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APPENDIX A 

A COMPLETE DESCRIPTION OF THE SYSTEMS ANALYSIS 

le FORMULATION OF THE PROBLEM 

Ml First Statement of the Problem 

In sponsoring the study, EASAMS! aim was to determine how the 

tools of systems engineering could be adapted to the design and 

improvement of the transport systems serving the Caribbean islands 

and those countries or parts of countries surrounding the Gulf of 

Mexico and the Caribbean Sea, 

-To define the problem in more detail some preliminary research 

was initiated. 

1.2 Needs Research 

Needs research aims to clarify the problem, redefining it 

where necessary, so that its scope can be presented in sufficient 

detail for a project team to be organised, In clarifying the problem, 

the author examined in turn, the requirements of: 

- The study sponsors 

- Any authority responsible for implementing the results of a 

transport study (EASAMS prospective clients).



2.1 The Sponsor's Needs 

EASAMS' objective was to prove the company's ability to serve 

the needs of transport operators and investing authorities. In the 

first case, shipping lines could be assisted to plan their future fleet 

requirements over specific routes served. In the second, such 

authorities as the Ministry of Overseas Development, Development 

Banks and the government authorities of the respective islands could 

be advised on the optimum allocation of development funds to the 

transport sector. Thus, EASAMS! requirements would only be 

satisfied if those of the client were met.



1.2.2. The Clients Needs 

There are three important eaeiicos witen must be met if the 

preparation of a transport investment programme is to be 

worthwhile to a client: 

- The region must be policy-oriented with regard to 

transportation (i.e. the machinery for implementing 

improvements to a transport system must be available 

to the appropriate transport authority). 

- The policy makers must accept the view that planning 

is a continuous process 

- Transport planning should be conducted in conjunction 

with regional economic planning! 

To be of value, any investment policy for the transport sector 

of a region derived from a study must be capable of being 

  

1. For a rigorous discussion of the above criteria, and the reasons 
for them, see Adler, A.H. Sector and Project Planning in 

Transportation , John Hopkins Press, 1967, Pages 6-8.



implemented. But the region originally selected for the study had 

no machinery for implementing transport investment proposals, 

either existing or in prospect. However, on May 1st, 1968, the 

Commonwealth Caribbean Free Trade Association, now familiarly 

called CARIFTA, was born with the signing of an agreement in 

Antigua on 30th April, 1968. The agreement was subsequently 

acceded to, and ratified by, the Governments of Jamaica, Guyana, 

Barbados, Trinidad and the associate territories of St. Kitts, Antigua, 

Montserrat, Dominica, St. Lucia, St. Vincent and Grenada, 

Subsequently, the Institute of Social and Economic Research of the 

University of the West Indies, in a detailed report on CARIFTA, 

suggested that a Transport and Allied Services Commission should be 

formed among the member territories to support a Regional 

Commission for Economic Integration. Thus a region was identified 

with the prospect of receiving the machinery for implementing 

improvements to the transport system where transport planning might 

be conducted in conjunction with regional economic planning in the 

near future. 

CARIFTA was formed to encourage the progressive development 

of the economies of the area by promoting the expansion and 

diversification of trade. A survey of the literature showed that 

these objectives would not be satisfied unless improvements to 

intra-regional shipping were made. The infrequency and 

unreliability of both scheduled and unscheduled transport services 

was regarded as a limiting factor, particularly to those industries 

seeking to establish a regular trade between the islands in perishable 

items. These difficulties are illustrated by three fundamental 

problems : 

- The region's peculiar geography; a string of islands which, 

because of their small size, generate little transport revenue 

compared with the long and costly waiting times in harbour, 

- Inadequate berthing facilities, creating congestion in ports,



which, for example, have sent up port charges per ton of 

cargo from $15 to $25 E.C, during 1970, and which, in turn, 

may increase freight rates. 

- Seasonally fluctuating demand, 

To enable some of these problems to be solved the study objectives 

were redefined. 

13 A reformulation of the study objectives 

With the agreement of Ghe supetvisory team 

the author decided that a methodology for deriving a time-phased 

transport investment programme for the shipping system serving 

CARIFTA should be developed. 

This clearer picture of the scope of the problem enabled the 

author to organise the project, so that data collection could be 

carried out in parallel with other activities. 

a ORGANISATION OF THE PROJECT 

2.] Composition of the Systems Team 

In December 1968, as an external student, the author was made 

responsible to Mr. D, J. Cashmore for the project in its entirety. 

Subsequently, part-time assistance was provided by : 

R, A, Friar, an operational research scientist (4 months) 

J. R. Walker, a computer scientist (4 weeks) 

 



2.2 Scheduling the Project 

The project flow chart of fig A.1 was drawn up to initiate 

research and data collection activities, The data initially identified 

as relevant to defining the flow of traffic, the existing system, and 

its environment was categorized as follows : 

- The collection of commodity flow statistics for 1965, the 

base year chosen for the study 

- Cost data on the various forms of sea transport 

- Information relating to the existing and potential movement 

of people 

= Economic data on the relevant islands
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Further data needs could not be identified until the system and 

its environment (the wider system) had been defined together with 

the overall economic criterion. The need to define both is. that 

the form of the system is determined by the environment. "In fact 

the success of the design is measured by .... the degree of 

integration with the environment. Clearly - the better the 

environment is understood and evaluated, the more closely can the 

system be engineered” (Hall, 1960). 

Hence, "one of the central objectives of the entire 

developmental sequence is to locate optimally two functional 

boundaries, or interfaces; 

- The boundary setting off the universe of interest 

in a given problem 

- The boundary between the system and the environment 

This means gathering and analysing data to describe the 

operational situation, customer requirements, economic 

considerations, policy and possible system inputs and outputs", 

(Hall, 1960), in relation to the system and its environment. 

A system is a set of objects with relationships between the 

objects and between the characteristics which each object exhibits. 

In this study objects are regarded as the sub-systems of a 

system.



In a system, the environment (or wider system) is the set of 

all objects outside the system, a change in the characteristics of 

which affect the system and whose characteristics are changed by 

the behaviour of the system, 

3 DEFINITION OF THE SYSTEM 

3) The Approach Used to Define a System 

To define the boundaries of a problem, the systems approach 

always requires that the system, the wider system and their 

objectives should be clearly formulated. Jenkins, (1969). In defining the 

system in precise terms it has to be broken down into its important sub- 

systems and the interactions between the latter identified. To do 

this, information is collected and analysed in respect of the 

operational and the financial situations and transport policy, 

the operational system and economic considerations. 

32 The Operational Situation 

The CARIFTA region, selected for this study, is illustrated 

in figureA.2, Within this region, inter-island transport is carried
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out by a regionally subsidised shipping service, consisting of two 

ships, the "Federal Maple" and the "Federal Palm", as well as the 

two cargo vessels of Booker Shipping, and a number of schooners. 

The "Federal Maple" and the "Federal Palm" sail regularly on 

fortnightly runs along the chain of islands from Trinidad to Jamaica, 

The "Booker Trojan" completes a 17-day journey from Guyana 

ealling at Trinidad, Barbados, St. Lucia, St. Vincent and Grenada, 

while the "Talisman" visits Trinidad, Barbados, Dominica, 

Montserrat, St. Kitts, Antigua, ».artinique, Cayenne and Paramaribo 

before returning to Guyana. The large number of schooner owners 

operate unscheduled services between the Leeward and Windward 

group of islands. 

Competition between sea and air transport is very limited as 

ships' passengers generally belong to a lower income group than that 

of the flying public (who are largely tourists). In turn, ships carry 

nearly all the local passenger traffic previously carried by schooners, 

All general cargo including oil- for which special shipping and 

terminal facilities are available - is carried almost entirely be sea. 

In spite of the existence of the highly subsidized shipping service, 

the schooners are able to offer competitive freights and better 

deliveries in nearly all inter-island trade. Over the past few years 

the fleet has been almost entirely mechanised and a number of 

locally built additions have been made to it. As a result, the schooners 

now carry as much inter-island trade as the regionally subsidized 

federal service.



33 The Financial Situation and Transport Policy 

The financial situation of transport enterprises affect the extent 

to which particular facilities can be improved. For example, the 

timing and extent of port development will be influenced by such 

factors as the availability of manpower, equipment and capital. 

Similarly, government transport policy can restrict the categories 

of improvement that could be implemented. 

Frequency of service between ports, freight charges, and 

routes used are separate policy variables which could be influenced 

by government or other legislation. The conference system, for 

example, prohibits a ship from charging anything other than the 

published conference freight rates. 

For these reasons, a survey should, in practice, be carried 

out, which should include the financial situation of transport enterprises and 

the governments transport policies. (Adler, 1967) suggests further 

that the rationale on which policy decisions affecting the transport 

sector are taken should be reviewed. Such rationale should normally 

include : 

- the rationality of the criteria used in deciding on new investments 

= the relationship of tariffs to costs 

- the adequacy of user charges 

- the nature of the regulatory system



A study of the above will identify those factors which prevent : 

cS an efficient allocation of funds to transport compared to ather 

sectors 

= an optimum distribution of traffic among competing transport 

modes, 

Criteria used in deciding on new investments Ercan avoid such 

deficiencies as the use of low financial interest rates instead of the 

higher economic (opportunity) cost of capital and the failure to take 

into account alternative road transport when building a new railway 

line. 

Rates and fares should reflect the costs of the principal 

categories of traffic handled - not only for the network as a whole 

but also by individual line. The survey should, therefore, identify 

tariffs above and below costs of major traffic categories, the 

resultant distortions in traffic and investments, and whether adequate 

freedom exists in fixing and adjusting tariffs. 

Users of roads, ports and airports should be charged adequately 

for the cost of these services through fuel taxes, licence fees, tolls 

or other charges. If this is not done, "distortions between different 

transport modes will occur, accompanied by over- investment in 

transport as a whole, inefficient.location of new industries, and an 

undue burden on the tax system and on public savings", (Adler, 1967).



Government policies on the regulation of trucking and bus services, 

including licensing, route and distance restrictions, limitations on 

rates and fares, and weight, and other controls may cause distortions 

in a country's transport system and can lead to a substantial waste 

of resources. Other policies that should be reviewed include : 

- whether taxes, including import duties, are neutral among 

the various transport modes; 

- whether the government discriminates in the availability and 

terms of financing among the modes; 

- whether the government tries to allocate traffic directly to a 

specific mode; 

i whether the government controls the production or imports 

of vehicles, spare parts, etc. in a way which discriminates 

against a particular mode; and 

- whether the government imposes any special responsibility 

on a particular mode without adequate compensation. 

Because governments can develop and administer their transport 

policies only when properly organized to do so, a transport survey 

must also review the institutional arrangements, It must ask 

whether a central transport organization exists at all, and if so, 

analyze the scope of its authority, i.e. whether it includes all modes 

and methods of coordination, whether it is properly staffed, and 

whether adequate statistics are available, so that policies can be 

established and applied intelligently.



The need to carry out such activities while, no doubt, very 

relevant to an actual study, were considered to be of less importance 

when considered in relation to the objectives of this study. To 

undertake the activities specified by Adler, (1967) was considered 

quite impossible unless full access to the government departments 

and other sources of information was obtained, It was therefore 

decided to ensure that essential elements of data should be 

incorporated in the methodology to be developed. In this way, the 

methodology will be applicable to transport investment planning, 

should a client sponsored study be undertaken, 

3.4 The Operational System 

3.4.1 Introduction 

The broad boundaries of the intra-regional transport system can 

be defined by those territories forming the regions when the study 

was initiated. (See figureA.2). 

Each island is both an exporter and importer of people, goods 

and services. Of these, the people and commodities (goods), can 

form both inter and intra-regional trade, and it is these that create 

a demand for transport in the form of air and shipping services,



16 

For the purposes of this study, the physical facilities serving 

the needs of intra-regional trade (or rather the wider system) can be 

defined as the system, the behaviour of which is modified by changes 

in the characteristics of the wider system because of changes in the 

volume and composition of traffic flows. 

34.2 Physical Facilities 

Introduction 

The physical subsystems forming the system consist of the ships 

and the ports they visit. The Federal Maple and the Federal Palm 

will, it is assumed, come under the jurisdiction of the projected 

Transport and Allied Services Commission. At present, both these 

ships visit all the ports in the order shown in figureA.3, returning 

in the reverse order. Both ships are identical having gross tonnages 

of about 3200, speeds of 14 knots, accommodation for 50 cabin and 

200 deck passengers (accommodated under cover and in dormitories), 

and 2000 cubic tons of total hold capacity, which with deductions made 

for the refrigeration area and broken storage could accommodate 

about 1500 cubic tons of dry cargo.° 

In addition, the Windward and Leeward Islands, are served by a 

fleet of privately owned, schooners, sloops and motorised vessels. 

  

3. For a full descriptive background to the development of the 
transport system within CARIFTA see O'Loughlin, C, Economic 
and Political Change in the Leeward & Windward Islands, Yale 

University Press, 1968, pages 155-165.
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The individual owners are forming consortia to combat the 

increasing traffic being carried by the Federal pee 

Booker-McConnell also run scheduled liner services, as 

described in section — 3.2, the routes and ports chosen being 

published each year in the light of forecasts made in the previous 

year. 

The ports within the region can be divided into two groups. The 

first group contains those ports with deepwater harbours while the 

second group use lighters which discharge or collect their cargo 

from the ~jetty and Move it to and from ships anchored several 

hundred yards from the shore. In 1968, those ports within the two 

groups were as given below: 

GROUP 1 GROUP 2 

PORT TERRITORY PORT TERRITORY 

KINGSTON JAMAICA BASSETERRE ST. KITTS 

ST. JOHNS ANTIGUA ROSEAU DOwINICA 

CASTRIES ST. LUCIA PLYMOUTH ™“ONTSERRAT 

PORT OF SPAIN TRINIDAD 

GEORGETOWN GUYANA 

BRIDGETOWN BARBADOS 

KINGSTOWN ST. VINCENT 

ST. GEORGES GRENADA 
  

4, A Regional Shipping Council, based in Jamaica, led by a 
Mr, tohamMed is understood to be considering such Matters, 
The fact was reported at a Meeting of the West India Committee 
in London on 26th September, 1969.



Descriptions of the current aituation® showed that although 

lighterage facilities are available when required, port docking 

facilities are limited to specific types of ship. This view is 

confirmed by O'Loughlin, 1968, who states "if lack of shipping has 

been an important factor in retarding economic and social development, 

lack of good port facilities has been a determining factor in limiting 

shipping services.'' This is supported by Mr. Nicolson, of 

Booker McConnell, who told the author that both St. Kitts and 

Montserrat only have lighterage facilities for his 1000 ton coasters. 

Dominica has one jetty while the congestion in tae port in Trinidad, 

due to the increase in trade, is increasing some ships turnround time 

to 5 days. 

Recent unpublished studies by EASAMS suggest that the whole complex of 

port operations can be related to three Main quantifiable factors : 

-  On-loading capacity 

-  Off-loading capacity and 

- Ship docking capacity 

FigureA, 4 illustrates'some of these factors, which, in mae 

design studies, can be incorporated into a model of the port's 

capacity as defined above. In practice, these constraints may be 

used to pinpoint the areas for further detailed studies, should a 

particular port be identified during system design as inefficient 
  

5, For a full description, see 'Industrial Ports of the Caribbean", 
Financial Times, 27th August, 1969, Additional information 
can be found in Benn, Ports of the World, 1967.
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or inadequate, 

343 The Volume and Composition of Traffic Flows 

Before data collection was pursued in earnest, the data needs of 

the transport Model, as yet unforMulated had to be assessed. 

FigureA .5 shows that intra-regional commodity flows can comprise 

importa: exports, re-exports and goods for transhipment (i.e. the 

possible composition of the commodities carried over a shipping 

route). Thus, the need to collect such data in volume terms 

becomes important, because the volume of traffic affects the 

capacity of the transport system, 

35 Economic Considerations 

The Main econoMic influence over each subsystem is the level 

of traffic. This can be classified in terms of the movement of 

tourists, local travellers and cargo, which determine the peveric 

derived by the transport system, To deter™Mine those factors 

which affect the cost of transport system operation all the inputs 

to and outputs from each sub-system were listed (influencing factors) 

so that this information could be reduced to workable proportions 

6 
for subsequent analysis. 
  

6. For a full discussion of this approach, see Gregory, S.A., 
"Definitions and Methodologies, '' The Design Method, 
Butterworth, 1966, pages 24-30,
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TRANSHIPMENT IMPORTS 
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CATEGORY 

RE-EXPORTS OR TRANSHIPMENT GOODS 
DUE TO DISTANT COUNTRY. 
RE-EXPORTS OR TRANSHIPMENT GOODS 
DUE TO INTRA-REGIONAL ISLAND. 

—:-—- DOMESTIC EXPORTS. 

  

  

  

——-—— EXPORTS DUE FOR TRANSHIPMENT.       

COMPOSITION OF INTRA-REGIONAL COMMODITY MOVEMENTS 

Fig.A-5
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351 Port Costs 

The cost of operating a port depends upon the cost of existing and 

future investments, the cost of Maintenance and operation, and the 

revenue derived from it. The handling costs of a particular berth, 

for exaMple, are deterMined by such factors as : 

- Berth throughput 

ts Berth design and equipMent 

. Capital cost of berth 

- Annual cost of berth 

- Manning costs and other port charges 

Sections 3.3 and 3.4 have identified a number of factors which 

could influence the operation of any of the ports within CARIFTA, 

An exhaustive listing of all the inputs and outputs to the subsystem, 

visualised as a black box was Made, The inputs and outputs were 

then grouped according to whether they referred to the flow of 

inforMation, Materials, or Money. The results of
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this exercise is illustrated in figureA.6 which lists factors relevant 

to the study. 

  

INPUTS 

SHIPS, TYPE 'A' 
SEER coaa| 

CARGO AND 

PASSENGERS 

FOR IMPORT 

MANNING COSTS 

OF PORT 
Sa EEEEEEEEeaeeeeee ain 

ANNUAL COST 

OF BERTH 

CAPITAL COST 

OF BERTH 
en 

COST OF PORT 

OPERATION   

A PORT COMPLEX 

SHIP-DOCKING 
CAPACITY 

ON-LOADING 
CAPACITY 

OFF-LOADING 

CAPACITY 

OUTPUT 

SHIPS, TYPE A 

CARGO AND 
PASSENGERS 

FOR EXPORT 

TARIFFS, TAXES 
& IMPORT DUES 

(VIA CUSTOMS) 
br 

REVENUE   (USER CHARGES) ee 
  

Factors affecting port costs Fig.A.6
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Recent studies undertaken by EASAMS suggest that the 

cost of operating a ship will be affected by the following: ¢ 

Annual capital cost of 
ship 

Cost of hired equipment 
(X) 

Cost of stores and 
provisions (X) 

Administration costs 
(X) 

Repair costs (X) 

Number of journeys per 
annum 

Sailing distance 

Time in port 

Number of ports of call 

Number of ships 

Manning costs 

Cost of fuel per mile 

Cost of fuel in port 

Port charges, cost per 
call 

Cost of loading and 
discharge* 

The last item* represented a significant part of the freight 

revenue of Booker-McConnell's liner service? (defined by the fact that it is a 

scheduled service with a published route which is faithfully followed). 

  

7. Sources: EASAMS report to Autostrade, S.P.A. June 1968, 
edited by R. W. McLean, formerly of EASAMS. 
8. - M.A. Nicolson of Booker-McConnell, Ltd.
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Route changes are made after the annual freight forecast has been 

made, The cost elements marked by (X) could be regarded as a 

fixed cost and included within the annual capital cost of the ship. 

A listing of all the inputs and outputs to the subsystem, 

visualised as a black box, was made. The inputs were then 

grouped according to whether they referred to the flow of money 

materials or information. The results of this exercise are 

illustrated in figureA, 7 where iactors of relevance are listed, 

INPUTS 

COST OF LOADING 

AND DISCHARGE 
|] 

ANNUAL CAPITAL 

COST OF SHIP 

MANNING COSTS 

FUEL COSTS/MILE 
ee 

FUEL COSTS IN 

PORT 

PORT CHARGES 

OTHER COSTS 

CARGO AND 

PASSENGERS 

TRAFFIC 
FORECASTS 

  

A SHIP OR SCHOONER OUTPUTS 
  

  

CAPACITY 

- AGE 

CONDITION 

OF OPERATOR 

FINANCIAL CONDITION 

SHIP REVENUE 

CARGO AND 
PASSENGERS 

NUMBER OF 

JOURNEYS 

PER ANNUM Y   

SAILING DISTANCE a 

  = 

TIME IN PORT ae 
NUMBER OF PORTS 
OF CALL 

  

  y 

ROUTE SELECTED 
  y 

NUMBER OF SHIPS _ 
  

UTILISATION.    
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3.6 Subsystem Interaction 

3.6] - Introduction 

The overall efficiency of the intra-regional transport system 

depends on the correct functioning of all its subsystems. This is 

because the subsystems have interacting tasks to perform. An 

example of a simple interaction is when an increase in the use of 

schooners causes a decrease in demand for passenger accommodation 

on the federal services. Because the performance of one subsystem 

interacts with the performance of other subsystems, on subsystem 

cannot be designed in isolation from the other subsystems. 

To identify the boundary between the system and the environment, 

and the interaction between the subsystems, the following approach 

was used: 

Data on the flows of cargo,passengers, money, resources and 

information between the sub-systems (the ships and the ports) 

enabled a flow block diagram of the transport system to be derived 

This is given in FigureA. 8 where the interaction between one of 

the ships in the fleet and one of the ports it serves is given, Each 

box in this diagram is a transfer function, and shows, for example, 

that ship costs are a function of the annual capital cost of the ship 

and operating costs. The circles identify decisions that have to be 

made and the categories of information that affect them. From this 

diagram the inputs to and outputs from the transport system and 

the decision circles were listed and are summarised as follows:
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- General and perish- 

able commodities Traffic 

flows 
- Tourists and local 

travellers 

- Routes 

- Ports of call 

- Facilities (e.g. refri- r System 

geration, containers, charac- ‘a Factors 

LASH and roll-on/ temeuce 
roll off) 

- Frequency of service 

- Freight and passenger 

revenue Revenue 

and 
Ae A 

Bo iGentacnt Expenditure 

- Operating costs of     system 3 

These factors identified those parts of the environment that affect, 

and are affected by the transport system. The categories of traffic 

flow suggested the need to study the needs of the users of the 

transport system, intra-regional commodity transactions and 

tourism, and their relationship to the economy of each territory, 

because each economy is a generator of traffic. The system's 

characteristics suggested the need to study the organisational 

structure of the region, while the elements of revenue and expendi- 

ture identified the need to cridy the effect of transport investment 

on each island's economy. These suggested areas of study provided 

29
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a start in identifying those parts of the environment that affect, and 

are affected by, changes in the transport system. 

4. AN APPROACH TO DEFINE THE WIDER SYSTEM 

To identify the wider system and define its bounds, it is 

necessary to consider those factors that might affect the design or 

operation of the transport system. A list of general applicability 

was used here to aid identification, under the headings: the needs 

of users of the transport system, the island's economies, organisation 

structure, the state of technology, economic conditions for new 

systems and human factors. The list of important factors to the 

transport system is the criteria for identifying what is relevant 

in the environment. In other words, a good idea of the requirements 

makes it easier to survey the environmental factors, and to classify 

them in order of importance, 

Al The Needs of the Users of the Transport System 

A number of references discussed the inadequacies of the 

existing transport system and served to identify the more important 

needs of the users. These may be summarised as the need for: 

- Additional cargo space, particularly for the carriage 

of perishable commodities 

- Suitable facilities for the movement of chilled and frozen 

food products 

- Improved receiving and surface transportation 

- Frequent scheduled shipping services to satisfy the demand 

for movement
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The first requirement was suggested by a local eorrespondent who 

stated that already "Jamaican exporters are having difficulty finding 

cargo space". 

The existence of this constraint to further trade was also 

confirmed by the West Indies Chronicle (1968) which stated in a 

discussion on airline facilities; "cargo space is limited, and unless 

booked well in advance the chances are that orders cannot be filled 

to meet the requirements of importers, particularly those dealing 

in perishable commodities. " 

In supporting the second and third requirements, the (Tripartite 

Survey, 1966) stated that there is a need for "closer liaison between 

shippers and airline officials on the development of suitable packing 

and container materials for cargo of different types - including fresh 

chilled and frozen food products. Much improvement needs to take 

place in the provision of suitable receiving and surface transportation 

services as well." Further desirable characteristics are identified 

by the same reference, where it is stated "for larger firms 

contemplating export markets within the region or to overseas 

countries, there are many inconveniences to be faced with regard to 

the infrequency, unreliability and limited coverage provided by 

scheduled and unscheduled shipping services. This factor is 

particularly limiting to large industry location in the little islands 

of the region, even if such industry is contemplating exports only 

to the other islands of the area. Until improved services became 

operational, however, the type and frequency of inter-island 

shipping is such as to pose real difficulties for any marketing group 

seeking to establish a regular trade between the islands in perishable 

items." (Tripartite Survey, 1966). 

  

2 See the Financial Times, 12th December, 1968



32 

To obtain a clearer picture of the transport need of the region 

an interaction matrix was constructed from figure A.8,Factors 

identified as relevant to the improvement of the transport system 

were listed so that the nature of each of the patrwise interactions 

affecting system improvement could be questioned. 10 The matrix 

concerned is illustrated in figureA.9. This matrix was used to 

derive a list of requirements to be met by the transport system. 

At this stage, the requirements identified would be checked 

with the client to ensure that there has been a correct interpretation 

of the clients needs. In this case, some of the requirements were 

confirmed by surveying the more relevant literature. For example 

(O'Loughlin, C., 1968) suggested that 

- "the present run of the Federal service is placing a greater 

. burden on the smaller islands and depriving them of a more 

frequent service," 

- "the inclusion of Guyana (whose trade with the islands is 

larger then Jamaica) would probably confer greater eco- 

nomies."' 

42 The Island's Economies 

In this section a study of the relationship between the transport 

system and the island's economies identified the fact that income 

from exports and tourism have a major effect on an island's demand 

for imports when its income is a significant proportion of its 

industrial revenue. 
  

10 For a full description of this approach see Gregory, S. A. 
The design method, Butterworths', 1960, 

See also Hall, A. D. A methodology for systems engineering. 
D. Van Nostrand Company Inc., Priceton, New Jersey, 1960,
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4,2] The Transport Sector 

The transport sector of each island is linked to other eectors. 

within its own economy and to those of other islands. A change 

within one sector may have repercussions throughout the region 

Likewise, changes made to one mode of the transport system can 

affect all others by modifying prices, profits, choice of transport 

mode, cargo volumes, and so on, 

Mathematical representations of these transactions have been 

developed, to illustrate not only the inter-industry relationships by 

region, but the inter-industrial and inter-regional relationships of 

a country, so that the effect of a change in one region's sector can 

be traced to, and through, the 'n' regions under consideration. The 

framework of such a representation, Isard, (1960), is illustrated in 

figureA,.10. For example, the sales of the agricultural sector of 

island A to each of its other sectors, as well as its sales to the 

sectors of other islands are identified. Similarly, both intra- 

and inter-island purchases by the agricultural sector from other 

" sectors both within island A and from the other islands are identified, 

Transport is one of these sectors and in the Caribbean includes 

schooners, sloops, lighters and motor vessels. Thus, the relation- 

ship of the transport sector of an island to both its own economy 

and the economies of other islands can be illustrated by such a table. 

FigureA,10 also shows the inter-relationships between a hypthetical 

intra-regional transport system, and the economies of both the 

region and the rest of the world, where the demand for intra- 

regional transport is generated by those agricultural and industrial 

sectors of each island engaged in the intra-regional exchange of goods. 

  

11 According to Tiebout, (1962) industries refer to aggregates of 
firms producing similar products. Sectors refer io the kinds of 
markets that the industries serve.
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"The range of intra-West Indian trade is extremely narrow. 

Trinidad-Tobago and Guyana together have 76 per cent of the total 

trade. Only two commodities, petroleum and rice together account 

for 50 per cent of the trade, The remaining 50 per cent is taken by 

diverse commodities whose importance individually is negligible. Among 

these the main changes are the relatively large increases in the export 

of manufactured articles and chemicals from Jamaica and Trinidad- 

Tobago. These categories of commodities increased their share in 

inter-West Indian trade from 9 per cent in 1957 to 18 per cent in 1963. 

With the partial exception of Jamaica and Trinidad-Tobago the list of 

inter-West Indian exports has not altered from what is was a generation 

or more ago - oil seeds and nuts, margarines, vegetable oils and 

soaps, wood, rice,'(Brewster and Thomas, 1967). 

The pattern of specialisation which has become imprinted on the 

area is set out intableA, 1 according to the divisions of the S, LPs 

Each country's specialisation is determined by its predominant export 

commodity-group, that is, the group which accounts for more than 

one half of its exports to the Caribbean.



Food (Section 0) 

Beverages (Section 1) 

Crude Materials (Section 2) 

Fuels and lubricants (Section 3) 

Vegetable oils and fats (Section 4) 

OF: 

Guyana 

Barbados 

Guyana, British Honduras 

Trinidad-Tobago 

St. Lucia 
Ch emicals (Section 5) Trinidad-Tobago, Jamaica 
Manufactured foods by materials 
(Section 6) Trinidad-Tobago, Jamaica 

Machinery and transport 
e 

Mi 
a 

(1) 

(2) 

(3) 

quipment (Section 7) 

scellaneous manufactured 
rticles (Section 8) 

Trinidad-Tobago 

Trinidad-Tobago, Jamaica 

THE PATTERN OF SPECIALIZATION IN EXPORTABLES 
IN THE WEST INDIES, 1963 

Food (tree-crops, roots or 

vegetables) 
Guyana, Monserrat, St. Kitts, 

Grenada 

Crude Materials (including 

copra) 
British Honduras, Dominica, 

St. Vincent, St. Lucia 

Manufacturers (including 
chemicals) 

Trinidad-Tobago, Jamaica, 

Antigua 

TABLE A.1 

THE PATTERN OF SPECIALIZATION IN EXPORTABLES 
TO THE WEST INDIES, 1963, ACCORDING TO THE 

5. LEae., 

The importance of the regions intra-regional transactions is 

illustrated in tableA. 2. which shows that "although the size of inter- 

West Indian trade to its total volume or to its total domestic product 

is rather small'’ (Brewster & Thomas, 1967), the proportion of each 

island's income spent on intra-regional produce is significant. This 

is important because the. continuance of this trading pattern may 

depend, not only on the characteristics of the regional transport 

system, but also on a number of other factors, political, social 

and geographical, which could have a considerable influence on the 

future demand for transport.



  

PROPORTION OF INCOME EXPENDED ON AND RECEIVED 

FROM INTER-WEST INDIAN TRADE 

1963 
  

  

        
  

Proportion spent on Proportion derived 

West Indian Produce from Exports to the 
West Indies 

(%) (%) 

Trinidad-Tobago 1.09 3.45 

Guyana 3.87 6.03 

Barbados 8.37 2.68 

Jamaica 1.66 0. 36 

‘Dominica 9.70 2.90 

St. Vincent 9.53 5.04 

St. Lucia 589 4.71 

Grenada 11.61 0.62 

St. Kitts-Nevis 11. 32 0.83 

Montserrat 14,91 3.48 

Antigua 20.17 0.33 

British Honduras ToL9 3.12 

TABLEA, 2 

» 42.2 The Political and Social Environment 

The aim of the Heads of the Governments of the Commonwealth 

Caribbean Countries, in establishing the Carribbean Free Trade 

Association was to obtain ''an economically viable and secure future 

for the indigenous population of the region'' (West India Committee, 

1969) which was to be achieved through the immediate removal of 

customs duty on most of the items traded between the member 

territories, Certain products were placed on a reserved list and 

customs duties on these would be gradually phased out over a period 

of five years for the more developed territories and ten years for 

the less developed ones. we 

  

12 See ''Basic Provisions of the CARIFTA Agreement'':' Department 
of Trade and Industry, Commercial Relations and Exports Division, 
London S. W. 1. 
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The feeling within the region is that the creation of a larger 

protected domestic market (CARIFTA) will offer opportunities 

for both industry and agriculture to expand, This will only be true if 

accompanied by a programme of import Substitution” for Dr. 

Jefferson states, ''the mere removal of customs duties will have 

only a marginal effect on trade and production with the region". 

He supports this by stating that only 6 per cent of the total trade of 

the Caribbean takes place between Caribbean countries themselves 

at present, In the case of Jamaica, the rest of the region accounts 

for only 5 per cent of Jamaica's exports and less than 2 per cent 

of that country's imports. This low level of trade, Jefferson 

considers, is due not so much to high tariff barriers as to the 

fact that the region produces relatively little which the territories 

can trade among themselves. (West Indies Chronicle,1968). But 

the latter statement is only part of the truth for " it is also in part 

due to artificial impediments to trade within the region - to ignorance 

about trading possibilities; and to failure to exploit opportunities 

for diversifying the area's productive activities. The latter, in 

particular, has a growing importance now that it is becoming 

more and more evident that the size of the market in individual 

territories cannot permit the production of certain commodities 

on an economic scale", (Brewster & Thomas, 1967). 

