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ABSTEACT
AN APPROACH TO POBT CLASSIFICATION: A CASE STUDY
OF GREAT LAKES PORTS

by

. Christopher Marian Madej

In the field of port geography there has been 1little
agreement on the appropriate procedures and criteria to te
used in the classification of ports. The purpose of this
study was to evaluate measurement criteria and prccedures
used in previous port classifications. Great Lakes ports
served as a test case, and Roemer's {[1971) ciassification of

_ these was the starting ©pocint. The study objectives were
accomplished by 1) identifying the relevant criteria, 2) two
independent trials of a procedure new tc Fort
classification, discriminant analysis, 3) an evaluation of
the adeguacy of criteria currently used in Eort
classification, and the status of Roemer's classification of
Great Lakes ports.

once group membership and relevant variables were
established, ports in each study year, 1966 and 1984, were

. randonly divided into developrent and crossvalidation

samples. Discriminant analysis was first conducted on the
- iy -
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develcpment samples where grocup mentership was based on
Roemer's grouping procedures. The results shcwed a
significant propocrtion of cases wvere misclassified on the
variabtles identified as good between-groui discriminators.
Using the discriminant function coefficients on the
significant variables, group pmembership fecr the
crossvalidation groups was determined. Discriminant analysis
was then conducted on the <crossvalidation groups using only
the significant variables so as to identify those values of
the cogefficients which would achieve the greatest success in
assigning ports to correct classes. The results of the
analyses showed a considerakle imrrovement in the prcportion
of ports correctly grouped by the nev coefficients. The five
variables which emerged as good discriminators fcr Ltoth
years were essentially the same. All, with the excertion of
one, had teen identified in earlier studies as good neasures
of port status, suggesting that good variables have keen in
existence all along‘but that their success had been limited
by the wuse of inadequate grouping procedures. This study
showed that discriminant analysis with crossvalidaticn cculgd

be a sound procedure for developing classifications of

rorts.

—v-
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Chapter 1

STUDY BACKGROUND

Classification may be viewed as a procedure used to
impose order and coherence upon the flow of infcrmation
received from the world around us. In the field of fport
geography, there have been many studies of individual ports
(Hayer 1957, ¥ihelic 1969, Forward 1984), and numgrous
studies of port systems in various ccuntries, (Birxd 1963,
Rimmer 1967, Stanley 1984) . Attempts to classify tle ports
of a country or rtegion appear to be few. Attenpts to
classify the ports of +the Great Lakes appear to le fewer
still.

Governments, port authorities, and others with irterests
in the shipping industry are ccncerned with port development
and improvement. Ports must adopt strategies, if fplanning
is to be a means of bringirg rationality to decisior making
for development and improvement. Through the pursuit of
goals in planning, gfort lapnds can be utilized in an crderly
and advantageous way, with renefits spreading to surrounding
areas.

By imposing order and coherence on how we understand
ports, we lay the foundation for planninge. We gain an

understanding of their basic structures and operating
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2
characteristics. Where a system of ports exists with a high
degreee of interaction as cn the Great 1lakes, (Prcvincial
Great Lakes/Seaway Task Force 1881), ports are degendent
upon each other's traffic. By understanding these inter-
relationships, those managing or operating a gpcrt can
identify 1its pecsition in the system and direct the
development of a integrated plan which might yield the Lest
results.

Planning should proceed with knowledge, and
classification 1is a procedure most useful in the early
stages of the systematization of knowledge, for it draws
attention to similarities among the members of a class and
to differences betvween classes.

The few attempts at port classification undertaken have
proceeded by examining port characteristics, usually through

the use of maps and charts. Ports vere simply grouped

' according to the characteristics they shared. If ports share

many characteristics, then it may be that they differ in the
intensity of thcse attributes. Hence a procedure which
takes into account the varying intensities may fpick wup
differences more easily and may ke wmore suitalkle for

developing a classificaticn of rports.
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Chapter II

SCOPE_AND STUDY DESIGN

In the case of port classification, questions remain as
to the best procedures to ke followed, and as to the mcst
appropriate variables to be used. The purpose of this study
is to evaluate variakles and fprocedures used by Roemer and
others in the classification of ports. This will be achieved
by:

1) An identification of the relevant variables
{Chagter III).

2) 1Iwo independent trials of a procedure new to

port classification, discriminant analysis

{Chapters IV, V, VI, VII).

3) Evaluaticn of tke adequacy of variables

currently used in port «classification, and the

status of Roemer's classificaticn of Great Lakes

forts [Chapter VIII)a

Discririnant analysis was considered the most =suitakle
procedure for the purposes c¢f this study for it makes
possible a distinction among a number of mutually exclusive
groups by the identification of linear combinations of
variakles which are good at serarating the gqrougs.
Discriminant analysis also leaves the classificaticen ogpen,
allowing the prediction of group membership for previously
unclassified cases. It is hoped to show that this procedure
is a sound one for develoring classifications of ports. The
design of this study is outlined in Figure 1.
- 3 -
:
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Figure 1

Study Design

Initial Classification

m Develop two initial classifications
using Roemers procedures

' |

=m Selection of variables to be
used in the analysis

= Randomly divide the ports for each
study year into two samples

T

Development Group
a Conduct discriminant analysis

= Determine significant variables

m Check classification accuracy

Crossvalidation Group

m Ports assigned to new classes based on
discriminant function coefficients from
development groups

» Conduct discriminant analysis using
’ significant variables from development

groups
m Check classification accuracy

Evaluation

u Compare new classifications with initial
classifications and assess accuracy of
the procedure used

m Asses reliability of variables used in the
analyses and past studies

m Compare results of the two new
classifications

= What does the procedure have to say
regarding the nature of variables

u Critical assessment of Roemer and
other classification studies

u Implications of the new classification
procedure
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To test the new classificaticn procedure and the
suitaktility of the variables more fully, two analyses will
be conducted for all the commercial ports on the Great
lLakes; one for 1966, which will approximate the time of
Roemer's study, and a second fcr 1984, which will present a
more up to date view of the organization and characteristics
of the ports.

The initial grouping of gfports will be deterrined Ly
applying Roemer's procedures for «classifying ports for each
of the time periods [Chapter 1IV).

The results of any investigaticn using discriminant
analysis are only useful if the variables wused are soundly
chosen. The variables to be used in this investigation will
be drawn from the literature, and the author's perception of
what might be important criteria for distinguishing tetween

groups of ports [Chapter V).

Great lLakes Ports: 1966 Set

In 1966, there were 135 commercial ports in operation on
the Great Lakes, forty eight ir Canada, and eighty seven in
the United States (Figure 2). The ports will ke divided into
2 samples. One, referred to as the crossvalidaticn greug,
consisting of 1/4 of the ports, will be drawn from a list of
the ports using a random numbers table. The remaining 3/4
of the ports will be referred to as the development croup.

A discriminant analysis will ther be conducted on the

develcpment group. The observed discriminant function
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Figure 2: Great Lakes Ports 1966
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7
coefficients based upon the variables which best reflect
group differences will be used to develop a grouping of
rorts. Variables which were found not to be significant
discriminators between groups will be dropped from the
analysis beyond that stage.

Using the variables =shown to be significant and the
discriminant function <coefficients generated above, the
members of the crossvalidation group are assicned to
classes. A seccnd discriminant analysis will then bte
conducted on this group of ports using only those variables
identified as significant for the development group sc as to
identify those values of the coefficients wvhich would
achieve the greatest success in assigning ports to correct
classes. This analysis will thus generate a refined crouging
of the rports [Chapter VI). This extended crossvalidation
procedure is intended to not orly confirm the utility of the
variables identified but also to shox how the best values of

the ccefficients might be disccovered.

Great lLakes Portss 1984 Set

In 1984, there were 126 cormercial ports in operation on
the Great Lakes, forty five in Canada, and eighty omne in the
United States (Figure 3). As in the 1966 analysis, ports
will be grouped according to Rcemer’s procedures and divided
into two samples (Chapter VII). At this stage, the
development group, 3/4 of the ports, will be drawn using a

randcr numbers taktle, and the remaining 1/4 of the ports
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will form the crossvalidation group. The analysis will then
proceed in the same manner as the 19€¢ analysis (Figure 1)

The results of the sets will be rerorted ir a manrer that
will clearly meet objectives of this study. First, in order
to determine what variables are of significance in the
classifications, the significant functions must be exawmined.
In discriminant aralysis, twc functions are generated to
separate a population 1intec three groups, and the first
function always accounts for the greatest porportiocr cf the
variance. In this study, if the remaining function accounts
for less than 50 percent of the variance accounted for Ly
the first function, it will be considered insignificant and
not warrant further examination.

The statistical significance of relationships betueen the
generated functions and group differences will tLte then
reviewed using Wilks's Lanmnkda so as to allow a test of the
significance of the differences between the group means. The
closer lanrbtda values are to one, the 1less significant the
dif ference there is bhetween group means; values closer to
zero indicate greater significances in the differences in
group means.

A review of the generated standardized function
coefficients and the pooled within-groups correlations will
then follow. These will identify the relative importance of
the variatles identified as significant. An examination of

the generated scatterrlots will be undertaken so as to
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9
provide further insights into the degree of clustering of
groufp members, and the extent of overlapping ketween groups.

Finally, the results of the grcuping by discriminant
analysis will be ccmpared %ith the original grouping so that
the accuracy of the results can be assessed.

The analyses ccnpleted, Chapter VIII will bring together
a numter of conclusions regarding the suitability cf' the
variables for port classifications, the use of discriminant
analysis in port classification, and FHRoemer's Fort
classification.

The final chapter of this study will consider the
implications of the results for those in port and shipping

industries {Chapter IX).
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Chapter III

REVIEW OF CRITICAL LITERATURE

It is through some form of 1identification of the
characteristics cf an object that we are able to distinguish
it from other objects and thus classify it. In gert
geography, there has Lkeen little agreement among rescarchers
on adequate criteria for the measurement of port status.
Several criteria have been identified, some having

advantages, others proving unreliable.

3.1 Barly Port_Classification

Morgan (1952) suggested that net registered tonnage was
the best available measurement criterion fcr the
classification of ports. It included all types of traffic
entering and leaving ports. Using net registered tornage as
the discriminating variable, Morgan developed what he called
a functional classificaticn with eleven types of Grforts:
naval ports, fishing ports, ferry ports, harbours of refuge,
ports of call and Lunkering ports, transhipment forts,
entrerorts, free ports, out pcrts, coastwise and short sea
ports, and tramp, tanker and liner ports.

Carter (1962) did not limit himself to a single critericn

but fproposed a multi-criteria approach. Using type of
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traffic, weight of cargo, nature of commodity, traffic
flows, variety of commerce, he constructed a series cf mars,
one for each «c¢riterion, each showing the intensity of the
particular criterion for 60 United States ports. Through a
visual examination of the maps, Carter was able to identify
7 types of ports: rports associated with the manufacturing of
steel, ports associated with jetroleum refining, ports which
serve as petroleum terminals, ports associated witt mining
activities, bulk material ports, general cargo ports, and
torts which incorporate two or more of the above functions.

Rimpmer (1967) believed that if the idea of a multi-
criteria approach was to be accepted, differences Letween
such criteria should be examined and =steps taken to
determine statistically if there was any one <criterion
superior to the others.

In his analysis, Rimmer identified the ports cf New
Zzealand for 4 different years as conducting gross, cverseas
and coastal trade. If a surerior port measurement criterion
could be established, Firmer wanted to determine if it
applied to more than one time period and for more than one
level of trade. He sought to answer these questicns Lty
deterrining coefficients of correlation between various
measurements for the three levels of trade: net registered
tonnaqge, cargo handling capacities, depth of approaches,
weight of cargoes landed and shipped, and terthing

accomcdations. Foer overseas trade, an additional neasure,
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values of cargoes landed and shipred, was included. Rimmer
discovered that there were variations in the ability of
measurements to clearly separate rforts. He fourd that
weight cf cargo, having the highest correlation
coefficients, was the best for identifying the status of New
Zealand ports in all of the years =selected, and for the
three levels of trade.

Bird (1971) suggested a nurber of variables which cculd
be used for differentiating forts: berthing accommcdations
for ships, cargo handling capacities, depth of apprcaches,
depth of ship acccmmodations, weight of cargoes, value of
cargoes, and net registered tonnage of shipping. The latter

two varialkles were used by Eird [1963) in his Major_ Seafports

of the United Kingdcm. For these variables ané those

suggested by others, Bird discussed the disadvantages which
should be seriously examined 1in terms of their izpact cn

distinguishing the status cf pcrts.

3.2 Great Lakes Ports

Rcemer {1971) examined a numkter of aspects of the St.
Lawrence Seaway, its ports, its hinterland, and presented a
classification of Great Lakes-St. lawrence River rports.

Roerer mapped three variables for 90 ports; tyres of

conmodities, tonnage of cargoes shipred, and the ratio cf
inbound and outbound cargoes. she identified 5 types of
commodities handled: iron ore, ccal, grain, kuilding
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aggregates, and a group identified as others. Ports were
placed into one of three classes tased upon the the quantity
and number of cormodities handled. Eased on the tornage of
cargo shigped, the same pcrts were divided into 7 groups
ranging from 100,000 tons to 50 @million tons. Finally,
traffic was divided into inbound and outtound movements for

rorts handling at least 500,000 tons.

3.3 Sumpary of Critical literature

Major port classificaticn schemes embraced three tasks.
The first involves the —researcher fpresenting mneasurement
criteria considered significant for ports. Here, the
question of the adeguate chcice of port measurement criteria
seems to arise. 1The second task entailed the use of sore
procedure for assigning ports to classes, leading to the
final task - the ccnstruction of a classification schere
{Table 1) . In this study, Great Lakes ports will serve as

the +test <case and Roemer's classification will ke the

starting fpoint.
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Table 1:Summary of Port Classifications

VARIABLES,
MEASUREMENT
CRITERIA

PORTS IN GENERAL

MORGAN-1952

CARTER-1962
UNITED STATES PORTS

RIMMER-1866
NEW ZEALAND PORTS

BIRD-1971

PORTS IN GENERAL

ROEMER-1971
GREAT LAKES PORTS

Net registered tonnage

Type of traffic
Weight of cargo
Type of commodity
Traftic flows

Variety of commerce

Value of foreign
commerce

Net tegistered tonnage
Cargo handling capacity
Depth of approaches

Weight of cargos landed
and shipped

Berthing accomodations

Berthing accomodations

Carg

Depth of port approaches
Depth of ship accomodation

and

o handling capacity

ht of cargos tanded
shipped

Value of cargos landed

and
Het

shippe
registered tonnage

Tonnage of cargo shipped

Number and types of
commodities

Ratio of inbound and
outbound traftic

PROCEDURE
USED

Functional

Classification

*Mapping each variable
and drawing conclusions
from the observed patterns

sDetermining correlation
coefficients between ihe
measurement criteria and
three levels of trade

*Mapping each variable

CLASSES
OF
PORTS

h & W N -

© 0 N O

11

Naval Ports
Fishing Ports
Ferry Ports
Harbours of refuge

Ports of calf and
Bunkering Ports

Transhipment Ports
Entre Ports

Free Ports

Out Ports

Coastwise and Short
Sea Porls

Tramp, Tanker and
Liner Ports

1 Ports associated with the
manufacturing of steel

2 Ports associated with
mining activities

3 Ports associated with
petroleum refining

4 Ports which serve as
petroleum terminals

5 Bulk material ports
6 General cargo ports
7 Ports which incorporate

two or more of the above
functions

=Indentification of weight
of cargo as the hest
measurement criterion

«Ports classified by commodity

1 Ports handling predominately
one commodily

2 Ports handling predominately
two commodities

3 Ports with mixed functions
commodities)

*Ports classified by tonnage
of cargo

*Ports classified according
to shipments and receipts

ST



Chapter IV

THE_INITIAL GROUPINGS

4.1 Introduction

The p;eliminary stage of the analysis is the assicning of
the study subjects to various grcups based on Foemer's
11971) two measurement criteria: total tonnage of
commodities shipred and the nurber of comrodities. ©Fcemer's
classification ccnsidered ports handling at least 100,000
ton of cargoes and thus was limited to 73 Great Lakes forts.

