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FOREWORD

A. Purpose

This research represents a first step in the development of
procedures for planning and evaluating deep water port configura-
tions on a systems basis. This effort is a search of the relevant
literature and an evaluation of alternative evaluation strategies.
B. Findings

The report concludes with an evaluation system which integrates
import and export commodity flows with modal split characgeristics
of the flows based upon inland travel and shipping modes. Impedance
to the flows in the transport system would be identified and the
relevant values assigned which would, in a feedback loop, affect the
modal split of trade flows.

C. Assessment

This report presents a practical approach to systems analysis of
the transport network which accommodates international trade flows.
It is based largely on the extension of transportation modeling
efforts in operation in the Corps of Engineers and at other places.
This study was quite limited in scope and scale and therefore should
be viewed as a base for additional work.

D. Status
This research represents the findings, conclusions and independent

judgment of the team of researchers. It is therefore not to be



construed to represent the view of the Corps of Engineers. Policy
and procedural changes which may result from this research will
be implemented by directives and guidelines provided by the Corps

of Engineers through command channels.



ABSTRACT

A representative sample of the literature relating to the analy-
sis of multiport deep draft transportation systems is reviewed, for
the purpose of defining the major fields requiring investigation and
identifying the methodologies which hold promise for use by the Corps
of Engineers. Quantitative models for economic forecasting, shipping
operations studies, and port planning and design are included in the
survey, as well as several large-scale comprehensive transportation
planning models. The literature survey is keyed to an abstract
formulation of an integrated system of models for multiport planning,
and the resulting package constitutes a set of preliminary specifica-
tions for development of such a model system. An annotated biblio-
graphy and a computerized bibliographic index are included in the

report.,

-gi-



CONTENTS

ABSTRACT . . & v v & & v o« 4 &« &

LIST OF FIGURES . . & &« « « & &

FOREWORD . . . . &« ¢ « o o o + &

I.

II.

III.

IV.

INTRODUCTION . . . « « .+ &
Scope of Work . . . . . .
Study Objectives . . . . .

Research Approach . . . .

A MODEL SYSTEM FOR MULTIPORT

ANALYSES .

Strategy for Multiport Analyses . . . .

Transport Demand Models .
Transport Supply Models .
Equilibrium Analysis . . .
Discussion . . . . . . . .
METHODOLOGICAL SURVEY . .
International Trade Model
Port Distribution Model .
Traffic Allocation Model .
Port Model . . . . . . . .
Ocean Transit Model . . .
Inland Travel Model . . .

Closure . « « o« « o « « &

EXISTING TRANSPORTATION PLANNING SYSTEMS

PennDOT Model . . . . . .

-1i1i-

16
21
26
29
31
31
37
41
44
46
47
48
50

51



CONTENTS

Harvard Model . . . . .
NECModel . . . « . . .
SRI Plan . « « « o o &«

COE Task Force Report .

Cont.

BERH Regional Harbor Analysis

Discussion : e o o o o

V. CONCLUSIONS AND RECOMMENDATIONS

Recommended Methodological Design

Implementaﬁionnand Research Recommendations

REFERENCES . . . ¢« ¢« « & « &

APPENDIX A  REVIEWS AND ABSTRACTS OF SELECTED ARTICLES

APPENDIX B BIBLIOGRAPHY . .

-dy-

59
62
65
67
70
70
77
79
83

179



Figure

10

11

LIST OF FIGURES

Sfrategy for Multiport Analyses . . «
Multiport Transportation Network . .
Transport Demand Models . . . « « . 4 o
Transport Supply Models . « . « « « o
Demand-Supply Equilibrium Analysis . .
Market Equilibrium . . . « . « ¢« ¢ o o
PennDOT Forecasting Model System . , ,
The Integrated Statewide Transportation
Planning Proc;ss « e o o s s s e @
Schematic Diagram of the Harvard Model
COE System; Analysis Design . « « « o o

Recommended Model System . . . « . .+

-—y—-

17
22
27
28

53

56
57
64

71



FOREWORD

- This study represents the necessary first step in what would
appear to be a relatively long term effort devoted to the develop-
ment of improved ﬁethods for planning and prbgrémming deep water
port improvemenfsloh a systems basis. The orientation of'the study
was toward reviewing ﬁs much of the relevant literature as possible
within the short time and limited resources (approximately 7 man-
months) available for the study, although a small amount of rela-
tively abstract theoretical work was needed in order to provide an
overall framework for the literature survey. The rather modest
scope of effort p;eilﬁded full and detailed treatment of the many
interesting question;.raised, and simply did not permit review of
all the sighificaht references in the field of transportation
science. Nevérthélesé we feel that an adequate base for future work
has been provided, and that the biblicgraphy prepared for this study
can be easily augmented as specific modeling problems arise.

The work described herein was performed by the Pennsylvania
Transportation and Traffic Safety Center (PTTSC), an interdisciplin-
ary research unit of The Pennsylvania State University, for the U.S.
Army Corps of Engineers, Institute for Water Resources, under con-
tract number DACW31-71-C-0100. The contract period was from 4 June
to 4 November, 1971. PTTSC personnel who participated in this study

were the following:



Joseph L. Carroll, Principal Investigator
Head, Transportation Systems Division, PTTSC

and Professor of Business Administration

Michael S. Bronzini, Project Director

Research Assistant, Department of Civil Engineering and PTTSC

John C. Hayward

Research Assistant, PTTSC

John E. McLauchlan

Graduate Assistant, PTTSC

John S. Keffalas

Graduate Assistant, PTTSC
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I. INTRODUCTION

The Center for Economic Studies, Institute for Water Resources
(IWR), Corps of Engineers is conducting a study to develop the
methodology for a systems approach to the evaluation of future deep
draft navigation improvements. The first phase in this study is the
preparation of a '"'state-of-the-art" report, depicting the present
situation regarding methodology and available mathematical models,
and including an annotated bibliography, a critique of existing
models, and proposals for feasible approaches to later phases of the
study.

‘ IWR contracted with the Pennsylvania Transportation and Traffic
Safety Center (PTTSC) of The Pennsylvania State University to conduct
this phase I study, under contract number DACW31-71-C-0100. This
document constitutes the Center's final report concerning the re-

éearch carried out under the contract.
SCOPE OF WORK

The basic intent of the IWR study 1s to develop procedures for
estimating the economic efficiency of particular plans for navigation
systems and to derive information from such analyses concerning the
cost-effectiveness of Corps investments. The analytical capabilities
to be developed will aid in addressing such questions as:

1. the efficient use of inland and deep draft navigation facili-

ties;



2. relationship of the inlanq waterways to major port develop-
ment ;

3. optimal budget allocation between maintenance and repair
and new conséruction, and between locations;

4. how existing or proposed transportation systems could be
altered by alternative schemes for consolidating, loading,
and moving freight.

The PTTSC, in phase I of the study, assessed the methodologies
which may be applicable to analyzing the economic efficiency of
navigation improvements as elements of the Nation's transportation
system.

The investigators recognized that other related studies are under-
way both within the Corps of Engineers and elsewhere. IWR is conduct-
ing other studies in the field of transportation. A task force in the
Office of the Chief of Engineers (OCE) considered the question of sys-
tems analysis as it may be applied to inland transport, and recommended
coﬁtinuation of its work in a transportation analysis branch to be es-
tablished in OCE. Further, the Department of Transportation (DOT) is
currently conducting a national transportation needs study. In view
of this related work, and in order that the present study might make a
maximum contribution to the overall efforts described above, the pri-
mary orientation of this study was toward the analysis of multiport
deep draft harbor facilities.

The term '

'multiport” in the preceding sentence indicates the type
of systems viewpoint which was adopted for the study. The Corps of

Engineers is being continually petitioned by local interest groups for

-2



harbor and channellimprovements, which often require substantial in-
vestments. A proper evaluation of such proposals requires a con-
sideration of a particular project's impact upon the complementary
and competing transport facilities provided by other ports serving
the region. That is, the contribution of a particular project to the
total deep draft transportation needs of a geographical area is the
relevant topic to be investigated. Hence the overall IWR study is
directed toward developing the analytical tools needed for such in-
vestigations.

It should be noted that the investigators also anticipate that
some of the models and techniques disclosed by this research may be
applicable to inland waterway transport and to other transportation
modes. Such obvious transfer possibilities should not be neglected
in reviewing the study results. In summary, the scope of work of
this study was distinct from but complementary to other ongoing ef-

forts in the general area of transportation systems analysis.

STUDY OBJECTIVES

Within the scope outlined abbve, the specific objectives of this

study were the following:

1. to review the published literature, and as far as practical
the unpublished, relating to the analysis of multiport deep
draft transportation systems;

2. to define the major fields requiring investigation and to

identify the methodologies which hold promise as analytical



tools, keeping in mind the needs of the Corps.

RESEARCH APPROACH

Research Tasks

The stddy objectives were achieved through the accomplishment of
the following tasks:
1. Problem dgfinition;
2. Identification of possible solution strategies;
3. Literature survey;
4. Preliminary methodological design.
" The following paragraphs set forth the manner in which eécﬁ of

these tasks was performed.

Task }: Problem Definition
In order to provide a set of guidelines for conducting the litera-
ture survey called for in the first objective, it was first necessary
to define exactly what the systems analysis methodology is intended to
accomplish. 1In particular, the system of concern had to be clearly de-
limited. 1In the context of navigation, the word "system" might have
some or all of the following definitions:
a. the set of physical, economic, and institutional factors which
interact to determine the supply and demand characteristics of
a particular navigation project;
b. a set of interconnected navigation facilities, including chan-
nels, ports and harbors, and terminal facilities;
c. the set of transportation facilities serving a defined market

area.



Other key elements requiring some definitional work included the
planning horizon, the level of detail of the analysis, and the types
of questions to be put to the methodology. Task 1 was devoted to
clarifying and formalizing these and related concepts.

To accomplish task 1, project personnel held a series of dis-
cussions for the purpose of formulating an initial problem defini-
tion. Subsequently a meeting was held with IWR and other interested
Corps representatives to review and agree upon this definition, and
to obtain Corps inputs into task 2. The results.of task 1 are re-
flected in the scope of work defined previously, and in the system

conceptualization advanced in Chapter II.

Task 2: Identification of Possible Solution Strategies

Task 1 produced a statement of the problems, and the constraints
upon solving them. Given these specifications, the job of task 2 was
to delineate the procedures which might be used in obtaining solu-
tions. In its broadest sense, this task was intended to set up the
general framework of a system of analytical models to be used in
attacking the problems defined in task 1. Such a framework was needed
to indicate the function and output of each model, as well as the rela-
tionships between models.

fask 2 was accomplished through a synthesis of the general trans-
portation planning expertise of project personnel and the inputs pro-
vided by Corps representatives at the meeting discussed under task 1.
The resulting general methodological formulation is the subject of

Chapter II of this report.



Task 3: Literature Survey

Upon completion of tasks 1 and 2, it was possible to intelligently
survey the existing body of literature regarding both the individual
models and similar model systems. Applicable studies were found in the
following areas, among others:

business and military logistics

civil engineering

economics

geography

operations research

transportation planning

water resources

Primary sources for the literature survey were the University
libraries and the speciaiized collection maintained by the Transporta-
tion and Traffic Safeéy Center. In addition, two information retriev-
al systems which maintain abstracts and resumes of completed and
current research projects were utilized. These were the Maritime Re-
search Information Service, which is administered by the Highway
Research Board, and NTISearch, which was recently instituted by the
National Technical Information Service of the U.S. Department of Com-
merce. The latter system contains abstracts of technical reports
produced from Government-funded research and development projects re-
leased since 1964.

The liteéature in the area of transportation systems analysis and
planning is voluminous, and it was not possible to survey all of it

within the scope of this study. However, many of the earlier studies
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in the field developed basic knowledge and techniques which are well

known to transportation planners and researchers, thus precluding the
need to extensively survey that body of material. Further, most of the
research performed to date has been oriented toward passenger transpor-
tation, while the present study is concerned primarily with commodity
movements. Hence the scope of the literature survey was restricted.to
studies of freight transportation. Since a significant body of materi-
al was found in this area, models constructed for passenger transporta-
tion analyses were included only to a.limited extent. Several appli-
cable models devised for non-transport phenomena, particularly in the
field of economic forecasting, were also reviewed.

It became obvious rather early in the literature search that a
large number of pertinent references would be found. Hence, in order
to facilitate retrieval, review, and processing of the references, a
computerized bibliography was created, using the KWIC/360 bibliographic
information system devised by the IBM Corporation [l].1 The complete
project bibliography is contained in Appendix B.

Following compilation of the bibliography, the most relevant docu-
ments were obtained for further study. Reviews and abstracts of these
publications are contained in Appendix A. These reviews formed the
basis for assessing the array of techniques currently available for a
multiport analysis methodology. This state—of-the-art review is the

subject of Chapters III and IV.

lNumerals in brackets refer to corresponding items in the list of ref-
erences.



Task 4: Preliminary Methodological Design.

The purposé of this task was to update and refine the framework
proposed in task 2, based upon the information .yielded from task 3.
The literature.search revealed methodological approaches which were not
considered previously, and showed that some of the models and model
interrelations may have been ‘'inappropriately structured. Further,
task 3 delineated the relative staté of advancement of alternative model
formulations. Thus, task 4 was needed to synthesize the study results
into a tentatively recommended methodological design, which is given in
Chapter V. Recommendations pursuant to implementing the methodology are

also given in Chapter V.



II. A MODEL SYSTEM FOR MULTIPORT ANALYSES

At the conclusiaﬁ of task 1 of-this stu§y, the problem'facing
the Corps of Engineers was defined as '"the development of a method-
ology to analyze a multiport, deep draft transportation system."
Task 2 called for the identification of possible solution strate-
gies. Accordingly, a preliminary ‘formulation of a model system for

multiport analyses was devised, and is presented in this chapter.
STRATEGY FOR MULTIPORT ANALYSES

Before formulating the specif;c models required for the analysis,
it is helpful to first construct ; formal statement of the overall
strategy to be employed. Figure 1 illustrates one possible form of
such a statement. Other diagrams of the processes involved in
multiport analyées could be drawn, but all would contain essentially

the same general set of procedures and interrelationships.

Preliminary Steps

The several boxes at the top of the diagram indicate the steps
which must be completed prior to the exercising of the system of
analytical models. (Note: this dées not preclude the possibility
that some of these initial steps may themselves be mathematical

models.)

1. System Definition
As a starting point, the particular ports to be included in the

analysis must be specified. Next, the commodities moving through

-9-



< START )

W N
o
N
o
SRS
— d
Forecast Forecast Formulate
Exogenous Fleet Char- Alterna -
Variables acteristics tives )
ﬁ
v v 9
Transport Transport ,\\(,V‘
Demand Supply »
Models Models 9&90,5
&
Equilibrium
Analysis
/
g )
X \\@6
Evaluation
Model 1 Eq\/g\\QQ
Q\\
DECISION
MAKERS

FIGURE I. STRATEGY FOR MULTIPORT ANALYSES.

-10-



these ports must be identified. It will probably be sufficient to

include only the set of commodities which account for, say 90%Z of

the total import/export activity‘at the ports, e.g., pgtroleum, coal,

grain, iron and steel products, and general cargo. Given the

commodities and ports, the following may then bé determined:

. (a) The actual inland origins and destinations of the commodity
shipments;

(b) The foreign terminal areas of the shipments.

The inland origins and destinations, referred to as ''modes"
throughout this report,'will collectively define the boundary of the
hinterland region of the multiport system.. This regioﬂ may be
different for each commodity, but rather than working with numerous
boundaries, it will probably be advantageous to select the envelope
boundary as the hinterland demarcaéion line. Certain nodes will
then simply not enter into the analysis for some commodities.

Only a limited number of foreign terminals (say, four or five)
need be defined. Each such terminal will thus represent the port
complex serving a broad geographical area.

Figure 2 depicts schematically the multiport transportation
network defined via the above considerations. Note that each node
is connected to each port by an inland travel link, and each port
to each foreign terminal by an overseas travel link. Obviously, the
ports may also be nodes, in which case two network entities are defined
at one location (i.e., the lines connecting the ports in the figure
actually connect a node at a port city to a competing port).

In the formulations presented below, it is assumed that the

system has been defined to consist of I nodes, J ports, and M foreign

-11-
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1 , .
terminals. Corresponding lower case letters are used to refer to

specific system elements.

2, Forecasts

Forecasts (or, for an existing conditions analysis, surveys) of
the several classes of variables which enter into the analysis must
be prepared. The characteristics of the transport fleet whiéh will
utilize thé'port system must be known or estimated. Quite possibly,
forecasts of inland transportation characteristics might also be
required, depending upon the specific form of the analytical model
syséem. Also, several exogeno;s (i.e., non—transportatioﬁ) variables
will usually enter into the determination of transportation demand. -
These might inciude sucﬁ things as‘GNP, industrial and agficultural
production, population, employment, personal income, etc. The
particular items needed depend upon the specific requirements of
the analysis models.

The time frame for the analysis will have a great affect upon
the selection of forecasting methods and upon the confidence which
may be placed in the analytiﬁal results. Traditionally the Corps
has used a relatively long study period, e.g., 50 years. This figure
should be regarded as an upper limit for a multiport analysis. It
may be more realistic ta use a time period which corresponds more
closely to the economic lives of the ships which will utilize the

proposed harbor facilities.

lln Figure 2, note that I = 8, J = 3, and M = 2,
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This forecasting job is a large and important one, and should
not be treated lightly. In many instances, forecasts of inland
transportation and exogenous variables will be available from other

agencies.

3. Alternatives

Finally, it is necessary to have available a set of alternatives
to be analyzed. Several alternatives will undoubtedly already exist
as the reasons for which the analysis is being undertaken in the
first place, but these will usually not exhaust all the reasonably
attractive projects. In addition, the "do nothing" alternative should
always be included.

The usual set of alternatives considered by the Corps consist
of channel deepening or widening. Other alternatives include such
things as lightering and offshore terminals. Alternative locations
for specified facilities (e.g., container handling equipment) might
be analyzed within this methodological framework, as well as proposed
investments (both public and private) to increase port efficiency.

One important class of alternatives generally overlooked involves
the question of industrial location. It appears that many firms
decide to locate near a particular port on the assumption that the
requisite navigation facilities will be provided as needed. The
existence of transport demand generated by these firms is then used
as economic justification for channel improvements. A sounder analysis
procedure would include as an alternative possible relocation of

industrial activity.

-



Figure 1 shows an interaction betyeen formulation of alterna-
tives and forecasqing transport fleet characteristics. Obviously the
type of equipment utilizing a port depends largely upon the navigation
facilities provided (e.g., channel depth affects the distribution of
vessel sizes). Conversely, development of new vessels generates pres-
sure for new facilities. These interactions must be taken into account

in the preliminary stages of the analysis.

Analytical Models

The three boxes in the center of Figure 1 represent the analysis
procedures which are normally employed for transport systems planning.
Transport demand models are used to estimate the total transportation
requirements which will be imposed upon the system. Transport supply
models estimate the response and cost characteristics of the system in
meeting this demand. ‘Demand and supply must be bfought together in an
equilibrium analysis,'as they jdintly determine the level of transport
costs. Succeeding sections of this chapter treat more thoroughly the

demand, supply, and equilibrium models.

The Planning Function

The results of analyzing each alternative are ultimately input
to an evaluation model. This may range from a simple unidimensional
ranking scheme to something complex such as multiple ranking, mathe-
matical programming, or decision theoretic techniques. The evalua-
tion results may suggest some alternatives which were initially

overlooked, hence the uppermost feedback loop shown in Figure 1.
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Further, the data and results developed in the analysis may be
used to help formulate additional alternatives. For example, the
import/export flows (between nodes and foreign terminals) might be
input to a model which selects optimal port 1ocations.2 These
results could prove helpful in structuring a program of major port
investments.

The final evaluation output 1is passed as a set of conclusions
or recommendations to the decision making body. The decision makers
may accept the analysis as complete, or perhaps ask for an analysis
of some additional alternatives as shown by the lower feedback loop
in the figure.

The remaining sections of this chapter are devoted to a formula-
tion of the analysis models which one might use within the strategic
context described above. For the most part an abstract mathematical
representation is used, simply to indicate which important system

variables are dependent upon which other variables.
TRANSPORT DEMAND MODELS

The transport demand models, shown in Figure 3, consist of an
international trade model and a port distribution model. The former
predicts the import/export activity at each node in the region, while
the latter determines the distribution of this traffic among the

system's ports.

2Models developed for optimizing factory or warehouse locations may
be applicable here.
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. . International
Zijmk, 2] imk o1 Trade
Model
Oimk, Dimk
.\ .. Port
Zijmk, Zjimk  Distribution
' | Model

Oijmk , Djimk

FIGURE 3. TRANSPORT DEMAND MODELS.

-17-



International Trade Model

The international trade model may be formulated as follows:

(1 o

£ (E ) 1 =1, .uu, I

1mk 1* Reo Zygme

Dy = 8 (Efs Ry zjimk) =1, veuy J

k=1, ..., K
where
oimk = tonnage of commodity k exported from node 1 to terminal m
Dimk = tonnage of commodity k imported to node 1 from terminal m
Ei = vector of exogenous variables for node 1
Ri = vector of regional variables for node i

zijmk==impedance associated with exporting commodity k from node i

through port j to terminal m

zjhmk= impedance associated with importing commodity k to node i
through port j from terminal m

K = total number of commodities.

Of course, a specific formulation of the model may require additional
variables not presently included in equations 1, but the primary vari-
ables are those shown.

The E and R vectors input to the model are provided by prior steps
in the analysis (see Figure 1), and are meant to include all variables
which affect the import/export activity at a node. These might include
such factors as population, industrial character, number of financial
institutions, resource supplies, commercial enterprises, etc. Al-
though not shown, the model might also require vectors Em, giving the

relevant characteristics of the foreign terminals. The exact variables

-18-



included must be determined through experimentation.

The Z values are some measure of the cost of importing or
exporting through a particular port, including the inland, transfer,
and overseas portion of a shipment's journey. These values orginate
elsewvhere within the model system, although initial estimates must
be supplied as a starting point. They are included to show that deep
draft transport demand may well be dependent directly upon shipping

costs.

Port Distribution Model

The port distribution model is formulated as follows:

(2) Oijmk = f (Oimk’ zijmk) i=1, ..., I
Djimk =g (Dimk’ zjimk) =1, «..,J
k=1, ..., K
m=1, ..., M
where
0:ijk = export tonnage of commodity k from node i shipped through
port j
Djimk = import tonnage of commodity k shipped to node i through
port j

and the remaining variables are as defined for equations 1.

Note that the primary inputs to this model are the Oimk and Dimk
values predicted by the international trade model. Not shown is the
possibility that Oijmk and Djimk may be functions of the total import/

export activity at port j (or some other attractiveness factor), but

this can easily be added to the model if desired.
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Again, as in the international trade model, the transport

impedance measures Z and Z are included as explanatory vari-

1jmk Jimk
ables. Given rational behavior by shippers, it would appear that
estimates of transport impedance provide the only logical basis for

selecting one shipping route over another.

Alternate Formulation

It may pro@e more feasible to let the international trade modél
predict only the total tonnage of each commodity imported and export- ’
ed at nodes and foreign terminals. The distribution model would then
work with supplies and demands, rather than with international flows.
The final output would be unchanged, but the revised mathematical

formulation is as follows:

(la) O £

1k = £ (E

10 Ry Zygm)

Dy = 81(Ey» Rys Zy0my)

(1b) 0mk = f2(Em, Zjimk) m=1, ..., M
Dmk = gz(Em, zijmk) k=1, ..., K
subject to
I M
(le) Z Oik = I Dmk k=1, ..., K
i m
I M
X Dik = I Omk
i m
in which Oik is the tonnage of commodity k exported from node i, etc.

Equations lc express the condition that total domestic exports must

match total foreign receipts and vice-versa, i.e., a closed system is
assumed. For an open system, equations lc would be deleted,
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and foreign receipts would become a factor in the equation for
domestic exports, etc.
The distribution model is then formulated as:

(2a) O

£(0 ) i=1, ..., I

1jmk 1k Pmk* Zijmk

D =g(D,,,0,, 2 ). i=1 ..., J
jimk ik’ "mk’ “jimk
m=1, ..., M

k=1’ .l.’K
TRANSPORT SUPPLY MODELS

Figure 4 illustrates the supply model segment of the multiport
analysis model system. The purpose of the transport supply models
is to predict the transportation impedance measures (Z-values) re-
quired as inputs to both the demand models and the evaluation process.
This is accomplished by a port model and two travel models (inland
and ocean). An interfacing step, the traffic allocation model,

is also required.

Traffic Allocation Model

The output of the transport demand models is the commodity flow
through each port in terms of tonnage. Port operations, however, are
most conveniently modeled in terms of vessels. The task of the
traffic allocation model is to convert the tonnage flow into vessel
handling requirements.

The traffic allocation model may be represented mathematically”

as:
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3) v = f (0.j m=1, ..., M

F)) =1, viey J

where
ijs = number of class s vessels departing from port j for terminal
m
ijs = number of class s vessels arriving at port j from terminal m
Fs = vector of fleet characteristics for class s vessels
s = total number of vessel classes
and oijmk’ Djimk are defined by equations 2.

In addition to simply making tonnage-to-vessel conversions, the traf-
fic allocation model must be capable of handling situations such as
(1) multiport vessel itineraries and (2) lightering and topping opera-

tions.

Port Model

The port model utilizes vessel demand and port characteristics to
derive~estimates of the transportation impedance at a port. 1In
mathematical terms:

4 p,.=£(V W, s A)

LY
]

1, «.., J

3 jms® “jms’ 7j
where
Pj = impedance at port j
A.j = vector of characteristics of port j for the alternative under
analysis
and W are derived from equations 3.

vjms’ jms
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Quite possibly, this model and the traffic allocation model could be

combined into a single model.

Ocean Transit Model

This model is included in order to derive measures of the

transportation impedance accruing to the overseas portion of the trip.

Mathematically,
(5) ijs =rf (yjms’ ijs, Fs) J=1, cees J
where
ijs = ocean transit impedance for class s vessels passing’through

port j and terminal m and the remaining variables wefé defined pre-
viously.

Under conditions where no vessel availability constraints are con-
sidered, the F vectors are the primary explanatory variables, while
variables V and W are used primarily as weighting factors. If, on the
other hand, ship availability is taken into account, this model would
have to be exercised in concert with the port model. The combined
port and ocean transit models (and possibly the traffic allocation
model also) wAuld then be more appropriately termed a vessel scheduling

model.

Inland Travel Model

To complete the set of impedance measures, the inland travel
segment of a shipment's journey must also be considered. An inland
travel model may be formulated as:

(6) X

£f (0

ijk 1mk® Djimk’

ink =g (oijmk’ Djimk) j=1, ..., J
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where

xijk = inland impedance for commodity k shipped from node i to
port j
ink = inland impedance for commodity k shipped from port j to .

node i

and other variables are as defined previously.

Initially, the inland travel model should be kept very simple.
One might assume that the import/export tonnage traveling over inland
transportation routes is such a small part of the total traffic on
those routes that the inland impedances are essentially constant.
Alternatively, simple impedance vs. flow functions might be derived
in order to prevent drastic oscillations and lumpiness in the inland
flow route predictions. Traffic and impedance estimates from other
agencies will be very useful inputs to this model. Development of a
comprehensive inland transportation model is clearly beyond the scope

of a multiport analysis.

Combining Impedances

The impedance estimates produced by the three models described

above must be combined to produce the required total impedance measures

M

zijmk and zjimk' This process may be represented as
(7) Zijmk = f (xijk’ ijs, Pj) i=1, .., I m=1, ...,
Zjimk = f (ink, ijs’ Pj) i=1, ..., J k=1, ..., K

where all variables have been defined above.
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EQUILIBRIUM ANALYSIS

The demand and supply models are combined into an iterative
equilibrium analysis as illustrated in Figure 5. Initial estimates
of transpoftation impedances are input to the demand models. The
demand and supply models are then run in the sequence shown, result-
ing in the output of revised impedance measures. These revised
impedances afe'inpuf to the demand models, as indicated by the feed-
back loop in the figure, and the entire cycle is repeated. Iterqtions
are continued until some preset impedance convergence criterion is
satisfied. That is, iterations aré stopped when

® Z(n) ~ Z(n-1)

Z(n)

where n is the iteration number and E is the error tolerance value.:

. This equilibrium concept may also be illustrated with the
familiar demand and supply schedules of economic theory, as shown in -
Figure 6. One could run the demand models for a wide range of impedances
and generate curve DD”, and the supply models could be run for a range
of demands té generate curve SS”. The poinf of Intersection of these
curves then determines demand and supply Q;, and impedance Z*. The
approach advanced in the preceding paragraph is akin to following path
abcdefghij to arrive at a point reasonably close to (Q*, Z*). Unfortun-
ately, the problem is not two dimensional. There are many different
impedances and demands to consider, so the demand and supply curves
are actually multidimensional surfaces, the intersection of which is
most readily found by the iterative modeling technique described above.
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DISCUSSION

The model system for multiport analyses described above is
presented as a rational basis upon which more detailed and specific
model formulations may be built. It is to be expected, however,
that further model development efforts may alter somewhat the overall
analysis structure.

A reader familiar with transportation models in general will
recognize many similarities between this model system and other large
scale modeling efforts, including:

1. The Penn State Methodological Framework

2. Harvard Model

3. Northeast Corridor Transportation Project Model

4. Urban transportation planning models.

Many of the concepts are also similar to those proposed by the Board
of Engineers for Rivers and Harbors in their multiport analysis
prospectus. A review of these systems studies and their relationship
to the present methodology is presented below in Chapter IV.