  

13 Import~-substitution is interpreted to be a process of development 
which is initially geared to the regional market (which is protected 

by a common external trade policy) and which manifests itself in the 
growth and structural transformation of regional productive capacity.
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In response to these views the CARIFTA Secretariat recently 

reported that they had delegated certain authorities to begin a number 

of studies on its behalf. Reports on these studies, and especially 

the study relating to the principle of seeking to establish more 

industries in the smaller territories and the feasibility of establishing 

certain regional industries, are to be presented shortly. (West 

India Committee, 1969). 

This activity, the selection, location and timing of suitable 

agricultural industry is the responsibility of the island governments 

operating in conjunction with the Regional Commission for Economic 

Integration (Section |.2) 

Their decisions will have repercussions on the demand for 

transport. Income from exports and tourism also has an indirect 

but significant effect on the demand for transport, for these two 

sources form a significant part of each island's total income. 

4.2.3 Exports 

To estimate the income to be derived from the sales of future 

exports it is necessary to forecast both the volume of sales and 

the value for each year of interest. De Vries (1967), ina study 

of the growth of exports from developing countries in the period 

1960-63 suggested that such growth was associated with the countries! 

shares in the markets of major commodities, its own development 

policies, as well as the basic variable of the consuming countries, 

e.g. income, output of industries utilizing the products of the 

developing countries, and prices (and availability) of substitutes 

for the imported materials. Demand was also found to be affected 

by "changes in preferential arrangements, import restrictions, and 

customs duties imposed by consuming countries, Considerable 

differences in the growth of exports were noted when the countries 

were grouped by their position in international trade, size of domestic
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market, and degree of price inflation. The commodity 

composition of exports was a further factor influencing the differences 

in export growth, as well as was the countries share in world markets 

for its major exports and the relative importance of major exports 

and of minor exports in its total exports. (De Vries, 1967). 

The need to identity these factors does not appear to be necessary 

in the Caribbean case for Dudley Sears, the well known — United 

Nations economist stated that '' export income is comparatively 

stable - in terms of both price and volume from year to year," 

(Demas, 1965). (De Vries, 1967) also said that "the analysis of 

export growth should be supplemented by studies of the growth of 

earnings from services, especially tourism, which have become a 

major source of foreign exchange earnings for some developing 

countries." These factors are illustrated in the flow block diagram 

of figureA.11, 

4.24 Tourism 

The(Tripartite Survey, 1966) remarked that ''a very considerable 

additional demand for foodstuffs is generated (by the development of 

tourism)" which was illustrated by a study of the impact of tourist 

expenditure on the economy of Antigua. The estimated expenditure 

of tourists in Antigua in 1964 amounted to $ (W.I) 11,069, 000 

distributed as shown in figureA, 12 amongthe sectorswhich were its 

immediate recipients. ''This represents, however, only the first 

stage of the impact of tourist expenditure. The hotels, for example, 

spent part of their reciepts on buying supplies from the Distribution 

sector, which in turn paid for services from the Transport sector, 

and all the sectors shown made payments to sectors not shown, for 

example to the Construction sector for maintenance work. Some of 

the receipts were spent on imports and some went to Government in 

indirect taxes". These inter-sectoral flows are illustrated in Table A, 3.
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° ($000) 

c DISTRIBUTION 3,050 

TRANSPORT 
900 

FINANCE. 
276 

HOTELS 
5,450 

SERVICES 
225 

RENT OF HOUSES 255 

DIRECT PERSONAL SERVICES 890 

DIRECT LICENCES FROM GOVERNMENT 23 

TOURIST EXPENDITURE TOTAL 11,069 
  

[DISTRIBUTION ~< — 

N es Sa 
a 

TRANSPORT f} =         

    DIRECT PERSONAL SERVICES jf 

IDIRECT LICENCES FROM GOVERNMENT /?       

THE DISTIBUTION OF TOURIST EXPENDITURE 

ANTIGUA — 1964 

FigA-!2
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"From a knowledge of these inter-sectoral flows, the final 

destination of the $11,069,000 was traced as follows: 

$4,441, 000 (40,1 per cent) went to pay for imports; 

$1,310, 000 (11.8 per cent) went to the Government, mainly 

duplicated as indirect taxes, but some as payment for services 

rendered: 

$5, 318, 000 (48.1 per cent) accrued in Antigua as income before 

direct taxes. 

From knowledge of the extent to which each sector's sales were 

made to tourists, it is possible to estimate the extent to which 

income generated in each sector of the national product was due to 

tourism 1"!4The results of these calculations are given in TableA.4. 

TABLEA,4 

The effect of tourist expenditure on the National Product 
Income generated 1964 ($'000, W.1. 

  

Sector Due to Other Total 

tourism 

Export agriculture 15 2, 296 2,311 

Other agriculture 202 963 065: 

Construction 338 4,096 4,434 

Manufacturing 60 623 683 

Distribution 749 3,101 3,850 

Transport 414 552 1,026 

Finance 369 767 1,136 

Hotels 2, 346) 125) 7. 2,411) 

Less losses ~711) ~38) -749) 

Services 386 837 1,223 

Rent 200 1,475 1,675 

Direct personal services to tourists 890 - 890 

Government - 5, 213 5,213 

G.D.P. (factor cost) 5,318 20,010 25, 328 

Remittances - 940 940 

Transfer to cover hotels' losses 749 - 749 

Net interest = - 47 

G.N.P. (factor cost) 6, 067 20,903 26,970 

  

14 Income generated by the maintenance of hotels is included as 

due to tourism in the table though income generated by the building 

of hotels is not. The division of income between what is and is not 

tourism is based on the proportion of each sector's sales which is 

made to tourists, and on the assumption that its inputs can be 

divided in the same way.
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The study concluded that 'of every tourist dollar only about half 
passed directly into the income of Antigua residents, although 11 
cents may have passed indirectly via government revenue and 
expenditure. The income generated was widely distributed, more 
than half of it accruing outside the hotel sector, and some sectors, 

especially transport, finance and services were quite heavily 

dependent on tourism as a source of income." (Tripartite Survey, 

1966). 

"To identify the impact likely to be made by a given increase 
in the level of tourist expenditure, the input-output structure of the 
Antiguan economy in 1964 was assumed to remain as it was in 1964" 
That is, "each sector spends the same proportion of its sales 

receipts on purchases from each other sector as it did in 1964." 

(Tripartite Survey, 1966). It was also assumed that: 

- consumption of the products of the sectors remains the same 

proportion of G.D.P. as in 1964, 

- government expenditure and exports (other than tourist 

expenditure remain unchanged, 

- for the moment, that capital investment is not changed, not 

even in the tourist industry itself, 

- receipts from tourists have been adjusted upwards by the 

amount necessary to eliminate the losses which were incurred 

in 1964, 

- government receipts in the form of airport dues ete, rise in 

the same proportion as tourist expenditure, 

“With these assumptions it was estimated that an increase of 410 

million in tourist expenditure would generate the results given in 

TableA. 5.
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TABLEA.5 

Increase in: $'000 

G.D.P (factor cost) 5, 850 

indirect taxes, airport dues etc. 2, 880 

G.D.P. (market prices) 8, 730 

imports 7, 400 

personal consumption 5, 400 

exports of government services (airports etc) 730 
    THE EFFECT OF AN INCREASE IN TOURIST EXPENDITURE ON GDP   
  

The study concluded that, “the substantial rise in imports amounting 

to almost 70 per cent of the foreign exchange receipts from increased 

tourist expenditure was due to: 

- The high import element in the costs of the tourist industry 

- The import contents of the other sectors which supply the 

tourist industry 

- The import content of personal consumption, which is assumed 

to rise with income". (Tripartite Survey 1966). 

If these islands " are to derive the maximum economic benefit 

from the growth of tourism, they should keep a close watch on the 

major imported items of consumption (and investment expenditure) 

in this industry and should consider whether they are all essential ".15 

(I.U.0.T.0., 1966) 

The Tripartite Survey (1966), in identifying the effect of the 

capital investment required to support such tourist expenditure 

estimated that ‘an expansion of $10 million in tourist expenditure 

would require a further 650 rooms, given existing occupancy 

rates, or an investment of $16-19 million over the six years 1964- 

70." 

15, Measures designed to encourage the substitution of local products 

for imported goods may have a significant effect on the economy by 

creating further income for every unit of foreign tourist expenditure.
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Measures designed to encourage the substitution of local products 

for imported goods may have a significant effect in increasing the 

tourism multiplier *4:na hence the overall benefit to tourism in the 

national economy. (I1.U.O.T.O., 1966) 

"The investment that would be required in the tourist industry 

outside the hotel sector (which include taxis, shops etc.) can only be 

guessed, but probably the capital-output ratio would not be as high. 

Altogether it was supposed that over the period 1964-70, a gross 

output from the construction industry of $27-30 million or $44-5 million 

per annum on average, would provide the capital investment needed 

to sustain in 1970, a level of tourist expenditure $10 million above 

that of 1964." 

When the effects of the above assumed expenditure in 1970 were 

"added to those of the increase of $10 million in tourist expenditure 

itself, taking account again of the multiplier effects on the output of 

other industries, on income and on consumption, the result could be 

the following," (Tripartite Survey, 1966) shown in Table A. 6 

TABLE A. 6 

Increase in: ($'000) 

Exports 10, 730 

Investment 3,000 

Consumption 7,350 

Less increase in imports i 9, 770 

Increase inG.D,P, (market prices) 11, 310 

Less indirect taxes 35.300 

Increase inG.D.P. (factor cost) 7,980 

THE COMBINED EFFECTS OF TOURIST EXPENDITURE 
  

16, The "tourism multiplier" is the effect of one unit of foreign 

tourism expenditure in creating further incomes within the economy.
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When account was taken in the study of a third round of 

expenditure, in which government spending was assumed to have 

risen by $2 million (WI) it was found that the increase in imports 

exceeded the increase in exports. TableA.7 illustrates these results. 

Increase in: f TABLEA,7 ($'000)(W.J.) 

exports 10, 730 

investment 3, 000 

consumption 9, 380 

government spending 2,000 

Less Increase in imports 11,190 

G.D.P. (market prices) 13, 920 

indirect taxes 3, 730 

G.D.P. (factor cost) 10,190 

THE EFFECTS OF TOURIST AND GOVERNMENT EXPENDITURE 

The additional 42 M of capital investment outside the tourist 

sector was assumed to include such things as housing and 

education. Such investment would be paid for by the extra 

revenue accruing to the Government, not only from indirect taxes 

and import dues as shown in TableA.6 but also from direct taxes 

on the incomes generated, which would allow a higher level of 

spending within a balanced budget. Such expenditure “ will tend to 

move the balance of payment into deficit. This occurs not only 

because these expenditures themselves have an import content 

(and yield no exports), but because they have multiplier effect on 

income and consumption, which also have an import content and 

rather a high one“ (Tripartite Survey, 1966) g} 

The foregoing analysis of the impact of tourist expenditure on 

the economy of Antigua illustrates the fact that tourism makes 

itself felt in two ways: 

- Through effects emanating from the original investment, 

- Through repercussions throughout the economy once the 

original investment was completed and operative.  
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These major effects may be divided into two categories, the 

direct effects of 

Production 

Employment 

Balance of payments 

and the indirect effects of 

Income 

Investment 

These'original and subsequent effects of an investment in 

tourism can be shown to act on four main sectors of the economy, 

as follows: 

Domestic industry (goods and services) 

Households 

Government ue 

Imports (goods and services) (I, U,O,T.O,, 1968) 

The original investment in the tourism sector will make its 

effect on the economy through: 

The goods and services it requires from the business sector 

(including the extra investment required to produce this output) 

The extra imports in induces, 

The extra income it generates (both in the household and 

business sectors, particularly the building and allied trades). 

  

17. The government sector in the classification refers to the 

taxation effect: where there are direct government investments in 

tourism these have the same effects as investments in the business 

sector.
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while the subsequent repercussions on the economy occur because 

of: 

- Import earnings 

- Its earnings from domestic tourists 

- Its consumption of goods and services from the business sector 

- The income of the labour force it employs. 

These repercussions of the initial investment also include such 

indirectly related effects as the expenditure by the tourists which 

the investment attracts on other sectors of the economy (the retail 

trade for example). These repercussions will occur whether the 

initital investment were a hotel or other form of tourism such as 

amarina." (J,U.0O,T.O., 1968). 

Tourist expenditure depends on many factors and may include 

the origin and holiday destination: the number of tourists who 

actually visit an island, their length of say, their age, sex, family 

structure, income, occupation, educational background and 

relevant material possessions" (I, U.O.T.O., 1968) 

The satisfaction of the demand depends upon each island, 

which must remove those factors which inhibit the expansion of the 

tourist industry. Journey time and comfort en route provide an 

indication of what is involved.
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These considerations enabled the flow diagram of figure A.13 to be 

constructed which shows that tourist demand generates invest- 

ment in tourism, which subsequently results in tourist expenditure. 

The repercussions of this expenditure on the economy include 

expenditure on imports. and increases in the income of both the 

government and residents of the island, which results in further 

expenditure on imports. Thus, if tourist expenditure can be 

estimated, the resulting demand for imports maybe estimable 

4.2.5 Geographical Factors 

The formation of Carifta has created a widely dispersed 

market extending from Guyana, in a wide sweep to the Central 

American coast where Belize (British Honduras) is soon to become 

amember. This market extendsover 2 million square miles, but 

its size in individual territories is severely limited as can be 

judged from the 1963 population estimates given in tableA, 8, 

  

Guyana 560, 406 St. Lucia 86, 108 

Jamaica 1, 634,102 St. Vincent 81, 720 

(Trinidad 794, 624 Dominica 60, 054 

IBarbados 242, 606 Antigua 53, 161 

Grenada 90, 019 St. Kitts 38, 273 

iMontserrat 12,538     
Source: The London Geographical Institute 

The population of each territory. TableA. 8 

The cost, adequacy and frequency of intra-regional transport 

will limit the market of an industry located in any one island. 

Perishable goods require rapid movement or refrigerated facilities 

when in transit between supplier and consumer, while the cost of 

movement must be minimal if consumer products exported over
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great distances are to remain competitive with sources outside the 

region, The need for transport can be understood by the existing 

distribution of production, Guyana, Montserrat, St. Kitts and 

Grenada specialise in the export of tree crops, roots or vegetables; 

Dominca, St. Vincent and St. Lucia in copra, while the major 

exports of Jamaica and Trinidad to the other islands are in manu- 

factures and chemicals. Thus, the existing distribution of resources 

and production within CARIFTA is such as to demand some form of 

inter-island transportation, 

43 Organisation Structure 

A commonwealth Caribbean Regional Secretariat (popularly 

known as the CARIFTA Secretariat), was established by the 

governments of the region to be at their service to assist them to 

pursue their agreed policies of regional integration and co-operation. 

Specifically, the main functions of the Secretariat are: 

- To service the conference of the heads of governments of 

the CARIFTA territories and any Committees appointed 

to it. 

- To service the Council of Ministers established to negotiate 

and administer the Caribbean Free Trade Agreement, 

- To initiate, arrange and undertake investigations into 

questions of economic co-operation relating to the region 

as a whole. 

In a detailed report to the Secretariat, the Institute of Social 

and Economic Research of the University of the West Indies suggested 
that a Transport and Allied Services Commission should be formed 

among the member territories to support a Regional Commission 

for Economic Integration, which would operate within the Secretariat.



So 

In developing the transport planning methodology described in this 

paper, it was assumed that this structure would become operative. 

At present, the Secretariat functions in two broad divisions, 

Division I reviews development and reports on customs matters; 

deals with technical questions relating to day-to-day operation and 

functioning of the CARIFTA Agreement; facilitates the exchange of 

commercial information among Member Territories to enable traders 

and manufactureres to take full advantage of the opportunities created 

by the Agreement; and arranges and undertakes investigations into 

questions of economic co-operation relating to the region as a 

whole, 

Division II concerns itself with the implementation of decisions 

of other aspects of the regional programme, namely: transport and 

communications, the Commonwealth Technical Assistance Programme 

co-ordination of efforts in external representation, and the 

regional development of tourism, At a meeting in London, 48 it 

was stated that the Regional Shipping Council would be included 

within the CARIFTA Secretariate with responsibility for intra- 

regional shipping. The development of port facilities would 

continue to remain a perogative of each island's government, which 

would make requests for external aid without recourse to the 

CARIFTA Secretariat. ae 

  

18, Lightbourne, R. C., West India Committee, London, 26th Sept, 
1969. 

19, Humphreys, P., Overseas Development Authority, 13th July, 
1970.
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Dr. Cracknell of the Ministry of Overseas Development suggested 

to the author that in time, the Ministry, in considering requests 

for aid (for port expansion) from individual islands, would have to 

take into account other competing port and airport developments to 

prevent over-investment within the region. Other sources of aid 

could include the Inter-American Development Bank and the 

Regional Development Bank, ay the formation of which was recom- 

mended by the Tripartite Survey, (1966). 

These references indicate the relationships between the 

authorities responsible for the continuing operation of the transport 

system. These relationships are displayed in FigureA, 14, 

  

20, The envisaged functions of the Regional Development Bank are 
discussed in a report to the Caribbean Economic Development 
Coporation, San Juan, Puerto Rico, March, 1968.
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44 The State of Technology 

Within the time scale of this study, the effect of new technology 

on improving the transport syste™ could not be considered. Such 

develop™ents as the LASH syste™ (lighter aboard ship), container- 

ships and hovercraft could have a significant iMpact on intra-regional 

transport if they were to prove viable. Indeed, the Tripartite Survey 

(1966) states that "if a steady traffic between the islands builds up 

in the future in perishable food products, the perforMance and cost 

characteristics of the hovercraft should not be overlooked for 

specialised use, perhaps in coMbination with passenger MoveMent", 

The views of the Tripartite Survey are about to be vindicated for it 

is understood that a hovercraft service May soon be inaugurated 

2 
between St. Vincent and Grenada, 

  

21. Mr, M, A, Nicolson, the Booker Shipping Line, 12th Nov., 1970,
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In the light of these developments, the author decided that the 

methodology to be developed must allow the effects of new 

technology, such as a hovercraft, to be evaluated compared with 

existing forms of transportation. Existing bounds on the transport 

system, identified in Section 3.4 were the depth of water at port 

approaches (which places constraints on ship size), the types of 

lighter used at certain ports and port docking, loading and unloading 

capacities. Other constraints such as the variability of sea and 

weather conditions would have to be identified in a practical study. 

45 Economic Conditions for New Systems 

The suitability of new forms of transport depends on their cost 

and performance compared to the existing system. No atte™pt was 

made at this stage to define acceptance criteria for new systems. 

4.6 Human Factors 

These can be of considerable importance, for proposed changes 

to a transport system must be acceptable to those who operate it. 

For example, the loading and unloading rates at a port are related 

to such factors as the hours worked, union practices and methods 

acceptable. Again, within the timescale of this study, these 

factors could not be identified because access to the appropriate 

people was impossible. 

4.7 Definition of the Wider System 

Sections 4.1to 4.7 have identified some of those factors, 

both within the region and outside it, which generate demand for
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commodity and passenger movement, FigureA.15 assists in 

displaying the role played by the transport system in serving the 

wider system (the economies on those islands within CARIFTA), 

It shows that tourist 

demand stimulates capital investment in tourist facilities in the 

CARIFTA islands. The subsequent provision of such facilities 

results in the movement of tourists between the source countries 

and the CARIFTA islands, over the transport routes linking them. 

These tourists spend money during their stay in the islands among 

such sectors of the economy as hotels and distribution. In turn, 

this expenditure generates a demand for imports which is due to 

the high import element in the costs of the tourist industry, is 

partly due to the import content of other sectors which supply the 

tourist industry, and is partly due to the import content of 

personal consumption, which is assumed to rise with income. This 

rise in the general level of income and consumption can call for 

capital investment by the government, from its own tourist derived 

income, in such areas as housing and education, which results in a 

further increase in imports. The demand for imporis is also 

stimulated by revenues resulting from export sales to other islands 

within CARIFTA, as well as to the rest of the world. The level of 

imports, and in some cases exports, to and from any island is 

therefore dependent on: 

- Its level of exports, which is dependent upon several 

factors, many of which cannot be influenced by those 

governments within the region 

- The level of investment 

- The availability of tourist facilities and 

- The efficiency of the transport systems linking the island 

to its trading 22 partners 
  

22. This word is used loosely here and is assumed to include 

"trade'' in both passengers and commodities.
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The Carifta Secretariat, in conjunction with the region's economic 

planners, is assumed, from the foregoing discussion, to determine 

both the location and timing of industrial and agricultural 

investment within the region. For example, the expansion of beef 

production within CARIFTA will reduce, and perhaps completely 

eliminate, imports to the region from Australia and New Zealand. 

Such activities could have significant implications on the 

transport system concerned. Thus, transport planning must be 

conducted in conjunction with the regional economic planners, if the 

objectives ofthe CARIFTA Secretariat are not to be limited by an 

inadequate transport system. It is also suggested, from this 

discussion,that transport planning can only be conducted if: 

- Capital investment and tourist expenditure over time 

can be estimated accurately enough to determine the 

demand for imports of an economy in volume terms 

- Export revenue can be estimated with sufficient accuracy 

to determine its effect on the demand for imports on the 

economy in volume terms 

- The interaction between the transport system and the 

economies of the islands which it serves can be represented 

in quantifiable terms 

- The location and timing of industrial and agricultural 

development can be defined in terms which will allow 

the volume of generated traffic to be estimated with 

sufficient accuracy. 

The design of improvements to the transport system is divided 

between the CARIFTA Secretariat and the island government (fig.A .16).
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- The Regional Transport Commission can only design 

improvements to the air and shipping subsystems of the 

transport system within the limits imposed by existing 

port and airport facilities, and the availability of 

resources for development (controlled by the funding 

agency). Instrument variables?? intlude freight 

charges, routes served and service frequency, 

= Island/ Port authorities are limited to the provision of 

additional port facilities. _ Available 

instrument variables are 

user charges, taxes and import dues. and facility 

improvement which is governed by the availability of 

loan capital 

Having defined the role of the Regional Transport Commission 

and the relationship between the transport system and the islands 

it serves, further definition of the wider system was left to section 3.2 

(Forecasting). 

5. Definition of the Objectives of the Wider System 

As the transport system is a subsystem of the intra-regional 

economic system, it would be wrong to dissociate the objectives 

of the system being studied from ioosel of the system of which it 

forms part. In fact, it is the objectives of the wider system which 

might be the crucial ones, since they determine the environment in 

  

23. A port authority may exercise control over its port by changing 
port dues. As port dues influence the level of traffic through a 

port, and hence the operation of the port itself, the factor is 
described as an instrument variable.
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which the transport syste™ has to function, For exa™ple, a _ 

country such as Guyana May have Mineral resources which it wants 

to develop for export, The necessary railway, Mining and port 

investMents are essentially a joint cost, which in coMbination 

justify the investMent, but singly do not, A country's general 

strategy for econo™ic develop™ent thus dictates the appropriate 

transport strategy, although the forMer Must, of course, take into 

account transport costs as one of the relevant factors. 

The objectives of Carifta are su™™arised in the opening paragraphs 

of the Agree™ent, (1968) which May be re-stated as follows :
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- To promote the expansion and diversification of trade 

in the area of the Association with a view to solving 

the unemployment problem 

- To ensure that trade between Member Territories takes 

place in conditions of fair competition 

- To encourage the progressive development of the 

economies of the area, to improve living standards 

- To foster the harmonious development of Caribbean 

trade and its liberalisation by the removal of barriers 

to it 

In general, these goals would encompass "a time spectrum 

for achieving such objectives as Gross National Product, per 

capita income and its distribution, the composition of final demand 

and production, and the distribution of income and production by 

region." (Fromm, 1965). The formulation of the objectives of 

the wider system is illustrated in figureA.17. 

To achieve these objectives, a number of proposals have been 

made which include: 

- The development of tourism as a leading growth 

sector 

- Market research and development of new marketing 

channels within the area and outside 

- Industrial and agricultural development, i.e. 

specialised planning and promotional efforts to 

encourage industrial location in the region 

All these activities, it is assumed, will be programmed by a 

Regional Commission for Economic Integration (as proposed ina 

study conducted by the University of the West Indies) within which 

the proposed Transport and Allied Services commision would
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operate. Their long-term dynamic development plan would result 

in a broad programme of resource allocation, utilisation and 

production among islands over the forecasting period and would 

yield a near-optimal set of goods and services to meet the final 

demand. 

The corresponding short term plan would identify the number of 

industry sectors and corresponding final demand categories giving 

greater regional detail. The regional planners would programme 

these short term plans to determine industrial capacities and 

outputs by island, to enable the transport planner to estimate the 

potential traffic volumes. The sub-systems of the wider 

system (the island economies) will define minimum and desired 

levels of growth within which the overall objectives of Carifta must 

be pursued, 24 This is because the degree of autonomy enjoyed by 

each island, and its political environment can significantly bias 

investment decisions. 

6. Definition of the Objectives of the System 

The objectives of the system are dictated by the objectives 

of the wider system, for if intra-regional trade is essential to 

the economic growth of the region, a transport system must be 

available to complete the required trade movements. Every 

physical system is accompanied by its own unique value system, 

which can generally be classified in terms of market, profit/ cost, 

quality, performance,compatibility, flexibility, permanence, 
  

24. This is because systems in the same level in a heirarchy of 

systems are normally in conflict. Thus, defining the objectives of 

the wider system is essential so that the objectives of the competing 

systems can be formulated in such a way that they contribute 

effectively to the objectives of the wider system instead of pulling in 

different directions (Jenkins, 1969).
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simplicity and time objectives. Sections 2.5 and 2.4.1 were used 

to define the objectives of the intra-regional transport system as 

follows: 

Profit-cost - To carry traffic at the lowest cost to the economy 

within the limitations of capital and other resources available to 

the transport sector. 

Market - To satisfy the annual demand for transport. The iMple™entation 

of an adequate pricing syste™ would ensure that only de™ands which were 

econo™ically desirable to the region would be placed on the transport syste™, 
Quality - To attain a minimum standard of service in respect 

to the receiving and surface transportation of commodities. 

Performance - To provide suitable facilities for the movement 

of chilled and frozen food products while maintaining existing 

facilities for the movement of general cargo. 

Compatibility - The degree to which improvementsor additions 

to the existing transport system had to be compatible, in terms of the 

equipment used, was not identified. 

Flexibility - To provide a transport system which can easily 

be adjusted to carry cargo, the commodity composition of which will 

change rapidly over the next few years. 

Permanence - To avoid technical obsolescence, 

Simplicity - System improvements should be compatible with 

the technical competence of the labour available.
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Time - To provide a sufficiently frequent scheduled service 

for all commodities, particularly perishables, between sources of 

supply and destination, Target dates for the introduction of 

specific categories of transport iMprove™ent could then be defined if 

users require™ents could be forecasted. 

7 Definition of the Overall Economic Criterion 

we System Objectives and Performance Criteria 

Having defined the objectives of the system, it is important 

to combine these into a criterion which measures the efficiency 

with which the transport system can fulfil its objectives. A 

cursory examination of the derived design criteria shows that some 

of these objectives may be in conflict. For example, investment 

costs might be reduced at the expense of increasing both design and 

operating costs. In 1957, the Canadian Government chose ta 

invest in two ships for the region, in preference to being involved 

in an unfair distribution of aid, as it would have been concentrated 

in islands where port and airport facilities were lacking. Now 

that some port improvements are even more urgent, these 

conflicting objectives must be resolved. 

7.2 The Resolution of Competing Objectives 

Before an overall economic criterion can be formulated, it 

is necessary to decide on the compromises which have to be 

achieved between the conflicting objectives of the transport 

system. To do this, the relative importance of each design 

criteria must be determined, so that appropriate weights, or
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constraints may be attached to each criterion. 

72.1 General Considerations 

The first objective, that of carrying traffic at the lowest cost 

to the regions economy conflicts with one for the wider system (to 

encourage the development of intra-regional trade). The present 

intra-regional shipping service is subsidised by the governments 

of the region by E.C, $700,000 per annum. However, "the 

regularity of the service has assisted in the development of 

regional trade and the improvement of communications between the 

West Indian peoples." C, O'Loughlin (1965) further states that "it must be 

agreed that the value of this type of service is partly non-economic, 

and its continuation is less justifiable if all West Indian countries 

feel that they have nothing particular to gain from the strengthening 

of the spirit of regional co-operation and cultural ties.’ Thus, the 

promotion of transport through Government subsidies might appear 

to be a legitimate goal, if the region's social and political 

integration cannot be pursued in any other way. 

On the other hand, it can be argued that "subsidising transport 

is a practically inefficient method for achieving these goals, for 

several important reasons. First, the subsidy is in effect hidden 

and its amount is difficult to ascertain since allocating transport 

costs to specific users is a complex task, subject to wide margins 

of error and disagreement. Indeed, the fact that the subsidy is 

hidden is one of the reasons why this device is politically so 

attractive; it may also explain why so often no action is taken to 

change the subsidy. Second, the subsidy usually has to be financed 

by charging prices higher than costs for other transport services. 

For example, in the Soviet Union, profits on passenger services 

have helped to subsidise freight traffic. Third, transport subsidies 

tend, in effect, to support indiscriminately a multitude of diverse
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activities ranging from business functions, vacations, and social 

visits to religious pilgrimages; these hardly deserve equal 

government support and, if openly avowed, would rarely receive it. 

Fourth, using a particular transport mode for subsidization leads 

to distortions between modes; inadequate shipping user charges, 

for example, tend to shift traffic to shipping even though it might 

be more efficiently carried by air. Fifth, transport subsidies 

distort the location of new industries or population, and discourage 

existing industries from movirg to more economic locations. 

Sixth, passenger transport sub- 

sidization is frequently inconsistent with policies aiming at a mae 

equal income distribution since the people who can afford to travel 

are usually in the middle and upper classes. Finally, it is some- 

times argued that keeping transport prices low, regardless of 

costs, helps to reduce inflation in countries confronted with this 

problem. This may be valid in the short run for psychological 

reasons, but it merely increases government deficits, which are at 

least as inflationary as higher transport prices." (Adler, H., 

1967) 

Adler, H., (1967) further states that "instead of using the 

transport system as a subsidy device, it would be much more 

efficient to have the responsible government agencies finance the 

subsidy directly through their own budgets, either by supporting 

the ultimate objective directly or by buying the transport service 

at commercial rates. For example, if a country wants to promote 

the production of iron ore, direct payments to producers are more 

efficient than hidden transport subsidies. It is not surprising that 

many of these objectives look much less important to the interested 

government agencies when they have to finance and justify them 

directly in their own budgets than when they can impose the costs 

on others."
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However, in the Caribbean, the retention of the shipping ser- 

vice is the method chosen to promote the region's social and 

political integration and, for the purposes of this study, is the 

method assumed to exist. For this reason, the overall 

objective is to carry traffic at the lowest cost to CARIFTA while satisfying th 

other objectives defined in section 6 (which are all constraints 

to system design). 

T2a2 The Relationship Between Conflicting Objectives 

If the Carifta Secretariat is to carry out design i™prove- 

ments to the transport systemit will first affect the allocation of 

investment funds among the islands within the region and 

secondly, and subsequently, the "efficiency," or operating cost of 

the transport system. In the first case, the island selected for 

the investment could benefit, while in the second case, all island 

governments would benefit if their contribution to the subsidy was 

reduced. As the autonomy of each island, in controlling invest- 

ment decisions affecting itself, has to be recognised, it is clear 

that the Carifta Secretariat must allow each island to participate 

in the design process. 

These separate objectives can only be combined into an over- 

all economic criterion, if the importance of each to the investor” 2 

can be established. In discussing the formulation of such a 

criterion, the O.E.C.D. (1968) states ''that the choice between 

projects in any sector should be made on the basis of the present 

discounted value of the benefits less costs in each year of the pro- 

jects existence, provided sufficiently plausible estimates can be 

  

25 The island governments
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made of the benetits and costs, The selected cost-benefit criterion 

can be applied whenever the government Makes industrial investments 

itself, or when it requires the private sector to submit projects 

before it decides to approve the™,"" (O.E,C.D, 1968) The O.E.C.D. 

further explain that projects must be selected only if they have a 

positive present social value at the chosen rate of discount, where 

the rate of discount (the rate of interest by which future costs and 

benefits are discounted) is related to the balance of payments 

situation in the oii The Manual concludes with a sche™e 

for the cost-benefit evaluation of an invest™ent proposal, the primary 

aim of which is to calculate the cost of the quantities of inputs and 

outputs of the project which, it is assu™ed, have previously been 

estimated. The scheme suggests that external effects have to be 

estimated i.e. one has to estimate what kind of changes in the economy 

any particular project will lead to; The Carifta Secretariat would have 

to consider what these changes are worth to the region by, implicitly, 

comparing them with other changes that might have happened 

instead. This recommended approach to project evaluation was 

accordingly selected and resolves the problem of identifying the relative 

importance of each competing objective by stating that a proposed 

improvement to the transport system should only be undertaken if 

the present social value (PSV) of the improvement is positive. 

