,193,853 .
Fort Wayne 232,196 280,455
Gary-Hammornd-
E. Chicago 573,548 633,367
South Bend 271,057 280,031
MICHIGAN 5,962,457 6,806,151
Ann Arbor 172,440 234,103
Bay City 107,042 117,339
Detroit 3,762,360 4,199,931
Flint 416,239 496,658
Grand Rapids 461,906 539,225
Jackson 131,994 . 143,274
Kalamazoo 169,712 201,550
Lansing 298,949 378,423
Muskegon-
‘Muskegon Heights 149,943 157,426
Saginaw 190,752 219,743
Toledc, Ohio-Mich.
(Mich, portion ouly) 101,120 118,479
MINNESOTA 231,588 220,693
Duluth-Superior,
Minn.-Wis. (Minn.
portion only) 231,588 220,693
NEW YORK 2,934,097 3,209,055
Buffalo 1,306,957 1,349,211
Rochester 732,588 882,667
Syracuse . 563,781 636,507
Utica-Rome: 330,771 340,670
OHIO 3,422,739 3,745,840
Akron " 605,367 679,239
Cleveland 1,909,483 2,064,194
Lima 160,862 171,472
Lorain~Elyria 217,500 256,843
Toledo, Ohio-Mich.
{Ohio portion only) 529,527 692,571
PENNSYLVANIA 250,682 263,654
Erie - 250,682 263,654
WISCONSIN 1,923,326 2,172,235
Appleton-Oshkosh 231,990 276,891
Duluth-Superior,
Minn.-Wis. (Wis.
portion only) 45,008 44,657
Green Bay 125,082 158,244
Kenosha 100,615 117,917
Milwaykee 1,278,850 1,403,688
Racine 141,781 170,838
ROTE: Subsequent to the 1970 census the def-

initions of the SMSAs have been changed,
some areas modified, and new SMSAs iden-
tified. These changes are not reflected
in the table. One of the new SMSAs is
Battle Creek, Michigan. Changes affect-
ing area and/or title have been made. in.
Fort Wayne, Indiana; Detroit, Flint,
Kalamazoo, Lansing, Muskegon-Muskegon
Heights, Michigan; Toledo, Mich—Ohio;
Rochester, New York; and Lima, Ohio.

1960 and 1970 Census of Population,
U.8. Department of Commerce, Bureau of
the Census, for the above states.

SOURCE:
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1.5.1.2 Economic Base

From the viewpoint of economic development the
dominant characteristic of the Great Lakes Region
is its location within the highly industrialized and
heavily populated north central United States.
Furthermore, the Great Lakes area lies-astride the
transcontinental link between the agricultural pro-
duction regions of the north central States and the
consuming areas to the east. Included in the area
are the major routes through the United States
manufacturing belt and the direct line between the
metropolitan complexes of Chicago and New York.
Moreover, the 95,000 square miles of water surface
provide the means of transporting over 100 billion
ton-miles of waterborne freight per year over the
Great Lakes-St. Lawrence Seaway navigation sys- -

-tem,

The Great Lakes Region is typified by a wide
variety of economic conditions and- occupational
pursuits. The northern Basin is characterized by
industry dependent on forest and mineral resources
and the growth of the year-round recreation and
tourist industry. Low family incomes, outmigra-
tion, and poor farming are typical in many of these
northern areas. Agriculture and diversified man-
ufaeturing are concentrated in the ecentral section
of the Basin, while on the Lake shores there are a
number of centers for heavy industry, with em-
phasis on iron, steel, petroleum, and chemical pro-.
duction. General farming is practiced over large
areas- in the southern part of the Basin, while
specialized crops are grown along the lee sides of
the Lakes. The recreation industry is important in
the northern and eastern sections of the Basin.

About 50 percent of the nation’s steel production
comes from the Great Lakes Region. Value added .
in manufacture in the Region reached $58.1 billion
in 1967, 22 percent of the nation’s total. Nearly 8
percent of the nation’s mineral production value, or
approximately $1.5 billion, came from the Region in
1968. Slightly more than 71 percent of the nation's -
iron ore dollar value was derived from the Great
Lakes area in that year.

Agricultural sales in 1964 of crops, livestock, and
livestock products were $2.4 billion, which repre- -
sented nearly 7 percent of the national tetal (Fables
1-14 and 1-15). Forest production values of timber
cut (stumpage) in 1962 was more than $19 millicn,
while harvested forest resources were valued.at .
$85 million for the Region. Value added in timber- -
based economic activities in 1962 amounted to al-
most $2 billion.

In 1970 approximately 11.3 million persons (38.5
percent of the population) found _employment  in
agrieulture, forestry, fisheries, mining, manufac-
turmg, trades and services, and other oceupations
in the Region (Figure 1-8). Since 1940 the Reégion
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TABLE 1-14 Great Lakes Region Share of
United States Total for Selected Agricultural
Commodities, 1964

Percent -of

Commodity U.S.. Total
Alfaifa 12.7
All Hay 10.3
Dry Field Beans 49.6
Corn Silage 15.7
Oats 14,7
Potatoes _ 8.7
Corn, Grain 8.5
Sugar Beets 7.2
Soybeans | 6.8
Wheat 6.8
Rye 5.8
Barley 0.1
Sour Cherries ] 90
Sweet Cherries 35
Apples ! _ 23
Pears ' 7
Grapes

Peaches | 4
Cucumbers & Pickles - 33
Snap Beans 30
Cabbage ' - 21
Dry Onions 18
Sweet Corn 17
Green Peas 16

has employed about 15 percent of the nation’s total
work force. Projections for the next 50 years indi-
cate an overall decline in the Region’s share for
_national employment to 13.6 percent by 2020. Data

- on employment by selected industries for plan

_areas-are shown in Table 1-16, and for-the Region
‘in Figure 1-8. The breakdown of “other” in this
figure is based on total earnings which represent
.employment for the Basin with reasonable -accu-
racy.

TABLE 1-15 Great Lakes Basin Share of Total
United States Production of Livestock and Live-
stock Products

Percent of

Item ~Total U.S.

Value of livestock &
livestock products 7.4

No. of milk cows 15.3
Pounds of milk sold 18.4
- No. of cattle sold 4.2
No. of calves sold 5.0
No. of hogs & pigs sold 5.2
‘No. of sheep & lambs . sold 2.7
Dozens of eggs sold 7.1
No. of broilers sold 0.6
‘No. of ‘hens & roosters sold 7.0

Source: U.S. Department of Commerce,
Agricultural Census, 1964

Transportation,
Communications,

Public
Utilities

Contract Construction
~MANUFACTURING

1.8%
~ AGRI-
CULTURE
Finance, ORESTRY,
Insurance \Su Services | 13.3% \XFISHERIES
‘ , 1

" Real Estate i INING

0.3%
OTHER 63.3% Government

FIGURE 1-8 Employment, Great Lakes Re-
gion. The breakdown of “other” is based on total
earnings which represent employment with rea-
_sonable accuracy.

In 1970 nearly $114 billion (18 percent of the
‘national total) in total personal income was gen-
erated in the Région. The heavy concentration of

- industrial activity has supported per capita income
- and personal income at a level 20 percent higher

than for the nation as a whole. Additional informa-
tion is provided in Section 3 of this appendix.
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TABLE 1-16. Employment by Selected Industries, 1950-1970 and Projected 1980-2020 (in thousands)

) Actual Projected
Industry & Plan Area 1950 1960 1970 1980 . 2000 2020
Agriculture
~ Forestry & Fisheries
1.0 18.3 7.6 3.8 4.5 2.9 1.8
2.0 220.0 142.2 95.1 97.0 69.5 49.7
3.0 40.6 21.3 11.4 12.4 7.3 4.5
4.0 131.8 87.2 58.7 60.0 43.0 30.5
5.0 -69.0 47.3 31.7 31.6 . 22,6 16.1
Total 479.7 305.8 200.7 205.5 145.3 102.6
Mining
1.0 19.3 .21.9 17.0 17.2 16.8 16.6
2.0 7.2 - 7.3 8.4 6.1 6.2 6.1
3.0 2.3 2.0 1.7 1.8 1.6 1.5
4.0 5.8 5.7 8.7 5.3 5.5 5.7
5.0 3.8 3.6 3.2 2.4 2.1 1.9
. Total 38.7 40.5 39.0 32.8 . 32.2 31.8
A Manufacturing )
1.0 33.4 27.7 $25.5° 29,6 31.5 34.8
2.0 - '1,544.6 1,769.1 = 1,808.4 2,101.3 2,357.4 '2,705.0
3.0 120.3 146.6 165.4 201.3 247.1 .305.9
4.0 . 1,422.6 1,532.5 1,597.4 . - 1,816.0 2,015.6 . 2,286.7
5.0 _ 264.2 295.2 308.8 355.8 413.9 485.8
Total 3,385.1 3,771.0 3,905.5 4,504.0 5,065.5 5,818.2
‘Other (Including '
Federal Military)
1.0 109.2 117.3 125.5 143.8 170.5 ~-198.13
2.0 2,339.8 2,756.9 . 3,436.0 4,172.6 5,673.9 7,436.2
3.0 , 137.9 186.1 - 243.5 315.7 . 4424 - 595.4
4,0 1,808.4 2,175.9 2,731.3 3,401.9 4,672.1 6,207 .5
5.0 407.2 488.2 - 620.7 718.8 972.9 1,271.5
Total 4,802.5 5,724.6 7,157.11 . 8,752.8 11,931.8 15,708.9
" Total Employment _ . .
1.0 180.2 - 174.5 .171.8 194.8 221.8 251.5
2.0 : - 4,111.6 4,675.4  5,347.9 . 6,378,0 ° 8,107.8 10,198.0
3.0 301.5 356.0 422.1 530.2 - 698.0 907.0
4,0 " 3,368.6 3,801.4 4,396,2 | 5,283.2 6,736.1 - 8,530.1
5.0 T44.1 . 834.6 964.4 - 1,108.8 1,411.8 1,776.2
Tot

otal .8,706.0 9,841.8 11,302.3 13,495.0 - 17,175.5 21,662.8

lSee Figure 1-8 for breakdown of "other™.

NOTE: Entries may not add to total because of rounding.
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1.5.2 Institutional Arrangements:

The responsibilities for managing the conserva-
tion, development, preservation, and use of water
and land resources in the Basin are complex and
diffused among various international, Federal,
State, and local levels of government, and nu-
merous nongovernmental institutions.

As the problems concerning the Lakes have in-
creased, -so have the interests and concerns of

people and organizations. This has resulted in in- .

creased activity by. governments, organizations,

and private citizens. In recent years the number of -

institutions -coneerned with the Great Lakes has

increased dramatically. Missions sometimes are. -

uncoordinated and overlapping, and there are some
gaps in coverage. Cohesiveness and definition of

purpose among -these institutions requires-

strengthening. (The responsibilities, history, and
activities of many of the institutions mentioned
here are described in the Great Lakes Basin Com-
mission publications, Great Lakes Institutions,
June, 1969, and.- Great Lakes Directory, March,
1976.)