One problem not addressed in the model description is the modal
split issue. Competition between air freight and ocean shipping may
require introduction of a modal split element into either the traffic
allocation model or the demand models.3 Similarly, the inland travel

model may have to consider modal split for some commodities.

3Some recent research sponsored by IWR [2] suggests that discriminant
analysis is a promising approach to this problem.
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Another question heretofore avoided 1is that of coastwise
shipping. 1In a completely general formulation, the possibility
that each commodity could move from any inland node to any other node
via deep draft transport would have to be considered. This would
entail estimation of total internodal commodity flows, and then
modal splitting between deep draft vs. inland modes. From a more
practical viewpoint, however, it is unlikely that coastwise shipping
involves very many nodes or all commodities. Thus separate estimates
of coastwise commodity movements can be made and added to the model

as another type of demand upon port facilities.
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III. METHODOLOGICAL SURVEY

This Chapter presents a summary of the quantitative techniques
disclosed in the literature survey (task 3) which appear to be useful
for developing the variéus models delineated in Chapter II. The
mathematical representation of Chapter II is eschewed in favor of a
descriptive treatment; for precise mathematical formulations of the
techniques discussed below the reader should refer to the source docu-

ments cited.

INTERNATIONAL TRADE MODEL

A model system for multiport analysis requires, as one of its
elements, a model for projecting commodity flows. As this study is
primarily concerned with deep water coastal ports, these projections
essentially become predictions of imports and exports passing through
the ports in the system. Since investment in port development is
deemed long term — 50 years - the projections of imports and exports
must also be of a long term nature. However, it is assumed that all
forecasts will be continuously compared with actual growth as time pro-
gresses and adjustments made as required. The problem to be faced,

then, is how to forecast commodity flows over the long term.

Forecasting Techniques

A literature survey on the subject of forecasting reveals that the

greatest emphasis 1is placed on short term periods (quarterly to two
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years); long term forecasting is not promulgated in the literature.
When one finds a reference to "long term" projections, the usual time
period contemplated is 5 to 10 years.

Jacob Mincer of the National Bureau of Economic Research has com-
piled a text [3] on the subject of economic forecasting. However, the
forecasts discussed are, in the majority, quarterly. The United
Kingdom (U.K.) does forecast imports with a fair degree of accuracy,
but only for a maximum time span of two years [4]. U.K. attempts to
forecast exports [5] were not as successful, due to the many exogenous
factors related to world demand. The Organization for Economic Co-
operation and Development conducted a survey of forecasting methods
used by its member countries [6]; once again the time span of most
forecasts was one calendar or fiscal year.

Almon [7j constructed a forecasting model for the U.S. with a 7
year time span. However, exports as well as total labor force and
capital replacement‘vafiables were assumed known in advance and, when
empirically tested, significant errors were found.

Herman Kahn and his associates at the Hudson Institute have at-
tempted to construct a framework from which to fore;ast the last third
of this century and, within lfmitations, the first third of the next
century. Their work [8] includes projections and conjectures of most
characteristics of the U.S.A. and the rest of the world.

Scientific methods of forecasting are generally well developed.
Basically there are three methods, as follows, ranked in the order of

computational ease:
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1. Trend Anaiysis;

2, Multiple Regréssioh Analysis;

3. Model Building.

Trend analysié comprises two steps. First, a trend line is
generated by analyzing historical data. Mathematical tools such as
moving averages, exponential smoothing, and least squares methods are
easily applied to historical data to generate a trend line which can
take linear or other more sophisticated forms. Second, the trend
line is extended to some given future time and the dependent variable
is thus determined.

Multiple regression analysis 1s a statistical tool designed to
yield a mathematical function which relates a dependent variable
(e.g., imports) to one or more independent variables (e.g., GNP,
Stockbuilding). The U.K. successfully used this méthod for forecast-
ing imports [4]. Using historical data from the years 1955 to 1964,
the following function was derived:

(9) M - 0.19F = ;136.3 + 0.518 + 1.938t + 0.279D
where,

M = Imports of goods and services;

F = Final Sales or Consumed Demand;

S = Stockbuilding

t = Time trend

D = Difference between National Expenditure and an estimate of

GNP.
(Other functions were experimented with; the above is included only as

an example of the method.)
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When empirically tested, the method proved accurate to within
approximately 1% over the short term of 1-2 years. However, as inputs,
the future values of the independent variables need to be known with
relative accuracy. When looking into the long term thig presents
serious problems.

‘Model building is the most sophisticated and complex method
available. Models such as the 500 x 500 sector input-output model used
by Professor Wassily Leontief of Harvard, the Brookings Institution .
model, and the model maintained by the Economic Forecasting Unit of the
Wharton School of Finance and Commerce might be used [9]. However, all
of these models are extremely complex and, as the forecasting time span
is lengthened, their accuracy declines.

The models mentioned above are all macroscopic in nature. A
second class of models are those which may be derived from microeconom-
ic tbeory. A gqoq review of the past research in this area, as well
as some promising new approaches, may be found in a recent report to
IWR by the Econometrics Center at Northwestern University [2]. Brief-
ly, such models attempt to include the effects of spatial separation
in determining the firm's supply schedule. The major difficulty in
attempting to apply these models is that they all require market prices,
marginal costs of production, and transport costs to be known. Also,
the analysis is usually restricted to the output of a homogenous com-
modity by a single firm for sale in a well defined market, making the
development of aggregate commodity flow totals an exceedingly laborious

task.
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Data Considerations

Collection of data presents another problem in making origin-
destination tonnage projections. The data required are annual fig-
ures of commodity flows between givén origins and destinations of the
multiport system. These data should be stated in terms of commodity
type--grain, petroleum, general cargo, etc. -- by weight and volume.
Before 1959 there existed no data in any complete and collected form
for routings from actual points of origin of an export to the ports of
exit, thence by water transport to the foreign terminal. Likewise, no
import dafa were available for consignments traveling from overseas
ports of shipment to U.S. ports of unloading, and thence to interior
points of ultimate destination. Various Bureau of the Census studies
[10, 11, 12] have helped to partially alleviate this data gap. Tonnage
statistics for import and export commodities at all U.S. ocean ports
are puﬁlished in annual reporﬁs of U.S. Waterborne Commerce [13}.

Within the confines of the present study, the data problem can
only be mentioned. A more thbrough investigation is required in order
to (a) determine what data are actually required, and (b) the avail-
ability of these data. It goes without saying that invalid or unreli-
able data will drastically affect any commodity flow forecasts, however

derived.

Evaluation
. The topic of economic forecasting is a complex-and much debated
one, and it was not possible within the limited scope of this study to

resolve the key issues sufficiently to make any specific recommendations
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regarding forecasting techniques. In lieu of these, some general
observations and guidelines are offered.

The single most important point-to consider is that any forecast,
regardless of the ingen;ity of its methodological underpinnings, rep-
resenés at best an educated guess about an uncertain future state of
nature. Given this scenario, a wise course of action 1is to prebare
several sets of forecasts under alternative assumptions. The sensi-
tivity of the ultimate plan or decision to forecasting errors can then
be examined and incorporated into thé decision making process.

Secondly, it is not altogether clear that the Corps of Engineers
should bé burdened Qith the sole responsibility for making forecasts
of international trade. The basic data going into such forecasts are
likely already being collected by other agencies, and the forecast re-
sults‘will be useful for purposes other than multiport navigation
analyses. Hence it would appear that an interdepartmental cooperative
effort at the Federal level would be appropriate. This would also
insure the compatibility of trade forecasts being used by different
governmeﬂtal agencies.

Finally, import/export forecasts for selected commodities and
industries have probably already been prepared by various public and
private interests (e.g., the U.S. Department of Agriculture's grain
marketing analyses). The Corps should take full advantage of all

such sources in developing an international trade model.
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PORT DISTRIBUTION MODEL

As stated in Chapter II, the port distribution model determines
the commodity flows into and out of each port, given the import/export
activity at each node and foreign terminal. For most shipping studies
appearing in the literature, this result is assumed to be known.
However, two articles pertaining to this problem were uncovered.

Mickel and Rathbone [14] describe a network approach to a trans-
portation system that 1is analagous to the network of Figure 2. The
primary objective of the Mickle and Rathbone transportation system
model is to help schedule the flow of a product through the network so
as to minimize costs and meet a time deadline. Some of the constraints
assumed in their model include limitations on port capacity and storage
as well as certain delivery dates, shipping dates, and ship capaci-
ties. Rail is used as the transportation mode on land while ships are
used at sea. No capacity constraints are assumed on any mode for any
section of the network and the impedance or resistance of a given sec-
tion of the graph is measured in dollars/ton and the transit time in
days. Since the system is time dependent, dynamic programming is used
for solving the problem.

"Discrete Programs for Moving Known Cargos from Origins to Destina-
tion on Time at Minimum Bargeline Fleet Cost" [15] is N. L. Schwartz's
article on a specialized case of the Transportation Problem. Considered
in this article are the actual mechanics of scheduling certain size or
type barges and towboats for certain trips on certain branches of the

network. The objective, as in the standard Transportation Problem, is
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to minimize the overall cost of moving the commodity from the origins
to the destinations. The method also gives a complete schedule of
where and when each barge and towboat should be at any given time
during the scheduling period.

Most of the other references dealing with cargo routing are con-
cerned with multiple port itineraries, and hence might be classified
as fleet scheduling models. For the purposes of this study, such
models are more closely assoclated with traffic allocation, and are
described in a later section of this chapter.

Some techniques which have been successfully used for urban trans-
portation planning also appear to be applicable here. In particular,
the network minimum path model can be used to select the particular
port through which a given shipment is likely to move. This procedure,
which was first developed by Moore for routing messages through com-
munication networks [16], is based upon the premise that each shipper
will select that path through the network which will minimize total
origin-destin (0-D) impedance.

If'it is assumed that impedance varies with the volume of shipments
using a particular port, as is the case in this study, the Moore al-
gorithm must be combined with an equilibrium route choice principle,
such as that proposed by Wardrop [17]. This principle states that if
more than one route is used between a given O-D pailr, then the im-
pedances via each route must be equal and less than that of any unused
route. That is, in equilibrium shipments between a given origin and
destination will be apportioned among the available routes such that

no shipper can reduce his O0-D impedance by shifting to another route.
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The combination of a minimum path procedure and a route selec-
tion and apportionment procedure is generically referred to as

"traffic assignment." A large number of traffic assignment techniques
have been developed, and are well documented in the literature [18,

19, 20, 21].

Alternative Formulation of Demand Models

In the alternative formulation of the transport demand models
posed in Chapter II, the international trade model is called upon to
predict only the import and export tonnage of each commodity at each
node and foreign terminal, rather than the 0-D pattern of commodity
—flows. The forecasting techniques reviewed in the previous section
are equally applicable to this task, and require pno revision. In
this context, however, the port distribution model takes on the added
duty of matching domestically produced exports to foreign receipts,
and vice versa.

The articles by Mickle and Rathbone [14] and Schwartz [15] pro-
pose analysis methods which are even more appropriate for this revised
model formulation thén for the original one. Mathematical programming
appears to be a viable method for solving the distribution problem.

In particular, some version of the Standard Transportation Problem can
probably be used to advantage here.

In addition, urban transportation planning again provides a
wealth of techniques which are adaptable to this problem, which is re-
ferred to as the "trip distribution" problem. Trip distribution
models normally assume that the number of trips between a given 0-D

pair is directly proportional to the trips produced at the origin and
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the trips attracted to the destination, and inversely proportional

to the 0-D impedance. The problem then reduces to one of estimating
the proportionality factors. Several such procedures have been de-
veloped, including the gravity model, the interactance model, and the
opportunity models, and are well documented in the literature [20,

21, 22].

Evaluation of Techniques

The selection of procedures for use in the port distribution
model depends to a large extent upon which formulation of the trans-
port demand models is adopted. Based on the review of techniques for
the international trade model, it appears that the alternative demand
model formulation is most appropriate. Economic forecasting has been
performed with the greatest degree of success for imports and exports,
rather than for international O-D flows. Thus the distribution por-
tion of the demand models should be used for both 0-D distribution
and routing through ports.

Assuming adoption of the above recommendation, the choice of a
distribution technique must be somewhat arbitrary at this point. The
mathematical programming approach is firmly grounded upon operations
research theory and is relatively easy to implement. It can, however,
become quite complex and has unfortunate (from an analysis point of
view) system wide optimization connotations. The trip distribution
approach, while conceptually simple and devoid of optimization fea-
tures, is beset with certain theoretical and parameter estimation
problems. For the sake of simplicity, it is recommended that the di;—

tribution model be initially constructed as a linear programming
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transportation problem. Further model development, however, should
give consideration to the trip distribution procedure.

Regardless of which distribution technique is chosen, a network
minimum path algorithm will be an important part of the overall port
distribution model. This is so because all distribution procedures
require estimates of O-D impedance values, which can be derived from

network analysis.

TRAFFIC ALLOCATION MODEL

The purpose of the traffic allocation model is the conversion of
tonnage flows into vessel handling requirements. On the surface this
doesn't appear to be a very difficult task. However much research
has been done on this topic, primarily for the purpose of optimizing
fleet scheduling for an individual shipping company. Many of the
models developed for this purpose attempt to satisfy shipping demands
at least cost within the constraints imposed by delivery dates and
ship capacities. Shipping costs are dependent upon both ocean
travel and port operations. While these models are broader in scope
than the traffic allocation model proposed in Chapter II, they do con-
stitute the existing body of knowledge and experience regarding analy-
sis of shipping activities.

The paper by N. L. Schwartz referenced previously [15] considers
a commodity flow problem where a commodity is available at several
sources and is needed at several destinations. It sounds like a typi-

cal Transportation Problem except that the flow of the commodity is
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constrained by the availability and sizes of ships. The problem,
then, is to schedule the ships available in an optimal way so that
all the commodity demands are met.

Lawrence E. Briskin's article '"Selecting Delivery Dates in the
Tanker Scheduling Problem" [23] describes an algorithm for determin-
ing a program of delivery dates and volumes for multiport discharges.
Dynamic programming is used in solving the algorithm and one size of
tankers is assumed so as to simplify the problem.

Three linear programming models for ship scheduling are des-
cribed by Appelgren [24]. The objective is to minimize transport
costs while getting all cargoes to their destination on time. The
major difference between this approach and the Transportation Problem
is that a ship can carry more than one unit of cargo. The three
linear programming models are similar in purpose but different in
construction. A typical problem using Appelgren's method might have
40 ships, 50 cargoes, and a 60-day period with 4000 variables and
1000 constraints. The ships and cargo used in the model are differ-
entiated by using a large number of parameters to describe them.

A paper by Olson, Sorenson, and Sullivan [25] deals with a prob-
lem of ship scheduling between the West Coast and Hawaii. The model
formulated is a particular model devised for a particular situation.
It does not fall into a neat category such as linear programming, .
network analysis, etc.

Another good article on the general area of scheduling and ship-
ping is I. M. Datz's '"Simulated Shipping" [26]. He covers the area

well by mentioning two examples of simulated shipping and scheduling.
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Although mostly qualitative in nature he does give many good ideas
about what constraints must be considered in formulating models.
His first example is the Matson Navigation Company (which is the West.
Coast-Hawaii shipping company mentioned in the previous article).
The Matson Company model has been in use for the past five years and
is providing management with valuable information which has resulted
in real savings. The other model was developed by the Maritime Ad-
ministrations' staff and Arthur D. Little, Inc. as a research pro-
ject for the Federal Government. This model is much broader in scope
and takes into account-trade conditions in any part of the world. It
is designed for long term use rather than short term. In the formu-
lation of the model ships were considered as dynamic elements while
ports are the passive elements. Ports are considered only as they af-
fect the performance of ships. The ship's time is considered as a
continum made up of five discrete time elements. This type of simula-
tion is known as a critical event model. Natural delays caused by
weather and port overcrowding are also considered within the model.

As is probably apparent by now, many of the fleet scheduling
models just described are very similar. Besldes the ones mentioned,

there are many more available in different technical journals.

Evalqation of Models

The traffic allocation and_ship scheduling problem has been the
subject of a rather large amount of research, and the literature re-
veals a number of techniques available for its solution. It appears
that the scheduling aspect of the problem should be given more at-

tention than originally proposed in the multiport model system, par-
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ticularly since so many solutions are available. Therefore the pro-
posed triad of models -- traffic allocation, port, and ocean transit -—-
should be replaced by one large shipping model making use of the
techniques discussed above. The port and ocean transit models will
still be important submodels, but will have to be exercised in con-
cert with scheduling constraints.

The simpler methods among the ones proposed in the literature
should be adopted for in}pial model construction. If this approach .
proves to be,infeasible, the port and ocean trgnsit models can be
broken out as separate models. The insights gained in attempting to
structure the shipping model would then be useful in constructing the

traffic allocation model as originally proposed.

PORT MODEL

The proposed port model utilizes vessel demand and port charac-
teristics to derive estimates of the transportation impedance at a
port. For all articles reviewed the ship arrival rate was described
as a random process following the Poisson distribution. The basic
strategy for determining the optimal size of a port was balancing
the cost of maintaining a certain number of berths against the cost
of maintaining ships while in harbor. A total cost equation would ﬁe
defined and then attempts to minimize it by various methods would be
made.

"Berth Planning by Evaluation of Congestion and Cost" by Stavros

N. Nicolaou [27] contains a rigorous mathematical development of a
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Poisson queuing model. Also included in the article are some port
parameters defined explicitly by Nicolaou. Congestion and cost
parameters may be used as impedances which can fit into the proposed
port model. Other measures of impedance might include cargo handling
rates and berth maintenance rates. All of these cost factors might
be formulated into a single general impedance equation which can be
adopted to each port analyzed. At any rate Nicolaou's article would
provide a very good starting place for port model formulation.

Kohli [28] describes a very simple mathematical model of a port.
Only the basic operations of a port are considered. Tﬂe effect of
ship turn around time and arrival rates on the movement of ships, the
type of cargo handling facilities, the type of cargo storage facili-
ties, and the rail and road movement of cargo are considered. These
different facilities and their relative efficiencies in carrying out
port operations may be used in formulating impedance equations for
the port model.

Another article which may prove useful in formulating a port
model is Carl H. Plumlee's "Optimum Size Seaport" [29]. A Poisson
queuing model is used to describe the ship arrival rate. Other
parameters used in describing a port include the total number of ships
using the port in one year, the average number of ships present, the
cost of a vacant berth per hour, and the cost of a waiting ship per
hour. Data used in the article were derived from actual port opera-
tions in Central America and Ecuador. The article is primarily a
mathematical modeling of a port based on the previously mentioned

parameters.
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Smith's article "A Functional Analysis of the Ocean Port" [30]
describes port operations and planning in a nonquantitative but logi-
cal fashion. Many flow charts and tables are given which illustrate
the complex interplay of factors which comprise a port. This article
would be especially useful in the initial stages of planning a port-
model. It provides a very broad picture of everything that happens at
a port and how seemingly unrelated activities are, in fact, related.

In summary, it can be seen that most authors have applied some
aspects of queuing theory to the study of port operations. The port
model should be built upon this base, and can also make use of results
reported in the literature pertaining to generalized queuing models,
which could not be included in this survey. If the resulting queue-
theoretic model cannot be solved in closed form, it will probably be
amenable to a simplified simulation treatment. A detailed and com—
plex port simulation model is probably incompatible with the remainder
of the multiport model system, particularly in view of its intended
use as a long range planning tool. -The simple queueing theory port
model can be augmented with more complex processes as the need arises

and as the analyst's understanding of multiport operations increases.

OCEAN TRANSIT MODEL

An ocean transit model is required for the model system in order
to estimate shipping impedances accruing to the ocean voyage segment
of a shipment's journey. Relatively few references to such models

were found in the literature. Most of the more recent papers in the
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field of naval engineering are concerned with such topics as the
effects of wave action and ship squat. Of course the fleet sched-

uling models reviewed above need information on port-to-port speeds
or travel times, but most of these models treat such items as data.
An exception to this pattern is a study recently completed for
the U.S. Department of Transportation by Planning Research Corpora-
tion [31]. Here transport cost and time are related to other ship-
ping parameters. The model developed in the report also predicts
other impedance values, including cargo waiting time, cargo handling
and terminal costs, ocean transit times, and cargo insurance or
claims costs. Hence this ¥eport can be useful for helping to struc-
ture the general shipping model recommended above, or else those
parts of the model dealing with ocean transit can be extracted for

use in a shipping model of different design.
INLAND TRAVEL MODEL

Literature pertaining to inland distribution of imports and ex-
ports was not reviewed in this study. Indeed, development of de-
tailed inland travel models for the various modes clearly cannot be
attempted within the scope of a multiport analysis. The recommenda-
tions of Chapter II hold firm, i.e., magimum reliance must be placed
upon published data and upon inputs from other federal agencies.
Average values for impedance should probably be used, with no attempt
to relate impedance to cargo flows. Examples of possible sources

for this information include the widely used work of Meyer, Peck,
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Stenason, and Zwick [32] and some recent research by DeSalvo and

Case for IWR [2, Vol. 2].

CLOSURE

It is evident throughout this chapter that a great deal of
research pertaining to the several elements of a multiport analysis
has been completed, and a number of applicable mathematical models
have been developed. In fact, it is the opinion of the authors that
nearly all of the~requisite anaiytical tools are already available,
and need only be collected and integrated in order to produce a
multiport modellsystem with a surprising degree of sophistication.

It must be noted at this point that the literature survey was
restricted primarily to the topic at hand, i.e., ports, shipping,‘
and international trade. The more generalized and abstract areas of
operations research, economlcs, etc. were not included. When a
particular modeling problem is encountered, however, the source docu-
ments cited or other means at the analyst's disposal will probably be
sufficient to uncover additional references in these fields.

Also, the literature search revealed that there are huge quan-
tities of non-mathematical descriptive materials available covering
virtually every conceivable aspect of ports. Although this informa-
tion is not needed specifically in the multiport analysis, a broad
general understanding of ports and hoﬁ they operate could prove to
be invaluable in keeping every aspect of the analysis in its proper

perspective. For this reason, several of the better articles of a
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descriptive nature were reviewed. One of these sources, the Pro-
ceedings from the Fifth International Harbour Congress [33] contains
an abundance of current research and development information on the
topic of ports and harbors.

Finally, the reader will have noted that this chapter proposed
several changes in the basic multiport model structure given in
Chapter II. These proposals resulted from the relatively advanced
state of certain modeling tasks disclosed by the literature search.
These changés are incorporated into a recommended preliminary
methodological design, which is presented in Chapter V. Prior to
this, however, Chapter IV reviews some existing transportation sys-
tems analysis models, in order to determine if additional modifica-

tions of the basic model structure are desirable.
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IV. EXISTING TRANSPORTATION PLANNING SYSTEMS

The methodology proposed in this report is really an adapta-
tion of previous transportation planning model systems. The science
of transportation planning has advanced in the past two decades to a
point of general uniformity in its approach to the solution of
various transport problems. The challenges of providing for urban
Passenger movements, which were first considered in the early
1950's, soon expanded into total transportation planning efforts in-
cluding freight as well as passengers. As automated data processing
capabilities expanded so did the complexity of the analyses and the
geographical extent of the regions they considered. Methodologies
now exist which consider entire countries as the geographic base
and which can handle both freight and passenger flows.

This chapter attempts to describe a representative sample of
the transportation planning models which have been proposed or im-
Plemented. The emphasis will of course be on freight movement
rather than passenger transportation, even though some of the systems
as outlined below consider both. The planning approaches included
are the following:

1. PennDOT Model

2. Harvard Model

3. Northeast Corridor Model

4. SRI Model

5. Corps of Engineers Task Group Report

6. BERH Study
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PENNDOT MODEL

This methodology was developed through a joint effort of The
Pennsylvania State University and Carnegie-Mellon University in
1968 [21]. The project was to serve as a framework for transport
planning for the entire Commonwealth of Pennsylvania and serves as
a typical regional planning methodology upon which the discussions
of this chapter may be based. Both passenger and freight transpor-
tation were considered.

The overall approach can be summarized as follows:

1. Identify relevant policy variables;

2. Identify effect variables;

3. Collect necessary data;

4. Develop forecasting model system;

5. Generate alternative transportation investment programs;

6. Estimate consequences of alternative programs;

.7. Select best alternative.

The first step of the process forces the planner to answer the
question: What should the transportation system accomplish for the
users and operators? This means simply that planners should make a
decision as to where to strike a balance between level of service and
cost to society.

After the policy has been set, the necessary variables which
will measure the degree to which a transportation system meets the
policy standards must be selected. Step two of the above covers this

process.
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Data must be collected which will be used as inputs to the
fourth stage of the PennDOT planning process, forecasting model
development.

The forecasting model system is the heart of the planning pro-
cess and accordingly will be given more than just passing notice.
PennDOT's plan is shown graphically in Figure 7. For the purposes
of this report the passenger demand model in the flow diagram can be
ignored.

The system is initiated by inputting population forecasts which
are prepared outside the model framework. These represent estima-
tions of the population within the study area and its periphery for
the horizon or planning year.

The Econometric Model is a method for forecasting future socio-
economic activity for the projected population. It is interesting
to note that a major assumption within the model is that industrial
activity is sensitive primarily to freight transport service and
that passenger transportation has little or no effect. The core of
the Econometric Model is a Leontief input-output model which has been
slightly modified. The modification was performed on the production
function used in the analysis which the authors felt greatly increased
the degree of price and transportation sensitivity. It is beyond the
scope of this chapter to present a detailed account of input-output
theory. The output of such an exercise in an estimation of all
commodity flows between freight zones as well as a forecast of the

levels of economic and demographic activity.
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Once commodity flows between areas have been established for
the horizon year, the task remalns to allocate that freight to the
various modes. The PennDOT model proposes that modal choice is a
function of the following variables:

1. Mode reliability (Rk);

2. Cost of shipment relative to the cheapest cost (Ck);
3. Transit time of the mode relative to fastest mode (Tk);

4. Frequency of service of the mode relative to the fastest

service (Fk).

These variables would be the independent variables of a regres-
sion equation to predict the percentage of the tons of the commodity

to be moved by the kth mode.

Mathematically the modal split is accomplished as shown below.

[0} o o o
_ 1 2 3 4
(10) Pk(xigjh) = 0o Rk Ck Tk Fk
where:
Xigjh = tons of commodity i shippgd from node g to industry j
in node h;
Pk (Xigjh)= percentage of the tons of Xigjh Fhipped by mode k3

o = coefficients determined by regression analysis;
0,1,2,3,4
and )
Rk’ C , Tk’ Fk are explained above.
The next step in the PennDOT model is to assign the freight flows
(also passenger volumes) to the transportation network. The purpose
of this is to load the network to determine capacity overloads or

areas of projected high density. Ideally from a freight point of
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view the network would consist of highways, rail, air and waterways
along with the appropriate interfaces. The PennDOT study, however,
considers only the highway network for freight flow for a variety of
reasons. The primary cause was that not enough is known about the
systematic operation of the other modes. The Bureau of Public Roads
Traffic assignment model is used as the basis for the network simu-
lator.

It is important to note that the PennDOT methodology includes
feedback loops from the Network Simulation Model to the Freight Modal
Split Model and finally to the Econometric Model. The idea is to run
these models as a package thereby permitting a certain amount of
interaction between all three.

Figure 8 summarizes the PennDOT approach. The methodology is

technically complete but unfortunately has never been applied.

HARVARD MODEL

The Harvard Model was a transportation planning tool developed
at the Brookings Institution for a particular application in Columbia

[34]. The methodology is a very general one and could be adapted for

use elsewhere.

The basic plan is schematically illustrated in Figure 9. Ini-
tial input into the forecasting model is a future economic activity
pattern similar to the previous PennDOT methodology. The Macro-
economic Model requires data on future personal, government, and ex-

port consumption and supply of products as well as fixed regional in-
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vestments in order to generate total final demands for commodities.
These demands are translated into industrial production by use of an
input-output model. The unique feature here is the sensitivity that
the system has built in to evaluate the effects of import policies
and government purchases.

Modal split is accomplished by considering five factors:

1. Waiting time;

2. Travel time;

3. Travel time variability;

4. Probability of loss or damage;

5. Transportation charge.

These factors are converted to costs for a given link in the network
by applying estimated dollar rates for each commodity. A path over
the network is then fixed by computing a minimum cost flow. The model
predicts the flow of a commodity over different modes through a gen-
eral network. It should be noted that the network actually consists
of subnetworks for each mode. Therefore modal interchange can be
considered.

Distribution in the Harvard model is accomplished for freight
flows in two ways. A linear programming technique is used when the
commodity groups are split into very fine divisions. A gravity type
model is preferred, however, when the commodity groups are only
grossly divided. Assignment is done on the basis of the minimum cost
paths that were fixed in the modal split section.

Experience using the model in Columbia suggests that it does

model a transportation system adequately. The rather extensive data
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requirements make it an expensive undertaking, however.

NEC MODEL

The Northeast Corridor Transportation Project developed a large
scale model system for predicting transportation demand and supply
between large urban sections on the east coast of the United States
[35]. The models emphasized passenger flows to the virtual exclu-
sion of freight flows, and used concepts similar to the previous two
methodologies. The interested reader may wish to review this study
more carefully but further consideration of its contents here would

not materially add to the ideas already discussed above.