Clearly, the Carifta Secretariat would only accept the improvement 

which had the highest PSV from the alternatives proposed. Figure 

A.18 shows how the individual design criteria have been incorporated 

into an overall economic criterion which can be used to assess the 

value to Carifta of each transport system improvement, 

The design constraints selected were : 

a All estimated traffic must be moved by the transport system 

(The implementation of an adequate pricing system would 

  

26. (O.E.C.D, 1968), See pages 88 to 100 where this point is 

explained as well as the methods of project evaluation.
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ensure that only demands which were economically desirable 

to the region would be placed on the transport system. 

(Governments could then subsidize those additional movements 

which, while desirable for social reasons, are not economic.) 

o Each island's annual budget in terms ofcapital, manpower 

and equipment must not be exceeded in projects which directly 

concern its government, i.e. those projects over which it 

has jurisdiction. 

- The resource budget of the Carifta Secretariat or other 

investing authorities cannot be exceeded. 

The other criteria selected for inclusion in the calculation of the 

PSV of any selected transport system alternative were as illustrated 

in Figure A.18. 

The other design criteria defined in Section 6 were regarded 

as constraints which any transport system improvement must satisfy, 

8. Information and Data Collection 

The earlier sections e§ this appendix have indicated the need for 

information about the existing transport system if regional planning 

for future needs is to be possible. The data needs identified in the 

flow block diagram of the transport system can be classified under 

the following headings : 

- The volume and composition of ‘commodity flows 

- Physical facilities and their utilization 

= The cost of transport and related tariffs 

= Population movements 

i The tourist industry 

= Tourist movements
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8.1 The Volume and Composition of Commodity Flows 

The commodity flows of each island were collected for 1965 

(the base year chosen for the study) from the various islands! 

Annual Trade Reports. In the Caribbean, the majority of their 

annual trade statistics do not contain summary totals, Thus, each 

inter-island flow in value and/or volume terms has to be obtained 

by summing all subcommodity statistics. Import, export and 

re-export statistics were collected for those islands within 

CARIFTA, in terms of both the value and volume of each commodity 

category quoted, From these, a table was constructed for 1965 for 

each of the eleven countries in the Caribbean, giving the value 

($ BWI) and the volume (cubic feet) of imports and exports within the 

Caribbean according to certain commodity categories. The approach 

used is described in Appendix B where the different systems of 

recording trade statistics are also discussed. 

The proportion of intra-regional traffic carried by the shipping 

service can be obtained by sampling the ships manifests and/or the 

master documents used by forwarding agents. Samples of these 
documents are also given in Appendix B. 

Imports to the CARIFTA islands from outside the region in 
value terms are given in Appendix C together with the exports of 

the CARIFTA territories to the rest of the world, Only intra-regional 

volume flows were derived for the purposes of satisfying the aims 

of the study. 

8.2 Physical Facilities and their Utilisation 

The flow block diagram of the transport system (figure A . 8) 

identifies those elements ofcita that would be obtained or derived in 

any client sponsored study. It can be seen that a port's facilities 

can be described in terms of its capacity for ‘on-loading',
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‘off-loading' and ship-docking. In practice, such information 

would be estimated for the time period considered in a study. 

Committed investment plans could, for example, increase the 

on-loading capacity of a particular port in 2 years time. Information 

relating to the domestic shipping fleet concerning its capacity, age, 

and condition would also be obtained in a client sponsored study. 

8.3 The Cost of Transport and Related Charges 

831 Port Costs and Revenue 

Those elements of data identified in the flow block diagram of 

the transport system (FigureA.8), are as follows : 

Operating costs - the manning costs of a port 

- the annual cost of each berth 

= other costs of port operation 

Investment costs cost of investment in port facilities 

Revenue a port charges for loading, berthing and 

discharging 

8.32 Shipping Costs and Revenues 

Those identified in figureA.8 were: 

- The cost of loading, berthing and discharge 

= The annual capital cost of a ship



Manning costs 

Fuel costs per mile 

Fuel costs in port 

Port charges 

Investment costs 

Government subsidy 

Revenue derived from the carriage of cargo 
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charges” 

Information on the landing, storage and delivery (L,S.D) 

  

    

is given in tableA.9. 

Grenada $ 7.65 per measurement-ton 

St. Vincent $ 9.60 

Barbados $ 6.30 

St. Lucia $ 5. 80 

Dominica $ 9.50 

Montserrat $ 12.00 

Antigua $ 16.00 

St. Kitts $ 13.50 

Jamaica 

Trinidad Information not 

Guyana available 

Source : Alonzo, O.J., Shipping Manager, Port of Spain, 
Trinidad,   
  

LANDING CHARGES, APRIL 1969 

: TABLEA.9 

  

27. In the Caribbean the quoted freight rates only cover the cost of 

delivering cargo to a port. For each ton of cargo landed, an 

additional L.S.D, charge covering landing, lighterage, 

storage and delivery is levied by the port concerned. 
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Information relating to the cost per ton for cargo handling 

(loading/ unloading) at some West Indian ports is given in tableA.10, 

  

  

TERRITORY $ per ton 

Antigua 27, 22 

Montserrat 20. 86 

Trinidad 15.91 
ater : 14, 76 

Dominica 13. 10 

St. Vincent 10. 38 

Barbados 9.56 

St. Lucia 9.14       
  

Source: Palmer, A., Booker Shipping (Barbados) Ltd. 

AVERAGE CARGO HANDLING COSTS. TABLEA, 10 

These figures are an average of the cargo handling costs only 

and state the cost to the ship owner of loading or discharging 

cargoes at these ports. Other information listed in the flow block 

diagram of the transport system included sailing distance and 

journey time. 

An intra-regional distance matrix was developed from an 

Admiralty chart of the area and is given in Appendix€, excerpts 

of which appear in tableA.11. 

8l



Port 

10 % bee 2 3 4 5 6 8 9. Reference 
  

1041 1075 1329 856 906 886 938 980 972 972 Jamaica (1) 

213 364 400 402 383 294 232 176 93 Trinidad (10) 

397 312 285 270 173 114 99 151 Barbados (7) 

702 669 646 550 478 464 412 Guyana (11) 

60 60 142 220 269 327 St. Kitts (2) 

40 119 198 252 317 Antigua (3) 

96 174 227 283 Montserrat 

(4) 

80 137 201 Dominica (5) 

66 129 St.Lucia (6) 

83 St. Vincent 
(8) 

Grenada (9) 

Source: Admiralty Chart No. 762. 'West India Islands 

and Caribbean Sea! 

INTER-PORT DISTANCE MATRIX TABLE 2,11 

The actual journey times quoted by the present West Indies Shipping 

Service are given in AppendixD . TableD..6. 

These times were used to derive realistic journey times for all 

inter-port distances as tabulated below. (The ports do not operate 

at night.) 

Thus: 

If journey distance is < 240 miles, journey time = 1 day 

If journey distance is > 240 and <720 miles, " = 2 days 

If journey distance is >720 and <1,200 miles " = 3 days 

If journey distance is >1, 200 miles et " 4 days
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These assumptions were used to derive the inter-port journey 

times illustrated in Table A.12. 

  

PORT 

10 7 11 2 3.44 5 6 8 9 REFERENCE 

3 3 4 3 3 3 3 3 3 3 Jamaica (1) 

1 Ce Oe o men) A ees Seed pon erinidad. - (10) 

2 2 2 2 1 1 1 aL Barbados (7) 

2 2 2 2 252 2 Guyana (11) 

Lee eed ome? ost: Kitts (2) 

at L 1 2 2 Antigua (3) 

1 1 1 2 Montserrat (4) 

1 1 1 Dominica (5) 

1 1 St. Lucia (6) 

1 St. Vincent (8) 

Grenada (9) 

TABLEA .12 

INTER-PORT JOURNEY TIMES (IN DAYS) 

Partial information relating to shipping revenue was obtained in the 

form of the 1969 freight rates within the region. 

The rates are quoted in Table A13. They are taken from a common 

freight tariff, that is, the rates are the same from Jamaica to all 

islands southbound and from Trinidad to all islands northbound, and 

for all ports in between, the only difference being that there isa 

5% surcharge on consignments originating from Kingston 

Jamaica, and Port of Spain, Trinidad. 

Freight charges are normally based on cubic feet 

where 1 freight ton is equal to 40 cubic feet. Where particular 

commodities of high density exceed 1 freight ton so that the actual 

weight in tons exceeds this, the freight-rate is based on the actual 

weight of the commodity.



  

S;L.2Cs COMMODITY BASIC FREIGHT RATE 

. 30 
West Indian Dollars 

o1 Meat preserves 27.50ton  weight/ 
measurement 

01 Meat, fresh - shipped 86. 00 ton weight 
refrigeration 

07 Tea, coffee 27. 00 ton weight/ 
11 Beverages measurement 

121 Tobacco 

Manufactured 37. 00 ton weight/ 

unmanufactured measurement 

122 cigarettes, cigars 

22 Oil seeds 21.00 ton weight 

25 Woods, rough deals, etc. 38.00 per 1000 FBM 

25 Cork 34.50 per ton weight/ 
measurement 

55 Essential oils 0.16 per imp. gallon 

54 Medicines 27.50 ton weight/ 
measurement 

54 Medicines F. P. below 27.50 ton weight/ 
92°F measurement 

e8/ a8 BSHCS ae a general 27.50 ton weight/ 
resins guide measurement 

Cait Pee Beate 288 Se ae Bebo esl 
g rece 8 measurement 

65 Textiles 41.00 ton weight/ 
measurement 

co Betas 29.00 ton average, 
manufacturers iternativel 

general = _ 

12 Elec. guide 34.50 ton weight/ 

machinery measurement 

Source : Furness Withy & Co. 

  

4.8 dollars W.1 = £1 Sterling 

INTRA-REGIONAL FREIGHT RATES TABLEA,13
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84 Population Movements 

Estimates of the population movements within the Caribbean and 

the mode of transport used were derived from the 1960 population 

census and figures of birth, deaths and net migration, supplied by the 

Statistics Departments of the various territories (Trinidad and Tobago 

Statistical Digest, 1966). TableA.14 shows that the volume of 

passenger traffic is heavily in favour of air travel in Barbados, 

St. Kitts, St. Lucia and Antigua. This is a reflection of the relatively 

better facilities for air travel in these territories and the greater 

availability and consequent importance of transport facilities by 

motor and sailing vessels in some of the other territories, 

especially in Grenada and St. Vincent in their traffic with Trinidad, 

and to a lesser extent with Barbados. 

65. The Tourist Industry 

85 The Growth of the Industry 

Preliminary information on the industry and its characteristics 

was obtained from the Tripartite Survey, (1966). In 1965 the total 

of 170, 390 visitors to the islands included approximately 58,000 

West Indian visitors, that is, visitors from other British 

Commonwealth territories in the Caribbean area, including British 

Guiana. In 1961 the figure was about 33,000, the increase in the 

number of visitors staying in hotels ete; between 1961 and 1965 is 

from about 66,000 to about 141,000. This is an increase of 21 per 

cent per annum. This is clearly a rapid rate of increase, though 

in absolute terms the increase was 75,000 visitors over four years, 

or less than 20,000 a year. 

"The increase in the number of hotel beds between 1961 and 1965 

was from 3,480 to 6,170, an increase over the four-year period of
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77 per cent, or an annual rate of increase of 15 per cent. This 

discrepancy between the rate of increase of visitors and of hotel beds 

indicates that either occupancy rates have been rising or that average 

length of stay of visitors has been falling. In fact it seems that both 

trends have been taking place, neither particularly rapidly. However, 

trends in these important indicators of the state of the tourist industry 

can only be inferred. It is difficult enough in most islands to obtain 

some estimate of these figures for one year, but almost impossible 

to obtain a series over a number of years," (Tripartite Survey, 1966). 

8.5.2 The Problem of Seasonality 

In discussing this factor, the Tripartite Survey (1966) stated 

"tourism in the islands is highly seasonal, being heavily dependent 

on a short winter season from mid-December to mid-March. Grenada 

and St. Lucia have had some success in tackling this problem and have 

built up a sizeable summer trade. Barbados is spending a lot of money 

trying to do the same with some success, but Antigua has made 

practically no progress." 

Occupancy rates in Antigua in 1963 by quarters were : 

1st quarter - 56.9 per cent, 

2nd quarter - 19.7 per cent, 

8rd quarter - 19.7 per cent, and 

4th quarter - 22.6 per cent 

"In Barbados no information on occupancy rates for the whole 

hotel industry is available by quarters, but it is estimated that during 

the four month period January to April the average occupancy rate 

was 60 to 65 per cent in 1965, and for therest of the year just over 

30 per cent. In fact, in all the islands there is only one period of 

the year when all the hotels are effectively full to capacity, which is from
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the middle of December until the second half of March.. The Christmas 

and New Year period shows a high occupancy rate and in Barbados 

occupancy rates are relatively high in July and August. The months 

of May, June, September, October and November all show 

disastrously low occupancy rates," (Tripartite Survey, 1966). 

853 The Effect of Tourism on the Transport System 

These findings have significant implications for the transport 

system. The seasonal fluctuation in tourist movements means 

under-utilization of the system at certain times of the year, while the 

rapid growth rate in tourist movements could have significant 

implications in terms of investment in new facilities (fixed 

installations, ports and airports; and moveable facilities, ships and 

aircraft). 

Table A,15 illustrates recent changes in the travel modes used by 

passengers visiting the territories of Jamaica, Trinidad, Barbados 

and Guyana. 

It can be seen that there are considerable differences from year 

to year between the territories in terms of the passenger arrivals 

by transport mode. If transport planning for future needs is to be 

possible, the existing flows of traffic between the islands and 

their countries of origin and destination must be determined. 

86 Tourist Movements 

To determine the movement of tourists within the 

Caribbean, reference must be made to the routes served and capacity 

offered. TheI.C.A. O. (1968) provides the flow of passengers on all
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international non-stop flight stages, with one or both terminals in 

Latin America and provides a comprehensive view of the present 

state of international passenger traffic flow in the Caribbean. This 

view is provided in figureAs19.It can be seen that the traffic "has 

tended to concentrate on a few routes, on which simultaneously, 

flight frequencies, capacities and often load factors have increased, " 

I.C.A.O.(1968) These major routes of course, illustrate the major 

sources of tourism. 

In an attempt to cross check these figures, stated to be accurate 

within plus or minus 15%, Table 8 of appendix D was developed from 

a variety of sources of data and showed that 

an intra-regional matrix of passenger flows could not be completed. 

In fact, most of the sources of data consulted refer to the lack of 

information on this region. Many of the figures were found to be 

contradictory. This can be explained by the fact that some sources 

do not distinguish between visitors as defined by the East Caribbean 

Tourist Neccuauen. and other "visitors" or passengers entering a 

country, who will be going onto another destination and are therefore 

only in transit. If those in transit are counted at each stage of the 

journey, the figures for total visitors would far exceed the real 

numbers of tourists. In some cases the source did not define the 

word visitor. The West India Committee, in an attempt to provide a 

complete picture of the visitors to the Caribbean published some 

tourist statistics for the period 1965-1966 which was based on 

information supplied by the Tourist Boards and National Tourist 

Offices within the region, This is given in AppendixD, Table 7. 

  

28. A visitor is a person who enters a territory, not normally being 

a resident of that territory for not less than 24 hours and not more 

than 6 months in the course of any 12 month period, for legitimate, 

non-immigrant purposes such as touring, business, sports, health, 

family reasons or study.
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APPENDIX B 

THE VOLUME AND COMPOSITION OF COMMODITY FLOWS 

The Sources of Data 

The commodity flows of each island were collected for 1965 

(the base year chosen for the study) from the various islands! Annual 

Trade Reports. An outline of the tables used to perform this arduous 

task is illustrated in TableB..1. 

Trading Country - Trinidad 

  

  

                

T - 
SITC” | Imports (cif) Domestic Total Total Total 

Total] Exports Domestic|Domestic| Re- 
One toes, «Be 9 Ores a 2 | Res Exports |Exports 

Country exports | (f.0.b) | (£.0.b) 

Totals |Commodity M E 
Totals 

TableB.1 

Domestic exports and, where stated, re-exports, were collected 

in terms of their SITC division and country of origin or destination. 

Trade returns for the CARIFTA territories were obtained. 

Statistics for the base year (1965) were not available for 

Montserrat, Dominica and Grenada, although a few statistics were 

collected from other sources. 

  

1, Standard International Trade Classification 

 



93 

2,0 The United Nations Annual Trade Statistics 

The Derivation of Value and Volume Statistics 

for Commodity Flows 

The collection of current statistics on the composition of 

commodity flows is a time consuming process, even if these flows 

are assumed to pass through one port. This can be explained in the 

trade flow matrix shown in Fig.B.l, Each value of (aj) shown in 

this diagram, is the summation of ten categories of commodity 

movement, Each category is, in turn, the summation by value of a 

further ten sub-categories. These categories correspond to the 

Standard International Trade Classification (SITC) used in trade 

statistics. In the Caribbean, the majority of their annual trade 

statistics do not contain summary totals. Thus, each figure in this 

table in value and/or volume terms has to be obtained by summing all 

subcommodity statistics, either by country of origin where the values 

include the cost of freight and insurance (CIF), or by country of 

destination where the values are given as free on board (fob). 

All member territories of CARIFTA use the Standard 

International Trade Classification (SITC) list issued by the United 

Nations Economic and Social Council adapted to meet their special 

requirements. In summary, this list divides the commodities into 

the following categories, given in TableB.2. The Annual Trade 

Statistics of each island give both value and volume figures against 

each sub-category.
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A TRADE FLOW MATRIX 
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Table B.2 

* 
SITC Division Commodity Category 

0 Food 

Ae Beverages & Tobacco 

2 Crude Materials, Inedible, Excluding 

Fuels 

3 Mineral Fuels, Lubricants, Related 

Materials 

4 Animal and Vegetable Oils 

5 Chemicals (Medicinal and Pharmaceutical 

Products etc.) 

6 Manufactured Goods classified by 

materials 

7 Machinery, Transport equipment 

8 Miscellaneous Manufactured items 

9 Other       
  

* The Standard International Trade Classification 

At this stage commodities 3 & 9 were excluded from further 

usage, being considered outside the scope of the study. Commodity 

'3'is largely petroleum; special ports, terminal facilities and ships 

being used for their movement. Commodity '9' consists of postal 

packets, other personal goods etc. and was regarded as negligible, 

in terms of volume. 

Import, export and re-export statistics were collected for those 

islands within CARIFTA, in terms of both the value and volume of 

each sub-category of the SITC quoted. From these, a table was 

constructed for 1965 for each of the eleven countries in the Caribbean, 

giving the value ($ BW1) and the volume (cubic feet) of imports and 

exports within the Caribbean according to certain SITC categories. 

05
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Quantities had to be reduced to a common measurement (i.e. 

metric tons which are approximately equal to long tons” ) so that 

figures for the volume occupied by each sub-category of the SITC 

could be derived. 

Average figures of the volume occupied by each SITC commodity 

classification were obtained from a number of sources® 

These figures are shown intableB.3, As the sources were 

not in agreement an average figure was derived for each category 

used so that quantities of goods could be converted into volume 

terms. 

An extract from one of these tables is given in Table B.4 

which shows the exports from Jamaica to Guyana, using Jamaican 

statistical sources. Figures in the volume column are calculated 

from the annual trade report, which uses weight measurements. 

These tables were used to estimate the volume of intra-regional 

traffic using data based on import and export statistics. 

Commodity categories 2-7 to 2-9 were omitted due to the lack of 

information on weight to volume conversion figures. Tables 1 and 2 

of AppendixD illustrate the results. 

  

2. 1 ton (20 cwt) = 1.016 metric tons. 

3. - ‘Storage, the Properties and Stowage of Cargoes', by 

Capt. R.E, Thomas. 

- 'A Handy Guide to Stowage', by G.P. Lewis 

- 'NEDC for Exports to Europe! (volume to weight ratios) 

- 'The Potential for Container Services Based on Physical 

Cargo Characteristics,' a report prepared by the University 
of Lancaster for the National Ports Council in 
December, 1967.
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TRADE FLOW - JAMAICA TO GUYANA 
  

STATISTICS SOURCE EXPORTS FROM JAMAICA 
  

  

      

COMMODITY VALUE VOLUME 

(£3) Cutt 

ol Meat & Meat Preps 7 

02 Dairy Produce, eggs and honey 510 13 

05 Fruits and Veg. 49112 4674 

06 Sugar and Sugar Preps 2075 512 

07 Coffee, Tea, Cocoa, etc. 27797 4340 

08 Feeding stuff for animals 43 9 

iL Beverages 200 15 

12 Tobacco & Tobacco manu. 1067 125 

41 Animal & Veg. oils 173 45 

53 Dying, Tanning and colouring 

matl, 14504 4004 

54 Medical & Pharm. products 7020 Sia 

55 Essential oils & perfume 53205 7020 

59 Starches, glues & other chem. mils. 80 <1 

62-64 Rubber, wood & paper prods 7712 1743 

65 Textile, yarn and fabric 25 iv 

66 Non-Metal mineral manu. 26065 162304 

68 Base Metals 1172 60 

69 Man. of metals 3004 258 

WA Mach, other than elec. 931 12 

72 Electrical mach, 312 9 

73 Transport equip. 3550 910 

81-89 Misc. Man. Prods, 13944 2130 

TOTAL VOLUME* 4714       

* MEASUREMENT TON TERMS 

(40 cubic feet = 1 measurement ton) 

Source: Annual Trade Report, Jamaica, 1965 

TABLE B4 

Igo
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3.0 The Reconciliation of Data 

It is apparent from these tables that wide differences exist 

between flows estimated from import statistics and those based on 

export statistics. The differences must be explained if transport 

planning for future needs is to be performed. A more detailed 

examination of the basis of each islands statistics was therefore 

undertaken, 

The basis of the islands statistics are defined by two systems of 

trade. Those used in the CARIFTA territories are listed below: 

ISLAND System of Trade 

St. Kitts, Nevis & Anguilla 

Antigua/Barbuda 

Jamaica GENERAL SYSTEM 

Barbados 

St. Vincent/Bequia 

Grenada/Carriacou 

Dominica 

St. Lucia SPECIAL SYSTEM 

Trinidad & Tobago 

Guyana 

The following definitions apply to the two systems of trade: 

Special and General System - Common Definitions 

Period Covered 

The figures of imports and exports represent the totals shown on 

all customs documents brought to account during the calendar year.
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Valuation 

Imports are valued c.i.f. and exports, including re-exports, 

£.0.b. 

The c.i.f. valuation is the open market value of the goods at the 

time of importation, plus the cost of freight and insurance, and any 

other charges in respect of the preparation of the goods for shipment. 

The f.o.b. value is the cost of the goods to the purchaser 

abroad, including all charges up to the point where the goods are put 

aboard the exporting ship or aircraft, but not including sea or air 

freight, or marine or air insurance. Trade discounts to the 

purchaser abroad are also excluded, 

Countries and Areas 

Imports are ascribed to the country of origin or country whence 

consigned, when origin cannot be clearly established, The country of 

origin is also defined to mean the country in which any final 

operation altered to any appreciable extent the character, composition 

and value of partly manufactured goods imported into the country. 

Exports are ascribed to the country of final destination or country 

of consignment which may or may not be the country where the goods 

are eventually consumed. 

Source 

All published statistics are based upon the declaration of 

importers and exporters and are subject to verification by customs 

officials.
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Special System - Definitions 

a) Imports represent the total of all imports cleared by the 

customs for local economy, which excludes all imports 

remaining under the control of the customs authorities in 

the bonded warehouses. 

b) Exports represent the total of all domestic produce and 

also re-exports of imported goods which have previously 

been entered into the local economy. Imported goods 

which are re-exported directly from the bonded warehouses, 

and transhipment are excluded. 

Total exports are the products of domestic exports and re-exports. 

Rounding of Figures 

The figures shown in most of the tables are rounded off to the 

first figure after the decimal point. Addition of these rounded off 

figures may not always agree exactly with the rounded off totals 

shown in the tables. 

Exclusions 

The following are excluded from the Trade Report figures: 

a) Ships/Aircraft, Stores/Bunkers supplied to locally 

registered craft. 

b) Individual transactions below a value of $4, 50. 

c) Gold coin and bullion issued coinage and issued bank notes.



a) 

e) 

f) 
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Goods on loan as samples for exhibitions or study. 

Personal and household effects. 

Goods on lease such as cinematograph film. 

Parcel Post 

a) 

c) 

Parcel post imports valued at over 54, 50 and less than 

$29.50 are not classified according to kind by SITC. and item 

No. (except in special cases and where the commodity can be 

identified for such classification) but tabulated under Item 

No. 911-01 - 'Postal Packages' not classified according to 

kind and showing country of origin. 

Parcel post imports valued at $29. 50 and over are classified 

according to kind by SITC Item No. and are tabulated with 

the other items of imports and therefore are identifiable 

as parcel post imports in the published trade statistics. 

Exports by parcel post are not recorded or accounted for 

on customs warrants and therefore figures relating to these 

transactions are not always included in the trade 

statistics. 

General System - Definitions 

a) 

b) 

Imports relate to all goods (except transhipment goods) 

imported into the island, whether entered for home 

consumption or warehousing, or subsequently exported. 

Exports relate to all goods, except transhipment goods, 

which leave the island. They comprise domestic exports 

and re-exports.
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i) Domestic exports relate to the goods which are grown, 

produced, or wholly or partly manufactured in the 

island. 

ii) Re-exports relate to goods which have been imported, 

and subsequently exported (other than transhipment 

goods). 

Articles imported into the territory for repair are not valued 

on importation and only the cost of repairs (plus any other 

appropriate charges) are shown on re-exportation. Correspondingly, 

articles exported from the territory for repair are not valued on 

exportation, and only costs of repairs (plus any appropriate charges) 

are shown on re-importation. 

Exclusions 

The following items are excluded from trade statistics: 

a) Gold coin and bullion, issued coinage and issued 

bank notes. 

b) Goods on lease e.g. (cinematographic films). 

c) Exports by parcel post. (However, these are of 

negligible value). 

d) Commercial travellers! samples, but the value of 

personal effects of travellers are included. 

e) Imports and exports of less than six dollars in value. 

f) Intransit goods. 

Such is the basis of the statistical source on commodity flow within 

the CARIFTA territories.
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Unfortunately these two systems of trade create data 

incompatibility. The following points are relevant: 

- Both systems base statistics on customs documents bought 

to account in the period quoted in the annual trade report 

(calendar year). 

- Imports are, where possible, re-allocated to their original 

sources even if a re-export from another island. 

- Exports are ascribed to the country of final destination. 

- Commodity classification SITC9 is not compatible with the 

two systems of trade. 

- In the general system, imports include those for 

warehousing. 

- Inthe special system, imports are mainly for domestic 

consumption, as imports remaining under the control of 

the customs authorities in the bonded warehouses are 

excluded. 

Table BScompares the two systems of trade and illustrates the 

compatibility between the trade statistics of each island when 

different systems of trade flow reporting are used. It is apparent 

that transhipment movements are excluded from both systems of 

trade, although section 3.4.3 shows that intra-regional commodity 

flows can comprise: 

-  Re-exports or transhipment goods due to distant country | 

- Re-exports or transhipment goods due to an intra-regional 

island. 
  

4, The only means of altering this activity would be through offering 

incentives to foreign shipping companies, e.g. subsidising port charges 

or improving port facilities, to reduce turn-round time. Even these 

moves might not have the desired effect if the shipping route is determined 

by factors outside CARIFTA, regardless of subsidy or other action.
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- Domestic export 

5 
- Exports due for transhipment 

It is essential to have estimates of transhipment goods entering 

and leaving the region because these movements are created by the 

existing route structure outside the region. This structure may mean 

that only one or two ports can be used by some islands within the 

region to ship the major part of their exports to the outside world. 

Such transhipment movements will have a significant effect on the 

capacity requirements of an intra-regional transport system. 

Such statistics can be collected 

by sampling appropriate waybill data. Fig.B .2illustrates the 

'Master Document! used by forwarding agents in the United Kingdom 

to initiate an export consignment. Cells to be completed include: 

- Dock, wharf, station - Local Vessel and port of 

loading 

- Ocean vessel, 

aircraft, etc. -  Sea/Air port of loading 

-  Sea/air port of 
discharge - Final destination 

If documents used by forwarding agents in the Caribbean contain such 

information, then transhipment goods, and the link of the network 

over which they move could be identified by sampling such data. 

The United States Lines, Inc. use a short form bill of lading” 5, 

containing spaces for the same information as quoted above. 

  

5.The choice of entrepot for domestic exports to countries outside 

the region may be one forced upon the Regional Commission by the 

inter-regional shipping companies (e.g. their desire to call at one 

port only). 

6, Held by R.G Smith of EASAMS



TABLE B.5 

  

Domestic 
exports 

(Actual trade 

flow between = 
+ Re-exports + Exports of goods in 

  

    

  

    

lA & B) bond 

System of Categories of trade Error term 

trade 

\ 
(Exports of 'A' Domestic Re-exports} Less goods in 

where 'A' uses = exports + of Island A +bonded 

the Special of Island ; warehouses 

System) A ‘ 

Special (Imports to (Domestic (Re-exports meebo) = 

System 'B' where 'B! exports of ofIsland 1 Ee 
uses the = Island 'A')+'A') \ Besigned H 

Special 1 their source 

System) . of origin less 
' goods due for 

, storage in 
1 bonded ware- 

: houses 

7 

(Export of 'A' (Domestic Re-exports! 

where 'A' uses= exports of + including : 

the General Island 'A') those for 

System) bonded 1 

eneral warehouse , 

System (Imports of (Domestic (Re-exports, Less those re 

'B' where 'B' = exports of of 'A! 1 exports 

uses the Island 'A') including +assigned to 

General those for! country of 
System) bonded : origin 

warehouse in 
Island 'B! | 

1   
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In using trade flow statistics the points given in TableB . Gmay be 

  

  

noted, 

TABLEB.6 

System Imports Exports 

Special To local economy plus those Include both domestig 
for subsequent re-export, and re-export 

less (re-exports assigned to categories 

their source of origin and excluding goods in 

goods due for storage in a bonded 

bonded warehouse) warehouses 

General To local economy plus those Domestic exports 

    
for subsequent re-export 

and storage in bonded 

warehouses. Less those 

re-exports assigned to 

country of origin. 

plus re-exports and 

goods exported from 

bonded warehouses. 
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Appendix 7 

  Exporter 

J.L.C.D. Exports Ltd., 
1, Victoria Street, 
LONDON S.W.1. 

Consignee (if ‘Order’ state Notify Porty) 

ORDER - Notify 

Herrmann & Mayer Inc. 
P.O. Box 85h 
Indianapolis U.S.A. 

| Nome & Agcress of Exporter’s Bonk in U.K. 

aa 

: Export 
TEX. 74516 Owision 2p 
| F/Agent’s Ref, }: No/NAL 

_|AB.234.59 AA 323269 | 

[Exporters Ref. 

  
   

General Export Bank of U.K. Ltd., 
Lime Street, 
LONDON E.C.3. 

  

  

  

    
  

  

     
  

    
    

  

        

Eaewaes Aanecaae a Sopa etn Ship's Novionalliy 
Atlas Forwarding Company Ltd., British Tower quay, Cosas Origin Seas | Cavraey wi wisn Giade Corso 
LONDON E.Ce3_. U.SeAe Daas st Clemronge Dock7 wear /Sonen Fororol Delivery od Ramm 
1. 9. 65 3 Shed Albert Dk. _ Gol .F. Ey Locol Vessel From (Local port of leading) — | C04. amoum p 475250 

Insured Value. | ‘Ocean vessel / Aircraft, ete, 5007 Air Port of Loading eee ndred and fifty. | UAV FERNIE London cwenr 6 Sterling rm. £17,560 ‘Sea/ Air Port of Discharge Final Destinotion Freight ‘Nomber of originol Bs/L 
New York Indianapolis | °°" Prepaia _3 ( Three ) 

Morks & Number ond kind of packages: description of goods Export List Gross Weight ‘Cube 
Numbers. Code No. Te CO.) Ole in 

a) H&M 5 crates Dairy machinery - a) |E.11.141|1- 8-3-12| 28- 8 
ahil. Milicing machines 
NEW YORK f 95 =.99 D) |H.22.222| 15-2- 9} 30-10 

bv) HaM 3 cases Electric machinery - 
8.5376 Switch gear 600 volts c) |B.33.333 4-35-17} 49-44 HEW YORK 

3621/3622/ 
3627 

Qeenity Net Weight] Value 
ce) Ham 120 Fibre Domestic Radio a)/ _ pe eeee a alate 

8.50763 Board Receivers 1 6-41-19) 3,275 NEW YORK Cartons (Transistor) 
3127 ~ 3246 - 13-3~ 7| 12,590 

¢)| 120 setg 4-t- k) 1,263; 
960 
valves 

Porticul: ‘of ony U.K, essing wot + 
rticulars: 'y U.K, processing es £ 175250 COs a as 

      CDE: Dote Poyment Due or Con— 
signment Permission Reference One - half by 19 - 12. 65, the balance by 19. 2. 66. 
    FREE DISPOSAL 

(Certificates, Declarations, 

Seals etc.,) 

Nomber of Packages (in words) =I 
One hundred and twenty eight, 

Signoture: oe Ones, 

25. 8. 65. 

