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SU? 'IMARY 

Of all the corporate tasks facing government agencies 

and business enterprises, none is more challenging or has 

received more attention than those involving the management 

of capital. This is as true for fisheries as any other 

sector of the economy. However, a fishery is the meeting 

place of many disciplines and the complex interactions that 

result from the biological, legal, social, psychological, 

political, technological and engineering problems within it, 

intensify the difficulties in the search for ideas and 

solutions for the rational economic management of capital 

investment. 

- -4r 

In spite of the complexities a ra-tional approach is 

needed involving the location and evaluation of all the 

opportunities for development across the whole of a fishery 

now or in the future. Capital investments dictate the 

entire pattern of production of fish and fish products and 

decisions taken in this area are usually irreversible. 

It is therefore, undesirable to allow the situation to 

develop as a random process. 
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It is essential for work of this kind, that a 

theoretical study of the methodology, techniques and 

criteria should be developed within a realistic 

environment. For this reason, all the cases examined 

are based on actual fishery problems. 
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SUMMARY 

Of all the corporate tasks facing government agencies 

and business enterprises, none is more challenging or has 

received more attention than those involving the management 

of capital. This is as true for fisheries as any other 

sector of the economy. However, a fishery is the meeting 

place of many disciplines and the complex interactions that 

result from the biologicall'legal, social, psychological, 

political, technological and engineering problems within it, 

intensify the difficulties in the search for ideas and 

solutions for the rational economic management of capital 

investment. 

In spite of the complexities a rational approach is 

needed involving the location and evaluation of all the 

opportunities for development across the whole of a fishery 

now or in the future* Capital investments dictate the 

entire pattern of production of fish and fish products and 

decisions taken in this area are usually irreversible. 

It in therefore, undesirable to allow the situaiion to 

develop an a random process. 



No system of capital budgeting will substitute 

for the final judgements that have to be made regarding 

fishery investment decisions. They can provide systematic 

approaches to reducing available information into patterns 

that suggest particular decisions'and strategies and an 

outstanding requirement is to determine in which sectors 

and to what extent they can assist with these problems. 

The benefits that can be obtained from the ability 

to programme capital investments which will secure 

improvements in the utilisation of capital labour and other 

resources have not been investigated within a comprehensive 

framework. A number of theoretical studies have been 

published and in a few cases have been validated on actual 

fisheries. Some of them are well developed but have 

generally considered the problems of sections of the 

industry in isolation. 

This thesis is concerned with the development of 

the methodology; techniques, criteria and data that will 

assist with management decision-making in this field and, 

also with an assessment of the relative contributions that 

result. The particular approach is to consider a completely 

integrated national fisheries system and investigate the 

overall problems that develop and then consider the 

independent sections of fisheries in order to investigate 

the specific problems that are peculiar to those sections. 



It is essential for work of this kind, that a 

theoretical study of the methodology, techniques and 

criteria should be developed within a realistic 

environment. For this reason, all thý cases examined 

are based on actual fishery problems. 
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1. INTRODUCTION 

One of the most important changes taking place in 

world fisheries today arises from the widespread acceptance 

that coastal states should be able to declare an extended 

jurisdiction over fisheries. Where feasible, Exclusive 

Economic Zones (EEZs) are now being established 200 miles 

from the shore. Once all states have taken such action, a 

sea area roughly equal to the entire land surface of the 

world will fall under national jurisdiction. 

The new regime in bringing almost all of the marine 

living resources presently exploited under the control of 

coastal countries. These countries now have the opportunity 

to plan fisheries development for maximum benefits against 

a background of nationally-controlled resources. 

problem arisen immediately from the need to secure 

max4imilm benefits. This, in facts implies that a fishery has 

a certain value or productivity, and while this is true, 

there cannot be a single concept of productivity that is 

common for all countries in all situations of fisheries 

development. Each one has to be examined independently and 

the appropriate values determined in accordance with the 

nation's order of priorities, These may include the 

production of protein, the provision of employment, the 

generation of revenues or contributions to the balance of 

payments. 
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It is often the complexity and variety of these 

objectives that prevents a government from seriously 

investigating the value of a fishery9 but a stark 

realization of values quickly becomes apparent when a 

prospective foreign partner approaches the government 

with a proposal for a licensing agreement or presents a 

co-operative programme for the formation of a joint-venture 

company. It also becomes evident that in agreeing to 

develop such co-operative programmes in which objectives 

may be advanced - such an the improvement of revenues and 

contributions to foreign exchange - others may have to face 

sacrifices. These may include production of fish for the 

home market or a reduction in employment. The major problem 

in how to develop a fisheries policy that satisfies the 

ambition of government and at the same time reconciles these 

conflicting objectives. 