SRI PLAN

A study which more closely parallels the needs of a methodology
for port planning was performed by Stanford Research Institute in
1969 [36]. The SRI report is a plan for port analysis and is not a
summary of actual work which has been performed. The study is very

general in nature.

SRI recommends a seven phase plan for harbor development. The
project was undertaken specifically to consider west coast activity
but the author recommends that with minor modification, the plan can
be used for all port systems. The seven phases are restated below.

1. Delineation of objectives;

2. Analysis of the economy served by the port complex;
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3. Projection of cargo flows;

4., Estimation of demand for harbor facilities;

5. Estimation of additional capacity requirements;

6. Assessment of harbor development alternatives;

7. Guidelines and public policy.

Phase one, Bbjective statements, is common to any transportation
planning project. It involves setting down the goals which the long
term project must attempt to satisfy. It is recommended that these
objectives be arrived at by considering the goals of all parties con-
nected with the port system including users, operators, and govern-
ments. -

The geographical area which uses the poft system must be clearly
defined in Phase Two. Projections of regional imports and exports
would be done by using an input-output approach. The method rec-
ommended is the Hochwald-Striner-Sonenblum Model [37]. The regions
which are determined would be based on geographic boundaries and would
not be different for different commodities.

‘ Phase three of the method results in a detailed set of commodity
flow matrices. The author suggests that two approaches should be
pursued simultaneously. The first is to further refine the input-
output analysis results of Phase two. The second is to base projec-
tions on historical trends of freight flow.

Estimating the demand on the harbor facilities, given the set of
commodity flows, is the objective of Phase four. This phase is one
of the most difficult yet is not very well explained in this report.

Factors which must be considered include analysis of future trends in
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containerization, vessel size and type, defense requirements, air
cargo, and environmental issues. These factors modify the demand
upon a given harbor and this demand must be matched to the harbor
capacity. The factors influencing overall capacity are noted as maxi-
mum draft, container capacity, specific bulk commodity capacity, and
non-containerized general cargo capacity. Considering these as pri-
mary constraints and including others such as labor and technology
considerations, the planner must prepare future capacity lists for
each harbor.

Phase five of the proposed SRI Plan compares the current harbor
facilities to the projected capacities required in Phase four. This
step involves a simple inventory of existing capacities which are
compared to all alternative future capacities resulting in a list of
capacity shortages.

Assessing the alternatives by synthesizing all previous informa-
tion is the task of Phase six. It is suggested that a linear program-—
ming model which will select optimal configurations of harbor capac-
ities should be constructed to accomplish this phase. The optimiza-
tion should be performed in two stages:

1. Select optimal configuration for each channel depth;

2. Select optimal channel depth.

This approach means that a large scale model of harbor operations must
be constructed considering all capacity constraints, existing and fu-
ture facilities, and new investment costs.

The concept of optimization is currently rather foreign to the

science of tramsportation planners. Most experts feel that the problem
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is so complex and involves so many variables that inclusion of all
of them into the analysis is impossible. Without complete control
of all major factors optimization procedures are not valid, so past
emphasis has been on a search and choice procedure.

The final phase of the plan to set the stage for the required
harbor improvements. The public policy must be included into the

harbor analysis by incorporating social and political judgments.

COE TASK FORCE REPORT

The U.S. Army, Corps of Engineers, commissioned a task force in
1970 to study the problem of systems analysis for the inland water-
ways. Their report gives a survey of existing modeling systems ap-
plicable to their problem which could be used either in a planning.
or operations study as well as recommendations for future work [38].

The most important point of the report is contained in their
definition of systems analysis as it applies to the inland waterways.
The term itself, systems analysis (or operations research), has often
been cloaked in an air of mystery leading many people to regard the
idea with awe and reverence. In point of fact, systems analysis is
just a means of quantifying factors which indicate operational effi-
~ciency of a'system so that decision makers may evaluate their opera-
tions with greater objectivity. This notion is certainly not beyond
the grasp of any scientifically oriented person.

The current thrust of systems analysis is toward another mys-

terious tool, modeling. Modeling, as pointed out in the Task Force
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Report, is nothing more than a numerical representation of some
real-life operation or phenomenon. Because many operations, such as
movements of goods, are very complex, the models of them are broken
into various subsystems which can be individually modeled. When
taken as a whole, they represent the entire system operation.

Whenever the system performance is subject to random fluctua-
tions or the computations involved are very complicated it becomes
convenient for the analyst to make use of the electronic computer.
Therefore the term systems analysis currently conjures up visions of
whirring computers magically spewing forth answers to very complex
problems. Really systems analysis involves just an intelligent break-
down of a complex phenomenon into units small enough to analyze,
coupled with the introduction of probabilistic considerations.

A second important observation in this report is the fact that
systems analysis may be applied to three types of problems experienced
in the inland waterway environment. These are:

1. Long range planning for major construction;

2. Short range planning for operational alternatives;

3. Structural and non-structural design evaluation.

The basic flow of the procedure recommended by the Task Force is
shown as Figure 10. The reader should realize by now that all the
methodologies thus far are very similar in nature and the Task Force
recommendation is no exception. The unique feature of this method
comes in the consideration of the modal split task. The split is
divided into two parts: the first due to industry location and avail-

able transportation considerations and the second due to levels of
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service experienced on the waterway.

This enables the method to be used for short range planning by
assuming all input above the dashed line to be given and independent
of system operation. The long range planning use of the model group
assumes, however, that interaction across this line does occur and
must be considered. This concept of dual use for both short and long

range planning is a novel and useful idea.

BERH REGIONAL HARBOR ANALYSIS

The Board of Engineers for Rivers and Harbors within the Corps
was charged with the investigation of the question of regional harbor
development and improvements [39]. This project, like the SRI Study,
considers specifically the problem of regional planning for port de-
velopment.

The report is very basic in nature and covers no individual step
in the proposed method with any great detail. The seven steps advo-
cated by BERH are listed below.

1. Delineate the region to be studied

2. Estimate future commodities

3. Estimate vessel trends

4., Set up an analysis method

5. Consider phasing of improvements

6. Estimate the costs involved

7. Evaluate the alternatives

Several interesting points are raised in the discussion of step

one. First, the region can vary according to the commodity considered
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and whether the commodity is imported or exported. Second, competi-
tion between different modes for distributing the goods to and from
‘different ports must be investigated. Finally, the territory may
expand or contract'due.to changes in commodity demand or transport
or production technology.

The commodities which BERH considers are limited to bulk com-
modities only. The logic for this is that these bulk goods are the
ones carried by superships and it is the presence and volume of
large ships that are the primary factors in justifying harbor im-
provements. Containerized vessels are mentioned nowhere in this sec-
tion. The future flows of bulk commodities should be estimated based
on the following factors:

1. Consumption;

2. Manufacturing processes;

3. Natural resource availability;

4. Alternative sources for the commodity;

5. Technological advances;

6. Government policy;

7. Competitive commodities.

No method for projecting demand based on these factors is presented
or suggested.

Estimates of future vessel sizes and numbers would be made using
historical trends and judgments of their anticipated characteristics.

These world-wide projections would be scaled down to the region of

interest.
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The method of analysis proposed is basically that the interac-
tions between ports, given that certain changes are made at particu-
lar ports, are considered. The entire region would be considered in
making an investment decision that would ideally maximize national
efficiency. All possible improvement combinations could be considered
and rated on a common benefit scale.

The planner shou@d consider the phase investment advantages and
disadvantages along.with the total long term benefit. Step five would
address this timing factor. The improvements must be considered on an
incremental basis.

Step six amounts to a comparison of the costs and benefits of an
alternative. The point is stressed that all advantages must be quan-
tified for comparison purposes.

The final step in the planning process involves considering all
possible port improvement possibilities.. This means that offshore
facilities,. and lightering, in addition to channel dredging must be
evaluated. The alternatives available differ with different commodi-

ties and are also sensitive to technological change.

DISCUSSION

As pointed out in the beginning of this chapter, the multiport
analysis methodology proposed in this report does not differ signi-
ficantly from presently existing or suggested large scale transport
system models. The basic problem addressed in all such efforts is

estimation of transportation demand and supply, and equilibrium
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analysis. The present methodology merely tailors previously de-
veloped transportation science principles to meet the needs of multi-
port planning.

The reader may have noted that, for most of the model systems
described, transport supply phenomena are relatively well understood
and are amenable to straight forward analysis, while transport demand
continues to defy simplified analytical treatment. This is probably
the case because transport supply deals with physically measurable
technological relationships, whereas human decision making behavior
is the ultimate determinant of demand.

In view of the demand-supply dichotomy noted above, it is not
surprising to discover that the major point of departure of the multi-
port analysis system from previously designed planning methodologies
is in the area of demand forecasting. The PennDOT model, the Harvard
model, and the SRI prospectus all make use of input-output analysis
for forecasting transportation demand. For multimodal networks cover-
ing large geographic areas, this tool may well be appropriate. In
fact, the Harvard model used this approach for solving actual problems
with a seemingly large degree of success. The multiport network of
this study, however, does not consider flows of all commodities via
all transportation modes. Hence the structural economic relationships
required for applying input-output analysis appear to be absent in the
multiport situation, and use of this tool cannot be unequivocally
recommended.

In summary, the review of existing transportation planning sys-

tems carried out in this chapter does not indicate the need for any
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changes in the basic structure of the multiport analysis methodology.
Implementation of the multiport models, however, should be facili-
tated by the experience base accumulated in the use of large scale

transportation models.
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V. CONCLUSIONS AND RECOMMENDATIONS

Chapters III and IV of fhis report have surveyed some mathe-
matical models and transportation planning techniques which'appear
to be applicable to the analysis of multiport deep draft transporta-
tion systems. Certain suggestions concerning revisions of the
analytical structure formulated in Chapter II were also given. This
chapter presents a recommended methodological design for multiport
analyses based upon these findings, and also pro;ides suggestions

relevant to implementation of the model system.
RECOMMENDED METHODOLOGICAL DESIGN

The recommendations given in this section regarding a methodology
for multiport analyses should be regarded as short run in nature.
That is, the model system as formulated below is susceptible to
immediate implementation, utilizing a number of techniques made avail-
able through previous research efforts. A number of other possible
analysis procedures were reviewed in this study, but the authors con-
sider those to be more suitable for a long run investigatory program
by the Corps of Engineers.

Figure 11 shows a diagramatic representation of the recommended
multiport model system. Comparing this with Figure 5 in Chapter II
above, several revisions of the preliminary model design can be noted.

First, several of the constituant models have been renamed to more
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accurately portray their intended functions. Second, the three
former transport supply models deali;g with ocean transit have been
combined into a single shipping model. Third, forecasts of import
and export activity have been divorced from explicit consideration
of transport impedance.

The following paragraphs take up each model in turn, summariz-
ing the procedural recommendations éiven in Chapter III. In addi-
tion, the models are reformulated inlabstract functional notation,
in order that the important variables and relationships may be pre-
cisely stated. At this point the .reader may wish to review the
multiport network schematic presented in Figure 2, and recall that
the system has been defined to consist of I nodes, J ports, M foreign

terminals, K commodities, and S vessel classes.

Import-Export Model

The import—export mo&el is basically an economic forecasting
model, and predicts the total tonnage of each commodity imported and
exported at each node and foreign terminal. A closed s&stem should
be used in preparing these forecasts, i.e., imports and exports
destined for locations other than the nodes included in the network
should not be included, ete. Although long range forecasts are re-
quired, they should be updated regularly to remain attuned to changing

world trade conditions.
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The import-gxport moqgll ﬁby be represented mathemat;cally_'-

by the following set of equations:

1) o, = £ (E,) 1=1, ..., I + M
Dik-= g (Eik) k=1, ..., K
I I+M
(12) i‘oik = If-l D,y - k=1, ..., K
I+M I
] Pk
in which
oik = tons of commodity k exported from node or foreign termin-
al 1i;
Dik = tons of commodity k imported to node or foreign terminal i}
Eik = vector of explanatory variables for commodity k at node or

terminal 1.

Equations 12 specify the conditions for a closed system.

Distribution Model *

The task of the distribution model is to determine which domes-

tic exports become which' foreign receipts, and vice versa. In addi-

'

1The recently released Transoceanic Cargo Study [40], which was re-
ceived just as this report was being completed, is recommended read-
ing in conjunction with this report. It contains actual international
trade forecasts and presents a rather complete discussion of forecast-
ing techniques, as well as some economic forecasting models not con-
sidered in Chapter III. .
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tion, these commodity origin-destination (0-D) flows must be allo-
cated to specific ports. Transp;;t impedance values will be im-
portant determinants of both O~D and port allocations and should be
calculated by means of a network minimum path algorithm. This rou-
tine will also generate the required port routings. The O-D flow
problem should be solved as a linear programming Transportation

Problem.

This model may be formulated in functional notation as follows:

(13) Oijmk £ (Oik’ Dmk’ Zijmk) i=1, ..., I

Dtk = & Pyier Opger Zyqm?

where

0ijmk = tons of commodity k flowing from node i to foreign
terminal m through port j;

Djimk = tons of commodity k flowing to node i from foreign
terminal m through port j; -

Zijmk = traﬁsport iypedance for shipping commodity k on route
i-j-m;

Zjimk = transport impedance for shipping commo&ity k on route
m—j-1i. .

Thé transport impedance values originate elsewhere within the
model system,‘as shown in Figure 1ll1. Since these impedances are func-
tions of route cargo volumes, the model system must be used in an

iterative fashion, until some convergence criterion such as that of
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equation 8 is satisfied. The possibility of multiple routings
between given origins and destinations can be accommodated by at
least two means:
1. the import and export tonnage can be '"loaded" onto the net-
work in several increments;
2. all tonnage can be loaded on each iteration, and route flows

averaged after the final iteration.

Shipping Model

The shipping model estimates ship transit impedance as a function
of cargo volume, fleet characteristics, and network properties. Im-
portant submodels will include a port model, an ocean transit model,
and a scheduling algorithm. Several shipping models have been re-
ported in the literature, and can be adapted to meet the needs of the
multiport analysis methodology.

Mathematically, the shipping model may be represented as follows:

(14) ijk = f (Oijmk’ Uj’ F, Cjk’ ka, Aj’ Am’ djm)
ijk =g (Djimk’ Uj’ F, Cjk’ ka, Aj’ Am, djm)
i=1, ..., J m=1l, ..., M k=1, ..., K
in which
ijk = ghipping impedance for commodity k exported through
port j to foreign terminal m;
dek = sh?pping impedance for commodity k imported through
port j from foreign terminalfm;
Uj = coast-wise shipping demands at port j;
F = vector of fleet characteristics;
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Cjk’ C = Scheduling constraints for commodity k at port j
and terminal m, respectively;
Aj’ Am = vectors of port characteristics for domestic and
foreign ports, respectively;
djm = distance between port j and foreign terminal m.
The scheduling algorithm included within the shipping model will
most likely make use of ocean transit and port impedance values.
These, in turn, may depend upon the scheduling results. Hence there

may be a need to provide an iteration mechanism for achieving sub-

model equilibrium.

Inland Travel Model

The .inland travel model 1s needed to predict the transport im-
pedances accruing to the inland segments of commodity O-D shipments.
These impedances should be treated as constants, and should be ob-
tained from external sources. For the sake of completeness, the in-

land travel model is expressed as follows:

(15) xijk = f (dij’ Bk) i=1, ..., I
xjik=g(dij’ Bk) j=1, ..., J
k=1, ..., K
where
xijk’ ink = inland impedance for shipping commodity k between

node i and port j;

[« N
]

distance between node i and port j;

ij

-
|

vector of network characteristics for inland distri-

bution of commodity k.
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Transportation Impedance I

Finally, some means is needed within the model system to.combine
the inland and shipping impedances into estimates of the- total trans-
port impedances needed by the distribution model. This process may
be represented as follows:

(16) z

ijmk = F Cyiger Tymed
Zyguk = 8 Fyqp0 Tpgid 3=1, s d
m=1, ..., M
k = 1’ ..., K

where all terms have been defined previously.
IMPLEMENTATION AND RESEARCH RECOMMENDATIONS

The primary requirement for implementing the recommended multi-
port analysis methodology is the acquisition of an adequate data base.
The oft repeated maxim that modeling results are only as good as the
data upon which they are posited hardly needs repeating. Thus the
Corps of Engineers should undertake a study to (a) ascertain the type,
extent, and level of detail of the data input needs of the multiport
model system, and (b) survey existing data sources to determine if
these data requirements are or can be met. This data survey may well
show that the methodological design is too ambitious in terms of data,
or that it fails to take advantage of some readily available data.
Hence the third part of a data survey should include review of the
methodology in light of data availabilities, and revision of the de-

sign if required.
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A second recommendation stems from the short term considerations
embodied in the methodological design. The reader may recall that
Chapters III and IV pointed out the existence of some advanced analyt-
ical techniques, particularly regarding estimation of transport de-
mand, which would probably be quite difficult to implement immediately.
This short run consideration should not preclude further investigation
of such methods. The potential benefits from developing demand models
grounded in economic theory, for example, are probably far greater '
than those which have been realized from the use of relatively so-
phisticated transport supply models.

A final recommendation concerns the overall concept of planning
for multiport developmént. Figure 1 above presented a diagram of the
entire multiport planning process. Most of the remainder of this
report was devoted to the analytical models imbedded within the
planning process. Yet these models cannot be utilized successfully
without the rest of the apparatus depicted in Figure 1. Thus the
Corps should, in parallel with further model investigations, insti-
tute a program of developing procedures for the following:

1. defining the:elements of a multiport system;

2. formulating the alternatives;

3. technological forecasting;

4. evaluating alternatives.
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APPENDIX A .-

REVIEWS AND ABSTRACTS OF SELECTED ARTICLES

This appendix contains reviews and/or abstracts of the papers
and reports which served as the basis for much of the material in
Chapter III. In most cases the abstracts were prepared by the
document's author, and were copied directly from the publication.
The reviews were written by Center staff, and are oriented toward
evaluating the contribution which a paper might make to the de-
velopment of a multiport model system.

The following two abbreviations appear in the bibliographic
citation for some of the articles:

U.S.G.R. and D.R. - U.S. Government Research and Development

Report;
NTIS - available from the National Technical Information Ser-
vice, Springfield, Virginia 22151,
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""Systems Analysis for Port Planning"
H. Agerschou and J. Korsgaard

Dock and Harbour Authority, vol. 49, no. 581, March 1969, pp. 411-415

KEYWORDS: Transportation Model; Port; Transport; Planning

ABSTRACT: Application of queuing analysis for port planning
and analytical solutions to queuing problems; assuming Poisson- dis-
tribution for number of arrivals per time unit as being valid for
locations with reasonably high number of arrivals per year, existing
and/or predicted service time distribution is determined; approach
is based on assumption of either long stretch of wharf with fairly
high number of average size berths where waiting ship will always
fit into first available berth, or smaller number of berths which
will all accommodate any ship which calls; program was written in
General Purpose Systems Simulator II language according to IBM
Manual B20-6346-1. 17 refs. (Engr. Index)

-84—



"Simulation of the Operations of a Fleet"
Y. Almogy, C. Levin, and Z. Drezner

Israel Journal of Technology (Israel), vol. 6, no. 5, Nov.-Dec. 1968,
pp. 283-287 '

KEYWORDS: Fleet; Transportation Model; Scheduling; Simulation
Model

ABSTRACT: An attempt is made to simulate, on a digital computer,
the operations of a fleet. The simulation comprises two major parts;
(a) the schedule generator, which assigns schedules to the fleet ele-
ments by considering cargo generations at the different ports and
determining the most profitable route for a particular ship within the
limits of the policy constraints; (b) the voyage generator, which
moves each ship along the route assigned to it by the schedule gen-
erator, loads and discharges cargoes, and generates revenues, ex-
penses and time according to their respective known probability dis-—
tributions. The output consists of (a) "voyage logs" listing the
"actual" port calls and their duration, the cargoes loaded and dis-
charged, etc., and comparing them with the estimates of the schedule
generator, and (b) periodical reports of cargo movements, revenues
and expenses; and, for new ship construction--calculations of present
worth or internal rate of return. Although the simulation is ex-
tended for the use of a specific shipping company, its flexibility
permits a variety of operational policies to be accommodated, and
its port-network capacity suffices for any actual large-scale opera-
tion. It is written for the Philco 212 unit of the Computer Centre

of the Israel Ministry of Defense. (Author; reviewed)
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"A Column Generation Algorithm for a Ship Scheduling Problem"

Leif H. Appelgren

Transportation Science, vol. 3, no. 1, February 1969, pp. 53-68

KEYWORDS: Fleet; Scheduling; Transportation Model

ABSTRACT: This paper describes an algorithm for a ship scheduling
problem, obtained from a Swedish shipowning company. The algorithm
uses the Dantzig-Wolfe decomposition method for linear programming.
The subprograms are simple network flow problems that are solved by
dynamic programming. The master program in the decomposition algo-
rithm is an LP problem with only zero-one elements in the matrix and
the right-hand side. Integer solutions are not guaranteed, but gen-
eration and solution of a large number of problems indicates that the
frequency of fractional solutions is as small as 1-2 per cent. Prob-
lems with about 40 ships and 50 cargoes are solved in about 2.5
minutes on an IBM 7090. 1In order to resolve the fractional cases,
integer programming experiments have been made. The results will be

reported in a forthcoming paper. (Author)

REVIEW: An algorithm is described for use in scheduling car-
goes on a given fleet of ships between a set of origins and destina-
tions. The object 1s to minimize transport costs while getting all
cargoes to their destinations on time. The major difference between
this problem and the Transportation Problem is that a ship can carry
more than one unit of cargo. For this reason the Transportation
Problem cannot be used at all for solving this problem.

Three linear programming models which are described in general
may be used. Model 1 is a multicommodity flow model in which the
objective function is an expression for total revenue which must be
maximized. The three basic sets of constraints include flow con-
straints, ship constraints, and cargo constraints. A typical prob-
lem might have 40 ships, 50 cargoes, a 60-day period with 4000

variables and 1000 constraints.
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"A Column Generation Algorithm for a Ship Scheduling Problem" - 2

Model 2 is similar to Model 1 except that many of the flow con-
straints are eliminated using convexity constraints.

Model 3 is formed by the decomposition of Model 1 through the
Dantzig-Wolfe method of decomposition. The end result is a master
program with cargo constraints and an individual subprogram for
each ship with its own constraints.

The cargoes used in the model are measured by such factors as
size, type, earliest Ioading date, latest loading data, loading
port, discharging port, time for loading and discharging, ‘voyage
costs, and revenue for optional cargoes. Ships are measured by
size, permitted types of cargo, initial open position, initial open
date, speed, fuel consumption, and position costs. '

The algorithm is probably most useful on a computer. Included
within the article are appendices on integer solutions of the al-
‘gorithms, - input data for the generation of random problems (in-
cludes tables of input data), and a simulated problem and its solu-
tion.
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"Criteria for Social Investment"

Kenneth J. Arrow

Water Resources Research (U.S.), vol. 1, no. 1, April 1965, pp. 1-8

KEYWORDS: Planning

ABSTRACT: This is an elementary exposition of choice criteria
for social investment which draws on water resources for illustra-
tive examples. After discussing the two causes for discounting
future benefits, time preference and opportunity cost, the inappro-
priate nature of many social investments is explained. A descrip-
tion of problems in the measurement of benefits includes: divergence
between social and private benefits, shadow pricing, economies of
scale and consumers surplus, and production and consumption benefits.
The choice of a discount rate for the commensuration of benefits and
the measurement of costs are discussed.

Matthew J. Sobel (U.S.)
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"Vybor optimal'nogo kompleksa tekhnicheskikh sredstv dostavki gruzov"
(Selection of an Optimal Complex of Technical Means of Supply of
Goods) (in Russian)

B. A. Atlas and S. S. Gdalevich

Ekonomika i matem. metody. (USSR) vol. 2, no. 3, 1966, pp. 394-405

KEYWORDS: Scheduling; Transport

ABSTRACT: The following problem is considered: given a certain
nugber of points between which water transportation is possible, it
is required to select a complex of technical means of supply of goods
(types of ships and methods of mechanization of loading-unloading) so
as to guarantee given volumes of transport with minimal total in-
curred costs. Utilizing certain properties of actual transportation
processes, the authors construct for solution of the posed problem
an algorithm which employs dynamic programming methods. A numerical
example is given.

Yu. Finkel'shteyn (USSR)
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"Ob Odnom Priblizhennom Metode Resheniya Zadach po Rasstanovke Flota"
(An Approximation Method for Solution of Problems on the Disposition
of a Fleet) (in Russian)

V. P. Bakhrakh

Primenenie Matematiki v Ekonomike (U.S.S.R.), no. 1, 1963, pp. 133-146

KEYWORDS: Fleet; Transportation Model; Transport

*ABSTRACT: An approximate algorithm is given for solving the
generalized transportation problem using the example of the optimal
distribution of vessels of the Far Eastern steamship line.

(A. Sobolev)
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"Pooling Cross Section and Time Series Data in the Estimation of
a Dynamic Model: The Demand for Natural Gas"

Pietro Balestra and Marc Nerlove

Econometrica, Vol. 34, No. 3, July 1966, pp. 585-612.

KEYWORDS: Forecast; Forecast Technique

ABSTRACT: 1In this paper, we consider two basic aspects of
demand analysis, with application to the demand for natural gas
in the residential and commerical market. -The more fundamental
one consists in the formulation of a demand function for
commodities--such as natural gas—--whose consumption is techno-
logically related to the stock of appliances. We believe that in
such markets, the behavior of the consumer can be described best
in terms of a dynamic mechanism.

Related to this is the more specific problem of estimating
the parameters of the demand function, when the demand model is

cast in dynamic terms and when observations are drawn from a time
series of cross sections.

Accordingly, this paper is centered around these two major
themes, although, as the title suggests, the emphasis is placed
on the second one. In Section 1, we present the theoretical for-
mulation of the dynamic model for gas. In section 2, the results
of the estimation of the gas model by ordinary least squares
methods are presented. These results, together with more funda-
mental theoretical considerations, suggest a different approach.
The essence of this approach, which is not restricted to the gas
model, is discussed in Section 3, while two alternative procedures
for estimating the coefficients of the dynamic model in the light
of this new approach are proposed in Section 4. It is subsequent-
ly shown that the application of these procedures to the gas data
produces results that are reasonable on the basis of a priori

theoretical considerations. (Author)
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U.S.A. and Its Economic Future

Arnold B. Barach (Twentieth Century Fund, Inc.)
The Macmillan Company, New York, 1964
KEYWORDS: Forecast

REVIEW: This very general text outlines such U.S. trends as
employment, population, agriculture, consumption, housing, cloth-
ing, recreation, travel, government, income, and education during
the period from the early 1900's to 1962. Bar charts are extensive-
ly used and the relevant facts are presented in simply written style.
An ‘excellent annotated Appendix offers a statistical summary of all
major facts.

Projections are made to 1975 - the methods of predictions are
not given. Discussions of societies' future in terms of attitudes,
environment, and the U.S.'s place in the world are also presented

in general terms.
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"An Algorithm for the Minimum Number of Transport Units to Maintain
a Fixed Schedule"

T. E. Bartlett (Management Sciences Research Group, Purdue University)

Naval Logistics Research Quarterly, vol. 4, no. 2, June 1957, pp. 139-
149

KEYWORDS: Fleet; Scheduling; Transport

ABSTRACT: This paper is the first in a series on various aspects
of transportation systems planning and control. Although the con-
crete focus of these studies currently 1s rall transportation, results
also applicable to other modes of transportation will be presented in
covering generality wherever possible. Thus, we shall develop in
this paper a method for evaluating the minimum number of "transport
units" required to maintain a fixed schedule.

The analysis culminates in an algorithm which employs only data
usually found in schedules, e.g., arrival and departure times of the
various runs at the various termini during the typical time period.

It develops the minimum number of transport units required in terms
of certain convenient quantities related to: (1) the times asso-
cilated with minimal total layover of transport units between arrivals
and departures, (2) the times associated with runs between terminals,
(3) the length of the typical time period.

