ECONOMICS OF CANADIAN WATER
CARRIERS ON THE GREAT LAKES AND
ST. LAWRENCE SEAWAY SYSTEM

By Andrew W. Gemmell, Ihn H. Uhm and Gordon C. Shaw*

INTRODUCTION

The Great Lakes, their connecting waters and the St. Lawrence River are vitally
important to the Canadian economy as a source of low-cost transport. This waterway,
known as the Great Lakes/St. Lawrence Seaway System,! provides transport for the
export of about 50% of the Prairie Provinces’ grain production and of much of the
Québec/Labrador iron ore. It facilitates both the export of salt from ports in Ontario
and the imports of iron ore, stone and coal needed by Ontario industry. The system
also supports the movement of potash, mined in Saskatchewan, from Thunder Bay to
various Canadian and American lake ports, and of gypsum, mined in Nova Scotia, to
various Canadian lake ports. In addition, foreign-registered ocean vessels move cargo
between Canadian and American lake ports and overseas ports around the world.
Therefore, this Great Lakes/St. Lawrence system is an important transport facility for
the whole of Canada for inter-regional, trans-border and international trade. (See
Figure 1 for the geographical location of the system.)

The most recent Statistics Canada report, Water Transport, shows that in 1979 the
water transport industry consisted of 289 for-hire water carriers (213 domiciled) in
Canada, of which 90 (74 domiciled) operated within this system.? Total revenue
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1 The Great Lakes/St. Lawrence system includes the five Great Lakes, their connecting waters and
the St. Lawrence River as far east as Anticosti Island.

2 The industry definition of carriers adopted in this analysis is based on the the three-digit Canadian
Standard Industrial Classification (SIC 504 Water Transportation Industry in Canada), which yields
the most finely disaggregated financial data currently available (Statistics Canada, 1982).
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FIGURE 1
The Great Lakes/St. Lawrence Seaway System

Source: Legget, Robert F., The Seaway, Minister of Supply and Services Canada 1979, Govt.
Catalogue no. TS 3-8/1979.

generated by the for-hire carriers on the system for that year was $269 million, or
26% of the total gross revenues of the for-hire carriers from water transport in
Canada. Revenue from the transport of commodities made by far the largest
contribution to total revenues. In 1979, revenues from commodity transport earned by
19 for-hire carriers (most of which are members of the Dominion Marine Association)
amounted to $223 million, which represented 80% of revenues earned by inland water
carriers, or 31% of revenues from transport of commodities by the total industry. For
the most part this represents transport of bulk freight such as grain, minerals and
petroleum. Other activities of the industry provide for sightseeing, chartering and
towing.
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The 90 Canadian for-hire water carriers in this waterway include a wide range of
operators. They range in size from Canada Steamship Lines Inc., which has 32 vessels
capable of carrying about 800,000 tonnes, to small operators of one or two local
ferries or sightseeing craft.

The objectives of this study are to examine: (1) the extent to which economies of
scale prevail in shipping in the Great Lakes/St. Lawrence system, where carriers face
such constraints as a short navigation season and short, narrow and shallow locks in
the Welland Canal; (2) the prospects for making greater use of vessels by developing
ships capable of both Great Lakes and ocean voyages. Characteristics of the market
in which these water carriers operate, and industrial concentration in the industry, are
briefly covered as background to the statistical examination of economies of scale.
Finally, we discuss market opportunities for Canadian vessels capable of carrying
both Great Lakes and ocean cargoes.

For this study both published and unpublished data were obtained from Statistics
Canada, the Water Transport Committee of the Canadian Transport Commission, the
Dominion Marine Association, and Shaw (1981). As a result, the time periods are not
necessarily consistent throughout the paper.

MARKET CHARACTERISTICS

The markets for Canadian-registered vessels operating within the Great Lakes/St.
Lawrence system are influenced by the physical constraints of this system and by the
economic environment.

Physical constraints

The two principal constraints are the brevity of the navigation season and the
length, width and depth of the locks in the St. Lawrence Seaway and in the Welland
Canal. There are also limitations in some harbours. The brevity of the navigation
season limits the number of days on which the vessels can operate within the system.
The dimensions of the locks determine the maximum size of vessels and the maximum
weight of cargo that can be carried.