There are three broad policy options: 

(a) To develop the fishery with the nation's management 
6 

expertise labour and financial resources only. 
(b) To establish licensing agreements with a foreign 

partner. 

(a) To enter a co-operative, programme involving the 

promotion of joint-venture companies with foreign 

partners. 
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Most countries should benefit from a balanced 

contribution from each of these options, and the degree 

to which each makes a contribution should be governed 

by the nation's requirements. There should be a search 

for a symbiotic package in which the economic and social 

benefits of a local fisheries programme can co-exist and 

be assisted by parallel developments in a co-operative 

programme. This is particularly important for infrastructure 

and services, which are essential for the co-operative 

programme and produce benefits for both areas. 

In addition to the need for balance in policy 

formulation, there is a requirement for balance in the 

development programme. This must apply from the seabed 

to the consumer and include the fishery resources, the 

fishing vessels, port development, processing facilities 

and distribution and marketing fuctions. Such a balance 
I 

4180 has to take into consideration the location of the 

development, its composition and phasing. 

Freedom of choice between different policies may 

be limited by the existing manner in which a fishery in 

organised and also by economic, technical and other 

constraints. In additiong the impact of such factors often 

change as development progresses. 
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A methodology is required for a rational approach 

to policy formulation and evaluation in order to identify 

the goals and constraints within an overall fisheries 

investment programme. This methodology should indicate 

how selected policies can be implemented through a programme 

of investment projects which can be appraised and evaluated. 

The essential pre-requisites for a fish industry are 

the availability of fish resources and markets for the fish 

products. The investment problems lie in a chain between 

these two factors from the fishing vessels to the 

distribution activities. This thesis is concerned with that 

chain. Fish resources and markets are not investigated 

explicitly but are treated as important problem constraints. 

wide range of practical cases are included to 

provide a variety of material for a consideration of the 

themes that need to be explored for the development of a 

methodology. 

review of previous work has been carried out 

(Section 2) and examines the application of quantitative 

analysis from the sea to the consumer. National problems 

have been covered (Section 3) and show the progressive 

useof a single technique, i. e. a linear programming input- 

output model, for different countries with problems at a 

different level of complexity (Section 4). A company study- 



-6- 

has been used to illustrate the problems of conflicting 

criteria and the advantages of modern micro-computer 

techniques particularly with respect to communication and 

implementation. The problems of the individual operations 

within the fisheries sector (Section 5) have been considered 

with respect to the techniques that are appropriate and also 

their level of efficiency. 

A further consideration of the efficiency of models 

is covered and considers the selection of techniques not 

only in terms of the need to select one from those available 

but also to consider when techniques might be used in 

conjunction with each other to good effect. (Section 6). 

The selection of criteria for fisheries investment decisions 

is also important (Section 7) and an investigation of 

criteria appropriate for decision-making at different levelm! 

is covered. The problems of uncertainty and implementation 

have been described with respect to two projects covered by 

models in the thesis (Section 8) enabling a comparison of 

predicted and actual performance in the projects. The final 

conclusions have been drawn with appropriate recommendations 

(Section 9). 
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2. A REVIEW OF PREVIOUS WORK 

The need for pre-investment planning in fisheries 

has been widely acknowledged, particularly for investment 

programmes in developing countries. Engstrom (1) who 

presents various aspects of project formulation, states 

that inadequate and poor preparation of investment projects 

has often been responsible for the slow growth and a waste 

of scarce capital resources. The objectives for fishery 

development may be conflicting and Lawson (2) points out 

that increased economic efficiency may conflict with 

increased employment; increased foreign exchange earnings 

may conflict with increase of supplies of domestic food, 

etc. Recently the development banks have placed a greater 

emphasis on post project evaluation and Lawson (3) has 

made a contribution to this work. 