The proof that this algorithm is valid embodies additionally a
theorem of more general interest on finite ordered sequences of
numbers. (Author)
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"An Inventory Theoretic Model of Freight Transport Demand"
W. J. Baumol and H. D. Vinod

Management Science, Vol. 16, No. 7, March, 1970, pp. 413-421

KEYWORDS: Transport; Transportation Model

ABSTRACT: The model in this paper is intended to explain the
choice of transport made by shippers, as well as their total demand
_for transportation services. The optimal choice of mode is shown
to involve a trade-off among freight rates, speed, dependability
(variance in speed) and en-route lossage. It is shown that faster,
more dependable service simply reduces the shipper's or re;eiver's
inventories, including his safety stock and his inventory in transit.
Hence inventory theory makes possible a direct comparison of the
four attributes on which mode selection is based and leads to a model
of rational choice in transport demand. The resulting model is

. suitable for statistical estimation given adequate data. (Author)
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"Several of the Forecasting Techniques in Use Today"

Richard Berger (Commercial Research Engineer, General Aniline &
Film Corp., New York City)

Commercial and Financial Chronicle, Vol. 189, May 1959, pp. 2210-
2211

KEYWORDS: Forecast; Forecast Technique

ABSTRACT: For businessmen and analysts, Dr. Berger defines
forecasting, explains why or how it may be used and its construc-
tion. The chemical firm's statistician discusses the pros and
cons of non-numerical and numerical methods. With regard to the
former, he evaluates the methods of consensus of executive opin-
ion, sales manager's estimates, historical analogy, composite by
industry experts and sampling of group opinions, and, regarding
the latter, the methods involving trends, cycles and correlations.
The author concludes by offering criteria to judge which of the sev-

eral methods to use. (Commercial and Financial Chronicle)
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"A Model For Maritime Transportation Systems"

Paul B. Billing and J. E. Walsh (System Development Corp., Santa
Monica, Calif., SP105300001, April 26, 1963)

U.S.G.R. and D.R., April 1963, 19 p., available NTIS, Doc. No. AD-
407 320

KEYWORDS: Fleet; Scheduling; Transport

ABSTRACT: A model for maritime transportation systems is pre-
sented. Procedures are outlined for quantifying and interrelating
the many factors that are involved in a worldwide maritime operation
over a given period of time. In broad terms, the simulation model
consists of the inputs to the over-—all maritime system, a method of
determining the operation of the system on the basis of these in-
puts, and the outputs that result from this operation. Some of the
inputs and systeh interrelations are controlled by the nation whose
maritime operation is being considered for improvement. An evalua-
tion criterion is used for representing the over-all desirability
of the system outputs from the viewpoint of this nation. Then, on
a parametric analysis basis, a study can be made with respect to
the choice of inputs and interrelations (of those controlled) that
are most desirable for this nation. Methods are outlined for de-
ciding on inputs that are not controlled and for efficiently per-
forming the simulations. (Author)
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"Forecasting Imports: A Re-examination"

I. G. Black, J. E. Kidgell, and G. F. Ray

National Institute Economic Review, November 1967, pp. 52-57

KEYWORDS: Forecast; Import Forecast

REVIEW: This article discusses the empirical testing of im-
port forecasting equations developed by Godley and Shepherd in 1965.
The testing was carried out with Britain's national income account-
ing data from 1965 to 1967.

The imposing of coefficients for a more probable marginal
propensity to import was ruled out as the resulting error was
significant--the equations with freely determined coefficients were
more accurate. (An import surcharge was in effect in Britain from
October 1964 until the end of November 1966. Therefore another
variable had to be added to the equation to take this into account.)

The authors experimented with disaggregated import forecasts
and concluded that little, if any, improvement on aggregate fore-
casts results. However, the alternate approach serves as a useful

check.
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"Econometricians: How They Predict the Economic Future"

George A. W. Boehm

Management Review, vol. 56, September 1967, pp. 22-26

KEYWORDS: Forecast; Forecast Technique

REVIEW: This very general article defines econometrics and
then in layman's. terms mentions econometric models in practical use
-today.

These models may be used for forecasting and thus should be re-
corded as sources of research. Three important models of interest
are:

a) 300 variables in 300 equations maintained at the Brookings
- Institution in Washington.

. b) 80 equation model of the "Economic Forecasting Unit" of the
Wharton School of Finance and Commerce, University of Pennsylvania
presided over by Professor Lawrence R. Klein. ’

c) Input-output model (500 by 500 used by Professor Wassily

Leontief of Harvard.
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"Container Interchange and Pooling Arrangements"
Booz, Allen and Hamilton, Inc., New York

U.S.G.R. and D.R., June 1970, 223 p., available NTIS, Doc. No.
PB-192 611

KEYWORDS: Transport

ABSTRACT: The purpose of the study was to identify current
technical and commercial methods of interchange and pooling. Com—
prehensive analyses were made of selected methods. Feasible con-
tainer interchange and pooling alternatives were evaluated in cir-
cumstances involving intra—and intermodal equipment operated
domestically and internationally. A relationship between pooling
and interchange was established. Conclusions were developed about
existing impediments to interchanging and pooling intermodal con-
tainers used in international service, and the requirements to im-
proved international intermodal interchange and pooling were iden-
tified. Existing and developing requirements of shippers and
carriers were concurrently assessed for intermodal containers in
export/import trade through 1973, to show the growing importance

of international interchange. (Author)
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"Economic Survey and Master Plan for Port Development the Port of

Detroit"
Booz, Allen and Hamilton, Inc., Chicago. Ill.

U.8.G.R. and D.R., May 1963, 59 p., available NTIS, Doc. No. PB-
170 166

KEYWORDS: Port; Planning

ABSTRACT: This report is divided into five major sections. The
first section deals with the present and probable future volume of
overseas cargo and the facilities required for handling it at the
for-hire terminals. This cargo represents about 3% of Detroit's
total waterborne commerce. The second section deals with the domes-
tic and Canadian cargo handled by the for-hire terminals. This cargo
is about 2% of total waterborne commerce through the port. The third
section deals with the handling of domestic and Canadian cargo which
flows over owner-used private docks. This cargo, which is largely
bulk, accounts for the other 95% of waterborne commerce through the
port, which in 1961 totaled 25 million tons. The fourth section
discusses opportunities for development of water—oriented industries
within the limits of the Wayne County waterfront. The fifth section
deals with administrative and promotional factors related to the
growth of the port.
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"Difference Equations in Forecasting Formulas"

J. L. Brenner, D. A. D'esopo, and A. G. Fowler

Management Science, vol. 15, no. 3, November 1968, pp. 141-159

KEYWORDS: Forecast; Forecast Technique

ABSTRACT: The deviation of actual sales (or other time-
dependent statistics) from a model of sales will give rise to fore-
casting errors that are enhanced, damped out, or shifted in phase,
depending on the particular formulas that are used for forecasting.
Following R. G. Brown, P. Winters, and Theil, Nerlove, and Wage,
we start from a general set of forecasting formulas, but make fewer
assumptions than those authors about deviations from the model, and
obtain a more extensive collection of results. In particular, we
show how to treat errors not serially uncorrelated, and how to in-

vestigate forecasting formulas of order higher than second. (Author)
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"Selecting Delivery Dates in the Tanker Scheduling Problem'

Lawrence E. Briskin

Management Science (U.S.), vol. 12, no. 6, Feb. 1966, pp. B-224--B-235
KEYWORDS: Scheduling; Fleets

ABSTRACT: When scheduling tankers it is necessary to determine
delivery dates. If multi-port discharges are permitted it is also
necessary to determine proper volumes to be discharged at each pbrt
on a given voyage. This paper uses dynamic programming to determine
a schedule of delivery dates and volumes for multi-port discharges.
It 1s conjectured that the optimal strategy is to rank the ports by
demand. When making a voyage, tanker capacity is then allocated to
the respective ports in such a fashion that the port with the lowest
demand receives the maximum possible load subject to not violating
‘constraints. This rule has the effect of delivering loads with the
maximum time value. The procedures may be used in conjunction with

the Dantzig-Fulkerson routing schema. (Author)

REVIEW: An algorithm using dynamic programming is described in
detail for the determination of a program of delivery dates and
volumes for multi-port discharges. For simplification, one size of
tankers is assumed. The main objective is to minimize the total
cost which is equal to the sum of the costs of the voyages made dur-
ing the individual periods. The algorithm is solved using a set of
tableaus or tables. A step-by-step method is described in detail
which doesn't seem too difficult if one can follow subscript notation
and simple directions. As in any type of algorithm, the most diffi-
cult part is obtaining accurate input data. Due to the nature of
this article and of the algorithm, the reader must understand not only
the theory but also the mechanics in order to use the method in solv-

ing an actual problem.
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"Comments on a Paper by A. Novaes and E. Frankel, 'A Queuing Model -

for Unitized Cargo Generation'"

J. F. Brown

Operations Research (U.S.), vol. 15, no. 3, May-June 1967, pp. 572-575

KEYWORDS: Export; Transport

ABSTRACT: Some discrepancies in an earlier paper describing a
bulk service queuing situation with customer balking or reneging are
pointed out, and a solution to the balking situation is suggested
resulting in a set of differential-difference equations which may be
solved recursively. This reformulation makes the model more valid
and introduces a method for developing the state-~time probabilities

of the system. (Referee)
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"A Study of the Port of Savannah, Georgia'

Chatham'bounty-Savannah Metropolitan Planning Commission, Savannah, Ga.

U.S.G.R. an D.R., April 1970, 76 p., available NTIS, Doc. No. PB-196 668
KEYWORDS: Planning; Port

ABSTRACT: Shipping statistics are presented for Savannah and.
other major southeastern seaports. These statistics are meant to show
whether total cargo tonnage shipped through Savannah is increasing as
rapidly as tonnage shipped through other southeastern ports. Specific
recommendations are made for improving the competitive position of the
Port. (Author)
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"Isthmian Canal Demand Forecast. An Economic Analysis of Potential
Tonnage Traffic" ' -

[y

Walter J. Chilman (Department of Transportation, Washington, D.C.)

U.5.G.R. and D.R., 1969, 82 p., available NTIS, Doc. No. PB-185 015
KEYWORDS: Forecast

ABSTRACT: This paper presents the results of an economic analysis
that develops an estimate of tonnage demand for commercial traffic
through an isthmian passage in the Panama area. Thelstudy examines the
historical relationship between time series growth of commercial ton-
nage in the Panama Canal traffic to several combinations of independent
variables to establish an acceptable correlation for a mathematical
equation that serves as a forecasting device. Total commercial traffic
is expected to develop to about 338 to 409 million long tons by the
year 2000 reflecting a downward shift in annual growth to about half

that of the post-war experience. (Author)
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"Development of Computers as Aid to Harbor Management,”" (Developpment
des calculatrices electroniques comme auxiliaires de direction
portuaire)

J. F. Corellou (Y. Bossard et P. Michael, Paris, France)

Fifth International Harbour Congress, June 2-8 1968, Antwerp, Belgium;
Kon Vlaam Ing, Papers 1968, Section 1968, Section 8-COR, 13 p.

KEYWORDS: Port -
ABSTRACT: Author analyses nature of problems to be taken care of

and treats measures and methods to be used in order to make management

effective. In French. (Engr. Index)
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"A Two-Stage Forecasting Model: Exponential Smoothing and Multiple

Regression"

Dwight B. Crane and James R. Crotty

Management Science, vol. 13, no. 8, April 1967, pp. B501-B507

KEYWORDS: Forecast; Forecast Technique

ABSTRACT: This paper presents a forecasting technique which
attempts to combine the advantage of both time series analysis and
multiple regression. In this two stage technique, an exponentially
smoothed moving average model is used to forecast values of the de-
pendent variables and/or selected independent variables as desired.
These forecasts, along with data for other (lagged) independent
variables, are then used as inputs to a multiple regression program.
The objectives are selected sequentially by the regression model éo
that each equation is based only upon data which would have been
available at the time of the forecast, and the coefficients of the
equation are updated as new information become available. The
final section of the paper describes a successful application of
the two-stage model to a demand deposit (banking) forecasting prob-
lem. (Author)
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"Simulated Shipping"
I. M. Datz
Datamation (U.S.), February 1966, pp. 61-63
KEYWORDS: Simulation Model; Transport; Transportation Model

ABSTRACT: A brief description of a mathematical simulation of
ship operations developed by A. D. Little, Inc. and U. S. Maritime
Administration. The objectives of the simulation lie in the follow-
ing areas: 1) evaluation of subsidies, 2) evaluation of vessel re-
élacement‘programs, 3) trade route reviews, 4) effects of competition
and government cargo offerings, 5) evaluation of advanced systems,

6) mobilization planning. In the model, ship activities are broken
up into basic components (e.g., at sea, enter port, etc.), each of
'which is described by a subprogram. The sequence of simulated opera-
tions includes stochastic effects. The simulation implies an input
of a desired schedule and a cargo generation. The model will allow
for a large number of ports, ships and cargo types. Decision rules
are not, described. Because of the detailed structure of the model,
running times are quite long for a large system. No details of the
applicabiltiy of the results are given and no measure of the achieve-

ment of the objectives is reported. Ernest Koenigsberg (U.S.)

REVIEW: This three page article presents qualitatively two
examples of actual shipping models. The first is of Matson Naviga-
tion Company in San Francisco. For the past five years Matson has
been using a simulation model which has aided management. Factors
such as total cargo mix, ship scheduling, fleet composition, and
labor practices were considered. Stochastic variability in cargo
offerings, stevedoring costs, duration of port stays, and interport
travel times were also taken into account. The model was concerned

with West Coast-Hawaii trade only.
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The other simulation model was developed as a joint effort by
the Maritime Administration's staff and Arthur D. Little, Inc. Their
model takes a much broader approach and considers trade conditions in
any part of the world. It is mainly for long term rather than short
term planning. Such things as vessel replacement programs, alternate
trade routes, government control of cargo, and the seasonal variation
in trade offerings were incorporated into the model. Natural delays
caused by bad weather and crowded ports were also included. The
number of ports considered within a problem greatly affected the
capacity of the simulation. Other important limiting factors included
the number of ships, ship space types, cargo classes, shipping lines,
and ship fleets. A problem of maximum capacity might include 30 ports,
40 ships, 6 ship space types, 10 cargo classes, and 2 shipping lines.
A problem of this magnitude, when simulated on an IBM 7090, might re-

quire between 3 1/2 and 5 1/2 hours per year of simulated time.
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"Use of Computers for Port Administration"

(No author given)

Dock & Harbour Authority, vol. 44, no. 521, March 1964, pp. 366-8

KEYWORDS: Port

ABSTRACT: Use of electronic computers to solve port administra-
tion problems is illustrated by 2 applications; one example in Great
Britian, employs computer mainly to carry out accountancy functions
and statistical analysis; other example in United States, uses com-
puter for operational purposes to control shipments and warehousing,
and to obtain maximum utilization of port facilities, berths, docks,

cranes, railways, and land transport. (Engr. Index)
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"A Branch-bound Algorithm for Plant Location

M. A. Efroymson and T. L. Ray (Esso Research and Engineering Com-

pany, Florham Park, New Jersey)

Operations Research (U.S.), Vol. 14, May-June 1966, pp. 361-368

KEYWORDS: Transport; Transportation Model

ABSTRACT: This paper discussed an integer-programming method
for solving a'special class of discrete proéramming problems called
plant location. The basic gontribution is that the problem is
formulated as an integer program in such a way that the associated
continuous problem can be efficiently optimized. A branch-bound
algorithm is then used to solve the problem. The method discussed
in the article has been successfully used to solve 'practical' 16—

cation problems with upwards of fifty blants. (Authors)
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""Missile Environment Shipping Simulation"

Martha Evans, Richard Margason, and John Neblett. (Army Transporta-
tion Research Command, Fort Eustis, Va. Interim Report No. 2, TCREC
TR 61-126, October, 1961.)

U.S.G.R. and D.R., October 1961, 64 p., available NTIS, Doc. No.
AD-272 411

KEYWORDS: Transport; Transportation Model; Port

ABSTRACT: A discussion is presented concerning a computer sim-
ulation of water terminal operations in a limited warfare situation
for the time period 1965-1970. The missile environment shipping
simulation is based on the fundamental techniques and rules of com-
puter war games. The two sides in this simulation are Red, who at-
tacks shipping activities, and Blue, who is attempting to supply a
field-army-size operation in a beachhead situation. The results of
the games are determined by the cargo mix, amount of cargo, and dis-
tribution of cargo delivered to the beach. Economic factors based
on the number of damaged or destroyed Blue ships, amount of damaged
or destroyed Blue cargo, number of Red sorties, and number of Red
surveillance craft destroyed are also considered in the analysis of
the results. The games simulated are determined by a factorial ex-
periment using a fractional design to select the cases. This leads
to multiple regression equations that will predict the results.

The goal of this effort is to simulate approximately 1,506 years of
water terminal operations. This experience will be used to develop
new water terminal concepts and/or future equipment requirements.
(Author)
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"Application of Transportation Theory to Scheduling a Military
Tanker Fleet"

Merrill M. Flood (Columbia University)

Operations Research, vol. 2, no. 3, May 1954, pp. 150-162
KEYWORDS: Transport; Scheduling; Fleet

ABSTRACT: A complete set of Voy;ges for the tankers of the mili-
tary fleet was computed so as to minimize the expected total distance
to be traveled by the ships in ballast during the year ending 30 June
1950, based on deliveries according to the advance requirement es-
timates of the Armed Services Petroleum Purchasing Agency. The op-
timum route-schedule so computed required about 5 percent less mile-
age in ballast than would a schedule consisting entirely of simple
round trips. No comparisons have been made with actual operations to
determine the extent of conformity between the computed schedule and
the actual sailings. The object of the analysis was to test the
analytical approach of Koopmans on a fleet operation, as a first step
in further development and application of such methods. The route-
schedules obtained in this manner might well be compared with actual
practice and the theory modified as necessary to allow for important
factors not given proper attention in this first approximation. The
author's interest in the problem was aroused by papers on transporta-
tion theory presented by Koopmans and Dantzig at a conference on
linear programming in Chicago during June 1949, under the auspices of
The Cowles Commission for Research in Economics of The University of
Chicago. Frank L, Hitchcock, L. Kantorovitch, and Tjalling C.
Koopmans have contributed independent formations of this same theory,
and each has offered a computational scheme. Professor Koopmans, in
his Introduction to the Chicago Conference Proceedings, has discussed
the interrelation of the conference papers—-including the bearing of
some of these on the Hitchcock distribution problem. The present
author has previously offered a computation scheme for treating the

problem, including the troublesome degenerate cases. An extreme
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degenerate case is that known as the "personnel assignment problem,"
as treated by Votaw and Orden and von Neumann. However, Orden has
offered a simple and effective way to reduce the degenerate casés to
nondegenerate ones easily manageable by Dantzig's simplex method;
consequently the shipping example treated in the present paper is
typical computationally for the general Hitchcock distribution prob-
lem. (Author)
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"Forecasting Imports"

W. A. H. Godley and J. R. Shepherd

National Institute Economic Review, vol. 33, August 1965, pp. 35-42

KEYWORDS: Forecast; Forecast Technique; Import Forecast

REVIEW: This article discusses the development of equations for
forecasting imports to Britain. The aggregate approach is described
rather than the disaggregative approach to forecasting. That is, an
attempt is made to find a relationship between the total volume of
imports and various national expenditures (a commodity by commodity
breakdown is not forecasted). The equations were developed for fore-
casting over a short period of 1-2 years.

Basically the method of formulation was to apply multiple re-
gression analysis to historical data collected between 1955 and mid
1964. Expériments were conducted with several independent variables
in order to find an adequate explanation, with the least cumbersome
mathematical relationship, of the total movement of imports. Some
of the independent variables investigated are as follows:

a) Final Sales — a measure of demand;

b) Stockpiling;

c¢) Time Trend;

d) Discrepancy between national expenditure figures and nation-

al income or output figures;

e) Capacity Utilization;

f) Unemployment.

Using final sales, stockpiling, and a time trend, a regression
analysis was conducted ylelding an equation which explained the
volume of imports with an average error of slightly greater than 1%.
This analysis was done using official figures which were determined
by the National Expenditure approach to National Income Accounting.

The fourth independent variable (d) was determined by formulating
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compromise figures using both the Expenditure approach and the Income
approach to National Income Accounting. The resulting regression
analysis reduced the average error to slightly less than 17%.

Experiments with the other independent variables listed did
not produce any significant explanation. The disaggregation of
demand (final salés) to provide further independent variables was also
done on a limited basis. The resulting regression analysis proved
that movements of import can be explained quite well without making
any separate allowance for differing import content of the various
sections of final demand.

The independent variable "stockpiling' was sub-divided into two
major categories and a regression analysis run. The results indicated
that such a breakdown is not required in order to obtain an aggrega-
tive picture of imports.

In sumﬁary,‘the paét movements of the volume of imports camn be
explained by a relationship with total final sales,'stockpiling, and
of course, a time trend.

(The authors felt that the éoefficients determined by regression
analysis were out of line with the marginal propensities to import
developed in Britain input-output table. Therefore they imposed cer-
tain coefficients which they thought were more probable. A later

article by Black, Kidgell and Ray disproves this theorem.)
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"Towards an Economic Appraisal of Port Investments"
R. 0. Goss

Journal of Transport Economics and Policy, vol. 1, no. 3, September
1967, pp. 249-272

KEYWORDS: Economic Analysis; Port

ABSTRACT: There is widespread agreement that port facilities in
many countries need improvement, partly to serve increased volumes of
trade and partly because it appears that substantial economics in the
cost of sea transport can only be achieved by improvements in sea-
ports. The object of this paper is to discuss methods by which such
proposals may be appraised. The discussion is, however, confined to
proposals to improve the point of contact between ship and port,
rather than the warehousing, processing and other activities which also

take place in or near ports. (Author)

REVIEW: This paper considers port investments mainly from the
economic viewpoint and at the micro scale, that is, one port at a time.
This paper is mostly qualitative in nature but does quote various
statistics to give some idea of the quantities being considered. There
is, however, an appendix which presents the basic idea of the paper in
mathematical form. The author stresses the idea that port investments
are inevitable and that the basic questions are where, when, and how.
He then goes on to describe various economic methods which may be used
to answer some of these questions. Some of these include the social
cost-benefit approach, the net present value approach, and the dis-
counted cash flow approach. A section is presented on port planning
and its relationship to national planning. The author does feel that
within any country there should be a national port planning commission
which coordinates the activities of the individual port authorities.
One of the primary functions of this central port authority would be

the optimum allocation of funds for port improvement and expansion.
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Only through an impartial central authority could funds be distributed

so as to maximize the overall national return on investment.
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"Choice of Ships for the Routes of Foreign Transpofts B& Linear
Programming Methods" (in Russian)

E. Gromovoi and V. Suhotkii
Morskoi Flot (USSR). 1962, no. 9, pp. 15-17
KEYWORDS: Fleet; Scheduling; Transport

ABSTRACT: The problem mentioned in the title is rediced to a
linear programming problem. A small example'is introduced and solved
by the index method. Reviewer's note: In the transformation of the

expression for £ (page 15) a gross algebraic error occurs
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"Minimum-Time Ship Routing by Calculus of Variations Methods"

Harry D. Hamilton (Naval Postgraduate School, Monterey, Caiif;,'
Master's Thesis, 1961)

U.S.G.R. and D.R., 1961, 17 p., available NTIS, Doc. No. AD-262 324
KEYWORDS: Scheduling; Fleet; Transportation Model; Transport

ABSTRACT: The minimum—time route is determined by calculus of
variations, rather than the conventional manual technique. The meth-
od congists of solving the associated Euler equation by numerical in-
tegration on the Control Data Corporation model 1604 digital computer.
In case 1 the ship's speed is assumed to be primarily a function of
position; and in case 2 the ship's speed is taken to be a function of
its direction as well as position. Case 2 is recommended for opera-

tional adaptation. (Author)

-120-



"Great Lakes Port and Shipping Systems Research Report For: Office

of Ports and Intermodal Systems U.S. Maritime Administration. Part I

Melvin A. Hanson, Jehiel Novick, William A. Rabiega, and.Roger H.
Yaeger (Southern Illinois University, Carbondale, Transporéafidn

Inst.)
U.S.G.R. and D.R., Oct. 1969, 64 p., available NTIS, Doc. No. PB-188 791
KEYWORDS: Port

ABSTRACT: The Great Lakes ports and shipping systems study has
four goals: To ascertain the effect of the St. Lawrence seaway upon
traffic of U.S. Great Lakes ports; to highlight trends in the shipfing
system, pinpointing those ports which are favored by these trends, to
recommend some generalized means whereby recoénized'problems may be
met and favorable developments augmented; and to provide:a completé
reference source for those interested in United States Great Lakes .
ports. It is presented in two parts. The document contains part 1°
which is the analytical section of the research. The first three :

areas, or goals, are covered therein. (Author)
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"Great Lakes Port and Shipping Systems Research Report For: Office
of Ports and Intermodal Systems U.S. Maritime Administration. Part "

Melvin A. Hanson, Jehiel Novick, William A. Rabiega, and Roger H.
Yaeger (Southern Illinois University, Carbondale. Transportation

Insts)

U.S.G.R. and D.R., Oct. 1969, 258 p., avallable NTIS, Doc. No. PB-
188 937

KEYWORDS: Port

ABSTRACT: The report is a companion volume to three United
States seaports publications. It contains data of value to commerce
and shipping interests. This data consists of rates, services, and
charges; labor contracts, rules, benefits, wage rates and related
data; foreign and domestic trade; port development and port-related
technical studies and research programs; and policy and legal ac-
tions taken by the Federal Government affecting the port industry.

(Author)
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"Computerized Scheduling of Sea-going Tankers" et

Sengygy e
H. O. Hartley, and M. D. McKay (Texas A & M University, College
Station, Inst. of Statistics)

U.5.G.R. and D.R., April 1971, 25 p., available NTIS, Doc. No. AD-
724 804

KEYWORDS: Transport; Scheduling

ABSTRACT: The paper represents a condensed summary of the
mathematical aspects of a project which was carried out with the ac-
tive cooperation of Defense Supply Agency Headquarters (DSAH), De-
fense Fuel Supply Center (DFSC), Military Sea Transportation Service
(MSTS), Office of Naval Research (ONR). It must not be regarded as
a complete statement of the logistic ramifications of the operational
problem of the scheduling of tankers, but rather as a somewhat ideal-
ized version of the real life situation. The authors should state
however that the computer program they have developed and which is
briefly sketched in section 6 takes account of all operational as-
pects although certain modifications are still in progress. Mathe-
matical formulations of the problem are given. One is a reduction
to non-convex integer programming problem. The other (utilizing, ..
operational restrictions for the feasible tanker routes) reduces the
problem to linear integer programming which is solved by a decompo-

sition algorithm. (Author)
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"Are Gravity and Interactance Models a Valid Technique for Planning

Regional Transport Facilities?"

I. G. Heggie

Operational Research Quarterly, (U.K.), vol. 20, no. 1, March 1969,
PP. 93-110

KEYWORDS: Transport; Transportation Model

ABSTRACT: After briefly introducing the gravity and interact-
ance models, the following article goes on to discuss the status of
these models and asks: are the hypotheses reasonable; are the models
logically consistent; and do the models fit the facts? The first
two sections are of a theoretical nature although a number of prac-
tical examples are given to illustrate certain of the points made.
The third section consists of a series of case studies covering UK
port traffic; inter-urban traffic in Ghana; and urban road traffic
in Oxford. Graphs are plotted to show the relationship between the
various traffic model parameters. The general conclusions from the
analysis is that gravity and interactance models do not provide a
valid means of producing traffic forecasts in a regional environ-
ment. The concluding section is devoted to discussing other methods
of traffic forecasting and suggesting the most promising areas for

future research. (Author; refereed)
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"Port of Future"

S. Johnson (Institution of Engineers and Shipbuilders in Scotland)
Transportation, vol. 111, part 3, 1967-68, pp. 129;156, part 4,
pp. 157-162

KEYWORDS: Port

ABSTRACT: Factors which govern type, location énd Eé;acity of
ports required in immediate future; Fhese fagtors are primarily
economic--changes in cargo and passenger traffic and coété'of_sea
and land-components of tramsport, élso cost of competing systems
such as air transport; technicai factors‘are concerned, such as
possibility éf bullding and operating larger and more specialized

ships, and new ways of cargo handling. (Engr. Index)

-
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"An Efficient Branch and Bound Algorithm for the Warehouse

Location Problenm"
Basheer M. Khumawala

Unpublished Ph.D. dissertation, Krannert Graduate School of Indus-
trial Administration, Purdue University, June 1970

KEYWORDS: Transport; Transportation Model

ABSTRACT: This paber introduces an efficient branch and bound
algorithm for a special class of mixed integer programming problems
called the warehouse location problem. A set of branching decision
rules is proposed for selecting warehouses to be constrained open
and closed from any node of the branch and bound tree. These rules
are tested for their efficiency in reducing computation times and
storage requirements to reach optimal solutions. An improved meth-
od of solving the linear programming problems at the nodes which
substantially reduces the computations is also introduced in this

paper. (Author)
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"A Comparison of Short and Medium Range Statistical Forecasting
Methods"

Robert M. Kirby (The Singer Company, New York)

Management Science, vol. 13, no. 4, December 1966, pp. B202-B210

KEYWORDS: Forecast; Forecast Technique

ABSTRACT: Exponential Smoothing, Moving Average, and Least
Squares forecasting models were tested by simulating their operation
on seven years of actual data for various sewing machine product
groups. The relative accuracy of the forecasts varied according to
the length of the period being forecasted and the characteristics of
the data. Tests were also conducted on synthetic series designed to
isolate the cyclical, trend and noise components. For the series
tested, the Exponential Smoothing and Moving Average methods were about
equal in overall performance for intermediate range forecasts (next six
month's demand). For the short range (next month's demand), the Ex-
ponential Smooth gave slightly better over—all results. The difference
in relative performance between the Exponential Smoothing and Moving
Average methods for intermediate versus short range forecasts appears

to be due to a subcomponent identified as "caused noise'". (Author)
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"Quantitative Models to Represent Port Operations"

U. K. Kohli

Opsearch (India), vol. 5, no. 2, June 1968, pp. 75-87
KEYWORDS: Port; Transportation Model; Transport

ABSTRACT: The basic operations at an ocean port are identified.
A quantitative model using queuing theory is developed to determine the

total turn-round time. N. K. Jaiswal (India)

REVIEW: This paper presents a very simple mathematical model of
a port which takes into account only the basic operations. The for-
mulas used are very simple and all variables used are defined very
clearly. A queuing model is used for ship arrivals. Using different
combinations of turn around times and arrival rates, varying port
capacities are achieved. By picking certain combinations, the port
capacity can be maximized. It is pointed out that the model developed
is useful in developing information which can be used for making de-
cisions. Among the possible decision areas are the movement of ships,
type of cargo handling facilities, type of cargo storage facilities,
the rail and road movements of cargo, and the effect of external

factors.
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"A Hueristic Program for Locating Warehouses"

Alfred A. Kuehn and Michael J. Hamburger (Carnegie Institute of
Technology, Pittsburgh, Pennsylvania)

Management Science, Vol. 9, July 1963, pp. 643-666

KEYWORDS: Transport; Transportation Model

ABSTRACT: The linear programming algorithms available for
optimizing the routing of shipments in multi-plant, multi-
destination systems cannot, in the current state of knowledge, be
applied directly to the more general problem of determining the
number and location of regional warehouses in large-scale distri-
bution networks.