The length of the navigation season varies from year to year according to the depth
of the ice in the various canals, rivers and harbours. Operations throughout the system
are usually possible from late March to late December, or for about 265 days. Several
more days of operation are usually possible in parts of the system. Many reports have
urged the use of ice-breakers or other devices to extend this navigation season
(Government of Ontario, 1981); but a recent study indicates that an extension of even
30 days cannot be supported as an economically feasible proposition (Hickling-
Partners Inc., 1981). Therefore, there seems to be little prospect of securing much
more use of vessels by using ice-breakers to extend the season.

The dimensions of the St. Lawrence Seaway and the Welland Canal locks limit the
maximum dimensions of a vessel to 222.5 metres in length, 23.1 metres in width and
7.9 metres in draft (730 feet, 75.5 feet and 26 feet). Consequently Great Lakes vessels
are longer, narrower and shallower than ocean vessels of the same carrying capacity.
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In particular, the restrictions on draft limit a grain-carrying lake vessel to 27,800
tonnes through the canals, even though it can carry 32,300 tonnes in deep water.
Ocean vessels that can pass through the Seaway are also limited to a maximum of
23.1 metres in width. Since these vessels usually have a larger width-to-length ratio
than lake vessels, they are shorter than the maximum-sized lake vessel. Usually ocean
vessels have deeper holds than lake vessels, but they cannot be loaded to their full
draft because of the depth restrictions. To overcome this problem, the ocean vessels
tend to carry lighter grains, such as sunflower seeds, which fill their interior capacity at
a draft less than the depth of the canal. Alternately, they will traverse the Great Lakes
with less than a full load of grain and “top-off” (that is, load additional grain) at a St.
Lawrence River port east of the Seaway, such as Baie Comeau.

At 1 March 1982, 65 of the 123 dry-bulk lake vessels owned by the ten principal
Great Lakes carriers were of maximum size. Therefore in the mainline trades (which
account for some 63% of tonne-kilometers—Shaw and Cook, 1982) there is still
scope for improving efficiency by replacing smaller vessels with larger vessels. On the
other hand, in the minor trades, some smaller vessels are most efficient, since they are
required to serve particular cargoes or ports of limited volume, draft or capacity.

Types of vessels

In 1981 there were 172 freight vessels owned by members of Dominion Marine
Association (DMA), the trade association of Great Lakes/St. Lawrence system
companies (see Table 1). The 172 freight vessels were divided into four categories:
dry-bulk, tanker, general cargo and miscellaneous.

Dry-bulk vessels comprised 128 of the 172 vessels, or about 90% of the total
deadweight tonnage. They were also the largest vessels. These dry-bulk vessels were
subdivided into bulkers and self-unloaders. Cargo such as grain or ore is poured into
the holds of both types. Self-unloaders have machinery on board to unload their own
cargo, but bulkers must be unloaded by shore-based equipment.” On-board machinery
unloads a vessel faster than a bulker of similar size can be unloaded from shore; so
self-unloaders are useful for short-haul cargoes, such as coal, salt and stone, where the
unloading time would otherwise be a large proportion of total vessel time. Also, with
these short-haul cargoes, the expensive self-unloading machinery can be well used.

The tankers were, on average, much smaller than the dry-bulk vessels. The 32 of
them comprised about 8% of the total deadweight tonnage. Six general cargo and six
miscellaneous vessels comprised the remaining 2%. The general cargo vessels were, on
average, about the same size as the tankers. The miscellaneous vessels included four
small “supply vessels” and two tanker barges.

Scope of regulation

The carriage of bulk commodities is unregulated within the Great Lakes/St.
Lawrence system except that the coasting trade is reserved to Canadian vessels (this
condition may be waived by the Governor in Council when no Canadian vessel is
available to undertake the coastal movement). The law also provides for the regulation
of package freight traffic, but no such service currently exists on the system west of
Montreal.
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TABLE 1
Summary of Dominion Marine Association Vessels by Type, 1981

Gross Average Percent
Registered GRT of

Type of Vessel =~ Number Tonnage per Vessel Total
Dry-bulk:

bulkers 87 1 175 911 13 516 55.6
self-

unloaders 41 732 562 17 867 34.6

Tankers 32 169 678 5 302 8.0

General cargo 6 32 575 5 429 1.6

Miscellaneous 6 4 943 824 0.2

172 2 115 669 12 300 100.0

Source: Dominion Marine Association (1981): Annual Report, p. 45

Principal commodity flows

In 1981 the companies belonging to the Dominion Marine Association moved 86.7
‘million tonnes and generated 107.1 billion tonne-kilometres (see Table 2). These
movements were concentrated in a relatively few types of cargo; grain, iron ore and
coal contributed 68% of the total tonnes and 76% of the total tonne-kilometres.