The statistics used by Roemer tec classify the United
States ports were for 1964. Since tlkere was no mertion of
the year for the data on which the Canadian ports were

~classified, Roener's statistics were ccﬁpared with those
published by the Canadian government. This confirnsed that

the year was indeed 19¢€l.

4.2 Great Lakes Ports;1966/1584

Due to the nature of the shipping industry, the number of
commercial ports on the lakes can vary from year to year.
Small ports are particularly susceptible to wupward and
downward fluctuations 1in business. Two initial groupings
wvere developed, one for 1566, the second for 1884.

Fluctuvations in the nunber cf ports tetween these tuc years
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are evident, for in 1966, 135 commercial ports were
identified on the lakes, compared to 126 in 1984,

The purpose of these initial grougings was not to
duplicate Roemer's classes of rports; rather it was to
replicate the procedures wused in the development cf her

classification.

4.3 Classes _of Ports

Roemer identified 3 types of ports.
I. Ports handling predcminantly one commodity

accounting for at least 40 percent of the total
tonnage of that port.

II. Ports handling rredcminantly two commodities
accounting for at least 70 percent of the total
tonnage of that rort.

III. Ports sith mixed functicnsa

Roemer is not clear on the application of these rules. A
concise treakdown of the ©ports into their aprropriate
classes is not given. Rather, a classification chart is
provided from which one must interpret the rules in relation
to what has been discussed in a general examination cf
selected ports. There is no discussion of how these rules
were applied or how a port came to be put im a particular
class. There 1is no detailed breakdown of commodities per
port in terms of tconnage, or in terms of the percerntage of

the port tonnage accounted for by that cargo.
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It is difficult to determine from the general exanmination
which ports fall into particular classes. It 1is  @more
difficult to understand her <classification procedure. No
examples are given to suggest low the rules are applied. The
classification chart does suggest the amounts and types of
cargoes shipped Ly fports, but does not apgear tc be an
accurate means of determining which ports belong to a given
class. In attempting to replicate Ecemer's classification
procedures,‘ a number of flaws were identified in ttke chart
which give an incorrect status to some ports. These will ke

discussed later in the study.

b.4 One_Commodity Ports

Roemer defined ports of Grcup I as having cne ccmmodity
accounting for at least 40 percent of the total tornage of
the gfort. This rule seems straight forward until it is

" applied. Ports handling a commodity which accounts for 41
percent of the total tonnage can find themselves in the same
group as cother ©ports having that same commodity accounting
for 90 percent of their total tonnage. Assigning frorts to
this class is 1less caomplicated if the ports handled one
commodity which accounted for a significant percentage cf

the total cargoes shipped.
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4.5 Two_Commodity Ports

Ports which may ship several commodities accounting for
varying proporticns of the total cargoes shipped seer tc be
more difficult to classify.

There were cases where a pcrt handled 60 percent of its
total tonnage in coal and 20 percent in limestone. Iwo
conmodities thus accounted for more that 70 percent of the
total tcnnage resulting in the port being assigned into
Group II. But it may have alsc been classified intc Group I
since it has a ccmmodity which accocunted for more than 40
percent of the total tonnagqe.

It was therefore necessary to decide at what percentage a
second conrmodity was to be considered significant ernough to
merit classifying a port into Group II, rather than Croug I.
This swas done within the spirit of Ekoemer's rules. Since
single cormodity ports vere required to have 40 percent of

" their total tonnage represented by a single commoéity and
two ccmmodity ports were tc have 70 percent of their total
tonnage represented by two commodities, the difference, 30
percent, was chosen as the minirum percentage of the total
tonnage the second commodity had to account before the rort

could be classified as a twc ccmmodity port.
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.6 Ports with Mixed Functions

Duplication of Roewmer's procedures for assigning gcrts
into Group III was likewise difficult. 7Iwo types cf ports
were identified in this grcup; small ports which sugplied
limited hinterlands, and larger ports which transhipped at
least 5 million tcmns, 150,000 of which was shipped overseas.

The larger Fforts were classified easily, difficulties
arose with the smaller ports. This wmay have been because
Roemer concentrated c¢mn major ports and omitted smaller
ports. Consequently it was again necessary to develcp rules
within Roener's classification that would allcw the
assignment of these ports tc a group. Small, mixed function
ports were therefore identified as those not having any
dominating comnpodities and their tctal tonnage was

distributed among at least 3 ccmmodities.

4.7 sumpary of Classes

In order to develop a classificaticn of Great Lakes ports
using Roemer's procedures, sore adjustments were reguired.
The two groupings developed, for 1966 and for 1984, were

based on the following rules:

I. Ports bhandling predominantly one conmodity
accounting for at least 40 percent of the total
tonnage of that fgort.

1I. Ports handling predocminantly two conmodities
accounting for at least 70 percent of the total
tonnage of that r[port. The 1lesser of the two
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commcdities must account for at least 30 percent
of the total tonnage handled.

III. Ports with mixed functions. i) Large ports
‘with mixed functions tranship at least S5 milliocn
tons of which 150,000 tons are overseas cargo. ii)
€mall ports with mixed functions lack a comnmodity
which acccunts for at least U0 percent of the
total tonnage. These ports must also trade in at
least 3 commodities.
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Chapter V

STUDY VARIABLES

5.1 Introductigchn

Multi-criteria procedures such as discriminant analysis
allow the information contained in many variables to te
sunmarized in a single index. Variables which were
previcusly identified as desirable were included along with
variables which had been omitted in past studies. Variables
held to be unsatisfactory fer port classification in earlier
studies may yet be found to make a significant contritkuticn,.
For this reason, sope such variables were included in the
analyses, in an attempt to see if their wunsatisfactory
performance was a function cf the variables or of the

procedures used in earlier classifications.

5.2 Collection_of Data

Discoveries were made concerning the availability of data
for the variables. Most imzportant were the dJdifferent
measures used by Canada and the United States to identify
the status of their ports, aﬁd the availabilty of data for
those variables.

Statistics for United States ports are compiled by the

Department of Commerce and the Army Ccrps of Engineers. Data

- 22 -
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collecticn and actual collection <¢f statistics 1is the
responsibility of the individual port. The agencies then
simply collect statistics from the ports. Consequently, the
nunber of variables for which all ports collect stetistics
is small. Larger ports will collect more varied types of
measures. Smaller ports, «cften lacking the administrative
organization, will collect fewer measures. Good data can ke
readily ottained for the larger pcrts but the same variables
are often not availakle for smaller ports.

In Canada, collection of statistics is the responsibility
of the individual ports. Forts, however, fall wurder the
jurisdiction of the Federal government, unlike in the United
States, where ports are administered bty the Federal, and cr
state, and or local governrents, as well as private
interests. The collection of statistics is therefcre rnore
contrclled in Canada , with an estalklished set of nreasures
collected ty all frorts.

There were four variables which proved wunavaileble for
all ports for the two time periods of this study, kut
available for Canadian ports only: 1) net registered tonnage
of shipping, 2) gross registered tcnnage of shippirng, 3)
tonnage of containers shipped and 4) value of cargoes
shipped. All of these were indentified in earlier rfort

classifications as good indicators of port status.
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5.3 Variables_in_the Analyses

Variables included in the aralyses and identified in the
literature as indicatcrs of port status consisted of the
total weight of <cargoes shipped [TONNAGE), the variety cf
cargoes shipped (VARCCHM), total tonnages of cargos shigped
into the gort (iNGC), total tonnage of cargoes shipped out
of the tfort (OﬁTGO), the tonnage of cargoes shifpged
overseas-outside the Great lakes (FGEEGO), and the tonnage
of cargoes shipped within Canada and the United States
{COASIGO) -

Variables held unsatisfactory in the literature, tut
included in the analyses, ccnsisted of the number of vessel
transits in and out of a port (TRANSITS), depth <cf
approaches to the port (DEFAPP), and the depth at c¢ockside
{DEPLCCK) .

A variable which appears not to have Leen considered in
past studies .uas type of organization or public body
resgonsible for the administration of the port. The variatle

(ADMIN) was therefore incorporated into the analyses |[Table

2).
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Table 2: Variables in the Analyses

Variable

TONNAGE

VARCOM

INGO

0uTGO

FOREGO

COASTGO

TRANSITS

DEPAPP

DEPDOCK

ADMIN

Variable Description

weight of cargoes shipped
(metric tonnes)

Variety of commerce
(number of commodities)

Cargoes inbound
(metric tonnes)

Cargoes outbound
(metric tonnes)

Overseas bound cargoes
{metric tonnes)

Coastwise bound cargoes-
includes cargoes shipped
between Canada and U.S.A.
(metric tonnes)

Number of vessel transits

through the port.

Depth of approaches to
the port
(meters)

Depth along dockside
(meters)

Port Administration

Sources

U.S. Army Corps of
Engineers 1966, 1984

Dominion Bureau of Statistics
Statistics Canada 1984

U.S. Army Corps of

Engineers 1966, 1984

Dominion Bureau of Statistics
Statistics Canada 1984

U.S. Army Corps of

Engineers 1966, 1984

Dominion Bureau of Statistics
Statistics Canada 1984

U.S. Army Corps of

Engineers 1966, 1984.

Dominion Bureau of Statistics
Statistics Canada 1984

U.S. Army Corps of

Engineers 1966, 1984

Dominion Bureau of Statistics
Statistics Canada 1984

U.S. Army Corps of

Engineers 1966, 1984

Dominion Bureau of Statistics
Statistics Canada 1984

U.S. Army Corps of

Engineers 19a6, 1984

Dominion Bureau of Statistics
Statistics Canada 1984

United States Great

Pilot 1977,1986

Sailing Directions

Great Lakes 1976,1982

United States Great Lakes
pPilot 1977,1986

Sailing Directions Great
Lakes 1976,1982 -

Greenwoods Guide to Great
Lakes Shipping 1984

Greenwoods Guide to Great
Ltakes Shipping 1984

Seaway Maritime Directory 1984

United States Great Lakes Pilo
1977,1986

Ontario Ports Study 1984
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1966

1966

1966

1966

1966

1266

1966
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5.4 Data Conversions_to Metric

A rumber of variaktles used in the analyses were ccnverted
to metric. For United States ports, they consisted of the
veight of cargoes shipped and all water depths for bcth 1966

and 1984; for Canadian ports, they consisted of the sanme

measures tut only for 1966.

5.5 Coded Variables

TWwo variables, (VARCGOH) and (ADMIN) were nct in a

suitable fermat and were coded for the analyses.

5.5-1 Variety cf Copmerce

The variable {VARCOY) was developed using Carter's [1962)
procedures for calculaticn of the variety of cargces
shipped. The number of ccrmcdities 1listed by the United
States Army Corps of Engineers divided ports intoc 4
categaories. Category one was identified as having a very low
variety of commerce, hbandling between 1 and 25 comnodities
or 12.5 percent of the total numker of commodities listed.
Categaory two ports were identified as below average,
handling between 25 and 100 types of commodities or 350
percent of the total number of commcdities. Category three
ports were identified as abcve average handling betseen 101
and 175 types of ccmmodities, or 87.5 percent of tte total
number of conmodities. Category four ports were identified

as very high, handling between 176 and 200 commodities, or

100 percent of the total number of commodity types.
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Using the number of ccmmodities 1listed in Stetistics
Canada Standard Cormodity Classification, and the pumker of

commecdities listed 1in the Urited States Army Ccrps of

Engineers Waterborne Commreice reports, Great Lakes ©ports
vere placed into one of four categories. These categories
wvere not identified as very 1low, below average, akcve

average, or very high, as in Carter (1962) but coded cn a
scale of 1 to 4.

For 1966, 217 types of ccomodities were identified as
shipred through Canadian ports. Code 1 ports handled ketween
1 and 17 commodities, code 2 ©ports handled from 28 to 108,
code 3 ports from 109 to 189, and code 4 ports frecm 190 to
217 (appendix B). |

In 1966, 173 types of commodities were handled by United
States ports. Cocde 1 ports handled from 1 to 22 commcdities,
code 2 ports from 23 to 87, code 3 ports from 88 to 153, and
code 4 ports from 156 to 173 (RAppendix B) -

By 1984, the number of cormodities listed by Statistics
Canada and the U0.S. Army Corps of Engineers had declined.
Ports were placed into one cf four categories again using
the same proportions of ccmmodities per category. Canadian
rorts handled 84 types of ccrmodities. Code 1 ports handled
from 1 to 10 comrmodities, ccde 2 port from 11 to 42, code 3
ports from 43 to 74, and code 4 ports from 7f to 84

{Arpendix B).
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In 1984, 159 commodities were shipred through United
States ports. Code 1 ports handled from 1 to 20 commcdities,
code Zz ports from z1 to 80, code 3 éc:t from 81 to 140, and

code 4 ports from 141 to 159 (Appendix B).

5.5.2 Port Administration

-—

Review of the types of fport administraticns on the lakes
during the time periods reveals a definite hierarchy cf
three levels, the smaller ports dcminant 4in the lowest
level, the largest in the highest. The first level, code 1
ports, sere identified as public ports administered by
Federal, state, or 1local governments. Code 2 ports were
identified as private ports operated and administered by
private corporations. Code 3 ports were identified as those

adpministered by port authorities and or harbour commissions.
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Chapter VI

ANALYSIS OF GRFAT_LAKES_ FORTS 1966

6.1 Development Group 1966z An_Initial_ Assessment

The 1666 analysis covers 10Z rports, using 1¢C

stuody

variatles. The first discriminant function accourted for

85.89 percent of the variance compared to Function 1I which

accounted for 14.11 percent. This low value for Function II

{less than 50% of that of Function I) suggests that

it

contributes little to the separation cof ports, and does not

vwarrant detailed examination as does Function I.

Examination of Wilks's Lambda test results shosus

Function I has values which are in the &riddle range

Wilks's Lambda values, « 5573242, while Function

values which are very clcse to one, 0.9066301 [Table
This would suggest that we would be more 1likely

misclassify group members using Function II than

that

of
has
3).

to

with

Function I due to the greater difficulty in distincuishing

Fetween group menlerse.

Table 3: Canonical Discriginant Functions: Development

Group 1966
percent of Cunrulative
Function variance Percent K¥ilks's Lanmbda
1 85,89 85.89 0.5573242
2 14,11 100.00 0.9066301
- 26 -
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6+ 2 Functions _and Variables

Four variables were effective discriminators in the
separaticn of Great LlLakes ports. An examination of the
standardized cancnical discriminant function coefficients on
Function I reveals that the variable variety of <commerce
(VA ECCHN) made the most significant contribution to the

discriminant scores of the pecrts with the others &raking

veaker contributions ({Table 4).

Table_4: Standardized Functicn Coefficients: Developrent

- a——

Group 1966
Functicn I Function 1II
TONNAGE 0.38491 -0.81411
VARCC¥ 0.81091 -£.02182
FOREGC -0.21866 1. 48228
Pooled withir - groups correlations tetween
discriminating variables and canonical discriminant
functions yield similar results. Variety of connerce

(VARCCM) is again the most significant on the first function
followed Lty total weight of cargoes shipped [TONNAGE). 1Iype
of port administration (ADXIN) ranked third, followed by

total tonnage of cargoes shipped overseas (FCREGO).

