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Foreword

THE W. E. UPJOHN INSTITUTE for Employment Research and the author have
kindly asked me to write a foreword to this study—why it was made, how it
was conducted, and how its contribution should be appraised.

Chicago’s method of waste disposal—use of great volumes of Lake Michigan
waters to flush waste down the Mississippi—is economically efficient for Chi-
cago. Other methods, involving purification and not requiring as much lake
water diversion, would be more expensive. A major problem, however, is that
the present method reduces Lake Michigan water levels, and allegedly inflicts
economic disadvantages (costs) upon the economy of the state of Michigan.

This study represents an effort to extend our knowledge of the impact of
Chicago’s method of waste disposal beyond the vague generalization that it is
disadvantageous to the Michigan economy. What are the possible forms of such
disadvantage? What are the economic processes by which lowered lake levels
ultimately become financial costs? Are the estimated costs to Michigan of addi-
tional diversion of such magnitude as to be considered trivial or significant?

The study was performed entirely by Mr. Gadzikowski, a doctoral student in
economics at Wayne State University, under a fellowship grant from the Up-
john Institute to the University. I am happy to have been the agent who recom-
mended Mr. Gadzikowski to the Institute and who suggested that the completed
study be published as a useful academic research piece. Additionally, I was
pleased to serve as a bouncing board for the author’s ideas and as a critic of
successive drafts of the manuscript. But, as is customary in individual research
fellowships, he did all the work; and both the responsibility and the credit for
this worthwhile academic research are solely his.

In its type, the study is a contribution to the general areas of “regional eco-
nomics” and “social benefit-cost analysis.” At a more specific level, it does
contribute useful insight into the economic effects of lowered Great Lakes
levels upon the Michigan economy. The policy-minded reader should take
seriously the author’s warning that this was a small-scale exploratory effort; that
only data readily available could be used; and that the main contribution is not
the quantitative estimates (which are precarious, despite the author’s ingenu-
ity), but rather the insights which are conveyed concerning types of damage
effects and economic repercussions.

For the economics department of my University, I should like to express
appreciation to the Upjohn Institute for the fellowship grant which made the
study possible, and for our pleasant association during its period.

Harold J. Barnett
Wayne State University
November 12, 1962



Acknowledgments

THE AUTHOR WISHES to thank several persons who helped him in preparing this
manuscript. Harold T. Smith, Economic Program Director of the Upjohn Insti-
tute, edited and appraised several drafts of the work on the way to its final
form. Harold J. Barnett, Professor of Economics, Wayne State University,
helped the author to chisel to the core of the analysis in frequent conversations
in addition to reading the several forms this work took before its publication.
Wilbur R. Thompson, Associate Professor of Economics, Wayne State Univer-
sity, read the next-to-the-last draft and offered suggestions helping to clarify
certain matters in the text. Nicholas V. Olds, Assistant Attorney General, State
of Michigan, provided access to the transcript of the hearings and subsidiary
exhibits in the United States Supreme Court case. And Bonnie Bramblett
patiently typed and retyped the manuscript on its way to final form.

On the other hand, the author assumes full responsibility for the points of
view and conclusions expressed in this report.

Gilbert R. Gadzikowski
November 19, 1962



Contents

FOREWORD

ACKNOWLEDGMENTS ... ... .. . e
LIST OF TABLES ................. ...

Introduction and Summary .. ... .. ... .. ... . .. ...........

Part 1. Waterborne Commerce

L. The Direct Effects of Diversion on Suppliers and Buyers of
Ship Service ... ... .. .

The Loss in Fleet-Carrying Capacity ........................

Effect of Loss of Fleet-Carrying Capacity on Suppliers
of Ship Service ....... ... ... ... ..o

Effect of Increases in Rates per Ton on Buyers of
Ship Service ............ ... .

Effect of Decisions of Buyers on the Total Revenue of
Suppliers of Ship Service ......... .. ...

Conclusions . ...

II. The Economic Positions of Michigan Buyers and Suppliers of
Ship Service Before and After Additional Diversion .. ... ... .. ..
Before-Diversion Economic Positions ....................
After-Diversion Economic Position of Michigan Suppliers
of Ship Service ........ ... ...

After-Diversion Economic Position of Michigan Buyers
of Ship Service .......... ... ... ...l

Summary of Economic Positions .......................... ..

III. A Digression: The Multiplication of Income ... . . . ..........
The Nature of Expenses of a Firm ..........................
The Nature of Ownership Earnings of a Firm ............. ..
Leakage of Money Out of an Economy ......................
The Income Multiplier ......................................
Conclusion Concerning the Multiplication of Income ... .. ...
Values Needed for the Analysis .............................

Spatial Leakage of Factor Payments and of Ownership
Earnings ........... ... ... ...

Leakage of Income and the Income Multiplier ............ . ..
Other Assumptions ..........................................
How the Values Fit Into the Analysis ..... .................
Conclusions of the Digression ............................. ..

vii

Page
iii

ix

10

11
11

13



IV.

VL

VIIL.

VIII.

IX.

XI.

Effects of Additional Diversion on Michigan Income: No
Change in the Quantity of Ship Service Demanded .. ......... ..

Michigan Suppliers of Ship Service ................. ... ...
Michigan Buyers of Ship Service ...................... ... ..
Combined Effect on Total Michigan Income ... ... ... ...

Effects of Additional Diversion on Michigan Income:
Equal Change in the Quantity of Ship Service Demanded . . . .. ..

Michigan Suppliers of Ship Service ..........................
Michigan Buyers of Ship Service ....................... ...
Combined Effect on Total Michigan Income .................

Summary of Effects of Additional Diversion on Michigan's
Economy Via Waterborne Commerce ... .. .. ..................

The Magnitude of Loss in Annual Income ......... ... ... ..
The Capitalized Value of the Loss in Annual Income ... .. ..
Regulation of the Entire Great Lakes ..................... ..
Conclusion ... .. ... ..

Part II. Recreation and Conservation

Effects of Additional Diversion on Recreation and Conservation
Facilities . ... . . .

Physical Effects ............... .. ... ...

Economic Significance of Lost Recreation and
Conservation Capacity ............................... ...

Economic Loss to Michigan Wetlands ... ............. ....... .. ...
The Measure of Economic Loss . ........................ .. ..
The Gross Economic Loss ... .. .......... . ................
Net Economic Loss to Michigan’s Wetlands ............ ...
Summary of Economic Loss to Michigan's Wetlands . ... ..

Economic Loss to Michigan Boating Facilities ................. ..
The Measure of Economic Loss . ... . ......................
Additional Investment per Boat ......................... ...
Total Additional Investment to Restore Lost Capacity ... ...

Economic Loss to Michigan Public Beaches ... ... ............ ...
The Measure of Economic Loss ............................
Per-Mile Cost of Sanding Nonbeach Strips ............. ...
Total Economic Loss to Michigan Public Beaches ...........

Summary of Economic Loss to Michigan Recreation and
Conservation Facilities .. ............. ... .......................



Appendix to Part I

The Effects of Additional Diversion of Lake Michigan
Water on the Entire Great Lakes Economy

Via Waterborne Commerce .................................... 55
Bibliography ... ... ... .. 60
Tables
Title
Number Page
1 Before-Diversion Economic Positions ...................... ... 17
2 After-Diversion Economic Positions (No Quantity Change) .. 18
3 After-Diversion Economic Positions
(Equal Quantity Change) ...................... .. ......... 19
4 The Income-Multiplier Process ................................ 22
5 Estimates of Nonlocally Oriented Employment
in Michigan: 1956 ..... ... .. .. .. ... . 25
6 Effect on Annual Michigan Income (No Quantity Change) ... 29
7 Effect on Annual Michigan Income (Equal Quantity Change) 32
8 Summary of Loss of Annual Michigan Income .......... ... .. 33
9 Capitalized Values of Loss in Annual Michigan Income .. ... .. 35
10 Loss of Michigan Wetland Capacity
Caused by Drop in Lake Levels . ........................ ... 38
11 Distribution of Motorboats Registered in Counties Riparian
to the Great Lakes Affected by Diversion ................... 40
12 State Parks on Eastern Shoreline with Beaches ............. .. 42
13 Estimated Miles of Municipal Public Beach Affected
by Additional Diversion ................... ... 42
14 Average Prices of Michigan Riparian Land, 1959-1960 ... ... 45
15 Cost of Purchase to Restore Michigan Wetland Capacity ... ... 46
16 Recent Public Marina Construction Costs per Boat
in Michigan Facilities . ...................................... 49
17 Summary of Recreation and Conservation Asset Loss
inMichigan . ....... ... .. 53