Grain was the principal commodity. Its main flows were from Thunder Bay in
Ontario and Duluth/Superior, Chicago, Milwaukee and Toledo in the United States to
Montreal and other ports on the lower St. Lawrence River. Most of the grain reaching
these latter ports was trans-shipped to ocean vessels, which carried it overseas. There
were also secondary grain movements from Thunder Bay to each of several Georgian
Bay ports and to Port Colborne and Toronto. Corn was also moved from Ohio and
Michigan ports to Canadian ports on Lake Ontario.

Iron ore, mined along the Québec/Labrador border, was shipped from Sept-Iles,
Pointe Noire and Port Cartier westward to Hamilton and Nanticoke in Ontario and to
American ports on both Lake Erie and Lake Michigan. This ore provided a backhaul
cargo from the lower St. Lawrence ports for some of the vessels which had carried the
grain eastward. Iron ore also moved from Lake Superior ports to the Canadian steel
mill ports of Hamilton, Nanticoke and Sault Ste. Marie.

Coal moved from American Lake Erie ports to the various Canadian steel mill and
power generating ports. In 1980, United States coal also moved from these Lake Erie
ports to some of the lower St. Lawrence ports, where it was trans-shipped to ocean
vessels for movement overseas. This new movement was stimulated by unusual
overseas demands for this coal and by congestion in the traditional exporting ports on
the east coast of the United States.
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TABLE 2
Summary of Traffic Moved by Dominion Marine Association Vessels, 1981

Average Length

Tonnes Tonne—kilometres of Haul
Commodity (000) (millions) (kilometres)
Iron ore 20 867 32 168 1 542
Grain 20 205 39 656 1 963
Coal 17 767 9 868 555
Tanker products 10 630 7 964 749
Limestone 4 238 1 196 282
Salt 3 499 3 210 917
Cement 1 185 613 517
General cargo 986 1 439 1 459
Coke 927 1 829 1 973
Gypsum 891 1 516 1 701
Miscellaneous bulk 5 481 7 626 1 391

86 676 107 085 1 235

Source: Dominion Marine Association (1981): Annual Report, p. 38

Salt moved from Goderich and Windsor, in Ontario, to various Canadian and
American ports. Stone moved mostly from upper Michigan ports to various Ontario
destinations, though there were secondary movements on Lake Erie and Lake
Ontario.

Petroleum products moved from various refineries to ports around the Upper
Lakes; but the largest movement occurred in the lower St. Lawrence and the Atlantic
regions, where dispersed population makes the use of pipelines infeasible.

The dry-bulk cargoes are now the principal cargoes within the Great Lakes/St.
Lawrence system. Most of these cargoes are carried by the ten principal carriers of the
Dominion Marine Association. At 1 March 1982, these ten carriers owned 123
dry-bulk vessels capable of carrying 2.8 million tonnes. During the 1979 navigation
season these companies carried 80 million tonnes of cargo on domestic and
trans-border voyages, and generated 98 billion tonne-kilometres. To place this
transport effort in the overall Canadian context, it is worth noting that Canada’s two
principal railways, Canadian Pacific Railways and Canadian National Railways,
handled 85.9 and 115.0 billion tonne-kilometers respectively in 1979 (Dominion
Marine Association, 1980).

INDUSTRIAL CONCENTRATION

Out of 90 for-hire carriers that operated on the Great Lakes/St. Lawrence system in
1979, there were 32 Class I carriers (with gross annual revenue amounting to $1
million or more); the remaining 58 carriers were classified as Class II. The market
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shares, in terms of gross revenue, were 93.1% for Class I and 6.9% for Class II
carriers.?

The estimated concentration ratios, using a gross revenue measure, for the four and
eight largest carriers in the mid 1970s were 54.0% and 75.0% respectively; this
indicates that there is a high degree of concentration in this industry. The
concentration ratio is only a partial index of market power, as it reports the percentage
of market shares held by the four and eight largest carriers only. The Herfindahl index
(Scherer, 1971, p. 51) is a summary index of industrial concentration that takes into
account all carriers operating in the same market. It is estimated to be 13.0%; this
confirms that these carriers have substantial market power.

If the market is subdivided in terms of types of service, the concentration ratios
increase substantially. D. Wm. Carr and Associates (1970) measured the con-
centration ratio of the five largest carriers in the late 1960s and found that it was
65.3% for iron ore and grain fleets, 99.0% for self-unloading fleets, and 89.2% for
tanker fleets.