More than one-third of the boundary between the

United States and Canada traverses the Great -

Lakes. Because of the nature of the Lakes and
their importance to the two countries, it-has long

been recognized .that close international coopera--

tion between the United States and Canada in the
management and control of the Great.Lakes is
beneficial to both countries. This cooperation is

conducted through two international eommissions -
and other less formal institutions. The Interna-
tional Joint Commission, established in 1909, deals’

with all boundary waters. The Great Lakes Fishery
Commission was organized in 1955. Less formal
international institutions working within the Basin
include: Coordinating -Committee on Great Lakes
Basin Hydraulic and Hydrologic Data (1953), Great

Lakes Study Group and Federal Interagency Com--
‘mittee (1962), International Association for Great:
Lakes Research (1967), and International Field

Year on the Great Lakes (1968-74).

In the United States portion of the Great Lakes
Basin, the Federal government has definite statu-
tory responsibilities for planning and management
of Basin resources. Institutions most directly re-

sponsible on the Federal level include the U.S. -

'Departments of Agriculture, Army (Corps-of En-
gineers), Commerce, Health, Education and Wel-

fape, Housing and Urban Development, Interior,

and Transportation; the Federal Power Commis-

sion; and the Environmental Protection Agency. .

The Great Lakes Basin Commission and Upper
Great Lakes Regional Commission are State/Fed-
eral organizations .active in resource planning for
their respective jurisdictional areas. In 1955 the

- water influence the use of land resources.

eight States of the Basin established by compact

‘the Great Lakes Commission for more effective

management of certain Lake resources.

Under the Federal system, all powers not spe-
cifically granted to the Federal government are
reserved for the States, State regulation of water
use is specifically derived from the general police
powers.

In turn, the political subdivisions of the States,
that is, local governmentalunits, may exercise only
those powers delegated-by the State constitution or
State legislative body. Through such enabling leg-
islation, municipalities, counties, and townships

" have received. authorization to engage in varied

water resources functions throughout the Basin. In
addition,; the various State legislatures have sane-
tioned ‘the creation of a host of special purpose
districts with powers to furnish different water

_ services,

All such special purpose. districts and -all units of

*. local government operate under enabling statutory

provisions which define their financial, proprietary,
and regulatory powers. These limitations -are ex-
tremely important with regard to the effectiveness.
of local governmental units in meeting the needs
for water services and in solving related problems.
Complex aggregation of county agencies into re-
gional commissions is also common in the Basin,
The Northeast Illinois Planning -Cemmission, for
example, represents six counties and more than
1,700 separate local governments. Added to these
public institutions is a rapidly growing number of

special interest groups.

1.6 Use of Resources |

The uses of resources for specific purposes and as
they relate to the selection of programs making up
the frameworks are discussed in other appropriate
sections.

1.6.1 Land Use, Treatment, and Management 7

The availability, distribution, control, and use of
Con-
versely, land use, treatment, and management:
practices are closely associated with the quality and
gquantity of water resources in the Great Lakes
Basin. Ownership of the 83.6 million acres of land in
the Great Lakes Region is shown in Figure 1-9.--
Urban areas dominate the western and southern-
shores of . Lakes Michigan, Erie, and Ontario;
forests are mainly concentrated in northern Min-
nesota, Michigan, Wisconsin, and New York; and
agricultural lands are primarily found in eastern
Wisconsin. northern Indiana, northern Ohio,
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TABLE 1-17 Water Area and Land Use, Base Year 1966-1967, (in thousands 6f acres)

Rivers Land Resource Base
Plan Area- Lakes, and Total - Urban Pasture Forest

and PSA Total Areal Embavments Land Area Builes-Up Cropland Range Land Cther Total
PSA 1.1 10,324.5 851.0 9,473.5 284.5 430.1 99,5 B,354.9 304.5 9,189,0
1.2 6,673.9 232.1 6,441,8 137.8 262.8 65.8 5,909.6 65.8 6,304.0
Plan Area 1.0 16,998.4 1,083.1 15,915.3 422.3 692.9 165.3  14,264.5 370.3  15,493.0
PSA 2.1 10,401.9 391.2 10,010.7 464.0 3,316.4 356.7 5,116.5 757.1 9,546.7
.2.2 5,315.8 103.7 5,212.1 1,210.5 2,B43.4 237.4 340.7 580.1 4,001.6
" 2.3 9,126.4 171.0 8,955.4 818.5 5,374.8 459,4 1,704,7 598.0 5,136.9
2.4 8,439.0 344.8 8,094.2 4514.8 1,481.5 351.8 5,434,3 411.8 7,679.4
Plan Area 2.0 33,283.1 1,010.7 32,272.4 2,907.8 13,016.1 1,405.3 12,596.2  2,347.0 29,364.6
PSA 3.1 4,167,0 149.2 4,017.8 179.6 531.2 173.6 2,914.3 219.1 3,838.2
3.2 4,461.4 37.3 4,424, 389.0 2,370.0 185.2 1,194.7 285.2 4,035.1
Plan Area 3.0 8,628.4 186.5 8,441.9 568.6 2,901.2 358.8 4,109.,0 504.3 7,873.3
PSA 4.1 4,062,1 B1.7 3,980.4 759.5 2,215.6 117.7 665.7 221.9 3,220.9
4,2 6,368.7 49,2 6,319.5 567.8 4,735.1 213.8 453.4 349.4 5,751.7
4.3 2,332.2 23.6 2,308.6 609.0 741.3 131.3. 538.8 288.2 1,699.6
4.4 3,113.0 o 4301 3,069.9 485.0 B58.7 252.6 1,364.5 109.1 2,584,9
Plan Area 4.0 15,876.0 197.6 15,678.4 2,421.3 8,550.7 715.4 3,022.4 968,6 13,257.1
PSa 5.1 2,476,8 18.1 2,458.7 271.1 1,055.1 162.9 871.5 98,1 2,187.6
5.2 5,682.6 255,2 5,627 .4 250.7 1,759.1 443,7 2,545.7 428.2 5,176.7
5.3 3,561.6 176.0 3,385.6 145.9 633.9 254.4 2,215.4 136.0 °  3,239.7
Plan Area 5.0 11,721,0 449.3 11,271,7 667.7 3,448,1 861.0 5,632.6 662.3 10,604.0
TOTAL 86,506.9 2,927.2 83,575.7 6,987.7 28,609.0 3,505.8 39,624.7 4,852,535 76,592,0

larea measurement by county boundaries.

TABLE 1-18 State Summary of Water Area and Land Use, Base Year 1966-1967, (in thousands of

acres) ' _ ,
Rivers Land Resource Base
Lakes, and Total Urban Pasture Forest
State Total Areal Embayments Land Area  Built-Up Cropland Range Land Qther Total

Illinecis 2,401.3 34.0 2,367.3 678.0 1,249.6 98.7 93.0 248,0 1,689.3
Indiana 3,687.0 51.7 3,635.3 381.4 2,392.5 203.1 302.6 355.7 3,253.9
Michigan 37,258.1 1,035.0 36,223,1 2,594.8 11,338.2  1,268.4 19,347.7 1,674.0 33,628.3
Minnesota 7,317.8 737.9 6,579.9 162.5 258.3 62.0 5,981.5 115.6 6,417.4
New York 14,309.8 487.3 13,822.5 1,103.6 4,164.6 1,072.4 6,773.4 708.5 12,718.9
Ohio - 7,816.4 68.9 7,747.5 1,074.6 4,837.5 304.5 920.3 610.6 6,672.9
Pennsylvania’ 524.2 5.1 519.1 49,1 142.2 41.2 223.7 62.9 470.0
Wisconsin 13,192.3 507.3 12,685,0 - °  943.7 4,226.1 455.5 5,982,5 1,077.2 - 11,741.3
Gréat Lakes 86,506.9

Total ’ 2,927.2 83,579.7 6,987.7 28,609.0 3,505.8 39,824.7 4,852.5 76,592.0

lArea meacurement by county boundaries.

southern Michigan, and parts of New York. Table
1-17 provides information for the Region on land
use by plan area and planning subarea. Table 1-18
provides the same information by State. Informa-
tion on land use is displayed in Figure 1-10.
Approximately 47 percent of the Region is cov-
ered by forests. More than 95 percent of the Re-
gion’s forest land is classed as commercial, with
about 58 percent of those lands in farm and miscel-
laneous private ownership. Seven national forests,
seven purchase units, and eight land utilization

project areas lie partly or wholly within the Great
Lakes Region.

State, county, and private forest lands account
for more than 85 percent of the Region’s forested
area., While some of that area has received ade-
quate land treatment, more than half the area, and
some national forest land as well, can profit from
additional treatment programs and management
plans.

The protection and proper use of the soil re-
source and the orderly disposal of surplus waters
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Stateand Local 12.2%

Federal 7.4%
6,200,000

80.4%
Private (Individual

and Corporation)
67,200,000
acres

FIGURE 1-9 Land Ownership, Great Lakes
Region '

are primary concerns in all parts of the Basin.
Federal, State, and local governmental agencies
and private individuals are involved in numerous
programs to provide adequate land treatment and
management to land resources in the Great Lakes
Region.

There are 189 soil conservation distriets and/or
soil and water conservation distriets which cover
nearly all of the Basin. These distriets, organized
under State law, are locally managed. The districts
are responsible for land conservation planning, and
the implementation of wise land treatment and
conservation practices. As of 1970, these districts
have sponsored or cosponsored six resource con-
servation and development projects which cover 28
counties in four Basin States, Minnesota, Wiscon-
sin, Michigan, and New York.

Watershed projects under the Watershed Pro-
tection and Flood Prevention Aect (PL. 82-566), are
concerned with proper land treatment, agricultural
water management, and flood prevention. There
have been more than 100 applications for planning

47.4% 3429
Forested Land| Cropland

39,625000 | 28,609,000
acres

Pasture and Range Land 4.2%
,506,000 acres

Urban Built-Up

6,988,000 acres

Other Land
4,852,000 acres

FIGURE 1-10 Distribution of Total Land Area
by Land Use, Great Lakes Region, 1967-68

assistance under this program. As of January 1,
1970, 38 projects were authorized for planning, 10
had been approved for construction, and 7 had been
completed. The flood prevention project at Buffalo
Creek, New York, has also been completed.

Some of the more common conservation and land
management measures applied to reduce erosion,
control sediment runoff rates, and assist in con-
trolling both surface and subsurface water are
conservation cropping systems, contour farming,
strip cropping, pasture and hayland plantings, crop
residue management, minimum tillage, diversions,
and tile drains. Conservation practices are needed
and feasible on 16.7 million acres of cropland, 2.4
million acres of pasture, and 1.3 million acres of
other land. As of July 1, 1969, treatment has been
adequately applied on 11.9, 1.0, and 3.6 million
acres of cropland, pasture, and other land, respec-
tively. - .