6.3 Group Centroids

Due to overprinting of cases which fall close to one
another, not all cases are displayed on the scatterplots,

but the location of cases is identified sufficiently closely
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for the patterns to be identified. Evaluation of the
scatterplcts still offers some insights into the accuracy of
this new grouping of ports. tn tne all-groups scatterplot,
(Figure 4), group centroids fcr Group 1, and Grouf 2 pcrts
are lccated close to €ach other. The close proxigity may
suggest that they share characteristics that differ little.
Group 3 ports appear to ke letter serarated, having a nmore
isolated centroid. The possitilities of misclassifying a
member of +this group would thus appear to be smaller than

for members of thke other grcups.
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Pigure 4: All Groups Scatterplot: Development Group 1966

An evaluaticn of the individual group scatterplots

reveals that Group 1 ports seem to display a high
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éoncentration arcund their centroid (Figure 5), suggesting
that wembers of this group have characteristics of similar
intensities. The scatterplot for Grcup 2 reveals 2 weaker
concentration abcut the centroid and no clustering cf cases
as in Grcup 1. This may suggest characteristics of more
varied intensities {(Fiqure €). Group 3 ports seem to fornm
two separate patterns about their centroid. Cne grovup seems
to be clustered just belcw the <centroid and the other
dispersed to the right of it. These patterns in turn may
suggest two types of ports within this group (Ficure 7),

ports with characteristics cf similar intensities, ard ports

with very different intensities of those same
characteristics.
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6-14 Classification Results: TPevelopeent Group 1966

—  ———

The four variables which emerged as significant from the
1966 analysis assigned seventy rpercent of the rports

correctly. Seventy-one cases were assigned correctly and

thirty-cne incorrectly (Table ).

Table 5: Classification Eesults: Develcpment Grour 1966

Number of PFredicted Group Membership
Actual Group Cases 1 2 3
Group 1 63 52 y 7
P 82. 5% 6-3% 11.1%
Group 2 15 11 3 1
13. 3% 20.0% b.7%
Group 3 24 8 0 16
33. 3% 0.0% 66. 7%

Percent of "grouped" cases correctly classified: 69.61%

The diagonals in Table 5 represent the correct cases for
each group. Group 1 ports were ccrrectly assigned 82.5
percent of the time; Group 2 ports only 20 percent of the
time. In most cases Group 2 pcrts were assigned to Grcup 1.

Group 3 rfports were correctly assigned 66.7 percent of the

tinea

6.5 Crossvalidation Group_ 1966; An Initial Assessment

The 33 rorts in this grcup were re-assicned to a class
based on the discriminant function coefficients from the
development dgroup, {Table &), and then subjected to

discriminant analysis.
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Table 6: Discriminant Functicn Coefficents: Develcpment

Group 19€6
CLASS = 1 2 3
{TONNAGE) -0.02306664D-07 -0.1335708D-06 0-.4737639D-07
(VARCCH) 4. 139602 3.872512 6-.9000€1
{FOREGO) -0.8160652D-06 0.1830840D-06 -0.8611S4Dp-06
{ADMIN) 2.030516 1.43387 2.463943
{(CONSTANT) -—4.752471 -4.057697 -10.1904¢

Cnce again two functions were generated. PFunction 1
accounted for 92.93 rpercent of the variance compared to
Function II which accounted for 7.07 fpercent.

Wilks's Lambda for the grours of rports on Functicn I was
0.1295656, indicating significant differences ip group means
Table 7)« On Function II, lambda was 0.7370720, indicating
less significant differences between group means. These

results are similar to those from the development grcug.

Table_7: Canonical Discriminant Functions: Crossvalidaticn

Group 1966
Percent of Curnulative
Function Variance Percent Filks!s Lambda
1 92.93 92.93 0. 12856506
2 7.07 100.00 0.7370720

6.6 Functions_and Variables

Examination of the standardized canonical discrimipant
function coefficients reveals that on Function I the
variable {(VARCOM) once more€ was most important, making the
greatest contributicon to the discriminant scores fcr each

port, the three remaining variables making =significantly

weaker contributions [Table 8).
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Table 8: Standardized Function Coefficients:

Crossvalidation Group 1966

Function I Function I1
{TOHNAGE) -0.04937 0.68436
{VARCCH) 0.99266 0.06072
(FOREGO) -0.01745 -1.17531
{ADMIN) 0.14484 0.52227

Pooled within-groups correlations between discririnating

variables and canonical discriminart functions

revealed

similar results. Cn Functicn I, (VAECOM) was once mcre rost

significant fcllcwed by (FGEEGC), (TCNNAGE), and {ADNKIN).

6.7 Group Centroids

Review of the generated all groups scatterplots reveals

patterns similar to those fronm the analysis
development group. Ports in Group 1 tend to

clustered akout +their centroid, and each other.

the
rore

Group 2

ports show a weak concentration aktout their centroid kut are

closer to members of Group 1 thanm Group 3. Group 3 ports

seem to ke more dispersed with no concentrations

around

their centroid. These observations may suggest that Group 1

and 2 ports once again may share characteristics of similar

intensities while Grcup 3 ports would appear to have rore

variations in the intensities of their characteristics

(Figure 8).
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Figqure 8: All Groups Scatterplot: Crossvalidatior Group

6.8 Classification_ Results; Crossvalidation Group 1966

The results of this classification are an impioverent
over those of the developsent grourg. Group 1 ports were
correctly assigned 100 percent of the tinme. Grouf 2 ports
vere still incorrectly assigned to Group 1 a sigrificant
proportion of the time, and correctly assigned orly 33.3
percent of the time. Note hcwever there were only 3 cases in
Group 2. Group 3 ports vwere correctly assigned 85.7 percent
of the time. Cverall, '90.91 percent of the ports were

correctly assigned [Tatle 9).
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Table _9: Classification Results: Crossvalidation Grcur 1966

Number of Eredicted Group Membership

Actual Group Cases 1 2 3

Group 1 23 23 0 0
1€0.00% 0.0% 0.0%

Group 2 3 2 1 0
67.7 33.3% 0.0%

Group 3 7 0 1 6
0. 0% 14.3% 85.7%

Percent of "grouped" cases correctly classified: 90.91%
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Charter VII

NALYSIS OF GREAT LAKES_ EORTS_1984

7.1 An_JInitial Assessment: The Development Group 1984

O0f the +two functions generated in the apalysis cf 1984
data, Function I accounted for 98.48 fpercent of the variaace
compared to Function II which acccunted for only 1.52
percente. The dcrinance of Function I suggests that it te
further examined; Function II agppears to be insignificant,
and dces not meet the 50% of the Function I requirerment for
consideration.

Examination of Wilks's Lambda for the two functions
supports this decision. Function I has values whichk are in
the priddle range of Wilks's Lambda values, -£903778.
Function II has values whkich are almost equal tc cne,
0.989€578. This suggests that groups are tketter separated on
Function I and we ar€ less likely to incorrectly assign

cases using this function than on Function II [Table 10).

Table_10: Canonical Discriminant Functions: Developrent

Group 1984
Percent of Cupulative
Function variance Fercent ¥ilks's Lambda
1 98.48 98,48 0.5903778
2 1«52 100.00 0.9886578
- 39 -
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J.2 Eunctions_and Variables
In the 1984 data, four varialkles were effective in
separating Great Lakes ¢fcrts. An examination o¢f the
standardized canonical discriminant function coefficients
reveals that on Function I, variety of commerce (VARCOM)
made the wmost significant contrikuticn to the discriminant
score for each gort. Following in significance were the
variakles type of port administration (ADEKIN), and cverseas
bound carqgoes (FCREGO). The weakest was the variatle

(DEPDCCK) , water depth at dcckside {Table 11)a

Table_11: Standardized Functicn Coefficients: Developrent

Group 1584
Function I Functicn 11X
{FOREGO) 0.31040 0.33533
(VARCCH) 0.76386 -0.8537¢
{DEPLGCK) -0.55518 0.12909
{ADMIN) 0.43966 0.95073
On the pooled within - groups correlations Letueen
discriminating variables and canonical discriminant

functions, {VARCCYN) 1is again the most significant on the
tirst function. 1Type of port administration {ADMIN) is
second most significant. The variable inbound cargoes (INGC)
is third, followed closely by the total weight of carqoes

shipped (ICNNAGE).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



41

7«3 Group Centroids

Evaluaticn of the all-groups scatterplot (Figure 9),
shows that centroids for Group 1 ports and Groufg 2 pcrts are
located close to e€ach cther. The close proximity cf cases
from Lkoth groups may suggest some difficulty in assigning a
particular case to its correct grougp. Group 3 ports aprear
to be better separated from the members of the other groufgs.
The possibilities of 1incorrectly classifying a menker of
this group would thus appear tc ke smaller.

Evaluation of the individual =scatterrlots reveals that
Group 1 ports display the greatest concentration arocund
their centroid {Figure 10). This suggests that the menters
of this group have characteristics that differ little. The
scatterplot for Group 2 reveals a sirilar conceatration cf
group members around their centroid, though it is oot as
great, suggesting that these ports vary more on tle noted
characteristics {Figure 11). Group 3 ports appear to tLe
scattered with a weaker concentration around their centroid.
This pattern may suggest that these pcrts vary most in their

characteristics (Fiqure 12).
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7.4 Development Groups Classification Results_ 1984

The 95 rports in this group were them grouped using the
standardized cancnical discririnant function coefficients
and compared to the original grouping. Approximately fifty-
two tpercent, fifty rports, were assigned correctly and
approximately forty-seven percent, or forty-£five,

incorrectly (Table 12).

Table 122 Classification Fesults: [Cevelopment Group 1984

Number of Fredicted Group Membership

Actual Group Cases 1 2 3

Group 1 67 35 26 6
£2.2% 38.8% 9.0%

Group 2 9 5 4 0
55. 6 ny. 4% 0.0%

Group 3 19 6 2 11
31.6% 10.5% 57.9%

Percent of "grouped" cases correctly classified: 52. €3%

The diagonals ip Table 1Z represent the correct cases for
each group. Group 1 ports were ccecrrectly assigned 52.2

percent of the time, Grour Z ports 44.4 percent, and Group 3

rorts 57.9 percent.

2.5 Crossvalidation Group 1964

The 31 cases in this group were re-assicned to a class
based upon the discriminant function coefficients generated
fromn the development group, ({Table 13), and then subjected

to discrininant analysis.
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JTable 13: Discriminant Functiocn Coefficients:
Crossvalidation CGroup 1984

CLASS = 1 2 3
(FOREGO) -0.6873225D-06 -0.6453143D-06 -0.3274599D-06
(VARCCHM) 3.700045 2.751421 7.194153
{DEPLOCK) 0.1656674D-01 0.1719281D-0% 0. 10901C7D-01
(ADNIN) 0. 1398880 0.5171051 1. 4456 1€
ICONSTANT) -8.741857 -8.775745 -12.73084

Of the two functions generated, Function I accourted for
approximately 68.C8 percent of the variance, conrared to
Function II which accounted for the remaining 31.92 rercent.

Wilks's Lambda for the grouprs of fports on Functicn I was
0.0982313, indicating significant differences in group
meanse. Cn Function 1IX lambde was 0.4054605 (Table 14),
suggesting again that we are less likely to mistake grougs
on Functicn I.

Table 14: Canonical Discriminant Function Coefficients:
Crossvalidation Group 1984

Percent of Cunmulative

Function Variance Percent Wilks?!s Lambda
1 68.08 68.0€E 0.0982313
2 31.92 100.00 0.4054605

1.6 Functions_and_Variables

Review of the standardized canonical discriminant
function coefficients reveals that two variables rade
significant contritutions tc the discriminant scores of the
port in this group: {VARCOHN) and FCREGQ) . The other two
variables made significantly vweaker contributions ({Table

195).
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able_15: Standardized Functicn Coefficients:
Crossvalidaticn Group 1984

Function I Function 11
{FOREGD) 0.505%09 0.138Cy
(VARCCH) 1.04041 - 0.365€7
(DEEDCCK) -0. E5E859 0.53457
{ADMIN) 0.17855 0.96U462

Poocled within group correlations <chow a similar fattern.
on Function I, the variakle (VABCOM) was most sigrificant
with [FOREGO) second in importance, followed by {ADMIN), and

(DEEDCCK) -

7.7 Group Centrojds; Crossvalidation Group

Review of the generated scatterplots for the 3 groups of
ports reveals patterns similar tc thcse of the developrent
group with a greater separation cf group centroids. Forts in
Grougs 1 and 2 tend to be clcser to one another wtile the
- menbers of Group 3 seen to be more separated from tlke other

grougs. Groups 1 and 2 also display more clusterinc arcund

their centroids than Group 3 (Figure 13).
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7.8 Classification_Results: Crossvalidation Group_ 1984

The results of the classification seemx tc confirm the
observations made above. Group 1 FEports wWere€ never
incorrectly assigned to Group Z, thcugh appearing closer teo
them as a groupr on the scatterplct. Rarely vere they
assigned to Group 3. Group 2 ports aprrearing closer toc Grcoutg
1 were always correctly assigred, as were Group S fports.
The percent of cases correctly assigned overall by the
discriminant function coeffients was an impressive 96.77
percent. Only 1 case out of 31 was incorrectly assigned

“Pakle 16).
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Table_16: Classification Fesults: Crossvalidatior Grcug
1984
Numker of Fredicted Group Membershigp
Actual Group Cases 1 2 3
Group 1 17 16 0 1
S4. 1% 0.0% 5.9%%
Group 2 9 0 9 0
0. 0% 100.00% 0.0%
Group 3 5 0 0 5
0.0% 0.0% 100.00%

Percent of Y“grouped! cases correctly classified: 96.77%
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Chagrter VIII

e i . et s

CONCLUSIONS

The analyses conducted showed differences from frevious
port classifications, including Roemer's, In tke 1966
analysis of the develcgment grcup sarple, 30 percent of the
ports were incorrectly assigned; in the 1984 analysis, 47
percent. Such large differences suggest that the variakles
used in the original grourings (Roemer's) were inappropriate
or that the grouping procedures were imprecise. Trese twe

issues will now ke addressed.

8.1 The_Nature_of Discriminating Variables

For the two years of this study, five variakles were
found to discriminate well between grours of ports (Table
17) « Through the examination of these variables ard those
not identified in the analyses as =significant, a onunter
observations concerning the nature of Great lLakes pcrts can
be nmade.

Three of these five variables were related to compmodities
handled and 3 were ccrron to koth study years. {TCNNAGE) ,
though identified in the literature as misleadirg with

respect to the status of ports (Bird 1971), proved to be a

- 49 -
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Table 17: Variatles Significant In Port Classification

Year Variables
1566 (VABCCH), {TCNNAGE), [ADMIK), [FGREGO)
1584 (VAKCCM), (FCREGO), (ADMIN), (DEPDOCK)

good discriminator when combined with <cther variatles in
1966. In 1984, this variable was replaced by water depth at
dockside, {DEPDCCK) . An observaticn can however be nmade
concerning these two variarkles. Ports with the greatest
water depths at dockside will Le called on by larger vessels
carrying greater tonnages than ports with pore limited ship
accommodations. Forts handling the largest vessels will
generally handle greater tcnnages. One may therefcre say
that the variable (TCNNAGE) has not disappeared from the
analysis in 1984 Lbut is perhaps represented in the variable,
(DEPDCCK) , yet the correlations tetween these two variatles

| are guite low (1966 {0.31531}, 1984 {0.38747} in 2ppendix
D).

