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Foreword 
THE w. E. U P J O H N 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 
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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 

1 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 herself 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. 
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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 assumpt ion is not comple te ly a rb i t ra ry . In 1954, for example , Ch icago appl ied for a federal power 
permit on the basis of an assumed add i t iona l 5,000 c.f .s . of divers ion. Ano the r 3,000 c.f .s . we assume for 
water supply and sani ta t ion purposes . 

Fur ther , we believe that the type of reasoning based on the " h o l e - i n - t h e - d i k e " pr inc ip le is not ou t of 
place in a context in wh ich unspecif ied a m o u n t s of add i t iona l d ivers ion are pe t i t ioned . W h e r e u l t imate ly 
does one stop on " n e e d e d d i v e r s i o n " w h e n one is faced w i t h a genera l popu l a t i on expans ion? Also, many 
r iparian cities in I l l inois and o the r states are b o t h capable of divers ion and not far removed f r o m the 
condit ions that mot ivate Ch icago ' s p lea . 
4 T h e Corps of Engineers , Uni ted States Army, est imates tha t for each add i t iona l 1,000 c.f .s . of diversion 
of Lake Michigan wate r at Chicago , the levels of Lakes Mich igan and H u r o n w o u l d decl ine 1 inch and 
the levels of Lakes Erie and O n t a r i o w o u l d decl ine 5 / 8 of an inch . T h u s , 8,000 c.f .s . of add i t iona l diver-
sion at Chicago w o u l d lower Lakes Mich igan and H u r o n by 8 inches and Lakes Erie and O n t a r i o by 
5 inches. 

These est imates of the Corps of Engineers can be f o u n d in U .S . Senate D o c u m e n t N o . 28, 85th Congress , 
1st Session. Th i s documen t and U.S . Senate D o c u m e n t N o . 71, 84th Congress , 1st Session, are the sources 
for the Corps of Engineers ' est imates used in this s tudy, unless o therwise s ta ted. 



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 I I ) 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. 
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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 

5 In this combined to ta l loss, we are s u m m i n g dol la r figures that are actual ly di f ferent in real te rms. T h e 
w a t e r b o r n e commerce dol la r effects are in 1956 prices, and the recreat ion and conservat ion dol la r effects 
are in 1959-60 prices. T h e " C o n s u m e r Price I n d e x " and the " W h o l e s a l e Price I n d e x " of the Bureau of 
Labor Statistics show a pr ice movement be tween these years of 8.4 and 4.1 percentage points , respectively. 
Never theless , because of the roughness of o u r es t imates , we choose to ignore the pr ice movement effect. 
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Part I. 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.1 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 Uni t ed States Great Lakes fleet, 257. o r 85 percen t , were vessels wi th a 
d r a f t of 21 feet or more . In fac t , this pe rcen tage figure unders ta tes the effects of diversion on the fleet: 
(1 ) a percentage of the n u m b e r of vessels does not reflect the percen tage of tonnage capaci ty of these 
vessels, especially when the largest vessels have abou t three or fou r t imes the t r ip capaci ty of the l ighter , 
smaller vessels; (2) the larger , faster vessels are the first boats p u t in to service each season; the l ighter , 
smal ler vessels are b rough t in to service only when the vo lume of commerce wa r r an t s it; and (3 ) there is 
a recognized t rend t oward the use of new. larger vessels wi th the sc rapp ing of the o ld , smal ler vessels. 
2 W e choose to use the 5-inch d rop on Lakes Erie and O n t a r i o as the govern ing factor in o u r analysis fo r 
the 8.000 c.f .s . of add i t iona l diversion at Chicago . T h e 8-inch d r o p on Lakes Mich igan and H u r o n , if it 
were the govern ing fac tor , wou ld mean a loss of a n n u a l car ry ing capaci ty in the 1956 Uni ted States Grea t 
Lakes fleet of 6.8 mi l l ion tons. (See foo tno te 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 W e use cond i t ions f r o m a pas t year , 1956, in our economic analysis because we are interested in be ing 
able to isolate the effects of diversion upon nav iga t ion . T h i s is most easily done by assuming that all o ther 
th ings remain the same and then in t roduc ing an assumpt ion of add i t iona l diversion to see wha t happens . 
In 1956. we k n o w the var iables such as to ta l t onnage , rates per ton , fleet compos i t ion , etc. T h e n , by in-
t roduc ing the assumpt ion of add i t iona l d ivers ion, we can analyze w h a t effect o u r assumpt ion wil l have on 
these variables which are k n o w n . In this way we can compare w h a t has h a p p e n e d wi th wha t w o u l d have 
h a p p e n e d , given the assumpt ion of add i t iona l divers ion. 

Final ly , the ful l effects on lake levels of a p e r m a n e n t diversion are not fel t un t i l 15 years have e lapsed . 
T h e type of economic analysis tha t we are present ing here is s ta t ic , i .e . , t imeless. T h e r e f o r e , we have to 
assume that the effects of add i t iona l diversion are felt ins tantaneously wi th the beg inn ings of the d ivers ion. 
4 T h e costs of vessel ope ra t ion per t r ip , except pe rhaps for fue l , are of a fixed na tu re . Even labor costs are 
fixed in this case because a fixed n u m b e r and k ind of crew are r equ i red for the safe and efficient passage 
of the vessel. For example , the Corps of Engineers calculates the savings in t r anspor ta t ion for a p roposed 
projec t on the basis of a cons tant to ta l cost per vessel-trip, no mat te r w h a t a m o u n t of ca rgo the vessel is 
p resumed to carry. See U n i t e d States House D o c u m e n t N o . 319, Append ix B, 86th Congress , 2nd Session, 
on the T r e n t o n C h a n n e l . 
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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 = a 1.00 
1985 .9893 X 1.0107 1.00 

a Read = as " app rox ima te ly equal t o . " 

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 W e assume, as does the Corps of Engineers , tha t the dry bu lk cargoes ( i ron ore , coal , g ra in , and s tone) 
are the only cargoes anec ted . T h e 1956 to ta l tons are composed o f : i r o n ' o r e , 89.8 mi l l ion tons; coal , 57.4 
mi l l ion tons; g ra in , 14.3 mi l l ion tons ; and s tone, 30.8 mi l l ion tons . T h e p ro jec ted 1985 to ta l tons are 
composed o f : iron ore , 84 mi l l ion tons ; coal , 88 mi l l ion tons; g ra in 5.8 mi l l ion tons ; and stone, 46.7 
mi l l ion 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^ 2/T~ Z2 

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 . 0 0 X 1 . 0 0 = 1 . 0 0 

After Diversion 
1956 1.022 X 1 . 0 0 zzz 1.022 

1.022 X .978 1 . 0 0 

1985 1.0107 X 1 . 0 0 1.0107 
1.0107 X .9893 - I - a 1 . 0 0 

3 Read == as " a p p r o x i m a t e l y equal t o . " 

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* 

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. 

Buyers' Decision 

1956 
No Quantity Change 
Equal Quantity Change 

1985 
No Quantity Change 
Equal Quantity Change 

Total Revenue 
Index 

1.022 
1.00 

1.0107 
1.00 

Dollar Change in 
Total Revenue 

(millions) 

$6.0 
0.0 

$3.0 
0.0 

6 T o t a l revenues were es t imated by mul t ip ly ing the to ta l tons of the ind iv idua l dry-bulk cargoes moved 
in 1956 and by mu l t i p ly ing es t imated to ta l tons for 1985 by the ra te per ton on a typical run in 1956. T h e 
rates per ton used w e r e : i ron ore, $1.80; coal , $0.60; g ra in , $2.31; and s tone, $1.40. See p . 7, f o o t n o t e 5, 
for tonnages . 
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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. 
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II. 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. 

Bejore-Diversion Economic Positions 

We assume that Michigan suppliers of ship service receive 7.7 percent of the 
shipping revenue on the Great Lakes.1 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 Salesa 

1956 $20,829,000 $20,829,000 

1985 21,636,000 21,636,000 
a Represents 7.651 percent of the total annua l revenues received on the Grea t Lakes by all sh ipp ing com-
panies , $272,233,000 for 1956 and $282,778,000 for 1985. See p . 9 for the der iva t ion of the total annua l 
revenue to suppl iers of sh ip service. 

1 Th i s assumpt ion rests on the 7.651 percent of the Lake Carr iers Associat ion member sh ip ' s to ta l gross 
tons that were registered in Mich igan por t s in 1956. T h e membersh ip of the Lake Carr iers Associat ion 
represents the impor tan t Un i t ed States ship interests on the Grea t Lakes. 
2 T h i s assumpt ion rests on the total number of tons a t t r ibu ted to Mich igan ' s m a j o r ha rbo r s by t he Corps 
of Engineers in Waterborne Commerce of United States—Part 3: Waterways and Harbors, Great Lakes, 
expressed as a percentage of the total bu lk-cargo tons moved over the Grea t Lakes in 1956. 