This paper outlines a heuristic computer program for locating
warehouses and compares it with recently published efforts at
solving the problem either by means of simulation or as a variant
of linear programming. The heuristic approach outlined in this
paper appears to offer significant advantages in the solution of
this class of problems in that it (1) provides considerable flex-
ibility in the specification (modeling) of the problem to be
solved, (2) can be used to study large-scale problems, that is,
complexes with several hundred potential warehouse sites and sev-
eral thousand shipment destinations, and (3) is economical of
computer time. The results obtained in applying the program to
small scale problems have been equal to or better than those pro-

vided by the alternative methods considered. (Authors)
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"Vessel Allocation By Linear Programming" -

J. Laderman, L. Gleiberman, and J. F. Egan (Operations Research

Department, Service Bureau Corporation, New York, New York)

Naval Logistics Research Quarterly, vol. 13, no. 3, September 1966,
PP. 315-320

KEYWORDS: Fleet; Scheduling; Transport; Transportation Model

ABSTRACT: This paper presents a linear programming model of a
fleet of vessels which is required to transport quantities of cargo,
such as coal, iron ore, limestone, and salt from certain producing
ports to specific destination ports. This model has been implemented
and is currently being used both for planning purposes and as an aid

“in scheduling the trips to be made by each vessel. (Authors)
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"Overcoming the Limitation of General Economic Forecasts"

Oscar F. Litterer (Business Economist, Federal Reserve Bank of
Minneapolis)

The Commercial and Financial Chronicle, Vol. 190, number 5868,
July 1959, p. 423

KEYWORDS: Forecast

ABSTRACT: Limitations of the general type of forecasts, even
when accurate, for credit men, individual firms, regional appraisals,
etc., trying to predict future trends can be overcome, according to
Dr. Litterer who explains how in his brief paper. The economist
prefers a composite of forecasts to a single one, and avers that an
explanation of the forces underlying a decline, for example, may be

more important than the percentages.
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"Port Management Problem Study"

Arthur D. Little, Inc., Cambridge, Mass.

U.S.G.R. and D.R., July 1969, 35 p., available NTIS, Doc. No. PB-
185 468

KEYWORDS: Port

ABSTRACT: The purpose of the study was to: (1) identify key
problem areas where the introduction of new management techniques
could assist management in improving the efficiency of U.S. port
operations; (2) develop research recommendations for the Maritime
Administration that could assist in the industry's efforts to cope
with changing managerial requirements; and (3) identify the infor-
mation and data requirements that would enable port managers to
make better decisions in both short and long-term port development
and operations. During the course of the study a selection and
survey of representative seaports on the Great Lakes, the Atlantic,

the Pacific and Gulf coasts was made. (Author)
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"Waterborne Feeder Subsystems for Unitized Cargo Transportation,

Volume 1."

Arthur D. Little, Inc., Cambridge, Mass.

U.S.G.R. and D.R., March 1970, 88 p., available NTIS, Doc. No. PB-
191 478

KEYWORDS: Transport

ABSTRACT: 1In view of the planned development of large unitized
container ships that will serve only a few major 'express' ports,
there is growing interest in the possibility of instituting water-
borne feeder services (WFS) to and from subsidiary ports. A study
was made to examine the desirability and feasibility of such ser-
vices. Volume I is devoted to assessing the demand for WFS in sam-
ple trade environements, and to selecting vehicle specifications

appropriate to these environments. (Author)
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"Waterborne Feeder Subsystems for Unitized Cargo Transportation."

Volume 2 Appendices
Arthur D. Little, Inc., Cambridge, Mass.

U.S.G.R. and D.R., Dec. 1969, 213 p., available NTIS, Doc. No.
PB-191 479

KEYWORDS: Transport
ABSTRACT: Volume II contains Appendices A through V and also

a separate report entitled 'Characteristics of Waterborne Feeder

Vessels for Unitized Cargo Transportation.'
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"Forecasting Exports and Imports: Introduction"

R. L. Major

National Institute Economic Review, Volume 42, November 1967, pp. 32-34

KEYWORDS: Export Forecast; Import Forecast; Forecast

REVIEW: This article is simply an introduction to the follow-
ing two readings:
a) '"Forecasting British Exports of Manufactures to Industrial
Countries," National Institute Economic Review, Volume 42,
November 1967, pp. 35-51;

b) '"Forecasting Imports - a Re-examination," National In-

stitute Economic Review, Volume 42, November 1967, pp. 52-57.

A discussion of the accuracies of the forecasts - import and
export — brings to light the problems involved in forecasting even in
the short run. Comparisons between forecasted and actual figures for
1962-1967 are made. Forecasts for imports are fairly accurate in the
short run given that government policies are unchanged. However, ex-
port forecasts are significantly inaccurate due to exogeneous factors
such as the demand for goods and services in the many diversified

countries of the world.
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"Etude de la Capacite d'un Port Mineralier" (Study of the Capacity

of an Ore Port)
Jacques Melese
Gestion (France), vol. 8, June 1965, pp. 342-350
KEYWORDS: Import; Transport; Transportation Model; Port
ABSTRACT: Ship arrivals, unloading equipments, works require-
ments are described. A parametric linear program optimizes the use
of existing equipment, the daily requirements being used as a pa-
rameter. Ship arrivals are manually simulated by a stuttering-—-

Poison distribution to study demurrage variations, equipment use and

service to works. Claude Witkowski (France)
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"Seaports and Waterways Master Plan"
Metropolitan Dade County Planning Dept., Miami, Florida.

U.S.G.R. and D.R., Dec. 1968, 69 p., available NTIS, Doc. No. PB-
184 728

KEYWORDS: Port; Planning

ABSTRACT: The study is one of five master plan elements which
have been prepared as part of a comprehensive transportation master
plan. The element 1s part of the joint federal, state, and county
sponsored Miami Urban Area Transportation Study. The master plan
examines goals for seaport and waterway development to 1985 and con-
cludes that: (1) Miami has the potential of becoming the foremost
cruise passenger port in the nation: (2) Port and waterway activity
must remain compatible with an unpolluted resort environment and a
tourist economy; and (3) Port of Miami cargo activity should comple-
ment, not duplicate that at Port Everglades (Broward County). Al-
ternative port sites are considered, including the possiblity of an
industrial bulk cargo port in the southern portion of the county.
The master plan recommends rehabilitation of the Miami River as an
urban waterway through bulkheading, revised land uses on its banks,
and a general clean-up effort. Because of uncertainty over the
effect upon Biscayne Bay of a bulk cargo port development, dredging
and channel construction, the master plan suggests a comprehensive
hydrological - biological ecological study of the bay, with a work-
ing hydraulic model. (Author)
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"Modeling and Simulation of a Logistical Transportation System"

M. H. Mickle and D. E. Rathbone (University of Pittsburgh)

Institute of Electrical and Electronics Engineers, Region Six Con-

ference, May 20-22, 1968, paper 2-A-2, 8 p.

KEYWORDS: Simulation Model; Transport; Transportation Model

ABSTRACT: This paper presents the results of a study of an
ammunition allocation problem. The ammunitions are shipped from
various origins in the Continental United States (CONUS) through
major ports of embarkation (POE's) to various ports of debarka-
tion (POD's) throughout the world. The shipment components to-
gether form an integral unit and must leave the CONUS on one ship.
The shipment has a required delivery date at the POD. Each POE
has a limited storage capacity and a maximum and a minimum
throughput constraint. The problem is to allocate the ammuni-
tion shipments on a day-to-day basis so as to minimize shipping
costs and to meet shipping schedules. The solution must of course
satisfy such constraints as port capacity and storage, delivery
dates, shipping dates and ship capacities.

The above system was modeled and simulated digitally. The
modeling allowed scheduling, routing, and storage throughout the
system such as to allow an optimization of the process with
respect to shipping costs or to move the ammunitions in minimum
time. The simulation was constructed around the occurrence of
events in the system. Time is a basic input, and the system is
dynamic. At the present time, the simulation model is per-
forming the following functions:

1. Simulation

2, Optimization

3. Notification

4. Bookkeeping
(Authors)
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REVIEW: This article presents a good example of tfansporta-
tion system modeling and simulation. The network used consists
of three different types of terminals. These are inland origins,
Ports of Embarkation, and Ports of Debarkation. The major em—
phasis in this report is the scheduling of a particular product
through the network so as to meet a time deadline and minimize
transport costs. A considerable portion of the report is devoted
to the logic and reasoning going into the formulation of the model.
Some of the constraints assumed in their model include limitations
on port capacity and storage as well as certain delivery dates,
shipping dates, and ship capacities. The transportation mode
between the inland origins and the Ports of Embarkation is rail
while the mode between the Ports' of Embarkation and the Ports of
Debarkation is ships. No capacity constraints are assumed on any
mode for any section of the network except the Ports of Embarka-
tion and the impedance or resistance of a given section of the
graph is mezsured in dollars/ton and the transit time in days.

The simulation languages considered included SIMSCRIPT and
GPSS but Mickle and Rathbone wanted to be able to interact with
the simulation while it was being run which was impossible with
these languages. Therefore, they finally chose FORTRAN IV as the
language for this project.

Perhaps the most important single variable this system uses
is time. For that reason it can be considered a dynamic pro-

gramming problem.

-139-



"Economic Forecasts and Expectations"
Jacob Mincer, (Editor; National Bureau of Economic Research)
Columbia University Press, New York, 1969

KEYWORDS: Forecast; Forecast Technique

REVIEW: This text is a compilation of papers written by
specialists in the field of economic forecasting. Empirical tests
of forecasting methods are disclosed; the majority dealing with
short term and quarterly forecasts. Discussions of data accuracy
and measurement of forecast error are included along with prog-
matic considerations of forecasting. A fair degree of mathemati-
cal and statistical expertise is assumed as the models are depicted
in these terms.

An extensive reference list is included at the end of every
chapter. Edited by Jacob Mincer of the.National Bureau of Eco-
nomic Research, the text is wvalid and reliable as a source of in-

formation on short term economic forecasting in the United States.
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"Berth Planning by Evaluation of Congestion and Cost"
S. N. Nicolaou
American Society of Civil Engineers - Proceedings, vol. 93 (Journal

of Waterways and Harbors Division), no. WW4, Nov. 1967, paper 5577,
pp. 107-132

KEYWORDS: Economic Analysis; Planning

ABSTRACT: Studies of observed patterns of ship arrivals in
general cargo ports for which all berths are operated by port
authorities indicate satisfactory agreement with Poisson's dis-
tribution function; analytical inter-relations between berth oc-
cupancy, congestion, fixed costs of idle port facilities, and cost
of waiting ships have been developed, and presented graphically;
tables and graphs enable determination of number of berths in port

by graphical methods. (Engr. Index)

REVIEW: This paper presents a method of using graphs and
tables, which are included, to determine the optimum number of
berths in a given port so as to minimize capital costs. The basic
assumption is that a port must be planned so as to satisfy the
needs of both the steamship companies and the operators of the port
facilities. Of course, the ideal situation is to have all the
berths occupied all of the time.

Several different port parameters are defined precisely and
then used to determine port size. The main parameters are ''per-
centage of congestion', 'percentage of occupancy'", and '"degree of
congestion'". Rigorous mathematical development of a Poisson
queuing model for ship arrivals is included along with a mathemat-
ical interpretation of the relationship of the several port param-
eters previously mentioned. Other sections of the article include
the relationship of congestion and occupancy to the costs of
maintaining the berths and the influence of cargo handling rates

on the total port operational costs.
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Two numerical examples are included in which step by step
methods are outlined for the planning of a new port and the
evaluation of an existing port. The parameters or factofs used
in planning a new port include the following:

1. total annual general cargo handled in port

2. total annual general cargo handled per berth

3. cost per day of operating a berth

4. cost per day of operating an idle ship
The parameters used in evaluating an existing port are similar.

Although sophisticated mathematics is used throughout the
article, the graphs and tables can be used without an understanding
of this mathematics. In fact, the primary reason for developing
this graphical and empirical approach to port planning was to elim-
inate the long calculations or extensive computer time that would

be needed otherwise.
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"A Queuing Model for Unitized Cargo Generation'

A. Novaes and E. Frankel

Operations Research (U.S.), vol. 14, no. 1, January-February, 1966,
pp. 100-132

KEYWORDS: Export; Transport

ABSTRACT: A good attempt at developing a model of cargo gen-
eration and vessel allocation for cargo which can be considered
uniform (containers, roll-on-roll-off or unitized bulk). Several
assumptions regarding cargo generation are made, e.g., cargo of-
fered depends on schedule, frequency of service is independent of
fleet composition; and cargo loss is not further included in the
model except for reneging. The authors consider both constant and
exponential service times for service of cargo analytically and
bulk queues by simulation and direct calculations. Ernest

Koenigsberg (U.S.)
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"Analysis and Simulation of Segmented Cargo Ship Operation"

O0'Hughes, F. Seibold and E., Frankel (MIT, Cambridge, Dept. of
Naval Architecture and Marine Engineering, August 1964)

U.S.G.R. and D.R., August 1964, 249 p., available NTIS, Doc. No.
PB-166 666

KEYWORDS: Transportation Modelj Scheduling

ABSTRACT: The problem is first to evaluate the economic
feasibility of articulated ships under simplified and idealized con-
ditions and to compare its profitability with that of conventional
ships; second, to examine how this performance is affected by the ran-
dom or stochastic processes which were ignored in the simplified eco-
nomic analysis. The economic aspect was treated first by construct-
ing a model which would primarily consider economic factors (revenue,
costs, rate of return, etc.), and which would simulate only very
simple operating characteristics. This first model is actually a
"steady-state" analysis. The operational aspect was then examined
with the use of a second model which allowed time-varying and sto-

chastic inputs so as to give a high degree of realism.

-144-



"Medium-Range Scheduling for a Freighter Fleet"

C. A. Olson, E. E. Sorenson, and W. J. Sullivan

Operations Research (U.S.), vol. 17, no. 4, July-Aug. 1969,
PP. 565-582

KEYWORDS: Fleet; Scheduling

ABSTRACT: A model of Matson Navigation Company's freighter
movements has been created to schedule voyages between the West
Coast and Hawaii for periods of three months. The model describes
the ships and port facilities; it regards the West Coast as con-
sisting of three port areas. Ship timings are based on average
values; no stochastic variables are used. Inputs to a run include
cargo forecasts and initial positions of the ships in the fleet.
Decisions of ship movements are made sequentlally on the basis of
calculated voyage profit and service requirements. Twelve cargo
classes and six port pairs are considered, but of 72 possible com-
binations of cargoes and port pairs, only 29 actually occur. Pro-
gramming is in GPSS-~III for the IBM 7094, IBM 360/30 programs were

written to facilitate entry of data and also to tabulate the output

in several types of management reports for easier analysis of re-
sults. A three-month period, in one-hour increments, takes six
months to run on the 7094, The model utilizes the computer to
obtain schedules in the region of optimum profit, consistent with
certain rules laid down by management. The model has been used in
planning activities of the current fleet and in studying require-
ments for the future fleet. It offers the following advantages:
computational accuracy in production of medium-range schedules;
incorporation of profit criteria in many schedule decisions;

speed of testing many alternatives; and consequently, more respon-
sive and satisfactory fleet scheduling than could be done by nor-

mal manual methods. (Authors. Reprinted from Opns. Res.)
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REVIEW: The scheduling of the freighter fleet of Matson
Navigation Company between Hawaii and the West Coast of the United
State is the problem tackled in this article. The method used is
presented in a completely qualitative manner with not one equation.
The explanations of the logic and reasoning going into formulating
the system is very clear. All assumptions are stated, flow diagrams
are drawn, and the specific computers and computer languages are
.named and the reasons why they were chosen are given. Although
very descriptive in nature, this article would provide a good back-
ground of basic knowledge which could prove useful in the formula-

tion of similar models for use in fleet scheduling.
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Techniques of Economic Forecasting

Organization For Economic Cooperation and Development
Paris, 1965
KEYWORDS: Forecast; Forecast Technique

REVIEW: This paperback is an account of the methods of
short-term economic forecasting used by the Governments of Canada,
France, the Netherlands, Sweden, the United Kingdom, and the
United States. The methods discussed outline forecasts of GNP and
its components for 1 to 2 years. The mathematics of the methods
are kept to a minimum and the general pragmatic characteristics of
various independent variables are discussed. ‘

An introduction and general overview is presented by C. W.
McMahon, formerly of Magdalen College and presently at the Bank of
England. The overview in itself presents sufficient information

on the various methods used and their problems.
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"Transoceanic Cargo Study: Volume II. Distribution Costs and Pro-

ductivities of Transoceanic Transport Technologies"
Planning Research Corporation, Los, Angeles, California 90024

U.S. Department of Transportation, Assistant Secretary for Policy
and International Affairs, Office of Systems Analysis and Infor-
mation, Washington, D.C. 20590, March 1971.

KEYWORDS: Economic Analysis; Transport; Planning

ABSTRACT: This is the second of three volumes presenting the
results of the Transoceanic Cargo Study. It presents the costs
andrproductivities of the transoceanic transport technologies for
the years 1970-1980. Included are the B-747F/1L-500 type jumbo
cargo alrcraft for the air mode and representative configurations
of Bulkers, Tankers, Container Ships, Break-Bulk Ships, and Barge
Carriers for the ocean mode. Consideration is also given to the
domegéic and foreign inland modes and to peripheral costs such
as documentation, inventory, pickup and delivery, and insurance.

For information regarding use and operation of the pro-
gram, contact R. D. Murphy, Department of Transportation,
Washington, D.C. (A/D 202-426-2090)

REVIEW: This volume reports the results of a Transoceanic
Cargo Study preparéd for the Department of Transportation. Al-
though the air and inland modes are considered, the bulk of the
volume deals with the ocean mode. Each of the three sections
explain the formulation of equations relating the various param—
eters used In measuring different factors which affect the trans-
port cost or transport time for the given mode. For the section
on the ocean mode, a brief outline of the basic logic of the
mathematical model developed is presented. The model is designed
to output shipping cost and total transit time. Other outputs

include cargo waiting time, cargo handling and terminal cost,
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ocean transit time, cargo insurance or claims cost, etc. Five
different vessel types are considered within the model. The model
is deterministic since average values of parameters are used
rather than probability distributions. A basic constraint of the
model is that it is general and can therefore be used only for
normal or average operating environments. Another constraint is
that the number of user supplied input parameters was kept low so
as to increase ease of use. For each parameter used, an equation
is presented which relates the parameter to other parameters. The
equation is then plotted on full page graphs. By knowing values
of certain parameters, values of other related parameters can
simply be read off the graph. These values can then be used as
input data for the mathematical model of the entire shipping sys-

tem.
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"Optimum Size Seaport"
Carl H. Plumlee

Proceedings of the American Society of Civil Engineers, Journal
of the Waterways. and Harbors Division, ASCE, vol. 92,. no. WW3,
August 1966

KEYWORDS: Port

., ABSTRACT: How many berths should be provided in a seaport?
The answer to that question depends on various points of view and
on the magnitude and the character of shipping that will use the
port facilities. .

. It is natural that operators of steamship lines look with
favor on a port having sufficient berthing space to accommodate
every ship promptly on arrival, thereby eliminating the costly
waiting time that results when there are not enough berths for
all ships present. The berths in such a port may be vacant much
of the time. It is also natural to expect that the operators of
port terminal facilities generally would not want to have ship
berths standing idle. Somewhere between these opposing objec-
tives, each port must reach a compromise--hopefully, one that will
provide the number of berths which will achieve the most econom-
ical transfer of cargo between ships and shore, considering all
elements of cost. )

The quest to discover techniques that may simplify solution
of the problem stated above has led the writer into three princi-
pal areas of study that are reported and examined herein. These
are:

1. Investigation of the patterns of ship traffic at
seaports;

2. Determination of a theoretical relationship, in a sea-
port, between the average number of ships present and

the number of berths available that will minimize the
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combined costs of idle facilities ashore and afloat; and
3. determination of a theoretical relationship between the
usage of berths of a port and the number of berths that
will minimize the combined costs of idle port facilities
and of ships waiting for a berth.
The writer does not attempt to provide a panacea for the
problems of the managers and the planners of seaports. However,
for those key executives, criteria and techniques are suggested

to facilitate the decision-making process. (Author)

REVIEW: This article presents a methodology for finding the
‘optimum number of berths for a port so as to minimize the total
tosts. The total costs are the costs of maintaining the port plus
the costs of maintaining a ship while in a berth or waiting fér a
berth. A Poisson queuing model is used to describe the ship ar-
rival pattern. Data used throughout the article are based on \
data from actual ports in Central America and Ecuador. 'The'pé-
rameters used are the total number of ships using the port in one
year, the average number of ships present, the cost of a vacant
berth per hour, and the cost of a waiting ship per hour. The
article is very clearly written and although it contains some ad-
vanced mathematics, very little of the general idea of the article
will be missed if the mathematics is skipped. Many graphs and

tables are presented to increase understanding of the method used.
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Proceedings of the Fifth International Harbour Congress

(no author given)

June 2-8, 1968 Koninklijke Vlaamse Ingenieursvereniging,

Ingenieurshuis, Jan Van Rijswijcklaan 58, Antwerp 1, Belgium
KEYWORDS: Planning; Port; Scheduling; Transport

ABSTRACT: ihe 5th Iﬂternational Harbour Congress which took
place in Antwerp in June, from 2 to 8, 1968, as had been the case
with previous congresses, brought together again a great many
harbour experts. No less than 600 attending people from the 5
continents, represeﬁting 50 countries and 84 harbours, respective-
ly, joined in the activities of one or more of the eight technical-
scientifical sections of the congress.

As had been the case during the 4th Harbour Congress in 1965,
the 5th also was complemented in an exciting way by the 2nd In-
ternational Harbour Exhibition, which had been simultaneously pre-
pared and proved quite interesting. In total 29 exhibitors took
paré, 12 of which were foreign harbours, 4 being Belgian harbours
and 13 being firms. The exhibition was held in the same bullding
as the congress, thus allowing the congress registrants to pay a
series of visiés to the stands. Said 2nd International Harbour
Exhibition was opened with a certain solemnity on Sunday, June the
2nd, by Mr. L. Delwaide, duputy mayor for the Port of Antwerp,
after an introductory speech by Mr. A. Meyfroot, president of the
Exhibition. (Author)

REVIEW: The proceedings of the conference is published in a
book of 185 pages which is categorized into such areas as geology
and soil mechanics in harbor construction, hydraulic engineering
in harbours and off-shore, port equipment for handling and

transhipment of goods, etc. The organization of the conference
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was such that various selected people presented their own papers
to all those interested. Some of the papers presented in the Port
Management category, for example, included "How Should Port Au-
thorities Operate?", '"The Curtailing of the Turn-round of Ships in
Ports," "Port Problems in Developing Countries," etc. A note is
made at the beginning of the book that individual papers presented
at the conference have been published and are available at the
following address:

General Secretariat of the Koninklijke Vlaamse
Ingenieursvereniging

Ingenieurshuis

Jan Van Rijswijcklaan 58

Antwerp 1, Belgium

It should be noted that the proceedings are an overview of

what was presented and do not contain any of the papers presented

verbatim.
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"Traffic Handling Delays in Ports"
T. Rallis (Technical University of Denmark, Copenhagen)

Fifth International Harbour Congress, June 2-8 1968, Antwerp,
Belgium; Kon Vlaam Ing, Papers 1968, Section 3-RA, 6 p.

KEYWORDS: Port; Scheduling

ABSTRACT: On basls of telephone traffic theory and with aid
of Erlangs rejection and waiting time formulas, probability of
disturbance and delay in traffic handled in Port of Copenhagen has
been calculated; geometrical conditions of harbor and handling of
traffic in port are described; special reference is made to quays,

warehouses and quayside roads in Free Port. 11 refs. (Engr. Index)
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"The Integration of Port Functions: A Network Definition of
Spatial Structure"

R. Robinson

Supplemental Papers - Ninth Annual Meeting, Transportation Re-
search Forum, 1968, pp. 119-130

KEYWORDS: Port; Port Model; Transport

REVIEW: The author applies rudimentary graph theory to an
analysis of ship movements among the complex of ports serving
southern British Columbia. By this means the operational inte-
gration of the port system is demonstrated. This type of analy-
sis could be useful in identifying the particular ports which
should be included in a multiport system.
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"Discrete Programs for Moving Known Cargos from Origins to Des-

tinations on Time at Minimum Bargeline Fleet Cost'

N. L. Schwartz

Transportation Science (U.S.), vol. 2, no. 2, May 1968, pp. 134-
145

KEYWORDS: Economic Analysis; Fleet; Scheduling

ABSTRACT: A bargeline which accepts various cargos for
timely delivery between pairs of ports in its district must de-
termine the routing and timing of movements of barges and towboats
to execute the égfeed freight movements at minimum fleet cost. A
linear discrete programming model of this optimization problem is
developed. The cargo movements to be made and the times needed
for transit, loading, and unloading are assumed known. A solu-
tion of the model gives the numbers of barges and towboats of each
size required to provide the service, with the consequent minimal
cost. It also provides a complete schedule for the bargeline,
specifying the location and status of the barges, boats, and

freight at every time unit of the scheduling period. (Author)

REVIEW: This article outlines an algorithm which is essen-
tially a specialized case of the Transportation Problem. The
basic Transportation Problem is used when a least cost allocation
of a given commodity is needed between several sources and sev-
eral destinations. The total supply at each source is known as
well as the total demand at each destination and the per unit
cost of transportation between any two points. In the model of
the article, the actual mechanics of scheduling certain size or
type barges and towboats for certain trips on certain branches of
the network is considered. The objective, of course, is to mini-

mize the overall cost of moving the commodity from the origins to
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the destinations. The method presented also gives a complete
schedule of where and when each barge and towboat should be at
any given time during the scheduling period. All assumptions
used in formulating the model are explained as well as the no-
tation used in the equations. Special cases are considered in
which all equipment needed is not available, and also the adapta-
tion of the model to handle problems in which there are branches
in the river system. Although the mathematics used is ' not too’
advanced the notation is somewhat confusing and the nesting of

summations does get involved.
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"Development of Computers as Aid to Port Management"

B. E. Sewell (Port of London Authority, England)

Fifth International Harbour Congress, June 2-8 1968, Antwerp,
Belgium; Kon Vlaam Ing, Papers 1968, Section 8-SEW, 4 p.

KEYWORDS: Port

ABSTRACT: Paper describes present use of computers in as-
sisting various levels of management in port industry with regard
to routine accounting functions, commercial and marketing sta-
tistics, operational techniques and mathematical models, need to
define clearly management's objectives leading to establishment
of integrated management information system, is stressed. (Engr.
Index)
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"Industrial Engineering at the Port of New York Authority"
John R. Shelton (Chief, Operations Standards Division).

The Journal of Industrial Engineering, vol. 15, no. 5, Sept.-
Oct. 1964, pp. 272-276

KEYWORDS: Port

ABSTRACT: The primary function of the industrial engineering
division is to provide internal management consulting services to
'al; line and staff units throughout an organization dedicated to

public service in the field of transportation. Emphasis is on
' operational studies using the various techniques of traditional
industrial engineering, operations research, mathematics, sﬁa— -
tistics, transportation economics, engineering administration and
economics. Studies have been conducted to devélop operations and
maintenance cost estimates, to analyze construction plans, to
evaluate manpower and maintenance requirements, to determine
traffic flow patterns through high level aerial photography, and
to study transﬁortation facilities through simulation and wait-

ing-line techniques. (Author)
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"The Demand for Inland Waterway Transportation'

Eugene Silberberg (Purdue University, Lafayette, Indiana)

Water Resources Research, vol. 2, No. 1, First Quarter 1966, pp. 13-29

KEYWORDS: Forecast; Forecast Technique; Planning

ABSTRACT: A new type of forecasting model of great potential
“for predicting flows in complicated spatial transportation networks is
illustrated through application to the forecasting of interregional
coal flows by barge over the Mississippi River system. Changes in
these flows are related to regional coal production and consumption
levels énd to the freight charges by barge and rail. The special
feature of the model is the great saving on the data needed for its
implementation made possible by assuming that transportation patterns
will be efficient, i.e., least-cost, for given regional imports and
exports. This assumption is incorporated by using the linear pro-
gramminé transportation method to generate individual flows from re-
gional barge imports and exports forecasts by a system of statisti-
cally fitted equations. Varioué applications are iilustrated.
(Author)

REVIEW: This article is concerned with the construction and
use of a forecasting model of the volume of traffic moved by barge
over the principal routes of the Mississippi River System. The model
relates changes in the barge transportation pattern to changes in
various exogenous variables such as regional industrial activities
and freight rates charged by the barge companies and their princi-
pal competitors, the railroads. The paper deals only with barge
transportation of bituminous coal, but the model is not restricted to
this commodity.