  

  

Dote:           

Fig. B.2



Thus, both import and export transhipment movements could be 

identified by sampling the appropriate forms. An alternative 

approach was suggested by Nicolson, M. roe who informed the 

author that the transhipment cargo could easily be identified by 

sampling the ships 'manifest! where transhipment cargoes are 

identified by the name of the shipper. Apparently, some shippers 

are concerned only with intra-regional traffic; others are 

concerned only with transhipment traffic between Carifta and the 

rest of the world. An example of two ships manifests are 

illustrated in Fig.B3 These show that the shipper can be 

identified, as well as the port of transhipment. 

Now intra-regional transhipment movements originating and 

terminating within the region, are really a portion of the import- 

export movement of trade within the region, and have therefore, 

already been counted by the import/export statistics of the islands. 
It is therefore essential that transhipment flows are added to the 
flows between the origin or destination port and the port of 

transhipment while ensuring that flows are not double counted. 

Table B. 5shows that only the general system of trade provides 
error free statistics if export data only is used. When the intra- 
regional trade flow statistics were compared, large discrepancies 
between the import and export flows were identified as follows: 

  

7. Interview with the author on 12th November 1970. at 
Booker McConnell head office. Mr. Nicolson is the chairman 
of the Booker Line.



W2 

 
 

  
  

  
  

  
  

  
  

  
  

 
 

 
 

 
 

  

 
 

  

A
Y
L
N
3
 

Hi 
Ly 

“s) 
33NSISNOD 

hare 
TY 

S
e
a
n
 

poceer 
ss, 

soxd 
son 

EVN 
w
a
d
s
 

“oN 
1/8 

40 
7118 

4HOIBUS 
2182 

4O 
1HOIRM 

NOlidi¥os3a 

(
W
B
N
N
O
D
7
W
 

W
3
x
X
O
O
S
)
 

L
S
B
S
I
N
V
W
 

S
d
I
H
S
 

G
N
O
D
3
S
 

a
0
)
 

° 
* 

a
 

aa 
sbencig susuey 

wopsio8eg 
fuer 

svequiy pus suey 
seeutv09 

wedens 
Suan” 

| 
acts 

eee 

FE 
a
 

re 
—
 

ee 
ae 

Soo 
  

  
  

  

 
 

  

  
    

  

  
  

    
 
 

‘ON 
ONOS 

‘ON 
133HS 

QVGNVNOIDWN 
30 

ALIWNOLLYN 

} 
30 

O1U3Nd 
TV 

ONILS3G 
NOD 

NOILVNILS3Q 
73 

OaNvs 
OULSI93¥ 

30 
SvaVIaNOL 

30 
azivs 

“LUN 
40 

meefau 
j
o
e
 

vag 
oauog 

v 
dIHS 

3HL 
G’VvO8 

NO 

S
3
Y
G
N
O
T
 

N3 
V
O
V
O
E
V
E
W
A
 
V
O
Y
V
O
 

V1 
3d 

O
L
S
S
I
S
I
N
V
A
 

N
O
G
N
O
1
 

NI 
G
3
G
V
0
1
 
O
D
Y
V
d
 

JO 
LS3SINVIN 

‘ONL 
ANIT 

SBLYVLS 
O
S
L
I
N
N
)
 

L
S
A
4
I
N
V
M
!
 

SdIHS 
1
S
Y
!
3
 

Fig.B.3. SHIPS MANIFESTS 

 



INCONSISTENCIES IN IMPORT-EXPORT DATA 

  

  

  

  

  

  

  

  

  

  

  

            

9 
SITC Trinidad to St. Kitts Pyinidads to Antigua 

(f. 0. b) (erie) (f. 0. b) (esi24) 

00 - 26 - = 

01 - 197 - 1668 
02 6400 503 19400 2079 

03 397 

04 18800 12139 1300 1129 
05 40400 38800 88000 54484 
06 500 12 
O7 10200 2623 3300 11015 

08 2200 3216 2400 237 

09 91400 83585 50300 33480 

11 72700 81668 9406 5245 

12 - 1300 - 

22 300 - 

24 500 1349 2900 2680 

26 3700 526 

27 300 1248 

29 700 305 

4l 22800 23980 

51 3100 5986 5500 19982 

52 - 91 

53 39400 45762 51000 56668 
54 19300 16774 26200 24548 
55 69200 70085 100700 77782 

56 74700 91706 1400 
59 4600 3477 25200 15290 

61 400 454 200 224 
62 - 64 15500 8535 33400 14094 

65 4400 4468 29800 10229 
66 143100 183884 382200 278481 

67 1920 9500 27066 

TABLE BZ contd. < 

  

3



TABLE B. Contd. 

  

  

          
  

SITC Trinidad? to St. Kitts ride to Antigua 

(f.10.'b) (c. i, f) (£..0. b) (c.f) 

68 21000 8077 23000 20124 
69 58300 8759 82600 46168 
71 11300 1146 49000 49062 
72 3100 641 115900 5240 
73 10900 605 6280 4190 

81 - 89 | 251300!° 217914 536300 418762 

Trinidad we St) Kitts 

Trinidad. 2. + Antigua 

These comparisons are given in Table B 7, It can be seen that 

inconsistencies exist in the following categories of data: 

- Import total (c.i.f) is less than export total (f.0.b) 

although some of the individual categories are in agreement 

- Animport figure exists where no export figure exists 

These errors are caused because customs documents brought to 

account in the export country do not coincide with the period used 
  

8. In any study, under contract, a full investigation of the 

discrepancies would be undertaken if identified as significant. 

9. Exports and Re-exports. Values given in $ w.l. 

(1S W.1. = 0.5833 $ U.S.) 

10. Taken from the summary table in the 1965 annual trade 
report for Trinidad and Tobago, Series B due to an error 

identified by E.C. Emerson, All other figures in this table 

were derived by Miss Linda Job from the 1965 Annual Trade 

Reports of the islands concerned. 

4
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by the import country. Delays may occur for several reasons such 

as: 

The time lag between the submission of documentation 

of the consignment in the exporting country A and the 

importing country B; this can often be much longer than 

the time required for transfer of goods from A to B. 

A rapid trade growth is combined with an accounting period 

which differs, resulting in large errors. (Figure B.4). 

If trade is constant and existed in the year before the base 

year is considered, the accounting error becomes small. 

An importing country using the general system of trade 

might create a large discrepancy between imports c.i.f. 

and the corresponding f.0.b. figure obtained from the 

source country, because a high proportion of these imports 

may be for re-export. 

There are conceptional differences in the treatment of 

trade statistics - the differences between the special and 

general systems of compiling trade statistics, and the 

differences resulting from the application of the general 

system to exports by country A and to imports by 

country B. 

There are inaccuracies generated by such things as changes 

in the destination of cargoes and by the looseness of the 

SITC classification. 

Arbitrary values are applied to exports in certain countries; 

these goods are, of course, valued at market prices in the 

destination countries. 

In practice, a detailed study by subcategories of the SITC trade 

flows per month between trading countries might become necessary 

to validate trade flow estimates for any transport model. Even this is 

difficult in under-developed countries, as illustrated in the following
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ACTUAL EXPORTS TO 
COUNTRY B 

     RECORDED EXPORTS TO 
COUNTAY B 

ACTUAL AND ‘RECORDED IMPORTS TO 

  

eS COUNTRY B 
\ 
I 
\ 
\ \ ‘ 

3 6 9 12 MONTHS 
T T i T T t 1 1 | 1 1 JoTIME 

JAN MARCH JUNE SEPT DEC 

iy 1965 —   

ACCOUNTING ERROR BETWEEN 

STATISTICAL SOURCES 

    

  

ACCOUNTING ERROR 

Fig. B.4.  



7 
4 

example. 

An attempt was made to determine the accounting delay between 

exporting a commodity from Jamaica and its recorded arrival 

(statistically speaking) in Trinidad. The monthly returns for 1965 

for both countries were examined and SITC 53 selected, being one 

of the few commodities being recorded in both the exporters 

monthly returns and the importers returns. The results are illustrated 

in FigureB.5, Jamaican exports for August and December 1965 were 

not available. These results fail to give an indication of accounting 

delay. 

Morganstern, O (1953) discusses the disparity between import 

and export statistics listing such casual factors as diversion en route, * 

re-expart,* time lag* difficulties in recording value, differences in 

classification of commodities, difference in valuation, the existence 

of multiple exchange rates and differences in quality. It is 

impossible, he states, "to separate actual errors in reporting from 

mere differences in emphasis and definition when sets of statistics 

are compared." 

The conversion of statistics to a common unit, the United States 

dollar, though necessary, is one of the prime sources of trouble. 

When exchange control and multiple rates exist on either one or both 

sides of a trading pair of countries, the quoted figures are mostly 

meaningless since it is impossible to know at which rate which imports 

and which exports were computed, and for what reason." 

The asterisked factors (*) were suggested during the period of 

analysis, and discussed in particular instances. Allen and Ely (1961) 

illustrate the difficulties of obtaining correct foreign trade statistics, 

but offer no method for the numerical estimation of the errors.



EE 20-6 i: 
We 

’ 

$°000 US.¢ 
   

20 

    
JAN. FEB. MAR. APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 

1965 

S.1.T.C. (53) DYEING, TANNING & COLOURING MATERIALS 

\ 

  

4 //) EXPORTS TO TRINIDAD FROM JAMAICA‘ 
      

  

f IMPORTS TO TRINIDAD FROM JAMAICA. 
          
  

  

PERIOD JANUARY TO JUNE JANUARY TO NOVEMBER 

TRINIDAD TOTAL* ei552 38-4 

JAMAICAN TOTAL 44-8 109-9 

        
  

COMMODITY FLOWS COMPARED 

Fig.B.5.
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Some of the larger disparities, due in part to the inclusion of 

freight and insurance costs obtained in intra-regional trade, are 

tabulated in Table B.,8 being taken from the summary totals of 

commodities, considered (i.e. excluding SITC 3 & 9). 

  

  

  

Trade Imports Trade flow discrepancies (c. i, f-f. 0. b) 100 

Routes (c.i.f) to ‘| Exports o.bytpoo| f.0.b 
AtoB B CL05 D0) y 

%o r Jo 

‘Trinidad- 

Jamaica 1767.5 1554.5 +12.1 +13. % 

Jamaica- 
Antigua 221.8 262.8 ~18.6 -15.7 

iTrinidad- 

St. Kitts 522.1 565. 3 -8.3 -7.65 

Trinidad- 

|Antigua 709.5 967.7 -36.5 -26.7             
  

TABLE B.8 

(Values given in $'000 U.S.) 

The reasons for such discrepancies, as already discussed, are 

difficult to determine. It is possible that invoices accompanying the 

commodities were not properly made out, or intentionally falsified. 

Often, important commodities are not followed or preceded by bills 

and invoices, which is why price estimation plays such a large role in 

statistical reporting. The country of final destination is not always 

stated at the country of origin, the first port of call being substituted.
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Positive values may indicate that the first country understates its 

foreign trade statistics, or that the second country overstates its 

foreign trade. Negative values in the other cases suggest that the 

exporting country overstates its foreign trade, or that the importing 

country understates it. A further check was made to assess these 

points. Jamaican export trade to several other countries was compared 

to the other country's imports. 

  

  

            
  

Export f0.b, Import Oot sts Colt eetosbe 

country country 

Jamaica 765.8 Trinidad 900,3 i 

Jamaica 192, 3% St. Kitts 11860 - 

Jamaica 262, 8* Antigua (G) 221.8 - 

Jamaica BT it St. Lucia 143.1 ae 

Jamaica 53.2 St. Vincent (G)| 55,0 + 

TABLE B.9 

Source - Data Collected from 1965 Annual Trade 

Reports 

Table B.9 suggests that Jamaican exports are possibly overstated 

in two instances,* or the importing countries are understated, 

This discussion has assumed that all volume figures are correct. 

The large discrepancies identified for trade flow by value, and the 

many factors which create the errors also affect figures of trade flow 

by volume. It is well-known that the quantities of grain shipped undergo 

great changes because of destruction’en route. There are also great 

differences in the reports of shipments of coal and other bulk transports, 

even when no transit is involved. These differences cannot be explained 

except as faults of the reporting of one or of both countries or because 

of different methods of attribution; differences in definition play a minor 

role with these types of standard and bulky commodities. Even when 

there are no doubts about exchange rates, there is the possibility that 

the invoices accompanying the commodities are not properly made out,
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are falsified, that values are hard to attribute to the right categories 

of commodities etc., all of which give rise to variations. Often the 

imported commodities are not followed or preceded by bills and invoices, 

which is why price estimation plays such a big role in this area. 

However, further investigation of these points stopped to continue 

with the overall objectives of the study, The foregoing discussion 

suggested that, in a client sponsored study, the intra-regional commodity 

flows (as indicated by statistics based on the Annual Trade Reports of 

the island) should be compared with a sample of the flows derived from 

waybill data. The flow categories identified being : 

-  Re-exports or transhipment goods due to a distant country 

-  Re-exports or transhipment goods due to islands within 

CARIFTA 

= Domestic exports 

= Exports due for transhipment 

Imports to the CARIFTA islands from outside the region in value 

terms are given in AppendixC together with the exports of the CARIFTA 

territories to the rest of the world. Only intra-regional volume flows 

were derived for the purposes of satisfying the aims of the study.
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APPENDIX C 

INTER-PORT DISTANCES 

The distance between two countries has been measured as the 

shortest navigable distance between the main portsof the respective 

countries. Distances between the countries listed in the inter-port 

matrix have been taken from the Admiralty Chart of the North Atlantic 

for the Bast Coast of America and Canada,1 the Admiralty Chart for 

Gulf Coast and northern countries of South America? supplemented by 

distance tables. 3 

This matrix was not extended to cover the whole world as originally 

intended, but was reduced to the CARIFTA countries because:- 

- A transportation system extending beyond the CARIFTA 

countries sphere of influence would not be policy oriented with 

respect to transportation. 

- Inter-island transportation requirements differ significantly 

from those of trans-oceanic services. 

  

Sources: (1) No. 1400 February, 1967, U.S. Naval Oceanographic 

Office. 

(2) Admiralty Chart, No. 762 West India Islands and 

Caribbean Sea 

(3) Reeds New Marine Distance Tables
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APPENDIX -D 

TRAFFIC FLOW DATA 

- Tables 1 and 2 illustrate the estimated volume of inter-island 

commodity flows in 1965. 

- Table 3 illustrates the imports to each territory within CARIFTA 

from the rest of the world. 

- Table 4 illustrates the exports from each territory within CARIFTA 

to the rest of the world. 

- Table 5 provides data for certain components of the traffic flow on 

international flight stages of scheduled services to, from and within Latin 
America i.e, the number of airlines operating on eachstage, the flight 

frequency, the passenger seats available, the revenue pass engers 

carried and the passenger load factor. The data are classified by 

flight stages. The data shown under passenger seats available and 

"revenue passengers carried", represent approximate figures for a full 
year, being based on a two month sample.” 

- Table 6 provides details of the 1968 shipping schedules of the West 
Indies Shipping Service . 

a Table 7 provides estimates of the numbers of tourists visiting each 

island, and related data. 

- Table 8 is a partially eompleted matrix of intra-regional 
passenger flows. 

  

1. Assumptions made in deriving the eleven import-export tables for i 

each island's trade are as follows: Polo. 
  

2. This traffic flow data has been extracted from "The Development of 

International Air Passenger Travel, I.C.A.O., 1968, Appendix 13, 

3. -St. Vincent Statistical Digest, 1967
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- Where a quantity was stated in gallons, there is no legal equivalent 

of the gallon in terms of cubic inches but the most up to data scientific 

determination gives 1 gallon = 277.42 cubic inches (1 cu. ft. = 1728 in 

inches, therefore 623 gallons = 1 cubic foot). When quantities were 

stated by number etc. it was assumed that :- 600 eggs = 1 cubic foot 

32 light bulbs = 1 cubic foot, 93 dozen gramophone records = 218 lb, 

(therefore 1 dozen gramophone records = 2.34 1b.). 832 stems of 

bananas = 1 ton (approx)°, approximately 8 pairs of shoes = 1 cubic 

foot (depends on size!), approximately 20 bottles = 1 cubic foot 

(depends on size). 

- No conversion ratio is given for SITC commodity categories 2 - 7, 

2 - 8 and 2 - 9 so that volume figures could not be derived. 

- Category 8 includes a wide variety of commodities, e.g. furniture 

and fixtures, travel goods, printed matter etc. and it hardly seems 

feasible to group them together. Errors must obviously arise and can 

only be reduced by increased commodity disaggregation, but the time- 

scale involved in performing such a task would be prohibitive. However, 

the average figure for this category has been used for the purposes of 

this study. 

These figures are, of course, approximate, for further difficulties 

arise when a value is given for a particular commodity but no quantity 

is stated. Numerous reasons exist for not stating a quantity. It could 

be that the quantity is very small, e.g. jewellery or precious stones; 

or that it is impossible to give a quantity because of the variety of 

different articles included in the category - some are classified by 

weight, others not. In certain cases quantities were not stated by 

weight and therefore assumptions had to be made as to the volume these 

goods would occupy. Livestock are typical of such categories. 

This approach is bound to result in estimating errors which could 

be significant. The significance of the errors in individual commodity 

flows can be determined from the transport model, so that the 

accuracy of particular flows could be improved.
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APPENDIX E 

THE ROUTE GENERATION ALGORITHM 

This algorithm selects an optimal subset of routes from the set 

of all possible routes around 6 ports (at present). In order to make 

sure that the demand for transport is satisfied, the least cost route 

is selected for each possible grouping of ports and for 6 ports there 

are 57 different groupings or combinations given by the relationship 

eee a 6 6 6 Gee No, of groupings = ( Cy + Cat Cyt Cc, + C5) 

ae This computer programme was developed and tested by R. A. Friar, 

formerly of EASAMS, 

oe Now if there are a total of 'N" ports then there will be (N - 1)! 

alternative shipping routes if :- 

- All routes start and end at the same port and 

ALT other ports are visited once. 

This second condition cannot be satisfied when ship capacity is 

limited. If only the first condition applies, then there will be the number 

of alternative routes given below where 

n = number of ports in each port combination selected, 

(N. ) [«- Aye tA 2) a, Sie Bt +a] Ei crnative routes. Cc n 

3. This is because 

NQ = the number of combinations of "n"' ports in an "N" port region 
n 

= N} = the number of least-cost routes in an ''N" port region 
ni (N -'n)! 

(n - 1)! = the number of alternative routes ina grouping of ''n" ports. 

This leads to a large number of alternative routings. Each of these 

routings may consist of routes visiting a different group of islands. This 

point is illustrated in FigureE.1,
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     @ a) 
ROUTE FOR THE 3 PORT ROUTE FOR THE 2 PORT 

GROUPING OF PORTS I, 5 AND 3. GROUPING OF PORTS | AND 3. 

FIGUREE.1 

From each of the alternative routings generated for each port 

grouping, the least cost route around all the ports of each 

combination can be chosen by using journey distance, time in port, 

and port and berthing cost data. 

The algorithm is divided into 6 parts. 

PART 1 reads in the data which consists of :- 

- trade flows between ports 

- time to travel between ports (for the ships envisaged) 

= distance between ports (in nautical miles) 

- parameters of the cost of ship operation 

- upper bounds on the time for a ship to travel around the route 

and on the capacity of the ships. 

PART 2 calculates every possible combination of ports and stores each 

in a 57 x 6 matrix, each row of which corresponds to a combination which 

has 6 elements as illustrated below. 

  Row 1 1 2 0 0 0 0 

Row 2 1 3 0 0 0 0 
° ° ° ° . A 
e ° é ° ° i 
e e e e ° 

Row 57 1 2 3 4 5 

  

Each number corresponds to a port. For example port 1 represents the 

port of Kingston in Jamaica.
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PART 3 considers each combination in turn i.e. row 1, row 2, etc. 

and generates all possible outward journeys. This is done by taking 

all the permutations of numbers in the row; the first number is not 

permuted with the rest of the numbers to ensure that routes will not 

be counted more than once, For example, route 1 2 1 is the same as 

212, Ifthe number of ports in the combination is "n'', the number of 

routes will be (n - 1)!, These (n ~ 1)! permutations are assigned toa 

matrix consisting of (n - 1)! rows and 6 columns for subsequent use in 

Parts 4, 5 and 6. 

PART 4 takes each outward route and then produces every possible way of 

calling at the ports on the return journey. 

For example, consider Row 1 of the route matrix of Row 57 of the 

combination matrix. 

i.e. 1 2 3 4 5 6 

The first way is to go straight back from port 6 to port 1 without calling 

at any other port. This is illustrated as follows :- 

2: 2 3 4 5 6 iL 

The second way is as follows :- 

1 2. 3 4 5 6 5 af 

This route calls at port 5 on the return journey and so on. 

PART 5 now calculates the time and distance of each route as obtained 

from Parts 2, 3, and 4. It also calculates the capacity needed to carry all 

the trade on one ship around the ports included in the route. 

PART 6, using the time, distance and capacity figures obtained from 

Part 5, produces an annual cost for ship operation. (The cost is only 

approximate as the parameters used are not known exactly.) This cost is 

used to find the cheapest route for each port grouping by direct comparison 

with all the costs of the routes for that grouping. Thus a matrix 

consisting of 57 rows corresponding to the rows of the Part 2 matrix 

(combination matrix) will be produced. Each row is an optimum (least 

cost) route for the grouping of ports.
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Each of these activities is illustrated in the summary flow chart of the 

route generation algorithm. (Figures E.2toE. 4). 

It can be seen that this algorithm not only selects a route for each 

combination of "n'' ports, but also selects its direction such that the 

volume of traffic over each arc of the network is minimised. Sucha 

constraint ignores the interaction between 1 route and another. Further 

investigation of this point is required.



  

  

INPUT DATA + 

TRADE BETWEEN PORTS 

TIME BETWEEN PORTS 

DISTANCE BETWEEN PORTS 

SHIP CAPACITY 
  

l 
  

SET 

INITIAL CONDITIONS 

  

! 
  

GENERATE A COMBINATION 

OF PORTS 

(ie SELECT FROM THE 

NUMBERS 1,2,3,4,5 ANY 

SET OF NUMBERS WHICH HAVE NOT 
BEEN SELECTED BEFORE) 

  

t 
  

GENERATE A ROUTE WHICH 

HAS NOT BEEN SELECTED BEFORE 

FOR THIS COMBINATION (ie ORDER 

THE NUMBERS IN THE COMBINATION) 

  

Yy 
  

GENERATE NEW RETURN JOURNEY 
FOR THE ROUTE lie ORDER THE 

NUMBERS OF THE ROUTE, ENSURING 
THAT THE FINAL NUMBER AND THE 
FIRST NUMBER OF THE ROUTE IS 
THE FIRST NUMBER AND FINAL 

NUMBER RESPECTIVELY OF THE 

RETURN JOURNEY         
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PART I. 

PART 2. 

PART 3. 

PART 4. 

SUMMARY OF THE ROUTE GENERATION ALGORITHM 

Fig. £.2



  

  

“PROCEEDURE SET” 
CALCULATE THE CAPACITY 

TIME AND DISTANCE OF 

EACH COMPLETE ROUTE       

    
      

  

CAPACITY AND 

TIME LIMITATIONS 

EXCEEDED 

YES 

  

COST =3-7 * DISTANCE 

+ 100 * (No. OF PORTS 

OF CALL ON THE ROUTE) 

  

COMPARE THIS ROUTE WITH 

THE PREVIOUS ROUTE AND 

SELECT CHEAPER ROUTE 

  

      

    ALL RETURN 

JOURNEYS OF THIS 
ROUTE BEEN 

GENERATED 

   
        

    
COMPARE ROUTE WITH 

PREVIOUS ROUTE AND 

SELECT CHEAPER ROUTE       

  

     

    

     

ALL ROUTES 

OF THIS COMBINATIONS 

BEEN GENER- 

ATED 

SUMMARY OF THE ROUTE 

GENERATION ALGORITHM CON’T 

  

PART 

PART 

FigE.3 
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YES 
  

(OUTPUT THE ROUTE, ITS 

CAPACITY, COST, AND 

TIME TO COMPLETE. PART 6 
      

     

  

   
ALL 

COMBINATIONS 

          

SUMMARY OF THE ROUTE 

GENERTION ALGORITHM CON’T 

Fig E .4
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THE LINEAR PROGRAMMING TRANSPORT MODEL 

WT Introduction 

In 1969, the Regional Shipping Council was charged with the co- 

ordination of the transportation activities of those islands forming the 

Caribbean Free Trade Association. Unfortunately, the tools required to 

enable the improvements to the transport system and their subsequent 

evaluation were not available. To determine such improvements, a math- 

ematical model describing the regional transport system was formed to 

answer such questions as:- 

- What pattern of shipping routes would permit the transport of 

intra-CARIFTA trade in 1975 and what additional port facilities 

would be necessary? 

- How many additional ships will be required and what should be 

their capacity? 

- What additional facilities will be required in each port? 

Given the existing port facilities and shipping available, the model 

will determine simultaneously, the routes they should follow, the allocation 

of cargo to each route, and the number of journeys that should be completed 

over each route so as to carry out the transport requirements in the year 

selected, while minimising the cost of transport operation. Limitations 

considered include the docking capacity, and the loading and unloading 

rates at each port for each type of ship. 

1.2 Notation 

The following notation is used throughout this summary where the variables 

relate to one mode of transport (mode ''m") unless otherwise stated. 

C. = _the tonnage capacity of the ship type A assumed to 

operate over route "k",
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the number of ship-journeys completed over route "k" in one 

year by using ship type A. 

the cost per journey completed over route "k"' by ship 

type (A). 

journey time over route "k"’. 

the cargo-handling capacity, in tons, of destination port 

"j'' over the time described by the model for ships of 

type (A). 

the ship-docking capacity at origin 'i'' over the time 

described by the model, in numbers of ships, for ship 

type A. 

the ship-docking capacity at destination "j'" over the time 

described by the model, in numbers of ships, for ships of 

type A. 

a factor, to indicate the possibility of ship-docking 

(vessel A at ports served by route "k"') 

the amount of cargo to be exported annually from port 

"i'' to port "j" over route "k", 

the revenue derived from shipping one ton of cargo from 
ten port "i" to port "j" over route "k"'. 

the number of ports in the region. 

the total amount of cargo to be moved from port "i"' to 

port ''j'' in one year. 

the number of ships available to the region. 

the annual fixed cost of providing one ship and its 

supporting facilities in the region. 

Nan the minimum service time in days between nodes "i" and "j 

of the network. 

the volume of cargo transferred from route k of mode 'm" 

to another mode for shipment over arc (i, j).
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1.3 The Mathematical Model 

A route generation algorithm was developed to select, from every possible 

route combination of the N ports forming the region, a subset of minimum 

cost routes satisfying journey time (distance) & capacity constraints. 

A number of important assumptions are introduced to simplify the model. 

First, each shipping route is defined so as to permit a vessel operating 

over that route to make a round trip, that is, to return eventually to the 

port from which it originally sailed, Secondly, it is assumed that all 

vessels will operate within the CARIFTA region. 

This linear programming model will select, from a subset of routes, 

that combination which will minimize the cost of transport operation while 

satisfying the demand for intra-regional transport. 

1.4 The Constraints 

It was considered that a number of conditions must be satisfied by any 

solution to the problem. 

Firstly, the sum of the journeys between ports "i'' and "'j"' of the 

network must not exceed a defined time interval, That is :- 

IV.
 365 ‘4 ee > NS). 7 for all k serving are (i, j) 

qj 

k all (i, j) 

This constraint assumes that ship-journeys selected by the model can be 

equally spaced in time when subsequently scheduled. . 

Secondly, the shipping capacity of each route must be greater than, or 

equal to, the volume of shipments assigned to that route, for each directed 

arc (i,j), less those shipments that have been transferred for route k to 

another mode over the arc (i, j). 

That is :- 

> (A) (A) > ’ aes > e Ie c. NS. 2 Pia, ic ABR for each arc (i, j) served by route k. 

k.
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Thirdly, the sum of the cargoes allocated to each route of the network 
thet 

  

at port “i” when exporting to port "'j'' must equal the amount to be exported. 

That is:- 

= a.. 
J 

k all (i, j) 

Fourthly, a solution will only be feasible if a solution results where the 

number of ships required are equal to, or less than, the number available. 

That is:- 

xs, 9)/xsonax, < su“) 

All k 

Fifthly, for cargo outbound from port "i"! and inbound to port ''j'' the 

following constraints apply, where the cargo to be exported or imported 

on ship type A through the related facilities type A must be less than, or 

equal to, the maximum handling capacity of these facilities. 

  

All j, 

  

The value of these constraints will be determined by the time period 

represented by the model. Such constraints may be a function of working 

rules, crane capacity or any complex set of operations. 

Sixthly, the docking-capacity of each port in terms of the numbers of 

ships handled over the time period envisaged, can be described by the 

constraints. 

NS (A) aioe FA .N k < 5) (origin limit, port 1)
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tA) aes (A) (destination limit, port 2) 

The values of the » factors may be unity for permissible sets (A, ;) 

and ((A, ? and infinity for excluded sets (an) and (A, ,). It is clear that 

in the summations represented by:- 

Yrea m4) g's) and Sang ng, ) « 5/4) 

the ns, (4) values will be forced to zero when Pa =o 

+ tA). , (A) ms 4 L 
because the 85 and . are finite. Thus, in the general case the 

(A) docking factors will force the variable NS, to be zero when the docking 

capacity does not exist. 

1.5 The Objective Function 

In this particular problem, the total cost to the carrier of transport 

provision could be described by the relationship 

(CAt MX)SH, Ss V,,) 

All k 

where CAtMX= the fixed cost element of transport provision (the cost 

of facilities ownership per ship). 

V, = the cost per complete journey over route "k'' 

Now the revenue derived from the transport system can depend upon 

the route the vessel follows. If freight rates differ between routes 

serving any two ports, shippers in the various islands will not be 

indifferent to the route the vessel follows. Hence, as the initial objective 

of the model is to maximize the profit from transport system operation 

while satisfying the demand for movement, the objective function can be 

written: -
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> sae SH (CA4MX,)+ DB Vie 

All i,j: allk Al k 

The above formulation subject to the constraints above, is now a linear 

programming problem which can be solved with existing computer 

packages. 

1,6 The Model Applied 

This form of the model can be applied to the design of any regional 

transport system while allowing a degree of autonomy to each transport 

authority. 

Each island is considered to forward its views, to the Regional Shipping 

Council, on its transport investment plan over an "n"' year period. Sucha 

proposal would specify, for example, the new facilities in terms of the ship 

docking capacity at port 'i'' during the time period considered. Given 

these proposals and approximate estimates of intra-regional trade move- 

ments for each year considered, the model would then be used to derive a 

solution. 

A sensitivity analysis of this solution results in an expression of the 

form: - 

E ; i" (A) az a mS, + gy ANS + qi da + J". ASH 

Hence, changes in the cost of transport provision resulting from 

changes in the constraint set, can be determined from the m, or "simplex 

multipliers" related to each constraint. 

Hence, an initial solution might result where the derived values of 

™ when passed to the island concerned, inducearevised transport invest- 

ment proposal, subsequent revised proposals will, when incorporated in 

the transport model, result in a new and improved solution. This will 

minimise the cost of transport provision within the limits set by each
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Gimme Application of the Model 

The model can be applied as a corporate planning tool in a number of 

ways. A few applications are listed below. 

- Additions to the fleet for estimated levels of trade can be 

determined in terms of both the numbers of journeys required, 

and the routes each ship should follow. 

- Optimal route patterns can be determined for a company's shipping 

in future years given estimates of that year's intra-regional traffic. 

- The need to invest in additional port facilities can be determined 

for forecasted increases in intra-regional traffic. 

- The effect of modifying the number of vessels in a fleet can be 

determined by re-running the model for each selected number of 

vessels. 

- The effect of trade flow forecasting errors on solutions of the 

model can also be derived from a sensitivity analysis. 

- The effect of increasing trade flows on solutions of the model 

can also be determined. 

1,8 The Validity of the Model 

This linear programming model formulation theoretically admits a 

solution where a vessel can travel around one loop and also round another 

loop, but never takes the trip from one loop to the other. If warranted, 

subsequent runs with additional constraints to attach or destroy loops 

can be made. The model may also provide a solution where the number of 

journeys to be completed in a year over a particular route result in a non- 

integer number. Such a result should only be considered an approximation 

because the input data is really an estimate of the expected value of trade, 

not its actual value. The interpretation of such a solution is that the 

vessel should be scheduled to make approximately that number of journeys 

given by the solution. 

A valuable by-product of the solution is the set of simplex multipliers", 

or "shadow prices", which illustrate the rate of change of the objective 

function with respect to each variable in the constraint set. Thus, the
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value of investment in particular port and shipping facilities is indicated by 

their associated simplex multipliers, also the simplex multipliers related 

to each trade flow (ajj) represent the cost associated with each additional 

ton of cargo to be carried over the (i, j) link.
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1.0 AN APPROACH TO DATA COLLECTION! 