INTRODUCTION AND SUMMARY

Chicago, Illinois, currently diverts some 3,000 c.f.s. (cubic feet per second) of
Lake Michigan water over the divide into the Mississippi River Valley. The
State of Illinois on behalf of the Elmhurst - Villa Park - Lombard Water Com-
mission is asking the United States Supreme Court for permission to divert ad-
ditional amounts of Lake Michigan Water into the Mississippi River Valley.
Other similarly situated communities in Illinois are awaiting the outcome of this
litigation. The other Great Lakes States (excepting Indiana) are presenting
testimony to support their complaint that the water presently diverted as do-
mestic pumpage by the City of Chicago should be returned to Lake Michigan
after purification by sewage treatment works; or, in the alternative, that steps
be taken to reduce the present diversion now amounting to 3,300 c.f.s.1

Economic Effects

That the Great Lakes are a communal body of water is obvious. But how one
state’s use of the water affects the use that another state can make of it is not so
obvious. To be sure, if one state removes water from the basin, the other states
have that much less water for their use, but at what damage to them? The ef-
fects of such diversion by one community upon the other communities need to
be explored.

In this exploratory study, we limit our interest to economic effects. The
economic effects occur because diversion action by Chicago affects the capacity
of other states of the community to produce or to consume. What are the
effects?

The Question Explored

We limit our view in this study to one riparian state, Michigan,2 and to the
consequences of two economic effects: the one upon waterborne commerce and
the other upon recreation and conservation facilities. We assume a specific

! The state of Indiana, although riparian to the Great Lakes, is not a participant in the United States
Supreme Court case. Some observers have construed this to mean that the state of Indiana is unofficially
sympathetic to the plea of the state of Illinois, and would hetself like to divert Lake Michigan water. The
state of Indiana has taken no official position in the case.

2 Michigan is defined as an entity composed of the existing population residing within its geographical
boundaries, which population is assumed to be immobile. By Michigan, we do not mean the state govern-
ment or a simple summing of people because such a sum would fail to register gross movements and only
show net movements.

1



amount of additional diversion at Chicago—an additional 8,000 c.f.s. of Lake
Michigan water from the Great Lakes Basin.3

The question of this study, therefore, is: If an additional 8,000 c.f.s. of
diversion of Lake Michigan water from the Great Lakes Basin at Chicago is
assumed, what effects will this additional diversion have upon the economy of
Michigan via waterborne commerce and via recreation and conservation fa-
cilities?

The Method of Exploration

We trace out the economic effect via waterborne commerce in the following
way. Additional diversion means lower lake levels.4 Lower lake levels mean
that larger ships cannot load as much. Smaller loads per ship mean higher rates
per ton of goods shipped in order to cover the cost of the trip. Higher rates per
ton reduce the competitive ability in national markets of Michigan producers.
Buyers of ship service redecide how much to ship via the Lakes. These decisions
of buyers of ship service result in changes in the economic positions of Michigan
buyers and suppliers of ship service. Changes in the economic positions of
Michigan buyers and suppliers of ship service mean changes—usually reduc-
tions—in their payments to the factors of production, and reductions in owner-
ship earnings. Reductions in payments to Michigan factors of production and
changes in Michigan ownership earnings mean that the total annual income in
Michigan will be reduced. The economic effect of additional diversion via
waterborne commerce is thus a reduction in the annual income of Michigan
residents.

We then trace out the economic consequences via the recreation and the con-
servation facilities in the following way. Additional diversion means lower lake
levels. The capacity to produce recreation and conservation services by Michi-
gan’s facilities depends on lake water levels. Lower lake levels mean a lower

3 This assumption is not completely arbitrary. In 1954, for example, Chicago applied for a federal power
permit on the basis of an assumed additional 5,000 c.f.s. of diversion. Another 3,000 c.f.s. we assume for
water supply and sanitation purposes.

Further, we believe that the type of reasoning based on the ‘‘hole-in-the-dike’' principle is not out of
place in a context in which unspecified amounts of additional diversion are petitioned. Where ultimately
does one stop on ''needed diversion’’ when one is faced with a general population expansion? Also, many
riparian cities in Illinois and other states are both capable of diversion and not far removed from the
conditions that motivate Chicago’s plea.

4 The Corps of Engineers, United States Army, estimates that for each additional 1,000 c.f.s. of diversion
of Lake Michigan water at Chicago, the levels of Lakes Michigan and Huron would decline 1 inch and
the levels of Lakes Erie and Ontario would decline 5/8 of an inch. Thus, 8,000 c.f.s. of additional diver-
sion at Chicago would lower Lakes Michigan and Huron by 8 inches and Lakes Erie and Ontario by
5 inches.

These estimates of the Corps of Engineers can be found in U.S. Senate Document No. 28, 85th Congress,
1st Session. This document and U.S. Senate Document No. 71, 84th Congress, 1st Session, are the sources
for the Corps of Engineers’ estimates used in this study, unless otherwise stated.



productive capacity of Michigan’s recreation and conservation facilities. To
restore the lost capacity of these facilities costs something. The cost of restoring
productive capacity to Michigan’s facilities is a measure of the loss in Michi-
gan’s recreation and conservation assets. The economic effect of additional
diversion on recreation and conservation facilities is thus the reduction in the
value of Michigan’s recreation and conservation assets, measured by the cost
of restoring these assets to their prediversion value.

The Estimates

We here present our preliminary estimates of what the economic effects upon
the economy of Michigan will be via waterborne commerce and via recreation
and conservation facilities, given an additional 8,000 c.f.s. of diversion at Chi-
cago.

The reader must understand, of course, that these estimates have no founda-
tion until related to the analysis that derived them. This is an exploratory study.
We attempt to look over the whole territory, but we bring back only what we
conveniently can. Therefore, we present our estimates in the form of a range.
The breadth of the range suggests that the extent of our ignorance in these
matters is very large. Only an inventory-like survey could completely collapse
the boundaries of the unknown. In lieu of such an inventory our estimates,
which represent a preliminary attempt to apply common sense and reasonable
assumptions to existing data, narrow the gap between the borders of the un-
known. The study identifies researchable problems for investigation.

The loss of annual income to the economy of Michigan via waterborne com-
merce, as a result of additional diversion (Part I), lies between $3.1 million
and $10.7 million under the conditions of commercial navigation which pre-
vailed in the year 1956; under the conditions of commercial navigation pro-
jected for the year 1985, the loss of annual income to the economy of Michigan
lies between $1.6 million and $5.4 million.

The long-run significance of such annual losses of income to an economy can
be appreciated by considering that it requires an investment, paying 5 percent
interest per annum, of between $32 million (the 1985 minimum) and $214
million (the 1956 maximum) to obtain these magnitudes of annual income.

The loss of asset value to Michigan’s recreation and conservation facilities
(Part II) lies within the range of $13 million to $21 million. This is based on
an estimated $8.9 million to $16.1 million investment to restore the present
capacity of Michigan wetlands, $4.2 million to restore the present capacity of
Michigan’s recreational boating facilities, and $0.3 million to restore the ca-
pacity of Michigan’s public beaches.



Our exploratory study thus estimates a capital loss of between $45 million
and $235 million. This is the capitalized value of the loss of annual income via

waterborne commerce plus the loss of asset value to recreation and conserva-
tion facilities.5

s In this combined total loss, we are summing dollar figures that are actually different in real terms. The
waterborne commerce dollar effects are in 1956 prices. and the recreation and conservation dollar effects
are in 1959-60 prices. The '‘Consumer Price Index’’ and the “Wholesale Price Index’* of the Bureau of
Labor Statistics show a price movement between these years of 8.4 and 4.1 percentage points, respectively.
Nevertheless, because of the roughness of our estimates, we choose to ignore the price movement effect.

4



Part [. Waterborne Commerce

I. THE DIRECT EFFECTS OF DIVERSION
ON SUPPLIERS AND BUYERS OF SHIP SERVICE

In this chapter we see that additional diversion causes a loss of part of the
carrying capacity in the Great Lakes fleet. We see that the loss in fleet capacity
leads to increases in the rate per ton charged by suppliers of ship service. Fi-
nally, we see that the decision of buyers of ship service as to how much ship
service they will hire at the increased rate per ton effects a change in the total
revenue received by both Michigan buyers and suppliers of ship service.