The variable (ADMIN) generally reflects the importance of
ports. Ports with the greater variety of commerce and
greater tonnages of <carqgoes shipped tend to have 1lccal
administrative tkodies. Grougr 1 ports would fpredominantly te
administered by private companies, state gcvernment in the
U.S. and the Federal government in Canada. Grour 2 pocrts
while still administered by =state and Federal governments

had scome cases of local administration.
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The variable [FOREGO) was the weakest discriminator
identified in 1966, and the second greatest contriltutcr to
the discriminant scores for fcrts in 1984. It =cseenms to
reaffirm the importance of internaticnal [(overseas) trade as
a measure of port status, as made in the literature.
Variables not found significant in the analysis allow
other observations to be made concerning Great Lakes fports,
and perhaps ports in general. The numker of vessel transits
through a rort (TIRANSITS) was found to te insignificant in
discriminating among ports, as suggested in the literature.
Ferry ports would for example have a dispropcrtionate nurter
of transits compared to their total tonnage of cargoes
shipped. When compared with other ports of simcilar
characteristics the variables inbkcund cargoes (INGQ),
outbocund cargoes (0OUTGO), and coastwise bound cargoes
{COASTGO) were all excluded from the functions. The
dif ferences or similarities between ports on these variakbles
did not assist in assignment to classes. This may héeve Leen
due to the large number of ports, many one commodity, which
Seem to have predocninantly one-directional cargo mpoverents.
Depth of approaches {DEPAPP) was likewise insignificant, as

suggested in the literature.
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8.2 Discriminant Analysis_in_Port Classifications 2

Assessment

The results of the two analyses turned out to e quite

similar, with the exception cf the 1984 developmert group

(Table 18). The develcpment grcups tested Fceemer's
classification procedure and variaktles against variables
held to be good separators Lketween groups. In the
crossvalidation groucs, the discriminant functicn

coefficients of those variakles were used to re-classify new
ports. Discriminant analysis was then conducted using the
identified variables. By dcing this, more careful values on
the functions were determined and the ability of thcse
variatles to separate grours was confirmed to be very gccd.
The crossvalidaticn procedure, then, suggests tkat the

discriminant analysis approach is effective.

Takle_18: Accuracy of Fort Classifications
1966 1984

Levelorment Groups 638.61% 52. 63%
Crossvalidaticn Groups 90.91% 96.77%

Multi-criteria approaches sere identified in the
literature as being good procedures for assessing the status
of ports. By using discrimirant analysis, it was possible to
consider many variables and select those which Lest separate
groups of ports. Past port classification procedures did not
permit this. Investigators found it difficult to distinguish

the rore important variables from the less significant.
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Consequently, this analysis makes clear how variables which
were identified in the literature as pctential
discriminators can be confirmed sc Ly means of discririnant

analysis.

8.3 Wilks'!s Lambda:; Interpretation cf Success_in_Pcrt

Separation

A comparison of Wilks's Larbda values generated 1in the
analyses allows further insights. They show that fcr toth
years lambda decreased frorn the development to the
crossvalidation groups on becth functiocns, resulting ip mcre
rorts being correctly assigned.

In the 1984 <crossvalidaticn groug, the lowest 1lambda
values were observed on Functicn I, +with values on ¥unction
IT in the niddle range of lamkda values. They resuvlted in
the best separation c¢f group centroids on the scatterplct,
and in an improved assignment of vrports ccmpared to the 1966

crossvalidation group ([Table 19).

Table 19: Wilkst's Lamkda: 19€6,/1984

19€6 1984

— e ——— sy, s

Develapment Group Function I 0.5573242 0.5903778
Function II 0.90€6301 0.9896578

Crossvalidation Function I 0.1285656 0.0982313
Function II 0.7370720 0. 40546(C5s
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8.4 Improvements in Classifying: Development to

Crossvalidation

Clearly in evidence has Leen an 1inprovement in
classification accuracy from the developnert to
crossvalidation groups. A comparison of patterns cbserved
from the scatterglots with the classification results from
developmenf and crossvalidation groups for botlh years
presents some light on how difficult or easily ports cculd
be assigned to their correct groupr over time.

In 1966, the scatterplots suggested that fcr beth
development and crossvalidation groups, Group 1 and 3 pcrts
appeared to share characteristics which separated tlew from
each cther and from Group 2 ports.

Results from the analysis on the development groufp shcwed
that Group 1 ports were correctly identified 82.5 percent of
the time; in the crossvalidation group, they were all
correctly assigned. Group 2 fports seemed to be a difficult
lot to assign correctly. Although they were only once
misclassified as Group 3, they were assigned to Group 1 73.3
percent o¢f the time. After crossvalidation, +they were
sometimes assigned to Group 1, but now 66.7 percent of the
time. Group 3 ports were assigned to Group 1 more often than
to Group 2. After crossvalidation, they were nc longer
incorrectly assigned to Group 1, kut still tc Group :z.

In 1984, the scatterplots suggested similar patterns to

those observed in 1966. Group 3 ports were most likely to be
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assigned to their correct group. Due to the clustering of
Groups 1 and 2 fports, it was anticipated that tlese two
would be difficult to separate into their correct grcup.

In the analysis on the developrent group, this was indeed
the case. Group 1 ports were more likely to be assigned tc
Group 2 than to Group 3; Group 2 ports were never assigned
to Group 3. Rather they were assigned to Group 1 55.6
percent of the time. After crossvalidation, they wvere no
longer nisclassified as Group 1, though still assigned to
Group 3. Group 3 ports were assigned tc both Group 1 and
Group 2 in the development groug; after crossvalidation,
they were all correctly assigned.

Grcup 2 ports were the mest difficult to assign to their
correct group for 1966. 1In 1984, they were all ccrrectly
assigned after «crossvalidation, while some Group 1 pcrts
were still assigned to Grour 3. Eased on these results, two
observations can ke made. First, Group 2 ports appear to
hold an ever changing ground Lketween Groups 1 and 3 , and
may warrant furtter study {see Figure 15). Secondly, the
difficulty with Group 1 ports still keing assigned to Groug
3 after crossvalidation shows that there exists a difficulty
in serarating ports in Grcup 1 which fall clcse tc perts
sharing very similar intensities tut belong to Group 3. This
may be because there are two two types of Group 3 rorts as

suggested earlier, with cne type similar to Group 1.
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8.5 A _Critical Assessment of Roemer's Classificatign

Although this =study revealed some of the weaknesses of
Roemer's procedures, similar cbservations can be macde about
other classifications, since the rfrrocedures used were
similar. Looking tack at Boemer's procedure, and variables,
a number of flaws were evident which resulted in a
classification of Great Lakes rtorts which was not ccmplete,
and cculd not be replicated.

The first flaw in Boemer's work wmay have been the use of
too few variables, some of which were weak measures of port
status. 7Three of Boemer'!s variables were incorporated intoc
this study. Only one, total weight of cargoes shigpgped
emerged as significant. The otter variables, cargoes shipped
in, and out bound proved to te weak discriminators. The
procedure used also contrituted to the Foor results
achieved, since it did not take intc account the irtensity
of the selected variables. The fact that Roemer was not
clear on grouping procedures is in evidence by a single
examination of the statistics and the classification itselfe
Group memkership was shown to be difficult to deternine in
many cases.

Roemer's classification was also based on a
nisrepresentation to some degree of the commodities handled
by the pecrts on the lakes. A good example is Gcecderich,

Ontario, which was 1identified as a one commodity pecrt,

handling predominantly grain. If ve were to examine the
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commodities handled ourselves, we would discover salt tc Le
a major ccomoditye.

The absence of petroleur as a sicgnificant commcdity in
her classificaticn also casts a shadow on the nature of the
ports. For many, petroleunr and petroleum related prcducts
account for large proporticns cf the total cargoes sltipped.

Problems such as these can te perhaps related to the
procedure used in the develcpment of the classificaticn. The
literature shows that a nusber of attempts at classifying
fForts have been undertaken without any clearly defined
procedure. Rather, there has been a precccuration %ith the
selection of the best possible variatles and measures of
port status. This concern, though justified, is rperhaps
reason for the difference of opinions on appropriate
variatles. In this study, the preoccupation has been with
the procedure, and the result has been the identification of
good port separation criteria, for the procedure chcsen had
as one <c¢f 1its tasks the identification of approrriate

variakles.
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Chapter IX

STUDY_ IMPLICATIONS

9.1 A_View of Great lLakes_Ports

The number of tforts in operation cn the Great Lakes can
vary from year to year depending on a wide range of market
and econogic conditions. Ey using discriminant analysis this
study analysed some of the knowledge we have about these
ports in a systematic fashicn.

Grcurp 3 ports appear to have Lkeen the mest important in
terms of cverall trade on the lakes. They were usually the
larger urtan metropolitan areas, serving the larger
hinterlands, handling the highest ¢groportions of general

- cargoes, having the greatest overseas trade, bandling most
cargoes, the greatest variety of cargoes and being locally
administered by a port autherity or harbour comunission.
These were 1in a sense predcminantly international 1lake
forts.

Grcup 2 ports were characterized Lty smaller urkten areas
serving nore limited hinterlands, 1little c¢r no cverseas
trade, few commodities, and a variety of Fort
administrations. Tonnages handled by these ports alsc
varied, with some handling more than those ports in CGroup 3.

Bulk cargoes were more important to these ports. Trade was
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limited generally to within the 1lakes. These could ke seen
as national lake forts.

Grcup 1 ports were characterized by the smallest urban
areas serving the most limited hinterlands and the srallest
amount of overseas trade-. A pnumker cf ports in this group
could be characterized as being primarily bulk cargo
oriented with an imbalance of cargo =rovement, cCargeoes
inbound or outbound dominating. FMany of these ports handled
large volumes of material, and were administered by private
corroraticns, local, and or state and or Federal

governments, These can be se€en as local lake portse.

9.2 Patterns and Trends of Great Lakes Shipping

The most striking aspect of trade on the lakes concerns
the tcnnages and varieties of cargoes handled. Wkile the
total tonnage of cargces handled increased from 105 261 360
tonnes in 1966 to 147 730 l692 tonnes 1in 1984, and
interraticnal trade increased from 85 787 834 tonnes in 1966
to S0 595 771 tonnes in 1984, a numkter of ports experienced
declines, with the notable cases fror Group 3. Buffalo N.Y.
is perhaps the best example. In 1966, 16 884 626 tonnes uere
transhipped compared to only 1 682 190 in 1984. Other pcrts
in Group 3 which experienced - declines, though not of the
same magnitude, included Duluth-Superior and 7Toronto.
Declines in tonnages and varieties of cargoes appear to have

been a contributing factor to some 1966 Group 3 ports such
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as Menominee, Port Huron, PFanitowac and Muskegon, cshifting
to Group 1 in 1984.

Increases in the tonnage of carqoes generally resulted in
ports shifting wup to Groups 2 or 3. Group 2 ports seldon
moved up to Group 3, rather they'uere more likely to decline
to Group 1. Grouf 1 ports seldcm moved up to Group 3, rather
they moved up Group 2, for example, Calcite, and Horristurg

[(Appendix E).

9.3 Uses_of Port Classification

Recently, there-has been a re-awakening of Great Lakes
ports, shipping companies, governeents and others with
econoric interests in the status of the Great Lakes as a
transport system. All have been in search of new kncwledge.
The econonic status of Great Lakes ports suffered during the
early 1980's, due 1in part to the changing econoric
conditions of the time but also due to inability cf fports
and shipping companies to secure new cargoes to replace cnes
which declined in carlier years. In a sense, ports had to
become more competitive with cther nmodes of transport and
tidewater ports cn the continent. Today, the Great Lakes/St.
lLawrence Seaway are€ trying to do just this. Trade missions
to Furope and new concepts in port management reflect a new
spirit. 1There has been a genuine attempt to recapture lost

cargoes and secure new ones frcm rail and trucking.
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Markets cannot grow forever and cargoes cannot always kLe
secured from other modes of transportation. Tke cnly
alternative is increased inter-port competition for cargces.
It seems that this approach has nct been investicated as
clearly as the previous option.

Through the use of a classificaticn procedure suclt as the
one employed here, operating pgcrts obtain a view of the
competiticn in the geographic market place. Ports wishing
to improve economic status cr just maintain current pcsiticn
in the market may find information presented by this type of
classification procedure useful. It mray prove useful toc in
the early stages of developing a policy which is designed to
secure neyw cargoes for the port. The classificatiorn allows
the port +to identify its rposition in the geographic area,
say the Great Lakes. It allows the pcrt to see more clearly
those ports with which it has most things in ccmmon, ports
belonging to the same grouge. These are probally the
immediate competition, ports which deal in similar varieties
and quantities of cargoes. It allows the identification of
ports in cther classes which may be themselves tarcets for
the securement of cargoes. It allows the port to identify
those ports in cther grcups which rpose the c¢reatest
competiticn.

If the divisicn of the market place into various levels
is known, valuable time and money can ke saved in the

implementation of trade and planning strategies. First by
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conducting an internal examination of the port itself, rort
managers can lock towards cother ports within the c¢rougp in
greater detail for quidance and ideas which <cculd te
effectively implemented with successful results. Foor
exangples c¢f mnanagement or policy can also be mnore easily
identified.

Classificaticns of ports, say those on the Great lakes,
conducted on a yearly kasis, can prove to be useful in long
tefm Flanning and development of transportation policies Ly
higher levels of governﬁent; by highlighting port mcvements
between <classes and the disappearance and appearznce of
ports, effective plans <can be 1ipnitiated for systematic
vchange. Understanding the conplete system ¢f ports, their
characteristics, a plan for the development of the entire
Great Lakes region can kLe undertaken with a clear
understanding of past and present port arrangementse.

Through knowledge, successful port development and
operations can ke wmaintained and improved. Through
classification, a sure start can be made on the road to that
knowledge about fports. In this study, +the variables which
emerged as significant discriminators between grougs;
variety of comwmerce ({VARCOM), overseas bound cargces
(FOREGD), and weight of cargoes shipped (TONNAGE), had all
been identified in earlier studies as goocd measures of port
status. Port administration {ADMIN) was the only variable

which was not previously identified as a good discriminator
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but emerged as one. This <suggests that good varialles have
been in existence all along, but that their success Lkad Lkeen
limited Ly inadequate grouping procedures. Thrcugh the
procedure outlined using discriminant analysis, a start on
the road to that knowledge bas been made. A sound replicatle
classification of ©ports has been more easily achieved and
approgriate measures of port status identified pore

Erecicselye.
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Aprendix A

INITIAL CIASSIFICATIONS

——— e e

Table_ 20:

———

Britt, Cnt.
Cutler, Ont.
Oakville, Ont.
Hhitby, Ont.
Coclkourne, Ont.
Erieau, Ont.

Port Burwell, Ont.
Port Hope, Ont.
Cardinal, Ont.
Collingwood, Ont.
Prescott, Ont.
Red Rock, Ont.
Port Maitland,
#hite Lake, Mi.
Escanaka, Mi.
Manistique, Mi.
Marysville, Mi.
Maonroe, Mi.
Charlevoix,
Grand Haven,
Poxrt Huron,
South Haven,
St. Joseph,
Port Inland, Mi.
Harine City, Mi.
Harrisville, Mi.
Bayfield, Wis.

Two Harlbors, Wis.
Gary, Ind.

Green Bay, Wis.
Shekoygan, Wis.
Fairport, Ohio
Huron, Chio
Waddington, N.Y.
Dunkirk, N.Y.
Ogdensburg, N.Y.
Silver Bay, Minn.
Grand Marais, Minne.

Cnt,

Mi.
Mi.

Mi.
Mi.

Hi.

Reproduced with permission of the copyright owner

Initial Classification 1966: Group 1 Pcrts

Cobourg, Ont.
Morrisburg, Ont.
Parry Socund, Cnt.
Cornwall, Cnta
Courtwright, Cnt.
Trenton, Ont.