11 



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 one-third 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 Earnings3 $188,614,000 

Transport Expensesb 94,307,000 

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

1985 
Production Cost and 

Prediversion Earnings2 $195,927,000 
Transport Expensesb 97,9 63,000 

$293,890,000 $293,890,000 

3 Represents t w o t imes the a m o u n t of the t r anspor ta t ion expense accord ing to the assumpt ion descr ibed in 
the text that the t r anspor ta t ion cost represents one- th i rd of the sale value of the goods sh ipped in predi -
version condi t ions . 

b Represents 34.642 percent of the to ta l a n n u a l revenues pa id on the Grea t Lakes by buyers of ship serv-
ice, $272,233,000 for 1956 and $282,778,000 for 1985. See p . 9 for the der iva t ion of the to ta l a n n u a l rev-
enue to suppl ie rs of ship service. 

3 T h i s assumes a ra ther h igh ra t io of t ranspor t expense to sale value of cargo. T h e po in t of such an ap-
proach is to try t o set a lower bounda ry to the loss sus ta ined by the economy of M i c h i g a n . 

I t can be shown wi th in the f r a m e w o r k of the later analysis tha t the loss to the economy of Mich igan is 
inversely re la ted to the ra t io of t r anspor t expense to sale va lue of ca rgo . For example , if the direct loss to 
the economy of Mich igan is a fixed percent of changes in p r o d u c t i o n expense, and if changes in p roduc -
t ion expense are a fixed percent of changes in sale value , and if sale value changes by a fixed percen t , 
then the direct loss to the economy of Mich igan wil l be large or small acco rd ing to whe the r the abso lu te 
value of the sale va lue is large o r small . Hence , by assuming a r a the r h igh ra t io of t r anspor t expense to 
sale value , the sale va lue is kept small and thereby the direct loss is kept smal l . 
4 T h e balance equa t ion r e a d s : O t h e r Expenses and Earn ings ( two- th i rds ) + T r a n s p o r t Expenses (one-
th i rd ) = Sales ( t h r ee - t h i rd s ) . 
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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 $21,287,000 a $21,287,000* 

1985 21,868,000b 21,868,000b 

a Increase in expenses and sales over predivers ion pos i t ion , $458,000 (2.2 percent of $20,829,000) . See 
p . 11 for predivers ion pos i t ion , 
b Increase in expenses and sales over predivers ion pos i t ion , 5232,000 (1.07 percent of $21,636,000) . See 
p. 11 for predivers ion pos i t ion . 

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)a 

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.5 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 Expenses3 96,382,000 
Loss in Earnings — 2,075,000 

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

(Table continued on next page) 

* W e have not yet m a d e any assumpt ion about whe the r the buyers of ship service can raise the prices they 
charge. For the present , assume that they c a nno t . Obvious ly , if they can, then the bu rden of the increase 
in t ranspor t expenses can be passed on to their cus tomers . 
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1985 
Production Cost and 

Prediversion Earnings 
Transport Expenses3 

Loss in Earnings 

$195,927,000 
99,012,000 

— 1,049,000 

$293,890,000 $293,890,000 

3 These figures represent a 2.2 percent addi t ion to the 1956 before-divers ion t r anspor t expenses and a 
1.07 percent addi t ion to the 1985 before-divers ion t r anspor t expenses. See p . 12 for before-divers ion 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 Earnings1 

Transport Expenses15 

Loss in Earnings 

$184,469,000 
94,257,000 

— 2,029,000 

$276,697,000 $276,697,000 

1985 
Production Cost and 

Prediversion Earnings' 
Transport Expensesb 

Loss in Earnings 

•s $193,833,000 
97,950,000 

— 1,037,000 

$290,746,000 $290,746,000 

a T h i s is a 2.2 percent decl ine in p r o d u c t i o n and sales af ter d ivers ion, $4,145,000 and $6,224,000 respec-
tively. See p . 12 for p r o d u c t i o n and sales before d ivers ion. 
b T h e s e f igures represent the fo l l owing ca lcu la t ions p e r f o r m e d on the before-divers ion t r anspor t expenses : 
subt rac t one- th i rd of the decl ine in sales, as per o u r p rev ious a s sumpt ion ; mu l t i p ly t he r emainder of t he 
1956 figure by 1.022 and the r emainder of the 1985 figure by 1.0107. See p . 12 for before-divers ion trans-
por t a t ion and sales figures. 
c T h i s is a 1.07 percent decl ine in p r o d u c t i o n and sales a f t e r d ivers ion, $2,094,000 and $3,144,000 re-
spectively. See p . 12 for p r o d u c t i o n and sales be fo re divers ion. 

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. 
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Table 1—Before-Diversion Economic Positions 

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 Earnings6 $188,614,000 
Transport Expenses0 94,307,000 

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

1985 
Production Cost and 

Prediversion Earnings6 $195,927,000 
Transport Expenses 97,963,000 

$293,890,000 $293,890,000 

3 Represents 7.651 percent of the total annua l revenues received on the Grea t Lakes by all sh ipp ing com-
panies , $272,233,000 for 1956 and $282,778,000 for 1985. See p . 9 for the der iva t ion of the total a n n u a l 
revenue to suppl iers of ship service. 

b Represents two t imes the a m o u n t of the t r anspor ta t ion expense accord ing to the assumpt ion descr ibed 
in the text that the t r anspor ta t ion cost represents one- th i rd of the sale va lue of the goods sh ipped in pre-
diversion condi t ions . 
c Represents 34.642 percent of the to ta l a n n u a l revenues pa id on the Grea t Lakes by buyers of ship serv-
ice, $272,233,000 for 1956 and $282,778,000 for 1985. See p . 9 for the der iva t ion of the to ta l annua l 
revenue to suppl ie rs 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 

1985 

$21,287,000* 

21,868,000b 

$21,287,000* 

21,868,000b 

B. Michign Buyers of Ship Service 

1956 
Production Cost and 

Prediversion Earnings 
Transport Expenses0 

Loss in Earnings 

$188,614,000 
96,382,000 

— 2,075,000 

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

1985 
Production Cost and 

Prediversion Earnings 
Transport Expenses0 

Loss in Earnings 

$195,927,000 
99,012,000 

— 1,049,000 

$293,890,000 $293,890,000 

a Increase in expenses and sales over predivers ion pos i t ion , $458,000. See p. 17 for predivers ion pos i t ion . 

k Increase in expenses and sales over predivers ion pos i t ion , $232,000. See p. 17 for predivers ion pos i t ion . 
c These figures represent a 2.2 percent add i t ion to the 1956 before-divers ion t r anspor t expenses and a 1.07 
percent addi t ion to the 1985 before-divers ion t ranspor t expenses. See p. 17 for before-divers ion t ranspor ta -
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 Earnings3 $184,469,000 
Transport Expenses6 94,257,000 
Loss in Earnings — 2,029,000 

$276,697,000 $276,697,000 

1985 
Production Cost and 

Prediversion Earnings0 $193,833,000 
Transport Expenses6 97,950,000 
Loss in Earnings — 1,037,000 

$290,746,000 $290,746,000 

T h i s is a 2.2 percent decl ine in p roduc t ion and sales a f t e r d ive r s ion : $4,145,000 and $6,224,000 respec-
tively. See p. 17 for p roduc t ion and sales before d ivers ion. 

k These figures represent the fo l lowing ca lcula t ions pe r fo rmed on the before-divers ion t ranspor t expenses : 
Subtract one- th i rd of the decl ine in sales, as per o u r previous assumpt ion ; mu l t i p ly the r emainder of the 
1956 figure by 1.022 and the r emainder of the 1985 figure by 1.0107. See p . 17 for before-divers ion t rans-
por t a t ion and sales figures. 
c T h i s is a 1.07 percent decl ine in p roduc t ion and sales af ter d ive r s ion : $2,094,000 and $3,144,000 respec-
tively. See p . 17 for p roduc t ion and sales before divers ion. 
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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 f rom 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 

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 
6 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 k 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 that is 2.5, i.e., j . A $100 increase in income multiplied by the 
value of the income multiplier gives 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 f rom 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 Left unsa id in o u r example is tha t we suppose t ha t t he resources of the economy are no t a l ready be ing 
fu l ly u t i l ized. If they are fu l ly in use, inf lat ion results—$250 of extra money chasing af ter a fixed a m o u n t 
of goods and services. 

However , in the case of the economy of M i c h i g a n : (1 ) there has existed a condi t ion of ser ious unem-
ployment since 1956, aggravated by recent losses of defense cont rac ts ; (2 ) several Mich igan communi t i e s 
feel the pressure of idle resources t h r o u g h loss of firms to o the r states; and (3 ) the federa l gove rnmen t 
has fo rma l ly des ignated par ts of Mich igan as "depressed a r e a s . " 
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Values Needed for the A nalysis 

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 T V 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 — E s t i m a t e s of Nonlocally Oriented Employment in Michigan: 1956 

Michigan , Assumed Per- Nonlocally 
Industry Aver. Monthly cent of Oriented Industry 

Employment3 Nonlocal Employment 
(thousands) Business (thousands) 

Manufacturing 
Lumber and W o o d Products 14.7 60 8.8 
Furniture and Fixtures 22.3 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 23.5 
Printing, Publishing 28.1 40 11.2 
Chemicals, Petroleum, Coal 45.1 80 36.1 
Other Nondurables 18.6 40 7.4 

Non manufacturing 
Construction 115.7 5 5.8 
Transport, Communications, Utiliti es 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 
Nonlocal Employment 

2,505.9 
994.8 

= 2.519 

a D a t a f r o m Research and Statistics Div is ion , Mich igan Employment Securi ty Commiss ion . 