Thus it can be seen that the organisational pattern of the industry is that a few large
carriers now handle the bulk of the total business in terms of revenue, and a relatively
large number of small and medium-sized carriers handle the remainder.4

ECONOMIES OF SCALE
Sources of economies

In transport economics, economies of scale have an exceptional feature, since there
are two dimensions in transport output:weight and distance. Typically an increase in
either or both causes a reduction in the average cost of moving the commodity as
measured by the cost per tonne-kilometre. Sources of weight-related economies are
size of vessel, size of fleet, and use of vessel. For distance-related economies, the
source is length of haul. An increase in the length of the shipping season can give rise
to economies in both dimensions, if there is enough demand.

Economies of scale associated with size of vessel are due to the less-than-
proportional increase in vessel operating costs incurred for a given increase in size.
For example, a vessel that has twice the load capacity of another would require less
than twice the crew and would consume less than twice the fuel per kilometre of the
smaller ship. The attempt to capture scale economies linked to vessel size is reflected
in the trend toward larger vessels among carriers around the world (Goss and Jones,
1977, p. 90). In general the optimal size of vessel is dependent on a number of
interrelated variables such as factor prices, length of route, speed of cargo handling

3In addition, there were 21 private carriers whose gross revenue was about 14% of that of the
for-hire carriers on this route. In this context, private carriers are those who “carried or towed their own
or their parent companies’ goods or passengers”. (Statistics Canada, Water Transportation 1979, p.
16).

* However, the heterogeneous nature of water transport services, market segmentation, and
inter-modal competition make it extremely difficult to infer a precise picture of market power without
undertaking an investigation on the basis of a commodity, route, and service type.
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and frequency of service needed, as well as canal, port, and lock constraints (Goss and
Jones, 1977, p. 92).

The quest for economies of scale within the Great Lakes/St. Lawrence system is
shown by the pattern of shipbuilding since the St. Lawrence Seaway opened in 1959.
Of the 77 dry-bulk vessels built since 1959, 56 were of the maximum Seaway size
(222.5 metres long by 23.1 metres wide with a 7.9 metre draft). The earliest of these
56 vessels carried about 25,000 tonnes at Seaway draft; the latest, M.V. Lake
Wabush, built in 1981, carries 27,890 tonnes (Shaw and Cook, 1982, Appendix B).
This improvement of about 11.5% in cargo capacity, with the same outward hull
dimensions, was made possible by improved vessel design. The remaining 21 vessels
were built for coastal cargoes or to serve markets which could not be served efficiently
by the maximum-sized vessel.

The efficiency of use of a vessel is affected by its turnround time, that is, the total
time spent in sailing empty to pick up cargo, loading the cargo, sailing to the discharge
port and discharging the cargo. It is generally accepted that the larger the vessel, the
longer the turnround time (Robinson, 1978, p. 161). Longer turnround time results
both from the larger vessel being assigned to the longer voyages and to its larger
cargoes requiring more time in port to load and unload. However, within the Great
Lakes/St. Lawrence system, it is not clear how turnround time is related to vessel size
and cargo.

For example, maximum-sized bulkers are usually allocated to the 21- to 23-day
voyages carrying grain from, say, Thunder Bay to the lower St. Lawrence ports and
then returning with iron ore, while maximum-sized self-unloaders carry coal from the
American Lake Erie ports to Canadian steel plants and power stations, a round
voyage of only one or two days. It seems that length of haul is less important in
determining size of vessel than the physical limitations of the loading and the
discharge port and how much cargo the consignee is prepared to receive at one time.
Moreover, within the Great Lakes/St. Lawrence system, the time spent by a vessel in
port is affected to a large degree by such random causes as having to wait for space at
wharves. v

In theory, the absolute size of the organisation itself is often cited as a source of
economies of scale. For example, a large organisation has less administration costs,
advertising costs and the like per unit. In the water transport industry, economies of
scale associated with carrier size and with fleet size appear to be one and the same,
because the larger carriers, in terms of revenue tonne-kilometres, are also those with
the larger fleets. In addition, larger fleet size provides scale economies by lowering the
percentage of reserve staff to total staff and the percentage of shore and maintenance
equipment to total capacity.

Moreover, the larger carriers may also enjoy economies because they can secure
more efficient use of vessels. That is, a company with many vessels may be more likely
to have a vessel discharging at a port near a second port where there is an available
load. Thus the time required for tais vessel to sail empty to pick up this cargo may be
less than for a similar vessel cwned by a carrier with fewer vessels. Economies
associated with shipment size are due to the less-than-proportional increases in vessel
operating costs for a given vessel size. This is, in essence, a better use of vessels.