Teande states " +...the value of flow studies is circumscribed 

by inadequate data. In the United States, for example, studies are 

handicapped by the almost complete absence of data on truck movements, 

by gaps in, and inadequate reporting and processing of, port-to-port water 

shipments over different routes, external and internal, and by 

insufficient data on rail and air traffic." The information exists, but 

is not in a summarized form. Isard gives examples of 1% samples 

where, for instance in a road transport survey, every hundredth 

waybill is used for the sample. However it is difficult to estimate 

the accuracy of the figures derived by this simple method, and a 

slightly more sophisticated sampling scheme should be adopted. In 

addition, even a 1% sample may involve a great deal of unnecessary 

work which may be avoided by the adoption of the following method, 

- 1, Group commodities into N meaningful categories 

(e.g. by SITC classifications or by route.) 

2. Derive an initial estimate of the breakdown of trade 

from a small, easily-handled sample, say, .01%. Let these values 

bee +++++. where e, is the "expected" volume of trade in 1s 
category i, calculated from the first sample. 

3. Repeat the sampling procedure, again taking .01% 

of the data, and call the values obtained 0 0,.... where oO, 
i? > 3 

is the "observed'' volume of trade in category i, calculated 

from the second sample algne. ace 2 

4. Calculate i i and use a X-squared 

121 a. 
i 

statistical test with N-1 degrees of freedom, under the hypothesis 

that the first sample was representative of the total volume of trade. 

5. Decide upon the statistical level of confidence 

required - e.g. 95% that both samples are representative of the total 

volume of trade, and use x? - tables to accept or reject the hypothesis 

at that level, 

  

4. This is due to J. Walker 

2. Isard, W. Methods of Regional Analysis, MIT Press, 1960, pages 143,144



6. If the hypothesis is rejected at that level, add the two 

samples together to obtain (in effect) a .02% sample, then take another 

.02% sample from the raw data. Using the values obtained in the first 

samples as new ei and those obtained from the latest sample as new 

0; repeat the procedure from para.4, doubling the sample size each 

time until the required confidence level is reached. 

This method ensures that data of the required accuracy is 

obtained with minimal data-collection, 

can be used to clarify the transport model at sensitive points, since 

we can put confidence limits around the input values e.g. we may have 

lol 

Furthermore the same calculation 

95% confidence that a particular trade flow has a volume of 400 + 5m.tons. 

However if the transport model tells us that this flow is critical at 402 

(i.e. one investment plan holds if the flow is less than or equal to 402, 

otherwise a different plan has a higher social value) then we require 

to be more accurate and may use the above method to find, say, that 

we can have 87% confidence that the flow is 404 + 1 and we select the 

second investment plan. 

An example of this technique is given below, with a table 

of the x? distribution for reference : as well as a normal distribution 

table, 

Suppose we sample the flows entering a customs shed for 

exporting, and we divide the goods under 5 classifications A, B, C, D 

and E, 

We obtain the following results on the first two days and 

proceed as shown in the table below : 

  

  

      
  

     

   

DAY 1-e. | DAY 2-0, (0, - e,)"/e, 
i i i i si 

A} 300 325 (325-300)"/300 = 2.08 
oe 3 =1.0 ss B 25 30 (30-25)7/25 = 1,00 Srey cig 

| aa7s0 1760 (1760-1730)"/1730 = 0,52 

pi 472 503 (503-472)7/472 = 2.04 

E 75 62 (62-75)"/75 = 2.27      
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Referring to the 2 table we see that for N-1 = 4 degrees of 

freedom x? will be 7.78 at the 10% level, which means that if two samples 

are supposedly representative of the same underlying situation we 

would expect their value of sX0,-,)” to be less than 7. 78 ninety per cent 

e. 
i 

of the time. Therefore, a value of 7.91 is unlikely to support this 

supposition and we "reject it at the 10% level’. 

We now add up the first two days data and sample another two 

  

  

days: 

DAYS 1&2 | DAY 3 | DAY 4| DAYS 3 & 4 | (Col 4 - Col 1)2/Col1 
625 305 | 327 632 0.10 
55 25 28 53 0.07 (COL4-COL1)? = 0,66 

3490 1724 | 1748 3472 0.09 oe 
975 450 | 507 957 0.33 
137 65 15 140 0.07             
  

Referring again to the x table with 4 degrees of freedom we see 

that x? is 0,711 at the 95% level, which means that unless the two samples 

(columns 1 and 4 in table 2) are representative of the underlying situation 

their valué of 5X0, - e)” will be less than 0,711 only 5% of the time by chance. 

ey 
i 

Hence our value of 0.66 is highly indicative that these samples are in 

agreement with each other, Our best estimate of the true distribution is 

then to average over the 4 days and we estimate the daily traffic as 

(625 + 632)/4 = 316 units of A 

(55 + 53)/4 = 27 units of B , 

(3490 + 3472)74 1741 units of C 

(975 + 957)/4 = 482 units of D 

(137 + 140)/4 = 69 units of E



  

Percentage points of the be cdietribytion: Required number of 

degrees of freedom is 

(NUMBER OF CLASSIFICATIONS - 1) 
  

Degrees of 

  

freedom (v) 99 95 10 5 1 0.1 

1 0.0°157 0.00393 Paola 3,84 6.63) 10.83 

2 0.0201 0,103 4.61 5.99 9.21 13,81 

3 0.115 0.352 6.25 7,81 11.34 16.27 

4 0,297 0.711 7.78 9.49 13228 18.47 

5 0,554 1.15 9.24 11.07 15.09 20,52 

6 0.872 1.64 10.64 12.59 16.81 22.46 

7 1.24 2ou 12,02 14.07 18.48 24,32 

8 1.65 2.73 13.36 15.51 20.09 26.12 

9 2.09 3.33 14:68 16.92 21.67, 27,88 

10 2.56 3.94 25599) VES. Siie23. 2 1, 29,59 

ip 3.05 4,57 iWeos y 19,166. 94.73 31.26 

12 3.57 5.23 18,55 21.03 16.22 32.91 

14 4.66 6.57 21.06 32.68 29.14 36,12 

16 578! 7.96 23.54 26.30 32.00 39,25 

18 7,01 9.39 25.99 28.87 34,81 42.31 

20 8.26 10.85 28.41 31.41 37,57 45.31 

22 9,54 12.34 30.81 33.92 40.29 48.27 

24 10,86 13.85 33.20 36.42 42,98 51.18 

26 12.20 15.38 35.56 38.89 45,64 54,05 

28 13.56 16.93 37.92 41.34 48,28 56.89 

30 14.95 18.49 40.26 43.77 50.89 59.70 
  

We can now place confidence limits around our estimates 

by referring back to the original data and assuming Normally distributed 

flows. 

For instance, the four days' samples of A were 300, 325, 305 

and 327, Call these a. 1? Bos ag, 

which is the ''standard deviation" of the samples around the mean of 316. 
94 then calculate 2 (a, 

  

Referring to Normal distribution tables, 90% of samples 
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will be within + 1.64 standard deviations of the mean i.e. 3164+ 1.64 x 12.4. 

Hence we are 90% confident that the correct figure lies between 295.7 and 

336.3. Similarly 95% of samples will be within 1.96 standard deviations 

ice. 3164+1.96 x 12.4 i.e, 291.7 and 340.3, 

Normal Distribution Table: 

If X is the mean and S the standard deviation, then values 

of x should lie within X + mS with P% confidence according to the table 

below: 

  

m | 2.58/2.32]1.96/1.64)1.28/0.84] 0.52 | 0.25)0,13)0.06]0.03]0.01 
  

  P 99 98 95 90 80 60 40 20 10 5 2 id                           
  

  

Linear Interpolation is sufficiently accurate for other values of P, 

The standard deviation of ''n'' numbers a, fori=1, 2...n is given by :- 

2 

  

where X = the mean of the a
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APPENDIX H 

THE REVISED SIMPLEX METHOD APPLIED 

Th The Problem and its Solution 

The two route, three port problem described in section 3.1.3.2 was 

formulated as a linear programming problem which, with the addition of 

non-negative slack and artificial variables may be solved by the two-phase 

method described in 1.2 of this appendix. This formulation of the problem 

is illustrated in table H.1. 

So that calculations could subsequently be performed in an orderly 

fashion, the problem as defined in table H.1was transferred to the initial 

tableau illustrated in table H.2. Only the infeasibility form of the objective 

function, defined by:- 

WEE Rg oF Rg a hee ates eee x 

is presented in this table. 

  

  

              

ROW SIMPLEX Als 
humBEr |PASIS [ARTIFICIAL VARIABLES | yr trpLIER | COEFFICIENT 

: Pe 4 ui is 
Tr 

2 by L ‘ 2 Bog 

ce 

ic XN x 
X 

XN 

m b zt Fa a 
m m ms 

TABLE H.2 

A table of relative cost coefficients (ae for phase I and 5 for phase 

II) was prepared and is shown in table H.3.
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Relative Cost Coefficients 

\\ \ 1 ' ' ' [° d d d ---- | dt 

  

z I Jat ITERATION |d ff att te ae 

  

Me Vg I: Coe ee ee 
TERMINATION | GF ZZ “iy 

                          

The tableau used for each iteration is as illustrated in tableH 4.0 = 

H.4.11. ‘The tableau records the basic variables, their values, the inverse 

of the basis, the values of LA and as: At the beginning of any iteration 

(k +1), the tableau for iteration k is filled completely except for the last 

column. Using the ™ and an recorded in tableH.1 (in this case all equal 

to one) the c or c are computed from:- 
m 

ec! = 

  

The results are entered in table G4.0. By determining ''s" in the 
usual way we can then complete the tableau for iteration k by filling in the 

last column with ais using:- 

m 
' 

Ais Vi “ks 

deel 

By forming ratios bY Fig the "'r'' can be determined as before and a 
box drawn around a'_ the new pivot element. The results of these rs 
calculations become the tableau for iteration k +1 except for the last 

column. The above procedure is now repeated in moving from the (k + i) 

tableau to the (k + 2) tableau.



  

BASIS VALUE THE INVERSE OF THE BASIS i 

   

  

   

    

     

10|X 20 

uxt 

12 fx a2 } 
THE INITIAL TABLEAU. TABLE H. 4.0. 

peat t ° 

2\K 12 ° 

3X13. ° 

4|K 14 ° 

5 IS 1 

6K I6 ° 
7\KI7 ° 

6 x18 ° 

9{xt9 ° 
° 
° 

1 
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BASIS VALUE 
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TABLE H. 4.1. 

, 
BASIS VALUE i Sis 
    

                

   

ix [oO jit 
2ikiz2 [To 
3\xi8 | Oo 

4|xi4 [oO 
5[xI0 | Oo 

61X16 
7\K17 
8 )xI8 

9 [X19 

10]x 20 
Wx at 
12 x22 

TABLE H.4 2. 

a 9, BASIS VALUE 
iki To [ft 
2kiz]o 
a\xe [4 
4|xi4[o 
s|xio] 1 
6 [x16 [S2-1 
7\x17 [10 
elx ie 
9 lk 19 
10x 20] 

    

      

   

  

   

      

   

4
l
o
]
-
J
o
l
o
]
-
|
-
l
o
 

Jo
 |

+|
-]
o 

4 
9 

' 
7 

1 

TABLE H. 4 3. 
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BASIS VALUE THE INVERSE OF THE BASIS 

    
   

   

  

   
   
   
   

' 
2 
3 
4 
5 
6 
7 
8 
9 
10 
" 
12     

  

w
o
m
 

s
d
o
n
 

1 
2 
3 

4 
5 

6 
7 
8 
9 

10 
" 
12 

K 
x3 

8 
14 
10 
16 

KI7 
18) 
x19 
x 20 
Xai 
KI 

TABLE H.4.4, 

BASIS VALUE 

Ku | o 
St, 

2 
° 

K 18. 

x20 
KI 

TABLE H., 4.5. 

BASIS VALUE 
Ki | oO 
K3 [10 
Ke |2 
x14 | O 
x10 | I 
x16 [S212 
x17 | O 

ie] 4- 
x6 |9 
oat 

Ix 21 | 6 
xt [i I 

TABLE H. 4.6, 
BASIS VALUE 
xi [to 
x3 [10 
xe [2 
x14 [Oo 
x10} t 
X16 [S24 

7] 0° 
x5 

x 9 
x 21 
xt [is 

4 
x6 19 

5 

2 

TABLE H. 4.7 
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BASIS VALUE THE INVERSE OF THE BASIS Mia Sis 
KI | Oo ' =I (rae ° i) 
x3 [10 1 =I ° 
Ke | 2 ° 9° 
x14] oO ° ° 

x10] 1 1 ° 
16 ° 1 

Ka ° ° 
XS 1 2. 
XK 6 ° ° 
x 9 1 =I 

2 =I =! ee 
_l -! 

TABLE H.4.8. 

: / 
BASIS VALUE Ai acts     

      

   
   

   

    

  

   
   
   

  

   

  

   
   

  

   

tku To |[t 
23 |10 
3fe [2 
4\ki4]0 

s\xto | 1 
ox te [si 
7\k4 
BIKS 

olxe 
tok 9 
1 ]xta. =f 
tax \ 

TABLE H. 49 
PHASE IL 

BASIS VALUE i ‘ss 
tkn Jo |i 2 
2fk3 [10 7 

3ixe. | 2 ° 
4\xk7 [oO = 
s|xio | I oO 
6|x16 9 Io 
7\x4 a 
alxs 9 
oxo ! 
10]x9 ° 
un fez oS 
pt i i 

TABLE H. 4.10. 
BASIS VALUE mi Pi 
ifxn To =I ° 2 
apesc[ll ° 9 
3lxe | 2 3 ° 
4|x7 [9 2 2 
s|{xto[ 1 eo S 
6 |x 16 [S24 9 
71K4 

8 {xs 
9x2 
Wolx9 
He fxt2 
12pk1 

9 
4 
9 
7 
2 =I 
9 

TABLE H. 4. II. 
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APPENDIX I 

A 5 PORT, 24 ROUTE TRANSPORT PROBLEM 

1,0 Introduction 

The route generation algorithm of appendix E and a linear programming 

transport model were applied to the problem of selecting an optimal combinatio 

of shipping routes ta serve 5 ports in the Caribbean. Antigua, Barbados 

and Trinidad were assumed to act as transhipment ports for the Windward 

and Leeward group of islands. These three islands' ports were assumed to 

handle the trade of the other islands in the following way. 

  

  

  

          

TRANSHIPMENT PORT ISLANDS SERVED 

ANTIGUA ST. KITTS, MONTSERRAT 

BARBADOS DOMINICA, ST, LUCIA 

TRINIDAD ST. VINCENT, GRENADA 

TABLE 1.1 

In turn these three islands were assumed to trade with each other and 

with Jamaica and Guyana; a total of 5 ports in all. 

250) The Route Generation Algorithm Applied 

The route generation algorithm described in appendixE was used to 

select a subset of routes from which the optimal pattern of routes would 

be chosen. Inputs to the algorithm were as follows:- 

o Artificial trade flows between the five ports of 
Jamaica, Antigua, Barbados, Trinidad and Guyana. 

- The travel time between these five ports. 

- The distance between these ports in nautical miles 

- The parameters of the cost of ship operation   - Upper limits on journey time and ship capacity 

  

1. A route involves a ship calling at each port in a combination of "'n'' ports.



The data used is as follows:- 

  

THE TRADE FLOW MATRIX 
  

  

    
  

  

  

      
  

  

            

PORTS 1 2 3 4 5 

JAMAICA | 1 0 4008 4862 3156 865 

TRINIDAD | 2] 2806 0 23972 45760 8266 

BARBADOS| 3 11 5974 0 10539 2039 

GUYANA | 4] 19655 201360 12397 0 ©3642 

ANTIGUA | 5 1 1201. 1475 31 0 

TABLE I. .2 

THE TRAVEL TIME MATRIX 

PORTS 1 2 3 4 5 

JAMAICA | 1 0 3 3 4 3 

TRINIDAD | 2 3 0 1 2 2 

BARBADOS| 3 3 1 0 2 2 

GUYANA | 4 2 2 2 0 2 

ANTIGUA | 5 2 2 2 2 0 

TABLE | ..3 

THE DISTANCE MATRIX 

PORTS 1 oe 3 4 5 

JAMAICA | 1 0 1041 1075 1329 906 

TRINIDAD | 2 0 213 364 402 

BARBADOS | 3 0 397 285 

GUYANA |4 0 669 

ANTIGUA |5 0 

TABLE 1 .4 

2. Solution 2B used this data. For authors reference only. 
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The cost per mile of ship operation = £3. e [4 

The cost per port of call = £100° 

The maximum loop journey time = 15 ayan 

The maximum ship capacity = 6400 raetons 

os The operating cost per mile = fuel cost/mile + manning cost/mile 

Seba 2.2 

where the manning cost per mile was calculated as follows :- 

The annual manning cost per ship 

The average annual completed ship mileage 

4, 

ig 

An assumed figure based on the data presented in section 2.8 

If one ship operated over a route serving two ports (i, j) then the 

maximum loop journey time must be 15 days if a ship is required to 

call at each port every 15 days. If two ships existed and only one 

operated over any one route, then again the above constraint would 

be required, 

As each of the two Government supported ships has a cargo capacity 

of 3,200 measurement tons then the most capacity that the two ships 

could provide in one movement over link (i, j) would be 6, 400 tons. 

This data was used to derive the cost of ship operation per loop. That 

The cost per ship per loop = 3.7 qd. + 100((j # rr - 2)" where 

d, = distance over route pict 

j = the number of ports in the route combination 

rr = the number of ports of’call onthe return journey to the 

starting port. 

Due toR. A. Friar, formerly of EASAMS. 

This figure was calculated from the equation CS! = CS + manning cost/ 

mile =£1.5+£2.2 =3.7. The figure for CS was taken from the list 

of typical values given in section 8 of the appends.
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bes 
A linear programming transport model was applied to the selection of a 

number of routes from those identified by the algorithm?! The resulting 

linear programme, as formulated, is given in 3,0 below, and incorporates 

limitations on the number of ships, the port handling capacities, and on the 

frequency of journeys between each pair of nodes inthe network. The 

variables used are as defined below. 

Vig 

NS, 

Vij 

ijk 

a.. 
1 

SH 

ij 

= the cost per journey over route "k"', 

= the number of journeys completed over route ''k'' in one year. 

= the revenue derived from shipping one ton of cargo from port 

"i" to port "j'' over route "k", 

© the amount of cargo to be exported annually from port "i" to 

port "j'' over route "k", 

= the tonnage capacity of the ship assumed to operate over any 

route selected. 

= the summation of trade flows 3 ik moving between nodes "i'' and 

Js 

= the ship-docking capacity at origin "i" over the time described 

by the model, in numbers of ships. 

= the number of ships available to the region, 

Nett Watt = The minimum service time in days between nodes "i" and "j 
12 

of the network 

  

Liss 

12, 

Theoretically, the number of port combinations which should be 
selected by the route generation algorithm should equal 

(No ) where N = the total number of ports in the region = 5 in this cas 
nN n n = the number of ports in a group of ports = 2,3,...N. 
That is 10 routes containing two ports, 10 routes containing three ports 
5 routes containing 4 ports and 1 route containing 5 ports, The 
algorithm in fact only output 10 routes containing two ports, 10 routes 
contain 3 ports and 3 routes containing 4 ports before it was stopped. 

This constraint ensures that for each arc (i,j) the sum of the journeys 
serving that arc must be greater than or equal to 22 journeys per year.
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3.0 The linear programming transport model 

MINIMISE vi NS, Vink Pie 

Subject to: 

  

% iP Are 1.2 C.NS, > A194 

Cee eon oi “1sieoea tt 

CNP ipw 2) Siete Lalo guneeaio 

CoNeramee “1a13h) “1519 25213 

eee pais ieo1 | “teot «73201 ° “5ea1 * Sssai 

[C-NSog 2 A1904 

Arc 2.1 GMb ays, 

LE-NSo4 2 82194 * 82304 * 2494 * Ba504 * 83124 * Ag524 t 
24124 * 94304 * 94524 * 85104 

Arc 1.3 C.NS, > 8139 

PO-NSia 2 8qg14 *Pi4ia* 84514 

Are doh C.NS,, 2 Aor11 * 23011 

Arc 1,4 C.NS > 8143 

CNS ig 2 41416 1 71516 

LC-NSoo 2 91302 T1492 * 91592 * 83420 * 85320 * A5400 

Are 4.1 C.NS, > gis 

C.NSig 2 91197 93110, 4112 * ®4212 * 24912 

[ONS ia a Baia 

Are 1.5 C.NS, 2 A154 

Cone 3s Sieie  atets 

LC-NSo4 2 91994 * 94304 * 91494 * 91524 * 22324 * 29404 7   
89504 * 83504 * 84304 * 24504



Arc 5.1 

Are 2.3 

Arc 3.2 

Arc 2.4 

Arc 4.2 

Arc 2.5 

Arc 5.2 

C.NS, 5 

C.NS\, 

7 
iC ' NSoo 

lc.Ns C.NS, 

C.NS,, 

C.NS\y 

C.NSi, 

LC.NS,, 

C.NS, 

C.NS, 

C.NSi9 

C.NSi9 

LC.NS,, 

C.NS, 

C.NS\, 
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e
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OW
 

OW 
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V 
Vv 

Vv 
Vv 

W 
Vv 

"9413 

95115 

*4116 

93499 

235 

94311 

99317 

#9318 

So1a1 

325 

246 

#1412 

92419 

#9393 

426 

93017 

91224 

ag3o4 * 

257 

95113 7 

527 

a3o18 7 

agoi9.* 

23993 * 

#5213 

#5116 

24129 * 

S11 

®oar7 * 

29518" 

89301 * 

®oii2 7 

29519 * 

9493 * 

agoiz* 

Me io4u 
24504 7 

®o513 * 

®5018 + 

5219 

23493 7 

95322 

30314 

94317 

95318 

92521 

92412 

*5419 

29523 * 83423 * 95393 

94317 

3994 * 83504 * 84104 * A404 
95124 * 45904 

91513 

95318 

44993 * 95993 * 85393 

+



Arc 3.4 

Arc 4.3 

Are 3.5 

Arc.5.3 

Arc 4,5 

Arc 5.4 

[c.ns 

C.NSi4 

CNS) 

C.NS, 4 

C.NS 

C.NS, 

C.NS)5 

LC.NS,, 

[o.ns 

C.NS,. 

C.NS. 

C.NS,, 

C.NSy5 

[C.NS,, 

[c.ns 

C.NS)5 

C.NSoy 

LC-NSo4 

r ~ C.NS, 9 

C.NSig 

C.NS   19 

V
V
 

Vv 
WV 

Vv 
V 

V
v
 

V
W
 

V
W
 

wv 
V 

V
W
 

W 
V 

Vv 
WV 

V 
V 

8348 

81414 * 83414 

®oa17 * 83017 * 83417 

83490 * 83520 

a 

9438 

a 

a, 

59 *? 

93515, 

9518 * 93018 * 93518 
a. 

a 

a. 

*539 

93315 * 95315 

*5320 

a. 

a 

94510 

21516 * 93516 * 94516 

43519 ~ 24319 * 24519 * 22519 * 24919 

95424 

1521 * 89121 * 89501 * 83201 + 83501 

1522 * 83422 * 83522 * 84109 + Ag5a9 

180 

1224 * 91424 * 92494 * 83104 * 8g994 + Agao4 t 
®3504 * 85194 * 85904 * 85494 

1322 * 91592 * 4122 * 84322 * 84529 + 5300 

2323 * 89523 * 24993 * 84393 * 84595 * 85393 

2523 * 83293 * 83423 * 23503 + 84n93 + A503 

1224 * 91394 * 8y424 * 89304 + Bpang + Agga4 t 
5124 * 25294 * 85304 * A544



  

18! 

9io1 * 4911 * 81212 * 81913 * M1204 *1204 12 

9132 * 84311 * 94313 * 81314 * 91315 * 81301 

PSigapeaeiged "4 1218 

8143 t 8yai0 * 84414 * 21416 * Ay402 * 814040 * ag 

S154 pis. “i6lees 152. “1522 21524 = 845 

o11 * 82111 * 29412 * 89113 * A2101 * Bo124 fot 

8935 * 99311 * 82317 * 99318 * 22301 * 89393 

* 89304 7.833 

346" 82412 * 22417 * 22419 * 22493 * Bona Fo 4 

957 * 8959 * 99513 * 82518 * 29519 * Ba501 

* ao503 * 89504 50885 
dec 18 

*asi1o + 83104 weeat 

8395 * 8399 + 83011 * 83217 * 83018 * 23001 

* 83993 * 83904 heap 

9348 * 83414 * 83417 * 83490 * 83420 * A3423 

+3404 7334 
ri 

8359 * 983515 * °3516 * 23518 * 23519 * 83520 
= + = * 83501 * 93520 * 93593 * 83504 835 

8413 t 84113 + 24114 * 84416 *F4100 7 Bain, == Fay 

496 * 24912 * 94217 * 24219 * 24203 * B4904 = ago 

2438 * 24319 + 94314 * 94317 * 24319 * 24309 

* 84303 + Aygo4 7143 

24510 * 94516 * 24519 * 24522 * 24593 84524 8 245 
i 13 

*5124 51 

4507 * 25013 * 85218 * 85219 * 85201 * 85293 

+ 85904 * 859 

9539" 95315 * 95318 * 95320 * 85321 * 85329 

* 85303 7 25304 e538 

13. Other routes incorrectly omitted



  

jae! 
* 85419 * 85490 * A5404 = 854 

TS Ty eS 3 NS, +NS, + NS, +NS, +NS,, +NS,,+NS,, 
ONG, +NS,. + NS, + NS pt NG Nee ae, 

NS, +NS, + NS, +NS, +NS,, +NS,, +NS,, 
= NS +NS,,+NS,,+NS,9+NS,, +NS,,+NS,, < 5S, 

NS, +NS, + NS, +NS, +NS,, +NS,,+NS,« 
1S 5 S 

Si Ee oa a ogee oa eg 8g 
NS, + NS, + NS, +NS,) + NS, + NS, +NS,, 
+NS,, #NS|,+NS,,+NS,.+NS,+NS,,  < 8, 

NS, +NS, +NS, +NS,,+NS,, +NS,.+NS,, 
+NNS,,+NS,9+NS, +NS,, +NS,, +NS,, 

+NSo4 < S, 

0.018 (NS, +NS, +NS, +NS,. +NS,,) + 0.024 (NS, + NS), +NS,, 
+NS,,) + 0,006 NS, + 0,012 (NS, + NS, + NS, + NS, +NS, 4) + 0.021 

yi 5 + NS, + 0.027 (NS,, +NS,, +NS,,+NS,,) + 0.015 (NS,, + NS, 4) + 
+ 0,033 NS,, + 0.038 NS, , < eh 

NS, +NS,, +NS,)+NS,,+NS,, +NS,, > Seat 
3 i NS, +NS,, +NS,, +NS,, +NS,, +NS,, +NS,, +NS,, > 365/T,5 

NS, + NS.) +NS,,+NSjg+NS.. +NS)y 2 365/T, 4 

‘ s +NS 5 NS, +NS,, +NS,,+NS,, +NS,, +NS,, > 365/T,. 
Sie S NS, +NS,, +NS,, +NS,,+NS,, +NS,, > Seafis, 

: : NS, +NS,, +NS,,+NS,,+NS,, +NS,, + NS), > S65/0,, 
4 NS, +NS,, +NS,,+NS,+NS,, +NS,, > 365/T,, 

NS, +NS, +NS,, +NS,,+NS,+NS,, +NS,, +NS,, > 368/T,, 
“2 NS5 +NS.4 > 365/75, 

5 J NS, +NSy +NS,, +NS,,+NS,.+NS,, +NS,, +NS, 4 > 365/T,, 
: HO ; NS, +NS,,+NS,,+NSj) +NS,. + NS), +NS,, 2. 05/7; 

vy NS, +NS,,+NS,,+NS, 9 +NSjq +NSpo 
‘ S,, + ‘ NS,, +S, +NS,. +NS,, > 305/72 

c : NS,. +NS,3+NS,,+NS,,+NS.. +NSoy > 365/T 4, 

is,, +NS_, +NS NN ; NS, +NS,, +NS,, +NS,q + NS, + NS, oes, 
  

14, Other routes incorrectly omitted



NS, + N59 + NS\4 + NSi7 = NSi9 + NSoo + NSo3 + NSo4 

NS, 9 + NSi¢ a3 NSi9 + NSoo Fi NSo 1% NSo4 

‘i NSo4 

ri a ae < 
NS, a? NS, 5 +NSi9 + NSi9 +NSoy + NSo3 + NSo4 

NS, He NSi5 + NSig a NS5o = NSo4 fe NSoo + NSo3 + NSo4 

~ > Te 
NSig + NSoo + NSo4 

Vv 
V 

V
V
W
v
V
Y
W
V
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365 365/T,, 

365/T ,. 

365/T,, 

365/T., 

365/T. 4 

365/T 4



4,0 The Results 

The routes selected by the model are given in table 1.6. 

  

    

Route Number Route Value NSMAX* 

NS, 232 4.4 164.3 

NS 242 181.8 82.1 

NS. 343 0,2 82.1 

NSg 353 8.5 82.1 

mde 36.5 NSj9 1241 1 

<0 41.1 NSj3 1251 3 

14,2 36.5 NS 4 1341 

NS, 5 1351 0,01 Ignored 

4.4 36,5 NSig 1451 

NSi7 2342 20.0 65.7 

: «7 NSjg 2352 1.2 65 

NSj9 2452 0,03 oe 

NSo 4 153421 0,03 

*NSMAX = Days available in year/Loop journey time in days   
  

  

These results may leave the reader with grave doubts about its value. 

In particular, the following points may have been noted, which could 

either make the interpretation of results difficult, or cast doubts on 

TABLE [.6 (Solution 2B) 

the transport system improvements generated by the model. 

= The number of routes selected by the model exceed the number 

of ships. 

- The problem size becomes enormous as the number of ports 

and therefore, the number of routes increase, 

- . The constraint values applied to port handling capacity only 

accounted for intra-regional movements of shipping.
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Each of these points was considered in turn, 

4.1 The Ship Quantity - Route Assignment Problem 

Now the proportion of a year occupied by a ship completing NS, 

journeys over routek is given by :- 

NS, 

NS MAX, 

Hence, one ship may complete any number of journeys over any combination 

of routes as long as the sum of the NS,/ NSMAX, (for all k) is less than or 

equal to unity. That is :- 

) NS, NSMAX,, < 1 for all routes "k" 

A ship cannot journey between one loop and another if the value of the 

objective function is to remain valid, although ships could change loops at 

those ports which are common to two loops. Unfortunately, routes which 

include more than two ports cause problems because, when jumping from 

a 3 port route to a 2 port route, the ship concerned will still contain cargo 

for the third port of the original route. Thus the solution is far from 

satisfactory. me 

Where a very few ships exist with a region, a mixed linear~integer 

programming approach might be adopted so that the number of routes chosen 

equal the number of ships available. The existing linear programming 

transport model can be modified in the following way. 

The objective function is described by the equation :- 

> e > t myn [ Bsa? Vile is,.¥, | (for all routes "k"') 

The first term concerns the allocation of cargo movements (a; 50 

between nodes "i'' and "'j' to those routes "k"' which pass through 

both nodes, The first term is not considered here. Now any solution 

to the programme must satisfy the conditions that no more than SH 

routes can be chosen where SH equals the number of ships. That is :- 

  

15. If the region contained a large number of ships of lower capacity, route 

selection using the linear programme as defined could be acceptable, for 

there could then be more ships than loops in a solution of the model.
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va ie NS, 5] + (The first term) 

ssh where each 6; equals 0 or 1 

  

The above equations can be re-formulated in the following way 

E ay K eee Vane eae 

s <i C.NS,. PL. 5, 0 

< 2s, < SH 

where PL = the maximum value that C.NI,. ean take 

i. = 0 or 1 

When b. = 1 the value of C,.NS,. can be any value up to Py. 

That is C.NS, < P,. 
k k 

1 can only be zero since the When 5. = 0 the value of C,.NS 

constraint applies. While a programme is available to handle the 

problem as formulated here, it was not used due to the high cost of 

sucha run, Such a run may subsequently be applied should a suitable 

contract be forthcoming. 

The resulting linear programming model was intended as a planning 

nindelbe rather than as an operating model. Thus, the model does not 

produce a sequence of voyage assignments for each ship; it does 

produce the number of voyages to be made by each ship in a given 

time period. Hence, the results indicate basic strategy and could 

provide inputs to a vessel scheduling model, 

  

16. The study objective was to develop a methodology for 
deriving a time staged transport investment programme.  



4,2 The Size of the Program 

The size of the linear programming problem can be described in terms 

of the number of rows forming the set of constraints and the number of 

variables. 

The maximum number of rows associated with each constraint type can 

be calculated from the expression :- 

SN(N- 1) + SH + 2N = 3N* = N + SH 

the formulation of which is given in table H. 7. 
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CONSTRAINT MAXIMUM NUMBER OF CONSTRAINTS 

ss 365 : 
>Ns, Soaps | : 

ij j = N(N - 1) links 

k all (i,j) 

om » NS), = Fink | = N(N - 1) arcs 

Dix = 25 | = N(N -1) ares 

k all (i,j) 

(A) mee ee A) =f (As NS, ‘- NSimax = 5H = SH ships 

j 

A) 2p (A | , oa, ) =r ) = N ports 

| | 
A A | 

Hien NS, (a) 335; (A) | = N ports 

TOTAL MAXIMUM NUMBER OF ROWS (an? - N + SH) 

TABLE 1.7 

The number of variables is determined by the form of the objective 

function which is given as :- 
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ne Yi jed - [(ca+mea si +) /NS,.. v,, | 

Alli,jalk Allk. 