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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Wc 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, wc 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 changc 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 f rom 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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IV. 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 Earnings1 1956 1985 

After Diversion $21,287,000 $21,868,000 
Before Diversion 20,829,000 21,636,000 

Difference $ 458,000 $ 232,000 

See Tab le s 1 and 2, p p . 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. 

Earningsa 1956 1985 

After Diversion $186,539,000 $194,878,000 
Before Diversion 188,614,000 195,927,000 

Difference — 2,075,000 — $ 1,049,000 

a C o m p u t e d by subt rac t ing t ranspor ta t ion expenses f rom total sales. Since p roduc t ion expenses arc the 
same before and af ter divers ion, any difference in these remainders reflects only changes in earn ings . See 
Tab le s 1 and 2, p p . 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) 

Item 1956 
(thousands) 

1985 
(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 
TimesMncome multiplier 2.5 2.5 
Net increase in Michigan income $ 762 $ 388 

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 Expensesa 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 

a W e assume that any decl ine in earn ings f rom cutbacks in sales vo lume ( and , the re fore , p r o d u c t i o n ) is 
negl ig ible . See Tab le s 1 and 3, p p . 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 Diversion3 $186,585,000 $194,890,000 
Before Diversion6 188,614,000 195,927,000 

Difference — $ 2,029,000 — $ 1,037,000 

Thi s is computed by sub t rac t ing t ranspor ta t ion expenses f r o m total sales ( T a b l e 3 ) , and a d d i n g to the 
remainder the difference be tween before -and-af te r p roduc t ion expenses (p . 3 0 ) . Since p roduc t ion expenses 
are thereby equal ized , any var ia t ion between the before -and-af te r earn ings p lu s p r o d u c t i o n expenses mus t 
be d u e to the var ia t ions in earnings , 
b See T a b l e 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 — E f f e c t 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 
Times: income multiplier 

$ 2,763 
2.5 

$1,396 
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 
Times: income multiplier 

$ 1,522 
2.5 

$ 778 
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 WA TERBORNE 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.1 

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 secondary 
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. 

1 If losses in earn ings due to lower sales vo lumes shou ld be substant ia] , there wou ld be a tendency for 
the buyers of ship service to ma in ta in the before-divers ion a m o u n t of sh ip service h i red . In such a case, 
the loss of annua l income to Mich igan registered u n d e r the decision " n o c h a n g e " w o u l d apply . For this 
reason, we could ignore this facet of the earn ings of Mich igan buyers of ship service. 
2 For example , the secondary effects w o u l d depend u p o n wh ich consumers , Mich igan or non-Mich igan , 
the pr ice rise affects. Th i s , in tu rn , depends on m a n y o the r fac tors . 
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The Capitalized Value of the Loss in Annual Income 

We now turn to what an annual loss of income means on a continuing basis. 
For example, a continuous investment of $1,000 yielding 5 percent interest per 
annum results in an annual income of $50. If we know what the annual income 
is and what the rate of interest per annum is, we can calculate the worth of the 
income as a continuous investment: $50 divided by .05 equals $1,000. This 
process of calculating the worth of a permanent annual income in terms of a 
continuous investment is called "capitalization," and the equivalent investment 
is called the "capitalized value" of the income. 

We are now ready to ask: What do the losses in Michigan's annual income 
mean in terms of losses in the worth of continuous investment? In order to an-
swer this question, we must assume a long-run rate of interest. If we assume it 
to be 5 percent per annum, the capitalized values of the annual income losses 
are as shown in Table 9. 

Table 9—Capitalized Values of Loss in Annual Michigan Income 
(Amounts in Millions) 

Decision of Buyers of Ship Service 1956 1985 

No Quantity Change $ 62 $ 32 

Equal Quantity Change 214 108 

These figures represent an order of magnitude of the effect of additional di-
version on the economy of Michigan via waterborne commerce on a continuous 
or permanent basis. These are the dollars which, if invested at 5 percent per 
annum, would be mathematically equivalent to the loss of annual income to the 
Michigan economy.3 

Regulation of the Entire Great Lakes 

One possibility, left unexplored, is that of reducing the loss via waterborne 
commerce by regulating the levels of all the Great Lakes. This would be ac-
complished by the strategic placement of dams and submerged weirs. 
J T h i s s ta tement is to be in terpre ted in the fo l lowing m a n n e r . T h e capi ta l ized value of the income loss is 
not to be const rued as an indemni ty payment that wou ld have to be pa id to Mich igan . T h e reason is tha t 
an indemni ty payment wou ld itself be subject to the income-mul t ip l ie r process previously described in the 
text. Hence , the indemni ty payment requ i red wou ld be smaller than the capi ta l ized value of the income 
loss. 

T h e p roper in te rpre ta t ion is s imply t h i s : given an investment that p roduces an annua l income, there is 
a loss in the value of the investment if there is a loss in the a n n u a l income it p roduces . O u r capi ta l ized 
values show the extent of the loss in the value of Mich igan inves tment because of the loss in annua l 
Mich igan income d u e to the effects of add i t iona l d ivers ion. 
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The Corps of Engineers, United States Army, touches upon this possibility 
in its reports on diversion at Chicago, but does not elaborate on its engineering 
or economic feasibility. 

This possibility is of interest on two counts. First, the investment cost re-
quired to overcome the effects of additional diversion at Chicago would be 
made quite explicit. The money that it would take to maintain the lakes at a 
particular level for an additional diversion of Lake Michigan water at Chicago 
would be a measure of the cost which diversion imposes upon the riparian com-
munity. Second, the level of Lake Superior is already being regulated, and the 
experience attained in doing so might be most helpful in determining the feas-
ibility, cost, and economic consequences of regulating the levels of all the Great 
Lakes. 

Conclusion 

Given the assumptions of our analysis, the effect of an additional 8,000 c.f.s. 
diversion of Lake Michigan water at Chicago on the economy of Michigan via 
waterborne commerce is a loss ranging from $62 million to $214 million under 
the 1956 conditions of navigation, and from $32 million to $108 million under 
projected 1985 conditions of navigation. These estimates of the loss represent 
orders of magnitude. The economic effect of additional diversion via water-
borne commerce is definitely one of loss to the economy of Michigan. 
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Part II. Recreation and Conservation 
VII. EFFECTS OF ADDITIONAL DIVERSION 

ON RECREATION AND CONSERVATION FACILITIES 

In Part II of this study, we attempt to estimate the economic effect upon the 
recreation and conservation facilities of Michigan of an additional 8,000 c.f.s. 
diversion of Lake Michigan water at Chicago into the Mississippi Valley. 

In this chapter, we first estimate the physical effects, and then we consider 
the economic significance of the physical effects. 

Physical Effects 

Loss in Wetland Capacity 

The name wetland is applied to those land areas that have the characteristics 
of a marsh suitable for game and fish habitat and thereby for hunting and fish-
ing. Thus, wetlands serve the dual purpose of recreation and conservation. 

If the level of a lake upon which a wetland is located should fall, the wetland 
would be exposed outside the natural seasonal movements of the lake level, and 
would thus be less productive or quite unproductive of the peculiar type of food 
or protective vegetation suitable for a game habitat. An additional 8,000 c.f.s. 
of diversion of water at Chicago, by lowering the level of Lakes Huron and 
Michigan by 8 inches and of Lakes Erie and St. Clair by 5 inches, would ex-
pose, in the manner described above, 35,860 acres of Michigan wetland. 

Table 10 shows the manner in which the exposed acres are distributed among 
Michigan's wetlands. 

Loss in Boating-Facility Capacity 

Recreational boating facility here means a dock or pier where a boat may tie 
up, to park or to obtain shelter, either temporarily or on a seasonal basis, and 
which affords the crew and passengers of the boat a place to board the boat or 
go ashore. In general, the facilities are located in the shallower waters of the 
harbor basin. They either extend to shore or are connected to the shore by a 
catwalk. 