The approach used rests on a normative feature of the spatial
equilibrium model, namely, that a system of regions in spatial equi-
librium will minimize the total transportation cost of shipping the

goods between the regions, giving the final export and import levels
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in each region. 1In other words, a competitive system will perform
the transportation activity in an efficient or least cost manner.
This efficient trade pattern is exactly what would be derived, as-
suming constant unit transportation costs, by solution of the linear
programming transportation problem using regional export and import

levels as the constraint constants.
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"A Functional Analysis of the Ocean Port"

T. Arthur Smith (Operations Research, Inc., Silver Spring, Md.)

U.S.G.R. and D.R., August 1964, 59 p., available NTIS, Doc. No.
AD-166 578

KEYWORDS: Port Operations; Port Planning; Ports; Port

Management

ABSTRACT: The basic function of all ports is to provide
facilities for the two-way exchange of traffic between inland and
oceangoing transport. In this study the port is subjected to
analysis and a port system defined in terms of port operations,
i.e., harbor, terminal, and distribution functions; supported by
specialized and general administration functions. Port develop-
ment is analyzed and the relationships between planning, research,
financing, property acquisition, facility construction, and in-
formation exchange are shown. The metropolitan transportation
function is considered, major problems are discussed, and their

impact on port development is indicated. (Author)

REVIEW: In this rather lengthy article of 50 pages the port
is analyzed very thoroughly in a very objective but nonquantitative
manner. Many different topics are considered such as the role of
ports in the transportation system, the function of an ocean port,
port operations, port administration functions, port development,
and port planning. The financing of port facilities as well as
property acquisition and facility construction are explained.
Numerous flow charts and tables illustrate and clarify the ideas
presented. A glossary of commonly used port terms is also in-
cluded. This article would be most useful to someone just start-
ing a study of any aspect of ports. It presents every conceivable
aspect of the subject in a concise, yet clear manner without

mathematical development.
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"Algorithms for the Simple Plant-Location Problem with Some Side
Conditions"

Kurt Spielberg (IBM Corporation, New York, N.Y.)

Operations Research (U.S.), Vol. 17, Jan. 1969, pp. 85-111.

KEYWORDS: Transportation Model; Transport

ABSTRACT: The algorithms of this paper belong to the direct-
search or implicit-enumeration type. They compare to the recently
proposed algorithm of Efroymson and Ray, as does the mixed integer.
algorithm proposed by C.E. Lemke and the author to that of Land
and Doig. The general plan of procedure is expected to be equally
valid for the capacitated plant-location problem and for trans-
shipment problems with fixed charges, with some of the proposed
devices more important for these difficult problems than for the
simple plant location problem. Considerable computational experi-
ence has been accumulated and is discussed at some length. It
suggests that additional work on the construction of 'adaptive'
programs, matching algorithm to data structure, is desirable.
(Author)
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"Project Culdesac: Concepts for Cargo Handling at Primitive Ports.”

Stanwick Corp., Washington, D.C.

U.S.G.R. and D.R., Jan. 1964, 186 p., available NTIS, Doc. No. PB-
167 182

KEYWORDS: Port

ABSTRACT: ° Concepts for the transfer of limited quantities of
general cargo at primitive ports are presented. These concepts
were investigated with respect to economic and technical feasibility.
Of the concepts studied, the simpliest (towing cargo from an off-
shore ship packed in watertight containers) also resulted in the
greatest cost advantage. Except for a few particular situationms,
the other techniques studied resulted in little or negative cost
advantage. The cost advantage offered by the concept of towing the
cargo to the pier via watertight containers resulted in cost advan-
tages varying from $16/ton for 50 tons transferred to $6.86/ton for
500 tons transferred. The cost advantage of the towed watertight
containers over conventional lightering amounts to $7.40/ton. All
systems studied were considered practical except for the Fully
Automatic Shuttle Transfer (FAST) which, because of operational

factors, was considered marginal for commercial operations. (Author)
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"Port Development and National Planning Strategy"
M. F. Tanner and A. F. Williams

Journal of Transport Economics and Policy, vol. 1, ho. 3, Septem-
ber 1967, pp. 315-324

KEYWORDS: Planning; Port

REVIEW: Port planning and its relationship to national plan-
ning strategy is presented in this article. Portbury is a proposed
international port to be located in England. Many of the potential
social and economic effects of a new port are considered as well as
effects on other ports. The article is entirely descriptive in
nature and mentions many of the broad underlying faétors which af-

fect long term decisions.
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"Texas Marine Resources: The Ports and Waterways View"

Texas Engineering Experiment Station, College Station, Industrial

Economics Research Div.

U.S5.G.R. and D.R., Aug. 1970, 19 p., available NTIS, Doc. No.
PB-195 090

KEYWORDS: Transport; Port

ABSTRACT: The report represents a consensus Statement of the
participants at the workshop. The meeting represented the first
iiﬁe a major university program has attempted to assist port direc-
tors and planners in ldentifying common goals and recommendations
for action by state government. Specific topics considered were:
The current needs of Texas ports that can be served by the Sea
Grant Program; The major problems hindering the development of
Texas ports; and actions by federal, state, or local governments

which would be helpful in stimulating the growth of Texas ports.
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"U.S. Foreign Trade. Bunker Fuel"

U.S. Bureau of the Census, Washington, D.C.

U.S.G.R. and D.R., 1971, 12 issues, available NTIS, Doc.- No. COM-
71-50216

KEYWORDS: Export; Import

ABSTRACT: The report contains information on bunker oil and
coal of domestic and foreign registry engaged in foreign trade and
on Canadian vessels passing from one U.S. port to another in the .
trade of the Great Lakes. Data on total value and quantity are
shown separately for American and foreign vessels with the quantity
distributed by U.S. customs districts of lading. This information
is not included in the U.S. export statistics. (Author)
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"U.S. Foreign Trade. Export and Import Merchandise"-
U.S5. Bureau of the Census, Washington, D.C.

U.S.G.R. and D.R., 1971, 12 issues, available NTIS, Doc. No. COM-
71-50212

KEYWORDS: Export; Import

ABSTRACT: The report shows value on U.S. exports, general im-
ports, and merchandise trade balance, adjusted for seasonal and
working-day variations; by months: January 1970 to date. Comparable
data on exports, imports, and merchandise trade balance have been
charted for January 1966 to date. Data are shown for exports includ-
ing Department of Defense (DOD) Military Assistance program, Grant-—
Aid shipments, and Schedule B sections and selected divisions and
general imports--Schedule A sections, unadjusted, by months:

January 1970 to date. (Author)
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"U.S. Foreign Trade. Exports: Commodity by Country"

U.S. Bureau of the Census, Washington, D.C.

U.S.G.R. and D.R., 1971, 12 issues, available NTIS, Doc. No. COM-
71-50223

KEYWORDS: Export; Export Data

ABSTRACT: The report shows data on quantity and value of in-
dividual 7-digit Schedule B commodity by country of destination.
Value is also shown in terms of 1,2, 3 and 4-digit Schedule B com-
modity groupings. Data valued less than $251 to all other countries
are omitted from the commodity detall statistics. Shipments in-
dividually valued $251 - $1,999 to Canada and $251 - $499 to other
countries are estimated by sampling. Data shown are for the current

month and cumulative year-to-date. (Census abstract)
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"U.S. Foreign Trade. Highlights of Exports and Imports"

U.S. Bureau of the Census, Washington, D.C.

U.S.G.R. and D.R., 1971, 12 issues, available NTIS, Doc. No. COM-
71-50215

KEYWORDS: Export; Import

ABSTRACT: The report shows value on U.S. exports and general
imports; merchandise trade balance, adjusted for seasonal and work-
ing~day variations; selected Schedules B (exports) and A (imports)
sections and selected world areas, monthly January 1970-to-date.
Comparable data on exports, imports, and merchandise trade balance
has been charted for January 1966-to-date. ' Shown are charts on ex-
ports including Dept. of Defense (DOD) Military Assistance program
Grant-Aid shipments showing selected Schedule B section (exports)
and Schedule A sections (general imports) and selected world areas
January 1965-December 1970. Total value of U.S. exports (domestic
and foreign merchandise), and imports (general and for consumption)
are shown from 1960 to date. Statistics for exports and imports,
U.S. customs regions and districts, and method of transportation,
world areas, country, and End-Use commodity category by world area.
Statistics on calculated duty and dutiable value by world area and
country are given for general imports and imports for consumption.
Figures are given for the current month, the previous month, cum-

ulative year-to-date, and comparisons with a year ago. (Author)
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"U.S. Foreign Trade. Imports: Commodity by Country"

U.S. Bureau of the Census, Washington, D.C.

U.S.G.R. and D.R., 1971, 12 issues, available NTIS, Doc. No. COM-
71-50222

KEYWORDS: Import; Import Data

ABSTRACT: The report presents data on quantity and value for
U.S. imports, general and consumption, in terms of seven-digit Sched-
ule A commodity by country of origin. Value totals are shown for
1, 2, 3, and 4-digit Schedule A groupings. These estimates do not
include mail shipments of duty free merchandise valued under $251.
Data shown are for the current month and cumulative year-to-date.

(Census abstract)
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"U.S. Foreign Trade. Waterborne Exports and General Imports'
U.S. Bureau of the Census, Washington, D.C.

U.S.G.R. and D.R., 1971, 12 issues, avallable NTIS, Doc. No. COM-
71-50214

KEYWORDS: Export; Import; Export Data; Import Data

ABSTRACT: The report presents data on shipping weight and
value of U.S. waterborne exports, outbound intransit merchandise
and shipments of Department of Defense (DOD) controlled cargo and
special category non-Department of Defense controlled cargo; U.S.
general imports and inbound intransit merchandise moving on dry
cargo and tanker vessels by customs district and port of lading/
unlading. Data on shipping weight are shown for waterborne ex-
ports, general imports, and Department of Defense (DOD) controlled
cargo and special category non-DOD controlled cargo by trade area,
U.S. coastal district, type of service and U.S. flag. Detailed
figures are for the current month summary; figures are given for

previous months for comparative purposes. (Author)
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"Policies, Standards, and Procedures in the Formulation, Evalua-
tion, and Review of Plans for Use and Development of Water and
Related Land Resources'

U.S. Senate

87th Congress, 2d Session, Senate Document No. 97 (U.S. Government

Printing Office, Washington, D.C.), May 29, 1962, 13 pages, free
KEYWORDS: Planning

ABSTRACT: Policies regarding planning water resource projects,
especially with regard to factors to be included in benefits and
costs, were generated by the Departments of Army, Interior, Agri-
culture, and Health, Education, and Welfare. The document re-
places the earlier Budget Bureau Circular A-47, and was approved by
the President as guidance for future water and land resource stud-
ies. In verbal disclosure that approaches mathematical formula-
tion, various kinds of tangible and intangible benefit criteria
are listed and rules for their aggregation are suggested. For
example, it is required that if bi be an enumerable benefit, and

c. an enumerable cost for a given project, Zibi > X.c,; that each
J

i3

separable suboptimization give a net benefit; that net benefits

k|

included in the "optimal" system be inconsistent with the

project. W. Edward Cushen (U.S.)

are to be maximized; and that no program whose c¢, is less than one

'optimal"
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A1l Weather Harbor Navigation Model"
William K. Vogeler (International Engineering Co., Arlington, Va.)

U.S.G.R. and D.R., Aug. 1970, 295 p., available NTIS, Doc. No. Ad-
711 767

KEYWORDS: Port; Port Model

ABSTRACT: A computer simulation model containing harbor fea-
tures, navigational data, weather information, and ship movement
routines was developed. Operation of the model makes it possible
to simulate the movement of ships in a realistic manner through
harbor and other restricted water areas. Information yielded by
the model includes collisions, near misses, groundings, and po-
tentia; groundings for all vessels. A record of time spent in the
harbor and the generation of a harbor utilization index for each ves-
sél is aigo delivered by the model. Harbor status reports are auto-
matipglly printed at regular intervals. This report contains the
model'philosophy, description, Fortran listing, flow chart, and

operating instructions for model usage. (Author).
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"Transportation Information: A Report to the Committee on Appro-
priations, U.S. House of Representatives, from the Secretary of

Transportation"
John A. Volpe (Department of Transportation, Washington, D.C.)

U.S.G.R. and D.R., May 1969, 255 p., available NTIS, Doc. No. PB-
184 974

KEYWORDS: Transport

ABSTRACT: This report presents an initial five-year program for
meeting the critical transportation information needs of industry and
government at national, state and local levels. The program provides
for information on the flows of persons and goods, information on the
activities (population and industry) that generate the flows, and
information on the channels (transportation facilities and terminals)
that carry the flows. This information would cover all modes of
transportation - highway, rail, air, water and pipeline; and all
geographic levels - urban, interurban (including regional-corridor),
and international. Accident experience information is provided for
under information on channels (transportation facilities and termin-
als), but transportation safety information is not treated compre-
hensively. The program presented in this report provides for use of
existing transportation information programs to the greatest prac-—
ticable extent. The program also provides a framework for consoli-
dation -and reallocation of transportation information functions

both within and outside the Department. (Author)
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"East European Service Industries: Translations No. 571"
Josko Vukov (Joint Publications Research Service, Washington, D.C.)

U.S.G.R. and D.R., Oct. 1967, 51 p., available NTIS, Doc. No.
JPRS-43063

KEYWORDS: Forecast; Planning; Transport

ABSTRACT: Although the planned development of transportation
through 1970 is based on the modernization of existing facilities as
well as the construction of new transportation lines (or the comple-
tion of projects underway), it will again be too diffuse and less
effective, because of the partially erroneous estimates of the volume
to be handled by individual transportation routes and terminals and
the insufficiency of funds. The estimates to date based on the over-
all economic progress of Yugoslavia and the foreign market indicate
that.transportation volume will be about 20 million tons in 1970.
This is almost twice the 1963 volume. If this estimated volume is
realized it will require not only increasing the capabilities of
those port-transportation centers bearing the heaviest loads but also
their modernization to speed up handling operations and their spec-
ialization to conform with the future level of foreign trade develop-
ment. Thus it is of critical importance to establish not only the
absolute volume, which can only be approximated, but also the points,
or port complexes, which will handle the greatest loads of foreign
trade and through freight business, so that they can be fully
equipped.
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"The Feasibility of a Global Airlift"

R. S. Weinberg and J. W. Higgins (Center for Naval Analyses,

Arlington, Virginia; Naval Warfare Analysis Group)

U.S5.G.R. and D.R., Sept. 1957, 25 p., available NTIS, Doc. No.
Ad-719 899 '

KEYWORDS: Transport

ABSTRACT: The number of aircraft and amount of fuel needed
to airlift U.S. imports and exports are determined in this study
for both the full flow of U.S. overseas trade and for the more
limited importation of only vital strategic materials. Becausé
the airlifting of cargo and of the aircraft fuel needed to extend
the range of the cargo aircraft is not yet feasible, the study con-
siders an operation in which surface tankers haul the fuel for
cargo aircraft to those overseas points where needed. Finally, the
number of surface ships and the amount of fuel needed to sustain
the same lift by sea is developed for comparison with the aircraft
requirements. Surface transport of airlift fuel is shown to be
almost as large a task as surface transport of the cargo involved,
and modernization of the merchant fleet appears to be a much less

costly way to reduce shipping protection requirements. (Author)
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"Kokyo huto no Liner Berth Keikaku ni kansuru Kenkyu" (Study of
the Liner-Berth Planning of a Public Wharf)

Kazuhiro Yoshikawa, Kazuo Kagawa and Keizo Koyama

Journal of the Society of Civil Engineering (Japan), vol. 51, no. 2,
February 1966, pp. 76-78

KEYWORDS: Planning; Port; Transport

ABSTRACT: The number of cargo and of ships which arrive in
port are estimated using both macroscopic and microscopic models.
Then the optimum number of liner berths is calculated by Monte

Carlo simulation. Computation shows larger berths to be desirable.

Jiro Kondo (Japan)
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APPENDIX B

BIBLIOGRAPHY

This bibliography consists of two parts: Part 1 - Keyword

Index; Part 2 - Bibliographic Index.

Part 1 - Keyword Index

The keyword index provides a listing by keywords of all titles

along with an alpha-numeric reference code. The keywords were im-

posed by the researchers and are as follows:

KEYWORD
ECON-ANLY
EXP-DATA

EXP-FORECAST

EXPORT

FLEET

FORE-TECH
FORECAST
IMP-DATA

IMP-FORECAST

IMPORT

PLANNING

PORT

MATERIAL REFERENCED

Economic analysis of waterways, etc.;
Sources of data on exports;

Existing forecasts of exports and
methods of forecasting exports;

All material related to exports;

All material related to fleet opera-
tions;

Forecasting techniques and models;
Al]l material related to forecasting;
Sources of data on imports;

Existing forecasts of imports and
methods of forecasting imports;

Al]l material related to imports;

Al]l material related to waterways and
transportation planning;

Al]l material related to ports;
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KEYWORD . MATERIAL REFERENCED

PORT-MODEL Mathematical, heuristic, and other
models of ports;

SCHEDULING Scheduling and/or allocating of ship-
ping units and modes;

SIM~-MODEL Simulation models;

TRANS-DATA Sources of data on waterway shipping;

TRANS—-MODEL Transportation models such as the

"Warehouse Location Model", "Gravity
Model," etc.

TRANSPORT All materlal directly related to water-
way transportation.

Once the reader has found a title of interest, he notes the

reference code and proceeds to Part 2.

Part 2 — Bibliographic Index

The bibliographic index includes the authors name, title of the
article or text, its source, and an alpha-numeric reference code. The
listing 1s in alphabetic order of the author's names. Since the
reférence code is partly composed of the author's name, the listing
is also in alphabetic order of the code. Therefore the reader can
easily find the author and source of a title located in Part 1. For
example, under the keyword FORECAST in Part 1, the title "COMBINATION
OF FORECASTS" is found along with the reference code BAERJC 69COF.

By looking down the left hand side of the pages in Part 2, that
reference code is found along with the author and source. Part 2.is

self-sufficient and may be used as a normal bibliography.
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Of interest is the fact that the numeric portion of the refer-
ence code indicates the year of publication. If this portion of the
code is not numeric but rather "MO'", then the publication is monthly;
if the source is an annual publication, this portion of the code is
"AN". '™MO" and "AN" are only used when specific editions are not
referenced but rather the volume itself presents a source of material
regardless of the data of publication (for example, U.S. Bureau of the

Census publications).
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PART 1

KEYWORD INDEX
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PAGE 1

FCON-ANLY
ECONOMIC JUSTIFICATICN OF WATER RESCURCE bPOJECTso BRUCJW 60EJIW
ECNNOMIC EFFICIENCY oF HARBCUR TNVESTMENTS. CAMBJUX T1EFH
IMPACT STUDIES: NORTHEAST CCRRIDCR TRANSPCRTATION
PRNJEC T, VOLUMES I-1IV. CONSRS T711ISN
THE ECONOMICS OF BERTH EMPLCYMENT ANC CARRIER SI7E, NANIWJD 66FRE
WATFR RESEARCH DEVELOPMENT, THE FCCANCMICS CF PPOJECT
EVALUATIOMN, ECKSOT 5R8WRD
EFFECT OF PNRT IMPROVEMFNTS CN TRANSPORTATION
ECONOMICS. ENGEES 67FP1
THF ECONDOMICS OF AUTCMATION IN RRITISH SHIPPING. GGSSPO &7FAB
TOWARDS AN ECONNMIC APPRAISAL CF PCRT INVESTMENTS. GOSSRC 67TFA
THE ECONCMICS CF NHIC RIVER NMAVICATICN, HARTJR SQSEEN

LOCAL IMPACT OF FONREIGN TRADE: A STUDY OF THE METHODS
NF LNCAL ECONOMIC ACCCUNTING. HCCH W 60LIF

THE ECONOMICS OF COMPETITION IN THE TRANSPCRT
INDUSTRIES. MEYEJR 60ECT

COST-RENEFIT ANALYSIS FNR INLAND NAVIGATION
IMPPAVEMENTS, MOSELN T70CBA

RERTH PLANNING RY EVALUATIGN CF CONGESTICN AND CNST. NICOSN 67BPE
TRANSOCEANIC CARGO STUDY:; VCLUME IT: DISTRIRUTINN
COSTS AND PRODUCTIVITIES NF TRANSOCEANIC TRANSPORT
TECHNNLNGIES. PLANRPC 71TCS

DISCRETE PROGRAMS FOR NMCVINC KNCWN CARCCS FRCWM
OR IGINS T DESTINATICNS ON TIME AT MINTMUM PBARCGELINFE

FLEET CNST. SCHWNL 68DPM

THE THENRY OF OIL TANK SHIP RATES, ' ZANNZS 66TOT

TIME CHARTER RATESe. ZANNZS 6TAWT
EXP-DATA

U. S. FOREIGN TRADE:; EXPORTS: CCMMCCITY BY CCUNTRY. BURECE MOFTFE
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EXP-DATA CONT INUATION

Ue S« FNREIGN TRADE; WATERBCRNE EXPCRTS ANC GENERAL
IMmpPe TS, ' BURECE MNFTW

STATUS PEPORT AND PLANS FOR THE SURVEY: DOMESTIC AND
IMTERNATIONAL TRANSPORTATION CF U.S. FOREIGN TRADE;
1970. RUYRECE T1SRP

ANNUAL REPCRT NF THE CHIEF CF ENCINEERS, PART 2,
CNMMFRCIAL STATISTICS, WATERRCRNE CCMMERCE NF THE

UMITED STATES, DEPT A ANARC
TARLFS PRFSENTING EXPGRTS CF MANUFACTURED GCCDS BY '

SITC, SECTICNS AND GRCUPS IN 1961, NEPT C 62EMG
AGRICULTURAL PRODUCTS MAKE LF 25 PER CENT CF

MERCHAND ISF EXPORTS FRCM THE UL.S. HFDGIR 654PM
TRANSNCEANIC CARGND STUDY: VCLUMF I3 FORECASTING MODEL

AND DATA BASE. PLANRE 71TCS
CENSUS PROVIDES FUND CF EXPCRT KNOWLEDGE. SCAMRM 62CPF
THESE TEN STATES ARE THE BIG EXPCRTERS. STEEL A2TTS

EXP-FORECAST

RELATIONSHIP BETWEEN THE INCCME AND THE PRICE

ELASTICITIES OF DEMAND FOR L.Se. EXPORTS. ADLEFU 70PRI
FORECAST ING EXPORTS ANC IMPCRTS: INTRCDUCTICN. MAJORL 6TFEI
EXPORT

RELATIONSHIP BETWEEN THE INCCME AND THE PRICE
ELASTICITIES OF DEMANC FOR L.S. EXPORTS. . ADLEFU 7ORBI

TMPL ICATIONS OF STRUCTLPAL CHANGES IN CCMMCDITY
TP ADE. . RALDRE 621SC

COMMENTS ON A PAPFR BY A NCVAES ANC E FRANKEL: A
QUEUING MDDEL FOR UNITIZEN CARGO GENERATION, RROWJF 6TCPN

1. Se COMMCDITY EXPCRTS AND [MPCRTS AS RPELATED TN
AUTPUT. BURCEN ANCEL

SURVEY NF THE ORIGIN CF EXPCRTS CF MANUFACTUREC
PRONUCTS . : : RURCEN ANSOE
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PAGE 3

EXPORY . : CONT INUATION

NOMESTIC MOVEMENT OF SELECTEC COMMCDITIES IN UNITED

STATES WATERRNRNE FOREIGN TRADE, 1956. BURCFN 59DMS

'l S. FOREIGN TRADE: BUNKER FUEL. BURECE MOFTB

Us S. FNRFIGN TRADE: EXPORTS: CCMMCDITY BY CCUNTRY, BHURECFE MOFTF

U. S. FOREIGN TRADE: HIGHLIGHTS CF FXPCRTS AND

IMPARTS. RUR ECE MOFTH

Us S. FOREIGN TRADE: EXPORT AND IMPCRT MERCHANDISE. BURPECE MOFTM

U. S. FOREIGN TRADE; hATERBCRNE EXPCRTS ANC GENERAL

IMPGRTS. BUPECE MOFTwW

STATUS REPORT AND PLANS FIR THE SURVEY: COMESTIC AND

INTERNATINNAL TRANSPCRTATION CF U.S. FOPEICN TRADE;

1€70. RURECE 71SRP

LFACING COMMODITIES IN U, S. FCREIGN TRADE, 19¢0. NEPT C 61LCF

EXPORTS IN PELATION TP U, S. PPCCUCTION, 1962, NEPT C 62ERP

FREIGHT RATE STRUCTURE ON SELECTED CCMMOCITIES IN

MIDDLE WESTERN FOREIGN TRANDE EXPORT TRAFFIC. DRATFH 65F2S

AGR JCULTURAL PRODUCTS MAKE UF 25 PER CENT CF

MERCHAND ISE EXPORTS FROM THE U.S. HENGIR A5APM

LACAL IMPACT OF FOREIGN TRACE: A STUDY CF THE METHGNS

NF LOCAL ECCNOMIC ACCOUNTING. HOCH W 60LIF

CONCISE AND SHARP ANALYSIS CF MAJOR UeS. MARKETS

ABROAD. METCJE S9CSR

A QUEUING MODEL FOR UNITIZEC CARGOD GENERATION, NOVAAX &EWMU

CENSUS PROVIDES FUND OF EXPCRT KNOWLEDGE. SCAMRM 62CPF

THESE TFN STATES ARE THE BIC EXFCRTERS. STEEL 62TTS
FLEET

SIMULATION OF THE OPERATIONS CF A FLEET. ALMOYX 68SOF

A COLUMN GENERATION ALGNRITHM FOR A SHIP SCHEDULING

PROBL EM, APPELH 69CGA
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FLEET L CONT INUAT 1ON

AN APPROXTMATION METHCD FOR "SOLUTTCN OF PROBLEMS ON

THE DISPOSITION OF: A FLEET (IN RUSSIAN). BAKHVP 63AMS
AN ALGORITHM FOR THE MINIMUM NUMBER QOF TRANSPORT

UNITS TO MAINTAIN A FIXED SCHEDULE. BARTTE S7AAM
A MODEL FOR MARITIME TRANSPCRTATION SYSTEMS. BILLPB 63MMT
APPLICATION OF TRANSPORTATICN THEORY TC SCHEDULING A

MILITARY TANKER FLEET, FLOOMM 56ATT
CHOICE OF SHIPS FOR THE ROUTES CF FCREIGN TRANSPORTS

BY L INEAR PRNOGRAMMING METHODS (IN RUSSIAN). GROMFX 62CSR
MINIMUM-TIME SHIP ROUTING BY CALCULUS CF VARIATIONS

METHODS. ) HAMIHD 61MTS
VESSEL ALLOCATION BY LINEAR FRCGRAMMING. LADEJX 66VAL
MFDTUM-R ANGE SCHEDULING FOR A FREIGHTER FLEET. NLSOCA 69MRS

INFRA-STRUCTURE CCNSTRAINTS CN MARTIME PCWER:
INDONESIAN SEA TRANSPORT, 19%7-58. PONDDF 58ISC

DISCRETE PROGRAMS FOR MOVING KNOWN CARGCS FROM
ORIGINS TO DESTINATICNS ON TIME AT MINIMUM BARGELINE

FLEEFT COST, ‘ SCHWNL 680PM
FORE~TECH

CONSISTENT FORECASTING IN A CYNAMIC MULTI-SECTOR

MODEL. ALMO C 63CFD

A METHOD OF USING DIFFUSION INDEXES TC INDICATE THE

DIRECTION OF NATIONAL ECONOMIC ACTIVITY. ANDELC 66MUD

COMBINATION OF FORECASTS. BAERJC 69CCF

POOL ING CROSS SECTION AND TIME SERIES DATA IN THE
ESTIMATION NOF A DYNAMIC MODEL: THE DEMAND FOR NATURAL
GAS. ’ BALE P 66PCS

MONITORING AN EXPONENTIAL SMCOTHING FORECASTING
SYSTEM. BATT M 69MES

A DISAGGREGATIVE APPROACH TC TIME SERIES ANALYSIS: A
SUMMARY PRESENTATION. R BFNIHA 66DAT
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e

FORE-TECH - CONTINUATION
SEVFRAL OF THFE FORECASTING TECHNIQUES IN USE TCODAY, BERG R 59S€¢T
A,C,UsA. BANK OF NSW INDUSTRIAL TRENDS IN SURVFY: ITS
USF IN FSTIMATING CHANGES IN STATISTICAL SERIES, BLYTCA 6781T
SCIONCMETRICIANS: HOW THFY PREDICT THE ECCONCMIC
CUTURF, . BFEHGR 6T7TFEHT
DIFFEIFMNCE EQUATINONS IN FORFCASTING FORMULAS. BRRENJL 6BDFF
SMANTHING, FNRECASTING, ANC FREDICTICN CF RISCPRETE
TYMF SERTFS, ’ BRROWRG 63SFP
FNRFCAST ING NON-STATINNARY FCCACNMIC TIME SERIFS, COUT D 6AFNE

A TwD STAGE FNRECASTING MODEL: FXPCNENTIAL SMOCTHING
AND MILTIPLE REGRFSSICN, ) ' CRCRNJ ATTSF

EFFFCT NF MEASUREMENT ERRIRS CN FARAMETER ESTIMATES
ANND FORECASTS: A CASE STUDY BASFD CN THF PRELIMINARY
NATIONAL ACCOUNTS, DEKUFJ 65SEME

SNRFCASTING PFRINDIC TRENNS RY EXPCAFNTIAL SMOCTHING. DNBRJIM 63FPT

LCNG RANGE FORECASTING AN PLANMING TECHNIGQUES. DANSJW BTLRF
LONG TERM PROJECTIONSs PROBLEMS, MFTHCDS, RESULTS., FRFUWC 61LTP
FORECASTING IMPNRTS, GNDLWA 6SF1
NEW TECHNIQUES FNR ANALYSINGC SCCANCMIC TIME SERIES AND '
THE1® PLACE IN ECNNCOMETRICS., GRANCW 67NTA
HSF NF CUMULATIVE TECHNIQUES FCR THE CCANTRCL CF

PNUTINE FORECASTS OF PRNADIICT DEMANC. HADAFRPD 64UCT
NN ECONNMIC FORFCASTING, HAHLSW 6RCEF
A CCMPARISON OF SHNRT AND MECIUM RANGE STATISTICAL

FORFCASTING METHNNS. KIRBPM 6ACSM
FORECASTING TECHNIQUFS. LEVIAH S7FT
OPTIMAL PRNPERTIES OF EXPNTENTIALLY WEIGHTED

FORECASTS. MEITJF 600PE
FORFCASTING DELAYS TC SHIPS IN PCRT, METTJD AT7FDS
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FORE-TECH CONT INUATION
ECONOMIC FORECASTS AND EXPECTATICNS., MINCJA 6GEFE
ANALYSTS QF PREDICTION ERRCRS IN FORECASTING WITH
AUTNREGRESSIVE MODELS. NAGAAL GT7APE
TECHNIQUES OF ECONOMIC FNRFECASTING. NECD 65TEF
FORECASTING MFTHODS. PAPSJA 6TFM
TRANSNCFANIC CARGN STUCY: VCLUME I35 FCRECASTING MODEL
AND DATA BASF, PLANRE T71TCS
ADAPTIVE SMODTHING USING SVCLUTICNARY SPECTRA, RASHAA 70ASU
DIFFUSINN INDEX AND FIRST DIFFERFNCE FCRECASTING., STEKHO 61DIF

EXPONENT 1AL SMOBTHING WITH AN ACAPTIVE RESPCNSE RATE. TRLIDA 67ESA

A CRITICAL VIEW OF TIME SERIES ANALYSIS IN BUSINESS

AND ECONOMICS. . WINKCW 66CVT
FPRECAST ING AND SCIENTIFIC METHCD. WCOLDHN 67FSM
FORECAST

FARECAST, UNCERTAINTY AND CECISICN MAKING. ABERCJ 67FUC
CONSISTENT FORECASTING IN A CYNANMIC MJILTI-SECTCR

MODEL. ALMO C §3CFD
A METHOD NF USING DIFFUSION INDEXES TO INDICATE THF

DIRECTION OF NATINNAL ECONGCMIC ACTIVITY, . ANDELC 66MUD
COMBINATION 0OF FORECASTS. BAERJC 69COF

IMPLICATICNS NF STRUCTLRAL CHFANGES IN CCMMCDRITY
TRADE. BALDRE 621SC

POOLING CRNSS SECTION AND TIME SERIES DATA IN THE
FSTIMATION OF A DYNANIC MNNEL: THE NEMAND FOR NATURAL

GAS. BALE P 66PCS
U.Se.A. AND ITS ECONOMIC FUTLRE, BARAAR 64UEF
MONITORING AN EXPONENTIAL SMCCTHINCG FORECASTING

SYSTFM™M, RATT M B9MES
DEMAND ANN SUPPLY IN FREIGHT TRANSPODRTATION. BENI H 66DSF
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FORECAST CONT INUAT TON
A DISAGGRFGATIVE APPRCACH TC TIME SERIES ANALYSIS: A
SUUMMARY PRESENTATION, BENIHA 66DAT
SFVFRAL OF THE FORECASTING TECHNIQUES IN USE TCDAY, RERG R 59SFT
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Ue Se BUREAU OF THFE CENSUS, .