In general, the algorithm will identify 

N 

> Ne groups of ports 

n 

n= 2 

and for each group will select a minimum cost route satisfying journey 

time (distance) and capacity constraints. That is :- 

N 

< > NS). s No 

n 

n=2 

To each route "k"' with n ports can be allocated the flows (a5). 

the number of assignments being equal to n(n-1). Hence, the 

number of variables can be given by the expression :- 

N N 

: a 14 Bia) where 
n . 

n= 2 naz 

N = the total number of ports in the region. 

In a 5 port region there would therefore be routes and allocations as 

derived from table ].8. 

  

  

    
  

n 2(Nq ) n(n-1) No [2o->] 
n n 

2 10 2 20 

3 10 6 60 

4 5 12 60 

5 E 20 20 

(TOTAL ROUTES 26 : TOTAL ALLOCATIONS - 160       
  

TABLE 1,8
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In the light of these results, further discussions were held with the 

Booker Shipping Line which revealed that each year's shipping routes and 

related schedules are selected by "seat of the pants'' methods, the 

following factors being uppermost in the minds of the decision makers :- 

cS The cost of ship operation over alternative routes 

- The estimated traffic for the coming year 

- Their estimated share of this traffic 

- Ship capacity 

The time spent in each port 

= The nature of the traffic (e.g. perishable commodities) 

- The home port of the ships* 

= The time at which the ship must be in the home port* (a factor 

governed by those who man the ships). 

The effect of the asterisked factors, which were not included in the 

route generation algorithm, is to further reduce the number from which an 

optimal pattern of routes can subsequently be selected. The following 

additional constraints would apply :- 

ce the number of port groups must be limited to those groups which 

include the home port of the ships. 

- the journey time of the ship must be limited to 6 days if 1 day in 

every 7 is to be spent in port. Alternatively, two journeys of either 

5 & 1; 4 & 2; or 3 & 3 days could be contemplated if adequate ship 

capacity was available. Similar considerations apply to longer 

periods of absence from the home port.



These constraints have a significant effect on the size of the problem. 

This is because there are now only :- 

N n 

(N-H) 

De a 
Dek bhSeh 

n-h < N-H 

groups of ports in any region containing H home ports where 

nose 

N = 

H = 

h = 
the number of home ports 

the number of ports in a group of ports 

the total number of ports in the region 

the number of home ports in the group of n ports, 

As there will be a minimum cost route associated with each group of 

ports then the maximum number of variables is as given in table 1..9 for 
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the case with one home port in a region containing 5 ports. (H =h = 1, N = 5) 

  

  

    
        
  

n 2 (Groups of Ports n(n-1) ALLOCATIONS 
with one Home Port) 

2 4 2 8 

3 6 6 36 

4 4 12 48 

5 wu 20 20 

TOTAL ROUTES 15 TOTAL ALLOCATIONS 112 

TABLE I.9 
  

17. A proof of this expression is given in appendix I. 

Ho is the number of ways of choosing h home ports from H home ports. 

N-Ha is the number of ways of choosing (n-h) non-home ports from a 

n-h total of (N-H) non-home ports.
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These results are verified by the output obtained from the route 

generation algorithm which is given in table 1.5. When journey time 

constraints are introduced, only 7 routes out of a maximum possible 

number of 15 are left when port 2 is selected as a home port in the 5 port 

problem. Four of the 7 routes consist of 2 port routes while the other 

3 routes contained 3 ports. This reduces the number of variables in the 

5 port problem from 244 to 66 as illustrated in table I 10, 

  

ONE HOME PORT IS ASSUMED 
  

  

  

              

. 2x Groups of ''n'' Ports ALLOCATIONS 

Without Constraint | With Constraint 

2 8 8 16 16 

3 12 6 72 36 

4 8 0 96 0 

5 2 0 40 0 

TOTALS 30* 14° 224% 52" 

TABLE [10 

* Total Variables without Time Constraints = 254 

+ Total Number of Variables with Constraints = 66 

Within Carifta the West Indies Shipping Service operate two ships based 

on Trinidad; the Booker Line has two hips” based on Georgetown, Guyana 

while the schooner operators are understood to operate largely out of 

Barbados and Antigua. The existing Regional Shipping Gommission° is 

only responsible for the first activity. 

Hence there would be one home port from which the Federal ships 

would serve eleven ports. The total number of rows associated with such 

a problem equals 354 from the equation : 

3N(N-1) + SH + 2N where N = 11 and SH = 2 

  

18. "The Federal Maple" and ''The Federal Palm". 

19. "The Booker Trojan" and "The Booker Talisman". 

20. The Transport & Allied Services Commission is expected to replace 

this body according to a statement made by Mr. Lightbourne, 

Minister of Trade & Industry in Jamaica at a meeting of the West 

India Committee in London on 26th September 1969,
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The total number of variables equals 34303 - derived in table ].11, 

  

  

  
            

n n(n-1) 2 [ eal TOTAL ALLOCATIONS | 

2 2 10 20 

2 6 45 270 

oa 12 120 1440 

5 20 210 4200 

6 30 252 7560 

rt 42 210 8820 

8 56 120 6720 

9 12 45 3240 

10 90 10 900 

ak 110 1 110 

1023 33280 

TABLE J .11 

While these numbers are within the limitations of the Ophelie linear 

programming package (used with a CDC6600), table H.10 suggests that the 

number could well be nearer 10,000 when the asterisked constraints are 

considered, 

4.3 A Reconsideration of the Port Constraints 

The use of these constraints is intended to identify those ports that 

affect the efficiency of the transport system and those that do not. Thus, 

more detailed models (United Nations, 1969) may be built to describe the 

operations of ports concerned, should this be necessary. Where the ports 

included in the transport model accept large numbers of ships from outside 

the region which use the same berths as intra-regional shipping the 

problem of defining a port's handling capacity could be difficult, Such a 

figure could only be determined after consultation with the port authority 

concerned to identify the priorities attached to different categories of 

shipping. For example, in the port of Casablanca (United Nations, 1969) 

the following rules are applied : 

First priority : passenger and tourist ships 

Second priority : ships carrying citrus and vegetable exports, and 

liner ships
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The main point to make-here is that such constraints have been used to 

ae 1 . 
describe port copaciices In the Caribbean, some ports are used for 

both inter and intra-regional shipping. The affected material balance 

equations are as given below :- 

  (A) (A) 
> a. > e (A) +3 (A) 

i iz and? a. <<) PP. 
J D ij 3 

> (A) > h (A) (A) 
< = Ba ¥ NS, < 8; an iK NS, a 

Now pA) = the cargo handling capacity, in tons, of the origin port 
1 

"i" in the time period described by the model. 

a = the cargo handling capacity, in tons, of the destination 

port ''j'' in the time period described by the model. 

ge = the ship-docking capacity, in number of ships of 

type A, of the origin port "i'' over the time period 

described by the model. 

aya = the ship-docking capacity, in numbers of ships of 

type A, of destination port "'j'', over the time period 

described by the model. 

Extensions to the intra-regional transport model could be made to 

incorporate the use of the region's ports by ships from outside the region, 

in the following way. 

Now an island imports a total volume of goods given by :- 

+ ' i Dasa 3 hie where the first term refers to those 

imports purchased from intra-regional sources and the second term 

refers to those imports purchased from countries outside the region, 

Where p 4 can be defined in terms related to specific ships where :- 

    21. See Whiton, J. C., Some constraints on linear programming models", 

Naval Logistics Research Quarterly, Date, Vol. No,, Page. 

The work referred to in this article was undertaken at the Research 

Analysis Corporation, McLean, Virginia. 

22. Sub-division of P, will almost certainly be required for cargo handling 

facilities are related to the following general categories of cargo : 

dry bulk, liquid, general and containerised cargo. (Appendix B).
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P; is related to ship type A 

ae is related to ship type B, which might operate outside the region, 

then the constraint equations become :- 

Fy oe and > 8 ioe pS) 
ijk jl ijk i 

All Alli 

or where A = B then 

(A) 
a + a < P 

G ijk 2s ijk' j 

The port-docking capacities for particular ship types are similarly 

affected. That is, they become 

(A) < fA) cq (B) (RB) Lie . NS, S; and ) He NS, S S; 

where > ws refer to the number of visits made by intra-regional 

shipping, as determined by the transport model, and NS. (B) refer to the 

exogenously estimated number of visits made by ships to the a port in the 

time period considered, 

These port constraints, while they may prove adequate in describing 

some ports, may be inadequate for others. Dr. Gainford (1971) has 

suggested that port docking capacity is related to ship length, not numbers 

of ships (although they are inter-related). Figure 1.1 illustrates ship 

length as a function of tonnage and suggests that the length of ships serving 

ports only within CARIFTA varies between 207! and 298' while those ports 

serving intra-regional and transshipment traffic may receive vessels 

varying in length from 207' to 403', Thus, port constraints may be 

modified as follows :- 

NS (A) KA) ih 
k i 

where 

NS, -K = the length of quay required by vessel (A) in one year when 

using route k, 

ze = the length of quay available to vessels in one year.
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4.4 The Value of the Model ee 

Other uses of the model can be envisaged, some of which are summarised 

below. 

- Ifthe oxisting transport system is incapable of carrying the demand 

for movement, but the ships must, for policy reasons, maintain 

their existing routes, then the model could be used to determine both 

the ship capacity and the routes to be followed by tne new ship(s) to 

minimise the cost of transport provision and operation while 

satisfying the demand for movement. 

- The model could be run for different seasons of the year to identify 

the number of vessels that will be needed for the season, at which 

date to withdraw vessels and the route structure to be followed. 

- Changing water levels resulting from dredging or other port 

improvements can appreciably alter a ships capacity in certain 

ports. Appropriate changes in the ot values will simulate such 

changes. Tides, however, are of negligible importance in the 

Caribbean. 

- A by-product of the linear programming solution is the set of simplex 
25 

multipliers for the rows. These give the rate of change of the 

objective function with respect to each of the right-hand-side values. 

Thus, they represent :- 

- the change in the cost of transport operation per ship-journey 

completed over are (i, j). 

- the marginal cost of unit transport capacity provided. 

(Second, third and fourth constraints.) 

= the marginal cost of handling additional units of cargo 

(fifth constraint) 

os the marginal cost of docking capacity at a port per ship- 

journey. (Sixth constraint.) 

Thus, these shadow-prices are particularly useful for pricing. 

  

25. See section 1,2 of appendix F, where each row category is defined in 
the order in which they are discussed above.



- Another by-product of the model is the set of relative cost 

coefficients assigned to each of the non-basic variables in the 

problem. Some of these refer to the routes not in the solution, 

and hence they indicate the desirability of each such route. This 

is useful in suggesting alternatives to the optimal solution, 

S Finally, the model may be used for data collection purposes. Data 

on the shipping system may be input to the transport model in terms 

of the routes, ship and port capacities; the number of ship-journeys 

per year would be set at the number which occur in practice. As 

the system is known to be feasible, then if a feasible solution 

results when estimates of traffic handled are input to the model, 

the estimates must be reasonable approximations. The approach is 

illustrated in figure I .2. 

The result of such a sensitivity analysis, conducted ona solution?© to 

the 5 port 24 route problem is given in table 1.12, 

  

26. Solution X2; for author's reference only.



  

  

  

  
    

    

   

  

  
  

  

  

SPECIFY INITIAL COLLECT DATA ON 

ACCURACY FOR Cj SHIPPING ROUTE SCHEDULES 
TRAFFIC FLOW | PORT AND SHIP CAPACITIES 

ESTIMATES AND TRAFFIC FLOWS OVER 
THE SHIPPING NETWORK 
(APPENDICES F AND L) 

USE TRANSPORT MODEL 
IMPROVE ACCURACY TO DERIVE AN OPTIMAL 

+>} 
OF DATA CONCERNED 

  
  

  

  

  

  

  

SOLUTION ic. AN 
OPTIMAL ALLOCATION OF 

TRAFFIC TO THE 
ROUTES AVAILASLE 
  

  

USE SENSITIVITY 
ANALYSIS TO DETERMINE 
+ Abjj FOR WHICH THE 
SOLUTION IS FEASIBLE 

{ APPENDIX K) 
  

  

INPUT (ajj+€);) TO 
L.P MODEL TO CONFIRM 

FEASIBILITY     
  

DATA COLLECTION ACTIVITIES 

Pig.d2: 

o
O
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Trade Flow Value Acceptable Limits Acceptable Variation 

aro 4008 Oto 5969 - 100% + 48% 

B43 5200 Oto 13710 - 100% + 164% 

ai4 3400 Oto 3642 - 100% + 1% 

ars 865 Oto 10023 - 100% + 1058% 

ay 3200 2639 to 3570 - 20% + 11.6% 

a3 29000 28169 to 29370 - 2.8% + 1.26% 

a4 45760 831 to 177204 - 98% + 287% 

aos 8600 7769 to 8970 -9.7%+ 4.3% 

aay 11 0 to 381 - 100% + 3370% 

ago 5974 Oto 17400 - 100%+ 192% 

ag4 10539 Oto 23026 - 100% + 119% 

age 0 0 to 370 - 100% + © 

ayy 19655 18824 to 20025 - 4.2% + 1.88% 

Ago 201360 69916 to 205088 - 65% + 2.36% 

ays 14000 13169 to 14370 - 6% + 2.64% 

845 3642 3400 to 4473 - 6.6% + 23% 

ag, 7 0 to 377 - 100% + 5300% 

aso 1201 830 to 9431 - 31% + 685% 

ass 1475 Oto 9985 - 100% + 580% 

as4 31 Oto: 8541 - 100% + 2'7500%       

If the accuracy of the data initially collected was + 10%, then either the 

accuracy of those flows which upset the optimality of the solution should 

Sensitivity Analysis, Table 1,12 

be improved, or the effect of errors + 10% on the solution should be 

investigated,



  

APPENDIX J eo 

1 The selection of groups of ports which contain a home port. 

The CARIFTA region contains a number of islands. Each island 

has a port which is served by one or more ships. These ships use 

predetermined routes which always include their home port. To determine 

all the possible routes which might be used, means firstly, identifying 

all the possible groups of ports which include one or more home ports, 

The approach is as follows : 

Let n = the number of ports in a group of ports 

N = the total number of ports in the region 

H = the maximum number of home ports 

h = the number of home ports selected for inclusion in the group of 

"n" ports. 

H 4 Lie If n = 1 there are only Cy ways of choosing n from H home ports, 

Os If n = 2 either one or two home ports can be chosen for inclusion in 

the 2 port group. Ifh = 2 there are o. combinations of two home ports 

when both ports must be home ports. 

If h = 1 (there being ne ways of choosing one home port from H 

home ports) then a non-home-port must be chosen to go with it, otherwise 

the h - 2 case would recur, The number of ways of choosing a non-home 

port is aor aoe the total number of two port groups with one 
=H 

home port is Cal Cc 
1 Lye 

The total number of two port groups which include all combinations 
'-H of one and two home ports is therefore equal to Ce, HN c,| + me 

3. If n = 3 one, two or three home ports can be selected for inclusion 

in the n = 3 port group. 

If only one home port (h = 1) is to be included in the three port group 

then n-1 = 2 others must be chosen to make up the number. That is, one 
See NET home port can be chosen in Cc, ways; the two others in Cy ways. 

  

1. This appendix was written by J. Walker and the author;
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If two home ports are chosen (h = 2) then one other (n-2 = 1) must be 

chosen to make up the number, That is, two home ports can be chosen 

in AG ways; the other one in es ways. 

If thre e home ports are chosen (h = 3) then as(n-3*0 no others 

need to be chosen to make up then = 3 ports. That is, three home ports 
panes! 

can be selected in Cz ways. 

The total number of 3 port groups which incorporate all the 

combinations of one, two and/or three home ports is equal to:- 

N-H 
Cy Cc H N-H H 

20 5eSS C, + Cg 

K,In general, ifn = K then 1,2,3....K home ports can be chosen, where 

KSH must obviously apply. 

If only one home port must be chosen: i. e. one home port can be 

chosen in ne ways; (K-1) others in a Cry ways. 

If only two home ports are to be chosen then (K-2) other ports 

must be chosen; i.e. two home ports can be chosen in eh ways, (K-2) 

others in BAC cs ways. 

If K home ports are to be chosen, then no others have to be 

chosen; i.e. K home ports can be selected in mcr ways. Therefore, the 

total number of port groups with n = K ports equais:- 

N-H HH, |N-H HH, \N-H H ('c} Cey { c,) Cro ( cf Cy gree eset Che 

This expression holds if home ports that exist are chosen i. e, hSnSH 

and that no more than N-H others are chosen i.e, n-h<N-H 

The above series * automatically truncates itself at both ends. 

If n>H then zero terms will occur at the right hand tail of the expression 

because ace is zero for K>H. If n-h + N-H then zeros occur at the left 

hand tail, If n>H and n-h>N-H then there will be zero terms at both 

ends of the expression. Hence the expression:- 

2s 
Dn f N nee 

k= 

n-h<N-H
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can be used to determine the number of groups of "n''ports which include 

"h'' home ports. If the groups of ports obtained for n=1,2,..N ports are 

summed, then the answer will state the maximum number of groups of 

n=1,2...N ports which include all combinations of h=1,2......H home ports.
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APPENDIX K 

iby An Application of Parametric Linear Programming 

The data given in Appendix | was used to apply the parametric approach 

to transport investment planning as described in section 3.2.2.2. The 

initial values of trade assumed to flow between each node in the 5 port 

region assumed are given below. 

  

  

  

  

  

                  

PORTS di 2 3 4 5 

1 - 4008 4862 + 6,250 | 3156 + 6170 865 

2 2806 - 23972 + 61500 45760 8266 + 0430) 

3 11 5974 - 10539 0 

4 19655 201360 12397 + 6630 - 3642 

5 7 1201 1475 31 - 

INTER-ISLAND TRADE FLOWS, Table K.1 

For simplicity, only a few flows were assumed to increase over time. 

It can be seen from the above that the general flow equation is :- 

a.(0) = a,.+(0.05a..)® = a,(1+ 6) 
ij ij ij ij 

The values of (0.05 a;,) given in the above table are approximate and no 

particular significance should be attached to this fact. 

The ship docking and shipping capacities used in deriving a solution to 

the programme were :-



  

  

      

CONSTRAINT NOTATION VALUE 

Ship docking capacity, port 1 Sy 30 

Ship docking capacity, port 2 Sy 240 

Ship docking capacity, port 3 83 70 

Ship docking capacity, port 4 8, 240 

Ship docking capacity, port 5 8, 30 

Number of Ships within Carifta SH 4 

Journey frequency 365/T, 22 

Transport System Constraints, Table K, 2 

For purposes of illustration, the changes to the optimal basis as @ 

increased with the data describing the existing transport system were as 

listed below. 

  

  

THETA Z VARIABLE IN VARIABLE OUT 

0 1.32356 - e 

0.3014 1.32611 ARC3523 = 58* NS, = 3.90 
" " eS ie 84304 163 ®o503 7 214 

1.2410 1.33705 aggi4 = 168 aio04 = 142 

Deol |. 1.33865 84319 = 259 NS, = 88 

1.4235 1.33924 NS, =115 ARC1416* = 14 

1.8469 1.33488 ARC5219 = 43% NS. = 130 

2.1445 1,34985 8g593 = 214 ayzo4 = 163 

" " = “= 89519 210 ARC3523 58 

3.0801 1.3655 LIMIT OF FEASIBILITY 
    * SLACK VARIABLES     

  Basis Changes. Table K.3 
  

1, This base year case assumes that no investment in port or shipping 
has been made, 

204
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The meaning of the incoming and outgoing variables is explained in 

table K.4. 

  

  

      

VARIABLE MEANING 

i TI 84304 That part of agg assigned to route NSo4 

NS, Route 3, number of ship-journeys. 

S3 The docking capacity of Port 3. 

Table K.4 
These results are illustrated in figure K.1. With 6 = 1.432, it can 

be seen that a change in the transport network becomes a necessity, if 

the envisaged trade flows are to be moved within the time period 

considered by the transport system. Before such a change, a reallocation 

becomes necessary if the demand for movement is to be satisfied at 

minimum cost, Thus, the reaction of shippers to a re-routing of their 

commodities will need to be determined to identify whether the 

re-allocation identified by the model will take place, or whether an 

alternative transport mode would be selected. If mode changing takes 

place when the frequency of service drops below some determined 

level of service such an activity could be replicated through the 

iteration of the inter-related models. 

As previously stated a change in route structure occurs as @ increases. 

These changes are given in tableK 5.



COST £M 

168, 4 

162 | 

60 

58 

48 J 

46 | 

44 | 

42 | 

  
  

0.5 

Ne 35ea 
~ 92519 
  

OUT - 94394 

-ARC3523 

IN-NS 5 

OUT-ARCIAI6 

  
BASIS CHANGES 

UZ OTH=NS ig 
_ 

IN= 84319 
OuT-S, 

INFEASIBLE 

cs)
 

  

a 

  

Figk..1. 

 



  

  

  

  

  

  
  

    
            

NOTATION @ =0 INCREASE IN 8 = 3,08 
= = = TRADE FLOW aT ROUTE INITIAL from 020 to 9.08 FINAL 

NS, - 0.28 

NS, 5.97 Sot 

NS, 173,43 163.39 

NS, 14.0 14,31 

NS 3.16 0 

‘ NSi4 1,47 4.01 

NSi4 0 0.07 

Ss 64 ° Ni 16 3 3,64 

NSiy 23.03 27.64 

NSig 1.2 - 

NSig 0 4.36 

NSo 4 22.0 22.0 

Pian o oO 

Ayo19 1473 4008 

1913 2 o 0 

1991 9 0 
24996 2535 = 

Bi 304 5200 770 5870 

A443 0 282 

84416 3400 523.6 3642 

ais5o4 865 0 865 

Basis Changes, Table K .5 
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| ROUTE INITIAL FINAL 

2901 0 0 

aor 0 0 0 

Bao 3200 3200 

Boag 5974 5974 

aT 23026 27646 

Bota 0 4620 0 

9301 o 2 

Bode 44287 40191 

ao419 1473 0 4008 

8419 0 1561 

®o5g 3157 0 

89513 2 o 

®osis 1201 0 

Bete - 1324.4 2797 

89593 w 2 

Bene 4242 7127 

83104 11 0 11 

Boe 5974 0 5974 

eaaea 10539 0 10539 

8g593 0 0 0 

ane 0 281.6 

ae 1473 0 4008 

ae 0 68.4 

®4116 3642 3642 
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ROUTE INITIAL FINAL 

24120 2 . 
: 

agto4 14540 11655 

a, 173427 163387 

Bate 23026 0 27646 

Suga 4907 10327 

ake 14000 14311.5 

rae - 1940.4 1560.6 

24393 o 9 

re 3642 0 3642 
| 

95115 ° 0 
Bah 7 oe 7 

| 

aso” 8 9 
wy 1201 0 

85019 1201 
zs aera 1475 0 1475 

Asana oe o oh         
  

  
Basis Changes. Table K.5 (continued) 
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Table K.5 shows that route changes rarely occur but that re-allocation 

of cargo occurs frequently in maintaining optimality. As 9 increases, 

the route structure increases incrementally. In practice, the solution 

values of the route structure selected by a shipping authority would be 

those which would satisfy the demand for transport at the end of the year. 

For example, if in the above eauea @ = 1,424 at the end of year 1 and 

@ = 3,08 at the end of year 2, the although for example, NS19 changes from 

@ at year 1 to 4.36 at year 2, the shipping authority would publish their 

shipping service over route NS19 as 4.36 journeys. In practice, a much 

higher integer value would be quoted. Where changes of the optimal 

basis occur when the value of @ is equivalent to the mid-year forecast 

of intra-regional trade, either the routing pattern would be changed if, 

with the maximum values of trade forecast in that year, the system was 

still feasible, or the system corresponding to the optimal basis in the 

second year would be chosen, 

The route network at the start of the period (@ equal to zero) is shown 

in figureK.2. Route 16, which is 1451 has a small amount of slack on 

arc 14, As trade flows ay3) ayy agg agss and agg are assumed to 

increase over time, clearly trade flow a,, will affect route 16. Asa 

increases the slack on arc 14 is aia zero as shown in figureK. a 

Once aig increases beyond the point at which zero slack occurred, a new 

route 141, (defined as route 3) enters the network of routes and carried 

any further increase in the ar, trade flow. The return journey on this 

route (over arc 4,1) is also fully utilised (that is, the ship plying over 

route 141 is fully utilised over arcs 1,4 and 4,1) as part of the trade flow 

aay is transferred to it from route 24, which visits all the ports within 

the defined region. The introduction‘of route 3 occurs because the 

marginal cost of its introduction is less than the cost of maintaining the 

allocation of trade to route 16, where extra journeys would be required 

over this route if the demand for trade is to be satisfied. In fact, if 

this re-allocation did not occur, slacks on arcs 4,5 and 5,1 could result, 

  

2. In this case, the value of 9 is the number of years since the start 

of the period,



  

VI3NZSNSA 

vigWo109 
S
o
 

. 
VAVNYd 

Volt 
VLSo5! 

@ 
YyayNauS 

B
Y
 

a
e
:
 

“ 
_ 

. 
ida 

a
 

ovovund 
& 

: 
soaveuve 

“© 
® 

INSONIA 
1S 

venuy 
: 

= 

a % 
voininoad 

 
 

T
a
a
v
n
d
S
 

  

© 

  
aoves 

aasn 
©
 

G 

Pl 
ca 

S
S
I
M
L
N
N
O
D
 

V
L
A
l
Y
V
d
 

 
 

 
 

SHIPPING ROUTE I6-YEAR O ( NO INVESTMENT ) 

Ke. Fig. §



2l2 

     

m
e
 

‘ 
* 

4 
ovovuna’. 

© 
soaveuva 

® 
“INSONIA a

 
vanay 

i
=
 

yiom 
1s 

© 
ey ot

 

  

=
 

4, 
VoININOG 

~ . 
~
 a
 

r
e
 

gaavno 
SSLNOW 

y
n
o
l
L
n
y
™
 

l
i
s
e
 Ody 

OLUSNd 

my 
sovds 

aasn 
(&) 

saisinnos 
yialuvo 

Of 

V
I
S
N
Z
S
N
S
A
 

is 

>, 

  

4 
B
i
n
 

~
 

V
I
S
W
O
1
0
5
  
 

              

VIANVNYd 

V
O
W
S
 

vord 
ss 

INTRA-CARIFTA. SHIPPING ROUTES—YEAR 3 (NO INVESTMENT) 

(ONLY ROUTE 3 AND ROUTE 16 ARE SHOWN ) 

 
 

Fig.K .3.



In addition to running case 1 as described above, other cases were 

run where a variety of port improvements were postulated. These 

alternatives are given in table K.6. 

  

  

  

                

Case | Alternative Cases 
Constraint Notation 1 2 3 a 

Ship docking capacit As, 8, = 30 - +10 | +10 

" 1" " a . = Ee As, S, = 240 

" " " = z As, S,= 70 | +10 +10 

" " " x i o Ki AS, S4 240 

" " " & E ee 
A S5 5S. 30 + 10 

Alternative Improvements, Table K.6. 

The results for each alternative are as given in tables K.7to &.9. 

  

  

THETA Z Variable In Variable Out 

0 1.32356 "a vi 

1.424 1.3356 NS, ARC 1416 

4,996 1.3674 ARC 3523 8,(srack) 

" " 
®4304 99523 

5,284 1.3709 84319 8, (s.acx) 

5,488 1.3736 ®y593 ®4so4 

" " 
85519 ARC 3523 

5.753 DOCU ARC 5219 NSig 

5,797 1.378 - =           

  

  
Results for Case 2. TableK .7



  

  

            

  

THETA Zz Variable In Variable Out 

0 1, 32356 : a 

1.4235 1.3356 Bete ARC 1416 

i ‘ 9143 *4519 

4,996 1.3674 eases S, SLACK 

: : 84319 #4522 

i ? 84304 #9519 

5.4121 1.3724 NS, 4 Bais a 

7.948 1.403 see ARC 1524 

s v Baas ARC 5315 

7 a Bip ARC 1513 

" " ARC 5113 ARC 132 
sy SLACK TIME 54 S, SLACK 

8.375 1.4088 Senos NS, 9 

¥ » NS, 5 ARC 3523 

9.659 1.4284 ARC 5219 S, SLACK 

10,163 1.437 ARC 5223 ana 

10.88 1.453 oe NSg 

‘ : 99519 ®4304 
10,893 1.453 - - 

Results for Case 3. Table K.8 
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THETA Z Variable In Variable Out 

0 1.3188 i zm 

0.14453 1.3202 Batty ayetg 

1.42235 1.33474 ante ARC 1416 

= f 99518 Mei 8 

‘ : 9413 93518 

1.7305 1.338 ar ten 

3.365 1,357 ay aa ARC 348 

. 99524 89121 

4.817 1.3797 here ARC 1524 

Bae: ARC 5315 

2154 ARC 1513 

ay ARC 154 

ARC 5223 ARC 132 

ARC 257 ae 

ARC 5219 Ago 

8.889 1.444 Boot. Bent 

ARC 132 Bia9 

ARC 5315 ere 

ARC 1524 oe 

9.330 1.4507 acne S, SLACK 

Bead ARC 3111 

eson1 #9518 

83901 So111 

99324 99121 

9.622 1.4567 8o519 84304 

10.893 1.4825 - - 

Results for Case 4. Table K 9 

2i5
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FORECASTING METHODS AND SUPPORTING DATA 

ad. Introduction 

There are several methods of forecasting trade flows between 

regions. The objective of these methods is "to show, ina 

quantifiable manner, the structural relationships between regions, 

so that the effect of an autonomous shock may be traced to, and 

through, the ''n'' regions under consideration" (Tiebout, 1968). 

The original approach due to Isard, (1953) was developed to 

illustrate, not only the inter-industry relationships by region, but 

the inter-industrial and inter-regional relationships of a country. 

The framework of such a multi-regional model was discussed in 

section 4.2.of Appendix L. 

"The transactions table of such a model shows, not only the sales of 

a given industry to all other industries in the region, but also the 

sales of that industry to all other industries in the other regions of 

the system" (Miernyk, 1967). 

The conceptual framework of an open, static input-output model 

is given by Leontief, (1953). The accounting balance equation is 

  

given as; 

x - = ¥; where 

x = the total output of the jth industry 

Xjj = the demand by sector "j'' for part of the output 

of the i? sector 

Y; = the final demand for the output of the ith sector
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The structural equations are given by the production 

coefficients for each industry or sector 

Xj = Ay + Xj ford = 132) s56 Me) = £2 2 oes 

where ai is the production coefficient indicating the amount of industry 'i" 

needed to produce a unit of the output of industry ''j''. 

These two equations yield: 

  

This system of equations may be solved for X if a bill of final 

demands Y,, Yo Fie Peete Mion is known, from the equation: 

xX=(1- a)7t Y where I is the unit matrix anda = [J for all i, j. 
iy 

Subsequent refinements have been made which add another 

dimension to national input-output models; namely, the regions are 

identified. The X; become Xj which represents the total output X 

of industry "i'' in region p. The delivery of this output pX; to all 

sectors and all regions can be described by the relationship: 

ad q i,j = 1,2 ..... msectors 

1,2... regions 

where _X,. = the delivery from industry "'i'' in region p to industry 

"j' in region q. 

pri = the total output of the commodity produced by 

industry "i" in region p 

pq*i = the final demand for industry "i" in region ''q"’ met 

from region "'p''.  
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Assuming constant production coefficients, then the coefficient for 

a specific cell, say sector j, may be expressed as: 

  

PSR 
patty = pad ij = the delivery of 'i"' in region "p" to "j'' in region ''q" 

a4 the output ot "3" in region 'q" 

Substituting technical input coefficients into the balance relation, 

the na may be solved for the whole system of regions and industries 

(or sectors) from the equation 

pir 3 Tt A (o% i) "pas 
afk. J q 

The solution of equations for the required output of each 

industry in each region in terms of the bill of goods is determined 

from the inverse in the normal way. 

In this form of model, the relationships for the production 

coefficients pant, assume that an industry in one region can be 

different from the same industry in another region. An alternative 

approach is to replace the coefficients for each industry in each 

region by two types of coefficients, one relating inputs to outputs, 

the other concerning regional coefficients.
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Firstly, each region is assumed to have a separate input 

coefficient: 

ae ey 
qa = See where 

qj 

ij = the input to the a industry in region ''q" from the 

ith industries in all regions 

qj = the output of the j2 industry in region ''q" 

Secondly, the regional coefficients define the proportion of the 

inputs of the ith industry received by region 'q" from region "p". 