Although there is no evidence of the comprehensive 

development of a methodology for investment decisions in 

fisheries, there has been a considerable effort to develop 

and incorporate a wide range of techniques for the 

solution of problems in different sectors of the fishing 

industry. They can be broadly described as accounting 

methods, operational research, models. and econometricand 

statistical techniques: - 
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2.1 Fishery Resources 

This in a field of study that has received 

considerably more attention than any other section of the 

industry and although publications are numerous, there 

are few that relate the resource problem to the total 

industry situation. Gulland (4) makes the point that 

few general descriptions of the complete management system 

have been given. It is therefore not surprising that models 

of the complete system do not exist. A comprehensive 

modelling approach has been described by Ervik et al (5) 

and a multiple species model, the basis of which is an 

input-output model, has been proposed by Hoppensteadt. and 

Sohn (6). The overwhelming problem appears to be the 

growth of models when incorporating all the sections of 

the industry and the subsequent difficulties in controlling 

them. Ervik et al make the point that if the assumpti(ma; 

incorporated in a model are complex and their mutual 

interdependencies are obscure, the model in no easier to 

understand than the real situation. 

A comprehensive bic-e-conomic model has been developed 

by Troadec, (7) which examines not only the biological aspects 

of a fishery but also the economic and social aspects, and, 

the effects of innovation. The conclusion of this work-in 

that only when ýhe overall framework for. the rational 

exploitation of natural fish resources have beow--assessed, 

can a coherent plan be worked -, out. TbIs would iuo3. ude-, - the 
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equipmentl skills to be acquired (training)l the changes 

in institutional structure, the programmes to be initiated 

and possibly the needs for outside assistance. Ibis work 

in complementary to the work of this thesis and provides a 

methodology for the estimation of resource constraints within 

a total management framework. 

2.2 Fishing Vessels 

Development of fishing vessels has been mainly 

a matter of gradual empirical modification, each small 

stop being thoroughly tested by experienced operators 

before general adoption. This method has much to comend 

it and Blackett (8) states that any organisation that 

regularly varies its methods and observes the results will 

have come close to an optimal operation. If either of 

these elementog variation or observations is missing It in 

likely that large improvements can be made by, restaring it. 

The naj(W emphasis ham boon on identifylAgý& 

technically valid combination of design parameters which 

represents the most profitable capital investment in a 

particular fishery or combination of-fisheries before 

com: fting the capital. 

The fixwt comprehezwive studies are reported 'by 

Bogucki (9) Who has employed a method called &. 4, dealAlow 

variable' technique. Ilie method is flexible and in 

applicable to a range of vessels and also to fleeting 

operations. The variables are fish hold capacity, speed 

and throughput of Processing plant for Individual vessels 
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and others are added for fleeting operations. The method 

is an ordered search through the decision variables using 

upper and lower limits for each one arriving at a design 

region for a vessel. The final decision being made on a 

subjective basis within the constraints from the study 

which identifies an optimal region for investment rather 

than a specific vessel design. 

Doust (10) proposed a method of identifying the 

optimal vessel design by a study of existing designs using 

regression analysis. Techniques such as these work best 

in situations where there are many existing designs of 

known performance covering the whole likely range of each 

parameter but are limited when major changes are envisaged. 

A technique has been developed by Curr (11) for situations 

'where data are limited and Digernes (12) has built, several 

models with the objective of improving implementation by 

placing the models at the disposal of-the. decision-maker. 

A series of studies have been carried out by Engvall 

and Engstrom (13) (14) (15) and by Eng-vall, Engstrom and 

Salmon (16). These take the same basic form as the other 

studies, investigating the economic effect of changes in 

vessel size and power for av iety of vessels including 

Mexican shrimp trawlers and Peruvian merluza trawlers and 

anchovy purse seiners. 
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The work of Hamlin (17) deals in a pragmatic 

way with the problems of vessel design. The principles 

of modelling are similar to the other methods already 

covered but start from a study of the gear and gear 

resistance. 

Green and Broadhead (18) studied the costs and 

earnings of 113 tuna vessels based in California 

concentrating on vessel size, catch rate and price of 

fish. The technique used in regression analysis and its 

limitations and advantages are mentioned with respect to 

the work of Doust. 