The Loss in Fleet-Carrying Capacity

The Corps of Engineers, United States Army, estimates that each additional
1,000 c f.s. of diversion of water at Chicago lowers the levels of Lakes Michigan
and Huron by 1 inch and the levels of Lakes Erie and Ontario by 5/8 inch.

The lowering of lake levels affects waterborne commerce. Some vessels must
load to lesser drafts than if the lake levels had not been lowered. The Corps of
Engineers estimates that if all the vessels of the 1956 United States Great Lakes
fleet were required to load 1 inch less than their design permitted for an entire
navigation season, 1 million tons of annual carrying capacity would be lost.

Of course, even if the lake levels should fall 5 inches, not all vessels would
have to load less than their design permitted. The lighter, smaller vessels would
probably not be affected. About 85 percent of the vessels would, however, be
affected by diversion.! This means that a 1-inch drop in the lake levels would
induce an 850,000-ton loss of annual carrying capacity of the 1956 United
States Great Lakes fleet. A 5-inch drop in lake levels would cause 4.25 million
tons of annual carrying capacity to be lost.2

1 Of the 303 vessels in the 1956 United States Great Lakes fleet, 257, or 85 percent, were vessels with a
drafe of 21 feet or more. In fact, this percentage figure understates the effects of diversion on the fleet:
(1) a percentage of the number of vessels does not reflect the percentage of tonnage capacity of these
vessels, especially when the largest vessels have about three or four times the trip capacity of the lighter,
smaller vessels; (2) the larger, faster vessels are the first boats put into service each season; the lighter,
smaller vessels are brought into service only when the volume of commerce warrants it; and (3) there is
a recognized trend toward the use of new, larger vessels with the scrapping of the old, smaller vessels.

2 We choose to use the 5-inch drop on Lakes Erie and Ontario as the governing factor in our analysis for
the 8,000 c.f.s. of additional diversion at Chicago. The 8-inch drop on Lakes Michigan and Huron, if it
were the governing factor, would mean a loss of annual carrying capacity in the 1956 United States Great
Lakes fleet of 6.8 million tons. (See footnote 4, page 2.)
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The Corps of Engineers estimates that 1,000 c.f.s. of additional diversion at
Chicago would cause a 300,000-ton loss of annual carrying capacity in the pro-
jected 1985 United States Great Lakes fleet. Thus, 8,000 c.f.s. of additional
diversion would cause a loss of 2.4 million tons in 1985.

There is a difference of about 1.9 million tons between the estimated loss of
the 1956 fleet and that of the 1985 fleet. The 1985 fleet loss estimate is smaller
because the Corps of Engineers assumed that certain changes would take place
on the Great Lakes by 1985. For example, they assumed the deepening of the
connecting channels on the Great Lakes; they assumed the deepening of interior
harbor basins and channels; and they assumed a different fleet composition and
pattern of traffic. Thus, the estimate of the 1956 fleet loss in annual carrying
capacity is about 1.9 million tons above the estimate of loss in the 1985 fleet for
the same amount of additional diversion.3

Effect of Loss of Fleet-Carrying Capacity
on Suppliers of Ship Service

Because additional diversion causes a loss of carrying capacity in the fleet,
diversion places the suppliers of ship service in an awkward position. Their
individual vessels are carrying a lesser tonnage per trip, but their costs per
vessel-passage remain virtually the same.

An example will help. Before additional diversion, vessel X carried 10,000
tons of cargo at $1 per ton on a particular trip. The trip revenue was $10,000.
The cost of operating vessel X on that trip was $10,000. (“Cost,” here, includes
charges to depreciation, maintenance, interest, insurance, port fees, crew, fuel,
and enterprise earnings.) After additional diversion, vessel X loads 9,000 tons
of cargo for the trip. At $1 per ton, the revenue from that vessel-passage is
$9,000, while the cost of operating vessel X on that trip remains close to
$10,000.4 The charges against depreciation, maintenance, interest, insurance,
port fees, and crew remain unchanged. Fuel charges probably decline only
slightly. To maintain the revenue and earnings, given the near-constant cost of
vessel-trip operation, the rate charged per ton of cargo must be raised.

3 We use conditions from a past year, 1956, in our economic analysis because we are interested in being
able to isolate the effects of diversion upon navigation. This is most easily done by assuming chac all octher
things remain the same and then introducing an assumption of additional diversion to see what happens.
In 1956, we know the variables such as total tonnage, rates per ton, fleet composition, etc. Then, by in-
troducing the assumption of additional diversion, we can analyze what effect our assumption will have on
these variables which are known. In this way we can compare what has happened with what would have
happened, given the assumption of additional diversion.

Finally, the full effects on lake levels of a permanent diversion are not felc until 15 years have elapsed.
The type of economic analysis that we are presenting here is static, i.e., timeless. Therefore, we have to
assume that the effects of additional diversion are felt instantaneously with the beginnings of the diversion.

4 The costs of vessel operation per trip, except perhaps for fuel, are of a fixed nature. Even labor costs are
fixed in this case because a fixed number and kind of crew are required for the safe and efficient passage
of the vessel. For example, the Corps of Enginecers calculates the savings in transportation for a proposed
project on the basis of a constant total cost per vessel-trip, no matter what amount of cargo the vessel is
presumed to carry. See United States House Document No. 319, Appendix B, 86th Congress, 2nd Session,
on the Trenton Channel.

6



A rate of $1.11 per ton would raise the 9,000-ton trip revenue to approxi-
mately $10,000, the cost per trip. In this way, the suppliers of ship service are
placed in the position of having to raise their rates charged per ton of cargo be-
cause of additional diversion.

The total cost per trip thus remains approximately the same after diversion
as it was before. There is, however, a loss of annual carrying capacity induced
by diversion.

We now ask about the actual total Great Lakes situation: By how much must
the average transportation rate per ton of cargo increase in order to cover that
near-constant total cost, in consequence of diversion?

We express the loss in annual carrying capacity caused by diversion as a per-
centage of the total tons moved annually over the Great Lakes. This percentage
gives us a close approximation of the percentage increase in the average rate
per ton needed to maintain a near-constant total revenue to cover the near-
constant total cost.

For the year 1956, the 4.25 million tons of lost annual carrying capacity is
2.2 percent of the total 192 million tons moved over the Great Lakes.5 For the
year 1985, the loss of 2.4 million tons is 1.07 percent of the total 224 million
tons projected by the Corps of Engineers for that year. Thus we have:

Index of Revenue

Index to Cover a
Index of Quantity X of Price = Near-Constant Cost
Before Diversion
1.00 X 1.00 = 1.00
After Diversion
1956 978 X 1.022 =1 1.00
1985 9893 X 1.0107 = 1.00

2 Read = as "‘approximately equal to.”’

The answer to our question is that the suppliers of ship service must increase
their average rate per ton by about 2.2 percent under the 1956 conditions and
by about 1.07 percent under the 1985 conditions if they wish to cover their
virtually constant cost.

5 We assume, as does the Corps of Engineers, that the dry bulk catgoes (iron ore, coal, grain, and stone)
are the only cargoes anected. The 1956 total tons are composed of : iron  ore, 89.8 million tons; coal, 57.4
million tons; grain, 14.3 million tons; and stone, 30.8 million tons. The projected 1985 total tons are

composed of: iron ore, 84 million tons; coal, 88 million tons; grain 5.8 million tons; and stone, 46.7
million tons.
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Effect of Increases in Rates Per Ton
on Buyers of Ship Service

Additional diversion places the suppliers of ship service in the position of
having to raise their average rate per ton of cargo. In this way, the effects of di-
version are transmitted to the buyers of ship service.

The raising of the average transportation rate per ton increases shipping rates
to the buyers of ship service. The buyers of ship service find that the cost of do-
ing business has gone up. Like all buyers, they will be sensitive to the increase
in price. They will revaluate their economic positions. After doing so, they may
still decide to purchase the same amount of ship service, or they may decide to
decrease the quantity of ship service they hire.

To simplify matters, let us assume just two possible responses: (1) that there
is no change in the quantity of ship service demanded (call this decision “No
Quantity Change™); and (2) that there is a percentage decline in the amount
of ship service demanded equal to the percentage increase in the rate per ton
(call this decision “Equal Quantity Change”).