As of 1965, nearly 183,000 acres of land had been
disturbed by mining operations in the Great Lakes
Region. The counties in Minnesota, Wisconsin, Illi-
hois, Indiana, and Michigan that make up the Lake
Superior and Lake Michigan basins accounted for
61 percent of the 1965 total. A '

Slightly more than half of the U.S. mainland
shoreline in the Great Lakes Basin has been subject
to erosion or flooding damages. About 10 percent of
the total shoreline is protected by shore protection
structures. Reaches of major shore protection
works are located in Cook County, Illineis; Lake
County, Indiana; and Macomb and Wayne Coun-
ties, Michigan. Five Federal beach erosion control
projects have been completed on the shores of
Wisconsin, Illinois, Pennsylvania, and New York.
Private individuals have also constructed local
shore protection works in damage areas.

An accurate measure of-land and water devel-
oped for aesthetic and/or cultural enjoyment is not
available for the entire Basin. Many areas have
been reserved for historical and cultural purposes
throughout the Basin States.

1.7 Problems, Needs, and Trends in the Great
Lakes Basin

Natural resources and human elements are in-
terrelated and must be considered together in any
discussion of problems in the Basin. The following
general discussion of Great Lakes problems and
trends is arbitrarily divided into natural and human
resource sections and represents what are consid-
ered to be important areas of systemwide concern.
Specific problems relating to water and land re-
sources are discussed as part of the treatment of
each geographic subdivision.




1.7.1 Natural

There are a number of significant water resource.

problems facing the Great Lakes and their tribu-
tary stream systems. In gross terms it is safe to say
that water quality and not water quantity is a
major problem in the Great Lakes Basin. Quality
control problems.are becoming serious in areas of
high population concentration like Chicago-Gary,
Detroit, Cleveland, and Buffalo. Lake Erie and

southern Lake Michigan are experiencing accel-

erated eutrophication as a2 result of large quantities
of untreated or inadequately treated substances
entering the Lakes. The loss of recreational use of
beaches and fish and wildlife habitat on the Great
Lakes and on interior lakes and streams illustrates
the intensity of growing pollution problems. Waste
must be controlled at its source, and additional
research is required to help answer the many
questions surrounding the pollution problem. The
projected expansion of power facilities in the Basin
raises a concern over the dissipation of large quan-
tities of heat from condenser cooling systems. The
kinds and quantities of agricultural substances ap-
plied to Basin lands must be carefully serutinized in
light of their potential effects on water quality.

In addition to excess waste and inadequate waste
treatment in many parts of the Basin, long-term
Great Lakes level fluctuations and discharge varia-
tions are a major problem. Significant damage and

lost economic opportunity arise from lake level
fluctuations. Abnormally high levels cause flooding

and erosion damage to shorelines and structures.

During periods of abnormally low lake levels, less-

draft is available to commerecial navigation, result-
ing in higher shipping costs; flows decrease in con-
necting channels, causing a decrease in hydoelectric
power generation; fish and wildlife habitat is ex-
posed and threatened; recreation craft are excluded
from canals and waterways; and the recreation
value of water and shoreline is reduced. Some
modification of the levels of Lake Superior and
Lake Ontario has been effected by eontrol works at
their outlets. The desirability and means of exer-
cising further control of lake levels is under con-
sideration by the International Joint Commission,

Commercial and recreational uses of the Great
Lakes are increasing. The completion of the St.
Lawrence Seaway has greatly expanded the eco-
nomic development opportunities for the Basin.
The trend toward larger commercial ships which
draw more water may require the enlarging and
deepening of existing projects and channels and
extending the navigation season. An expanding
recreational fleet of larger size and deeper draft
will create problems of overerowding and inade-
quate depths in existing facilities and waterways.
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The disposal of dredged material in the Great
Lakes is a problem of large proportions.

From the land resource viewpoint, inability to
keep up with recreational demand, loss of high-
value agricultural land, and uncontrolled urban
sprawl are major problems in the Basin. In general,

. one of the most critical needs for recreation in the

Basin is the provision of high-capacity facilities for
day use and weekend use close to major metropoli-
tan areas. Accessibility to all city residents must
also be provided. The shorelines and islands of the
Great Lakes offer great opportunity for recreation,
but there is a constant fight to prevent industrial,

" commercial, and private ownership from exeluding

public access to the regional land and water re-
sources. :

Flooding problems occur on an estimated 556,000
acres in the Basin. Although this flooding may be
serious locally, it has no measurable effect on the
flow regimes of the Great Lakes system. Damages
are highest in urban flood plains where there is
development that is susceptible to flooding dam-
ages, ‘

Based on conditions of the late 1960s, it is es-
timated that over 164 million tons of solids erode
from the drainage area each year. Local regions
with the most critical problems include the Chi-
cago-Milwaukee-Gary area, RBG 2.2; the south-
west Michigan-northwest Indiana area, RBG 2.3;
and the northwest Ohio-Indiana-Michigan area,
RBG 4.2, More than 50 percent of the total eroded
solids come from these three regions.

Land treatment is necessary to reduce runoff,
erosion, and sedimentation, and to improve water
management. Urban runoff must be controlled and
studied in view of the trend towards increasing
urbanization in the Basin. Significant trendsin land
use include a general decline in total and commer-
cial forest land, a decline in agricultural land, and
an increase in lands used for highways, powerlines,
urban areas, and recreational and industrial devel-
opments.

1.7.2 Human

The availability and use of natural resources
account largely for the concentration of population
and industrial growth in the Basin. In the next 50

" years, the population of the Region is predicted
 nearly to double. With industry moving to the

lakeshores, population areas may also concentrate
there. A developing Great Lakes megalopolis may
also create problems of magnitude far greater than

those experienced with only 29 million persons in

the Basin. Problems of congestion, secial unrest,
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and unemployment are magnified in heavily urban-
ized areas. In the northern portions of the Basin,
outmigration and a declining economy are critical
factors.
. The natural resources of the Great Lakes Basin
are vast but not unlimited, and the interrelation-
ships arising from their use are quite complex.
However, plans can be made which will facilitate
utilizing the resources effectively and yet judi-
ciously, and the selection of frameworks is an at-
tempt to do this in an orderly fashion.

One of the most difficult problems facing the
system is coordinating the numerous levels and

activities of the institutions which man creates to -

manage his resources and himself. The number of
governments and laws controlling portions of the
system is astounding. Canada is faced with similar
problems, and yet no institution exists to place the
numerous demands made upon the Great Lakes
system in a proper perspective.

The International Joint Commission, established

under the Boundary Waters Treaty of 1909, is
responsible for matters affecting the boundary
waters of the United States and Canada. It acts on
request from the two governments. Its level of
activity has inereased under the provisions of the
Water Quality Agreement of April 15, 1972, but it
has neither the authority or the staff to collect new
data or plan studies in the Basin.

Environment Canada and other agencies of the
Canadian government and the government of the
Province of Ontario have responsibilities for water
resource matters in their respective jurisdictions.
It is expected that, at an appropriate time, studies
may be undertaken in Canada similar to the Great
Lakes Basin Framework Study in the United
States. In the meantime close liaison is maintained
through formal channels and by informal contacts
among various representatives of the two countries
to facilitate work in both countries and to insure
that no action will be taken that is net in the
interest of ‘both countries.



- Section 2

GOALS, OBJECTIVES, SUBOBJECTIVES, AND CRITERIA

2.1 Introduction and Definition

A study which seeks ways of m'anaging water
and related land resources must have a sense of

direction. It should be oriented toward the goals of

the public. Often there are -different “publics”

-which have different goals, and these must be rec-

ognized. For such a range of goals the steps must
- be identified which lead to each goal. This enables
initial steps to be selected in full knowledge of
where they lead. Thus, such steps will not be
selected as ends in themselves, or solely for their
own ends, which may be short-sighted, but will also
be selected with a coneern for broader, long-range
goals.

The goals of the public include aspirations for .

soeial, economie, and environmental well-being.
The steps leading toward them may be defined in
many ways. One hierarchy of terms used in this and
other planning studies lends itself to definitions of
alternatives at various levels. Thus, the path may
- be traced back from the goal to the selection of the
initial step and proper choice identified at each fork
in the path.

The following definitions apply to this discussion
of goals, objectives, subobjectives, and criteria.

(1) Goal—the end to which a plan is directed.
The goal provides a specific direction in which to
proceed in order to approach the ideal condition,
but it is not necessarily obtainable. In the plural,
goals are the aspirations that people have for their
social, economie, and environmental well-being.

(2) Objective—an attainable step to be taken or
. point to be emphasized on the way toward meeting
or attempting to meet a goal. In the plural, objec-
tives are groupings of subobjectives related to each
other, which collectively define one of the four
objectives of water resource planning—social well-
being, national economic development, regional
development, and environmental quality.

(3) Subobjective—an action which allocates
human and natural (water and related land) re-
sources and/or utilizes other programs to move
toward a-defined goal. Some subobjectives are
general in nature, while others are quite specific in

terms of either geographic location or program
content. ‘

(4) Criterion—a quantifiable constraint or as-
sumption which assists the planner in selecting
programs responsive to a specified subobjective.
Criteria are not needed where subobjectives are
specific enough to enable the planner to make se-
lections among programs for a particular frame- -
work. :

A number of guidelines have been proposed for
defining the objectives by which planning studies

- will attempt to reach the goals of the people. Work

on the Framework Study was commenced under
the “Guidelines for Framework Studies,” October
1967, prepared by the Water Resources Council.
These guidelines did not specifically define objec-
tives, but the procedures outlined and the general
instruetions tended to emphasize the national
economic development objective. The three other

. objectives listed below were also expected to be

recognized in the selection of selutions to problems
and ways of meeting needs. During the course of
the Framework Study, a special task force re-
ported to the Water Resources Council in July 1970

" on suggested principles and standards for planning

the use of water and related land resources. The
task force suggested that each of the objectives of
national economie . development, environmental
quality, regional development, and social well-
being be given equal consideration in the planning
process. Following .considerable diseussion and
some modification, the “Proposed Principles and
Standards” were printed in the Federal Register,

-December 21, 1971, and public reaction was sought.

In this proposal national economic development
and environmental quality objectives were speci-
fied, but with the provisions that the evaluation of
projects should also consider regional development

-and social well-being or quality of life. Congression-

al policy, as expressed in Section 209 of P.L.
91-611, the Flood Control Aet of 1970, expressly
stated that all four items were considered to be
objectives. This was the situation during most of

~ the period of formulation of the Framework Study.

29

Subsequently the “Principles and Standards”
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were published in the Federal Register, September
10, 1973, containing only the two objectives spe-
cified in the “Proposed Principles and Standards,”
with the other two considered in analysis and. for-
mulation. The “Principles and Standards” beeame
effective on October 31, 1973, following -a brief
period of litigation. The Congress, however, in

P.L. 93-251 directed the President to review the

use of all four ebjectives in planning. and formula-
ting water resource projects.

The two objectives in the effective “Principles
and Standards” are stated as follows:

(1) to enhance national economic. development
by. increasing the value of the nation’s output of
goods and services and improving national .eco-
nomie efficiency

(2) to enhance the quality of the environment -

by the management, conservation, preservation,

creation, restoration, or improvement of the qual- .

ity of certain natural cultural resources and ecolo-
gical systems.