Average length of haul is considered a source of economies in transport. Therefore,
in theory, one would expect a vessel operating over a longer route to have lower
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average costs per tonne-kilometre than one operating over a shorter route. Availability
of back-haul cargoes is another source of economies from enhanced use of vessels.

Finally, economies associated with shipping season deserve attention because a
large proportion of total vessel costs (e.g., capital costs) are fixed, regardless of use.
Real economies may be gained by year-round use (which is possible with an
ocean/laker vessel) rather than for the shipping season of 83 months now common on
the St. Lawrence Seaway system. The benefits gained in this way are expected to more
than offset the additional capital costs of construction of a combination (e.g.,
ocean/laker) vessel.

Empirical measurement of economies of scale

To investigate economies of scale empirically, we selected 15 carriers (mostly
members of the Dominion Marine Association). Of these, seven were dry-bulk
carriers, two were tanker operators, and the remaining six were operators of general
and miscellaneous cargo vessels. Operating costs, numbers of vessels operated, vessel
particulars, and commodities carried were collected for each carrier for each of the
three years 1975, 1976 and 1977. The cost figures were converted to 1971 constant
dollars, using the Implicit Price Index with 1971 = 100.

A generalised regression model was developed to measure, explicitly, the extent to
which average costs per revenue-ton-mileS might be expected to decline with increases
in size of vessels, size of fleet, and other factors contributing to economies of scale.
The specification of the generalised model is:

K Jj—1
logYy, =0+ kZ] Bilog Xy, + .Zl)’j D+ u,
= j=
~ where
i=1,2,...15 water carriers;
j=1, 2, 3 types of carrier specialisation (i.e., dry-bulker, tanker, and general
cargo);
k=1,2,...K predetermined variables;
t=1,2, ... Ttime periods (i.e. 1975,1976, and 1977);
m=1,2,... M cost components (i.e. average total cost per revenue-ton-mile, etc.);
Y, = average vessel operating cost per revenue-ton-mile, which includes cost comp-
onents such as vessel crew wages, salaries and allowances, fuel and lubricating oil,
vessel insurance, cargo insurance, etc.;
Y, =average other cost per revenue-ton-mile, which includes terminal costs,
management expenses charged to water transport, other transport expenses, etc.;
Y, =average total cost per revenue-ton-mile, which is summation of vessel
operating costs and other costs, stated above;
X, = carrier’s output measured by revenue-ton-miles;
X, = fleet size measured by total deadweight tons;

5 In this section ton-mile output units have been used because of the nature of the data available. This
difference from other sections of the paper, in which kilometres have been used, has no impact on the
basic relationships detected.
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X, = average vessel size measured by the total deadweight tons divided by the
number of vessels;

X, = average length of haul travelled by the vessels operated;

X = average shipment size, measured by total tons carried during a year divided by
the number of trips by all vessels;

X, = the percentage of the distance operated in ballast to the total distance travelled
by the vessels;

D, = dummy variable for a tanker operator (1 if the carrier is a tanker operator, 0 if
otherwise);

D, =dummy variable for a general cargo operator (1 if the carrier is a general
cargo operator, 0 if otherwise);

u = random error term;

0, B, y; are the coefficients to be estimated.

The model was estimated by using Ordinary Least Squares (OLS). Six equations
for the model of average total cost per revenue-tcn-mile (Y,) are illustrated in Table 3.
A preliminary examination of the model showed that the predetermined variables such
as X, (revenue-ton-mile), X, (fleet size), X, (average vessel size) and X, s (average
shipment (X;), average size of the vessels (X;), and hence output, measured by
obtain reliable coefficients in a multiple regression framework.5 A high degree of
multicollinearity is harmful, as the estimates of the regression coefficients are highly
imprecise because of large variances of the Least Square Estimators. Therefore it was
decided to examine the effects of X’s on Y. ; one by one, as is shown in Table 3.

With each of these equations, the average total cost per revenue-ton-mile (Y;) was
found to decline with any increase in total revenue-ton-miles (X ), average size of
shipment (X,), average size of vessel (X,) or fleet size (X,). Also, with each equation,
higher average total costs per revenue-ton-mile would be expected with the tanker
operators (D,) and the general cargo carriers (D,), both of which operate the smaller
vessels. However, the best fit was provided by equation (5), which estimated in terms
of the average size per shipment (X).