If a lowering of the water level in the harbor should occur, the depth of the 
water at dockside would decrease. A boat moored at the dock would rest in 
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Table 10—toss of Michigan Wetland Capacity 
Caused by Drop in Lake Levelsa 

Lakes and Their Wet land Areas 
Acres Affected Total 

per Inch Drop in Acres 
Level of Lake Affected 

Lake Huron (8-inch drop) 
Saginaw Bay 
W i ld Fowl Bay 
W i ld Fowl Bay Islands 
Maisou Island 

Lake St. Clair (5-inch drop) 
Harsens Island 

Lake Erie (5-inch drop) 
Point Mouillee 

Lake Michigan (8-inch drop) 
Muskegon River Mouth 

1,743.3 13,947 
958.3 7,666 

1,600.0 12,800 
50.0 400 

83.3 417 

83.3 417 

26.6 213 
Total 35,860 

3 T h e n u m b e r of acres affected per- inch d r o p in wa te r level is based u p o n a repor t p repa red by the 
Michigan Depa r tmen t of Conserva t ion , ent i t led . Lake States Exhibits—Michigan in Chicago and Illinois 
Diversion Cases, Supreme Cour t of the Un i t ed States. N o s . 2, 3, 4. and 12 O r i g i n a l . Oc tober 1959 t e rm. 
T h e report was designed to ascertain the n u m b e r of acres affected by a 6-inch d r o p in all Grea t Lakes 
water levels. Since we are assuming a larger fal l in Lakes Mich igan and H u r o n and a smal ler one in 
Lakes Erie and St. Cla i r , wc ad jus ted the Conserva t ion D e p a r t m e n t est imates on the f u r t h e r assumpt ion 
tha t the number of acres exposed per- inch d r o p in the wate r level is a s t ra ight - l ine re la t ionsh ip . 

Discussions wi th Mr . Richard G . Foster, the engineer in charge of the s tudy, and M r . Herbe r t Smith 
of the G a m e and Fish Divis ion indicate tha t " a f f e c t e d " means that the we t l and w o u l d be exposed ou ts ide 
the na tu ra l seasonal movements of the lake levels; and wou ld thus be less p roduc t ive or unp roduc t ive of 
the pecul iar type of food and protec t ive vegeta t ion sui table for game hab i t a t . 

shallower water. In addition, the depth of water available to the craft for ma-
neuvering into and out of its mooring place would decline. 

Some 32,150 Michigan recreational boating facilities are affected by a lower-
ing of the levels of Lakes Michigan, Huron, Erie, and St. Clair. This estimate is 
obtained in the following manner. 

Define three classes of Michigan counties: Class 1, those riparian to the 
Great Lakes; Class 2, those separated by one county f rom the Great Lakes; and 
Class 3, those separated by two or more counties f rom the Great Lakes. 

Assume that Class 3 counties are unaffected in their average number of boat 
registrations by the attraction of the Great Lakes. The average number of boat 
registrations in Class 3 counties would also be that of Class 1 and Class 2 
counties under the hypothesis that the Great Lakes location of Class 1 and 
Class 2 counties could be taken away. The difference between the actual Class 
3 average number of boat registrations and that of the other classes then repre-
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sents the effect of the Great Lakes attraction on boaters and is the number of 
boats on the average attributable to the Great Lakes location of Class 1 and 
Class 2 counties. This is illustrated by the following: 

County Class 

Class 1 (43 counties) 

Class 2 (23 counties) 

Class 3 (17 counties) 

A verage Boat Registration 
By County Class, 1961 

Registrations 
Totala A verage 

208,672 

96,181 

68,257 

4,852.8 

4,181.8 

4,015.1 

Difference from 
Class 3 A verage 

837.7 

166.7 

These regis t ra t ion figures were obta ined f r o m the Mich igan State Depa r tmen t tal ly sheet of m o t o r b o a t 
registrat ions for August 31, 1961. 

From all the counties in Classes 1 and 2, we subtract those not on or near a 
lake affected by diversion at Chicago. Class 1 loses 9 counties on Lake Supe-
rior, and Class 2 loses one county near Lake Superior. Thus the total number 
of boats attributable to lakes affected by additional diversion at Chicago can be 
found by multiplying the difference in the averages of Class 1 and 2 from the 
average of Class 3 by the number of counties in each class, as follows: 

Michigan Boats on the Great Lakes Affected by Diversion 
By County Class, 1961 

Difference From Number of 
County Class Class 3 A verage Boats 

Class 1 (34 counties) 837.7 28,481.8 

Class 2 (22 counties) 166.7 3,667.4 
Total 32,149.2 

If it is assumed that each of these boats ties up at a dock, the number of boat-
ing facilities is estimated at 32,150. 

This estimate of boating facilities may be supported by means of another 
method embodying different starting points and independent assumptions. 

Of the total 373,110 motorboats registered to residents of Michigan counties 
as of August 31, 1961, 208,672 were registered to residents of counties riparian 
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to the Great Lakes (Oakland County, as part of the Detroit metropolitan com-
plexus, was considered as a riparian county). From the 208,672 motorboats 
registered to residents of riparian counties, only 197,477 registrations were in 
counties riparian to Great Lakes affected by additional diversion at Chicago. 
(Chippewa County, although riparian to both Lake Huron and Lake Superior, 
was considered a Lake Superior county.) 

These 197,477 motorboats were considered to have the same distribution by 
length of hull and type of propulsion as the total number of motorboat registra-
tions indicated in the "Report of Certificates of Numbers Issued to Motorboats, 
State of Michigan, for 3-Month Period Ending September 1961, Treasury De-
partment, U.S. Coast Guard, Form CGHQ-3923 (10 -59 ) . " This distribution, 
based on the percentage distribution of the total motorboats registered in the 
state of Michigan, is shown in Table 11. 

Table 11—Distribution of Motorboats Registered in C o u n t i e s 

Riparian to the Great Lakes Affected by Diversion 

Length 
of Hull Percent Distribution of 
(feet) Total Michigan Motorboats 

Inboard Outboard Total 

Distribution of Motorboats 
in Riparian Counties 

Inboard Outboard Total 

All classes 
Under 16 
16-26 
26-40 
40-65 
Over 65 

5.8 
1.0 
3.8 
1 . 1 

. 1 

94.2 
82.3 
11.5 

.2 

100.0 
83.3 
15.3 

1.3 
.1 

11,454 
1,975 
7,504 
2,172 

198 

186,023 
162,523 

22,710 
395 

197,477 
164,498 

30,214 
2,567 

198 

If we assume that all boats over 26 feet in length of hull moor in the harbor 
basin but not at a dock (2 ,765) , and that all outboards under 16 feet in length 
of hull are beached and do not moor at a dock (162 ,523) , then only 32,189 
motorboats require docking facilities. It is likely, moreover, that the owners of 
some of the larger outboards in the under-16-feet-length-of-hull class insist up-
on docking their craft because they seek adequate protection of their investment 
in boating. Thus, our use of an estimate of 32,150 boating facilities being af-
fected by additional diversion at Chicago is supported. 

At first thought, this estimate may seem large. But Michigan has more than 
3,000 miles of Great Lakes shoreline, and the population density along certain 
sections of the shoreline is very great. In 1960, to be specific, the tricounty De-
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troit Standard Metropolitan Statistical Area embraced a population greater 
than that of 35 states taken singly, or greater than twice that of 22 states taken 
singly. 

Loss in Public Beach Capacity 

Public beach here means a shoreside stretch of land whose surface is cov-
ered by sand or sandy soil from the water's edge inland, the use of which is 
open to all swimmers and visitors at no charge or at a nominal fee, and which 
is under the control, support, and maintenance of local, state, or federal govern-
ment. 

Unless the lake bottom itself is composed of sand or sandy soil, a lowering of 
the lake level will expose a nonbeach stretch of land along the shore between 
the lake and the former shoreline. Such a stretch of nonbeach between the water 
and the former shoreline reduces or destroys the capacity of the beach site to 
provide its recreational service. 

An additional 8,000 c.f.s. of diversion at Chicago, by lowering the level of 
Lake Huron by 8 inches and the level of Lakes Erie and St. Clair by 5 inches, 
would expose a 15-foot-wide nonbeach strip on 22.61 miles of Lake Huron 
beach and a 9-foot-wide nonbeach strip on 22.11 miles of Lakes Erie and St. 
Clair beach. This estimate was obtained in the following manner. 

The public beaches along Michigan's western shoreline are not affected by 
a drop in the water level because Lake Michigan's bottom is generally sand or 
of sandy soil.1 The public beaches along Michigan's eastern shoreline, on the 
other hand, are affected because the lake bottoms are not sand or of sandy soil. 
The public beaches along the eastern shoreline are composed of two types, 
beaches in state parks and municipal beaches. 

The state parks on the eastern shoreline have a total of 5 miles of beach on 
Lake Huron and 1.5 miles of beach on Lake Erie. Of the 13 state parks on 
the eastern shoreline of Michigan, 4 are new developments which generally 
lack the customary park equipment and improvements. These were not con-
sidered. Of the remaining 9 state parks with lake frontage, 7 have beach front-
age on Lake Huron; 1 has frontage on Lake Erie; and 1 does not have a swim-
ming beach area. The 8 state parks with beaches are listed in Table 12. 