Nybi and Melhus (19) have analysed relevant 

operating costs for long liners in Northern Norway and, 

the costs are related to physical parameters for vessels 

or gear. Statistical distributtms for the costs are 

given- Using this work Dahle (20) reports on the 

application of a mathematical simulation model for a long 

line fishery. The model in general with respect to 

vessels but is restricted by gear consideration to a long- 

line situation. Dahle et al (21) have also investigated 

the problem of matching a fleet of fishing vessels with an 

on shore processing plant'. 
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2.3 Fishing Ports 

In a reviewq Madziar (22) states that there is no 

generally acceptedmethod for pre-investment planning of 

harbours but the essential elements are: - 

The needs of the consumer (demand) including the 

forecast on the processing to be performed in 

the harbour and the storing capacities required 

(ii) The fish to be handled in the harbour - quantity 

and kind (supply) 

(iii) The fishing vessels to be allocated and serviced 

in the harbour (dimensions and processing 

equipment). 

All other services to be rendered in the harbour 

are derivatives from these three basic assumptions based 

on the biological, technical and ecolLomic forecasts. 

MAdziar makes the point that this subdivision of 

the process of planning and designing of the fishing 

harbour is of c ourse not the only one possible but it shows 

the complicated interrelations. between the stages of, 

planning where output. of one phase in input forthe next 

one for further calculations. Nearly. every stage of the 

planning process should involve optimization procedures, 

even in their simplest form (comparison of alternatives). 
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The first stages of the fishing harbour planning are done 

by the specialists in fields other than fishing harbour 

planning, but the influence of the harbour planner should 

start early. 

A paper that makes use of techniques is that by 

Seo (23). He develops a solution to the problem of 

transporting fish from several fishing grounds through 

various harboure to several consumer regions using a 

linear programming formulation. Other specific problem 

areas such an the required number of berths are solved by 

queueing theory and simulation. 

A further paper by Madziar (24) deals with the 

problem of adequate number of berths for high sea fishing 

vessels. In Polish conditions the fishing company operates 

the fishing fleet and the harbour installations and in 

dealing with harbour extensions. Therefore formulating the 

problem for decision-makers was comparatively easy. 

Queueing theory was applied and the assumptions were 

verified with statistical data. 

2.4 Propeoxing Plantx 

paper relating to the evaluation of A fixh meal 

plant at sea in that operated aboard a mhrimp trawler in 

El Salvador (25). The study munwarimes the operat: Lon of 
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a small trash-fish meal plant installed on board the shrimp 

trawler. 

This is a simple techno-economic investigation and 

a practical attempt to determine the value of the fish meal 

plant aboard the vessel. The authors spent some time on 

the vessel studying plant operations and whilst the final 

outcome appears to be financially disappointingg the results 

should prove useful to operators in a similar fishery. 

In principle a similar type of investigation was 

carried out by Sola (26). It was an attempt to evaluate 

the economic operation of fish meal plants on shore. The 

plants were of the Stord-Myren type and consideration was 

given to plants with or without facilities for the reduction 

of fatty raw material. 

On the basis of data collected from different fish 

meal factories in Norway, theoretical calculationswere 

made in order to determine the most profitable production 

under various conditions, e. g., the minimum amount of raw 

material which must be supplied to get a reasonable return 

when workingwith fatty or loan fish and fish offal. The 

calculated values apparently depend upon many different 

factoral and are subject to great fluctuations from place 

to place and from time to time. General conclusions cannot 

therefore be drawn in a short survey. Diagrams show how 

profits, among other factors, are afunction of the method 
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of processing and the amount of raw material which can be 

supplied. More recently a considerable effort has been 

spent in Norway studying the problems of over-capacity in 

the fish meal industry and models have been described by 

Mathieson (27) and Bjorndal (28). The problems of 

surplus capacity, in general, in the fish processing 

section of Norway have been studied by Mikalsen and Vassdal 

(29). 

2.5 Marketing and Distribution 

In fisheries investment appraisal studiesq there is 

a need to establish prices for products and to understand 

the mechanism for price changes. 