We can set these two possible responses into fraction form: the percentage
change in the quantity demanded over the percentage change in the rate per
ton:

No Equal
Quantity Change Quantity Change
(percent) (percent)
1956 Quantity Change 0.0 2.2
Price Change 22 2.2
1985 Quantity Change 0.0 1.07
Price Change 1.07 1.07

Note what is happening. The suppliers of ship service raise the rate per ton.
The buyers of ship service redecide how much ship service they will hire. The
decision that the buyers of ship service make will have an effect on how much
total revenue the suppliers of ship service will actually receive.

Effect of Decisions of Buyers on the Total Revenue
of Suppliers of Ship Service

If the buyers of ship service decide to buy the same amount of ship service,
the total revenue to the suppliers of ship service will increase. If the buyers of
ship service decide to decrease the amount of ship service they hire by a per-
centage equal to the percentage increase in the rate per ton, the total revenue to
the suppliers of ship service will remain the same.

8



We can illustrate this by using the following equation:

Total
Price Index X Quantity Index = Revenue Index
Before Diversion
1.00 X 1.00 = 1.00
After Diversion
1956 1.022 X 1.00 = 1.022
1.022 X 978 1.00
1985 1.0107 X 1.00 — 1.0107
1.0107 X .9893 —a 1.00

?Read = as “‘approximately equal to.”’

These calculations give us indices of total revenue. We can apply them to the
total revenues of the suppliers of ship service on the Great Lakes for the years
1956 and 1985 and, in that way, arrive at the dollar changes in total revenue
corresponding to the decisions of buyers of ship service.

We estimate that the total revenue to suppliers of dry-bulk-cargo ship serv-
ice on the Great Lakes for the year 1956 is $272,233,000. We estimate that the
total revenue to suppliers of dry-bulk-cargo ship service on the Great Lakes for
the year 1985, at 1956 rates per ton, is $282,778,000 6

The dollar changes in the total revenue of suppliers of ship service can be ob-
tained by applying the indices of total revenue to these revenue figures. In this
way, we obtain the dollar change in total revenue associated with our two pos-
sible decisions of the buyers of ship service.

Dollar Change in
Total Revenue Total Revenue
Buyers’ Decision Index {millions)

1956

No Quantity Change 1.022 $6.0

Equal Quantity Change 1.00 0.0
1985

No Quantity Change 1.0107 $3.0

Equal Quantity Change 1.00 0.0
€ Total re were esti d by muleiplying the total tons of the individual dry-bulk cargoes moved

in 1956 and by multiplying estimated total tons for 1985 by the rate per ton on a typical run in 1956. The
rates per ton used were: iron ore, $1.80; coal, $0.60; grain, $2.31; and stone, $1.40. See p. 7, footnote 5,
for tonnages.

9



Conclusions

Additional diversion causes a loss of fleet-carrying capacity that results in a
2.2 percent and 1.07 percent increase in the average transportation rate per ton
for the years 1956 and 1985 respectively. The increase in the rate per ton causes
buyers of ship service to revaluate their transportation cost burden and decide
whether they will continue to buy the same amount of ship service or a lesser
amount. If the buyers decide on “no quantity change” of ship service de-
manded, total dollar revenue to the suppliers of ship service increases by $6
million in 1956 and $3 million in 1985. If the buyers of ship service decide on
“equal quantity change” of ship service demanded, total dollar revenue to the
suppliers of ship service remains at the prediversion level.

We shall use these dollar changes in the total revenue to all suppliers of ship
service in the next chapter where we show how they effect a change in the eco-
nomic position of the Michigan suppliers of ship service. We shall also use the
percentage change in the rate per ton and the decisions of buyers to show how
they effect a change in the economic position of Michigan buyers of ship service.

10



I1. THE ECONOMIC POSITIONS OF MICHIGAN BUYERS
AND SUPPLIERS OF SHIP SERVICE BEFORE
AND AFTER ADDITIONAL DIVERSION

In Chapter I we saw that additional diversion leads to increases in the rate per
ton charged by suppliers of ship service; that buyers’ decisions about how much
ship service they will hire at the increased rate per ton effects a change not only
in their own operations but also in the total revenue received by the suppliers of
ship service.

In this chapter we see what the economic positions of the Michigan buyers
and the Michigan suppliers of ship service are before the additional diversion.
Then, according to the decisions of the buyers of ship service, we see what the
economic positions of the buyers and the suppliers of ship service are after the
additional diversion.

Before-Diversion Economic Positions

We assume that Michigan suppliers of ship service receive 7.7 percent of the
shipping revenue on the Great Lakes.! We assume that Michigan buyers of ship
service pay 34.6 percent of the shipping revenue on the Great Lakes.2 On the
basis of these two assumptions, we construct the economic positions of both
buyers and suppliers in the before-and-after additional diversion circumstances.

Before additional diversion, the Michigan suppliers of ship service have sales
totaling 7.7 percent of the 1956 and 1985 shipping revenues on the Great
Lakes. In the accounting balance, this 7.7 percent is exactly offset by the ex-
penses and ownership earnings of the firms. Their economic position looks like
this:

Position of Michigan Suppliers of Ship Service
Before Diversion

Expenses and Earnings Sales?
1956 $20,829,000 $20,829,000
1985 21,636,000 21,636,000

3 Represents 7.651 percent of the total annual revenues received on the Great Lakes by all shipping com-
panies, $272,233.000 for 1956 and $282,778,000 for 1985. See p. 9 for the derivation of the total annual
revenue to suppliers of ship service.

I This assumption rests on the 7.651 percent of the Lake Carriers Association membership's total gross
tons that were registered in Michigan ports in 1956. The membership of the Lake Carriers Association
represents the important United States ship interests on the Great Lakes.

2 This assumption rests on the total number of tons attributed to Michigan's major harbors by the Corps
of Engineers in Waterborne Commerce of United States—Part 3: Waterways and Harbors, Great Lakes,
expressed as a percentage of the total bulk-cargo tons moved over the Great Lakes in 1956.
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We have just assumed that the Michigan buyers of ship service pay transpor-
tation expenses totaling 34.6 percent of the 1956 and 1985 shipping revenues
on the Great Lakes. We now assume that these prediversion transportation ex-
penses represent onexthird of the sale value of the goods moved over the Great
Lakes.3 Another way of saying this is that the sales amount to three times the
transportation expenses. The other two-thirds of sales are assigned to produc-
tion cost and ownership earnings.4 The economic position of the Michigan
buyers of ship service looks like this:

Position of Michigan Buyers of Ship Service
Before Diversion

Expenses and Earnings Sales
1956
Production Cost and
Prediversion Earnings? $188,614,000
Transport Expensest 94,307,000
$282,921,000 $282,921,000
1985
Production Cost and
Prediversion Earnings? $195,927,000
Transport Expensest 97,963,000
$293,890,000 $293,890,000

aRepresents two times the amount of the transportation expense according to the assumprion described in
the text thae the transportation cost represents one-third of the sale value of the goods shipped in predi-
version conditions.

bRepresems 34.642 percent of the total annual revenues paid on the Great Lakes by buyers of ship serv-
ice, $272,233,000 for 1956 and $282,778,000 for 1985. See p. 9 for the derivation of the total annual rev-
enue to suppliers of ship service.

3 This assumes a rather high ratio of transport expense to sale value of cargo. The point of such an ap-
proach is to try to set a lower boundary to the loss sustained by the economy of Michigan.

It can be shown within the framework of the later analysis that the loss to the economy of Michigan is
inversely related to the ratio of transport expense to sale value of cargo. For example, if the direct loss to
the economy of Michigan is a fixed percent of changes in production expense, and if changes in produc-
tion expense are a fixed percent of changes in sale value, and if sale value changes by a fixed percent,
then the direct loss to the economy of Michigan will be large or small according to whether the absolute
value of the sale value is large or small. Hence, by assuming a rather high ratio of transport expense to
sale value, the sale value is kept small and thereby the direct loss is kept small.

4 The balance equation reads: Other Expenses and Earnings (two-thirds) + Transport Expenses (one-
third) = Sales (three-thirds).
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After-Diversion Economic Position
of Michigan Suppliers of Ship Service

After additional diversion, the decision of the buyers of ship service as to
how much ship service they will hire at the increased rate per ton will change
their own economic position and that of the suppliers of ship service. We shall
discuss two of the possible decisions: first, that the buyers decide not to change
the quantity of ship service they hire; and second, that they decide to decrease
the quantity of ship service they hire by a percentage equal to the percentage
increase in the rate per ton. Let us recall our shorthand method of labeling these
two decisions: the first, “no quantity change,” and the second “equal quantity
change.”