1 Th i s is why marsh lands do not fo rm on the Lake Michigan shore , but only in the river mouths , fo r 
example , the Muskegon River m o u t h . O n the o ther hand , the lake bo t toms of H u r o n . Erie, and St. Clai r 
are not general ly sand or sandy, and this is why marsh lands have fo rmed over the years on the eastern 
shorel ine . T h i s type of lake bo t tom has been conducive to the p roper vegeta t ion g r o w t h fo rming marsh-
lands. 
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Table 12—State Parks on Eastern Shoreline with Beaches 

Length of Beach 
State Parks (miles) 

Lake Huron 
Lakeport 1.00 
Albert E. Sleeper .50 
EastTawas .33 
Harrisville .50 
P. H. Hoeft 1.25 
Straits .15 
Bay City 1.25 

Total 4.98 
Lake Erie 

Sterling 1.48 

There are 71 cities and villages on the eastern shore of Michigan: 44 on 
Lake Huron; and 27 on Lake Erie, the Detroit River, Lake St. Clair, and the 
St. Clair River. The municipalities on the eastern shoreline are assigned a length 
of beach according to their population size, as shown in Table 13.2 

Table 13—Estimated Miles of Municipal Public Beach 
Affected by Additional Diversion 

Huron Shore Erie Shore* 

Assigned Mileage, by 
Number Number 

Assigned Mileage, by of Miles of Miles 
Size of Population Munici- of Munici- of 

palities Beach palities Beach 

Over 10,000 population — 1 . 0 0 0 3 3.00 12 12.00 
1,000-10,000 populat ion— .750 9 6.75 10 7.50 

500- 1,000 populat ion— .500 6 3.00 0 0 
100- 500 populat ion— .250 13 3.25 4 1.00 

Under 100 population — .125 13 1.63 1 .13 

Total 44 17.63 27 20.63 

3 Inc ludes the De t ro i t River , Lake St. Cla i r , and the St. Clai r River . 

2 T h i s s tudy is l imited to cities and villages wh ich are l ake- f ron t ing . Cer ta in qua l i f ica t ions have to be 
made wi th respect to our me thod of assigning an es t imated length of beach to a munic ipa l i ty on the basis 
of its popu l a t i on size. T o be sure, the length of beach of a munic ipa l i ty may be re la ted in some vague , 
general way to its popu l a t i on size, but this re la t ionsh ip is cond i t ioned by his tor ical acc ident . T h e fact may 
be tha t only a l imi ted a m o u n t of beach is avai lable to a communi ty , however large its p o p u l a t i o n . O n the 
o ther h a n d , a t own that is n o t h i n g more than " a w ide spot in the r o a d , " may have incorpora ted an ex-
tensive s t re tch of pub l i c beach . W i t h the above qual i f ica t ions in m ind , we offer these est imates, since 
adequa te quan t i t a t ive i n fo rma t ion is not avai lable at the present t ime . 
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On this basis, the length of public beach, both state park and municipal, is 
22.61 miles on Lake Huron and 22.11 miles on Lake Erie and related waters. 

Next, we must assume a model of a hypothetical swimming beach and lake 
bottom, one that we can use as an average of all the beaches. We probably will 
not be too far wrong to assume a beach with a bottom that slopes in a straight 
line to a depth of 16 inches 30 feet out f rom shore. In other words, for every 
inch drop or rise of the water level, 1.875 feet of bottom is exposed or inun-
dated. Thus, for an 8-inch fall in the water level (the Lake Huron case) , 15 
feet of bottom would be exposed by the receding waterline; for a 5-inch drop in 
the water level (the Lakes Erie and St. Clair case), a little more than 9 feet of 
bottom would be exposed by the receding water. 

Summary of Physical Effects 

Thus far, we have seen the relation between the water levels of the Great 
Lakes and the capacities of Michigan's wetlands, boating facilities, and public 
beaches to provide recreation and conservation services. Based on the facts and 
the assumptions we have made, an additional 8,000 c.f.s. diversion of water at 
Chicago, by lowering the levels of Lakes Michigan and Huron by 8 inches and 
Lakes Erie and St. Clair by 5 inches, would expose 35,860 acres of Michigan 
wetland; lessen the mooring draft at 32,150 Michigan boating facilities; and 
expose a 15-foot-wide strip of nonbeach between Lake Huron and 23 miles of 
current Michigan beach area and a 9-foot-wide strip of nonbeach between 
Lakes Erie and St. Clair and 22 miles of current Michigan beach area. 

Economic Significance of Lost Recreation 
and Conservation Capacity 

Having established the extent to which an additional diversion at Chicago 
would impair or destroy the capacity of Michigan's wetlands, recreational boat-
ing facilities, and public beaches to provide their respective recreation or con-
servation services, we now estimate the economic significance of such impair-
ment. 

Economic Significance of Present-Day Capacity 

Recreationists are experiencing a certain amount of satisfaction at the present 
time from the Michigan recreational facilities, and the Michigan conservation 
facilities are contributing to that satisfaction by providing fish and game habi-
tat. Recreation and conservation facilities, therefore, have a certain value 
placed upon them by people. 

Each of the individual values arose from natural features or from past alloca-
tion of funds for the specific purpose of creating or improving the capacity of 
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the physical facilities to provide recreation or conservation service. The people 
of Michigan, acting either individually and privately, or collectively and pub-
licly through the state legislature or a municipal council, have created these 
values and measured them in dollars. Michigan's facilities for providing recrea-
tion and conservation service are a capital asset of the people of Michigan.3 

Economic Significance of a Loss in Present-Day Capacity 

It is obvious that since the present-day capacity to provide recreation and 
conservation services represents a capital asset of the people of Michigan, any 
loss in present-day capacity represents a loss in the investment capital that the 
people of Michigan have in recreation and conservation services. This is the 
economic effect of additional diversion at Chicago via recreation and conserva-
tion facilities: a loss of capacity to provide such services and, therefore, a loss 
in asset values. 

Extent of Economic Loss 

If there is a reduction in recreation and conservation services, the people of 
Michigan will be worse off by the amount of dollars that have to be additionally 
invested in order to preserve or restore the service capacity of the Michigan 
facilities. 

Specifically, in the following chapters where we attempt to measure the eco-
nomic loss in recreation- and conservation-service capacity from an additional 
8,000 c.f.s. diversion of Lake Michigan water at Chicago, we ask the following 
three questions: 

1. What additional investment is required in order to restore the lost or 
damaged 35,860 acres of Michigan wetland-service capacity? 

2. What additional investment is required in order to restore the lost or 
damaged 32,150 boating-facilities-service capacity? 

3. What additional investment is required to restore the 22.61 miles of 
public beach on Lake Huron and the 22.11 miles of public beach on Lake Erie 
and related waters to their present-day-service capacity? 

s T h a t this is a qu i te logica l conclus ion can be seen by t u r n i n g the idea a r o u n d a b i t . If the people of 
Michigan d id not th ink tha t the recreat ion and conservat ion services derived f r o m the facil i t ies were 
wor th the money, then they never wou ld have al located f u n d s for such a pu rpose . 
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VIII. ECONOMIC LOSS TO MICHIGAN WETLANDS 

We saw in Chapter VII that 35,860 acres of Michigan's wetlands would be 
exposed outside the natural seasonal movements of the lake levels and would 
thus be less productive or unproductive of the peculiar type of food and pro-
tective vegetation suitable for game habitat. 

In this chapter we inquire about how much economic loss these 35,860 acres 
represent. 

The Measure of Economic Loss 

One measure of economic loss on the 35,860 acres is the cost of restoring 
these very same acres to their present usefulness. But the Michigan Conserva-
tion Department is of the opinion that such restoration would not prove feasible. 

Another measure of economic loss on the 35,860 acres is the cost of sub-
stituting the same quantity of other wetlands of equal recreation and conserva-
tion capacity. This is the possibility we explore in this study. We estimate how 
much it would cost to purchase an equal amount of land along the various 
bodies of water.1 This cost represents the gross economic loss. From it we sub-
tract the resale value of the exposed wetlands in order to arrive at the net eco-
nomic loss. 

The Gross Economic Loss 

The following table shows the average prices per acre of riparian land in 
Michigan along the various bodies of water.2 

Table 14—Average Prices of Michigan Riparian Land 
1959-1960 

Lake Average Price per Acre 

Huron $ 466.98 

Michigan 220.37 

St. Clair 3,271.77 

1 T h e quest ion arises, of course, whe the r or no t ano the r 35,860 acres of we t l and w o u l d be avai lable for 
purchase a f t e r divers ion. An est imated cost of purchase , however , provides the best analyt ica l approx ima-
tion of gross economic loss avai lable to us. 
2 Mich igan D e p a r t m e n t of Conserva t ion , Twentieth Biennial Report, 1959-60, p . 193. Average pr ice he re 
is the total paymen t of all t ransact ions which took place d u r i n g the b i enn ium 1959-60 for bo t toms a l o n g 
the pa r t i cu la r body of wa te r divided by the number of acres. 
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Lake Erie prices were not available; we assume them equal to those on Lake 
Huron. The cost of purchasing the 35,860 acres of wetlands on the specific 
bodies of water is about $18 million, as follows: 

Table 15—Cost of Purchase to Restore Michigan Wetland Capacity 

Lakes and Their Wet land Areas 
Average Cost 

per Acre 
Number of 

Acres3 Value 

Lake Huron $ 466.98 
Saginaw Bay 13,947 $6,513,000 
W i ld Fowl Bay 7,666 3,580,000 
W i ld Fowl Bay Islands 12,800 5,977,000 
Maisou Island 400 187,000 

Lake St. Clair 3,271.77 
Harsens Island 417 1,364,000 

Lake Erie 466.98 
Point Mouillee 417 195,000 

Lake Michigan 220.37 
Muskegon River Mouth 213 47,000 

Total 498.00 35,860 $17,863,000 
3 See Chap te r VII , p . 38, for the init ial der iva t ion of this c o l u m n . 