Port Credit, Cnt.
Depot Harbour, Ont.
Michipicoten, Ont.
Port Mcliccll, Onte.
Midland, Ont.
Marathon, Ont.
Alpena, Mi.
Marquette, Mi.
Presque Isle, Mi.
Keweenaw Waterway,
Barbor Beach, Ki.
St. Clair, Mi.
Sault Ste. Marie,
Drumrond Isl., Mi.
Leland, Mi.
Calcite, MNMi.
Port Dolonmite,
Stoneport, Mi.
Cheboygan, Mi.
Gladstone, Mia
Detroit Harbor, Wis.
Michigan City, Ind.
Ashland, Wis.

Port Washingtcen, Wis.
Oak (Creek, Wis.
Marklehead, Ohio
Sandusky, Chia
Rochester, N.Y.
Sackets Harbor,
Waukegan, Il1l.
Buffington Hartor,

Mi-

Mi.

N. Y-
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Takle 21:

Belleville, Ont.
Kingston, Ont.
Oshawa, Ont.
Sarnia, Ont.
Clarkson, Ont.

/ Picton, Ont.
Goderich, Ont.
Ovwen Sound, Ont.
Ontcnagon, Mi.
Lime Isl., Hi.
Lorain, Ohio
Racine, Wis.
Indiana Harbor,

Takle
Torcnto, Ont.
Welland, Ont.
Hamilton, Ont.

Initial Classification 1966:

Ind.

Thunder Bay, Ont.

Franfort, Mi.
Muskegon, Mi.
Hclland, Mi.
St. James, Mi.
Kewaunee, Wis.
Kenosha, Wis.
Tcledo, Ohio
Cleveland, Ohio
Erie, Pa.
Oswego, N.Y.
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Kingsville, Ont.
Brockville, Ont.
Port Stanley, Cnt.
Wallacekturg, Cnte.
St. Catharines, Ont.
Amherstturg, Cnt.
Port Colkorne, Cnt.
Manistee, HMi.
Traverse City, Mi.
Ashtabula, Ohio
Conneaut, Chio

Two Rivers, Wis

22: Initial cClassification 1966: Group 3 Pcrts

Windsor, Ont.

Thorcld, Ont.

Sault Ste. Marie, Ont.
Menominee, Mi.
Ludington, Mia.
Detrcit, Mi.

Mackinac, Mi.

Sturgeon Bay, Wis.
Manitowac, Wise.
Chicago, Ill.
Duluth—-Supericr, Minn.-Wis.
Put-In—-Eay, Ohio
Buffalo, N.Y.

Group 2 Pcrts
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Takle_ 23:
Amherstburg, Ont.
Bath, Ont.
Cardinal, Ont.
Colkorne, Ont.
Courtwright, Ont.
Goderich, Ont.
Kingsville, Ont.
Meldrum Bay, Ont.
Nanticoke, Ont.
Oakville,Ont.
Picton, Ont.
Port MchMicoll,
Somkra, Ont.
Sarnia, Ont.
Waukegan, Ill.
Two Harktors, Minne
Bayfield, ¥Wis.
Taccnite, Hinn.
Gary, Ind.
Presque Isle,
Muskegon, Mi.
Holland, Mi.
Shetoygan, Ris.
Alpena, Mi.
Marysville, Mi.
Marine City, Mi.
Ogdensburg, N.Y.
Algcma, Wis,
Gladstone, Mi.
Marquette, MNi.
Alalaster, Mi.
Calcite, Mi.
Martlehead, Ohio
Port Dolcmite, Mi.
Stoneport, HMi.
Huron, Chio
Ccnneaut, Ohio
Barcelcna, N.Y.
Keweenay Waterway,

Onta

Mi.

Takle 24z

Midland, Ont.
Parry Scund, Ont.
Oshawa, Ont.
Port Caolborne,
Detcur, Mi.
Charlevoix, Mi.
Sturgeon Bay, Wis.
Fairport, Ohio
Ashtabula, Ohio

Oont.

Initial classification 1984:

Initial Classification 1984: Group 1 Pcrts

Badgeley Isl., Ont.
Britt, Ont.
Clarkscn, Onta
Collingwood, Cnt.
Cutler, Ont.
Kingston, Ont.
Lakeview, Ont.
Little Current, Onte.
Michipicoten, Ont.
Owen Scund, Cnt.
Bort Dover, OCnt.
Prescott, Ont.
Serrent River, Ont.
St. Catharines, Ont.
Mackinac, Mi.
Ashland, His.

Silver Bay, Minn.
Indiana Harbor, Ind.
Buffington, Ind.
Drummond Island, ¥i.
Grand Haven, KNi.
Port Washington,
Green Eay, Wis.
Port Huron, Mi.
St. Clair, MNi.
Monroe, Mi.

Port Inland, Kia.
Cheloygan, Mi.
Mackinac City, Mi.
Mencmiree, Mi.
Sault Ste. Marie,
Escanalta, Mia

Oak Creek, Wis.
Port Gypsum, Ni.
Sandusky, Ohio
Lecrain, OGhio
Rcchester, N-Y.
Harrisville, Ki.

Wis.

Mi.

Group 2 Pcrts

Morristurg, Ont.
Srragge, Ont.
Bowranville,
Manistee, Mia.
Ontcragon, Mi.
Manitowac, Wis.
Two Rivers, Wis.
Port Clinton, Ohio
Traverse City, Mi.

Cnt.
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Takle 25:

Ccrnwall, Ont.
Windsor, Ont.
Thunder Bay, Ont.
Port Stanley, Ont.
Hamiltcn, Ont.
LaPcinte, Wis.
Chicago,Ill.
Ludingtcn, Mi.
Kewaunee, Wis.
Detroit, HMi.
Frankfort, Wi.
Mackinac, Mi.

St. James, Hi.
Cleveland, Ohic
Buffalo, N.Y.

Initial Classification 1984: Group 3 Pcrts

Sault Ste. Marie, Ont
Torcanto, Cnt.
Thorold, Cnte.

Pelee Isl., Cnt.
Detroit Harbor, Wis.
Duluth-Sufpericr, Minn.-Wisa
Burns Waterway, Ind.
Milwaukee, Wis.
Saginaw—-EBay City, MNi.
Kelly's Isl., Chioc
Kencsha, Wise
Put-In-Bay, Chio
Toledo, Ohio

Erie, Ea.

Oswego, N.Y.
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Table

262

Code

LW -

Table 27:

Code

EWN -

Table 28:

Code

£ WK -

Table 29:

Code

EWHN -

Variety of
1966

Commodities
Handled
1 - 27
28 - 1C8
109 - 189
190 - 217

Variety of
Ports 1966

Compnodities

Handled

1 - 22

23 - &7
88 - 153
154 - 173

Variety of Commerce:

1984

Commodities
Handled
1 - 10
1M1 - 42
43 - 74
75 - 84

Variety of Connmerce:

Borts 1984

Conmodities

Handled

1 - 20

21 - 80
81 - 140
141 - 159

Commerce:

Ccommerce:

Canadian

Percent of Total
Conmodities
12.5
37.5
37. ¢
12. 5

Percent of Tctal
Ccomcdities
12.5
37.5
37.5
- 12.58

Canadian

Percent of Total
Commcdities
12.5
37.5
37.5
12.5

Percent of Total
Ccmmodities
12.5
37.5
37.5
12.5

United States

United States

69

Great Lake Ports

Number <cf
Cases
40
5
3
0

Great Lakes

Numker of
Cases
63
14
10

0

Great Lakes Ports

Number of
Cases
40
5
2
0

Great Lakes

Number of
Cases
66
11
2
0
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Apgendix C

PORTS_IN OPERATION FOR _ONE _STUDY YEAR
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Table 30: Parts Cperatiocnal Cnly in 1966

Racine, Wis.
Michigan City, Ind.
Algonac, Mi.
Leland, Mi.

Lime Isl., HMi.
White Lake, Mi.
Dunkirk, N.Y.
Belleville, Ont.
Cotcurg, Ont.

Depct Harbour, Cnte.
Port Credit, Ont.
Pecrt Hore, Ont.
Whitby, Ont.
Wallacekurg, Ont.

Grapd Marais, Minn.
Manistique, Ki.
Harkor Beach, MNi.
Waddington, N.Y.
Scuth Haven, Fi.
Great Sodus Bay, N.Y.
Sackets Harbcr, N.Y.
Brockville, Cnt.
Erieau, Ont.

Port Burwell, Ont.
Port Maitland, Ont.
Trenton, Ont.

Red Rock, Ont.
Welland, Cnt.

Jable 31: Ports Cperational Only in 1984

LaPointe, Wis
Alataster, Mi.

Port Gypsum, Mi.
Barcelona, N.Y.
Bath, Ont.

Meldrum Bay, Ont.
Pelee Isl., Ont.
Somkra, Ont.
Serpent River, Ont.
Badgeley Isl., Cnt.

Algcma, Wis.

Burns ¥aterway, Ind.
Mackinac City, Mi.
Kelly's Isl., Ohic.
Bowmanville, Cnt.
Nanticcke, Ont.

Pcrt Dover, Cnt.
Lakeview, Ont.
Spragge, Cnt.
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Apgendix D

POOLED KITHIN-GROUPS CORERELATION MATRICES
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:l‘able 32: Correlation Matrix: Development Group 1966

TONNAGE
TONNAGE 1.00000
VARCON 0.37474
INGO 0.60674
CUTGO 0.81696
COASTGO 0.95716
FOREGO 0.77794
TRANSITS 0.46810
CEPAPP 0.32142
DEPDOCK 0.31531
ADMIN 0.26591

VARCCH

1.€0000
0.30685
0.21445
0.29€29
0.43157
0.23655
0. 13851
0.26826
0.33253

INGC

1.00000
0.25805
0.58799
0.57507
0. 11402
0.25394
0.26319
0.26990

0UTGO

1.00000
0.76339
0.59479
0.04189
0.25003
0.22679
0.27412

COASTGC

1.00000
0.64849
0.49094
0.299¢%0
0.28449
0.21129

COBRRELATIONS WHICH CANNOT BE COMPOTED ARE PRINTED AS 99.0.

FOREGO TRANSITS DEPAPP DEPDOCK

1.00000

0.27746 1.00000

0.30898 0. 10607 1. 00000

0.33322 0.10968 0.90495 1.00000
0.27538 -0, 11174 0.20215 0.20038

Table 33: Correlation Matrix: Crossvalidation Group 1966

TONNAGE
VARCCNM
FCREGO
ADMIKR

TONRAGE

1.00000
0.25926
0.62663
0.36709

VARCCH

1.€0000
0.30676
0.10%44

PORFGO ADHIN
1.C0000
0.29730 1.00000

CORRELATICONS WHICH CANNOT BE COMPUTEL ARF PRINTFD AS 99.0.

ADNIR

1.C0000
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Table 34: Correlation Matrix: Development Group 1984

TCNKAGE
TONNAGE 1.C0000
VARCCH 0.41380
INGO 0.64706
QuTGo 0.76781
COASTGO 0.95072
FCREGD 0.75394
TRANSITS 0.21889
LEPAEP 0.41166
CEPDCCK 0.39747
ADMIN 0.29389

VARCCY

1.C0000
0.46563
0.12670
0.40107
0.29304
0.20618
0.35275
0.40334
0.45048

INGC 00TGO COASTGC FOBEGO TRANSITS  DEPAPP DEPDOCK
1.€00C0
0.02454 1.00000
0.603¢5 0.72949 1.000600
0.51217 0.53030 0.521€2 1.00000
0.24162 -0.00933 0.24497 0.07942 1.00000
0.321%6 0.29365 0.39136 0.32801 -0.01468 1.00000
0.133209 0.241392 0.36465 0.31702 -0.02070 0.91038 1.00000
0.31464 0.13292 0.32313 0.14235 -0.08671 0.39998 0.43099

CCRRELATIONS WHICY CANNOT BE CCMPUTELC ARE PRINTED AS 99,0.

Table 35: Correlation Matrix: Crossvalidation Group 1984

FOREGD VARCCH DEELOCK ACMIN
FOREGO 1.€000C

VARCCY 0.23029 1. (0000

LEPDCCK 0.4069% 0.60€96 1.000C0

ACMIN -0.13144 0.(0000 -0. 12589 1.20000

COBRELATIONS WHICH CANNOT BE CCMPUTED ARE PRINTED AS 99.0.

ADNIN

1. 00000

Vi
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Table 36: Development Group 1966:Groups and Discriminant Scores

S
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CASE
BQNUY

KEWEERAW WATERWAY, MI.
DOLUTH-SOPERICH, MINN.
TWC HABBORS, WIS.
ASHLANC, WIS.
MAEQUEITE, MI.
GBRAND HNARAIS,
CONTONAGON, MI.
TACONITE, MINN.
GLADSTCNE, HdI.

NINN.

0 MENONMINEE, NI.

GEEEN BAY, WIS.
STURGECN EAY, WIS.
KEWAUNEE, WIS.
HANITCVAC, WIS,
SEEBOYGAN, WIS.
PCRT EASHINGTON,
¥AUKEGAN, ILIL.
CBICAGO, ILL.
KENOSEA, W§IS. .
BICHIGAN CITY, IND.
RACINE, VWIS.
TWO0 RIVERS,
BOPPIXEGTON,
ZSCANABA,
GARY, IND.
SAULT STE MARIE, NI.
DEOXNCND 1ISL., AX.
MANISTIQUE, uI.
FEANKFORT, NI.
HANISTEE, HI.
MUOSKEGON, MI.
ALPENA, NIl
SAGINAWN=-BAY
FORT BOROYN,
BARYSVILLE,
DETROIT, Al.
TCLEDGC, QHIO
ALLGCXAC, BEI.
CHABLEYOIX, aIl.
CBEBOIGAN, AT.
HARBOS BEACH, 2I.
HABBISVILLE, AI.
HCLLARD, BaI.
LELARL, NI.

LINE ISl., AY.
NACKINAC, NI,
HARINE CITY,
NCXBROE, AI.
PORT CLINTON, CHIQ
PUT-IN-BAY, ORIO
SCUTH HAVEN, NI
ST. JANES, NI.

®IS.

¥WIs.
Ixp.
aI.

cITY,
al.
MI.

KI.

arI.