1. No quantity change: If the buyers decide on “no quantity change,” then
the Michigan suppliers of ship service will have an increase in their sales dollars
(2.2 percent in 1956 and 1.07 percent in 1985). This increase in revenue, how-
ever, goes into increased payments to factors of production, and especially into
payments to their employees and to their suppliers. They are moving the same
amount of goods as before the diversion, but in more trips of lesser tonnages.
Their economic position looks like this:

Position of Michigan Suppliers of Ship Service

After Diversion
(No Quantity Change)
Expenses and Earnings Sales
1956 $21,287,0002 $21,287,0002
1985 21,868,000 21,868,000

3 Increase in expenses and sales over prediversion position, $458,000 (2.2 percent of $20,829,000). See
p. 11 for prediversion position.

b Increase in expenses and sales over prediversion position, $232,000 (1.07 percent of $21,636,000). See
p. 11 for prediversion position.

2. [Equal quantity change: If the buyers decide on “equal quantity change,”
the Michigan suppliers of ship service will supply the same dollar volume of
sales as before the additional diversion. The increase in the rate per ton will be
approximately offset by the decline in the amount of ship service demanded.
The suppliers’ economic position remains unchanged, and is repeated for your
convenience.
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Position of Michigan Suppliers of Ship Service
After Diversion
(Equal Quantity Change)?

Expenses and Earnings Sales
1956 $20,829,000 $20,829,000
1985 21,636,000 21,636,000

Same as shown on p. 11.

After-Diversion Economic Position
of Michigan Buyers of Ship Service

1. No quantity change: If the Michigan buyers of ship service decide on
“no quantity change,” they will experience an increase in transportation ex-
penses (2.2 percent in 1956 and 1.07 percent in 1985). Since they are doing
the same volume of business transactions across the Great Lakes, and since they
presumably must put forth the same amount of productive effort as before the
diversion, the only variable left in the accounting equation is the ownership
earnings.> These earnings must decline by the amount of the increase in the
transportation expenses. The economic position of Michigan buyers of ship

service looks like this:

Position of Michigan Buyers of Ship Service
After Diversion

(No Quantity Change)
Expenses and Earnings Sales
1956

Production Cost and

Prediversion Earnings $188,614,000
Transport Expenses2 96,382,000
Loss in Earnings — 2,075,000

$282,921,000 $282,921,000

(Table continued on next page)

5 We have not yet made any assumption about whether the buyers of ship service can raise the prices they
charge. For the present, assume that they cannot. Obviously, if they can, then the burden of the increase

in transport expenses can be passed on to their customers.
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1985
Production Cost and

Prediversion Earnings $195,927,000

Transport Expenses? 99,012,000

Loss in Earnings — 1,049,000
$293,890,000 $293,890,000

2 These figures represent a 2.2 percent addition to the 1956 before-diversion transport expenses and a
1.07 percent addition to the 1985 before-diversion transport expenses. See p. 12 for before-diversion trans-
port expenses.

2. Equal quantity change: If the buyers decide on “equal quantity change,”
the Michigan buyers of ship service will be producing less, shipping less, and
selling less across the Great Lakes than before the additional diversion. If we
assume that no alternative transportation is used, the total production cost,
shipping cost, and number of sales dollars should decline from their prediver-
sion levels. But, because of the increase in the transportation rate per ton, the
total shipping expense will not decline in the same proportion as the sales and
the production cost. This means that the earnings of the firms must decline due
to the higher transportation charges per ton.6 Their economic position is shown
on page 16.



Position of Michigan Buyers of Ship Service
After Diversion
(Equal Quantity Change)

Expenses and Earnings Sales
1956
Production Cost and
Prediversion Earnings: $184,469,000
Transport Expensesb 94,257,000
Loss in Earnings — 2,029,000
$276,697,000 $276,697,000
1985
Production Cost and
Prediversion Earnings¢ $193,833,000
Transport Expensesb 97,950,000
Loss in Earnings — 1,037,000
$290,746,000 $290,746,000

2 This is a 2.2 percent decline in production and sales after diversion, $4,145,000 and $6,224,000 respec-
tively. See p. 12 for production and sales before diversion.

b These figures represent the following calculations performed on the before-diversion transport expenses :
subtract one-third of the decline in sales, as per our previous assumption; multiply the remainder of the
1956 figure by 1.022 and the remainder of the 1985 figure by 1.0107. See p. 12 for before-diversion trans-
portation and sales figures.

€ This is a 1.07 percent decline in production and sales after diversion, $2,094,000 and $3,144,000 re-
spectively. See p. 12 for production and sales before diversion.

Summary of Economic Positions

For the benefit of the reader who would like to see the economic positions of
the Michigan suppliers and buyers of ship service lined up one under the other
for each of the three situations, they are repeated in Tables 1, 2, and 3.

16



Table 1—Before-Diversion Economic Positions

A. Michigan Suppliers of Ship Service

Expenses and Earnings Sales
1956 $20,829,000 $20,829,0002
1985 21,636,000 21,636,0002

B. Michigan Buyers of Ship Service

1956
Production Cost and
Prediversion Earningsb $188,614,000
Transport Expenses¢ 94,307,000
$282,921,000 $282,921,000
1985
Production Cost and
Prediversion Earningsb $195,927,000
Transport Expenses 97,963,000
$293,890,000 $293,890,000

a Represents 7.651 percent of the total annual revenues received on the Great Lakes by all shipping com-
panies, $272,233,000 for 1956 and $282,778,000 for 1985. See p. 9 for the derivation of the total annual
revenue to suppliers of ship service.

bRepresents two times the amount of the transportation expense according to the assumption described
in the text that the transportation cost represents one-third of the sale value of the goods shipped in pre-
diversion conditions.

€ Represents 34.642 percent of the total annual revenues paid on the Great Lakes by buyers of ship serv-
ice, $272,233,000 for 1956 and $282,778,000 for 1985. See p. 9 for the derivation of the total annual
revenue to suppliers of ship service.
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Table 2—After-Diversion Economic Positions
(No Quantity Change)

A. Michigan Suppliers of Ship Service

Expenses and Earnings Sales
1956 $21,287,0002 $21,287,00072
1985 21,868,000b 21,868,000

B. Michign Buyers of Ship Service

1956
Production Cost and
Prediversion Earnings $188,614,000
Transport Expenses© 96,382,000
Loss in Earnings — 2,075,000
$282,921,000 $282,921,000
1985
Production Cost and
Prediversion Earnings $195,927,000
Transport Expenses® 99,012,000
Loss in Earnings — 1,049,000
$293,890,000 $293,890,000

2 Increase in expenses and sales over prediversion position, $458,000. See p. 17 for prediversion position.
b [ncrease in expenses and sales over prediversion position, $232,000. See p. 17 far prediversion position.

€ These figures represent a 2.2 percent addition to the 1956 before-diversion transport expenses and a 1.07
percent addition to the 1985 before-diversion transport expenses. See p. 17 for before-diversion transporta-
tion expenses.
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Table 3—After-Diversion Economic Positions
(Equal Quantity Change)

A_ Michigan Suppliers of Ship Service

Expenses and Earnings Sales
1956 $20,829,000 $20,829,000
1985 21,636,000 21,636,000

B. Michigan Buyers of Ship Service

1956
Production Cost and
Prediversion Earnings? $184,469,000
Transport Expenses® 94,257,000
Loss in Earnings — 2,029,000
$276,697,000 $276,697,000
1985
Production Cost and
Prediversion Earnings® $193,833,000
Transport Expenses® 97,950,000
Loss in Earnings — 1,037,000
$290,746,000 $290,746,000

This is a 2.2 percent decline in production and sales after diversion: $4,145,000 and $6,224,000 respec-
tively. See p. 17 for production and sales before diversion.

These figures represent the following calculations performed on the before-diversion transport expenses :
Subtract one-third of the decline in sales. as per our previous assumption; multiply the remainder of the
1956 figure by 1.022 and the remainder of the 1985 figure by 1.0107. See p. 17 for before-diversion trans-
portation and sales figures.