This is the gross economic loss of the wetland areas of Michigan from the as-
sumed diversion. From this figure, we must subtract whatever the exposed wet-
land acres could bring in resale. 

Net Economic Loss to Michigan's Wetlands 

In general, the value of land depends on several related factors: the location 
of the land, the possible uses of the land, and the rights and privileges that go 
with the land specified either in the deed or by law. The location of the land 
determines its value through such considerations as ease of access, its nearness 
to urban areas, and the type of neighboring properties. The possible uses of the 
land determine its value through such considerations as the land's physical 
assets and the cost relative to the return from developing or altering those phys-
ical assets. The rights and privileges tied to the land determine its value through 
such considerations as what one may do to the land and what one may erect 
upon the land. 

Based on the above-mentioned factors, much of the exposed wetland is of 
extremely small value. The location of much of the land does not provide easy 
access. Most of the land is not near an urban area and does not provoke interest 
in housing or cottage development. Only a limited number of buyers would con-
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sider it a favorable point that their land is juxtaposed or partially surrounded 
by state-owned marshland. In many cases the property would be cut off from 
the lake body by remaining strips of state-owned marshland. Fill is no longer 
allowed under the law to enlarge or improve by extension properties along 
navigable waters in Michigan. The establishment of industrial enterprises, and 
possibly commercial enterprises as well, would destroy the conservation func-
tion of the remaining marshlands. The location of the land, the possible uses of 
the land, and the rights and privileges tied to the land would prevent the sig-
nificant compensation for, say, 50 percent of the exposed wetlands. 

On the other hand, some of the exposed wetland may satisfy the conditions 
which attract buyers, say 10 percent. This could be sold by the Michigan De-
partment of Conservation because of its nearness to urban areas, ease of access, 
or juxtaposition to a body of water. 

Assuming the same average price in the sale of the land as in the purchase, 
$500 per acre, the net loss calculation is shown as follows: 

Range of Net Loss in Restoring 35,860 Acres of Michigan Wetland 

If 10 Percent If 30 Percent If 50 Percent 
of Land Is of Land Is of Land Is 

Sold Sold Sold 
(millions) (millions) (millions) 

$17.9 Gross Loss 

Gain from Sale 

Net Loss 

$17.9 

1.8 

$16.1 

$17.9 

5.4 

$12.5 

9.0 

$ 8.9 

Summary of Economic Loss to Michigan's Wetlands 

The gross economic loss to Michigan's wetlands is $17.9 million. The esti-
mate of net economic loss to Michigan's wetlands, given the assumptions, lies 
within a range of $8.9 million to $16.1 million. 
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IX. ECONOMIC LOSS TO 
MICHIGAN BOATING FACILITIES 

We saw in Chapter VII that some 32,150 of Michigan's boating facilities on 
the Great Lakes would be affected by additional diversion in that the boat 
moored at the dock would rest in shallower water and the depth of water avail-
able to the craft for maneuvering into and out of its mooring place would 
decline. 

In this chapter wc inquire about how much economic loss is involved in these 
32,150 boating facilities from an additional 8,000 c.f.s. diversion at Chicago. 

The Measure of Economic Loss 

The measure of economic loss employed is to estimate the amount of invest-
ment required to restore the Michigan recreational boating facilities to their 
present capacities following diversion. 

There are at least two possibilities for restoring a prior relationship between 
the boating facilities and water depth, in the event of a lower water level in the 
harbor. One is to increase the depth of water at dockside by dredging the bot-
tom. A second is to move or extend the dock to deeper waters. In either event, 
additional investment would be required. 

In order to obtain such an estimate, wc first estimate the amount of invest-
ment required per boat to restore the capacity of the recreation boating facilities 
following diversion and then multiply the per-boat estimate by the number of 
affected moorings, 32,150. 

Additional Investment per Boat 

Recent construction costs for Michigan recreational boating facilities are 
available for three harbors of refuge on Lake Huron and an estimated construc-
tion cost for a projected municipal marina on the Detroit River between Lakes 
St. Clair and Erie.1 Table 16 gives information about the facilities. 

At all of these facilities, a minimum depth of five feet at dockside is con-
sidered a requirement and incorporated into the design.2 If we assume that de-
preciation or replacement cost of the facility is a straight-line function of the 
minimum depth requirement, a permanent lowering of the lake levels by 8 
inches causes a 13 percent reduction in the value of the facility (8 inches equals 
about 13 percent of 60 inches), and by 5 inches causes an 8 percent reduction 
in the value of the facility (5 inches equals about 8 percent of 60 inches). 

1 Mich igan State W a t e r w a y s Commiss ion . Biennial Report, 1959-60. Au Sable, p . 8; Por t Sani lac , p . 9; 
Por t Aust in , p . 10; De t ro i t Fngle P a r k . p . 25. 
2 F luc tua t ions in dep th occur . T h e po in t is tha t , given the seasonal and cyclical fluctuations of the wa te r 
level, at no t ime is the water at dockside to be less than 5 feet deep . 
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Table 16—Recent Public Marina Construction Costs 
per Boat in Michigan Facilities 

Facility 
Number of Boats 
Accommodated 

Construction 
Cost 

Average Cost 
per Boat 

Au Sable (Oscoda) 14 $ 22,000 $1,571 
Port Sanilac 45 110,000 2,444 
Port Austin3 25 70,000 2,800 
Lake Huron Ports (combined) 84 202,000 2,405 
Detroit Engle Park 350 988,000b 2,823 

T h e $70,000 expendi ture actual ly represents en la rgement of the facil i ty, and the 25 boats is the present 
total capaci ty. 

k T h i s is the est imated expendi ture for a p ro jec t to be begun in the fal l of 1962. 

Now, instead of the $2,405 average construction cost per boat on Lake 
Huron ports and the $2,823 average construction cost per boat on the Detroit 
River, let us assume that only half of this average construction cost is typical. 
The idea is that alterations of an existing facility are what is called for rather 
than construction starting from scratch. Thus, we assume that $1,202.50 is the 
typical average construction cost for facilities on Lakes Huron and Michigan 
and that $1,411.50 is the typical average construction cost per boat for facil-
ities on Lakes Erie and St. Clair, and the Detroit and St. Clair Rivers. 

For an 8-inch drop in water levels on Lakes Michigan and Huron, 13 percent 
of $1,202.50 is $156.33, and for a 5-inch drop in the water levels on Lakes 
Erie and St. Clair, 8 percent of $1,411.50 is $112.92. 

In order to obtain an overall per-boat average loss in value of facilities, we 
weight the dollar loss for an 8-inch and for a 5-inch drop in water levels by the 
percentage of boats operating on the different lakes. Of the 197,477 boats reg-
istered in counties riparian to lakes affected by additional diversion at Chicago, 
114,293, or 57.9 percent, are registered in counties riparian to Lake Erie or 
Lake St. Clair waters, and 83,184, or 42.1 percent, are registered in counties 
riparian to Lakes Michigan or Huron.3 Thus, the $156.33 loss of value in fa-
cilities per boat operating on Lakes Michigan and Huron will be weighted by 
0.421 and the $112.92 loss of value in facilities per boat operating on Lakes 
Erie and St. Clair will be weighted by 0.579. This brings the overall per-boat 
average loss of value in facilities attributable to additional diversion at Chicago 
to $131.19.4 

3 Michigan State D e p a r t m e n t , tal ly sheet of m o t o r b o a t regis t ra t ions for Augus t 31, 1961. 
1 T h e ca lcula t ions are as f o l l o w s : $156.33 x 0.421 $ 65.81 

112.92 x 0.579 = 65.38 
$131.19 

T h e sum of the weights is equal to 1, and hence, division by the sum of the weights is no t necessary. 
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Total Additional Investment to Restore Lost Capacity 

The total additional investment required to restore the capacity of all Mich-
igan recreational boating facilities affected by additional diversion at Chicago 
is 32,150 times the per-boat average loss of value, or $4,217,758. 

Therefore the economic loss to Michigan boating facilities from an additional 
8,000 c.f.s. diversion at Chicago is estimated at $4.2 million. 
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X. ECONOMIC LOSS TO MICHIGAN PUBLIC BEACHES 

We estimated in Chapter VII that a 15-foot-wide nonbeach strip on 22.61 
miles of Lake Huron beach and a 9-foot-wide nonbeach strip on 22.11 miles of 
Lakes Erie and St. Clair beach would be exposed following an additional diver-
sion of 8,000 c.f.s. at Chicago. 