ACTUAL
GRouUP
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L X

L 2

e
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DINOTE MISCLASSIFIED CASES

HIGHEST PROBABILITY

GROOP

d oh h b o ot b nh b o h b wd b = Ld L) ot G G b () b LI L) ot BN d b ad ah b b L) et R L M L M) it ed o b b b s L s

P [D/G)

0.9154
0.2917
0.7853
0.9296
0.9674
0.9168
0.9167
0.3556
0.9254
0.9268
0.3695
0.4602
0.6115
0.0806
0.9305
0.9434
0.5678
0.0115
0.5972
0.9162
0.9200
0.9202
0.8617
0.8863
0.9097
0.9174
0.9628
0.8265
0.5907
0.91356
0.8541
0.9760
0.896€
0.8387
0.9349
Q. t145
0.0032
0.9158
0.9187
0.9196
0.9169
0.9189
0.9240
0.9171
0.9247
0.9156
0.9196
0.5964
0.9169
0.9158
0.9180
0.9155

MOTE: THE ABOYE RESULTS MAY NCT CORRESPOND TO
DUZ TO OVEBERINTING QF CASES

28D BIGHEST

P {G/D} GROUP P (G/D)
0.512¢ 2 0.8328
0.5796 1 0.0160
0.6492 2 0.2216
0.5211 2 0.4222
0.5506 2 0.3826
0a513¢ 2 0.4319
0.513€ 2 0.4319
0.6757 3 0.2069
0.518¢% 2 0.4255
0.507¢6 1 0.2953
0.3015 1 0.1703
0.7699 1 0.1925
0.952¢ 1 0.0331
0.9850 1 0.0134
05217 2 0.4214
0.5303 2 08102
0.6649 3 0.1727
0.998¢ 1 0.001
0.6632 2 0.1692
0.5132 2 0.43213
0.5154 2 0.4295
0.515¢% 2 0.48254
0.6322 2 0.2480
0.6419 2 0.2852
0.6172 1 0.2959
0.5114 2 0.43313
0.531¢ 2 0.,4013
0.5111 1 0.3000
0.954¢ 1 0.0322
0. 524 € 2 04175
0.584 1 1 0.2786
0.5723 2 043533
0.637¢ 1 0.2443
0.5229 1 0.2937
0.5245 2 0.4378
0.988¢€ 2 0.0059
0.993¢8 2 0.0048
0.513Q 2 0.4326
0.518¢€ 2 0.4305
0.5151 ¢ 2 0.4298
0.5136 2 0.4319
0-514€ 2 0.4303
0.5177 2 0.58266 -
0.5137 2 0.4317
0.6169 2 0.2809
0.5129 2 0.4327
0.5151 2 0.4299
0.6633 2 0.1691
0.513¢ 2 0.4318
0.5130 2 0.41326
0.5183 2 0.3310
0.5128 2 0.,4328

THE GEOUP SCATTERPLOTS
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DISCRIMNINANT

SCORES. ..
~0.7568 0.0393
2.8433 -0.5867
=0.2940 ~0.8743
-0.737¢ -0.0023
-0.6585 ~0.1571
-0 7551 0.0356
-0.7552 0.0358
0.0297 -1.5590
-0a7433 0.0106
0. 7863 0.0353
1. 5191 -1.3686
1. 4089 -1.2082
2.3721 -0.1733
3.0543 -1.4921
-0 7356 -0.0052
-0.7150 -0.0893
~0. 1049 -1.209%0
4a 3206 -0.6127
=0. 1259 - 1. 1645
-0.7558 0.0371
-0.7507 0.0264
=0.7505 0.0260
-0.33% -0.7295
-0.3767 -0.7647
=0.3246 1.0982
=0.7471 0.0449
~0. 6498 -0.0658
0. 7892 -0.0281
203955 ~0.2229
-0.7273 -0.0202
0. 3345 -0.2722
-0 6043 -0.2776
123565 -0.2758
0.8143 -0.0338
-0 7291 -0.0193
3.2574 g.9841
3. 48528 2.3822
~0.7563 0.0382
~0.7525 0.0302
=0.7513 0.0276
-0a 7549 0.0351
-0 7522 0.0295
-0a 7452 0.0148
~0. 7546 0.0347
-0.4321 ~0.5822
-0. 7566 0.0389
=0.7513 0.0277
=0. 1254 -1.1658
=0 7549 0.0352
-0. 7563 0.0382
~0a 7534 0.0320
-0. 7568 0.0392



Table 36 - continued

- CASE ACTUAL
SRQAUN GrOUP

53 TEAVERSE CITY, H#I.
54 CALCITE, AI.
55 BARBLEHEAD, CHIO
56 SINDUSKY, OHIO
57 HURCW¥, OHIO
58 PAIRPCRT, OHIO
59 ASHTAEUlA, OHIC
60 CCNNEAUT, OHIO
61 BEIE, PA.
62 BOrralo, N.Y.
63 FCCHESTER, N.Y.
64 GBEAT SODUS EAY, N.Y.
65 OSWEGC, N.Y.
66 OGDENSBURG, N.Y.
67 DONKIEK, N.Y.
68 SACKETS HARBCR, ¥.Y.
69 WADDIAGTON, N.Y.
70 ARHBRSTBURG, ONT,
71 BRLLEVILLE, CNZT.
72 BEITT, ONT.
73 CLARKSCN, ONT.
74 CCBOUEG, CNT.
75 CCLBOENE, ONT.
76 CCURTWRIGHT, CNT.
77 CUTLEE, ONT.
79 ERIBAO, ONT.
79 HABILICN, ONT.
80 KINGSICN, ONT.
81 KINGSYILLE, ORT.
82 XIDLAND, CNT.
83 OAKVILILE, ONT.
84 OSHAWA, ONT.
; 85 OWEN sSCOND, CBT.
86 FARRY SQUND, CNT.
97 PICTCN, ONT.
88 TBUNDER BAY, CNT.
89 PCET EOURWELL, CNT.
90 PCRT COLBORNE, ONT.
91 FCERT EAITLAND, ONT.
92 PCRT RECHEICOLL, CNT.
93 BCRT EOPE, ONT.
94 PBCRT STANLEY, CHNT.
95 PBESCCTT, ONT.
96 SIENI, ONT,
97 THORO1D, CNT.
98 TCROKT0, CHNT.
99 CCRNWALL, ONT.
100 IRENICN, ON1.
101 BORRISBURG, CNT.
102 SHITEY, ONT.
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%
xs
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e
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L2

%
L2
L2
L J

#* DENOTE MISCLASSIFIED CASES

NOTE: THE ABOVE BESULTS HAY

NCT CORRESPOND TO

HIGHEST PFROBABILITY
GROUP P (D/G) P(G/D)

0-9219 0.516¢
0.1536 0.6587
0.9538 0.5384
0.9548 0.63718
0.9192 0.5048
0.9012 0.4879
0.0446 0.72SE
0.0000 0.9928
0.4540 0,7801
04129 0.9103
0.8623 0,7473
0.9042 0.5036
025117 0.7711
0.1436 0.9925
0.9163 0.5135
0.9177 0.5141
0.9177 0.5141
0.8739 0.4834
0.6508 0.6519
0.9233 0.5166
0.8946 0.6221
0.9188 0.5141
0.9509 0.5360
0.9561 0.6011
0.9307 0.61846
0.8704 0.u818
0.0000 0.,6601
0.8747 G.480€
0.9993 0.4999
0.9300 0.5184
0.9283 0.615€
0.6759 0.6474
0.9213 0.5140
0.9258 0.5172
0.9230 0.473€
0.1416 0.9910
0.8972 0.499¢C
0.6926 0.748€
0.9156 0.5129
0.9258 0.518€
0.9110 0.50932
0.3892 0,4915
0.8084 0.4949
0.4874 0.4359
0.9975 0.5480
0.1525 09651
0.9163 0.5110
0.9170 0.5137
0.9114 0.5054
0.9153 0.5124
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2ND HIGHEST

GRQUP

NNNNRNNN SNNNND 2 adNNRORORONNNOONUNNNNNNNNNNNNag o s sDWON

P (G/D})

0. 4282
0.2681
0.3996
0= 3264
0. 4375
0.4539
0.1977
0.0061
0. 1345
0.0755
0. 1336
0.8483
0. 1889
0.0151
0.4319
0.48312
0.8312
0. 4650
01810
0.4276
0.2614
0.4308
0. 4027
0.3004
0.28487
0.4669
0.3328
0.4664
0. 4469
0a 242
02831
0. 1369
0.4302
0. 8264
0. 4455
0.0053
0.4526
0.22139
0a4327
0.4251
0.4368
0. 84554
0.2829
0.3553
0.3599
0.0226
0. 4345
0.4317
0.4365
0.4332

TRE GEOUP SCATTERPLOTS
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DISCRININANT
SCOBESe ..
-0.7482 0.0212
0.2439 -2.0120
~0.6951 =0.0913
-0a 7654 0.9447
~0.7189 0.0783
-0.7054 0. 1540
06525 2.9115
-1.1743 5.71138
.Laut11 -1,2185
2.0123  -1.18a7
1.3305 ~0.5018
-0.7883 0.3462
14092 -1,1199
2.9492 -1.1835
~0a7551 0.0356
~0.7538 0.0328
~0.7538 0.0328
~0.7696 0. 1800
-0.1293 =1.0732
~0.7443 0.0200
-0.3546 =0.6572
~0.7509 0.0323
~0.7010 -0.0788
-0.4505 -0,4833
-0.4404  =0.5647
-0.7731 0.1878
2.3795 4.9279
-0.7543 0.1922
~0a7621 0.1011
-0.7287 0.0101
~0.4370 =0.5719
-0.1352  ~-1.0313
-0.7428 0.0323
-0.7398 0.0162
-0.5140 0.1969
3.3265 0.4951
-0. 7884 0.3260
-0.8642 - 1.5261
-0.7566 0.0389
-0.7426 0.0092
~0a7548 0.0568
-0.7593 0.1403
07741 0.2105
0.7667 1.0537
-0.4735 -0.1885
2.7247 1.4563
-0.7547 0.0878
-0. 7547 0.0348
-0.7586 0.0554
~0.7561 0.0410
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Table 37: Crossvalidation Group 1966: Groups and Discriminant Scores
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CaASE ACTUAL
EQuOn GROUP

PRESQUE ISLE, HI.
BAYPIELD, WIS.
SILVER BAY, MINN.
MILVAUKEE, ¥IS.
INCIANA HARBOR, IND.
DETROIT HARBOR, WIS.
OAK CREEK, WIS.
DETOUR, NI.
LUDIXGTON, NI.
GRAND HAVEN, NI.
5. JCSEPH, Al.
ST. CLAIR, AI.
WHITE LAKE, AI.
PCRT DOLONITE, MI.
PCRT INLAND, &I,
STONEPORT, HI.
LCBRAIN, OQHIO
CIBVELAND, OHIO
BROCKVILLE, ONT.
CARDINAL, ONT.
CCLLIAGWOOD, CAT,
DEPOT HARBOUR, ONT.
GCDERICH, ONT.
LITTLE CURRENT, ONT.
NARATHCN, ONT.
MICHIPICOTEN, CNT.
PORT CREDIT, ONT.
REID RCCK, ONT.
ST¥. CATHABINES, ONT.

SAULT STE HMARIX, OINT,

WALLACEBURG, ONT.
WELLAND, CNT.
VINDSCR, ONT.

Wl b N ot o ) ot b =t b N ad b b L ot b ot b ad b NS it L b et i L s kb

L 2

L2

*% DENOTE NMISCLASSIFIED CASES

NO

TE: TH2 ABOVE RESULTS MAY NCT

HIGHEST PROBADBILITY
GROUP P (D/G) PG/D)

L T N L. I R I Y R R N P . I LT I I un I JTR VRSP

DUR TO OVEEPRINTING CP CASES

0.8771
0.9053
0.4830
0.0060
0.0822
0.9056
0.7690
0.9160
0.1647
0.9189
0.6689
0.9931
0.9065
0.7038
0.6636
0.4757
0.9603
0.0890
0.9036
0.9271
0.9077
0.5191
0.8431
0.8547
0.9726
0.9821
0.3589
0.9061
0.9577
0.0113
0.8965
0.2833
0.4182

CORRESPOND TO

0.8471
0.8493
0.9939
1.0000
0.9963
0.8495
0.9780
0.856¢8
1.0000
0.8654
0.6992
0.9401
0.8501
0.982¢
0.9849
0.9921
0.8997
1.0000
0.8483
0.9551
0.8511
0.5882
0.8132
0.7871
0.9374
0.9293
0.839¢€
0.3699
0.9854
0.9908
0.3439
0.9%09
0.9849

2ND HIGHEST

GRCUP

NONWNNWNNRNNNRDONRNNOUONROUNINODNRNONNN sNDON

P IG/D)

0.1529
0.1507
0.0061
0.0000
0.00133
0. 1505
0.0220
0.1437
0.0000
0, 1346
0.3008
0.0599
0.1499
0.0174
0.0151
0.0079
0.1003
0.0000
0.1517
0.0849
0.1389
0.4118
0.1867
0.2129
0.0626
0.0707
0. 1583
0.1501
0.0546
0.0091
0.1561
0.0495
0.0138

THE GFCUP SCATTERPLOTS

DISCSIMINANT
SCCRES. ..
=1.3265 -0.3050
-1.2437 =-0.2549
~1.3665 1.3784
6. 1934 2.4139
25033 1.3750
-1.2438 -0.2547
-1.0334 0.3987
-1.2523 -9.2267
5. 7596 0.6324
=1.2902 =0.21%00
-1.2607 -0.7072
~1.2863 Q0.2409
-1.2489 -0.2518
-1.0478 1.0136
~1.0528 1.082¢
-1.0757 1.4005
-1.3235 -0.0608
S 9382 -1.2649
-1.2490 =0.253
=-1.0156 0.53%
-1.2500 -0.2886
-1.2673 -0.9553
-1.2633 -0.3924
-1.04397 ~0.3557
-1.2212 0.359%
-1.0238 0.29112
2224063 -2.291
-1.2499 -0.2523
“1.0207 , J.43Mv
2+ 10U9 -3.7385
-1.2u496 -0.2764
227104 -0.9721
2.8790 ~0.2425
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Table 38: Development Group 1984: Groups and Discriminant Scores

- CASE ACTUAL HIGHEST PROBABILITY
SEQNUN GROUP GROUP P {D/G) P(G/D)
1 DULOTH~-SUPERICR, MINN. 3 3 0.0833 0.9855
2 TWC HABBORS, WIS. 1 8% 2 0.8202 0.5602
3 ASHLAND, ¥IS. 1 1 0.6075% 0.5166
4 BAYPIELID, WIS. 1 1 0.6367 0.4851
5 LA POLNTE, WIS. 3 »x 1 0.6367 0.4853
6 SILVER BAY, NINN. 1 == 2 0.8202 0.5602
7 TACONITE, MINN. 1 2 2 0.8435 0.5527
8 VAUKEGAN, ILL. 1 s 2 0.1388 0.5322
9 CHICAGGC, ILL. 3 3 0.0294 0.9986
10 INDIANA HARBOR, IND, 1 *=* 3 0.9561 0.8589
11 BOBNS WATERWAY, IND. 3 3 0.7591 '0.9166
12 BUPPINGTON, IND. 1 * 2 0.8578 0.544¢€
13 GARY, IND. 1 % 2 0.8262 0,5536
14 PRESQUE ISLE, MI. 1 3¢ 2 0.7982 0.4928
15 DEUNMCND ISL., MI. 1 1 0.7828 0.5266
16 TEAVEESE CITY, NMI. 2 ** 10.7136 0.5074
17 MANISTEE, MI. 1 1 0.7545 0.5294
18 GBAXD HAVEN, NI. 1 1 0.8208 0.5225
19 HOLLAXD, MI. 1 1 0.7571 0.5292
20 ST. JOSEPH, MI. 1 1 0.8011 0.5334
) 21 MILWAUKEER, WIS. 3 3 0.8550 0.3824
. 22 PORT VASHINGTCN, WIS, 1 1 0.8011 0.5334
23 SHEBOYGAN, WIS. 1 1 0.8032 0.5331
24 KEVAUMNEE, WIS. 1 1 0.8273 0.5347
25 PORT BURON, 2I. 1 10,0354 0.4843
26 ALPENA, AI. 1 1 0.7551 0.5294
27 MARYSVILLE, XMI. 1 1 0.6067 0.5168
29 MARINE CITY, NMI. 1 1 0.6061 0.5168
29 DETROIT, HNI. 3 3 0.0242 0.9984
30 KELLY'S ISL., OHIO 3 *s 1 0.5494 0.4538
31 PCORT INLAND, BI. 1 == 2 0.8721 0.5359
32 DETOUR, AI. 2 *x 1 0.5484 0.5204
33 ALGONA, WIS. 1 1 0.5509 0.4544
34 CHARLEVOIX, MI. 2 *» 1 0.8273 0.5347
35 DETROIT HARBOR, WIS. 3 = 1 0.5056 0.4354 °
36 PRANKPORT, MIX. 1 1 0.8160 0.5345%
37 KENOSEA, WIS. 3 == 2 0.1483 0.5363
38 NACKINAC, NI. 1 1 0.7734 0.522¢8
39 MARQUETTE, NI. 1 1 0.6061 0.5168
40 OXNTCNAGON, NI. 1 1 0.9127 0.5312
41 PUT-IN-BAY, QHIO 3 = 1 0.7734 0.522¢
42 SAULT STE MARIE, NI, 1 1 0.7545 €.5294
43 ST. JAMRS, NI, 1 10,7734 0.5226
44 SYURGECH BAY, WIS. 2 2 0.1388 0.5322
45 ALABASTER, NI. 1 & 2 0.8733 0.516¢C
46 CALCITE, HI. 1 *x* 2 0.8613 0.544¢%
47 BSCANABA, HNI. 1 1 0.5635 0.5130
48 MARBLEHEAD, OBIO 1 1 0.7804 0.531€