€ This is a 1.07 percent decline in production and sales after diversion: $2,094,000 and $3,144,000 respec-
tively. See p. 17 for production and sales before diversion,
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111. A DIGRESSION: THE MULTIPLICATION OF INCOME

In the last chapter we saw the before- and after-diversion economic positions of
Michigan buyers and suppliers of ship service. In order to pry into the eco-
nomic meaning of the after-diversion positions, we must understand how in-
come multiplies as it is spent throughout the economy.

The Nature of Expenses of a Firm

The factors of production are labor, machines, materials, natural resources,
and money funds for use in production processes. The firm incurs expenses
when it uses these factors of production because it must make payment to their
owners for their use. These expenses divide readily into two kinds: (1) pay-
ments to the firm’s employees, and (2) payments to the firm’s suppliers.

But a payment from the firm’s point of view is, at the same time, a receipt
from the employees’ and suppliers’ point of view. Payments to employees be-
come employees’ income; payments to suppliers become suppliers’ gross in-
come from which they, in turn, must pay the expenses of the factors of produc-
tion they use.Therefore, an increase (decrease) in the total expenses of a firm
means an increase (decrease) in the total income of employees and suppliers.

We are interested in the increases or decreases of expenses of Michigan
buyers and suppliers of ship service in their after-diversion economic positions
because the changes in expenses increase or decrease the total income of Mich-
igan employees and suppliers.

The Nature of Ownership Earnings of a Firm

The earnings of a firm, whether paid out or not, are a reward to ownership
interests, the people who supplied money for setting up the production process.
We treat earnings separately to emphasize their residual nature. The earnings
of the owners (their income) is that part remaining after payments to the other
factors of production have been made.

We are interested in the changes in earnings of the Michigan buyers of ship
service in their after-diversion economic position because these changes in earn-
ings, the income of owners, increase or decrease total Michigan income.

Leakage of Money Out of an Economy

There are two kinds of leakage of money out of an economy, spatial and in-
ternal. Spatial leakage refers to the passage of money from the hands of resi-
dents of one economy into the hands of residents of another economy. For ex-
ample, there can be no spatial leakage of money from the world economy (not
yet, at any rate), but there can be from one economy to another within the
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world economy wherever means of transportation and communication are
present.

We are interested in the spatial leakage of factor payments out of the Mich-
igan economy because the payments made to non-Michigan suppliers will end
up as income to non-Michigan residents. For example, the suppliers of ship
service make payments to their employees and to their suppliers. If a supplier
happens to be a non-Michigan firm, then the amount of that payment leaks out
of the Michigan economy. In the following diagram, everything to the right of
the broken vertical line is a spatial leakage, if we assume that non-Michigan
suppliers make no outlays that end up in Michigan.

Flow of Payments

esesesesenhs

sssescscscssnsiohone

Eventually, all of the payments to the factors of production by the Michigan
suppliers of ship service can be reduced to income to Michigan residents (the
left side of the broken vertical line) and spatial leakage. Therefore, the income
to a particular economy from a given amount of factor payments can be found
by subtracting the spatial leakage of factor payments from the total amount of
factor payments.
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Internal leakage of money from an economy is the amount of income not
spent. For example, even in the world economy, income can be hoarded as idle
cash.

We are interested in the leakage of Michigan income because of the multi-
plier effect on income, to which we now give consideration.

The Income Multiplier

The income multiplier is an economic device for explaining the mechanics of
how one additional income generates other additional income. People spend
their incomes. The spending of person A, however, is a receipt to person B. In
turn, when person B spends his income, person C has a receipt, and so on. Let
us assume that person A makes all his purchases from B, and B makes all his
purchases from C, and so on. If the income of person A should happen to in-
crease, B’s receipt would rise by the amount that person A spent of the increase
in his income. C’s receipts would also rise by the amount that person B spent of
his increase in income. And so on. The concept of the income multiplier tells us
that total income in an economy will rise dependent upon how much of an ini-
tial increase in income is spent in that economy. The value assigned to the in-
come multiplier tells us how many times an initial increase in income will mul-
tiply itself in the spending process by adding still further increases to income.
The key to the value of the income multiplier is the portion of the increase in
income actually spent in the economy.

An example will help to illustrate the working of the income multiplier. Sup-
pose that there is a $100 increase in income in an economy. Then suppose that
the people spend only 60 percent of their increases in income in this economy,
and the other 40 percent outside the economy. The $60 spent domestically will
generate in that same economy further increases in income thus:

Table 4—The Income-Multiplier Process

Round Increase in Income Increased Spending Leakage
1 $100 $60 $40
2 60 36 24
3 36 22 14
4 22 13 9
5 13 8 5
é 8 5 3
7 5 3 2
8 3 2 1
$247
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We stopped our calculations at round 8 of the spending process when the
original $100 increase in income had already generated an additional $147 of
income. The total increase in income to the economy, including the original in-
crease, is $247. If we allow the rounds of spending to continue, the total in-
crease of income to the economy approaches $250.

This can be seen by use of the income-multiplier formula with & as the value
of the income multiplier:

1
- percent of leakage of income
In our example, the leakage of income out of the economy is 40 percent. This

gives us a value of k thatis 2.5, i.e., T A $100 increase in income multiplied by the
value of the income multiplier gi\;es us a total increase of income in the econ-
omy of $250.1

Now we are in a position to explain our interest in leakage of Michigan in-
come. Obviously, that part of Michigan income which drains out of state (e.g.,
Michigan residents on tour in New Mexico), or that part of Michigan income
which is hoarded, will not become receipts for another Michigan resident in the
spending process. Leakage of Michigan income will determine the value of the
Michigan economy’s income multiplier.

Of importance is the fact that the income multiplier works in reverse direc-
tion also. A decrease in income causes a greater decrease in total income in the
economy. The decrease in total income is made up of the initial decline in in-
come plus an additional decline in income. The additional decline in income
occurs because the size of the flow of the spending-receipts chain of events nar-
rows upon a decrease in income in the same fashion that it widens upon an in-
crease in income.

Conclusion Concerning the Multiplication of Income

We can interpret changes in the expenses and earnings of Michigan buyers
and Michigan suppliers of ship service as changes in Michigan income. We must
allow, of course, for spatial leakage. Then we can apply to these changes the
income multiplier to arrive at the change in total Michigan income.

In short, we can move via the income multiplier from the direct effect of ad-
ditional diversion upon Michigan’s waterborne commerce to the total effect on
Michigan income embracing all the indirect income effects along the way.

1 Lefe unsaid in our example is that we suppose that the resources of the economy are not already being
fully utilized. If they are fully in use, inflation results—$250 of extra money chasing after a fixed amount
of goods and services.

However, in the case of the economy of Michigan: (1) there has existed a condition of serious unem-
ployment since 1956, aggravated by recent losses of defense contracts; (2) several Michigan communities
feel the pressure of idle resources through loss of firms to other states; and (3) the federal government
has formally designated parts of Michigan as ‘'depressed areas.”
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Values Needed for the Analysis

For our quantitative analysis, the above-mentioned general economic rela-
tionships are not enough. We must have the various values to which the eco-
nomic relationships apply. We now attempt to make some reasonable guesses at
what those values are—guesses because adequate quantitative information is
not available.

Spatial Leakage of Factor Payments
and of Ownership Earnings

We assume that the spatial leakage of factor payments is one-third of the
total factor payments and, therefore, that income to residents of Michigan is
two-thirds of the total factor payments made by the Michigan buyers and sup-
pliers of ship service.

We assume that the spatial leakage of ownership earnings of the Michigan
buyers of ship service is one-fourth of the total earnings, which leaves three-
fourths to accrue as income to Michigan residents.

Leakage of Income and the Income Multiplier

We assume that the leakage from income is 40 percent and that the assigned
value of the income multiplier is 2.5. This was determined by making a general
appraisal of the 1956 situation in Michigan. The ratio of total employment of
a region to employment in nonlocally oriented firms of the region is one em-
pirical measure of the multiplier of that region. The rationale is that nonlocally
oriented industries (i.e., those with sales outside the region) bring dollars into
the region to “support” the locally oriented industries (i.e., those with sales
only within the region, for example, diaper washes or TV repairs).