A major interest of the economist in fish marketing 

has been the analysis of market demand and typically the 

analysis has been confined to the industry or total market 

level. Contributions in this particular field of fish 

marketins are almost exclusively from the U. S. A, The 

technique in to start with a demand function for a typical 

fish product, q, 

f(x 1' XV XM: Zl' Z2' --- zn 

where X, represents internal. economic factors under some 

degree of control and Z. is a set of uncontrolled or 

external factors. The internal factors might include the 

price of fish or some fish quality specification; external 
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factors could be consumer incomej population, prices of 

substitute products, etc. The model invariably takes on 

some aspect of analysis of variance usually by means of 

a multiple regression model. Success depends on the 

data that are available. The nature of the data may 

affect the study in three ways: 

(a) It may simply be incomplete, or not, in itself, 

measure what is needed. 

(b) Although the data may be adequate, the range of 

experience exhibited by the data may be limited. 

(c) The various statistical series may be too 

collinear to provide reliable estimates of the 

contribution of each factor. 

The main objective of such a model by Farrell & Lampe 

(30) was to provide estimates or the demand for the haddock 

products of the New. England fishing industry at the various 

levels between the fishermen and the national consumers. 

To fulfil a seconftry objective, an effort was made to 

isolate and demonstrate seasonal changes in demand fbr this 

species. The model consisted of ton equations wherein the 

functional relations of the major determinants of supply 

and demand were formulated. The authors expressed 

satisfaction that tests on the equations indicated that the 

parameters developed were reliable enough to gauge the 
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effects of changes in several variables on gross revenue 

obtained from haddock in New England fishing ports. 

Several hypothetical situations were posed and their 

effect on gross revenue from haddock were measured. 

An inventory of demand equations has also been 

published (31). The equations were drawn together at a 

conference sponsored býr the Division of Economic Research 

of the Bureau of Commercial Fisheries in 1968. Those 

published were selected as the most representative of all 

those submitted to the conference. 

The editors of the inventory express the hope that 

the equations will be useful as background information for 

those that are doing further work in fishery demand analysis. 

Nash (32) states the advantages of such analysis to 

fishermen and processors. While the former hopes will 

already have been realized, a discussion on the introduction 

of such work into company information systems could prove to 

be useful. With"the emergence of agencies proposing to 

provide data to the fishing industry, it is possible that 

the potential of this work could be realized by some 

processing or partial processing of data. This would 

involve the use of such equations developed by economic 

researchers but would involve some further development for 

incorporation into fishing and fish processing companies. 
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A forecasting model of the multiple regression type 

has been described by Pickles (33). The major factors in 

the model, again concernedwith U. K. cod prices, were supply 

and demand. By using catch rate forecasts, the model was 

tested against actual monthly prices and a good fit was 

obtained. 

A model has been described by Hansen (ý4) which 

analyzes the demand for fish meal using a linear programming 

formulation. 

The literature does not reveal many studies that 

are directly concerned with the investment appraisal of 

fish transport and cold storage systemz but several papers 

are of interest. 

A problem investigated by Portlock (33) concerned 

the daily transportation of fish from five ports in England 

and Wales to inland depots and wholesalers which were wholly 

or partly owned by a companyq or who had special delivery 

agreements. The company had for some time been faced with 

rapidly increasing transport costs which made a competitive 

pricing policy difficult. Portlock studied this problem 

by means of a heuristic model. 

A project was carried out by Coverdale (36) an 

the economics of using chilled sea water (CSW) containers 

on U. K. fishing vessels. 
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The objective of the work was to establish the 

most effective distribution pattern for the containers. 

A marginal costing technique was used to determine the 

change in profitability over the transportation cycle 

arising from the loss in capacity of the vessels with 

respect to the former method of stowage. 
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NATIONAL FISHERIES PLANNING 
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NATIONAL FISHERIES PLANNING 

The problems for executives and administrators in 

national fisheries development are complicated and diverse. 

The solution of such problems depend upon information and 

analysis determined from economics, from quantitative 

methods, from finance and accounting and from organizational 

behaviour. The emphasis in this section will focus upon 

those aspects of decision-making which draw heavily upon 

the first three areas. They will be used to assist with 

decision-making at the national policy level. 

In developing nations the problems are exacerbated 

by the desire to achieve conflicting objectives. Fisheries 

are expected to carry many burdens and are generally 

expected to maintain their role as a major source of proteing 

to generate employment for the coastal population and to 

earn foreign exchange (Fig. 1). Therein a need to identify 

and evaluate potential projects and also to estimate the 

overall growth of output, savings investment, Imports 

and exports arising from such projects. 