The other two objectives are:

(1) toenhance social well-being by the equitable
distribution of real income, employment, and -pop-
ulation, with special concern for the incidence of
consequences of a plan on affected persons or
groups; by contributing to the security of life and
health; by providing educational, cultural, and rec-
reational opportunities; and by contributing to na-
tional security

(2} to enhance reglonal development through
increases in a region’s income; increases in employ-
ment; and improvements of its economic base, en-

vironment, social well-being, and other specified.

components of the regional objective.

The pattern for framework formulation for the
Framework Study was set during the period in
which three objectives were specified for-use. Asa
practical matter, the Framework Study was predi-
cated heavily on the national economie develop-
ment objective, with all possible consideration
given to maintenance of a high-quality environment

in all respects. Regional development was also taken

into account, and the overriding character of social
well-being was recognized.

The Great Lakes. Basin Commission was con-
cerned about identifying one objective as environ-
mental because the possible inferenee might be
drawn that other objectives did not eonsider en-
vironmental quality. It was felt that this might be
misleading both to the persons working in the
Study and to reviewers and those making use of the
final produet. In order to prevent. any such misin-
terpretation, the Commission relied on the rela-
tionship between three chosen objectives and the
ratesof growth of the population and the economy.
The objectives are accordingly identified in-this
Study as the following::

(1) Normal Growth—represents the traditional -
national economic development objective because
the latter is the reflection of a continuation of past.

trends.

(2) Limited Growth—reflects the. traditional
environmental quality objective because,. as
growth of population and the economy is limited, .
there is more emphasis on the enhancement and.
preservation of the natural resources.

(3)" Accelerated Growth—encourages develop-
ment in a part of the Basin or the entire Basin,
through employment of unused or external re--
sources that will increase the population in the area
and increase the economic growth,

The objectives are sometimes referred to in this
study as Normal Growth objective, Limited
Growth objective, and Acecelerated Growth objec-
tive. Theses terms are often abbreviated to NOR,
LIM, and ACC.

In applying each of these objectives to the ele-
ments of the Framework Study the overriding ob--
jectiveis to enhance the well-being of the people or
the quality of life. This may be done by improving
the distribution of employment opportunities, pop-
ulation, and income; helping to provide for educa-
tional, cultural, and recreational opportunities; and
by improving the security of life, health, and prop-
erty.

A framework includes programs for the conser-
vation, use, preservation, and development of
water and related land resources. The outputs in
various resource categories considered coliectively
will achieve goals.

2.2 Derivation of Goals, Subobjectives, and
Criteria

The Water Resources Planning Act, P.L. 89-80,
provides in Section 201(b)(1) that each river basin
commission shall “ . . serve as the principal
agency for the coordination of Federal, State, in-
terstate, local and nongovernmental plans for the
development of water and related land resources in
its area, river basin, or group of river basins. 7
The Great Lakes Basin Framework Study, there-
fore, incorporates Federal, State, interstate, local,
and  nongovernmental  goals, subobjectives, and
criteria. Goals, subobjeéctives, and criteria ex--
pressed by the Internatlonal Joint Comrmssmn are
also considered.

For the purposes.of preparing alternative frame-

- works, the Great Lakes Basin Commission estab-

lished a Plan and Program Formulation Commit-

- tee. One of the responsibilities of  this committee

was the derivation of goals, subobjectives, and.
eriteria for the alternative frameworks. This com-
mittee established a plan formulation task force in-



each of the fifteen of the river basin groups that

included both governmental and nongovernmental .

personnel. . As framework formulation proceeded,
these task forces developed and refined the list -of
subobjectives which were initially provided by the
States for each river basin group. A subcommittee

of the Plan and Program Formulation Committee -

reviewed the alternative frameworks for each river
basin group and Lake basin and commented on the

goals, subobjectives, and ecriteria -that emerged. -

from the task force efforts. The comments covered
tradeoffs among the NOR, LIM, and ACC growth
objectives, as well as geographic tradeoffs among
the various parts of the Great Lakes Basin.

The Commission drew upon various sources for
the goals, subobjectives, and criteria to be used in
the initial formulation of alternative frameworks:

(1) Federal departments and independent
agencies were contacted. for those items they
wished to contribute.

(2) The public was afforded opportunities to
contribute through representation on the task
forees and through public involvement meetings.
These were held in Green Bay, Wisconsin; Elkhart
and ‘Fort Wayne, Indiana; Toledo, Ohio; and Du-
lnth, Minnesota.

(3) Meetings were held with groups of State
department and ‘bureai heads from Ohio, Minne-
sota, Pennsylvania, New York, and Illinois.

(4) Reports from State agencies, regional plan-
ning agencies, and other sources were reviewed by
the task forces.

(5) The goals, subobjectives, and criteria were
considered and more clearly defined at the 15 publie
meetings to review the preliminary frameworks.

2.3 Social Well-Being

The broad categories of the social well-being
objective mentioned earlier can be articulated in a
somewhat parallel but slightly different way as
follows:

(1) economic health: to provide opportunities .

for orderly planned growth and stability in eco-
nomic¢ output, employment, and income, consistent
with the aspirations of residents of the Great Lakes
Basin. These oppertunities will require an orderly
regional growth pattern based on optimum use of
the area’s physiecal and cultural resources; adequate
transportation facilities for production of goods and
serviees; and high-quality publie facilities for water
supply and waste disposal services at a reasonable
cost.

(2) social welfare and mobility: to utilize the
Region’s physical and cultural resources in contrib-
uting-to the security of life and health; in provid-
ing for aesthetic, cultural, and recreational oppor-
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tunities for all residents; and im promoting the
maximum opportunities for each person to improve
his social conditions and to contribute to the fullest
extent of his abilities.

(3) environmental balance: to provide the .
mechanisms for optimal use of water and land
resources over time with full cognizance and pro-
motion of high environmental standards of health,
beauty, and diversity.

In describing the relationship of these somewhat
general social well-being subobjectives to the task
of framework formulation for a Great Lakes Basin
framework for management of water and . related
land resources, ‘we must assume that government
has an obligation to assure all citizens .opportuni- -
ties which will permit maximum utilization of their
abilities. In order to maximize the development of

~ human potential, it is necessary to coordinate ac-

tivities related to income maintenance, training
programs for the unemployed, and provision of
other appropriate social services.

Few of these activities are within the realm of
water and related land resources planning. Natural
resources development in the United States during
the twentieth century is but one component of the
total process of technological change which has
brought the American people from an agrarian
lifestyle to one of urban industrialism. It is clear
that planning and development of land and water
resources take place in the broad context of na-
tional, State, and local levels of social, economie,
and political planning and priority-setting for the
optimization of a variety of cultural functions.
Consequently, resource development competes for
investment dollars with -social welfare, hichway
development, and other governmental functions.

For water and related land resources, the fol-
lowing social well-being subobjectives constitute.
the overriding social well-being objective that is to
be provided for the formulation of the frameworks
to meet any of the three growth objectives—NOR,
ACC, or LIM:

(1) to make available to all ecommunities where
feasible an adequate supply of raw water to sup-
port a stable, diversified economy

(2) to provide adequate water-oriented outdoor
recreation facilities:to meet the needs of the resi-
dents of the Great Lakes Basin within reasonable
distances of their homes

(3) to attain and maintain water quality suitable -
for water contact activities without danger to pub-
lic health throughout the Great Lakes Basin and
especially near urban areas

(4) to identify flood-prone areas and to elimi-
nate all dangers of drowning due to floods in these
areas ‘

(5) to provide adequate reserve capacity for
municipal and industrial water supply to protect
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against interruption of services at times of critical
need such as droughts or fires

(6) to protect the public health by recommend-
ing limits on biologically concentratable. toxic sub-
stances.

2.4 Normel Growth

The major components of normal growth include
increases in the gross national product (GNP), na-
tional income (NT1), and personal income (PI).

While investment in water resources develop-
ment is only one of many kinds of investment
contributing to national economie development, the
availability of water resources program outputs in
sufficient quantity and quality is an important base
for many kinds of economic activity.

Development of water and related land resources
increases the productivity of natural resources and
the productivity of labor and capital used with
these resources. Increases in crop yields, increased
earnings through changes in land uses, expansion
of recreational use, and increased peaking capacity
for power systems are examples of direct increase
in productivity from water and related land devel-
opment that contribute to the national produet. In
addition to the value of goods and services derived
by users of program outputs, there may be external
gains to producers and consumers as well as gains

- resulting from the employment of otherwise un-
employed or underemployed resources. Output
may also be increased by cost savings which release
resources for employment elsewhere.

Droughts, floods, and fluctuating water supplies
cause disruption in economic activity. Reduction in
direct economic losses through water and related
land resource projects will reduce losses to other
dependent activities and thereby contribute to eco-
nomic stability.

The Normal Growth objective includes an as-
sumption that the economy tends to be in an equi-
librtum condition in which production and consump-
tion are balanced by the forces of a competitive
economy. This objective also assumes that public
investment changes income flows by alterations in
the use of economic resources, the level and com-
position of output, and patterns of consumption.

The Normal Framework is based on the Great
Lakes Region’s share of the national economy,
specifically the disaggregation of the gross national

. product to a regional gross product, national popu-
lation to a regional population, national income to
regional income, and national employment mix to
regional employment mix. The Normal Framework
assumes that past trends will be followed for the
parameters listed below.

{1) population of the working age

(2) labor force participation rale

(3) employment rate :

{4) proportion of employment in the private
economy

- (5 hours per person per year in' the private
economy.

The OBERS projections, prov1ded on a national
basis, were disaggregated to the Great Lakes Basin
level. They were made useful for planning within
the Basin at the level of smaller geographic areas
by the Economic and Demographic Work Group.

- Appendix 19, Economic and Demographic Studies,

contains the projections for planning subareas
(used with necessary adjustments in river basin
groups) and in some cases for specific purposes for
still smaller areas.

The basic framework analysis for the Great
Lakes Basin has, therefore, been based on the
national economic development or Normal
Growth objective, as reflected in demographic and
economic characteristics projected for the entire
United States and disaggregated to the - Great
Lakes Basin and its planning subareas. The frame-
work constitutes a starting point in the deveiop-
ment of alternative frameworks for the Basin and
permits a comparison of the basic framework with
similar frameworks developed for other basins of
the United States.

The Normal Growth subobjectlves are consid-
ered in Subseetion 2.7, which includes a listing of

_ the specific subobjectives and criteria of the three

objectives categories for the entire Great Lakes
Basin.

2.5 Accelerated Growth

The -Accelerated Growth objective emphasizes
the enhaneement of regional development through
increases in the Great Lakes Region’s share of
national income and employment; improvement of
its economic base, environment, and social weli-

-being; and increased attainment of other specified

regional subobjectives,
General components of the Accelerated Growth
objective include:
(1) inereases in regional income which may
yield several benefits:
~ (a) the value to the users of increased out-
puts of goods and services from a plan
{b) the value to users of output resuiting

-from external economies

{e) the value of output resulting from the
use of resources otherwise unemployed or un-

deremployed

{d) additional net income from the con-

~struction or implementation of a plan for regional




growth inereases and from other economic activi-
ties induced by the operation of such a plan

(2) increases in regional employment. Employ-
ment opportunities are a speeial concern as they
provide the means to retain any increase in the base
population and otherwise to contribute to attain-
ment of a viable economie and social community.
Although there will be exceptions, it may be gen-
erally anticipated that increases in regional income
will be compatible with the objective of increasing
regional employment.