We guessed certain percentages of the employment of the various industries
of Michigan to be nonlocally oriented. These percentages of the industries’ em-
ployment were applied to their 1956 average employment. Then, the total non-
locally oriented employment was used as the denominator, and the total 1956
Michigan employment was used as the numerator in the ratio. The result is a
multiplier of 2.5, which presumes a total leakage of 40 percent. This is shown
in Table 5.
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Table 5—Estimates of Nonlocally Oriented Employment in Michigan: 1956

Michigan Assumed Per-  Nonlocally

Industry Aver. Monthly cent of Oriented
Employment? Nonlocal Employment
(thousands) Business (thousands)
Manufacturing
Lumber and Wood Products 14.7 60 8.8
Furniture and Fixtures 223 40 8.9
Primary Metals 81.4 80 65.1
Fabricated Metals 107.6 80 86.1
Machinery, Nonelectric 157.6 85 134.0
Machinery, Electric 37.0 80 29.6
Transportation Equipment 418.6 99 414.4
Other Durables 46.7 50 23.4
Food and Kindred 54.7 40 21.9
Textile Mill and Apparel 11.4 40 4.6
Paper and Allied 29.4 80 235
Printing, Publishing 28.1 40 11.2
Chemicals, Petroleum, Coal 45.1 80 36.1
Other Nondurables 18.6 40 7.4
Nonmanufacturing
Construction 115.7 5 5.8
Transport, Communications, Utilities 154.3 20 30.9
Wholesale Trade 102.9 2 2.1
Retail Trade 362.9 0 0
Finance, Real Estate, Insurance 73.7 2 1.5
Service 325.4 5 16.3
Government 120.8 0 0
Other Nonmanufacturing 19.6 1 0.2
Agricultural
Farm 157.4 40 63.0
Grand Total 2,505.9 994.8

Total Local and Nonlocal Employment 2,505.9
Nonlocal Employment 994.8

= 2.519

2 Data from Research and Statistics Division, Michigan Employment Security Commission.

Other Assumptions

We assume that Michigan buyers of ship service cannot raise the prices they
charge on the goods they sell.

We assume that no alternative means of transportation exists.

We assume that any cutback in goods shipped over the Great Lakes also
means a cutback in production by Michigan buyers of ship service.
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We assume that any loss of ownership earnings to Michigan buyers of ship
service because of reductions in their sales volume is negligible.

How the Values Fit Into the Analysis

We now briefly describe the sequence of the analysis of the next two chapters
to show how the above-mentioned quantitative assumptions fit into the pattern.

First, we look at the before- and after-diversion economic positions of the
Michigan suppliers of ship service, and we ask: Is there any change in the ex-
penses of the Michigan suppliers of ship service? If there is a change, we sub-
tract one-third of the change, which is the assumed out-of-state leakage of fac-
tor payments, in order to arrive at the change in income to Michigan residents
due to the change in factor payments made by the Michigan suppliers of ship
service. Then this change in income of Michigan residents is multiplied by 2.5,
the income multiplier, to arrive at the total change in the income of the economy
of Michigan that results from a change in the activity of Michigan suppliers of
ship service.

Second, we look at the before- and after-diversion economic positions of the
Michigan buyers of ship service, and we ask two questions: (1) Is there any
change in the expenses of the Michigan buyers of ship service? and (2) Is there
any change in ownership earnings of the Michigan buyers of ship service?

If there is a change in the expenses, we do to this change what was done to
the change in expenses of Michigan suppliers of ship service. We subtract one-
third of the change to arrive at the change in income of Michigan residents, and
multiply the change in income by 2.5, the income multiplier, to arrive at the
total changc in the income of the economy of Michigan that results from a
change in production expenses of Michigan firms hiring ship service.

If there is a change in ownership earnings, we subtract one-fourth of the
change, the assumed out-of-state leakage of earnings, in order to arrive at the
change in income to Michigan residents due to the change in the ownership
earnings of the Michigan buyers of ship service. Then this change in income of
Michigan residents is multiplied by 2.5, the income multiplier, to arrive at the
total change in the income of the economy of Michigan that results from a
change in ownership earnings of Michigan firms hiring ship service.

We then sum algebraically the changes in income of the economy of Michi-
gan derived by steps one and two.

Conclusions of the Digression

In the next two chapters, we compute any differences between the before-
and after-diversion economic positions of Michigan buyers and suppliers of
ship service, subtract spatial leakages from these differences, and multiply by
the value of the income multiplier.
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1V. EFFECTS OF ADDITIONAL DIVERSION ON
MICHIGAN INCOME: NO CHANGE IN THE
QUANTITY OF SHIP SERVICE DEMANDED

We ask three questions about the before- and after-diversion economic posi-
tions of the Michigan buyers and suppliers of ship service, assuming no change
in the quantity of ship service demanded after the additional diversion. What
differences are there:

(1) in the expenses of the Michigan suppliers of ship service?

(2) in the expenses of the Michigan buyers of ship service?

(3) in the earnings of the Michigan buyers of ship service?

To the answer to each of these questions we apply, first, a spatial leakage
factor, and second, the income multiplier to obtain the effect of each on Michi-
gan income.

Finally, we sum the three individual effects upon total income to obtain the
net total effect of additional diversion via waterborne commerce on Michigan’s
total income.

The before- and after-diversion economic positions, previously presented in
Chapter II, will be presented again in this chapter. We alter their format
slightly to make it easier to compare them.

Michigan Suppliers of Ship Service

The economic position of the Michigan suppliers of ship service, before and
after additional diversion, is presented below. We present only the “Expenses
and Earnings” side of the accounting balance.

Expenses and Earnings? 1956 1985
After Diversion $21,287,000 $21,868,000
Before Diversion 20,829,000 21,636,000

Difference $ 458,000 $ 232,000

See Tables 1 and 2, pp. 17 and 18.

These increases in payments to factors of production are at the same time
increases in income to the employees and suppliers of the Michigan suppliers
of ship service. We assume again that one-third of these payments are made to
out-of-state suppliers of factors of production. Therefore, Michigan income in-
creases by about $305,000 in 1956 and $155,000 in 1985 from the increase in
expenses of the Michigan suppliers of ship service.

The 2.5 income multiplier indicates that the total increase in Michigan in-
come is about $762,000 in 1956 and about $388,000 in 1985.
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Michigan Buyers of Ship Service

There is no change in the production expenses of the Michigan buyers of ship
service. They are producing the same amount of goods as before the diversion,
and we assume that these production costs do not change.

The earnings of the Michigan buyers of ship service, before and after diver-
sion, are presented below.

Earnings? 1956 1985
After Diversion $186,539,000 $194,878,000
Before Diversion 188,614,000 195,927,000

Difference — 3% 2,075,000 —$ 1,049,000

aCompuled by subtracting transportation expenses from total sales. Since production expenses arc the
same before and after diversion, any difference in these remainders reflects only changes in earnings. See
Tables I and 2, pp. 17 and 18.

Earnings accrue as income to the ownership interests. In this case, a decline
in income occurs. We apply our assumption that one-fourth of the earnings ac-
crue to out-of-state ownership interests. Therefore, the decline in Michigan
income from the decline in earnings of the Michigan buyers of ship service is
slightly less than $1.6 million in 1956 and $0.8 million in 1985.

Application of the 2.5 income multiplier indicates that the total decline in
Michigan income is about $3.9 million in 1956 and about $2.0 million in 1985.

Combined Effect on Total Michigan Income

The increase in expenses of Michigan suppliers of ship service sets forces at
work to increase total Michigan income. The decline in earnings of Michigan
buyers of ship service sets forces at work to decrease total Michigan income.
The combined effect on total Michigan income is a decline in the annual income
of Michigan by about $3.1 million in 1956 and by about $1.6 million in 1985.
This analysis is presented in Table 6.
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Table 6—Effect on Annual Michigan Income
(No Quantity Change)

ltem 1956 1985
(thousands) (thousands)

Michigan Suppliers of Ship Service

Increase in payments to productive factors (p. 27)

Less: spatial leakage (one-third) 153 77

Net increase in payments $ 305 $ 155

Times: ancome multiplier 2.5 2.5

Net increase in Michigan income $ 762 $—33
Michigan Buyers of Ship Service

Decrease in earnings (p. 28)

Less: spatial leakage (one-fourth) 519 262

Net decrease in earnings $1,556 $ 787

Times: income multiplier 2.5 2.5

Net decrease in Michigan income $3,890 $1,965
Combined effect on total Michigan income: decrease  $3,128 $1,577
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V. EFFECTS OF ADDITIONAL DIVERSION ON
MICHIGAN INCOME: EQUAL CHANGE IN THE
QUANTITY OF SHIP SERVICE DEMANDED

In this chapter we are interested in the difference between the before- and
after-diversion economic positions of Michigan buyers and suppliers of ship
service, assuming that there is a percentage decline in the quantity of ship serv-
ice demanded equal to the percentage rise in the average transportation rate
per ton.