In this chapter we inquire about how much economic loss the strips of non-
beach represent. 

The Measure of Economic Loss 

In order to restore the beach site to its present-day capacity, we assume that 
the exposed nonbeach strips require the further investment of a one-time sand-
ing.1 The cost of this once-over sanding is an additional investment in the rec-
reational site by the people of Michigan. 

The measure of economic loss employed is the additional one-time invest-
ment required to restore the Michigan public beaches to their present recrea-
tional-service capacity following an additional 8,000 c.f.s. of diversion at 
Chicago. 

First, we estimate the cost of sanding two 1-mile stretches of nonbeach, one 
15 feet wide, and the other 9 feet wide. Then, the per-mile costs are multiplied 
by the number of miles of nonbeach exposed along Lake Huron and Lake Erie 
respectively. These two total costs are added to obtain the total additional in-
vestments required.2 

Per-Mile Cost of Sanding Nonbeach Strips 

Since 1 cubic yard of sand spread 6 inches deep and 3 feet wide will cover a 
length of 18 feet, to cover 1 mile with the same width and depth of sand would 
require 293.33 cubic yards of sand. Let us allow also a 10 percent wastage 
factor of 29.33 cubic yards to compensate for wind and wave action and for the 
frailty of human labor. Thus, to cover 1 mile with a 6-inch-deep and 3-foot-
wide layer of sand would require 322.66 cubic yards of sand. To make this 
mile-long layer of sand 15 feet wide would require five times that amount, or 

1 Th i s assumpt ion provides the ra t iona le behind o u r previous ass ignment of beach length accord ing to 
popula t ion size of the munic ipa l i t ies . A larger p o p u l a t i o n may be p resumed to give more intensive use 
to a given beach area than a smaller p o p u l a t i o n . Hence , larger popu l a t i ons can be p resumed to be using 
more beach (as we did in ass igning beach l e n g t h s ) , o r they may be p resumed to use smal ler beach areas 
which requi re more ma in tenance than larger beaches because of the intensive use of the smaller beach . 
The re fo re , by assigning larger beach lengths to larger popula t ion-s ize munic ipa l i t i es and at the same t ime 
assuming only a one- t ime ma in tenance , we approx ima te , in an art if icial m a n n e r , wha t appears to be the 
actual case. 

2 W e are not a l leging that cost of res tora t ion is the present economic value of the exist ing beaches . T h e 
economic value of exist ing beaches may be greater or less than the cost to res tore t hem. 
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1,613.31 cubic yards of sand; to make it 9 feet wide would require three times 
as much sand, or 968 cubic yards of sand. 

Since the sand must be delivered and spread, we estimate a cost of $5 per 
cubic yard. This means that a 1-mile layer 6 inches deep and 15 feet wide 
will cost $8,066.55; if the layer is only 9 feet wide, it will cost $4,840 per mile. 
Thus, the additional investment required on a mile of beach on Lake Huron is 
$8,066.55, and on a mile of beach on Lake Erie and its related waters is $4,840. 

Total Economic Loss to Michigan Public Beaches 

The total additional investment in public beaches of Michigan on Lake 
Huron is 22.61 times the above-cited cost per mile, or $182,385. 

The total additional investment in public beaches of Michigan on Lake Erie 
and related waters is 22.11 times the above-cited cost per mile, or $107,012. 

The total economic loss to Michigan public beaches following an additional 
diversion of 8,000 c.f.s. of water at Chicago is $289,397. 
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XL SUMMARY OF ECONOMIC LOSS TO MICHIGAN 
RECREATION AND CONSERVATION FACILITIES 

In Table 17 we present a summary schedule of the economic loss to Michigan 
recreation and conservation facilities. 

Table 17—Summary of Recreation and Conservation Asset Loss in Michigan 

Range of Estimated Loss 
Michigan Facility in Millions of Dollars 

Wetlands $ 8.9 to $16.1 
Boating Facilities 4.2 
Public Beaches .3 

Total $13.4 to $20.6 

The reason for the range, it will be recalled, is that the loss to wetlands de-
pends upon how much of the exposed acreage could be resold. If 50 percent of 
the acres could be resold, the loss is $8.9 million; if only 10 percent could be 
resold, the loss is $16.1 million. 

Our assumptions affect the size of the estimate we obtain. Thus, if we assume 
less additional diversion than 8,000 c.f.s., the magnitude of the economic loss 
would be less, and vice versa. 

Also affecting the size of the estimate are the assumptions about the straight-
line relationships: between the number of wetland acres exposed and the water 
level; between the reconstruction cost of the dock and the minimum depth; and 
between the number of feet of nonbeach exposed and the water level. Different 
relationships would result in larger or smaller sized estimates depending upon 
whether one assumed an increasing or decreasing relation in place of the 
straight-line function. 

In short, the estimates must be understood in connection with, and not apart 
from, the method used to derive them. 

Some things have been left untouched. First, if in spite of the additional di-
version of water at Chicago, the water levels of the Great Lakes were main-
tained by means of a system of dams and weirs, the problem relating to recrea-
tion and conservation facilities would become a very different one. It would 
have to do with the costs of building and maintaining the water-level-control 
facilities rather than with the costs of rebuilding and repairing or abandoning 
the existing recreation and conservation facilities themselves. 
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Second, there are other effects upon the economy of Michigan not taken into 
our account. This study only touches upon public wetlands and beaches. Pri-
vately owned facilities would experience the same damaging effect. Some ripar-
ian properties, on the other hand, might become immune to the high water 
cycles that have produced damages in the past.1 

Third, certain intangibles attach themselves to an analysis of recreation and 
conservation facilities. The areas selected for this study were those that gave 
some hope of economic measurement. But some other recreation values defy 
measurement. 

For example, it appears impossible to assign an economic measurement to 
the passing of wildlife from the scene because of the disappearance of migratory 
stop-offs. For how can one measure the value of the "Audubon" type of recrea-
tional experience wherein satisfaction is derived from just watching wildlife? 
Indeed, objection can be raised to the use of economic measurement as a cri-
terion by which elements that pertain to the "full life" can be judged. 

1 T h e Corps of Engineers . U n i t e d States Army, and the Mich igan Conserva t ion D e p a r t m e n t d id a joint 
s tudy of damages f r o m high wate r in the early 1950's. T h e genera l conclus ion of the s tudy was tha t the 
cyclical na tu re of t he h igh wate r marks d id not w a r r a n t overal l p e r m a n e n t act ion and tha t effective ad 
hoc measures are avai lable at a n o m i n a l cost when the cycles do occur . 
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Appendix to Part I 

THE EFFECTS OF ADDITIONAL DIVERSION 
OF LAKE MICHIGAN WATER 

ON THE ENTIRE GREAT LAKES ECONOMY 
VIA WATERBORNE COMMERCE 

The Economic Model Employed 

In this Appendix to Part I, we generalize the form of the economic model 
employed in our analysis of the effects of 8,000 c.f.s. of additional diversion of 
Lake Michigan water at Chicago on the economy of Michigan via waterborne 
commerce, and attempt to arrive at a broad estimate of the economic effect of 
such additional diversion upon the Lake-States economy. 

The Relation 

The effect upon the total real income of a particular economy from additional 
diversion of water at Chicago is a function of the change in the expenses of the 
buyers and suppliers of ship service who are residents of that economy and of 
the change in the earnings of the buyers of ship service who are residents of 
that economy. The parameters of this relationship are the income multiplier of 
that economy, the spatial leakage of factor payments f rom that economy, and 
the spatial leakage of ownership earnings from that economy. 

This relationship may be specified in the following compact symbolic form: 

( 1 ) A Y = k [ a ( A C s + A C B ) + b A E B l where: 

A Y = the change in annual real income of the economy; 

k = the income multiplier of the economy, one divided by the 
percentage of leakage from income; 

a = 1 minus the percentage of the spatial leakage of direct fac-
tor payments f rom the economy; 

A C S = the increase in the annual expenses of the suppliers of ship 
service who are residents of the economy; 
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A C b = the increase in the annual expenses of the buyers of ship 
service who are residents of the economy; 

b = 1 minus the percentage of the spatial leakage of direct own-
ership earnings f rom the economy; and 

A E b = the increase in the annual ownership earnings of the buyers 
of ship service. 

The Assumptions 

In order for the relationship of equation ( 1 ) to hold, the following assump-
tions must be verified: 

1. The particular economy concerned is not in a state of full employment 
of resources. 

2. No substitute means of transportation exists. 
3. If substitute means of transportation exists, then its rate per ton of cargo 

is identical to or higher than the new, after-diversion ship-service rate; or it 
does not have the unused capacity to accommodate the cutback in shipments 
across the Great Lakes; or the costs of a change-over f rom lake shipments to 
substitute shipments is too great and offsets the benefits which may be derived 
from the change-over; or some combination of the preceding. 

4. The buyers of ship service do not produce what they do not ship over the 
lakes. 

5. The buyers of ship service do not experience any loss of earnings f rom 
lower sales volumes, or if they do, the loss is negligible. 