Given the limitations of a small sample and the chosen methodology, it is concluded
that the average total costs per revenue-ton-mile (Y,) are reduced as average tons per
shipment (X,), average size of the vessels (X;), and hence, output, measured by
revenue-ton-miles (X)), increase. In addition, the effects of variables such as average
length of haul (X,) and average distance travelled in ballast (X,) are statistically
insignificant in the sample used; this indicates that in the Great Lakes/St. Lawrence
system these variables do not play an important role. These two aspects of vessel use,

§ The correlation coefficient matrix for X,, X,, X. ; and X, is as follows:

log X, log X, log X, log X

log X, 1.000 0.945 0.926 0.921

log X, 1.000 0.952 0.801
log X, 1.000 0.877
log X 1.000
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however, should be subject to further investigation in a subsequent study, as vessel use
in relation to turnround time, port time, and ballast movement may well be related to
vessel size, fleet size, carrier size, and other factors. These questions cannot be
adequately answered with the present data. The economies to be gained by extending
the shipping season by using combination laker/ocean vessels are treated in the next
section.

Estimated Elasticities

It is worth noting that the estimated regression coefficients from the log-log function
are, by definition, elasticities. This piece of information, important for both corporate
and government interests, deserves comment.

As is shown in Table 3, the elasticities of average total cost per revenue-ton-mile
(Y;) with respect to average size per shipment (X,), average vessel size (X,) and fleet
size (X,) are —0.48, —0.35, and —0.13 respectively. Elasticity of average total cost per
revenue-ton-mile with respect to average vessel size per shipment, for example, is
interpreted as meaning that a carrier with 1% larger average vessel size tends to have
0.35% lower average cost. Elasticity of average total cost with respect to
revenue-ton-miles is —0.25. This is approximately the weighted average of the
elasticities of average total cost with respect to average size of shipment, vessel size
and fleet size, because a carrier with higher revenue-ton-miles must have obtained
them through some combination of these three factors.

Elasticities of average cost related to vessel operating costs (Y,), the principal cost
component faced by water carriers, and elasticities of average costs other than those
of vessel operation (Y,) were also estimated by using the generalised regression model
in the same manner as those Y, shown in Table 3. That is to say, the estimated
coefficients for f, were obtained one at a time because of the high degree of
multicollinearity between X’s. They are presented in Table 4.

It is to be noted in Table 4 that the elasticities of average total cost (Y,) with respect
to average vessel size (X;), average size of shipment (X,), fleet size (X,) and
revenue-ton-miles (X,) are the weighted sum of elasticities for the two cost
components (average vessel operating cost (¥,) and other costs (Y,)). Their relative

_significance may be viewed in a comparison of these two sources of cost elasticities.
Even though the elasticities for average other costs per revenue-ton-mile (Y,) are
higher, their contribution to the elasticities of average total cost per revenue-ton-mile
(the overall average cost) is small since other costs are a small portion of total costs
(see Table 4, column 4).

The estimated elasticities of average vessel operating costs (Y,) with respect to vessel
size (X;) and output (X)), shown in Table 4, were found to be about half as high as
those found in previous studies of vessels operating in unconstrained environments or
in less severe conditions than those of the Canadian Great Lakes/St. Lawrence
system.”

7See Goss and Jones (1977) for dry bulker; Heaver (1968) for tanker; Jansson and Schneerson
(1978) for general cargo ships; Case and Lave (1970) for barge operators in U.S. Inland in Mississippi
and Gulf Intercoastal waterway system.
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MARKET OPPORTUNITIES FOR CANADIAN COMBINATION VESSELS
(LAKE AND OCEAN)

Economics of Combination Ships (Lake and Ocean Voyages)

The development of combination lake and ocean vessels is one way of securing
more efficient use of ships. The combination lake and ocean ship is a unique type, as
ships that are to be fully employed either on the ocean or on the lakes are built with
different hull designs and hull strengths. The ships designed for both lake and ocean
service represent significant technological advances in naval architecture, shipbuilding
and operation. They are not quite as efficient as either an ocean-only ship or a
lake-only ship is in its own environment, but their use becomes practical because they
can be used reasonably efficiently in either environment and can carry cargoes that
move between the two.

The hypothesis examined was whether or not operating a combination ship to serve
inland as well as ocean voyages for 350 days a year, rather than a lake ship for the
usual Great Lakes season of 265 days, would reduce average cost per day by
spreading fixed costs such as interest and depreciation charges over the longer season.
This potential benefit must be compared with the additional capital investment
required to make the ship suitable for ocean as well as for lake voyages.