*¢ DINOTE MISCLASSIPIED CASES

NOTE: THE ABOVE RESULTS MAY NCT CORRESPOND TO
DUZ TO OVERPRINTING CP CASES
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28D HISHEST

GBOU

NNttt NN NNANWNNNGN SNRVNWNNNSNNONNMNON o @ Dot weasNDNNND SN

P

P {G/D)

0.0075
0.4125
0.4721
0.3207
0.3207
0.4125
O.4148
0.2959
0.0010
0.0800
0.0458
0.4159
0.4113
0.4903
0.4493
0.3485
0.4480
04511
O.4481
Qeulul
0.0647
0.4347
0.4348
0.411%4
0.36442
Jd. 4480
0.4723
0.4723
0.0012
0. 2885
0.4178
0.,4664
0.2890
G.4t114
0.2930
0..4275
0.3076
0.3727
0.4723
0.3936
0.3727
0. 4480
0.3727
0.2959
o.4182
0.48166
0.4778
0. 4415

THE GEOUP SCATTERPLOTS

DISCRIMINANT
SCCEESs s
3.0352 1,726
«0.7050 0.3863
- 122926 -Q.4652
0.1740 3,307
0.1790 -0.3071
«0. 7650 0.886S
-0.6797 0.9671
0.2861 2.11 74
4.0714 -1.0043
1.7913 0.2534
2.0930 .5795
-0 5838 0.85%0
-0.6389 . 0.3117
-1.00b43 -2.0937
-0.9111% -0.5082
0.00606 -0.7644
=0.3456 -0.5459
-0.8626 -0.4552
-0.9424 -0.542u4
-0.7749 -0.53%
19042 0.4907
-0.7749 ~0.58%5
-0a7722 -0.5326
~0e.35132 ~0.0064
0.5087 -2.,46382
=-0.9443 ~0.5451
-1.2955 0. 4645
-1.2455 -Q,464S
4a 0149 -1.289
Oe 3544 ~0.3431
-0.5061 0.3264
-1.2073 -0.485)
0.3515 -0.847S
-D.5132 ~0.646u
0.3397 -0.3630
~0e 6896 -9.6054
0. 3244 2.1732
-0. 1690 -J.7264
- 12955 -0.4645
c=0e 3425 -0.036?
=0a 1690 -0.7264
-0.9456 -J.54599
-0.1640 -0.726u
0.2861 2.117%3
-0.3.98 g.7853
-0.5915 J. 3640
~1,3808 -J. 4447
-0. 8603 -0.5657



Table 38 -continued

= CASE
SEQNUY

49
S50
51
52
53
S4
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
g1
82
83
a4
85
86
87
aa
89
90
91
92
93
94
95

CAK CHEEK, WIS,
PCRT GYPSUM, AI.
STONEFORT, HMI.
TCLEDC, OHIO
SANDUSKY, OHIO
LCBAIN, OHIO
CLEVELAND, OHIO
PAIRPCRT, OHIO
ASHTAEBULA, OHIO
CCNNEAUT, ORIO
BRIE, PA.

BUFPALO, N.Y.

PCRT CLINTON, OHIO
BCCHESTER, N.Y.
EARCELCRA, N.Y.
HARRISVILLE, AI.
KEVEENAW WATERWAY,
EADGELEY, ISL., OXNT.
BRITT, ONT.
CARDINAL, ONT.
COLLINGWOOD, CANT.
CCRNWALL, ONT.
CCURTWRIGHT, ONT.
COTLEER, ONT.

GODER ICH, ONT.
HAMILICN, ONT.
KINGSTCN, ONT.
KINGSVILLE, CRT.
LAKEVIEW, ONT.
LITTLE CURRENT, ONT.
MARATRHCN, ONT.
MELDROM BAY, ONT.
MIDLAND, ONT.
MCRRISBURG, CNT.
NANTICCKE, ONT.
CAKVILLE, ONT,
OSREAWA, ONT,
PELEE ISL.,
PICTCYN, ONT.
PCRT COVER, CNT.
PORT STANLEY, CNT.
SARNIA, ONT.
SCHBRA, ONT.
TEOROLD, CNT.
ST. CATHARINES,
TCRONTO, CNT.
#ISDSCR, ONT.

CNT.

CNT.

MI.
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** DENOTE MISCLASSIPIFD CASES

HIGHEST PROBABILITY

Group

WWRNWN W= AN A NWHNN @@ VNN @ 9 Wead NNt NN oSNt N WWNNN 2 WwaswWwWwNON

? {D/G)

0.7256
0.7968
0.8613
0,0947
0.1389%
0.6098
0.7569
0.7626
0.9915
0.5756
0.9696
0.9616
0.5939
0.1213
0.5494
0.1957
0.6484
0.8297
0.3763
0.7979
0.9168
0.6131
0.4418
0.3435
0.9049
0.1467
0.6607
0.8182
0.6753
0.3440
0.3120
0.8023
0.72138
0.8425
0.7158
0.6365
0.1388
0.7977
0.7982
0.5509
0.8162
0.0760
0.8673
a.4584
0.8327
0.0297
0.050%

NOTR: THE ABOVE RESULTS MAY NOT CORBESPOND TO
DUE TO OVERFRINTING OF CASES
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P {G/D)

0.4331
0.4657
0.544S
0.98u4
0.7194
0.5091
0.3931
0.5229
0.5078
0.492¢C
0.8299
0.8090
0.4707
0.4637
g.4538
0.5291
0.5204
0.5343
0.5267
0.5648
0.5344
0.5162
0.5474
0.5527
0.5062
0.9821
0.5198
0.5298
05557
0.4931
0. 4794
0.508¢
0.5268
0.552¢8
0.4892
0.4487
0.5982
0.527¢
0.5452
0.4543
0.5316
0.497C
0.5156%
0.5304
0.,5532
0.997¢C
0.996¢

2ND HIGHEST

GREcue

-k wd ok owb b DI AN et At NN d ot DI DN et DI NN b N a N ot d wd N d N N ot =

P 'G/D)

0.39134
0.4071
0.8166
0.0080
0.2034
0.4807
0.0574
0.4564
0.4511
0.3711
0.0959
0.1066
0.3051
0.2727
0.2885
0.4694
0. 4664
0.4198
0.4194
0. 4095
0.4275
0.4727
0.3575
0.4148
0.4634
J.00%0
0.4666
0.3935
0.3892
d.4144
0.43093
0.3702
0.45u42
0.4145
0.3929%
0.2303
0.3063
0.3804
0.4060
0.2890
0.4353
0.36138
0.4172
0. 3026
0.4126
0.0023
0.0026
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DISCRININANT
SCORES. ..
0.1379 0.6654
0.0144 J.7057
=0.5915 0.8460
2.9970 " 1.639)
1.2966 -1.3512
-1.32 -0.381
1.9653 0.6699
~0.9858 -0.4730
-0.5932 0.4163
0.04954 1.1582
1.68138 0.249N
1.6176 0.2893
0.2662 ~0.927%6
0. 5421 2.0579
0.3544 ~G.3481
=2.2434 -0.20830
-1.2073 -0.485)
~0,59u46 -0.6185
~0a4208 0.3069
-0.7922 0.92M3
-0.6385 -0.604z
-1.2371 -0,4554
-0.0867 1.5040
-0.6747 0.8671
-0.7321 -0.25u
2.9185 1.4743
-1.1901 -J.4738
-0.3321 -0.6747
=0.3935 1.1793
-0.1541 0.751%5
-0.05b1 2.7455%
-0.0847 -9.6343
-1.0309 -2.526)
~0.6770 0.3697
-0.0116 0.93%
0.8341 9.5497
~0.0273 2.2272
-0.20625 -0.7042
=0.4091 0.3723
0.3521% -0.3403
-0.7554 -3.56413
0.8264 -2.1183
=0. 3204 0.7962
0.9215 -1.3275
-0.6534 9.3955
3.6378 -1, 84ée
36147 -1.3984
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Table 39: Crossvalidation Group 1984:Groups and Discriminant Scores

SEQKUN GROUP GROUP P (D/G) P({G/D) GBCUP P (G/D) SCChES. ..

1 LUCINGTION, 2. 1 *x 3 0.0373 0.5326 1 0.8658 1. 9368 =1.5153
2 MUSKEGCN, MI. 1 1 0.5067 0.9442 2 0.1558 -1.6387 -0.3892
3 MARITONWAC, WIS. 1 1 0.989C 0.9801 2 0.0199 . =~0.,5624 -1,0923
4 GREEN EAY, WIS. 3 3 0.3239 1t.0000 2 0.0000 3.9440 1.7232
5 SAGINAW-EAY CITY, NMI. 3 3 0.0547 0.9964 1 0.0036 3.3307 -2, 1355
6 ST. CLAIR, MI. 1 1 0.4855 0.844¢€ 2 0.1554 -1.6431 -0.3953
7-MCHROE, NMI. 1 1 0.8628 0.942¢ 2 0.0572 -1.1205 -0.7462
9 QGLCENSEBURG, N.Y. 2 2 0.2618 0.9962 1 0.0032 03495 2.682%
9 CHEBOYGAN, NI. 1 1 0.8520 0.9902 2 0.0096 -0.1508 «1.32%)
10 GLADSTONE, NI 3} t 0.9890 0.9801 2 0.0198 «0.5039 -1.0927
11 MACKINAC CITY, MI. 1 1 0.6050 0.39489 2 0.00u6 0.1323 -1.5577
12 MENOWINEE, NI. 1 1 0.8628 0.942¢ 2 0.0572 -1 1205 -y.-6

13 THO RIVERS, WIS. 1 1 0.6050 0.9949 2 0.0046 0e 1323 -1.557;
14 FCET DOLOMITE, HNI. 2 2 0.7580 0.982¢ 1 0.0175% -1,6901 1.7773
1S HOBCN, OHIO 1 1 0.4477 0.7772 2 0.2228 ~1.6548 -0.2237
16 OSWBGC, N.Y. 2 2 0.1723 0.999¢8 1 0.0002 -0.7782 3.s5u4z
17 AMHERSTBURG, ONT. 1 1 0.8520 0.9903 2 0.0096 -0. 1908 -1.3250
18 EATH, ONT. 2 2 0.0864 0.5372 1 0.4628 -245909 0. 1889
19 CIARKSCY, ONT. 2 2 0.8180 0.9112 1 0.0888 -0.4517 1.2884
20 CCLBOSNE, ONT. 2 2 0.58377 0.749% 1 0.2501 -0.2039 0.8%20
21 NICHIPICOTEN, CNT. 2 2 0.56817 0.8519 1 0.1480 -0. 3055 1.0873
22 ONEN SOUWD, CNT, 1 1 0.9908 0.971¢ 2 0.0286 -0.7535 -0.974?
23 PARRY SQUND, CNT. 1 1 0.9908 0.9714 2 0.028%6 -0.7535 -0.9747
24 PGRT CCLBCRNE, ONT. 1 1 0.9625 0.9668 2 0.03M =0 3507 -0.3662
25 PCBT MCHNICOLL, OXT. 1 1 0.9890 0.9801 2 0.0198 -0e 5039 -1.0927
26 PRESCCTT, ONT. 1 1 0.4816 0.8300 2 0.1700 -1.6075 -0.3532
27 SEBPENT RIVER, ONT. 2 2 0.9679 0.977¢ 1 0.0222 -1.1978 1.7475
28 SFRAGGE, ONT. 3 3 0.0900 0.596€ 1 0.3746 1. 6683 -0.3029
29 THUNDER BAY, CNT. 3 3 0.0175 1.0000 2 0.0000 4.7348 2.920¢
30 BCWMANVILLE, CNT. 2 2 0.7369 0.9881 1 0.0119 -1.6937 1.9243
31 SAULT STE H8ARIE, ONT, 3 3 0.1257 1.0000 1 0.0000 S5.3880 -1.07013

#* DENOTE MISCLASSIPIED CASES

NOTE: THE ABOVE RESULTS MAY NCT CORRESPOND TO THE GEOUP SCATTZRPLOTS
DUE TO OVERPRINTING OF CASES

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Aprendix F

PORT_GROUEINGS_USING DISCRIMINANT ANALYSIS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



83

J0yiny :sain0g
Joqiely woibuiying
A uebiydnp
uojjepl|BAS801]) O yoasorg
juswdojereg @
UIAPH YN
puabBen °s
puejoH
uaAeH pumin s
DO
L 0% Enw 0s o0
xe] BHYM| oss [+ 0s o [*]] oGt
AQrum
adop pod 10 veBlogeus olees
Joqiey syeyaes cn":wa_oo
uaig
Az o sumen
uoysBury $I9AY OMY
apasiey !
Ao esianesy
HO3INPY 104
voiBuippes nogqureH jodsg
. ! puncs Aneqd pue|s)
MoAR|Iey)
=) o
:-E“a“;u Q J0q1eH 11002G
sower S
uels|
uﬂc.m.u.uw._./ eqeueasy s9 Ws S
O Onmojogiiag euoispeIn paitin

pueyu| 1104

ajjanbieypy
() ?1%1 onbsasg

epeue)d
ARMIICA MRUS MY si1oqiep om]

Oheg sosnis

aode)

101004 PURID

cv.ou_a_cui‘

9961 siiod | dnoiy

uayieiepy O

20U poy

W)

vL ainbi4

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



oIny:e2inog

eingeiysy

LTIV
uvojleplleassol)d O
juewdojersg @

pueaBoq
fiaming 1104
10qjo2) 104!
Aeg snpog w0y
O
nparg vod

epeur?