Ue Se FOCREIGN TRACE: EXPCRT ANC IMPORT MERCHANDISE.
BUREAU OF THE CENSLS, WASHINGTCN, DeCey MONTHLY .REPORTS.
(ABSTRACT INCLUDED IN APPEANIX A) g

U S. RUREAU CF THE CEANSUS,

Ue Seo FNREIGN TRACE; WATERBORNE EXPORTS AND GENERAL IMPORTS.
BLREAU OF THE CENSUS,y, WASHINGTON D.C.y MONTHLY REPORTS.
(ABSTRACT INCLUDEC IN APFENDIX A) .

U. S. BUREAU NF THE CENSUS,

STATUS REPORT AND FLANS FOR THE SURVEY: DOMESTIC AND
INTEFRNATIONAL 'TRANSPCRTATICN OF U.S. FOREIGN TRADE3 1970.
UeSe GNV!T PRINTING OFFICEy WASHINGTON,y, D.C.s» JANUARY 1971.

CAMBON J.,
ECONCMIC FFFICIFNCY OF HARBNUR INVESTMENTS.,
DOCK AND HARBNR AUTHCRITY, MARCH, 1971, PP, 458-461

CARR,y B. By X -

BARGE TRANSPCRTATICN: ENERGIZER CF PRODUCTION AND MARKETINGC.
AMER ICAN SNCTETY CF CIVIL ENGINEERS, JOURNAL OF WATERWAYS
AND HARROURS DIVISION, VCL. 95, MAY 1969, PP, 163-1T4,

CARROLLy Jo Lss (THE PENNSYLVANIA STATE UNIVERSITY)

THE LAKE ERIE-NHIC RIVER CANAL AND PENNSYLVANIA'*S FUTURE
TRANSPORT RECUIRENFMENTS.

REPORT: THE PTCNNSYLVANIA STATE UNIVERSITY, PENNSYLVANIA
TRANSPORTATICN AND TRAFFIC SAFETY CENTER, UNIVERSITY PARK,
PENNSYLVANI A, 168C1, 1669.

CHATHAM COULNTY-SAVANNAF METROPCLITAN PLANNING COMMISSION,
A STUDY OF TH® PNRT CF SAVANNAH, GEORGIA,

CHATHAM COULNTY-SAVANNAF METRCPCLITAN PLANNING CCMMISSION,
SAVANNAH, GECRGI A, APRIL 1970,

(ASSTRACT INCLUDEC IN APFENDIX A)

CHAPMAN, Ry JACKSCNy, R, Re P,y
OPERATINNAL RESEARCH STUDIES OF PORT OPERATIONS.
BRITISH IRCN ANND STELL ASSCCIATICN,s LONDON, 1963,

CHILMAN, WALTER J.,

ISTHMT AN CANAL DFVANC FORECAST: AN ECONOMIC ANALYSIS OF
POTFNTTAL TCANAGE TRAFFIC.

DEPARTMFNTY CF TRANSPCRTATICN, WASHINCTON, DeCey 1969,
(ABSTRACT INCLUNDEND IN APFENDIX A}

CHING' C. T. Ko' X

ITERATIVE PROCEDURE FCOR SOLVING PHYSICAL DISTRIRUTION
PRORLEMS,

-214-



CHINCY

CONSRS

COREJF

cout n

CRCRDJ

CANIWY

DATZIM

DEKUFJ

DEPT A

DEPT A

DEPT A

T1IPS

T1ISN

68DCA

66FNE

67TSF

66EBE

66SSX

65 EMF

ANARC

ANCSW

ANWHG

P AGE 7
TRANSPORTATICN JOURNAL, 10: 47-58, SPRING 1971

CONSAD RESEARCH CCRPCRATICN,

IMPACT STUCIES: NCRTHEAST CORRIDCR TRANSPORTATIUN PROJECT,
VOLUMFS I-IV,.

U.S. DEPARTMENT OF TRANSPORTATION, HASHINGTON. D C.o 68-71.

CORELLOU,y J. F. (Y. RCSSARD ET P, MICHEL, PARIS, FRANCE),
DEVELQOPMENT CF COVPUTERS AS AIC TOD HARROR MANAGEMENT,
FIFTH INTERNATIONAL HARBCUR CCNGRESS, JUNE 2-8 196R,
ANTWERP BELGIUM KCN VLAAM ING, PAPERS 1968, SECT 8-COR,
13P.

COUTSy Dey ET AL
FORECASTING NNN-STATICANARY ECONCMIC TIME SERIES.
MANAGEMENT SCIENCE, SFFTEMBER 1966, 13:1-21

CRANE, D. B., CRCTTY, Je Ray
A TWO STAGE FORECASTING MODEL: EXPONENTIAL SMOITHING AND
MLLTIPLE REGRESSICA.

MANAGEMENT SCIENCE, VCL. 13, NQ, 8, APRIL 1967, PP. R501-7.
{ABSTRACT INCLUDED IN APPENDIX A)

CANIELSy We Juo X
THE ECONCMICS OF PRERTH EVPLOYMENT ANC CARRIER SIZE.

THE DNCK AND HARBCUR ALTHRARITY, CECEMRER 1966,

DATZ' '. M.’ X
SIMULATED SHIPPINC,
NATAMATION (L. S.), FEB., 19K6y PP, 61-63,

DENTON! Fo To' KUIDER’ Jo'

EFFECT OF MEASUREMENT FRRORS ON PARAMETFR ESTIMATES AND
FORECASTS; A CASE STUDY BASED ON THE PRELIMINARY NATIONAL
ACCOUNTS,

REVIEW NOF ECCNOMICS AND STATISTICS, 47:198~206, MAY 1965,

Ue.Se. NEPARTVENT OF THF ARMY, CORPS OF FENGINEERS,

ANNUAL REPCRT OF T+E CH]IEF CF ENG!NEERS. PART 2, COMMERCIAL
STATISTICS, ®ATERBCRAE CCNNEPCE OF THE UNITED STATES.

UsSe GOVERNMENT PRINTING CFFICEo WASHINGTON, D,C.y ANNUAL.

UeSe DEPARTMENT GCF THE ARMY, CORPS CF ENGINEERS,

ANNUAL REPCRTS NF TRE CHIEF OF ENGINFERS, 1933 TO 1S53, PART
2 COMMERCTIAL STATISTICSv WATFRBORNE COMMERCE OF THE UsSee
UeSes GOVERAMENT PRINTING OFFICE, WASHINGTAN, (ANNUAL)

UeSe NEPARTMENT OF THE ARMY, CORPS OF ENGINEERS,

ANNUAL REPORTS OF THE CHIEF ENGINEERS, 1933 TO 1953, PART
3y WATERWAYS AND PAFPORS, GREAT LAKE§ ({ ANNUALD.

UesS. GOVERAMENT PRINTING NFEFICE, WASHINGTIN, (ANNUAL)
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Ue S. ARMY CCRPS CF ENGINFERS,

REGIONAL HARBNR ANALYSIS. o -
BOARD OF ENGINFERS'FOR RIVERS ANC HARPBORS, U.S. ARMY CORPS
OF ENGINEERS, WASHINGTCN, CeC.y JULY 1957. (UNPUBLISHED)

' U. S. DEPARTMENT rF COMMERCE, RUREAU DF FOREIGN COMMERCE,

LEADING COMMCDITIES IN U. S. FOREIGN TRADS, 1940. .
WORLD TRADE INFORMATICMA SERVICE, PARY 3, NO. 61-18, JUNE 6l.

UeSe. DEPARTMENT OF CCMVERCE, BUREAU OF INTERNATTONAL PRNG.y
TABLES PRESENTING EXFORTS CF MANUFACTURED GOODS BY SITC,
SFCTINNS AND GRAUYPS IN 1961,

UsSe GNVERNMENT PRINTING CFFICE, SEPTMBFR 1962,

U.Se NEPARTMENT CF CCMMFRCE, MARITIME ADMINISTRATION,
ESSENTIAL UNITEN STATES FCREIGN TRADF ROUTESS,
UeSe GOVERNMENT PRINTING CFFICE, WASHINGTON, D.C.:MAY 1963,

U. S. NEPARTMENT CF CONMMERCE, BUREAU OF INTERNATIONAL CQOMM,,
EXPORTS IN RELATICN TO U. S. PRODUCTINN, 1662.
NVFRSEAS BUSINESS RFEPCRTS, CBR63-118, AUGUST, 1963,

CIXON, Jo M. X _ .
PCRTS OF NORTH AMERTCA (WITH DIRECTORY). '

* DISTRIBUTICN WORLCWIDE, 69: 33-48, MARCH 1970.

DCBBIE Jo M. X . )
FORECASTING PERIOCTC TRENDS BY FXPONENTIAL SMOCTHING,.
OPERATIONS RESSARCH, NCVEMBER 1963, 11:908-1R

COCK AND HAPRCR AUTHCRITY,

USE OF COMPUTERS FCR PCRT ADMINISTRATION,

DOCK AND HARRNR ALTHORITY MAGAZINE, VOL. 44, NO. 521,
MARCH 1964, PP, 366-8.

({ARSTRACT INCLUDEC IN APFENDIX A)

COOSON Jo . ,
LENG RANGE FORECASTING AND PLANNING TECHNIQUES.
MANAGEMENT ACCOUNTING, NEC 1967, 49:9-18

DRAINFE, ENWIN Hoy X
IMPORT TRAFFIC, CHICAGC AND ITS TRIBUTARY ARFA,
CHICAGO ASSOCIATICN CF CCVMMERCE AND INDUSTRY, CHICAGO, 1962.

DRAINE, EDWIN H.,y X

IMPORT TRAFFIC OF CHICAGC AND ITS HINTERLAND,
UNIVERSITY OF CHICAGC, DEPARTMENT CF GENGRAPHY RESEARCH
PAPER ND, 81, 1963,

DRAINE, EDWIN H.y X

FREIGHT RATF.STRUCTURE ON SFLECTED CCMMOCITIES IN MIDDLE
WFSTFRN FORFIGN TRADE EXPORT TRAFFIC,
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TRANSPORTATICN DIVISION, CHICAGOD ASSCC. 0F COMM, "AND
INDUSTRY, JANUARY 1965, ' '

ECKSTEIN, CTTC, X

WATER RESEARCH DEVELCPMENT, THE ECCNOMICS OF PROJECT
FVALUATION, :

HARVARD UNTIVERSITY PRESS, CAMBRIDGE, MASS., 1958,

EDDISON, RCGER T., OWENy Do Geo
DISCHARGING TRON CRE (CRE-HANDLING AT BRITISH PORTS).
OPERATIONAL RESEARCH QUARTERLY, VOL. 4, ND. 3,

SEDT.’ 19521 PP- ?9-50.

EFROYMSON' Mo A.' RAY' Tn L.'

A BRANCH-BCUND ALGCRITHM FOR PLANT LCCATION.
OPERATIONS RESEARCH, 14: 341-368, MAY-JUNE 1966,
(ABSTRACT - INCLUDEC IN APFENDIX A)

ENGLESTADy E. S. KNUDSEN,y K.y :
EFFECT OF PORT IMPROVENMEATS CN TRANSPORTAT IOM ECONOMICS,
FAIRPLAY INTERNATICNAL SHIPPING JCURNAL, JAN. 12, 1967,
PP. 140-143, '

ENGINEERING NFWS-FRECCRC,
JOINT SEARCH FOR TESP WATER PORTS BEGIN.
ENGINEERING NEWS-RECCRC, 185: 9 ‘OCTOBER 29, 1970.

ECONOMIC TASK GROLF,

NATIONAL ECCNOMIC CRCWTH PROJECTION 1980, 2000, 2020.
ECONOMIC TASK GROUF QF THE AL HOC WATER RESOURCES COUNCIL
STAFF, JULY 1963,

EVANS, MARTHA, MARGASCNy, RICHARC,y, NEBLETT, JCHN,
(ARMY TRANSPORTATICN RFSEARCH CCMMAND, FDRT EUSTIS, VA.)
MISSLE FNVIRCNMENT SHIPPING SIMULATICN. .
INTERIM REPORT MO, 2y TCREC TR 61-126, OCTNBER 1961,

- AVATLABLE FRCM: U.S. GNVERNMENT RESEARCH REPDRTS,

DEPT- OF CU”"ERCE’ HASH.’ C.C-
(ABSTPACT .INCLUDEC IN APFENDIX A)

EVSTIGNFEV, V. Ae. (CCKLACY AKADEMIJ NAUK) (USSR),
THE TP ANSPORTATION-TIME PRCALFM IN GPAPH THEDRY ( RUSSIAN),
VOL. 157y NO. 4, (1964) PP. B814-815

FELDMAN, E., LEHNER, Fo Aq, RAYy Je Loay
WAREHDUSE LOCATICNS UNDER CONTINUOUS ECONOMICS OF SCALE.
MANAGEMENT SCIENCE, VOLUYNE 12, MAY 1964,

FLCODy MERRILL M. (CCLUMBIA UNIVERSITY),

APPLICATION OF TRANSPORTATION THEORY TN SCHEDULING A

MILTI TARY TANKFR FLEET.

OPERATIONS RESEARCH, VCL. 2+ NO. 3, MAY 1354, PP, 150-162.
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LONG TERM PROJECTIGNS; PRCBLEMS, METHODS, RESULTS.
CCMMERCTIAL AND FINANCIAL CHRCNICLE, CEC. 1961, 194:2835

FRIEDRICHy C.y X

ORGANIZATION AND PROGRAMNMING CF CATA PROCESSING SYSTEM OF
WESSERPORT 4 GFRMANY.

AFG MITTEILUNGEN, VCL. 55, NO. 4y 1965, PP. 2°70-7

FRIEND T, TAUBNMAN P.
SHORT TERM FQORECASTING MCCUEL- CF THE GNP,
REVIEW NF FCCNAMIC AND STATISTICS, AUGUST 1964, 46:229-36

GILMAN, ROCER H. 4y X

PLANNING A PQORT - A FOCAL PTINT CF TRANSPORTATION.

ADDRESS BEFNRE THF CITY PLANNING DIVISION, AMSRICAN SDCIETY
CF CIVIL ENGINEFRS, PRINCETCN, N, J.y OCT. 28, 1955, 14P,

CODLEYy Wae As Hay SHEFHERC, Je Ray

FORECASTING TMPORTS,

NATIONAL INSTITUTE ECPACMIC REVIEW, VOL. 33, AUGUST 1965,
PP, 35-42,

(REVIEW INCLLDED IN APFENDIX A)

GCSSy Re Ouy X
THE ECONOMICS OF ALTCMATION IN BRITISH SHIPPING.
THE ROYAL INSTITUTION CF NAVAL ARCHITECTS, LONDON, 1967.

GOSSy Re Qe X

THE TURN ARCUND OF CARCD LINERS .AND ITS EFFECT UPON SEA
TRANSPORT COSTS.

JOURNAL CF TRANSPCRT ECONCMICS AND PCLICYv vOL. 1, NO. 1,
19¢7,.

GNSSy Rs Qe X

TOWARDS AN ECONDMIC APPRAISAL OF PORT INVESTMENTS,
JOURNAL CF TRANSPCRY ECONCMICS AND POLICY, VOL. 1, NDO. 3,
SEPTEMBER 1%67, PP, 24G-272

( ABSTRACT AND REVIEW INCLUCED IN APPENDIX A)

GRANGERy Co We Joy X

NEW TECHNIGQUES FCR ANALYSING FCONCMIC TIME SERIES AND THEIR
PLACE IN ECCANOMETRICS.

ESSAYS IN MATHEMATICAL ECCNCMICS, 19&7, PP, 423-42,

GREAT BPITIANy MINISTRY CF TRANSPORT,

POPTBURY; REASONS FCR THE MINISTER'S DECISION NOT TO
AUTHORIZF THE CONSTRUCTICN OF A NEW COCK AT PORTBURY,
LCNDON: H. M, S. C.y 16566,

GROMOVOTI,y Eay SUKNTKIL,y V.,
CHOICE OF SHIPS FOR THF RCUTES 0OF FCPEIGN TRANSPORTS 8Y
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L INEAR PROGRAMMINC METHODS (IN RUSSIAN).
MORSKNTI FLOT (USSR). 1962, NO. 9, PP. 15-17.
(ABSTRACT INCLUDER IN ARFENDIX A)

GROSDIDIENVIDE MATCNSy Jeo

PORTS AS A PURLIC SERVICE: THE EVOLUTICN IN. FRANCFE AND IN
THE UNITED STATES. )

JOUR. 0OF MAPIT, LAW ANLC CCMMERCF, APRIL, 1971, P, S71-616€

HARRISON, Re Jayy DAVIS, N, Cey )
USE OF CUMULATIVE TFCHNIQUES FCP THE CONTROL OF ROUTINE
FORECASTS OF PRIONLCT NDEMAND,

OPERATIONS RESEARCh, 12: 325-23, MARCH 1964,

HAHL S. W. X
ON ECONNMIC FORECASTING.
APPRAI SAL JCURNAL, APRIL 1968, 36: 261-8

HAMILTON, HARRY D,,

MINIMUM-TIME SHIP RNUTING RY CALCULUS OF VARTATIONS METHODS.
L. S. GOVERNNFNT RESEARCF RFPORTS (COFFICE OF TECHNICAL
SERVICES, DEPT. CF CCMMERCF, WASH.y N, Cey AN=-262224,

(CTS PRICE $2.60.) 17PF, INCL, ILLUS,. TABLE.

(ABSTRACT. TMCLUDED IN APFEANDIX A)

HANSON, MELVIN A,, ET AL

GREAT LAKES FrQRT ANC SHIPPING SYSTEMS RESEARCH REPORT
FOR: OFFICE CF PORTS AND INTERMODAL SYSTEMS U.S. MARITIME
ADMINTSTRATICN, PART 1. .
SOUTHERN ILLINDOIS UNIVERSITY, TRANSPCORTATINON INST.,
CARBONDALE, CCTOBER 19¢€9,

(ABSTRACT INCLUDEC IN APFENNIX A)

FANSON, MELVIN A.,, ET AL

GREAT LAKES PNRT AND SHIPPING SYSTEMS RESEARCH REPORT
FOR: NEFICE CF PNRTS ARD INTERMODAL SYSTEMS U.S. MARITIME
ADMINISTRATICN, PART 2,

SOUTHERN TLLINOTS UNTVERSITY, TRANSPCRTATION INST.,
CARBONDALE, CCTORER 1969,

(ABSTRACT INCLUDEC IN ADFERDIX A)

HARTLEY' Ho O- "CKAYQ "- Do'

COMPUTERIZEC SCHECULLINC CF SEA-GCING TANKERS,

TEXAS A AND M UNIV CCLLFGE STATICN INST OF STATISTICS,
APRIL 1971,

(ABSTRACT INCLUDEC IN APFENDIX A)

HARTLEY, JCSEPH R,,

THE ECONOMICS NOF CHIC RIVER NAVIGATICN,

INDTANA UNIVERSITY, RBURFAU CF BUSINESS RESEARCH,
BLCOMINGTON, 1959,
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HARVEY,y Eo Cey

A PRELIMINARY STUCY PLAN FCOR ASSESSING THE LCONG RANGE
EFFECTS OF REGIONAL HARBCR CEVELCPMENTS., b :
STANFORD RESEARCH INSTITUTE, MENLO PARPK, CALIF., FEB. 1969.

H‘:DGFQ' I. R.,

AGRICULTURAL PRODUCTS MAKE UP 25 PER CENY OF MERCHANDISE
EXPNRTS €ROM THE U,S.

INTERNATICGNAL COMMERCE, T1l: 6-T7, MAY 3, 1965.

HEGARTY, Do A, (DULBLIN PCRT AND COCKS BOARND, IRELAND),

PNRT PLANNING AND ITS SCCTAL ASPECTYS, IN PRFSENYT TRANSPORY
REVOLUTYICN.

FIFTH INTERNATIONAL HARB(CR CCNGRESS, JUNE 2-8B 1968,

ANTWERP, BELG. KCN vLAAM ING, PAPERS 1968, SECT. B8-HEG. 3P

HEGGIF, 1. G, X

ARF GRAVITY AND INTERACTANCF MCDELS A VALID TECHNIOQUE FOR
PLANNING REGIONAL TYRANSPCRT FACILITIES.

OPERATIONS RESEARCH QUARTERLY, VCL. 20, NO. 1, MARCH 1969,
PP, 93-110.

(ABSTRACT INCLUDED IN APFENDIX A)

HILL, R, X

NFW DEPARTURE IN INCUSTRIAL CEVELOPMENY(OF PORTS) WITH LIST
BY STATES OF FACILITIES: A SPECIAL REPORT.

INDUSTRTAL DEVFLOFMENT ANC MANUFACTURERS RECORD, 129: 65-8C,
MARCH 1960.

HOCHWALD, Wey STRINERy He Fey SONENALUM, S.,
LOCAL IMPACY OF FCREIGN TRANDE: A STUDY NF THE METHODS OF
LCCAL ECONCMIC ACCCUNTINC.

NATICNAL PLANNING ASSOCIATION, WASHINGTON, D.C.y» 1960,

HORNWITYZ, HARCLD V,,

MATHEMATICAL MONELINGC FCR TRANSPORTATION PLANNING.
THE LNGISTICS REVIEW, VOL. 7y NGC. 31, 1971.
(ABSTRACT INCLUDEC IN APFENNIX A)

INTERSTATE CCMMERCE CCMMISSICN
RAIL CARLCAD COSYT SCALES 8Y TERRITORIES.
THE CNST FINDING SECTICN, RUREAU OF ACCOUNTS (ANNUAL),

INTERNATINONAL HARRCUR CINGRESS,

PROCEEDINGS NOF THE FIFTH INTERNATIONAL. HARBOUR CONGRESS.
KONINKLTJKE VLAANSE YNCENIEURAVERENNIGING, INGENIFURSHUIS,
JAN VAN RIJSWIJCKLAAN 53, ANTWERP 1, BELGIUM, JUNE 1968,
(ABSTRACT AND REVIEW INCLUDED IN APPENDIX A)

JOHNSON, S, (INSTN ENGRS, ANN SHIPBLCRS IN SCOTLAND),

PCRT NF FUTURE,
TRANSPDRTATICN, VCL. 3, PT. 3, 1967-68, P,129-56, PT. 4,
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PP. 157-62.
(ABSTRACT INCLUDEC IN APPENNIX A)

KAFNy HFRMAN, . WIENER, ANTHCNY,
THE YFAR 2000.
THF MACMILLAN COMPANY: NEW YORK, 1967.

KAPLAN N, X
DFEVELOPMENT OF THE PCRT CF ASHCCC.
NNCK AND HARBAR ALTH.,, APRIL, 1971, PP,496-4939

KHUMAWALA, R. M., X

AN EFFICIENT BRANCH ANC BCUNC ALGORITHM FNR THE WAREHOUSE
LOCATION PRCBLEM,

UNPUBLISHED PH.D. CISSERTATICM, KRANNERT GRACUATE SCHOOL

OF INDUSTRIAL ANDMINISTRATICN, PURDUE UNIVERSITY, JUNE 1970,
(ABSTRACT INCLUDEC IN APFEADIX A)

KIRBRY, R, WM,, X

A COMPARISCN GF SHCRT ANC MECIUM RAMGE STATISTICAL
FORECASTING MFTHOCS,

MANAGMFNT SCIENCE, VCL. 13, NC. 4y CEC. 1966, PP, R202-10.
(ABSTRACT INCLUNDFD IN APPENNIX A)

KCHLTI, U. Keo X

QUANTITATIVE MONELS TC REPRESFNT PORT [PFPATIONS.
OPSEARCH (INDIA), VCL. 5y NJe 2y JUNF 1968, PP, 75-87,
(ABSTRACT AND REVIEW IANCLUCED IN APPENDIX A)

KCC A, Y. Co. X
MARGINAL PRCPENSITY TO IMPGORT AS A FCRECASTER,
RFVIEW OF ECCMOMICS AMEC STATISTICS, MAY 1962, 44:215-17

KRAUSE, LAWPENCE B.,

THE FURNPEAN ECONCNMIC CPNNUNITY ANC AMEP ICAN AGR ICULTURE.,
FACTORS AFFECTING THF UNITED STATES PRALANCE OF PAYMENTS,
JOINT ECONCMIC COMMITTEE, 87TH CCMGRESS 2ND SESSION, 1962,

KUEHN, A, A., HANMBLRGER, M, J.,

A HEURISTIC PRNOGRANM FCR LNCATING WAREHOUSES.
MANAGEMENT SCIENCE, 9: 543-666, JULY 1963,
(ABSTRACT INCLUDEC IN APFENDIX A)

LADERMAN, J. GLEIRFERMAN, L., EGANy Jo Fao
VESSEL ALLCCATION BY LINEAR PRCGRAMMING.

NAVAL LNGISTICS RFSFARCH QUARTERLY, VNL. 13, NO. 3,
SEPTEMRER 1666y PF, 215-320.

(ABSTRACT INCLUDECD IN APFEANDIX A)

LEMPEFT L. K. X

PFRIL IN NUMBERS.
CHFMICAL WEFK, FFBRUARY 18, 1961, B8:62-28
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LEVIAH 67FT LEVINE A. H. X
FORECASTING TECHNICUES,
MANAGEMENT ACCOUNTING, JANUARY 1967, 48:31-6 .. -

LEWIRW 64AMT LEWIS, R. Weo RCSHCLDT, Es Eoo WILKINSONy, We Loy
A MULTI-MCDE TRANSPORTATICN NETWCORK MODEL.
NAVAL RESEARCH LOGISTICS QUARTERLY, VOL. 11s NO. 3,

LFFFLJ 63RAF LANSBFRG, HANS,
RESOURCES IN AMERICA'S FUTURE,
THF JNHN HCFKINS FPRFSS, BALTIMNRE, 1963.