To examine this hypothesis empirically, estimated costs per day were compared for
six different types of vessels: (1) laker/ocean self-unloader, (2) ocean/laker self-
unloader, (3) lake-only self-unloader, (4) seaway-sized bulker, (5) ice-strengthened
medium-sized lake-only bulker, and (6) geared coaster.® The relevant financial data
and other information were obtained by interviews with industry experts including
operators of ships, ships’ officers, and shipbuilders.

In estimating costs associated with the chosen vessel types the following
assumptions were made:

(1) Interest charges are 15% per annum.

(2) Life expectancy of vessels for the purpose of depreciation is taken to be 25
years for the lake-only self-unloader and for the laker/ocean vessel. For the
ocean/laker, life was reduced to 20 years, as operation mostly in salt water
corrodes a vessel sooner. ' "

(3) Each vessel is assumed to be travelling loaded 40% of the time; for the
remaining 60% it is in port loading and unloading cargo or is travelling
empty from a port of discharge to the port of origin for the next cargo.

(4) The capacity of each vessel and the length of its operation season are as
shown in Table 5.

(5) Annual output is measured in tonne-days.’ Therefore, the effective annual

8 Definitions of these vessels are given in Shaw (1981), pp. 15-18.

 Tonne-days is an accepted measure of vessel output in the system. The number of tonne-days
generated by a particular voyage is the product of the tonnes of cargo and the number of days travelled
from the loading to the unloading port. There is a high correlation between tonne-days and
tonne-kilometres, as distance is an important determinant of travelling time, and the greater part of
vessel operating costs (e.g., maintenance, insurance and crew wages) are time-related.
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TABLE 5
Capacity and Operating Season by Type of Vessel

Vessel Type Capacity Operating Days
(tonnes)
(1) Lake-only self-unloader 28,600 265
(2) Laker/ocean self-unloader 25,890 in lake 260
37,500 in ocean 90
(3) Ocean/laker self-unloader 22,900 in lake 260
37,500 in ocean 90
(4) Lake-only bulker
(seaway-sized) 28,000 in lake 265
(5) Lake-only
ice-strengthened bulker 13,000 in lake 275
(6) Geared coaster 11,500 in lake 260
11,500 in ocean 90

cargo capacity of a ship is the product of the number of operating days, the
vessel’s capacity, and 0.40, the proportion of the time travelling loaded.

(6) Shipbuilding subsidy paid by the Canadian government accounts for 20% of
the capital cost of the vessel (since modified to 9%).

(7) The capital cost allowance for depreciation of vessels built in Canada
assumes a life of three years (since changed in the November 1981 budget to
an allowance of 33.3% for each of the first two years, with the remainder
spread over the life of the vessel).

As is shown in Table 6, the daily revenue required for a laker/ocean self-unloader is
estimated to be $22,600, which is less per operating day than the $24,900 for the lake-
only self-unloader. That is, the potential benefits from extra use outweigh by about
10% the extra costs relating to the additional $3 million capital cost to the owner of
building the laker/ocean vessel. The average revenue required per tonne-day with the
laker/ocean is $1.96, compared with $2.18 for the lake-only vessel. Note that this latter
reduction is assisted by the vessel’s relatively large cargo capacity of 37,500 tonnes on
ocean voyages. The commercial realisation of these benefits depends upon the
shipowner being able to market this ocean-carrying capacity for the relevant portion
of the year when the vessel is on the ocean. For example, Nipigon Transport Limited
built its M. V. Lake Wabush in 1981 as a maximum-sized lake-only bulker. Therefore,
her record capacity of 27,890 tonnes can be used for, at most, the 265-day Great
Lakes season. Misener Transportation Company, on the other hand, has ordered three
lake and ocean bulkers for 1983 delivery which have (according to the company’s
1981 brochure listing vessel characteristics) only a 25,401 tonne capacity on the
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Great Lakes but a 35,561 tonne capacity on the ocean. In effect, Misener
Transportation has accepted a 9% lower capacity on the lakes than that of M. V. Lake
Wabush. Presumably it has done this in the expectation that the resulting lower
revenues on lake voyages will be more than offset by new revenues on the ocean
voyages. These ocean revenues will be earned largely in the winter months, or
whenever the lake business is slack.

An ocean/laker, self-unloading vessel with 75% of its time used for ocean voyages
requires a revenue of $1.76 per tonne-day, whereas the same vessel with 75% of its
time for lake voyages requires $2.15 per tonne-day. The difference is attributed to the
greater capacity available on ocean voyages. However, regardless of the use, the
analysis indicates that a combination self-unloading vessel has a potential economic
advantage over the lake-only self-unloader.