(3) diversification of the regional economic
base. A major subobjective within the Great Lakes
Region is the attainment of a flexible and respon-
sive economic posture that enables the Region to
withstand changes in the composition of its gross
regional product over time due to advances in
technology, changes in consumer behavior affect-
ing intermediate and final demands, and related
changes in production. Where the existing eco-
nomic base may be too narrow and specialized,
private and public investments, including those for
water and related land resources, can make effec-
tive contributions toward broadening it.

(4) other specially identified subobJeetwes
Where there are other subobjectives of special
concern to a particular subregion within the Great
Lakes Region, these are specified as components of
the Accelerated Growth objective. Such subobjec-
tives are expected to be derived from the task force
efforts,

Subsection 2.7 includes Accelerated Growth sub-
objectives and criteria that are deemed applicable
throughount the Great Lakes Basin.

2.6 Limited Growth

The Limited Growth objective is responsive to
society’s concern for reduced consumption of lim-
ited natural resources and a conviction that this
reduction can eome through a reduction in popula-
tion and per capita consumption. A Limited Growth
objective permits a greater emphasis on the con-
servation, preservation, creation, restoration, or
improvement of the quality of natural and cultural
resources and ecological systems, and the mainte-
nance of the natural environment as a source of
present enjoyment and a heritage for future gen-
erations. This is the kind of coneern upon which the
National Environmental Policy Act of 1969 is
founded.

Planning for the Limited Growth objective ex-
plicitly recognizes the desirability of diverting a
portion of the Great Lakes economic and natural
resources from production of market-oriented
goods and services in order to conserve, preserve,
create, restore, and improve natural environment
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values. It also recognizes that as incomes and living
levels increase, society appears less willing to ac-
cept environmenta] deterioration in exchange for
additional marketable goods and services. In re-
sponse to man’s varied spiritual, psychological, rec-
reational, and material needs, the LIM objective
reflects this abiding concern with the quality of the
natural physical-biclogical system in which all life is
sustained.

The Limited Growth objective includes the fol-
lowing general components:

(1} protection, enhancement, restoration, or
creation of areas of natural beauty for human en-
joyment such as streams, inland lakes, the Great
Lakes, and their banks, shores, and adjacent land,
recognizing that some unspoiled, visually attractive
water areas and adjacent lands must be preserved
and, in appropriate instances, enhanced for public
use and enjoyment

(2) preservation or enhancement of especially
valuable or outstanding archaeological, historical,
biclogical (including fish and wildlife habitat), and
geological resources

(3) enhancement of the values of water, land
and air by control of pollution, including sohd
wastes

4) preventzon of erosion and restoration of
eroded areas, including emphasis on the control and
treatment of watersheds, mined areas, and critical
erosion areas such as lake shorelines, gulleys,
streambanks, roadsides, and beaches. The negative
effects of sedimentation within streams, lakes, and
beaches must also be prevented.

(5) reduction in losses to the environment else-
where in the nation. For example, detericration of
water quality in Lake Erie places more pressure on
natural resources for recreational use outside the
Basin,

(6) avoidance of nonreversible decisions.

The Limited Growth subobjectives and criteria
that are deemed applicable to the entire Great
Lakes Basin are discussed in Subsection 2.7.

2.7 Specific Subobjectives and Criteria in the
Great Lakes Basin

The subobjectives and criteria presented in
Table 1-19 will be apphed to the extent possible
throughout all of the river basin groups and Lake
basins in the Great Lakes Basin. These subobjec-
tives and criteria were derived from the above
definitions and background material and from the
synthesis of subobjectives expressed by interna-
tional, Federal, State, and local governmental per-
sonnel, and by nongovernmental and publie sources
throughout the Great Lakes Basin. In those few
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TABLE 1-1% Subobjectives and Criteria for Resource Use Categories

Regource Use Categories

and Obiectives

Subobjective

Criteria

WATER WITHDRAWALS

Municipally Supplied

Objective--
NCRMAL GROWTH

Objective-=
ACCELERATED GROWTH

i
)

Objective—-
LIMITED GROWTH

Self-Supplied Industrial

Objective-—
NORMAL GROWTH

Dbjective-=
ACCELERATED GROWTH

Cbjective--
LIMITED GROWTH

Rural Dom., & Livestock

Dbhjective——
NORMAL GROWTH

Objective—
ACCELERATED GROWTH

Objective==-
LIMITED GROWTH

Irrigation

-Objective—
NORMAL GROWTH

Objective—
ACCELERATED GROWTH

Objective——
LIMITED GROWTH

Miaing
Objective—
NORMAL GROWTH

Objective--
ACCELERATED GROWTH

Objectiva——
LIMITED GROWTH

Thermal Fower Cooling
Objective—
NORMAL GROWTH

Objective——
ACCELERATED GROWTH

Invest in capital and annual costs to provide
water to meet projected output of goods and
services.

Development of additional source capacity to
maximize net effecta on region’s income, em-
ployment, population, economic base, environ-
ment, and social development,

Satisfy needs with emphasis on minimum dis-
ruption of the envircnment with full consid-
eration of environmental protection.

Invest in capital and annual costs to meet
projected output of goods and services. Min-
imum investment in the Lake Superior area,

Inctease region's share of national fndustri-
al output by supplying water needs to maet
all potential repglonal econemic gains at min-
imum cost.

Satisfy needs with minimum disruption te the
environment, Avoid industrial development
and locations at surface water interfaces.

Meet needs with safe (hezlth) supply. En-
courage ground-water development.

Invest to meet all needs with a safe supply
(health} to maximize regional net income from
preduction of food and fiber.

Maincenance of minimum stream flows takes
priority over rural withdrawals. Protect
ground-water quality and levels,

Meet needs where ec¢onomically and environmen-
tally feasible.

Invest teo maximize region's share of economic
gains through Increased irrigation water
uges.

Only produce where there Iis no loss of aes-
thetic or cultural values. Preserve high
value agricultural land.

Region preduces its share of pational pro=-
duction.

Maximum possible development of deposits to
capture greater share of market for region.

Limit new surface water development. Ne
production allowed in designated enviyonmen-—
tal or matural areas.

MHeet the needs with least possible disruptive
impact.

Increase production to maximize region’s
share of the national economy,

Selact alternative programs that maximize net benefirs
taking into account adverse environmental effects. Con-
slder rehabilitation of existing systems, small=-scale
groundwater development systems and large-scale regional
systems for Lake Michigan. Emphasize groundwater devel-
opment with minimum potential for small regional water
systens for Lake Huron.

Tnclude alternative prograws most likely to result In net
regional economic gains. Emphasize large-scale regional
systems, rehabilitation of existing systems and pipelines
to the Lakes.

Linited development to areas where envircnmental gains
tesult, Limit programs to in-place resource capability.
Minimize transport and consumptive use of waters.

Select alterpative programs that maximize net benefits
taking into account adverse envirenmental effects proba-
bly mixing groundwater and lake sources. Reuse wherever
Lpossible.

Select alternative most likely te result in regional
economic gains and net reglonal economic benefits.
Consider lake intakes with industries sharing intake's
cost.

Minimize new water intakes. Use highest possible level
of recirculation, Decrease consumptive use as much as
possible.

Include least cost alternative. Don't preclude tresource
development that would contribute to nacional economic
growth.

Develop rural and agricultural water supply that will
result in regional economic gains. Possibly include
reservolrs and pipelines to streams and lakes.

Mo withdrawals allowed that would make stream flow less
than 7 day-10 year low flow.

Trrigate only to increase preductlon, teduce ¢osts, or
improve quality. Select alternative programs that max-
imize netr benefits.

Encourage groundwater and lake source development. In-
gure regional benefits justify investment.

Limit withdrawals to those quantities that do not deplete
atreams below 7 day-10 year low flow. Limit development
of new lake sources.

Sacisfy needs with least cost alternative. Don't pre-
clude future use of minerals,

Encourage lakes as socurce of water for minerals produc-
tion.

Limit production to areas where there is nc loss of
aesthetic, environmental, or cultural values.

Use least cost alternative that is consistent with epvi-
ronmental standards.

Lake sources encouraged with least cost alternative.
Emphasize cost over environmental impact for planc
and power line sites.
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TABLE 1-19 {continued) Subobjeétives and Criteria for Resource Use Categories

Resource Use Categories

and Objectives

Subobjective

Criteria

Thermal Power cont'd

Objective—-
LIMITED GROWTH

NON-WITHDRAWAL WATER
USES .

Municipal Wastewater
Discharge

Gbjecrive~—
NORMAL GROWTH

Objective--
ACCELERATED GROWTH

Chjectivecw
LIMITED GROWTH

Industrial Wastewater
Discharge

Chjective—-
NORMAL GROWTH

Objective--
ACCELERATED GROWTH

Objective—-
LIMITED GROWTH

Hydroelecrric Power
Objective——
NORMAT, GROWTH

Objective-—
ACCELERATED GROWTH

Objective--
LIMITED GROWTH

Water-Oriented Outdoor

Recreation

Dbjective—-
NCORMAL GROWTH

Objective——
ACCELERATED GROWTH

Objective—-
LIMITED GROWTH

Sport Fishing
Objectiva—-
NORMAL CGROWTH

Avold water withdrawals or discharges in lo-
cations producing any environmental damages,

Attainment and maintenance of water quality
standards and schedules with provisions for
opportunity to upgrade standards and speed
up schedules,

Attainment and mainterance of water qualicy
standards and schedules with provision for
opportunicty to adjust schedules for short
time periods.

Continue upgrading water quality standards
and ewmphasize speeding up of schedules to
attzin the highest level of water quality
that is techpically feasible.

Attainment and mafntenance of wacer quality
standards and schedules with provision for

opportunity to upgrade standards and speed

up schedules.

Attainment and maintenance of water quality
standards and schedules with provision for
opportunity ¢eo adjusc schedules for short
rime periods.

Continue upgrading water quality standards
and emphasize speeding up of schedules ro
attain the highest level of water qualitry
that is technically feasible.

Develop hydroelectric power where eéonamic—
ally and envirommentally feasible, Not
applicable for Lake Erie.

Preserve future power generation oprions,
Not applicable for Lake Erie,

Limit hydroelectric expansion. Include
development if it winimizes detrimental
envircnmental effects. Not applicable for
Lake Erie. HNo hydroelectric expansion in
Lake Superior.

Investment in keeping with naticnal econeomic
constraints and maintenance of well being of
pecple tantamount o the objective.

Invest in pregrams to enable region to attract
a greater share of rec¢reation industries from
other areas,

Acquisition or preservation and management
of all water front and unique natural areas
for public benefit.

Invest in development programs where bene-
fits will justify investment. Alsc, main-
tain the existing resource, at least at
present level.

Predetervined site locations for environmental pratection.
Minimize flow through cooling. Strive to teverse present
consumptive use rate structure. Emphasize envirommental
impact over costs in plant and power line siting.