996! sitod ¢ dnoiy)

Gl 9inbi4

Aysnpues
4

2

suep 215 ynes

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



85

ioy)ny :835n0g

oBams

sinqavepBp

uoljeptleAssoi] O
juswdojereq @
puefiey

siseyd0y

gl ainbi4

pueisaeiny Q
@oF L

10Q)%}} BURIPLV}
ofiedyd

noseg

O\ Oruttiem j
waInH 1104

wwd

meuwbe Led il il = - L
hua :w. uosewttn 001 03 0 s 00t
wy
[S—
oSt 00 0§ ) o o0l
uoiBuipnicy ejeds
uovesy
Aeg veein
Aeg voebing,
seunuoudy
& Pl o U
_ ‘ 0,0u snbnsiuey sajelg
. patun

Aeg sopunyy

9961 S}iod ¢ dnoiy

10194ng
-yinng

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



86

Jo4iny ;83108

-t
N\

[ILULE]

uoljepiieassosd Q
luawdojaraqg @

pueBey

uojsBupy

11098934

861 S110d | dnoin

S—
Y
u uvoiny
12107 -
Uodney eeyNqIen uojui) 110d
pueys) skjjay
pueis) soreg .Oo_.ﬁw_.&
onasBury s0suon oBeoy)
suojedieg u:x.:\_!::« ydesorng
putlioH
au10q|10) 1104
ushenpueIn sajiu
uvoBansnyy 001 i 3 o =,
uolBuiysem p uny
1od, 0si OOt 0S 0 0% oL
Y3113
po9 usBioqeus sjeag
wnsdig 1104 esisIueyy semopurpy
$10A1Y oMY
tiopuers
ANy esienest
HOIINOW Hod
punog Aned
xlaseeud sounouveny
?ﬁgoa-;u Q loqiel 1to110Q
sawer is
puers) Q eqruess setes
pue|si f3fabpe. Leg eUINIENY 3 S
. Pea @S _whipien 180 @500 palun

uojspeln

allenbueyy

uoBruolug

epeue)
AeMIIEM MEVIBNMSY

L) @1nbiy

wwd

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



87

eIngeiysy

uolieplieassold O
juewdojereg @

861 siiod g dnouy

g1 2anbiy

Kien joqiey uoiBuigng

CJ

esquos @
wWeuMPINeYY

w8213 yeQ

e seqejy
LIS ITT MY ]

Hodeuolg

L2121 )
waund slin Q- Q seielg
O,
= Co L osmdoBaues pailun
1My Jusdieg O & puel130d
»nny
0
@4s) enbsaid
speuwd)

$)0qIeH OM]
usioadipn o Keg 13A118

[TICLELSY

uoyjeiepy

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



88

- R

Aysnpueg

04Ny (820G pusiersts

Qeuo_ow
Aumserem suing

uo1iep1|BASS0ID O w3
juowdojereg @

pueBa

noneQg

@Ppioioul

meuiBes
-An) keg)

uoiBuipnt U

‘ ) e868uidg O 3
N

o,
olieyy 015 NNES

spoue)

vy861 siiod € dnoin

10qI¥H RURIDY]
obenyd)

sopw -
o0t - 03 9 0 o0t
e == —C}
0ss 00t 0s [+ os oot
ejeag
Dieq uasin
selels
paitupn
Joredng
-yining

o:n sepunyy

61 9inbi4

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Jdournals
1. Brown, HMichael T. and Tinsley, Howard E.A., (1983)

"Discriminant Analysis",Journal_ of leisure Research,

vol. 15 no.4 :290-310

2. canada_ Commerce, (February 1985) #®St. Lawrence

Seaway", Department of Regional Industrial Exparsion,
Cttawa = 4-11
3. Carter, Richard E., (April 19€2) "2 Comparative

Analysis of United States Ports and Their Traffic

Characteristics", Fcgoncmic Geography =: 161-175
4. Furuseth, Owen, (198%) "Influences on County Farmland
EFrotection Efforts in California: A Discriminant

Analysis", The Professional_Geographer, :443-451

S. International Bulk Jcurnal, (Augqust 1985) "Great

Llakes/St. Lawrence Shipping and Forts", IBJ Asscciates,
Dorking Surrey, England : 53-61

6. Johnston, R.J., {Septemler 19€E) "Choice in
Classification: The Sukjectivity of Cbjective Methods",

Annals of the Association of American Geographers_:

£75-589
7. Jursa, John, ({March 18 1985) "The Great Lakes Systemn

- A Year to Remember", Canadian_Sailings, Gallery

Fublications Montreal : 5-12

- 89 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10.

11.

12.

13.

14.

15.

16.

Jursa, Jchn, [March 2z5 198t) "0.S. Great Lakes
Borts", Cagpadiapn _Sailings, Gallery Puklications,
Montreal : 12-22
Kenyon, J.B., (1968) v"land Use Admixture in the Built
up Urban Waterfront: Extent and Implications", ¥concrmic
Geography, :152-179

Kenyon, J.B., {1970) "Elements of Interport

Competition in the United States", Ecopomic Geccrachy,

:1-2C
Maxwell, J.%., {1965) "The Functional Structure of

Canadian Cities", Geographical Eulletin, vol.15 no.d

$290-310

Mayer, H., (1978) "“Current Trends in Great Lakes
Shipping", Geodourpal 2.2 :117-12Z2

Rigmer, Peter J., ([March 1966) "The Problem of

Comparing and Classifying Seaports", Professional

Geographer xxvii 2 :83-91

Rimpmer, Peter J., (1967) "The Changing Status of New

Zealand Seaports 1853-1960", Annals_of the Assaociation

of American_Geographers, :88-100

Rokinson, Rocss, {[187€) "Modelling the Port as an
Cperational System: A Perspective for Research?",

Fconcmic _Gecqgraphy, :71-8¢

Seaway_Review, (March 19E4) "Legislative Priorities

for the Great Lakes"™, Eublisher: Jacgues LesStrang,

iraverse City Mi. :29-40

- 90 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



17. Seaway Review, (March 1984) %vAll That Canadian Graina%,

Publisher: Jacques LesStrang, Traverse City Hi. :61-64

18. Seaway Review, {June 19€4) ¥Coal: U0.S. Ports can MNcve

Nearly 80 Million Tons", Publisher: Jacgques LesStrang,
Traverse City Mi. 3105

19. Seaway Review, (June 1984) ¥"Great lakes/St. Lawrence

Region Liquid Cargo Docks", Fublisher; Jacques
lesStrang, Traverse City, Mi. :201

20. Seaborne, Adrian A., and Larrain, Patrico N., [1983)
UChanging Patterns of Trade Through The Port Of Thunder

Eay," Canadian Geocgrapher_ xxvii_ 3 : 285-291

21. Stcller, David S., [Lecember 1954) "“Onivariate Two
Fopulation Distribution Free Discrimination,™ Aperican

Statistical Association Jgurnal, : 770-777

22. Weigend, G.G., [1958) "Some Elements in the Study of

Port Geography," Geographical Review, :185-200

23. Horld wWide_ Shipping/%orld_ Ports, (July/August 1982)

"Great Lakes and Canadian Ports," Blauvet N.Y. :6U-68

24. Alexandersson, G.G., (1963) ¥orld sShipping, New

York:John ¥Wiley

25. Appleton, J.B., {196%) A Morphological Approach to
the Geography_of Trapsrort. University cof Hull
26. Bird, James, (1963) Pajcr Searorts_of the United

Kingdom. London: Hutchinscn

- 91 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



27. Bird, James, {1968) Searort Gateways_ _of Austragilia.

londcn: Oxford University Press

28. Bird, James, (1971) Searorts and Seaport Terminals.

Ilondcn: Hutchinson

29. Branch, Allan E., (1970) The_Elements_of_ Shipring.

2nd ed., London: Chapman and Hall

30. Couper, A., (1972) The_Geography of Sea Transport.

Iondon: Hutchinson

31. Ebdon, David, {1978) Statistics in_Geography. Oxford:

Easil Blackwell

32. Eisenbeis, Eobert, and Avery, Fobert, {1972)

Discriminant Apalysis apnd Classificatiop Procedrres.

Toronto: Lexingtcn Books
33. Forward, C.N., {1984) "The Overwhelming Dominance of
the Eort of Vancouver c¢cn Canada's West Coast," Seapcrt

Systems and_Spatial Change. B.S. Hoyle and D. Hilling

€d. New York: Jdohn Wiley

34, Greenwood, John, [19€4) Greenwoods_Guide_to Great

lakes Shipping. Cleveland GChio: Freshwater Press

35. Harvey, David, {1969) Explanation_ in Geography.

Londcn: Edward Arnold, :1-230

36. Hope, Keith, ({1969) Yrethods of Multivariate Aralysis.

New York: Gecrdon and Breach Science PFublishers: 102-124

37. Hoyle, B.S. and Hilling, D., (1870) Seaports_zand

Development in Tropical Africa. New York: Praeger

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



38.

39.

uo.

41.

42.

43.

4y,

4s5.

u6.

uv.

Hoyle, B.S., (1973) Iranspert and Developrent.

london: Hackillan
Hoyle, B.S. and Pinder, D.A., (1981) "Cityports,
Technologies and Develcpment Strategies," Citypcrt

Industrialization _and KRegional Development. B.S. Hoyle

and D.A. Pinder e€d., Tcronto: Pergamon Press s 323-338
Hoyle, B.S. and Pinder, D.A., {1981) uSeaports,
Cities and Transport Systems," Citypcrt

Industrialization and Fegional Development. B.S. Hoyle

and D.A. Pinder €d., Tcronto: ©Pergamon Press = 1-11

Hurst, M.E., (1572) A_Geography of Economic_Behavoir.

New York: Wadsworth

Hurst, M.E., (1574) 1Transportation_Geography. New

York: McGraw-Bill

Ireland, Tcw, {1934) The_Great lakes_St. lLawrence

Deep Raterway to the Sea. New York: G. Putnam and Sons

Konvitz, J.%., [1978) Cities_and the Sea. Baltimore

¥d.: John Hopkins Press

LesStrang, Jacques, {1973) Great Lakes Ports_cf Ncrth

America. Ann Arbor Mi.: LesStrang Publishing

Corgcration
LesStrang, Jacques, {1977) Lakes Carriers. Seattle

¥ash.: Superior EFublishing

LesStrang, Jdacques, (1984) The Great lLakes St.

Iawrence System. Harbor Island Ki.: Harkcr House

Fublishers Inc.

1
O
tad

i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



48. Mayer, H.N., (1957) The Port of Chicago_and tle St.

lawrence_Seaway. Chicago University Press

49, Mihelic, Dusan, (1969) The_Political Element_in_the
Development in_the Porit Geography of Trieste.

50. Mendenhall, William, {(1571) Introduction_ to

Erobapility and Statistics. 3rd ed. Belmont Califorria:

Luxbury Press

51. #organ, F.W., {1952) Ports_and Harbours. 2nd ed.

revised by James Bird (19£8), London: Hutchinsor

52. Norusis, Maria J., {198%) SPSSX Advanced Statistics

Guide. Toronto: McGraw-Hill

53. Oram, BR.B. and Baker, C.C.R., {(1971) The Efficient

Eort. New York: PFergamon Fress

54. Rainville, J.G., {1932) National Borts Survey.

]

Ottava: Dominion of Capada

55. Roemer, Angelika, [1971) The St. Lawrence Seasxay,

it's_Ports_and it's Hinterland. Im Selbstuerlag des

Geographischen Instituts der Universitat Tubingen

56. Sargent, A.Jd., {1938) Seaports and Hinterlands.

london: aAdam and Charles Elack :86-115

57 Schreiner, (1972) Transportation., Shaping Carada's

Envircnment, no. 5. Toronto: McGraw—Hill Ryersor Ltd.

58. SPSSX Users_Guide. Tcronto: McGraw-Hill

59. Stanley, ¥%.B., {1984) "The Changing Pattern of

Liberia's Seaports," Scaports Systems and Spatial

- g4 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Change. B.S. Hoyle and D. Hilling ed., New York: John
Kiley: u435-46C

60. Sussman, Gennifer, [1978) The_ St. lawrence Seaway:

History Analysis of a Joint Kater Highway. The Canada-

U.S. Prospects Series, Montreal: C.D. Howe Research
Institute, Washington: Natiopal Flanning Association

61. Tatsuoka, Maurice, {1971) Multivariate Analysis.

Toronto: John Wiley and Sons: 157-193
62. Urban Transportation Division cof the American Society
of Civil Engineers, (1$78) Second International

Waterborne Transportaticn Conference October 5-7, 1877,

New York.

63. Yeats, Alexander J., (1S81) Shipping and_Development

Eglicy. New Yorks Praeger

Govermment Documents
64. Booz, Allen and Hamilton Inc., (April 1985)

Iransportation Cost Analysis of the_ St. Laurence

Seaway. Prerared for the St. Lawrence Seaway
Development Corporation, Washington D.C.

65. Canadian Hydrographic Service and the Department of
the Environment, [1976) Sailing_Directions, Great

lakes. Ottawa: Minister of Supply and Services

66. Department of the Arny Corps of Engineers, {1966)

Yaterborne Commerce of the United States, Part_ 3,

Katerways and_Harbors_Greast_ lakes. New Orleans:

Haterborne Ccrmerce

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



67.

68.

69.

70.

71

72

73.

Department of the Aramy Corgs cf Engineers, (1984)

waterborne Ccrmerce of the United States, Part =,

Haterways and Hartors CGreat lakes. New Orleans:

Raterktorne Ccmmerce Cernter
Dominion Bureau of Statistics, Transportation and

Fublic Utilities Secticn, (1964) Shipping Report, Part

JI, Internatignal_ Seaborne Shipping. Ottawa: Hirister
cf Trade and Commerce
Dorminion Bureau of Statistics, Transportation and

Public Utilities Division, [1964) Shipping Report,Part

IIY, Coastwise Shipping. COttawa: Minister of Trade and

Commerce

Dominion Bureau of Statistics, Transportation and

Fublic ytilities Secticn, (1966) Shirpipng Report, Part
JI, International Seabgorne Stipping. Ottawa: Mirister
cf Trade and Commerce

Domxinion Bureau of Statistics, Transportation and

EFublic Utilities Pivision, {1966) Shipping Report,Part

IIT, Coastwise Shipping. Cttawa: Minister of Trede and

Commerce

The Great_ lLakes/Seawvay;_ Setting a_Course_ for the

'80s. (January 1981) A Eeport of the Provincial CGreat
lakes/Seaway Task Force, E.S. Misener, Chairmartn.
Torcnto: Ministry of Transportation and Communications.

Hoir, Susan, (May 19E6) Can_Boat Compete with Rail

and Truck Traffic 2 _A_Brief Analysis_of Ontaric

- 96 -~

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T4.

5.

76.

7.
78.

79'

80-

81.

82.

Traffic and_Seaway System. Freight Studies Directorate,

Research Branch, Canadian Transport Commission, Cttawa.
Peat Marwick and Partners, Stevenson Hluchan
Associates Ltd. and Dillcn Consulting Engineers and

Elanners, (July 1984) Cntarig Ports_Study-Executive

Summary. Prepared for Trapspcrt Canada, Ontario
Finistry of Transportation and Ccmmunications
Statistics Canada, Transportation Division Surface

and Marine Section, [1984) Coastwise_ Shipping

Statistics. Ottawa: Minister of Supply and Services

Statistics Canada, Transportation Division Surface

and Marine Section, [1984) International_ Seabhorre

Shipping Port Statistics. Ottawa: Minister of Suprly

and Services

St. lawrence Seaway_ Authority_ Annual Report 1566.

St. Lawrence Scaway AMathority Annual Heport 1984-85,

St_lavrence Secaway Authcrity. {(Farch 1985) "Relland

Canal Section of the St. Iawrence Seavay."

St. lawrence _Seaway_lMuthority. (May 1985) “Hontreal

—Lake Ontario Section cf the Seaway,"
United States Department cf Ccmmerce and the Katiocnal
Cceanic and Atmospheric Administration, (April 1977)

United States_Great_Lakes Pilot. Washington D.C.

United States Departzent of Ccmmerce and the MNaticnal
Oceanic and Atmospheric Administration, [1984) Cnited

States Coast_filot 6. Washington D.C.

- 97 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



83. United States Departuent cf Ccmmerce, {1984) JVessel

frzt

ntrances_apd_Clearances, Annual BReport. Washington:

Eureau of the Census

Intervieus

84. Brohl, Helen. St. Lawrence Seaway Development
Corpcration, %Washington D.C., Interview, 24 Octcter
1986

85. Lewis, Glenn. Executive Director of Trade and
Development, Detroit-#Windsor Port Corporation, kindsor,
Cntario. Interview, 22 October 1986

86. Meeder, Curtis. Regional Econonist, U.S. Army COrfs

of Engineers, Detroit Cistrict, Detrcit, Michigan.

Interview, 8 Octoker 1986

- 98 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The author was bLorn on June 26, 1961, in Nykobing,
Falster, Denmark. His parents immigrated tc Canada in 1962
first residing in Leazington, Ontaric. The author received
his elementary education 1in Anherstburg and Kindscr,
Ontario. He attended F.J. Erennan Higl School in Windsor and
graduated from the University of Windsor in 1984 Honcurs
B.A. in Urtan Studies {Planning). As a graduate student, he
spent his summers employed ty the Windsor Harbour Comnrission
graduating in 1987 from the University of Windsor Master of

Arts in Gecgraphy.

- 98 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



	An approach to port classification: A case study of Great Lakes ports.
	Recommended Citation

	tmp.1506712331.pdf.W2Vg6