The proposed geared coaster is a new type which will be larger than the existing
coaster; it is also more suitable, because of its size, for winter ocean voyages. It will be
equipped with small cranes so that it can lift newsprint or general cargo, such as
manufactured goods, on or off. The average revenue required per operating day has
been estimated to be $12,150 for the coaster, with its 350-day season, as compared
with $13,700 for the medium-sized lake bulker, but the coaster’s required average
revenue per tonne-day is $2.63, or about the same as for the medium-sized lake
bulker. In effect, for the coaster the benefit of spreading the fixed costs over a longer
season is offset by the lower carrying capacity on both lake and ocean voyages.

Experience and Prospects for Combination Vessels

At 31 December 1979 there were fourteen ships (both bulkers and self-unloaders)
owned by the ten Canadian Great Lakes carriers capable of lake and ocean voyages.
In 1979, twelve of these fourteen ships made 59 ocean voyages and carried slightly
over one million tonnes of cargo (see Table 7). Of these 59 voyages, 46 carried
imports to or exports from Canada, with a total of about 780,000 tonnes. Twenty-two
involved Canadian ports, served by lake ships, between Montreal and Anticosti
Island, and the remaining 24 originated or terminated in the Gulf of St. Lawrence or
on the Canadian Atlantic coast. The remaining 13 voyages carried cargoes, totalling
nearly 240,000 tonnes, between United States ports and countries other than Canada.
Of these 13 voyages, three originated or terminated in American lake ports west of
Montreal; that is, these three were truly “lake and ocean” voyages. These 59 ocean
voyages occupied only a small fraction of the time of the fourteen ships; but they
would not have been possible if these vessels had not also been required for Great
Lakes voyages and on voyages between the Great Lakes and the Maritime Provinces
of Canada. (Voyages to the Maritime Provinces are not ocean voyages, but they
involve sailing east of Anticosti Island and therefore require a ship with more than
lake-only capabilities.) This 1979 experience has demonstrated that Canadian-
registered vessels can attract ocean cargoes in competition with foreign
vessels.

Long-term future prospects for these combination lake and ocean vessels depend
upon their retaining their competitive position. Their principal advantage, in the short
term, appears to be the self-unloading technology, which was developed within the
Great Lakes. Several of the carriers now feel it is opportune to market this technology
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TABLE 7

Summary of Ocean Voyages Performed by Canadian-Registered Dry-Bulk Ships
Operated by Canadian Great Lakes Companies, 1979

Bulkers Self-unloaders Coasters All ships

Voyage trips  tonnes trips  tonnes  trips tonnes  trips tonnes

Cargoes from Canadato 2 103 460 15 423 020 19 92 750 36 619 230
U.S.A. coastal ports

Cargoes from Canada to 1 53 960 — — 3 12 810 4 66 770
other overseas ports*
Cargoes from U.S.A. to 1 17 725 — — 1 6 850 2 24 575

overseas ports
Cargoes to Canada from 1 44 760 1 26 125 2 13 200 4 84 085
U.S.A. coastal ports

Cargoes to Canada from — — — — 2 11 820 2 11 820
other overseas ports*
Cargoes to U.S.A. from — —_ 9 203 130 2 11 070 11 214 200

overseas ports
Cargoes between other — — — — — — —_ —_
overseas ports

total 5 219 905 25 652 275 29 148 500 59 1 020 680

*not including U.S.A. coastal ports.

on the ocean, especially in view of the development of new thermal electric generating
stations and industries, often in developing countries, which have no shore facilities for
unloading. In time, as this self-unloading technology is adopted by foreign carriers for
their ocean vessels, the continued use of Canadian ships will depend upon their being
competitive in the total of their wage and other operating costs, their capital costs and
their corporate taxes.

SUMMARY

This paper discusses certain important characteristics of the water carriers serving the
Great Lakes/St. Lawrence system and examines some basic theories. It provides
evidence that economies of scale do, in fact, exist in the present system, as the use of
larger vessels results in lower cost per tonne-kilometre. Still further economies of scale
may be realised by an extension of the season during which vessels can be used, that
is, by the development of vessels capable of undertaking both lake and ocean voyages.
This development may best take place by replacement when it is time to retire older
vessels. The opportunity is especially important for carriers looking for ways to take
full advantage of possible economies of scale.
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