Use least cost alternative. Encourage regional systems
where applicable, including municipal and industrial
waste handling,

Less uniform geographic investment. Ingrease outside
government investment in regional systems and urban areas,
Minimum restraint to high growth rare for ecomomic devel-
opment. Emphasis on Lake Superior,

Invest in programs and projects to reduce pollution dis-
charge as expeditiously as possible, No pollutant dis-
charges by 1980, Place heavy emphasis on abatement of
point= ard mon-point soutrces of wastes for Lake Superior.

Use least cost alternative. Encourage regional systems
where applicable, including municipal and industrial
waste handling.

Less uniform geographic investmenr. Increase outside
government investment in regional systems and urban areas.
Minimum restraint to high growth rate for econcmic devel-
opment. Emphasis on Lake Superior.

Invest in programs and projects to reduce pollution die-
charge as expeditiously as possible, HNo pollurant dis-—

charges, including vessel wastes, by 1980, Place heavy

emphasis on abatement of point- and non~point sources of
wastes for Lake Superior.

Consider least cost alternative for pump-storage sites
or ocher options. Not applicable for Lake Erie.

Predesignate any punmped storage or other hydro sites.
Not applicable for Lake Erie,

Minimize envirconmental damages by improved operations
and proper removal of obsclete facilities, Maintenance
of minimum low flows has priority over power production
in Lake Ontario.

Include programs to increase benefits from existing high
quality surface water. Encourage more efficient use of
existing surface water. Include programs that provide
parks near urban areas.

Dasignate and develop streams, lakeshores, and unique
natural areas with emphasis on high quality reereation
user attraction.

Acquire all streams for future use. Acquire all lake-
shore and phase out over time non-public use which may
cause envirommental harm. Acquire other areas with reec-
reational potential as needed to satisfy subobjective.

Selected investment in programs to round out balanced
national fishing cpportunity. Pretect and enhance ex-
isting wetlands, stream, and lske habitat; acquire addi-
tional areas.
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TABLE 1-19 (continued) Subobjectives and Criteria for Resource Use Categories

Resource Use Categories
and Objectives

Subobjectives

Criteria

Sport Fishing cont'd

Objective——
ACCELERATED GROWTR

Objective~=
LIMITED GROWTH

Recreational Boating

Objective--
NORMAL GROWTH

Objective—-
ACCELETERATED GROWTH

Objective--
LIMITED GROWTH

Commercial Fishing

Objeczive——
NORMAL GROWTH

Objective--
ACCELERATED GROWTH

-Objective—-
LIMITED GROWTH

Commercial Navigation

Objective——
KORMAL GROWTH

Objective-~
ACCELERATED GROWTH

Objective--
LIMITED GROWTH

RELATED LAND USE AND
PROBLEMS

Agricultural Lapd

Treatment

Objective--
NORMAL GROWTH

Obiective—
ACCELERATED GROWTH

Objective——
LIMITED GROWTH

Cropland Drainage

Objective--
NORMAL GROWTH

Maximize rEgionalrshare of fishing opportun-
ities on a sustained basis.

Preserve all streams and lakes to highest
possible natural level of quality and corre-
lative fishing experience, Enhance all fish-
ing experiences. Preserve all anadromous
fishing streams.

Modest investment in keeping with national
economic constraints,

Invest to attract a greater portion of the
naticnal recreational boating activity.

Preserve all recrearional apportunities with
oinimun disruption of natural environment.

Lnvest in programs and developments where
benefits will justify investment, and where
the fishery is compatibie with sport fishery
management.

Maximize commetcial fishing cpportunities on
a sustained yleld basis, and maintain compat-
ibiliry with gporr fishery management,

Maintain conmercial fishing as a means of
fish management. Avoid expleitation in order

‘te preserve all species, and maintain com-

patibility with sport fishery management.

Maintain region’'s projected share of national
commerce,

Increase region's share of national commerce
thri cechnically feasible, economically jus-
tified, and environmentally acceptable means.

Avold navigatien Improvements which have det-
rimental envircnmental effects.

Include region's share of erosien control
and land treatment programs.

Include all projects and programs which would
enhance the reglon's agrigultural development
opportunities.

Emphasize land treatment programs resulting
in environmental gains.

Invest in prejects or programs that are econ-
omically and environmentally feasible.

High level of investment In stocking pregram. Planting
and habitat programs to preovide maximum fishing opportun=
itles. Protect wetlands and acquire additional fishery
areas. .

Designate and protect all public waters. Enhance fishing
through stecking and new species introduction., Set aside
and protect all anadromous streams, wetlands, and other
areas. Acquire addicional public waters.

Navigational aids to meer de-
Eucourage better use of ex-

Adequate ports of refuge.
mands. Few new reservoirs.
tating areas.

Develop new recreational boating facilities including
harbors and marinas.

Encourage rehabilitation of exiscing sites adapted to the
natural environment.

Select investments to round out balanced commercilal fish=-
ing oppotrtunity,

High level of investment in stocking programs; planting
and habitat programa to provide maximum fishing opportun-
icies.

Designate and protect all public watere. Maintain fish~
ery by stocking, Lntreduction of new species,and managed
harvests. Set aside and protect all anadromous streams.

Ipvest in harbor and channel projects, and other develop=
wments with economic justificatfon, for low cost, deep
draft navigation and the provisions of incremental iwm-
provements to the navigation system in the Great Lakes
and 5t. Lawrence Seaway.

Supplement invescment to yield more and better ports,
handling facilities, deeper channels, and extension of
the navigacion season. Implement more competitive rate
structure,

To the extent technically feasible and environmentally
accaptable, maintain efficient, low cost, deep draft nav-
igacion and the provision of incremental lmpravements to
the connecting channels, harbors, locks, canals, dams,
and exrension of the seasen. Plan to orient barge canal
to recreational use.

Annual damages must exceed annual costs of correcting dam—
ages. Continuatlon of ongeing programs. Meet 42% of
tocal needs by 2020.

Meet 88%Z of total needs by 2020, Ongoing plus accelerat-
ed programs, FEumphasize economic galn over environmencal
lasses.

Meet 100% total needs by 2020. Aesthecic wildlife and
recreation values take precedence over economic return
from land treatment.

Seleet justified alrernative. Include drainage projects
that increase production and efficiency and reduce cost.
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TABLE 1-19 (continued) - Subobjectives and Criteria for Resource Use Categories

Resource Use Categories
and Objectives .

Subobjective

Criteria

Cropland Drainage cont'd

Objective——
ACCELERATED GROWTH

Objective—
LIMITED GROWTH

Forest Land Treatment

Objective--
NORMAL GROWTH

Objective——
ACCELERATED GROWTH

Objective—~
LIMITED GROWTH

Shoreland. Erosion

Objective——
NORMAL GROWTH

Objective—-
ACCELERATED GROWTH

Objective——
LIMITED GROWTH

Streambank Erosion
Objective—-
NORMAL GROWTH

Objective-=
ACCELERATED GROWTH

Objective-—-
LIMITED GROWTH

Flood Plain Management |

Objective——
NORMAL, GROWTH

Objective——
ACCELERATED GROWTH'

Objective——
LTMITED GROWTH

Wildlife Management
Oblective——.
NORMAL, GROWTH

Objective~—
ACCELERATED GROWTH

Objective——
LIMITED GROWTH

Aesthetic and Culrural

Objective=—
HORMAI, GROWTH

Invest in all projects and programs which
would enhance regional agricultural devel-
opment opportunities.

Emphasize envirornmeuntal and natural habitat
logses over economic gains.

Invest to enhance cutput of forest products.
Include region's share of erosion contrel -
and land treatment programs.

Invest to increase region's share of fibre
production nationally. :

Emphasize land treatment programs resulting
in environmental gains.

Balanced use of shorelands to meet naticnal
standards. Assume trearment of all critical
non-protected areas is in natfonal interest.

Manage shoreland for uses which maximize re—
glonal economic gain, Assume rreatment of
all critical and non-critical non-protected
areas is in regficnal economic interest.

Preservation of shorelands as a unique re-
gource. Only fnelude corrective programs
where environmental gains would excead envi-
ronmental losses.

Invest in projects and programs where econ-
omically and environmentally feasible.

Include all projects and programs which
would enhance region's developmental oppor-—
tunities,

Limit investment to programs and projects
that have positive environmental effects.

Maximize net benefits from national peint
of view. Minimize future flood plain devel-
cpment.

Vse flood plain to maximize regional econamic

benefitsa,

Ucilize flood plain to minimize disruption
to natural environment.

Plan for increase in state and federal in-
vestment to increase national net henefit.

Inveat so that region will attract a greater
share of wildlife industry from other ragions.

Protect all endangered species. Preserve
natural wildlife habitat and manage for
species protecrion.

Only preserve those values whose user fees
would exceed costs plug such extra values
needed to maintain a level for the well be-
ing of people tantamount to the objective.

Returns and reduced damaging may not exceed fiscal and
environmental coscs of correcrive action.

No drainage of agriculeure land. Emphasize zesthetic
wildlife and recreation values. over economlc retura from
agriculrural land.

Maintain pregrams that are consistent with land use
plans. Plan to meet 50% of total needs by 2023,

Include all projects and programs which would enhance the
region's forest development opportunities. Plan to meer
60% of total needs by 2020.

Aesthetic and wildlife and recreation values rake pre-
cedence over economic return from -forest land treatment
programs. Plan to meet 100% of ‘total needs by 2020,

Include-structural and institutional measures with
maximum pet benefits. Correct erosion problem for all
eritical non-protected .areas by 1930,

Increase- investments In water related enterprises. - Cor-
rect erosion precblem for all crirical and non-eritical
nen-protected areas by 1980.

Acquire or manage designated envirommental and natural
areas on shorelands for public benefit. Endorse develop=
wental setbacks for all shoreland areas unlesa public
benefits can be shown to outweigh public disadvantages.

Damages mst exceed £iscal and environmental costs of
corrective action,

Emphasize eccnomic gain over env.ironmentsl losses., Assume
complete abatement of all damages is in regilonal interest.

Emphasize envirommental and natural habitat preservation
aver economic gaina. :

Use non-structural measure first. Iaclude structural
measures where jusrified. Encourage flood plain manage-
ment. ’
Include non-structural and structural projects. Scale
projects larger than NOR projectifonk,

Shift all land area subject to flooding to non-damaging
uses with high number.of environmental corridors. . Use
100 year flood plain &8 area to be set aside.

Coordinate with competitive uses to maximize net benmefits
from wildlife program.

Emphasize habitat management and program expansion includ-
ing production of game species and fur-bearing animals.

No phyaical alrerations detrimental to wildlife habitat.
Management of wetlande for environmental preaervation
and habitat improvement.