LITTAD 69PMP  LITTLE, ARTHUR D.,» X
PORT MANAGEMENT PRCBLENM STUDY,.
LITTLE(ARTHUR ND. ),y INC.y, CAMBRIDGF, MASS., JULY 15, 1969,
(ABSTRACT INCLUDEC IN APPENDIX A)

LITTAD 70WFA LITTLE, ARTHLR N, ,
WATERBNRNE FEFNER SUBSYSTFMS FCR UNITIZED CARGO
TRANSPDRTATICN: VCLUME 2 - APPENDICES.
LITTLF(ARTHUR ND.), INC.y CAvBRINDGE, MASS., CECEMBER 1969,
(ABSTRACT INCLUDEC IN APPENDIX A)

LITTAD 7OWFS LITTLE, ARTHLR D.,
WATERBNONE FEFDFR SURSYSTEM FOR UNITIZED CARGOH
TRANSPORTATICN, VCLUME 1.
LITTLE(ARTHUR N. ), INC., CAMBRIDGF, MASS., MARCH 1970,
(ABSTRACT [INCLUNDEC IN APPEADIX A)

LITTOF 590LG LITYERER (O. F. X
OVERCNMING THE LINITATION OF GENERAL ECONNMICS FORECASTS.
COMMERC TAL ANN FINANCIAL CHRONICLE, JULY 59, 190:422
(ABSTR ACT INCLUDER IN APPENDIX A)

LOMBHY 60D0NU  LCMBAERS, He Jo M, (SECOND INTERNATIONAL CONFERENCE ON
OPERATINNS RFSEARCH, IFNRS),
DETERMINING THE ORE-UNLNACING CAPACITY OF A HARRBOR
INSTALLATICN BY SINMULATICN ON A COMPUTER,
SEPT, 1960, PP, 328-335,

MAGUCA 7ONCS MAGUIRF, CHARLES A (CHARLES A, MAGUIRE AND ASSOCIATES AND
DUNLAP AND ASSOCIATES),
NEW CONCEPTS IN SEAPCRTS AS RELATED TO THE TCTAL
TRANSPNARTATICN SYSTEM IN CCNNECTICUT. .
PPFPARED FQOR THF CCNNECTICUT PESEARCH COMMISSION, NEW YORK,
DEC. 1970, 1€9PT

MAIZ A 63IGW MATIZELS, ALFRED, X

INDUSTRIAL GRCOWTH ANC WORLD TRADE.
CAMBRIDAGE: AT THE UNIVERSITY PRESS: 1963,
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MAJORL 67FEI MAJOR, R, Ley X
FORECASTING EXPORTS ANC IMPORTS: INTRODUCTION.
NATIONAL INSTITUTE ECCNCOMIC REVIEW, 42: 32-%4, NNV, 1967.
(REVIEW INCLUDED IN APFENDIX A)

MAKIWR 6TTIR MAKI, W. R,, X
. TRANSPORTATICN ANC INTERRECIONAL RESEARCH - PROBLEMS 0OF
DATA AND METHODOLCCGY.
TRANSPORTATICN PRCRLEM ANC PCLICIES IN THE TRANS-MISSOURI
WEST, EDITED RY DAVIDSCN AND CTTOSON, 1967, PP.168-91.

MANNAS €4PLU MANNE, A. S.» X
PLANT LOCATION !INCER ECONGMICS CF SCALE-DECENTRALIZATION
AND COMPUTATIONS.
MANAGEMENT SCIENCE, VOLUME II, NCVEMBER 1964,

MANNHA 6T7PHC  MANN., H. Al
PORTS AND THE HUMAN CHALLENGE.
ADDRESS TO THE 56TF ANAUAL CCNVENTION NF THE AMERICAN
ASSOCIATICN CF PNRT AUTHCRITIES, VANCOUVER, SEPT. 18, 1967.

MCCCCE S40TR MCDOWELL, C. Eay GIRRSy ke M.y
OCEAN TRANSPCRTATICN,
MCGRAW-HILL, NFW YCRK, 1654,

MCKN J 63WEF MCKNIGHT J. X
wHY ECONOMIC FORECASTS GC WRONG: ABSTPRACT,
MANAGEMENT REVIEW, MARCH 1663, 52:25-R8

MCLEWG S9rSN NMCLFNNAN, WILFRED G,
AN APPROACH TN THE STUCY CF OVERSEAS TRAFFIC POTENTIALS.
PAPER PRESENTED BEFCRE THE WATERWAY AND HARBOURS DIVISION,
AMER ICAN SOCTETY CF CIVIL ENGINEFRS, CLEVELAND, OHIO, 1959.

MEITJF 600PE MEITH J. F. X
OPTIMAL PROPERTIES OF EXPOTENTIALLY WEIGHTED FCRECASTS.,
AMERICAN STATISTICAL ASSCCTIATION JRNL, JUNE 60, 55:289-306

MELEJX 65RPD  WVELFSE, JACQUES, X
ETUNDE DE LA CAPACTITE D'UN PNRT MINERALTIER (STUDY OF THE
CAPACITY OF AN ORF PORT)
GESTION (FRANCE), VCL. 8, JUNE 1965, PP, 342-350.
{ABSTRACT INCLUNED IN APPENDIX A)

METCJE 5GCSR  METCALF, J. E.o
CONCISE ANC SHARP ANALYSIS OF NAJCR U.S. MARKETS ABROAD.
MAGAZINE OF WALL STREET, 103: 523-6, FEBRUAPY 14, 1959.

METRCC 68SWM METROPOLITAN DADE CCUNTY PLANNING DEPT.,
SEAPDRTS AND WATERWAYS MASTER PLAN,

METROPOLITAN DADE CCUNTY PLANNING DEPT., MIAMI, FLA.,DEC 68.
(ABSTRACT INCLUNEQ IN APFENDIX A)
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METTAM, J. C. X

FARFCASTING DELAYS TC SHIFS IN PORT,

DNCK AND HARBOUR ALTHNRITY, VCL. 47, NO. 558, APRIL 1967, -
PP, 3IR0-2.

MEYER, Je R STENASCN, Jeo ZIWICK, Cay
THE ECINOMICS OF CCMFETITION IN THE TPANSPORT INMDUSTRIES.
HARVARN UNIVESSTTY PRESS, CAMRRILCGE, MASS., 1960.

MEYFR, Je Rey ET AL
TECHNIQUES CF TRANSPCRT FLANNING (2 VDLUMES).
THFE RPANKINGS INSTITUTF, WASHINGTCNy N.Cey 1971,

M!CKL?’ M. Ha.o RATHRCNFE, De F.."
MCDELING AND SIMULATIGN CF A LOGISTICAL TRANSPORTATION
SYSTEM,

INSTITUTE CF ELECTRICAL ANC ELECTRONICS ENGINFERS, '
REGION SIX CCNFERENCE, MAY 2?0-22, 1968, PAPER ?-aA-2, 8P,
( ABSTRACT ANC REVIEW INCLUDED IN APPENDIX A}

MIKLTUPS  Way.

ESTIMATIMG FREIGHT TRAFFIC NF CCMPETING TRANSPORTATIAN: AN
APPLICATINN OF THE LINEAR DISCRIMENT FUNCTION.

LAND ECONNMICS, 4S: 257-73, MAY 1969,

MTILLS, . S. X .

AGGREGATIVF MNODSL CF RESCURCE ALLOCATION IN A METROPOLITAN
APEA. .

AMERICAN ECCNOMIC FREVIEW, 57: 197-210, MAY 1967.

MINCER, JACDCBy EDay

SCOAMDMIC FOFECASTS AND EXPECTATICNS.
COLUMBTA UNIVERSITY PRESS, NEW YCRK, 1969.
(REVIFW TNCLUNPED IN APFERNDIX A}

MONTEATH, R, R.y X

Cr-ORDINATICN 0OF CARGO NCVEMENTS BY SHIPPING LIMES AND ITS
FFFFCT NN PLANNINC.

TMTERNATICNAL CARCC HANDLING CCCRCINATION ASSOCIATION-
QUARTERLY JCURNAL, JAN. 1964, NO. 13, PP, 37-43

MOSESy Le Nooy LAVEy, L. Bay EDS.,

CCST-RENEFIT ANALYSIS FOR INLAND NAVIGATION IMPROVEMENTS.
INSTITUTE FPR WATERWAYS RFSOUPCES, UeSe. DEPARTMENT OF THE
LRMY, CORPS CF ENrFINFERS, REPFrRT 70-4, 3 VOLS., OCT. 1970.

MUNDY, F. (MERSEY [CCKS ANC HARBCR BCARD, PNRT OF LIVERPQOOL,
ENGLAND). ;

NDEVFLOPMENT CF COMFUTFRS AS AIC TC PORT MANAGEMENT,

EIFTH INTERNATINNAL HAPSCIIR CONGRESSy JUNE 2-8, 1968,
ANTWERP, BELG. KCN vLAAM ING, PAPFRS 1968, SECT B-MUN, 8P.
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6571pP
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6TRPF

&9NE!

66WM!)

6SFPR

65TEF

68%GT

NAESSy ERLING D.,

X

TANKER TNDULSTRY: PRCRLEMS AND PRCSPECTS.
RERGEN: INSTITUTE FCR SHIPPING RESEARCH,

NAGAR, A, L.,

ANALYSIS OF PREDICTICN
AUTOREGRESSIVE MODELS.

X

INTERNATIONAL SECCACMIC REVIEW, N.S.2: 143

NAGORSKI,y BCHDAN,

PORT PROBLEMS IN DEVELCPING CCUNTRIES, PT

DOCK AND HARBOR AUTHGRITY,

NEWCOMB R,
FORECASTING 1958,
APPRAT SAL JCLPRNAL,

X

PAGE

1965,

ERRCRS IN FORECASTING WITH

=54, NCTORER

L ] 1.

MARCH, 1971, P. 461-467.

FEBRUARY 1958, 14:41-3

NEW YORK CITY (DEPT. CF PCRTS ANC TERMINALS),
NEW YORK CITY'S PCRTS AND TERMINALS,
1671 (ENTIRE ISSUE)

TOk LINE,s SPRING,

NICOLAQUy Se. Ny

X

RFRTH PLANNING BY EVALLATICN COF CONGESTION AND COST.
JOURNAL OF WATERWAYS ANDR HARBQORS CIVISION, ASCE, VOL.

ND. WW&4, PRCC, PAPER 5577,

NOV. 1967, PP,

107-132,

(ABSTRACT AND REVIEW INCLUDED IN APPENCIX A)

ECCNOMIC RECCRD,

DEMAND FQUATION FCR IVFQORTS.

FCONOMIC RECORD, 45:

NOVAES, A,

PP. 100-132.

589-95, APRIL 1969.

FRANKEL, E,
A QUEUING MOCEL FCF UNITIZED CARGO GENFRATION.
OPFRATIONS RESEARCH (U.S.), VOL, 14, NO.

(ABSTRACT INCLUDELC IN APFERDIX A)

CBERMAN, LEONARD,

X

1 [} JAN.'FEB.Q

FUNCTIONAL PLANNTING CF BULK MATERTAL PORTS,

PRNCEEDINGS CF THE AMERICAN SCCIETY OF CIVIL FENGINEERS,
WATERWAYS ANC HARBCURS DIVISICA, VOL. 91,
MAY 1965, PP. 17-25.

NECD

x

TECHNIQUES OF ECONCMIC FCRECASTING.,
ORGANIZATICN FOR ECCNCMIC CN-NPERATION AND DEVELOPMENT,

(REVIEW INCLUDED IN APFENDIX A)

OFCD

X

NO.WHW2,

FORECAST OF GNODS TRANSPCRT DEMAND UF TD 1975,

NECD OBSERVER, 37

11-13,
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OHERLIHY C. S. ET AL

LCNG TERM FORECASTS CF DEMAND FNR CARS, SELECTED CCNSUMER
DURABLESy ANC ENERCY (WITH CHARTS ANC TABLES). :
NATIONAL INSTITUTE ECCNCMIC REVIEW, 40: 24-67, MAY 1967,

QHUGHES, F.y SEIB8CL, FRANKEL,y E. (MIT, CAMBRICCF, DEPT. OF
NAVAL ARCHITECTURE ANE MARINE FNGINEERING AUGUST 1964)
ANALYSIS AND SIMULATICN CF SEGMENTED CARGN SHIP OPERATION.
LeSe GOVERNMENT RESEARCH AND DEVELNPMENT REPORT, AUG. 1966.
(ABSTRACT INCLUDER IN APFENDIX A)

OLSON, C. A., SCRENSCN,y EB. Fay SULLIVAN, W. Jeoy
MEDIUM-RANGF SCHECULING FNOR A FREIGHTER FLEET,

NPERATICNS PESEARCF (U. S.),y VOL. 17, NC. 4, JULY-AUG 1969.
PP. 565-582.

(ABSTRACT AN REVIEW INCLUCED IN APPENDIX A) *

OIL, PAINT AND NRLG REFORTER,

IMPORTS AT U.S. PCRTS,

PURLISHED IN WEZKLY NUMBERS CF THE DIL, PAINT AND
NRUG REPNRTER,

ODRDMAM, N. N. B., X

APPLICATICN CF MODERN NMANAGEMENT AIDS BY PORT AUTHORITY,
INTFRNATIONAL CARGC HANDLING CONRDINAT ION ASSOCIAT ION-
QUARTFRLY JCURNAL, NC., 9y JAN, 1965, PP, 38-39, 41, 43-5

PACKER, S. Ray
POPULATICN GROWTH ANC MARKET FCRECASTING.
FINANCIAL ANALYSTS JOURNAL, 22:13-18, MARCH 1966.

PARSONS J. A, X

"FORECASTING NETHCD <.

SYSTEMS AND PROCECURES JCURNAL, MAY 1967, 1R:8-9

PAGEy Re Fa TUMMINS, VM.,
PROCUREMENT SCHEDULING ~ A TRANSPCRTATION FORPMULATION.
MANAGEMENT SERVICES, T7: 30-6, SEPTEMRER 1970.

PLANNING RESEARCH CCRPCRATION, LCS ANGELES, CALIFORNIA,
TRANSOCEANIC CARGC STUCY: VOLUME YI: DISTRIBUTION COSTS ANC
PRNDUCTIVITIES OF TRANSOCEANIC TRANSPNDPT TECHNOLOGIFS,

Ue S. DEPARTNMENT CF TRANSPORT, ASSISTANT SECRETARY FOR
POLICY AND INTERNATICNAL AFFAIRS, OFFICE OF SYSTEMS ANALYSIS
AND INFQORMATION, WASHINGTCAN, CeCes MARCH 1571,

(ABSTRACT AMC REVIEW INCLUDRED IN APPENDIX A)

PLANNING RESFEARCH CCRPCRATICN,

TRANSOCFANIC CARGC STUCY: VRLUME I3 FORECASTING MODEL
AND DATZ BRASE,

L. Se DEPARTMENT CF TRANSPCPTATICN, ASS'T SFC'Y FOR
PCLICY ANC INTERNATICNAL AFFAIRS,QFFICE COF SYSTEMS
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ANALYSIS AND INFORMATICN,y WASHINGTCN DeCe MARCH 1971.

PLUMLEE, CARL H.y X

CPTIMUM SI2F SEAPCRT,

JCURNAL OF THF WATFRWAYS AND HARENRS NDIVISICN; PRNOCEEDINGS
CF THF AMERTCAN SCCIETY CF CIVIL ENGINEFRS, VOL. 92

NOo. WW3, AUGUST, 1566

(ABSTRACT AMC REVIEW INCLUDED IN APPENDIX A)

POND,y DONALD H, (RESEARCH ANALYSIS CCRPORATION),
INFRA-STRUCTURE CCASTRAINTS CON MARTIME PCWER: INDONESIAN
SEA TRANSPNRT, 19%57-58,

MCLFAN, VA.y APRILy LS70y 146F. DISTRIBUTEC RY NTIS

(AD 717 4562)

CLANDT, Rs Fay BALMCL,y We Joy
THE DEMAND FOR ABSTRACT TRANSPORT MQODES.
JCURNAL OF FEGIONAL SCIEMNCE, VOL. 6, NO. 2, PP. 13-26, 66.

RALLISy T.»

TRAFFIC HANCLING CELAYS IN PORTS,

FIFTH, INTERNATIONAL HARBCUR CCNGRESS, JUNF 2-8, 1968,
ANTWERP, BFLC. KCN VLAAVM JNG, PAPFRS 1968, SECT 3-RA, 6P,
(ABSTRACT INCLUDEC TN APFPENNIX A)

PAC A. G, SHAPIRC A,.,
ADAPTIVE SMCCTHING USING EVOLUTICNARY SPECTRA,
MANAGEMFNT SCIENCE, 17:208-18, NCVEMRFR 1970.

REEVES,y Se Jey X
EVALUATICN CF PJRT FUNCTICNING CHARACTERISTICS,
DOCKX HARBOUR, AUTH, VGL. 51, NC, 593, MARCH 1970, PP. 454-8

REIMER, R, X
UeSe DEMAND FOR INFCRTS CF MATERIALS 1922-1960. .
REVIEW OF ECCNOMICS ANT STATISTIQS; 46: 62-75, FEBR 1964,

RENTONy Ge Koy X

FORECASTING BRITISH EXFORTS OF MANUFACTURER GNCNS TO
INDUSTRIAL CCUNTRIES,

NATIONAL INSTITUTE ECCANMIC REVIFW, 42: 35-51, NOV. 1967.

ROBINSON, R, .,

THE INTEGRATICN CF PCRY FUNCTIONS: A NETWORK DEFINITION

CF SPATIAL STRUCTLRE,

SUPPLEMENTAL PAPESS - NINTK ANNUAL MEETING, TRANSPCRTATION
RESEARCH FORUM, 1<¢8, fFP, 119-130,

(REVIEW INCLUDED IN APEERNDIX A)

SAy Gev X

BRANCH-AND-RCUND AND AFPROXIMATE SOLUTIONS TQ THE
CAPACITATED PLANT-LCCATICN PROBLEM,
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OPERPATTONS RESEARCH, VCLUNME 17, NCVEMBER-DECEMBER 1969.

SALOMON M, BRCWN R. Vs, ‘ -
APPRECIATICAS DF FCONCMETRICS TO CCMMERCIAL FORECASTING
PRNBLEMS,

OPERATIONAL PESEARCH QLARTERLY, SFPT 1964, 15:239-47

SAGGAR, R, K., X

FREIGHT TRAFFIC NF GUJARAT STATE PORTS (A STUDY QF
INTFRMENTIATE AND MINCR PCRTS),

INDIAN JOUPANAL 0OF ECCNCMICS, 48:169-92, OCTOBER 1967,

SCAMMON, R.M., X
CENSUS PRNDVIDES FUND OF EXPORY KAOWLEDGE.
CCMMERCE WEFK, 67: 915, MAY 21, 1962

SCHENBER, E. X
PURLIC TNVESTMENT IN NAVIGATICN PROJECTS - A CASE STUDY,
LAND ECONMMICS, 36: 212-16, MAY 1960.

SCHWARTZ, No Les X

DISCRFETE PROGRAMS FOR NCVING KACOWAN CARGCOS FRCOM ORIGINS TO
NESTINATIONS OON TIME AT MINIMUM RARGELINE FLEET COST.
TRANSPNRTATICN SCIFENCE, VCL. 2, NO. 2, MAY, 1968, PP.134-149
{ ABSTRACT AND REVIEW INCLUDED IN APPENDIX A)

Us Se SENATE,

PCOLICIES, STANDARCS, AND PRCCERURES IN THE FORMULATION,
EVALUATION, AND REVIEW 0OF PLANS FCR USE AND CEVELOPMENT OF
WATER AND RELAT=ND LAND RESCURCES.

B7TTH CONGRESS, 2D SESSINN, SFENATE COCUMENT NO. 97 (U, S.
GOVERNMENT PRINTINC CFFICE, WASHINGTCN, D. C.) MAY 29, 1962,
13 PAGFS, FREE,

(ARSTRACT ANC PFVIEW INCLUDED IN APPENDIX A)

SEWELLy B, £« (PCRT CF LCNCCN AUTHCRITY, ENGLAND),
DEVELCPMENT OF CONPUTERS AS AN AID TC PORT MANAGEMENT,
FIFTH INTERNATINNAL HARARCR CCNGRESS, JUNE 2-8 1948,
ANTWERP, BELGs KCMN VLAAM ING, PAPFRS 19468, SECT, B-SEW, 4P,
(ABSTR AT INCLUNEN IN APFENDIX A)

SHEL TON, JQOHN R, {CHIEF, CPERATIONS STANDARDS DIVISION),
INDUSTRIAL ENGINEERING AT THE PORT OF NEW YORK AUTHORITY,
THF JOURNAL CF INCULSTRIAL ENGINEERING, VOL. 15, NO. S,
(ABSTRACT INCLUDELC IN APFFNDIX A)

SILBERBERG,s EUGENFE,

THE DEMAND FCR INLANC WATERWAY TRANSPORTATION.

WATER RESCURCES RESEARCH, 2:13-29, FIRST QUARTER, 1966,
(REVIEW ANC ABSTRACT INCLUDED IN APPENDIX A)

-228-



SLAT B

SMITTA

SOSPGD

SPIE K

STANCOD

STEEL
STEKHO

STEKHO

STEKHN

STPACA

STURSG

61BEF

64FAN

TOPEF

69ASP

64PCC

€277S

61CIF

€2SFP

6TDRF

61FFS

65SIT

PAGE 21

SLATIN 8. X

RASIC ELEMENTS IN FOPFCASTING FOR CAPITAL GOCDS, CONSUMEPR
DUPARLE GNODS, NON-CURABLF GCGCOS.

SALES MANAGEMENT, MARCH 17, U.LU, 86:111-12

SMITHy Te ARTHUR,

A FUNCTICNAL ANALYSIS CF THE CCEAN PCRT.

CPERATIONS RESEARCH, INCey SILVFR SPRINGS, MD., AUG. 1964,
(ARSTRACT AND REVIEW TACLUDFD IN APPFNDIX A)

SCUTH CARQLINA STATE PLANNING ANC GRANTS DIVISION,

PORT EXPANSIPN FACILITIES CCNCEPTS STUDY,

SOUTH CAPNLTIANA STATE PLAANNING ANLC GRANTS DIVISION, COLUMBIA,
SEPTEMBER, 1970.

(ABSTRACT INCLUDEC IN APFENNIX A)

SPIFLBFRG, K. X

ALGORI THMS FCR THE SIMFLE PLANT LOCATIGN PRCRLEM WITH SOME
SIDE CONDITICNS.

NPERATICNS .RESEARCF, 17: B85-111, JANUARY 1969,

(ARSTRACT INCLUDEC IN APPENDIX A)

STANWICK CCRPORATICA,

PROJECT CULNESAC: CCNCEPTS FOR CARGO HANCL ING AT
PRIMITIVE FPrRrTS.

STANWICK CORPCORATICN, WASHINGTCN, D.Cay JANUARY 1964,
(ABSTRACT INCLUNER TN APFEADIX A)

STFEL
THESE TEN STATES APE THE BIG EXPCRTERS,
STELL, 150: 59-AC8 FERRIJARY 5, 1962,

STEKLER H, C. X
DIFFUSION INCEX ANC FIPST DIFFEQENCE FORECASTING.
RPEVIEW OF ECCNOMICS ANLC STATISTICS, MAY 1961, 43:201-8

STEKLFR H, C. X

SIMULATICN NF THE FCRECASTING PERFCRMANCE OF THE DIFFUSION
INDE Xe

JOURNAL OF RUSINESS, AFRIL 1962, 35:196-200

STEKLERy He Coy X

DATA REVISIONS ANC ECONCMIC FrRECASTING.

AMERICAN STATISTICAL ASSCCIATICN JCOURNAL, 62: 470-83,
JUNE &7,

STEERy Do T. FAGEy A. Cs C.y

FEASIBILITY AND FINANCTIAL STUDIES OF A PNRT (IRON ORE
UNLOADING) INSTALLATICA,

NPERATICNS PESEARCH QUARTERLY, 12: 145-4A0, SEPTEMRER 1961.

STURMEY, S« Gay X
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SHIPPING IN THE 1¢€60S.
BFRGEN: INSTITUTE FOR SHIPPING RESEARCH, 1965.

SZC?EPANIAK, T, (HIGH SCHCCL CF ECCNCMICS, SOPOT, POLAND)
POLISH MODEL OF PCRT ACMINISTRATICN AND ORGAMNIZATION OF

PNRT SER,

FIFTH INTERNATIONAL KARBRCUR CCNGRESS, JUNEF 2-8 1968,
ANTWERP, BFLG. KCN VLAAM ING, PAPERS 1968, SECT., 8-SICZEP-
&P,

TANNER' M. F.. HILL‘AMS' A. :n'

PORT DEVELCPMENT AND NATICNAL PLANNING STRATEGY.

JOURNAL CF TRANSPCRT ECOANCMICS AND POLICY, VOL. 1, ND. 3,
SEPTEMBER 1967, PP. 215-324

(REVIEW INCLUDEND IN APFENDIX A)

TEXAS ENGINEERING EXPERIMENT STATICN,
TEXAS MARINE PESOURCES: THE PNRTS AND WATERWAYS VIEW.

‘TEXAS ENGINEERING EXPFRINMENT STATICN, COLLEGE STATION,

INDUSTRIAL ECONOMICS RESEARCH DIVISICN, AUG 1970.
(ABSTRACT INCLUNEC IN APFENDIX A) v

THOMPSON,y He Eo BERANEK, W.y
EFFICIENT USE NF AN IMFERFECT FORECAST.
MANAGEMENT SCIENCE, 13:233-43, NGVEMBER 1966,

THEILy Heo SCHFOLES, M.,

FORFCAST EVALUATICN BASED CN MULTIPLICATIVE DECOMPOSITION
OF MEAN SQLARE FERRCRS.

ECONCMETRICA, 35: 70-88, JANUARY 1967,

TRANSPORTATION RESEARCH INSTITUTE, CARNEGIE-MELLLCN
UNIVERSITY AND THE PENANSYLVANIA TRANSPORTATION AND TRAFFIC
SAFETY CENTFR, THE PENANSYLVANIA STATE UNIVERSITY,
METHODOLCGICAL FRANEWCRK FCR CCMPREHENSIVE TRANSPCRTATION
PLANNING.,

TRANSPORTATICN RESEARCHE INSTITUTE, PITTSBURG, 1968.

TRIGGy Do Wey LIACH, A. G.y
EXPONENTIAL SMOODTHING WITH AN ADAPTIVE RESPONSE RATE.
OPERATIONS PESFARCH QUARTFRLY, 18:53-9, MARCH 1967 .

UNITED NATIONS, DEFARTNMENT CF ECCNOMIC AND SOCIAL AFFAIRS,
THE TURN-ARCUND OF SHIPS IN PORTS.

UNITED NATICNS, NEh YCPK, 1967, (ST/ECA/97).

U. S. CONGRESS, THE SENATE,

PCLICTESy STANDARCS, AND PROCEDURES IN THE FORMULATION,
EVALUATION, AND REVIEW OF PLANS FCR USE AND DEVELOPMENT QF
WATFR AND RELATED LAND RESCURCES.,

87TH CONGPESS, 2NC SESSICN, SENATE CCCUMENT NO. 97,

Ues Se GOVERNMENT PRINTING CFFICE, WASHINGTOIN, D.C.y MAY 1962,
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(ABSTRACT "INCLUDEC IN APPENDIX A)

VOGELF2, WIULIAM K,, ‘ S

ALL WEATHER HAR3NR NAVIGATICN MCCEL. .
INTERNATICNAL ENGINEERING COMPANY, ARLINGTON, VA.,
AUGUST 27, 1670.

(ABSTRACT INCLUNDEC IN APFENDIX A) .

VvOLPE, JOHN A., X

TRANSPORTATICN INFCRMATICN: A REPNRT TN THE COMMITTEE NN
APPRAPRIATICNS, U.S. HCUSE 0OF REFPESENTATIVES, FROM THE
SFCRETARY (JF TRANSFOFTATION, ' .

DEPARTMENT CF TRANSPCRTATICN, WASHINCTCN, D.Ce., MAY 1969,
(ABSTRACT INCLUDEC IN APPFNDIX A)

VLKNVY,y JNSKC, X

CURRENT PNRT DEVELCPMENTS SCRUTINIZEC,

FAST EURNPFAN SERVICE INRUSTRIFS: TRANSLATIONS NO. 571,
JOINT PUBLICATINNS RESEARCK SFRVICE, WASHINGTNN, D.C.,
OCTIBER 23, 1967.

(ABSTRACT INCLUNEC IN APFEADNIX A)

WEBBy He Joy x

COST FUNCTICNS IN THE {OCATICN CF DEPNTS FNR MULTIPLE
DELIVER JOULRNEYS.

OPERFATICNS FESFARCH CUARTERLY, 19: 211-20, SEPTEMRER, 1968,

WEINBERGy R. Sa HIGGINS,y Jo W.,

THE FEASIRILITY NOF A GLORAL AIRLIFT,

CFNTRE FOR NAVAL ANALYSIS, ARLINGTNN, VA., NAVAL WARFARE
AMALYSIS GRCUP, SEPTEMBER 5, 1957.

(ABSTRACT INCLUDEC IN APFENNIX A)

WESOLNWSKY, G. Qey LCVE, R, F,.,

NOPTIMAL LCCATION TF ANEW FACTILITIES USING
RECTANGULAR CISTANCES,

NPERATICNS RESFARCH, 1G: 124-308 JANUARY 1971,
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