6. The buyers of ship service cannot raise their prices on the goods they 
sell.1 

7. The same spatial leakage factor can be applied to the direct factor pay-
ments of the buyers and the sellers of ship service who are residents of the 
economy. 

8. The same income multiplier can be applied to the changes in income of 
the factors of production of the buyers and sellers of ship service who are resi-
dents of the economy and also to the changes in income of ownership interests 
who are residents of the economy. 

If these assumptions are made, then one can work immediately f rom the 
given changes in the economic positions of the buyers and suppliers of ship 
service in that economy to the change in annual income of the economy. One 
must, of course, derive the changes in the economic positions of the buyers and 
suppliers of ship service f rom the information on losses in annual carrying ca-

1 T h i s assumpt ion is not real ly necessary as far as the economic pos i t ion of the buyers of sh ip service is 
concerned bu t is necessary to e l imina te hav ing to t race out the secondary effects of a pr ice increase. 
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pacity, the increased cost of shipments, and the corresponding decisions of 
buyers of ship service as to the amount of ship service to be hired at the in-
creased cost of shipments. 

The Application of the Economic Model 

We now apply the model: 

( 1 ) A Y = k [ a ( A C s + A C b ) + b A E b 1 

to the entire Great Lakes riparian states economy. We are interested in the 
change in the annual income of the entire Great Lakes economy attributable to 
the effects on waterborne commerce of additional diversion at Chicago. 

A. We assume, as in the text, an 8 ,000 c.f.s. additional diversion of water 
at Chicago. 

B. We assume the income multiplier (fc) to have a value of 5. This is the 
same as assuming that the leakage of income is 20 percent of the income. 
As we move f rom consideration of a single state's economy to that of 
several states' economy, we embrace a larger geographical area so that 
the economy under consideration becomes more self-sustaining. Fewer 
purchases are made outside the economy. 

C. We assume the spatial leakage of direct factor payments ( 1 — a ) to be 
20 percent of the factor payments. Our value of a, therefore, is 0.80. 
Again, the larger the geographical area, the more self-sustaining the 
economy becomes, the less the need to hire factors of production out-
side the economy. 

D. We assume the spatial leakage of ownership earnings ( 1 — b ) to be 5 
percent of the ownership earnings. Our value of b, therefore, is 0.95. 
The presumption here is that ownership interests in Great Lakes move-
ments of goods would tend to arise f rom and settle in the Great Lakes 
area itself. 

Thus far we have assigned values to the parameters k, a, and b by specifying 
new assumptions about the operation of the enlarged economy we are now con-
sidering (k = 5; a = 0.8; b = 0 . 9 5 ) . 

( 2 ) A Y = 5 [ . 8 ( A C S + A C b ) + , 9 5 A E b 1 

Values of the other variables can only be specified, as we saw in Chapters I 
and II, if we assume some specific decision by the buyers of ship service, i.e., 
whether they decide to hire the same amount of ship service (no quantity 
change) or to hire a lesser amount, say, a percentage decline equal to the per-
centage rise in the rate per ton (equal quantity change) . 
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No Quantity Change 
If the buyers of ship service decide on no change in the quantity of ship 

service they will hire, the increase in the dollar revenue and expenses of the 
suppliers of ship service is $6 million in 1956 and $3 million in 1985.2 There 
is no change, however, in the expenses of the buyers of ship service because 
they are producing, shipping, and selling the same quantity of goods as they did 
prior to the additional diversion.3 The earnings of the buyers of ship service 
decline by the amount of the increase in their transportation expenses that they 
bear out of earnings. The economic models for the years 1956 and 1985, re-
spectively, are presented below, based on the assumption that there is no change 
in the quantity of ship service demanded (in millions of dollars): 

(3 ) A Y = 5[.8( + $6.0) + , 95 (—$6 .0 ) ] = — $4.5 

(4 ) A Y = 5[.8( + $3.0) + . 9 5 ( —$3 . 0 ) ] = — $2.2 

Equal Quantity Change 
If the buyers of ship service decide on a percentage decline in the quantity of 

ship service that they will hire equal to the percentage rise in the average rate 
per ton, the dollar revenue and expenses of the suppliers of ship service remain 
unchanged because the percentage increase in the rate per ton is approximately 
offset by the percentage decline in the number of tons shipped. The buyers of 
ship service experience a decline in their expenses because they are producing 
less and, therefore, employing fewer resources. This decline in expenses is $12 
million in 1956 and $6 million in 1985.4 The change in the earnings of the 
buyers of ship service is a decline of $5.8 million in 1956 and $2.9 million in 
1985 from the pre-additional-diversion earnings.5 The economic models for the 

2 See Chapte r I . p . 9, where these changes in the revenue of the suppl iers of ship service are deve loped . 
3 Because we divide the expense and earnings side of the accoun t ing ba lance into three categories , <a) 
p roduc t ion expense, (b) t r anspor ta t ion expense, and (c ) earn ings , we are speaking here only of p roduc-
tion expenses and not of t ranspor ta t ion expenses. T r a n s p o r t a t i o n expenses, of course , increase. 
4 These declines in p roduc t ion expense are ob ta ined in the fo l l owing m a n n e r : ( a ) W e assume, as in the 
text, tha t t ranspor ta t ion expenses represent one- th i rd of the predivers ion sales value of goods sh ipped 
over the Lakes. Hence , p roduc t ion expenses and earn ings , irrespective of h o w t r anspor t a t ion expenses 
vary, will register two- th i rds of any decl ine in predivers ion sales value, ( b ) W e assume tha t earn ings 
lost due to changes in sales vo lume are negl ig ible . Hence , p roduc t ion expenses represent the ent i re two-
th i rds of any decl ine in predivers ion sales va lue . (Earn ings decl ine only because of an increase in trans-
por ta t ion expenses . ) (c ) T h e predivers ion sales value of goods sh ipped over the Lakes is th ree t imes the 
predivers ion revenue to ship companies (see Chapte r I , p . 9 ) , or $817 mi l l ion in 1956 and $848 mi l l ion 
in 1985. A decl ine in sales of 2.2 percent and 1.07 percent in 1956 and 1985, respectively, equa l s $1S 
mil l ion in 1956 and $9 mil l ion in 1985. ( d ) T w o - t h i r d s of these decl ines, the p roduc t ion expense par t of 
the decline in sales revenue, equa ls $12 mi l l ion in 1956 and $6 mi l l ion in 1985. 
5 These declines in the earn ings of the buyers of ship service are ob ta ined in the f o l l o w i n g m a n n e r : ( a ) 
T h e average predivers ion rate per ton is the predivers ion to ta l revenue to ship companies divided by the 
number of tons sh ipped or $1.42 in 1956 and $1.26 in 1985. (For the revenue and tons, see Chap t e r I , 
p p . 7 and 9. T h e average rate per ton is not the same in both years because the compos i t ion of the ton-
nages is different in 1956 and 1985.) (b) T h e increase in the average ra te per ton is $0,031 in 1956; and 
$0,014 in 1985 (2.2 percent and 1.07 percent respectively, for the years 1956 and 1985) . ( c ) T h e decrease 
in the number of tons sh ipped over the Lakes is 4.2 mi l l ion in 1956 and 2.4 mi l l ion in 1985. ( d ) T h e 
increase in the average ra te per ton t imes the number of tons sh ipped over the Lakes gives us the increase 
in the t r anspor ta t ion cost to the buyers of sh ip service of $5.8 mi l l ion in 1956 and $2.9 mi l l i on in 1985. 
(e) T h e earnings of the buyers of ship service decline by the a m o u n t of the increase in the t r anspor t a t ion 
expenses. 
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years 1956 and 1985, respectively, are presented below, based on the assump-
tion that there is an equal change in the quantity of ship service demanded (in 
millions of dollars): 

(5 ) A Y = 5 [ .8(—$12.0) + . 95 (—$5 .8 ) ] = —$75.5 

(6) A Y = 5 [ ,8(—$6.0) + . 95 (—$2 .9 ) ] = —$37.8 

Summary 

The foregoing equations, ( 3 ) to ( 6 ) , show how we arrived at the annual 
losses of income for the entire Great Lakes economy as summarized below: 

Summary of Loss of Great Lakes 
Economy's Annual Income 

(Amounts in Millions) 

Decision of Buyers of Ship Service Loss in Annual Income 

1956 1985 

No Quantity Change $ 4.5 $ 2.2 

Equal Quantity Change 75.5 37.8 

The capitalized value of these losses in annual income to the Great Lakes 
economy represents the continuing effect of an additional diversion of 8,000 
c.f.s. at Chicago (capitalized at an interest rate of 5 percent per annum) , as 
shown below: 

Capitalized Value of Loss 
In Great Lakes Economy's Annual Income 

(Amounts in Millions) 

Capitalized Loss 
Decision of Buyers of Ship Service of Annual Income 

1956 1985 

No Quantity Change $ 90 $ 44 

Equal Quantity Change 1,510 756 

These are our estimates of the losses in the value of the investment in the 
Great Lakes economy, incurred by the additional diversion. 
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