Designate caves, hiatorical structures, and other aes-
thetic and cultural areas desirahble to maintain the well
being of people.
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TABLE 1-19 (continued) Subobjectives and Criteria for Resource Use Categories

Resource Use Categories
and Objectives

Criteria

‘Aesthetic & Cultural
cont'd

Objective——
ACCELERATED GROWTH

Objective——
LIMITED GROWTH

Outdoor Recreatiom

Objective--
NORMAL GROWTH

Dbjective—--
ACCELERATED GROWTH

Objective——
LIMITED GROWTH

Subobjectives

Only preserve those aesthetic and cultural

. respurces needed to provide for that.level

of secial well being of people necessary
to furnish-a liveable place in which to
earn a.livelihood.

Maximize avallability of aesthetic and cul-
tural resources for future generations.

-Investment in keeping with natlonal economic

constraints-and maintenance of well being of
people tantamount to the objective,

Invest in programs to enable region to
attract a greater share of recreation indus-
try from other areas.

Protect all high value open space recreation-
2zl opportunity areas and.unigue natural areas

‘Mo environmental corridors beyond those required to pro-

vide a minimum acceptable level Eor the well being of
people.

Praserve all areas inventoried in framework studles plus
all other areas having significant petential. Implement
long-range land use planning.

Include programs that would likely yield net benefics
(fi1scal, physical, and soclal).

Development.of stream, lakeshore, and unique areas with
emphasis on high quality recreation user attraction.

Acquire, preserve, or manage all recreational lands for
public benefit.

for public benefits,

instances where the subobjective or criterion for a
Lake basin differs from that of the Great Lakes
Rasin, the difference is pointed out at the appro-
priate place in the matrix.

Generally speaking, it is:difficult to-articulate a
set of goals, subobjectives, and criteria at the out-
set of a study. These emerge as the public has an
opportunity to respond to preliminary framework
proposals based on tentative assumptions of goals.

It is equally difficult to apply goals, subobjec-
tives, and criteria -explicitly in the formulation
process. Sometimes the criteria will point toward
- specific programs,-but usually they only point in a

general direction. The process of working out the -
detailed statements, of defining the terms used,

and of drawing distinctions has made both those
- persons responsible for plan formulation and those
- persons concerned with planning issues better able
to articulate their goals. Thus, the planning process
has been enhanced.

- In preparing the framework to meet the Normal-

Growth objective, it was found that the subobjec-
tives and criteria were rather specific for some of
the resource use categories and- quite general for
others. Because this objective reflects trends-and is
most familiar to planning personnel as well as to the

_ public, the conceptual tie between a given criterion

and a program selection is relatively strong. In fact
the criterion may have evolved as a statement
which would support a specific selection or class of
selections "associated with -traditional -ways of
meeting a recognized need.

In a similar fashion, the subobjectives and cri-
teria for ‘the Accelerated Growth and Limited
Growth objectives were used as guides to the kinds

of programs which might be selected—more so in

connection with some resource use categories than
with others. Because frameworks were not devel-
oped for the Accelerated Growth and Limited
Growth objectives, the process was not carried to a

.coneclusion, but the direetion which.planning could

take was identified by the subobjectives and cri-

. teria.

On the other hand, when it came time to select

programs for a Proposed (PRO) Framework (de-
.seribed in Section 4), which would represent a

proposal: which the Commission: selected - from a
number of - alternatives, no specific subobjectives
or criteria. were stated. Rather, programs within
the specific resource use categories were selected in

‘relationship to those which reflected normal
growth, accelerated growth, and limited gjx'owth.




Section 3

FUTURE GROWTH ASSUMPTIONS AND RESOURCE
REQUIREMENTS

What do the next fifty years hold for the Great
Lakes Basin? Are the pressures of population
growth on a eollision course with efforts to achieve
and maintain a high-quality environment? The an-
swers are uncertain. What is clear is that in the
past we have too often failed to evaluate the en-
vironmental consequences of growth primarily for
economic gain. Throughout the United States, sci-
entists, economists, and planners are studying our

“history to give us a grasp on the future. Ideas
which challenge the values and goals of perpetual
growth are providing the impetus for consideration
of new directions for our rapidly changing techno-
logical society. '

The Great Lakes Basin Framework Study es-
tablished dynamic planning tools for projecting
new growth directions for the Region. Tradition-
ally, long-range studies (50 years) have relied upon

- what we know best, the past, to project the future.

Since it is not possible to foresee the future, pro-
jections must neeessarily be based on modifications
of past relationships believed to have future rele-
vance. The choice of the past relationships to be
extended and the methodology for extending them
are based on assumptions. Some of these assump-
tions are stated explicitly and some are implicit in
‘the activity and land use expected to prevail during
.the projection period. In the course of this study,
the Great Lakes Basin Commission broke with
tradition. The Commission recognized that any
major urban area, like the Great Lakes Region,
that is undergoing a process- of megalopolitan for-
mation has the option and responsibility to project
alternative futures that could differ significantly
from past trends,

In the extreme, alternative futures for the Great
Lakes Region.mean changes in the competitive
economic position of the Region with respect to the

nation, and changes in per capita demands on the

resource base of the Great Lakes Basin over the
next fifty years. This is:illustrated in Table 1-20.

The logic behind the development of extreme -

projections, or upper and lower limits, emanates
from the recognition of a wide divergence of opin-
ion of national, regional, State, and local goals for
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future resource development. That is, given a
range of quantitative projections of accelerated,
normal, and limited growth and associated re-
source requirements that encompass the high and
low-extremes of all perceptions of the future for the
Great Lakes, there exists a framework within
which the interrelationships between developmen-
tal growth and natural resource quality can be
balanced. The following sections quantify the al-
ternative futures of accelerated, normal, and lim-
ited growth for the Great Lakes Basin. Annex B
documents the assumptions and methodology used
for the data presented. (See Introduction for avail-
ability of Annex B.)

3.1 Eeconomic and Demographic Projections

A range of population and economie activity
levels has been projected for the next fifty years in
the Great Lakes Region. The preparation of these
multiple projection levels was accomplished in two
major steps:

(1) The Great Lakes regional disaggregation in
1968 of the national economic and demographic
projections, known as OBERS projections, was
assumed to reflect normal growth conditions.

(2) The accelerated and limited growth pro-
jections resulted from a Great Lakes Basin Com-
mission computer program (ADSUN—AIternative
Demand, Supply, Needs} utilizing the OBERS
series of “Effects of Alternative Assumptions on
Projections of Gross National Product for the years
1980, 2000, 2020,” prepared in late 1971. No new
assumptions concerning national and regional eco-
nomic structure were made for accelerated and
limited growth projections.

Two key factors should be remembered in the
interpretation of regional projections for the Great
Lakes. : First, all projections in the study were
made on a national basis and then disaggregated to
the Great Lakes Region based upon judgments that
established the Region’s share of a national eco-
nomic and/or demographic - parameter.  Second,
there are no confidence limits placed upon any of
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TABLE 1-20 Key Variables for Alternative Future Growth Conditions, Great Lakes Region

Economy Resource Consumption:

Future Growth Gross Regional Per Capita- Per Capita -

Condition Population Product Income Demand
Accl High High High High
(Accelerated) . .
NOR? Medium Medium Medium. Medium ‘
(Normal): ‘
LIM3 Low Low Low Low
(Limited).

IMaximum possible development and natural resource demand

2Trend development and resource demand

3Minimum development and natural resource consumption

the projected growth levels. Judgments were made
to shift the regional competitiveness of the Great
Lakes to represent accelerated and limited growth
levels. The study did not evaluate where relative

gains and losses would take place within other -

regions of the nation. Subregional shifts in relative
shares of projections were assumed for the plan-
ning subareas within the Great Lakes Region itself.

The upper and lower limits of projections for the
Great Lakes Region theoretically encompass any
possible high or low levels of development ultima-
tely to be attained in the Basin by 2020. Changing

and shifting past economie and demographie trends.

indicate that man can control his own destiny.
National, State, and local policy alterations in the
social, political, economie, and natural resource

has accounted for.a steady 14 to 15 percent of the
total U.S. population-in the census decades from
1940 to 1970. Normal growth projections pose a
gradual decline in the regional share of the national
population levels to just over 13 percent, amount-
ing to more than 53 million people by 2020. Ac-
celerated growth projections for the nation and the
Region shift population from other parts of the
country to the Great Lakes area so that 17 percent
of the national total, or 85 million persons, would
live in the Region by 2020. Given implicit or explicit
policies that would limit national population growth
to near zero levels, the Region’s population would
reach 37 million by 2020, or less than 11 percent of

the national total (Figure 1-11). Under limited

fields are necessary to accomplish desirable 90 c
changes. The planning task, then, requires a lock at - %5‘7%
the implications of various growth conditions on (17% U §. Total) -
water and related land resources. ) )

The present and future patterns of water and
related land use in the Great Lakes Basin depend, & 60
in large part, on its population, industrial develop- § NOR
ment, agricultural economy, forest and mineral .= & 53.5
production, electrical power production, and (13% U.S.Total)
standard of living. The following subsections de- 2 ‘
scribe the results of projecting new directions for E 30 LGM'S
growth in the Great Lakes Region. 29.3 1% S Totald
3.1.1 Population.

v illi le resi in'the Great- . L .
Over 29 million people resided e Great Lakes 1670 1980 2000 2020

Region in 1970. More than 85 percent of that total
live within 50 miles of the shores of the Lakes Erie
and Michigan. Historically, the Great Lakes Region

FIGURE 1-11 Populatlon Growth in the Great
Lakes Region
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TABLE 1-21 Projected Populations, Great Lakes Region and Plan Areas (in thousands)

Growth Assumption

5,0--Ontario
Total Great Lakes

2,531.7

29,332.3

2,544, 4

30,660.8

2,801.0 -

33,816.5

and Region 1970 1980 2000 2020
AcC
1.0--Superior 533.5  677.0 1,061.0 1,822.3
2,0--Michigan 13,517.0 17,026.1 24,338.0 38,236.2
3.0--Huron 1,236.3 1,627.0 2,521.0 4,263.0
4.0--Erie 11,513.8 14,641.0 20,904.0 33,010.0
_5.0--Ontario 2,531.7 3,158.0 4,723.3 7,725.3
Total Great Lakes 29,3323 37,129.1 53,547.3 85,056.8
NOR ,
1, O~=Superior 533.5 538.1 595.0 669.0
2.0--Michigan 13,517.0 15,492.3 19,645.4 24,829.5
3.0--Huron 1,236.3 1,411.1 1,809.2 2,324.4
4.0--Erie 11,513.8 13,300.0 16,794.2 21,281.0
5.0--Ontario 2,531.7 2,776.0 3,495.0 4,393,1
Total Great Lakes 29,332.3 33,517.5 42,338.8 53,497.0
LIM
1.0--Superior 533.5 495,2 485.0 478.0
2.0--Michigan 13,517.0 14,162.2 15,676.4 17,087.1
3. 0--Huron 1,236.3 1,297.0 1,451.0 1,618.0
4.0--Erie 11,513.8 12,162.0 13,403.1 14,651.4

3,042.4

36,876.9

growth assumptions, all areas in the Great Lakes
Region except the Lake Superior region are still
projected to gain in population for 50 years (Table
1-21), but population pressures on Great Lakes
resources would be curtailed.