That is: 

  pqi where 

= the inputs to all industries in region '"q'' from 
pq i 

industry "i'' in region ''p" 

Oar = the total inputs from the type ''i'' industries imported 

toe by region 'q'' from all the regions 

As aij equals the inputs from the it) industries in all regions 

Wat 
to the jth industry in region ''q'' per unit of output of the jth industry 

in region q then of this a,., (_a,,. +t.) units will be coming from 
qi 41) pat 

region "p". 

/ Once the values of qi and mai have been calculated, then the 

values of (a... __t.) may be input to the balance relations given 
qij pqi 

below:
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- \ BS Ps ; 
>» Do[sts ij, pq ‘| Ce ie > pqvi ¢ alli,p. 

Ge q 

A solution of the levels of regional outputs immediately follows. 

Although there are a variety of input-output models they can be 

broadly classified into "pure" inter-regional models, "balanced" 

inter-regional models and "'gravity'' models. 

25 Pure Inter-Regional Models 

The pure inter-regional model has been particularly useful for 

determining national implication of regional projections for it is 

implemented "by aggregating a number of regional tables''(Miernyk, 

1967). 

N "The transactions table of such a model shows, not only the 

sales of a given industry to all other industries in the region, but 

also the sales of that industry to all other industries in the other 

regions in the system"(Miernyk, 1967). Figure L.| illustrates the 

format of a ''pure'' inter-regional transaction table, If the appropriate 

data could be acquired for such a model, "it would show how changes 

in final demand for the products of one region generate impulses that 

are transmitted to other regions'' (Miernyk, 1967). 

An example of a pure inter-regional model was developed by 

Isard and consists of a series of six input-output tables, one for 
  

I,The description of this model is based on that given by Ghosh, A., 

Planning, Programming and Input - Output Models, Cambridge 

University Press, 1968, pages 116 and 117.
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each of the sub-basins of the Colorado River Basin@ . “Inthis 

analysis, a separate regional input-output table was constructed for 

each of the six sub-basins. The sub-basin tables are linked 

together through import rows and export columns. That is, instead 

of the single import row and export column found in a national 

table, each of the sub-basin tables has two import rows and two 

export columns. One import row, in each of the sub-basin tables 

shows imports from other sub-basins in the Colorado River Basin 

and the remaining rows show imports from the "rest of the world". 

Similarly, there is a column showing exports from each sub-basin 

to all other sub-basins and a second column for exports outside the 

Colorado River Basin. Through this linkage it is possible to show 

how an exogenous change (a change in final demand) in any one sub- 

basin will affect the level of activity in other sub-basins. Although 

it is rather an awkward term, this is actually an inter-sub-regional 

model since it is primarily concerned with intra-regional inter- 

dependence. After the six tables had been constructed independently, 

the import rows and export columns were reconciled to make the six 

sub-basin tables internally consistent''(Miernyk, 1967). 

Where imports and exports account for a substantial proportion 

of total transactions in an input-output model of a region, two basic 

model forms may be used. ''For simplicity, these will be referred 

to as the ''dog-leg"' and ''square'’ models. The square model is 

identical with the national input-output table of the kind illustrated 

in Figure .L.2 gWhile it might contain two or more important rows 

and a corresponding number of export columns, both imports and 

exports are highly aggregated in this type of system. In the dog-leg 

  

2. This model was used by Professors W.H. Miernyk, B. Udis and 

Dr. Clyde Steward as the basis of a comprehensive study of economic 

growth in the Colorado River Basin conducted for the United States 

Public Health Service of the U.S, Department of Health. (Miernyk, 

1967).
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model, imports and exports are disaggregated by industry and 

sector. The basic transactions table of the region being analysed is 

set in the upper left-hand corner. This part of the table is similar 

to a national table except that it does not include any import row and 

an export column, Instead there is an export ''table'’ appended to the 

right of the transactions table, and a similar import "table" appended 

below the transactions table. Such a table shows the inter-industry 

transactions within the region and also the detailed inter-industry 

transactions between this region and another region or "the rest of 

the world''(Miernyk, 1967). 

"This type of transactions table is particularly useful for making 

a structural analysis. It shows in detail the sources of demand for 

goods and services produced in the region under study, and it shows 

in similar industrial detail where imports come from and the 

destination of exports. If one wishes to go beyond a detailed 

description of structural inter-relationships, however, not all of the 

detail in the dog-leg table can be employed. The only part of the 

table which is inverted to obtain a table of direct and indirect 

requirements per dollar of final demand is the processing or 

endogenous sector of the basic region's transactions table, and in 

practice the final demand columns are combined into a single final 

demand vector for analytical purposes. When this stage of the 

analysis is reached, the export and import ''tables'' are collapsed 

into a single row and a single column". (Miernyk, 1967). 

Ss Balanced Inter-Regional Models 

3.1 An Outline of this Type of Model 

"A balanced regional model is constructed by disaggregating 

a national input-output table into its component regions''(Miernyk, 

1967) and is therefore particularly useful for determining regional
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implications of national projections. This type of model 

explicitly recognises for a given nation, an hierarchy of regions and 

commodities. 'National commodities are those commodities whose 

production and consumption balance only within the nation as a 

whole. Regional commodities of the first order are those whose 

production and consumption balance within the nation as well as 

within each first order region. Regional commodities of the second 

order are those whose production and consumption balance, not only 

within the nation and each region of the first order, but also within 

each region of the second order''(Isard, 1960). By definition, no 

regional commodity is subject to inter-regional trade. Thus the 

balance equations for the economy as a whole are: 

  

1: oe 2 eg at xe (National) 

n 

ie yan x + Dain oat Yy (Regional First Order)* 

1 n 

Therefore Bey = a A ey + Gy. « pon + od (Second Order) 

since, for locally balanced commodities equation * holds for each 

region where the vectors are defined as follows :- 

xy = the total output of the regional commodities 

Y, = the final demand for national commodities 

Yy = the final demand for regional commodities 

pl = the production of X, in region Np 

a = Up! = the production of Xx, in region 

a = the input-output coefficients
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Given the final demand items for the nation as a whole, the 

outputs of industries producing national commodities are determined 

from a set of inverse matrices as described below. 

Data onthe existing geographic distribution of current 

production can be used to determine that portion of X, to be produced 

in each region. That is: 

sea = oan - X, where 

» 0 the output of the national industries 

that amount of X, produced in region "p'' per unit of nF 

To produce these outputs of national industries in each region 

(equal to pen» inputs of both regional and local commodities are 

required. The level of output from the regional and local industries 

required to satisfy the production level pon as well as the level of 

final demand at regional and local level can be determined by 

substituting the derived values of X, and pn into the equations: 

x= ye * Dein tM 
T n 

p> den moe Dein: p&nt p% 
1 n 

Mathematically, pon = pon y= 5 yh XY Sain > Xt %a| 

1 n 

ee, = yan ee ys 0 [ps | 2a x + oe Xt “af 
i n n 

3h Ded
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Therefore, if final demand for local commodities is known in each 

region, and if final demand for national commodities is known for all 

regions together and can be sub-divided by region, then a trading 

pattern as well as an output pattern will emerge. Because it is 

assumed that a given industry has the same cost structure in each 

region, national input coefficients can be used as regional 

coefficients. In this model it is also assumed that industries in the 

different regions which produce a commodity which is subject to 

inter-regional trade, contribute to that commodity in fixed 

proportions. 

The trading pattern which emerges from this model shows each 

regions vector of imports and each region's vector of exports, but it 

does not show either the source of the imports or the destination of 

the exports. In other words, the regions are not connected directly 

but only indirectly through the economy as a whole. Also it can be 

seen that this model allows; 

- variable relative regional outputs, but no trade in 

locally balanced goods and, 

- variable trading patterns but fixed relative regional 

outputs for goods entering into regional trade. 

In these approaches a set of pure trading coefficients for 

regional flows has been assumed constant. There is no valid reason 

for assuming that inputs which are substitutes must come from one 

area in preference to another. In Section 3.2.4.2 it was suggested 

that if a commodity is produced in many regions purchases by other 

regions will be determined by a number of factors. The supplies 

from different regions are always potential substitutes and sources 

of supply may be changed if these conditions change. Secondly, 

there is no reason to anticipate that as final demand changes, all 

regions will expand or contract outputs of any national industry in 

fixed proportion, as implied by the use of invariant allocating



  

228 

coefficients. To overcome the problems of substitution an 

interesting variation of an inter-regional model has been developed 

by Moses, (1960). He has blended inter-regional input-output 

analysis and a linear programming technique to make an empirical 

study of regional comparative advantage in the United States. In 

this study, trading patterns as well as regional outputs and 

requirements of all goods are determined while allowing for the 

introduction of alternative production techniques and substitution 

(between regions) into input-output analysis. 

This differs from the normal transportation study, where the 

supply (availabilities) and demands (import requirements) at each 

node of a network are specified, as well as the cost of node to node 

transportation. 

3.2 The Data Needs of the Model 

A two region closed economy is assumed, where each region is 

engaged with the other "in the production and distribution of three 

homogenous commodities: food, fuel and clothing!” "The assumption 

of homogeneity means that a given food from one region is a perfect 

technical substitute for the same good from another region. This 

being the case, economic rather than technical considerations will 

determine the regional flow of goods"(Moses, 1960). The fourth 

and fifth sectors of each region's input-output table consist of 

transport (a single transport medium is assumed) and the household 

or final demand sector while labour is treated as the only primary 

factor of production. 

Regional final demands by sector, regional capacities and the 

inter-industry transactions table for each region must be known for 

the model to be applied where:
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yr = the final demand for the output of sector "i" by 
1 

region "r" 

KT = the maximum amount of sector 'i! which can be 

produced in region 'r' per unit of time 

For example, K} represents the maximum amount of freight 

can be handled by the transport industry (sector 4) of the first 

region per unit of time. Finally: 

L’ = the maximum amount of labour which the final 

demand sector region "r" is able to supply 

"The L's do not carry subscripts because the model assumes 

that within each region labour is homogenous and perfectly mobile. " 

(Moses, 1960). The inter-industry transaction table for each region 

is assumed to list "the inputs required to produce a unit of each good 

in each region and to transport it to itself and the other regions" 

(Moses, 1960). In this case, each inter-regional input-output table 

has a number of transport columns, the precise number being equal 

to the number of regions multiplied by the number of producing 

sectors. The transport row is omitted from these regional 

matrices. Thus, the inter-industry,transaction table uses the 

headings shown in FigureL3 which illustrates the technological 

coefficient matrix for one region. In abbreviated form, this 

matrix can be written (av).
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The coefficients can be defined as follows: 

ab, = the amount of sector 'i' that is required to produce 

a unit of 'j' in region 'p' 

wh? = the amount of sector 'i! required to transport a 

unit of sector 'j' from region 'p' to region 'q!' 

The reason for sub-dividing the transport sector into several 

columns is that "the transport industry's requirements may differ 

for hauling given weights of different goods. Input requirements may 

also differ for hauling a given weight of a given commodity between 

different pairs of regions. Since changes in the composition of trade, 

by commodity and/or by region, may take place from period to 

period multiple transportation columns allow us to take into account 

the effect of these changes on all regional outputs" (Moses, 1960). 

The reason for the omission of the transport row in each matrix 

is that transportation service, interpreted as ton-miles, need not be 

included as an input, for "the effect on output of variations in the 

quantities of physical inputs is taken into account in the parameters 

of the production function. Variations in the distance these physical 

inputs travel will not affect the output of an industry ... his 

reasoning also appears valid for a linear production function. Output 

of any industry still depends on the quantities of the various inputs 

employed rather than on the distances they are transported. "(Moses, 

1960). 

By omitting the transport row, Moses allows substitution of 

products between sources, i.e. "they can still substitute spatially 

by using more of a given input from some regions and less from others. 

The derived transportation coefficient would be stable only if the 

inter-regional trading pattern of every good was frozen"(Moses, 1960).
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"Trading patterns, and expenditure on transportation are determined 

within the model, rather than assumed at the outset", In so doing, 

the rigidity of a coefficient "which purported to reflect the 

expenditure on transportation by an industry in a region per unit of 

that "industry's output" is avoided" (Moses, 1960). 

oe! The Variables to be Determined 

The model was designed to determine inter-regional and intra- 

regional shipments, as well as regional outputs where: 

pa 
5; = the shipment of the products of sector 'i' between region 'p' and 

region 'q' 

x,P = the output of sector 'i' in region 'p' which consists of 

the direct and indirect requirements necessary to 

satisfy the given regional final demands 

By ignoring the inventory problem, Moses was able to state 

that the sum of all shipments of a good by a region is its output of 

that good. That is: 

for p, 54,2 eceeth GHOT Sls 2 eed q 

  

where the output of sector 'i' is equal to its shipments to itself plus 

its exports to region 'q'. "Since national outputs are the sum of 

regional outputs, the former are also derived as a by-product of the 

model. Total transportation costs can be determined by multiplying 

total shipments of each good by the relevant per unit shipping costs" 

(Moses, 1960).
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3,4 Substitution and Cost Minimisation 

By allowing substitution of products between sources and by 

assuming the homogeneity of commodities traded between regions, 

the "firms or households in each region can adjust their purchasing 

pattern to minimise costs". A linear programming problem was 

derived from these considerations such that, for the case discussed: 

Sa 

Ze pa 24 2. P+ vbsP4 where: 
i=l p=1 q=1 

ay = the amount of sector 'i' that is required to produce 

a unit of 'j’ in region 'p! 

oT) = the amount of sector 'i' required to transport a 

unit of sector 'j' from region 'p' to region 'q! 

g,P4 = the units of sector 'i' shipped between region p 

and region q 

That is, the total labour required directly and indirectly in 

production and transportation, in regions 1 and 2 to satisfy 

regional final demands must be minimised. 

Thus, in the above expression, the a's are labour inputs in 

production, the v's are labour inputs in transportation and the Sj 

variables, when summed by region, determine the output by sector 

'i', For example, the second term is ce (ah, ae ava) +... Which 

states the amount of labour required to produce and transport 

512 units of sector 1 from region 1 to region 2.
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35 The Constraints 

For each sector of each region the final demand is equal to the 

output of that sector, at plus imports mi, minus exports e} minus 

the intermediate demand Die thus, in this example: 

e 1 iF L 1 Yy = xy +m - (ey + ny) 

Now xy can be expressed entirely in terms of shipments. Thus, 

xq = ot + ao 

et = eis 

mt = st! 

nl = (ary + mao) st! + Gt + ee st 

+ lato + 1v2) as! + (ah, + iva) aa 

1 Lind + (aj, + 4V3) ae + (ayg+ 175°) a 

"Here, the first three terms represent the quantity of food which 

region 1 must grow in order to produce and transport stipulated 

quantities of food, fuel and clothing to itself. The latter three terms 

represent the quantity of food which region 1 must grow in order to 

produce and transport the three goods to region 2"(Moses, 1960). 

Capacity restraints are introduced for each industry in each 

region such that "total shipments (output) by each industry in each 

region must be less than, or equal to, the maximum rate of output.
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For example, 

tat 12 rel + 83° < Kg 

states that the shipments of clothing by region 1 must be less than, 

or equal to the capacity of region 1's clothing industry" (Moses, 

1960). 

Capacity restraints are also introduced for the transport of each 

region but, as Moses states, "a realistic statement of the transport 

capacities and restraints would greatly complicate the system. Such 

a statement would include terminal, car, and line-haul capacities. 

Further complications would arise because different commodities 

may require different kinds of transport, particularly vehicle 

capacity". 

For these reasons, Moses employed a set of weight coefficients, 

(w) for each commodity, where 

w = the pounds per base year dollar's worth of each 

good 

"Thus, the weight (capacity) constraint of the transport industry 

in region 1 is 

11 12 wh (si14 si?) + wa (S37 + SH) + wd (sd! + 837) < K} 

Finally, labour constraints were introduced to state that "the 

total labour required to produce and transport all goods in each 

region must be less than, or equal to, the maximum quantity of 

labour which households can provide per period. This formulation 

assumes intra-regional factor mobility - both geographic and 

industrial - but rules out inter-regional factor movements within 

the production period. This difficulty would not arise in period-to- 

period applications of the model" (Moses, 1960).
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This constraint states that the amount of labour required in 

region 1 to produce an amount of commodity (2) (equal to Sa and 

transport it to households and other economic sectors in region 1 

must be less than, or equal to the labour available in region 1. That 

is: 

i wv 11 11 o11 Gy ss a5, 52 + vo” SQ 

To remove the inequalities, two slack variables have been 

added such that, for example: 

1 1 
wy (Sq! + st?) + wh (s41 4 842) + We (sit + 63) aig = KA 

and 1 Teed 1 
Boo) So 

1 oes zip! +B 

where the e's stand for idle capacities of the producing and transport 

industries and the 8's stand for unemployed labour. "Use of these 

slack variables permits the model to consider as candidates for 

optimality all those solutions in which one or more industries is 

under-utilised'’. (Moses, 1960). 

Thus, this model assumes a closed economy that is divided 

into p = 1,2... r open regions, where each region is engaged in the 

production and distribution of 1,2 ...m homogenous goods and 

services. 

4, Gravity Models 

This model was developed by Leontief,(1963) for the purpose 

of determining regional flows and has been described as a gravity 

model in the sense that the structure of the model is not unlike the 

usual gravity models of the physical sciences. The gravity model may
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be defined as follows: 

  

ieee ke ue Qi ae xX; 
eS Ee ae e ) . (A CONSTANT) 

domi Be 
m 

where mri = the input from region m to region n of 

commodity "i" 

= the total commodity of type "i" imported to 
nei 

region "n" from all regions 

mi = the output of commodity "i" in region "m" 

i = the output of commodity "i" in the 

nation ( ut) 
m 

wine = aconstant, estimated from data with respect 

to a base year 

"This Leontief gravity model tries to explain regional flows by 

considering the attraction of.a volume of demand at a point and the 

sales push of a volume of supply from a given centre. All other forces 

are estimated through a coefficient evaluated from one set of observed 

values of the system. The coefficient thus may include the effect of 

distance, cost and other factors, The basic limitation, once more of 

the model is that it does not allow regional substitution", Ghosh, 

(1968). 

5. Model Limitations 

Most of the input-output models reviewed assume the validity of 

constant production coefficients. Such usage assumes that the 

production functions for various industries are assumed to be uniform 

throughout the whole country. Isard, (1960) mentions the following 

factors which question the use of constant production coefficients in
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the types of study referred to in this section: 

These are: 

- "Economies of scale, which are present in most 

industries" 

- "localisation economies - external economies, which 

accrue when like plants agglomerate at one place" 

- "Urbanisation economies - external economies, which 

derive when unlike plants agglomerate at one locality" 

- "Price changes - where relative price changes induce 

substitutions among inputs, such as scrap iron for pig 

iron, in the production of steel ingots" 

- "Limitations of data" 

- "Technological advance" 

Two problems generated by data limitations concern: 

- the distortion of production coefficients computed from 

inadequate transactions tables 

- variations in "industry-mix" and "product-mix" from 

region to region 

The former problem arises "when transaction tables are 

distorted by capital transactions inextricably mixed with current 

transactions"(Miernyk, 1960). The latter problem arises from the 

tact that "most transactions tables are constructed on an 

establishment or industry basis, rather than on a product basis". 

(Miernyk, 1960). This problem is minimised if a table of national 

coefficients is available in great detail and if the distribution of 

industries within each region is available in similar detail. Sadly, 

such information is rarely available, even in the United States. In
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discussing this point Miernyk, (1960) states "even the most detailed 

table published by the U.S. Department of Labour in its 1947 national 

input-output study - a table which contained 192 rows and columns - 

was not entirely sufficient for this purpose". 

The problem generated by technological advances in particular 

industries, is that the coefficients derived in the base year only 

reflect the technological structure of the industry in that year. Where 

the technological structure of an industry is changing, coefficients 

should really be changed in concept, so that the future pattern of 

production can be adequately reflected. 

Asa result Tiebout, (1968) states that production coefficients 

have been divided into three categories: 

- "Average coefficients as determined operationally, 

by the last Census of Manufacturers" 

- "Best coefficients, which represent the coefficients of 

the newest of "planning board" plants in the industry" 

- "The worst coefficients which represent the coefficients 

of the marginal firm" 

In discussing these points Tiebout, (1968) states 

"Which coefficient one chooses depends on the assumed 

capacity of the industry and which fieme bear the impact of demand 

changes. If demand is assumed to increase, best coefficients will 

apply if the industry was previously operating at capacity, for added 

capacity will have to come from new plants. If the industry is assumed 

to be operating at less than capacity, worst coefficients could be the 

ones to use".
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Another serious pitfall of regional coefficients is that they 

"not only specify the amount of needed inputs per unit of output, but 

each source is assumed to be a constant proportion of total output, 

i.e. trading patterns are assumed to be stable, "(Tiebout, 1968) 

for all levels of output. The case for stable trading coefficients 

presents an interesting paradox. Moses, (1955) is quite explicit 

that "even for short run predictions, the following conditions should 

be satisfied: 

- There is excess capacity in the transport network between 

every pair of regions 

- Each industry in each region has excess capacity 

- There is a pool of unemployed labour for each region" 

These assumptions are necessary to justify constant costs which, 

Moses feels, are needed to justify stable trading patterns,
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6 The Input-Output Model 

61 The Sectors Defined 

The industrial classification of the sectors of the 1962 input-output 

table of Dominica is as follows :- 

> 1 Banana industry 

- Export agriculture 

- Domestic agriculture 

- Construction & engineering 

- Manufacturing 

- Distribution 

- Transport 

Finance and insurance 

- Services 

- Rent of dwellings 

- Earnings and investment 

~ Households 

- Profit appropriation 

- Government 

- Rest of the World O
Z
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Now the inclusion of a sector in final demand implies that any functional 

relationship between that sector's input and output - is being disregarded" 

in the context of the input-output analysis. United Nations, (1966). 

Conversely, those sectors designated as processing sectors imply that 

there is a linear physical relationship between the input and output of that 

sector, Each of the above sectors will be considered as candidates for 

final demand in relation to the above comments, 

Rest of the World. The exports of Dominica, (largely bananas) are 

probably better explained in terms of political peceeedes 

Government. This is nearly always considered as part of final demand 

for many of the factors affecting this sector are politically motivated, and 

"items of government expenditure are most truly innocent of any dependent 
  

4. Approximately "96% of the total Jamaican & Windward Islands production 
of bananas is sold in the U.K. market, where a preference of £7.5 per 

ton is received. The U.K. imposes quota restrictions on the entry of 

bananas which is at present 4,000 tons p.a.""’ The West Indies Committee, 
(1970).
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relation with other variables in the input-output system" United Nations, 

(1966). 

Profit Appropriation. This sector "receives gross profit - that is 

before tax, savings, and depreciation are taken out - and then allocates 

this total between government (corporate tax), households (distributed 

profit), savings and investment (corporate savings), and the rest of the 

world (overseas profit, dividends, etc.)". O'Loughlin (1971). Clearly 

this sector will only form one of the primary inputs to final demand 

because there is no physical relationship between its inputs and outputs, 

it merely overcomes the need to divide industries into corporate and 

non-corporate sectors. 

Households. To assign households to final demand means that the 
relationship between consumption (sector output) and employment (output) 

is ignored, ''There are clear grounds for relating, via constant 

coefficients, a large fraction of household output (income) to the levels 

of output of other sectors". Isard, (1960), This latter approach has the 
following general wealmesses: 

= "Household expenditures form such an enormous proportion of the 

total value of transactions, that a small error in the estimate of an 

input coefficient for that sector might introduce a large error in 

estimates of output. 

- The assumption of simple proportionality between household income 

and expenditure on individual items is implausible, A linear 

relation can be introduced within the theoretical framework of the 

model, but usually the empirical estimation of the parameters of 

such a relation is costly. : 

- With households included within the matrix, the input-output system 

logically leads to the conclusion that if investment, export, and 

government expenditures were reduced to zero, all output would 

cease in each sector of the economy. 

= Empirical applications, estimating the consequences for a national 

economy of changes in components of final demand, including the 

income-multiplier effect obtained through including households
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within the matrix, have usually yielded numerical solutions 

which seriously over-estimate the actual consequences". 

United Nations, (1960). 

In the input-output analysis of small regions, the employment- 

consumption relation cannot always be Geaered.2 In such cases it is 

desirable "to take account of the employment-consumption relation and 

thus to include households within the matrix'', United Nations, (1966). 

But if "this increase in earnings is spent on imported cansumer goods, 

although the economy is correspondingly better off, there is no multiplier 

effect within the economy like that occurring if a proportion of the new 

income was spent internally". O'Loughlin, (1971), These arguments, 

when considered in the context of the economy of Dominica, suggest that 

the household sector should remain part of final demand. 

Savings & Investment, This sector shows, "on the receipts side and 

on the expenditure side the totals of fixed capital formation (to construction 

and engineering) and stock changes from the various sectors". 

O'Loughlin, (1966). "While an increase in capital utilization reflected in 
depreciation may very well lead to future investment, that investment 

will be primarily composed of capital goods obtained from future, not 

current production". United Nations, (1966). For this reagon, this 

sector should also form part of final demand, which leaves sectors A-J 

to represent the industrial or "processing" sectors. 

"Such a convention explicitly recognises that an operational input- 

output model at the present time can only be a static one. It cannot 

explain :- 

- the process by which investment decisions are made by firms, 

households, government, and thence 

- the level of capital formation and the corresponding input 

requirements". Isard, (1960). 

Thus, the input-output model will contain the specified final demand 

sectors whose levels of operations and requirements are not to be 

determined by the model, 

  

5. For example, the output of the services sector is indirectly dependent 
upon the regions exports through the income and expenditure of local 
residents.



244 

The processing sectors. 

Information on each sector drawn from Bartell, (1965) was 

supplemented by O'Loughlin, (1966) and enabled the compilation of 

the following information, 

Export Agriculture. This includes banana, copra, cocoa and 

lime production as well as the limited production of pickles, 

condiments and sauces, fruit and vegetables, and unrefined 

coconut oil, 

Domestic agriculture. This sector produces sugar (for the local 

rum distilleries), vanilla, fruit and vegetables, livestock and fish. 

Bartell, (1965). 

Construction and engineering, This sector includes the "building 

of modern homes....and,...commercial construction such as new 

banking and supermarket buildings. ..and the expansion and 

modernisation of electric power and lime processing industries", 

Bartell, (1965). The sector also includes "engineering and 

maintenance of motor vehicles and other equipment and maintenance 

of private buildings" O'Loughlin, (1966). "All capital formation, 

whether public or private is included...The figure of Gross 

Domestic Capital Formation is shown as a receipt in this account N 

being paid by the Savings and Investment sector" O'Loughlin, (1966). ig ig is 

Manufacturing. "Processing of limes is the principal export 

manufacturing activity in this sector, while handmade straw products 

"account for about ten per cent of the total value added in 

manufacturing and constitutes the only other significant manufactured 

export product" Bartell, (1965). The production of essential oils 

(lime and bay oil) is part of the lime processing industry. 

The generation of electricity, and the manufacture of cigarettes 

from mostly home grown tobacco are important activities but rum 

processing, baking, and the bottling of soft drinks are also mentioned 

by Bartell, (1965) but leather working, dressmaking, pottery, 

cabinet and furniture, aerated drinks, brewery, distillery, 

confectionery, synthetic liquors, gasolene products, fertilisers,
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cannery and handicrafts are mentioned by O'Loughlin, (1966) as a 

small part of this sector in the Leeward and Windward Islands. 

Distribution. "This sector includes retail and wholesale 

distribution, importing, commission agencies, travel agencies, 

gasolene and liquor sales, higgling, huckstering and stevedoring". 

O'Loughlin, (1966). The C.1.F. value of the imports is normally 

shown "as purchased by Distribution from the Rest of the World, 

and the total of import duties as payments by Distribution to 

Government", 

Finance, This sector includes banks, insurance, hire purchase 

companies and estate agents. Payments made by this sector to the 

Rest of the World will consist of financial transfers. 

Transport. This sector includes road transport and schooners, 

sloops, lighters and motor vessels for the movement of passengers 

and goods, but fishing vessels are excluded, 

Services. This sector includes the professions and those in 

domestic service. Those engaged in the telephone and education 

services (run by the Government sector) are excluded. Payments 

made by this sector to the Rest of the World are generally for 

administrative and professional service provided by foreign 

nationals. 

Rent of dwellings. This sector accounts for the gross rent paid 

by households, rent paid by government to owners of private 

dwellings, and rent paid by tourists whor ent dwellings for short 

periods of time. 

An examination of the principal imports to Dominica during 

1961-64 (table L4 ) suggested that a significant proportion were 

destined for the processing sectors of the economy. Such imports 

are therefore related to the level of output of each sector. For 

this reason, only the hybrid input-output model and the model of 

method fou were applicable, if the aggregation error associated 

with method 3 was to be overcome. The total import and export 

statistics of Dominica are given in tableL5 
  

6. These methods are discussed in Chapter 3.2.5 of the main report.



  

  

  

  

$1000 (W.1.) 

ITEMS CATEGORY 1961 1962 1963 1964 

Machinery Intermediate 682.0 951.8 698.1 832.1 

Textiles Inter/Consumer | 740.2 794.2 674.9 172.4 

Flour, wheat Consumer 502.6 609.8 692.3 125.4 

Manures Other 364.0 431.2 684.6 1208.2 

Metals & other Consumer 598.7 719.3 617.7 757.8 

manufactures 

Butter, Milk & Consumer 288.5 412.2 646.9 469.5 

Cheese 

Sugar Consumer 438.7 510.9 570.3 727.3 

Fish & Fish Consumer 312.8 344.6 412.3 495.6 

Preparations 

Meat & Meat Consumer 421.6 567.8 549.9 643.3 

Preparations 

Transport Finished 661.1 622.3 545.3 907.4 

equipment 

Footwear Consumer 221.5 353.4 307.3 379.8 

Oils not edible Intermediate 429.8 306.5 348.9 398.3 

Oils, edible Consumer 78.3 216.6 209.1 223.3 

Liquor Consumer 359.5 360.0 298.4 408.2 

Soap Consumer 152.9 167.5 183.2 203.0 

Rice Consumer 779.0 136.4 135.4 166.9 

Tobacco Consumer 128.3 79,3 106.8 99.9 

Animal Feed Intermediate 82.6 140.0 109.0 142.8 

Margarine Consumer 98.6 120.9 156.5 137,9 

Cement Intermediate 119.6 228.9 149.6 145.5 

Wood and Lumber Intermediate/ 183.6 347.5 269.6 471.1 

Consumer 

Other Imports = 2995.3 4882.3 3625.4 4715.8   
  

TOTAL IMPORTS 10639.4 12798,4 11991.5 15041.5 
    Source: Annual Statistical Digest No. 3 

for Dominica, 1969, Table 60     

Principal Items of Imports, 1961-1964 

Tablel.4 
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1962 TRADE STATISTICS FOR DOMINICA TABLE L.5 

IMPORTS EXPORTS 
L 

0. FOOD AND LIVE ANIMALS 3530802 

00, Live animals (excluding zoo animals, dogs and cats) 6690 - 

01, Meat and meat preparations 563702 - 

02. Dairy products and eggs 412205 428 

03, Fish (not of British taking) and fish preparations 347511 - 

04, Cereals and cereal preparations 887272 27 

05. Fruit and vegetables 224657 6383796 

06. ‘Sugar, sugar preparations and honey 599049 - 

07. Coffee, tea, cocoa, spices and manufactures thereo! 91366 144737 

18, Feeding stuff for animals and food wastes 140011 

09. Miscellaneous food preparations 258339 10961 

1, BEVERAGES AND TOBACCO 439096 - 

11. Beverages 359784 - 

12, Tobacco and tobacco manufactures 79312 = 

2. CRUDE MATERIALS, INEDIBLE, EXCEPT FUELS 391879 

21. Hides, skins and fur skins, undressed - 

22, Oil seeds, oil nuts and oil kernels - 430490 

23. Crude rubber (including synthetic and reclaimed) 2874 ce 

24, Wood, lumber and cork 347548 500 

25, Pulp and waste paper 678 - 

26. Textile fibres (not manufactured into yarn, thread or 

fabrics) and their waste; old clothing and other textile 
articles; rags 2396 - 

27, Crude fertilisers and crude minerals (excluding coal, 
petroleum and precious stones) 32537 - 

28, Metalliferous ores and metal scrap = 3683 

29, Crude animal and vegetable materials, not elsewhere 
specified 5846 2802 

3. MINERAL FUELS, LUBRICANTS AND RELATED 
MATERIALS 351272 = 

31. Coal, coke and briquettes - - 

32, Petroleum and petroleum products 349556 - 

33. Gas, natural and manufactured 1716 -       

247



1962 TRADE STATISTICS FOR DOMINICA (cont.) 

  

  

  

  

      

IMPORTS EXPORTS 

4, ANIMAL AND VEGETABLE OILS AND FATS 219698 11859 

41, Animal oils and fats 219698 11859 

42, Fixed vegetable oils and fats = - 

43, Animal and vegetable oils and fats, processed, and 
waxes of animal or vegetable origin = - 

5, CHEMICALS 1334520 

51, Chemical elements and compounds 39588 ~ 

52. Mineral tar and crude chemicals from coal, petroleum 
and natural gas 1200 - 

53. Dyeing, tanning and colouring materials 96878 - 

54, Medicinal and pharmaceutical products 222274 - 

55, Essential oils and perfume materials; toilet, 

pelishing and cleansing preparations 302795 481750 

56. Fertilisers, manufactured 431174 - 

57, Explosives and pyrotechnic products = = 

58, Plastic materials, regenerated cellulose and 
artificial resins = rs 

59. Chemical materials and products, not elsewhere 
specified 240611 = 

6. MANUFACTURED GOODS CLASSIFIED CHIEFLY BY 
MATERIAL 1684078 

61, Leather, leather manufactures, not elsewhere 

specified, and dressed fur skins 5641 - 

62. Rubber manufactures, not elsewhere specified 220898 = 

63, Wood and cork manufactures (excluding furniture) 167405 - 

64. Paper, paperboard and manufactures thereof 531541 - 

65. Textile yarn, fabrics, made-up articles and related 
products 709153 

66, Non-metallic mineral manufactures, not elsewhere 

specified 318772 - 

67, Iron and steel 19623 - 

68. Non-ferrous metals 269252 - 

69. Manufactures of metal 450793 

7. MACHINERY AND TRANSPORT EQUIPMENT 1883271 

71, Machinery, other than electric 951750 - 

72, Electrical machinery, apparatus and appliances 309212 - 

622309 226 73, Transport equipment       
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IMPORTS EXPORTS 

8, MISCELLANEOUS MANUFACTURED ARTICLES 1711255 

81, Sanitary, plumbing, heating and lighting fixtures 
and fittings 80322 - 

82, Furniture 149240 698 

83, Travel goods, handbags and similar articles 41045 614 

84, Clothing, knitted or crocheted articles including 
elastic or rubberised fabric and articles of fur 530732 1943 

85. Footwear, gaiters and the like 353418 83 

86, Professional, scientific and controlling instruments; 

photographic and optical goods, watches and clocks 78379 - 

89, Miscellaneous manufactured articles, not elsewhere 

specified 478109 1461 

8. COMMODITIES AND TRANSACTIONS NOT CLASSIFIED 
ACCORDING TO KIND 114787 49031 

VALUES ARE GIVEN IN WEST INDIAN DOLLARS $ CIF $ FOB 

SOURCE, DERIVED FROM ANNUAL TRADE REPORTS FOR 1961 AND 1963.    
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The input-output coefficients. 