Michigan Suppliers of Ship Service

There is no change in the expenses of the Michigan suppliers of ship service.
The percentage increase in the rate per ton of cargo is offset by the equal per-
centage decline in the number of tons of cargo moved. The Michigan suppliers
of ship service receive and pay in expenses the same number of dollars as be-
fore the diversion. They are simply moving fewer tons in the same number of
trips as before the diversion.

Michigan Buyers of Ship Service

The production expenses, before and after diversion, are presented below.

Production Expenses? 1956 1985
After Diversion $184,469,000 $193,833,000
Before Diversion 188,614,000 195,927,000

Difference —$ 4,145,000 —$ 2,094,000

2 We assume that any decline in earnings from cutbacks in sales volume (and, therefore, production) is
negligible. See Tables 1 and 3, pp. 17 and 19.

These declines in payments to factors of production are at the same time de-
clines in income to the employees and suppliers of the Michigan buyers of ship
service. Our assumption is that one-third of these payments is made to out-of-
state suppliers of factors of production. Therefore, Michigan income declines
by about $2.8 million in 1956 and by about $1.4 million in 1985 from the de-
cline in expenses of the Michigan buyers of ship service.

Application of the 2.5 income multiplier brings the total decline in Michigan
income to about $6.9 million in 1956 and about $3.5 million in 1985.

The earnings of the Michigan buyers of ship service, before and after diver-
sion, are presented below.
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Earnings 1956 1985

After Diversion? $186,585,000 $194,890,000
Before DiversionP 188,614,000 195,927,000
Difference —$ 2,029,000 —$ 1,037,000

This is computed by subtracting transportation expenses from total sales (Table 3), and adding to the
remainder the difference between before-and-after production expenses (p. 30). Since production expenses
are thereby equalized, any variation between the before-and-after earnings plus production expenses must
be due to the variations in earnings.

b See Table 1.

Earnings accrue as income to the ownership interests. In this case, a decline
in income occurs. We assume again that one-fourth of the earnings accrue to
out-of-state ownership interests. Therefore, the direct decline in Michigan in-
come from the decline in earnings of the Michigan buyers of ship service is
about $1.5 million in 1956 and about $0.8 million in 1985.

Application of the 2.5 income multiplier brings the total decline in Michigan
income to about $3.8 million in 1956 and to about $1.9 million in 1985.

Combined Effect on Total Michigan Income

The unchanged economic position of Michigan suppliers of ship service sets
no forces at work on Michigan income. The decline in expenses and the decline
in earnings of the Michigan buyers of ship service set forces at work to decrease
total Michigan income. The combined effect on total Michigan income is a de-
cline in the annual income of Michigan by about $10.7 million in 1956 and by
about $5.4 million in 1985. This analysis is presented in Table 7.
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Table 7—Effect on Annual Michigan Income
(Equal Quantity Change)

1956 1985
(thousands) (thousands)

Michigan Suppliers of Ship Service: no change — —
Michigan Buyers of Ship Service

Decrease in payments to productive factors (p. 30)

Less: spatial leakage (one-third) 1,382 698

Net decrease in payments $ 2,763 $1,396

Times: income multiplier 2.5 2.5

Net decrease in Michigan income $ 6,908 $3,490

Decrease in earnings (p. 31)

Less: spatial leakage (one-fourth) 507 259

Net decrease in earnings $ 1,522 $ 778

Times: income multiplier 2.5 2.5

Net decrease in Michigan income $ 3,805 $1,945
Combined effect on total Michigan income: decrease $10,713 $5,435
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VI. SUMMARY OF EFFECTS OF ADDITIONAL
DIVERSION ON MICHIGAN'S ECONOMY
VIA WATERBORNE COMMERCE

In this chapter we summarize the loss to Michigan arising from the effects
of additional diversion on waterborne commerce. We do so by way of comment
upon (1) the size of the loss in annual income, (2) the capitalized value of the
loss in annual income, and (3) an unexplored possibility.

The Magnitude of Loss in Annual Income

The losses of annual income to Michigan, as described in Chapters IV and V,
are shown in Table 8.

Table 8—Summary of Loss of Annual Michigan Income
(Amounts in Millions)

Decision of Buyers of Ship Service 1956 1985
No Quantity Change $ 3.1 $ 1.6
Equal Quantity Change 10.7 5.4

It becomes apparent that, as the buyers of ship service decide to hire less
ship service than the before-diversion amount, the loss of annual income to
Michigan increases above the $3.1 million loss of 1956 and the $1.6 million
loss of 1985 and moves toward the losses of $10.7 million and $5.4 million.

These end results, however, are based on the specific assumptions that we
made in our analysis: (1) there is an additional diversion of 8,000 c.f.s. at
Chicago; (2) there is no substitute means of transportation available to move
the cutback in-shipments across the lakes; (3) what is not shipped across the
lakes is likewise not produced; (4) the loss in earnings to Michigan buyers of
ship service from lower sales volumes is negligible; and (5) Michigan buyers
of ship service cannot raise the price of the goods they sell. We now inquire in
what direction the size of the loss in Michigan’s annual income is apt to move
if these assumptions are relaxed.

First, the smaller the amount of additional diversion at Chicago, the less will
be the loss in Michigan’s annual income, and vice versa.

Second, if sufficient substitute means of transportation should exist at a rate
per ton somewhere between the old and the new ship-service rates, the decline
in Michigan’s annual income will be less than it otherwise would be. The reasons
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are: (1) a rate per ton somewhere between the old and new ship-service rates
per ton will not reduce the earnings of the Michigan buyers of ship service by
as much as the new ship-service rate; (2) because the Michigan buyers of ship
service are able to ship the before-diversion amount of goods, they will main-
tain their before-diversion production level and, therefore, the before-diversion
level of payments to employees and suppliers; and (3) the substitute means of
transportation will itself be paying some part of its increased revenue to Mich-
igan residents for the use of factors of production.

Third, if the Michigan buyers of ship service experience losses in earnings
because of lower sales volume, the loss in Michigan annual income will be
larger. In such a situation, the average cost of producing a unit of merchandise
rises as the total number of units in the production batch declines.!

Fourth, if the Michigan buyers of ship service are able to raise the prices of
the goods they sell, the initial effect is to lower the loss in annual income to
Michigan. In such a case, the buyers of ship services would pass on to the con-
sumers the increase in the transportation cost. This depends upon their relative
strength in their local and nonlocal markets. However, all sorts of sccondary
effects enter this situation and cloud the conclusion that the loss in Michigan
annual income would be less if Michigan buyers of ship service could raise the
prices they charge.2

On balance, as we relax two assumptions—the assumption that no substitute
transportation exists, and the assumption that Michigan buyers of ship service
cannot raise their prices—the loss in Michigan annual income lessens. In gen-
eral, therefore, we can conclude that the size of the loss in the annual income of
Michigan will be less than our estimates indicate insofar as the following con-
ditions arc met: (1) substitute means of transportation exist; (2) the rate per
ton charged by the substitute means of transportation is less than the new ship-
service rate; (3) the unused capacity of the substitute means of transportation is
able to accommodate the cutback in shipments across the Great Lakes; (4) the
substitute means of transportation makes additional payments for factors of
production in Michigan; (5) the Michigan buyers of ship service command
relative strength in their local and nonlocal markets; and (6) the secondary
factors attending a price rise in Michigan on the goods marketed by the Mich-
igan buyers of ship service do not affect Michigan income adversely.

Because of the assumptions and qualifications necessarily appended to our
exploratory study, the reader must interpret our estimates as an order of mag-
nitude.

L If losses in earnings due to lower sales volumes should be substantial, there would be a tendency for
the buyers of ship service to maintain the before-diversion amount of ship service hired. In such a case,
the loss of annual income to Michigan registered under the decision ''no change’’ would apply. For this
reason, we could ignore this facet of the earnings of Michigan buyers of ship service.

2 For example, the secondary effects would depend upon which consumers, Michigan or non-Michigan,
the price rise affects. This, in turn, depends on many other factors.

34