3.1.2 Employment

In 1970, approximately 11 million persons were
included in the Great Lakes Region’s work force.
Assuming that the employment participation rate
remains at near 40 percent for all growth projec-
tions, total employment projections follow popula-
tion trends in terms of the regional per cent share

of national employment. In 1970, 15 percent of the
national work force labored in the Great Lakes
Region. The Region’s share of national employment
by 2020 is projected at approximately 17 percent
under accelerated growth, 13 percent under normal
growth, and 11 percent under limited growth
{Table 1-22, Figure 1-12).

3.1.3 Income

In the period from 1940 to 1960, the Great Lakes
Region maintained approximately 18 percent of the
nation’s total personal income while averaging a 20
percent higher per capita income than national
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TABLE 1-22 Projected Total Employment, Great Lakes Region and Plan Areas (in thousands)

Growth Assumption

and Region 1970 1980 2000 2020
ACC
1.0-~-Superior 171.8 256.0 409.3 688.3
2.0--Michigan 5,347.9 7,072.0 10,145.2 15,808.0
3.0--Huron 422.0 624.0 990.0 1,665.0
4.0——Erie 4,396.2 5,870.0 8,475.2 13,329.1
5.0~-0Ontario 964.4 1,276.4 1,928.2 3,177.0
Total Great Lakes 11,302.3 15,098, 4 21,947.9 34,667.4
NOR
1.0--Superior i71.8 195.0 222.0 252.0
2,0--Michigan 5,347.9 6,378.0 8,108.0 10,198.0
3.0--Huron 422,0 530.2 698.0 907.0
4,0--Erie 4,396.2 5,283.1 6,673.1 8,530.1
5.0--Ontario 964.4 1,109.0 1,412.0 1,776.0
Total Great Lakes 11,302.3 13,495.3 . 17,113.1 21,663.1
LIM
1.0--Superior 171.8 175.0 174.0 176.0
2,0--Michigan 5,347.9 5,667.4 6,163.5 6,611.3
3.0--Huron 422.0 473.0 537.1 598.0
4,0--Erie 4,396.2 4,694.4 5,123.3 5,535.0
5.0-—Ontario 964.4 987.3 1,081.0 1,666.0
Total Great Lakes ' 11,302.3 11,997.1 13,078.9 14,586.3
50 levels. The heavy concentration of industrial activ-
ACC ity in the Region has played a major role in its past
2 34.7 performance. In 1970, total personal income in the
e (17% U.S.Total)  Region neared $114 billion. Projections of personal
i NOR and per capita income for normal growth eonditions
- 25 217 are consistent with trends described for population
] (13% U.S.Total)  and employment for the Basin with respect to the
= 1.3 LIM nation. Accelerated growth assumptions project
&g 14.6 that the Region will have 18 percent of the nation's
(11% U.S. Total) personal income by 2020, while limited growth

v ' ‘ conditions project a decline to near 12 percent of
1970 1980 2000 2020 total national personal income (Figure 1-13, Table
FIGURE 1-12 Projected Employment in the .1-23). Annual per capita income, while variable
Great Lakes Region over the Great Lakes area, ranged between $3,000




TABLE 1-23 Projected Average per Capita In-
come, Great Lakes Reglon and Plan Areas (1967
dollars)

Growth Assumption

and Regicn 1970 1980 2000 2020
ACC
1,0--Superior 3,037 . 4,655 9,054 18,395
. 2.0--Michigan 3,961 5,956 10,834 20,916
3.0-—Huron 3,420 5,206 9,967 19,761
4.0—Erie 3,743 5,817 10,623 20,702
5.0~-~0ntario 3,589 35,434 10,216 20,103
Total Great Lakes 3,802 5,800 10,622 20,646
NOR . .
1.0--Superior 3,037 4,183 7,581 13,516
2.0-Michigan " 3,961 5,226 8,258 14,717
3.0--Huron 3,420 4,610 8,190 14,270
4.0--Erie 3,743 5,106 8,568 14,575
5.0--Ontario 3,580 4,817 8,375 14,432
Total Great Lakes 3,802 5,101 8,598 14,603
LIM.
1.0--Superdor 3,037 3,753 5,964 9,621
2.0--Michigan 3,961 4,727 6,851 10,352
3.0--Huron 3,420 4,156 6,423 10,023
4.0—Erie 3,743 4,618 6,722 10,256
5.0--Ontario 3,589 4,353 6,579 10,168
Total Great Lakes 3,802 4,613 6,746 10,275

NOTE: Average per capita income = total personal in-

come divided by population.

and $4,000 in 1970, with the hlghest levels in the ‘

Lake Michigan and Lake Erie regions.

3.1.4 Production

Economice production provides both the necessi-
ties and the luxuries of life for people influenced by
the resources of the Great Lakes Basin: Projec-

200 o
ACC

1756 .
{18% U.S. Total)

KOR
78 .
(14% U.S. Total)

LIM
379
114 (12% U.5. Total)

1370 1980 2000 2020

1000}

500,

$ billion

FIGURE 1-13 Projected Growth in Total Per-
sonal Income, Great Lakes Region (1967 dollars)
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tions of agricultural activity, manufacturing, and
forest and mineral production are particularly sig-
nificant for future planning because they depend
upon the utilization of basic natural resources.
Some of these resources such as water and trees
are renewable; that is, within a reasonable length
of time they can be reestablished. Other resources
such as minerals and valuable agricultural land, are
nonrenewable; that is, once unique deposits are
extracted or cropland is taken up by urban expan-
sion, they cannot be replaced. Projected values of
economic production are reported for the Great
Lakes Basin in Figures 1-14, 1-15, and 1-16 in
dollars of total earnings for accelerated (ACC),
normal (NOR), and limited (LIM) growth assump-
tions,

400

(1967 §)

ACC
396
(24% U.S.Total)

=
S
EE
w 200 .
o NOR
e 186
3 (18% U.S.Total)
: .
(1], I
. 91
38 (14% U.S.Total)

1970 1980 2000 -2020
FIGURE 1-14 Projected Earnings in Manufac-
turing, Great Lakes Reglon (1967 dollars)

2.5 (1967 $)
Acc
2.32
g 20 (2% v.5.Tota)
EE
e NOR
“ 10 1.193
5 (8% U.S. Total)
3 LIM
© 658
J . (6% V.5, Total)
1970 1980 2000 2020
FIGURE 1-15

Projected Earnings in Mining,
Great Lakes Region (1967 dollars) :



TABLE 1-24 Projected Resource Requirements for the Great Lakes Region
Resource Use . Lake Superior Region Lake Michigan Region Lake Buron Region Lake Erie Region Lake Ontario Hegion
Category Fruk. Units 1930 2000 2020 1980 2000 2020 1930 2000 2020 1930 2000 2020 1980 2000 2020,
WATER WITHDRAWALS
Municipally Supplied ACC mgd 2,870 6,680 13,800 —_— 1,060 -— 3,080 7,300 15,200 — 1,400 2,830 6,460 16,700 35,200
WOR 2,470 3,230 4,220 — 251 —— 2,100 2,830 3,760 — 579 770 5,220 6,950 9,200
LIM 1,260 1,680 1,620 -_— 135 -— 1,330 1,430 1,460 111 340 Jal 2,970 3,610 3,610
Self Supplied ACC mngd 1,930 5,930 19,400 &rr 959 - 3,600 4,700 7,220 19,500 500 140 2,380 7,780 15,260 46,300
Industrisl HOR 3,770 3,736 6,350 491 428 929 3,270 2,700 4,640 388 294 648 §,020 7,260 12,800
LIM 823 594 1,110 172 122 196 1,990 1,340 1,770 247 76 282 3,300 2,290 3,430
Rural Domestic & ACC tagd 354 459 636 4 105 158 255 282 428 89 100 136 781 . 978 1,415
Livestock WOR 265 az23 - 362 48 60 72 148 182 209 62 70 78 536 651 738
LIM 221 205 137 41 41 40 157 133 136 5z 44 40 482 433 413
Trrigation ACC mgd 975 2,320 3,610 153 292 644 628 1,100 2,300 180 335 724 1,970 4,110 7,420
HOR 828 1,250 1,700 108 155 232 426 650 904 99 174 262 1,450 2,250 3,140
LIH 401 382 603 33 62 7 222 248 283 &6 79 89 754 983 1,060
Mining ACC mgd 130 436 1,320 65 154 477 259 535 1,730 58 121 347 1,460 3,490 10,200
NOR 85 157 292 3 50 30 163 29% 513 31 54 93 927 1,230 1,%40
LIM 45 T2 98 z3 30 44 109 143 200 22 28 43 580 609 637
Thermal Power ACC mgd 12,600 43,300 93,700 3,310 15,%00 38,400 9,370 33,900 68,400 5,700 8,000 15,700 31,500 104,000 223,000
Cooling ROR 8,300 22,200 47,600 1,880 &8,07¢ 19,500 7,350 17,600 34,800 5,700 5,890 7,940 23,600 55,300 113,000
LIM 68 108 3,960 1,020 1,530 446 285 617 5,330 4,700 - 3,790 188 15,700 6,470 3,540
HON-WITHDRAWAL WATER
USES
Hunicipal Wastewater ACC mgd 3,500 6,350 14,000 82 1,010 2,640 2,990 6,930 14,400 493 1,330 2,690 7,310 15,600 33,800
Discharges NOR D64 1,450 2,170 111 175 283 2,130 2,670 3,450 427 585 773 3,6%¢ 4,940 6,720
LIM 1,400 1,590 15,40 101 129 140 1,270 1,360 1,390 230 3z2 324 3,000 3,380 3,3%0
Industrial Waste- ACC mgd 4,780 6,530 15,600 429 863 3,250 4,230 6,500 17,600 503 665 2,140 10,100 14,600 41,500
water Diacharges NOR 3,310 3,130 5,090 418 262 364 2,980 2,080 2,690 572 490 1,000 7,330 6,010 9,200
. LIM 1,950 1,640 2,060 155 110 176 1,790 1,210 1,600 223 158 254 4,180 3,120 4,080
Hydroelectric Power ACC mgd -— —— —-— —-— -— — — —-— - —-— — -— — ol —
Flow KOR 51,800 51,800 51,800 N/A /A N/A /A N/A N/A 59,400 75,500 130,000 111,000 127,000 182,000
M - _— -— -— —-— — -— -— - — — m—— - - ——
Water Orilented Out— ACC 1000 160,000 255,000 489,000 21,700 39,600 77,100 113,000 189,000 341,000 42,600 65,200 122,000 346,000 564,000 1,060,000
door Recreation HOR Rec 88,300 139,000 201,000 1,600 17,800 25,200 69,600 104,000 149,000 22,800 33,%00 48,300 197,000 300,000 431,000
LIM Days 101,000 145,000 161,000 12,700 17,200 10,800 70,600 94,900 113,000 22,400 28,100 35,300 211,000 291,000 337,000
Water Qriented (ut- ACC 1009 — — — 138 229 357 616 1;010 1,590 217 344 529 2,130 3,499 5,370
door Recreation NOR  Acres 1,050 1,740 2,670 — -— -— —_— -— — — -— — —— —-—- -—-
LM W.S5. — -— -— -— J— J— -— — — - - —— — 