The input-output tables constructed from the sector accounts of 

Dominica’ for the years 1961-63 are illustrated in tables L6-L®. From 

these a table of input coefficients were developed to show the amount of 

inputs required from each industry to produce one dollar's worth of the 

output of a given industry. These coefficients were calculated as follows: - 

Gross output was adjusted by subtracting inventory depletion during the 

period covered by the table to obtain adjusted gross output. As gross 

outlays in the processing sector are identical with gross output in this 

sector, adjusted gross outputs can be computed by subtracting the entries 

in row K from the entries in row P, The technical coefficients were then 

derived by dividing each entry in each industry's column by the adjusted 

gross output for that industry less imports to it. The results of this 

exercise are illustrated in tableL.9 

This table shows that even large errors in the coefficients would have 

little effect on industrial output, whichis the prime determinant of the 

level of imports. For this reason, no attempt was made to determine 

trends in the coefficients. To understand such trends a knowledge of the 

underlying changes in the economy are required. Such knowledge is 

difficult to acquire without a visit to Dominica, However, sensitivity 

analysis could be used to calculate the effect on x of changes in the 

coefficients. 

The inverse of the domestic production coefficient is given in table LIO 

for the years 1962-63 where the differences in the inverse, resulting from 

the changes in the input-output coefficients referred to above can be seen, 

Imports - Volume/ Value Ratios 

The main imports to the export agriculture, manufacturing and 

distribution sectors were selected to examine the stability of the volume/ 

value ratio over time, The imports selected are given in table Ll 

  

7. See Bartell, E, National Income Statistics, Dominica, 1961-64, 
Statistical Series No, 2, University of the West Indies, 1965,
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Quantity Value (c.i.f.) 
Commodities 

Unit 1959 1960 1961 1962 1963 | 1959 1960 1961 1962 1963 

$1000 $1000 $1000 $000 $1000 

Banana Industry & 
Other Export Agriculture 

Fertilizers ton 2,899 2,468 2,869 3,220 5,372] 407 320 364 431 684 
Animal Oils & Fats** 1000 gal. 1,167 868 1,286 1,222 1,505| 362 280 430 351° 330° 

Construction & Engineering 

Transport Equipment - - - - - - 532 873 © «a6 622545 
Machinery - - - - - - |1,137 759 682 952 698 

Manufacturing 

Sugar and sugar 
preparations* 1000 Ib. 4,989 4,906 4,824 4,830 4,956 | 504 531 503 511 607 

Distribution 

Food, Drink and Tobacco 

Butter, Cheese & Milk 1000 Ib, 421 491 571 «769 «= «872 | 218 «237 «= 288 412 413 

Butter substitutes 1000 Ib. 222 231 223° «2700845 97 © 101 99 121 187 
Fish and fish 

preparations 1000 Ib, 853 1,000 854 930 1,112] 303 358 313 345 415 

Flour, wheaten 1000 Ib, 6,717 5,525 5,907 6,662 6,915 | 553 495 503 610 692 
Rice '000 Ib, 769 «844 719 1,110 1,042 91 100 93 136 135 
Liquor "000 gal. 6370 87 80 66 | 271 305 359 360 298 
Meat and meat 

preparations *000 Ib, 435 672 719 1,046 1,105 | 249 322 422 568 538 
Oils, edible $000 gal. 1 oes! 78 69 70 | 217 200 238 232 208 
Tobacco 1000 Ib, 101132 156 73 117 | 100 112 128 ©8678 106 

Manufactured Articles 

Textiles - - - - - - 593 660 «740794 679 
Soap 1000 Ib, 556 616 513 605 «= 595 | 144 157 153 181 183 
Metals and their 

manufactures - - - - - - 606 «6753 «599719 618 
Footwear '000 pr. 97 435 104-146 s«187 | 220 283 «222 983 307 

+ Disagrees with Summary Tables derived from 1962 Annual Trade Report. 
* Approximately one fifth of these should be allocated to the Distribution Sector, 

** Includes Competing Imports 

Source, Annual Trade Report for Dominica, 1968, Page 22. 

MAIN IMPORTS TO DOMINICA 

  
See Figure 83 

TABLE LI! 

Sector Imports, 1962),
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COMMODITY cu.ft. /Ton topes Rea 

Animal Oils & Fats 47 1,229 25,600 

Fertilizer 47 3,220 67, 800 

Sugar 84 4,830 181,200 

Butter, Cheese & Milk 66 769 22,610 

Butter Substitutes 66 270 7, 950 

Fish & Fish Preparations 68 930 28,200 

Flour, Wheaten 52 6,662 154, 600 

Rice 52 15110 25, 800 

Liquor + 80,000 gall. | 12,900 

Meat & Meat Preparations 69 1,046 32,200 

Oils, Edible + 69,000 gall. 11,100 

Tobacco 100 73 3,260 

Textiles 109 mk, aks 

Soap 45 605 12,140 

Metal & Manufactures 50 ako see 

Footwear 0,25/ pair* 146,000 prs. 36, 000%         

+ 6.23 gallons/cu. ft. 

** Figures can be derived from the Annual Trade Statistics & AppendixB 

* Authors Estimate 

xk Weight figures were not given in table R.9       
1962 IMPORTS TO AGRICULTURE, MANUFACTURING & DISTRIBUTION 

The major imports to each sector are shown in table LI3 ,from which the 

TABLE LJ2 

stability of the import ratio (w8 and volume/ value ratio (BY) can be 

gauged, 

  

8.For convenience, the weight/ value relationship is given in the majority 

of cases. Weight/volume relationships are constant (Appendix®).



  

1962 | 1963 
  

  

  

  

  

  

  

  
  

  

  

    
      

YEARS 1961 i 

7 Fe 
Imports to Export Agriculture 

(Excluding Competing Imports) NA, 637 672 

Animal Oils & Fats (Based on Annual 

Trade Report)- Non-Competing & N.A, 16.2 203.5 [9.0 202.5 
Competing i { 

Proportion ofSectorImports _ . - 2.54 t 1.34 
Competing import coefficient 0.314 aK 

Weight/Value Ratio (Competing & 
Non-Competing) 2.99 3.49 4.56 

Fertilizer 364 431 684 

Proportion of Secter Imports - 0,572 0,672 

Weight (tons)/ Value Ratio 7.89 7.46 7,85 | 

Imports to Manufacturing $'000* 434.4 420.9 489.5 | 

| 
Unrefined Beet & Sugar Cane* N.A. 356.8 420.6 {| 

Proportion of Sectorlmports N.A. 0.848 0.861 

Weight '000 Ibs.* N.A. 3,564 3,675 

Weight/ Value Ratio N.A. 10,0 8.64.0. 4 

Weight/Value Ratio (from Table R9 ) 9.6 9.4 8.2 

* From 1962 Annual Trade Report 

Imports to Distribution’ 7449, 9% 8680.1 8602.9 

Butter, Cheese & Milk 289 412 413 

Proportion ofSectorImports 0.0388 0.0475 0.0481 

Weight/ Value Ratio 1.98 1.87 2501 

Butter Substitutes 99 121 157 

Proportion of SectorImports 0.0133 0.0139 | 0.0182 | 

Weight/Value Ratio 2.03 2,23 | 2.20 | 

| | 
Fish & Fish Preparations 313 345 | 415 

Proportion of SectorImports 0.0420 0.0398 ; 0.0482 

Weight/Value Ratio 2512 2.70 12168       

** A figure for 1963 was not calculated because table 45 suggested 
an error in the sector accounts for that year. 

WEIGHT/ VALUE RATIOS TABLE LJ3 
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YEARS 1961 1962 1963 

Flour 503 610 692 

Proportion ofSectorImports 0.0675 0.0715 0.0805 

Weight/ Value Ratio 11,76 10,93 10.0 

Rice 93 136 135 

Proportion ofSectorImports 0.0125 0.0157 0.0157 

Weight/ Value Ratio 8.38 8.16 Toa: 

Meat & Meat Preparations 422 568 538 

Proportion ofSectorImports 0.0565 0.0655 0.0625 

Weight/ Value Ratio 1,70 1,84 2.05 

Footwear 128 79 106 

Proportion ofSectorImports 0.0172 0,0091 0.0123 

Volume(prs)/ Value Ratio 0.468 0.414 0,446           

+ Derived from Sector Accounts 

WEIGHT-VALUE RATIOS Table .LI3 

259 

* Competing Imports assumed to equal 144.8
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APPENDIX M 

A TRANSPORT MODEL FOR CARIFTA 

Le The Bone tetas 

Firstly, the sum of the journeys between ports "i" and "'j'' of the 

network of shipping routes must not exceed 14 days. That is :- 

For arc (i, j) DNS, 2 26 (365/14 DAYS = 26) 

k 

Secondly, the shipping capacity of each route must be greater than, 

or equal to, the shipments assigned to that route, over each directed 

arc (i,j). That is 

c,. NS, > ice for cargo, and 

> ore NS, 2 eukp for passengers 

where CA = the cargo capacity of the ship (in freight-tons) 

cs = the passenger capacity of the ship 

sep = the number of passengers to be moved on route 'k"' over 

arc (i,j). 

Thirdly, the sum of the cargoes and passengers allocated to each route 

Walt "3" when exporting to port ''j'' must equal the amount of the network at port 

to be exported. That is :- 

yak = as and > Bi = Ps for routes 'k' serving (i, j) 

kj kj 

Fourthly, the number of ships required must be less than, or equal to, 

the number available. That is :- 

Dns, / NSMAX, for k = 1,2 

k 

where NSMAX,. = 365/Journey time for round trip. 

  

1, All variables are as defined in appendix ©, unless otherwise stated,
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For both routes, the journey times were derived as follows :- 

Journey time for route 1 = 2 (3 + 8(1)) = 22 days 

i sree (3+2[70)] +3) = 20 days route 2 

the journey times over each arc, including in-port time, being taken 

from table 22 of section 2.8. 

Fifthly, the number of ship-journeys completed over any one route in 

carrying passengers must equal the number completed in carrying cargo, 

This is because cargo and passenger accommodation is provided on each 

of the two ships available, 

2. The objective function 

The revenue derived from the cargo and passengers carried, less the 

cost of carrying them should be maximised. That is: 

sy + ' - , } + + Bia Mije aK Mie [ Vt NS, SH(CA- wa] 

i,j,k i,j,k k 

where aie = the amount of cargo to be exported annually from port "i" 

to port "j" over route "'k"’ 

Nite = the revenue derived from shipping one ton of cargo from 

port "i'' to port "j" over route "k'', 

Bike = the number of passengers to be exported annually from 
port "i" to port "j' over route "k", 

vee = the revenue derived from moving one passenger from 
port "i" to port "j' over route "k"', 

Other variables are as described in appendix N, 

3. The data 

The data derived relates to the revenue/ton, the capacity of the ships 
(C, and C p)? the total flows of cargo and passengers (ai; and P; ; the 
cost per Loe (Vv, ), the number of ships available to ee region "(Sx and 

the maximum ee bee of journeys that can be completed by one ship over 

any one defined route, and the fixed costs of shipping (SH [ca oP Mx] )
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3.1 Revenue 

The revenue per ton of cargo was derived as follows :- 
it Wea 31.28 - 12.75 (1 + 0,05) 

ijk 

" 17,89 $ W.1. per freight-ton for i,j =1,2...10&k=1,2 

where 31,28 = the charge levied on the shipper 

12.75 = the freight-handling cost 

0.05(12.75) = the cost of commissions. 

The revenue per passenger was derived ag follows :- 

Miro EO O. (14.5(2-0.08) + 0.2 ( P.. (1 - 0.3) 
ij ij 

where 0,8 = the proportion of passengers carried on deck’ 

0.08 = commission and expenses 

0.2 = the proportion of passengers carried in cabins’ 

14,5 = the average revenue per deck passenger per journey 

v4 = the revenue per cabin passenger moved from the ee port 
th 

tothe j port 5 

0.3 = the proportion of cabin passenger revenue lost on victualling. 

‘TableM, 1 illustrates the results of these calculations 

  

2, Accommodation exists for 200 deck passengers and 50 cabin passengers.
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Imports 

Exports Jam.]| St.K,| Ant, | Mont, | Dom. |St.Luc.} Bar. | St.V.] Gren.] Trin, 

Jamaica (1) = 24.3 |31.9] 40.0] 41.4) 42.8 | 51.1] 56 61.0 | 66.0 

St. Kitts (2) 24,3 = 17,0] 21.9] 27.2] 31.8 | 36.5] 41.5] 46.2 | 51.0 

Antigua (3) 31.9/17.0 = 17,0} 21.9) 27.2 | 31.8] 36,5] 41.5 | 46.2 

Montserrat (4) | 40.0]21.9 | 17.0 % 17.0] 21.9 | 27.2 | 31,8] 36,5 | 41.5 

Dominica (5) 41.4/27.2 | 21.9] 17.0 - 17.0 | 21.9] 27.2] 31,8 136.5 

St. Lucia (6) 42.8/31.8 | 27.2] 21.9] 17.0 - 17.0} 21,9] 27,2 | 31.8 

Barbados (7) 51.1/36.5 | 31.8] 27.2} 21.9) 17.0 - 17,0) 21.9 | 27.2 

St. Vincent (8) | 56 41.5 |36.5| 31.8} 27,2] 21.9 | 17.0 =P i750 1 21,9 

Grenada (9) 61.0/46.2 | 41.5] 36.5] 31.8] 27,2 | 21.9] 17.0 = 17.0 

Trinidad (X) 66.0/51.0 | 46.2} 41.5] 36,5] 31.8 | 27.2] 21.9] 17.0 - 
  

Source ; Furness, Witby & Co. Ltd. (Nov. 1967) 

The revenue per passenger i). 

3.2 Ship capacity 

The capacity of the ship can be expressed in terms of (c), the hold 

capacity in freight-tons and (c,), the passenger capacity. 

Cc, 

Pp 

1450 freight-tons® 

3.3 Cargo & passenger movements 

Table MI 

C_ = 250 passengeua” (50 cabin & 200 deck passengers) 

TablesM,2 andM,3 provide the estimates derived from ship returns.? 

  

3. Source: 1.S,E.R., (1964),
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Imports 

Exports Jam.| St.K.| Ant. | Mont. | Dom. | St.Luc. | Bar. | St.V.] Gren.| ‘Trin. 

Jamaica 1 = 2333 12203 | 836 | 1192 1307 |3205 | 62 290 2912 

St. Kitts 2 48 = 180 | 133 24 9 142 | 13 5 19 

Antigua 3 112 96 zs 66 33 13 146 5 20 156 

Montserrat 4 5 6 12 = 3 2 18 1 1 47 

Dominica 5 34 64 88 1 = 24 88 9 25 55. 

St. Lucia 6 60 23 8 12 10 . 63 5 12 51 

Barbados 7 | 664 592 |1088 |1073 350 208 - 1316 362 97 

St. Vincent 8 44 50 101 82 50 15 35 o 35 29 

Grenada 9 12 3 25 6 13 31 51] 35 = a1 

Trinidad X B234 |2768 |4345 | 716 | 1901 1204 [1438 |543 730 -                 

  

  

                        

1963 CARGO MOVEMENT (Freight-T ons) TABLEM.2 

Imports 

Exports Jam.| St.K. | Ant. | Mont. | Dom. | St. Luc.| Bar. | St. V.| Gren.| Trin. 

Jamaica 1 - 219 83 14 54 56 208 63 47 598 

St. Kitts 2 225 = 66 | 110 87 34 65 13 11 105 

Antigua 3 96 92 - | 207 316 236 155 20 29 298 

Montserrat 4 13 84 201 = 42 8 35 2 10 39 

Dominica 5 61 75 436 45 = 77 517 49 51 148 

St. Lucia 6 63 35 335 5 86 a Ho22 | 172 39 210 

Barbados 7 192 89 142 22 385 11243 = 675 198 544 

St. Vincent 8 68 w 18 a 39 116 600 = 226 | 1490 

Grenada 9 61 12 56 13 59 54 230 | 201 = 4001 

Trinidad X 589 |108 244 9 I 122 256 601 [490 3271 - 

1963 PASSENGER MOVEMENT (Passengers) TABLEM.3 

3.4 The cost per journey over each route 

These costs were derived from the equations 

vy, = ( Bunkering cost/route + agency fees + port charges )
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Ve = 3054 ete 3404 +1328 

v 

1 1973 $ W.I. 

= 305° +9340. 1250 " 3 1890 $ W,I. 

Port charges per call ($) are as follows, but exclude pilotage, towage 

and wharfage charges. 

Jamaica (35), St. Kitts (10), Antigua (19), Montserrat (14), 

Dominica (15-5), St. Lucia (152), St. Vincent (160), Barbados (140), 

Grenada (15.5), and Trinidad (205). 

3.5 The number of ships and journey frequency 

Only 2 ships were available to the region, the number of journeys that 

could possibly be completed by these two ships being :- 

NS,/NSMAX cf NS,/NSMAX, < SH 
1 

Now NSMAX,, = 365/20 = 18 for k = 1,2 because journey time equals 

20 days. 

Hence 0,055 NS, + 0,055 NS, < 2. 

(In fact, NSMAX,. = 13 because each round journey takes 28 days, each 

ship spending 3-4 days alternatively in Jamaica and Trinidad over each 

weekend. ) 

3.6 The fixed costs of ship provision 

These are given in terms of each ship in tableM4, 

  

4, Derived from1,S.E.R. (1964), page 34,



TABLEM. 4 

  

COST ELEMENTS YEAR 1963 
  

  

  

M.V. Maple M.V. Palm 

Steward wages $ 46,000 $ 47,000 

Crew wages, subsistence 104, 000 117, 000 

Officers salaries 77,000 74,000 

Officers gratuities 16,000 14, 000 

Uniforms 1,000 2,000 

Travelling 9,000 4,000 

Victualling crew 48,000 50, 000 

Insurance 41,000 38, 000 

Unrecoverable insurance claims 5,000 5,000 

Ruuning repairs 12,000 21, 000 

Dry dock 21,000 22,000 

Deck & engine stores 9,000 24, 000 

Radio maintenance 10, 000 12,000 

Laundry 5,000 6,000 

TOTAL $404, 000 $438, 000       
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5,0 The results obtained from the transport model 

  

  

      
    

Variable Name Value Variable Name Value 

COST £209, 068 $342C 25286.5 

NS1C 2,132 8421C 3085.3 

a $422C 28122.5 

NS2C 25.208 8211C 3091.3 

as $212C 31670.5 

$121C 3091.3 $121P 382.0 

$122C 21553.5 $122P 3437.0 

$241C 3082.3 $211P 533.0 

8431C 3082.3 $212P 3240.0 

$351C 3082.3 $241P 119.0 

$561C 3082.3 $262P 3428.0 

S671C 3091.3 S$341P 533.0 

S672C 24691.5 $342P 2851.0 

S781C 3091.3 $351P 34.0 

S$782C 27472.5 $421P 449.0 

S891C 3056.3 $422P 3047.0 

$892C 27854.5 $531P 533.0 

S9X1C 3091.3 $532P 2753.0 

S9X2C 31460.5 $561P 533.0 

$262C 23370.5 S651P 533.0 

SX91C 380.3 S8652P 3541.0 

Sx92C 17767.5 S671P 533.0 

S981C 1075.3 S672P 2948.0 

S$982C 17626.5 S761P 533.0 

S871C 1653.3 S762P 2396.0 

$872C 17249.5 S781P 533.0 

S761C 3091.3 $782P 2981.0 

S762C 13360.5 S871P 533.0 

S651C 3091.3 S872P 3038.0 

$652C 14705.5 $891P 533.0 

$531C 3091.3 $892P 2259.0 

$532C 17893.5 $98iP 533.0 

S$341C 3091.3 s982P 2197.0 

SX91P 145.0 

The recnita Tahlel, 5
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These results provide a non-integer solution, where two ships are 

allocated to two routes NS, and NS, but one ship is only required to 

complete 2.13 journeys over route 1 before transferring to the second 

route for the rest of the year. This is unrealistic. An integer solution 

would allocate both ships to route 2 to produce the cheapest solution, 

The utilisation of each ship over each are can be derived from the 

results given in table L.5, The annual capacity provided between any 

two ports (i, j) is equal to :- 

1450 NS, for cargo 

250 NS). for passengers. 

The unused capacity between any two ports (i, j) over route "k" is equal 

TO = 

Eiike for cargo 

Piicp for passengers 

The results given in table L5 are illustrated in figuresL.1 and Toa 

6.0 Other calculations 

6.1 The annual costs of ship operation 

The fixed annual cost of operating two ships was derived from 

table S.4. The variable costs were derived from the equation NS Vio 

where wt is the cost per journey. It comprises those cost elements 

listed below. 

~ Cost per ship-journey (i.e. the bunkering costs, agency fees and 

ports costs associated with the journey over route "k"'), 

- (Number of passenger ports)x(ferry costs per port) 

- (Number of passenger and cargo ports)x(pilotage, wharfage & related 

fees.) 

Thus, the costs of each alternative route schedule (illustrated in figure 

L.3) was derived as shown in table L.6.
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1 Ports Visited Port | 

Route Schedules Passenger Costs | 
Car Pass ers Slee 
poe ae Ports Cargo/ | Pass. 

& 7 Pass. 

Present (Both ships) 15 0 pSt. Kitts 

Ship 1 eS ) | 
1 

EASAMS rAntigua $435" $50° 

Ship 2 10 Seen 

Ship 1 15 0 | 

T.5.E8.R. oye 

Ship 2 12 3 # 

1, In all cases, there were 14 journeys per route. 

2. Pilotage, wharfage & towage dues. 

(Only the figures for Trinidad could be obtained.) 

3. Given by I1.S.E.R., (1964),   
    

Alternative Route Schedules TableM. 6 

The cost per ship-journey for each defined route was calculated in 

relation to the ports visited. The resulting total cost of each alternative 

was then derived. 

  

  

  

  

          

Alternative Cost Per Ship-Journey Total Costs ($) 

‘| Present 8483 6 W.1. 2(14)(8483) = $237, 500 

Route 1 8483 14(8483) 

15:8. Be 233,200 

Route 2 7260 14(7260) 

Route 1 6262 14(6262) 

EASAMS 191,200 

Route 2 7412 14(7412) 

The ''Variable Costs" of alternative schedules. TableM, 7
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6.2 Passenger Freight Rates 

A general equation was derived as follows 

  

5 E iS ! ie ' 
Bee ee Di + Wy Vice! 

Ke DA ea Cre 
iy) Ajo: 

Ay 

where BR Ge = the freight rate per unit carried (a measurement-ton 

of cargo or one passenger) from port'i'to port'j'over 

route "'k'', 

eT. = the cost of providing the ton-miles and/or passenger - 

miles per year 

K, = a constant, equal to (1 - ) where WK, is the proportion 

of CT, attributable to cargo (c) transport provision. 

ij = the journey distance between port "i" and port "j". 

Bie = the measurement-tons of cargo moved annually between 

ports "i" and "j"', 

arp = the number of passengers moved annually between ports 

Hand ti, 

Vy = the cost incurred in completing one ship-journey over 

route "k'', 

Vie = the pilotage, berthing and wharfage costs incurred in 

completing route "k", (This cost is only incurred when a 

ship has to visit a port to collect or deposit cargo.) 

Che = the annual cargo capacity of the ship operating over 

route "k'', 

The term CT,/K_ represents the cost of providing S ., «D,, ton-miles kus Z_ jie 35 

Alli,j 

of capacity over route 'k" per year. The proportion of capacity used by 

  

5.To calculate passenger freight-rates, substitute the subscript 'c'' for 
subscript "'p''.  
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cargo when moved from port "i" to "j'' being Pal Sie i 

All ij 

The second term is the cost of transport provision (the shadow-price) 

which is obtained as a by-product of solving the transport problem. Thus, 

freight rates are related to the routes served, for if these are changed 

the number of ships required (and hence CT.) would also change. 

The passenger fares from Antigua to other ports were derived as 

follows :- 

= ‘ ' CT. (CA + MX)+ NS,- (Vv, Ae Vi ko) 

= (404,000 + 438,000) + 28 (197 + 496115) 

= 842,000 + 237,500 

1/Ke = 0.5 (Chosen arbitrarily)® 

= 24,172,324 from tableM.2 and the inter-port distance 

matrix given in appendix G. 

  

= 5,856,401 from tableM.3 and the inter-port distance 

  

Alli,j,p matrix given in appendix G, 

Vid Cy = 1973/250 = $7.9 

The resulting passenger fares derived from these figures are given in 

tableM. 8 

  

6.If the primary purpose of the shipping route schedules, as agreed by 
the signatories, is to carry inter-island cargo (passenger business 
being incidental to the operation of the service) then WK, would be unity.
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TableM. 8 

Ports Served Freight Rates § (W.1.) 

Antigua to :- Existing Calculated” Calculated’ 

Jamaica (906)? 31.9 518.0 831.0 

St. Kitts (60) 17,0 31.1 50,0 

Montserrat (40) 17,0 20.6 soca 

Dominica (109) 21.9 56.6 91,0 

St. Lucia (198) 27.2 102.2 165.0 

Barbados (285) 31.8 150.2 242.5 

St. Vincent (252) 36.5 131.6 211.0 

Grenada (317) 41.5 164.2 265.0 

Trinidad (402) 46.2 210.0 347,04         

  1. Based on the total cost of transport operation and provision. 

2. Based on (1) less the proportion paid by the subsidy. 

3. Inter-port distances are given in brackets, 

4, v,/ Chen = 8 $(W.1.), the only link over which the marginal cost is 

applied. 
  

  

The lower freight rate was obtained by multiplying the figures in the 

third column by 0,621 (the proportion of the cost recovered from freight 

and passenger revenue). 
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APPENDIX N 

IMPLEMENTATION AND OPERATION! 

Although these two stages are outside the scope of the present study, 

the author felt that the report would be incomplete if omitted completely. 

No systems study is worthwhile unless it leads to positive action and 

results in the recommended system being properly implemented. After 

completing the activities illustrated in figure N,1 which are described in 

the body of the report, five important activities must be undertaken to 

conclude a systems study. These are: 

Documentation and sanction approval 

Construction 

Initial operation 

Retrospective appraisal 

Improved operation 

re Documentation and sanction approval. 

Normally a report or prospectus is prepared which provides :- 

- a brief history of the problem and the reasons why a solution (or 

improvement) is desirable at this time. 

- a summary of the main conclusions and benefits of the study 

- asummary of the recommendations, including an overall figure 

for the savings and the cost of implementing them. 

In more detail, this prospectus will provide : 

- A description of the overall economic criterion, anda 

justification for it. 

- A complete specification of the requirements, including detailed 

data illustrating the demand for the system. 

- Environmental factors which have an influence on the design of 

the system (physical, economic and social). These factors should 

be ranked, the system inputs and outputs derived from these 

factors being listed, classified and described. 
  

1. The description that follows is largely based on(Jenkins, 1969)and 

(Hall, 1960)
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list of features wanted in the new system 

list of constraints and tolerances 1 

>
 

PP
 
>
 

description of the system plan. This should include :- 

- An introductory functional description of the proposed 

system that will satisfy the requirements, meet the 

objectives, and match the environment, explaining how the 

system is to operate on its inputs to produce the wanted outputs. 

- Supporting technical and theoretical texts which are necessary 

to understand the basic principles of the proposed system, 

- A complete description of the new system and its planned 

evolution over time, illustrating detailed objectives and 

requirements. Block diagrams, pictures of system models, 

and references to schematic drawings are normally brought 

in here. 

- An estimate of system cost, savings, profit, or other primary 

measure of evaluating system alternatives, 

- A discussion of alternative systems, why they were not chosen, 

and their preference ordering. 

= An estimate of development resources in time, number, and 

kinds of manpower, facilities and staff support. The most 

desirable build-up and decay of these resources should also be 

estimated. 

- <A-schedule giving estimated dates for various stages of 

development, production, trials, and deliveries. Various 

techniques may be used to designate the sequence of critical 

activities so that the whole system can be constructed in 

working by its scheduled completion date. 

2. Construction 

Once a decision has been made to implement the system improvement, 

EASAMS, in conjunction with the Carifta Secretariat and island/ port 

authorities would discuss the method of project control to be adopted, 

Full co-operation may not be possible with all developers but an 

indication of progress (as it affects the master plan) would probably still 

be possible, Full co-ordination of priority projects should be possible
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if a condition of the financiers approval to the developers was their 

agreement to co-operate as required, 

Once agreement had been reached with the Secretariat and islands 

on the projects and the nature and extent of the progress reporting system, 

the necessary control system would be implemented. 

An outline of a basic system and its up-dating cycle is illustrated in 

figure M.2. 

The initial programme plans established form the starting point of the 

whole cycle. The programme would indicate the timescales to completion 

of each project, the effect of one project on the other having been 

considered in relation to the whole programme. This programme is then 

broken down into projects, and tasks within each project so that 

compatible time, cost and resource requirements can be established for 

each activity. Detail networks (work plans) are prepared for each task 

required to complete the projects and programme originally defined. 

The detail networks established for the programmes can then be 

periodically processed to provide progress reports on the programme as 

the work proceeds. The Carifta Secretariat and island/port authorities 

would review such progress periodically while introducing planning changes 

or new plans to the system. Detail networks would be up-dating from 

information fed via the island/port authorities to the Carifta Secretariat, 

The system provides means for numerous and diverse elements of 

the plan to be brought together and integrated into one large programme. 

It will handle in addition to time scheduling, the means for allocation of 

resources and costs. The system will provide information by simulating 

proposed decisions and their effect on the overall programme, to aid 

objective decision making by the Carifta Secretariat. 

The important features of this approach are: 

= The three elements of planning, time, resources and costs are 

integrated, (Only key events or selected reports are fed to the 

Secretariat while project and task reports are fed to the port 

authorities. 

= The programme recognises the need for more than one level of
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management reporting, i.e, the islands and the Carifta Secretariat, 

3. Initial operation 

Effective liaison between the systems team and the users of the system 

is essential if the full benefits of the systems study are to be realised, 

As one of the users of the operational system is normally involved as a 

member of the systems team, liaison should not be too difficult. If 

adequate communication between the systems team and the users is 

maintained, any defects or misunderstandings can be quickly resolved. 

4, Retrospective appraisal of the project 

If, after a sufficiently long period, the system is shown to be working 

according to plan, the original systems thinking will have been vindicated, 

On the other hand, the retrospective appraisal may show that : 

- the originalsystems study has overlooked certain factors, or 

- the system has had to operate in an environment which is different 

from that for which it was designed, 

5. Improved operation 

Improved operation of the system will only be needed :-~ 

S if the retrospective appraisal of the system shows that actual 

performance is falling short of plan, or 

- in certain cases, because certain parameters can only be 

optimised when operational experience has been obtained, 

The system can then be "tuned" to its environment, which will lead to 

improved operation, If the retrospective appraisal shows that 

re-optimisation is necessary, the systems engineering work at the design 

stage may have to be re-examined. In normal cases, this should not be 

necessary, for the earlier sensitivity analyses should have eliminated such 

a possibility.