An additional complication arized from the 

hierarchical nature of the decision-making process (Fig 2). 

The national objectiven are intimately inter-related with 

company activities and the individual operations within the 

industry. 
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A LINEAR PROGRAMMING INPUT-OUTPUT MODEL 

FOR FISHERIES DEVELOPMENT 

ýýESOURCES RESOURCES tn 
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9 
I 41LABOUR COEFFICIENTS . &4 LABOUR H tn z 

P. 4ýARKETS MARKETS 8 

FRESH FROZEN CANNED MEAL 
FISH FISH FISH AND 

OTL 

OUTPUTS 
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National Policies and Plans 
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Solutions to problems depend also on the specific 

industrial geographic and demographic characteristics of 

the country concerned but a general framework may be 

devised to provide appropriate answers. 

Fishery regions within a country may be 

differentiated in many ways: - 

a) The availability of fishery resources. 

b) Endowments of immobile physical factors of 

fish production. 

Population and its urban-rural distribution. 

d) Consumption behaviour which in related to c) 

above. 

e) Infrastructure and current productive capacity 

such an fishing vessels, transport and 

processing pl&nts. 

There in a requirement to devise a development 

strategy for the industry with respect to bottleneck 
a 

rexources such an fresh water, preferred locations for 

the developmentl inter-regional transportation flown, 

social overhead requirements and inter-regional migration. 

A tool'that; has been developed for such investigations 

takes the form of a model which-includels all the *porations 

in a fishery from catching-t()-procogsing. 

M 
University 

Library 
Hull 
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3-1 A General Multi-regional Fisheries Model, 

A model for the investigation of fishery policies 

should be able to satisfy several requirements: - 

a) It must show how outputs in terms of fish 

products are related to the inputs such an 

fish resources, labour, capital, etc., as 

they are utilized in the different activities 

of fishing, handling, processing, marketing 

and distribution. 

b) It must be able to identify activity locations, 

within a regional framework, such as fish 

resource locationss location of fish processing 

facilities and inter-regional transport costs. 

c) It must account for all the practical constraints 

affecting the fishery such. as Total Allowable 

Catch (TAC) for different fish speciesq the limits 

on laboUr, * capitalland also the market potential 

for each type of fish product. 

It must be able to optimize the contribution of 

the fishery to the Gross National pr-oduct (, GNp) 

wIthin each alternative policy framework, that is 

formulated. The criteria used for this purpose 

in Value Added (section 7.1-3). 
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A linear programming model has been chosen for 

the analysis of multi-regional fisheries investment 

choices. The objective function to be maximised is the 

value added and choices of activity location are 

determined in the model by fish resource locations, 

location of fish processing facilitiesq inter-regional 

transport costs and capital and labour costs. 

3-1-1 Mathematical Formulation of the General Model 

The equations of the model are as follows; definitions 

are listed after the equations. 

The exploitation of the fishery resources are met or 

not exceeded. Alternatively this could be regarded ax a 

quota constraint: 

3- Y- 
i k X ijk A RS 

The national constraint on labour availability: 
T- 
i 

E 
i 

E1 
k ijk ' xi k 

(2) 
j 

The use of capital does not exceed its availabiXity: 

i j k ijk- Xi jk 6C (3) 

Regional 
. 
constraints on resource use (water): 

i wij k Xijk 9fi Wk (4) 

Domestic sales and exports are presented from exceeding 

demands by upper: lxýunds 
Yrx 
ik ijk t! S Di 

Objective function: 
r- z 5-:: 

Umax iika ijk Xijk 

where a '2 ijk ' lijk + CiJk 
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Definition of variables: - 

x ijk output of fish product i from fish caught in region j 

and processed in region k. 

aijk coefficient for added value for fish product i from 

fish caught in region j and processed in region k. 

1 ijk labour coefficient for fish product i from fish 

caught in region j and processed in region k. 

c ijk capital coefficient for fish product i from fish 

caught in region j and processed in region k. 

w ijk coefficient for water requirement for fish product i9caught 

in region J, and processed in region k. 

maximm of fish resources in region J. 

national labour availability. 

C national capital availability. 

W water availability in processing region k. k 

6 

Di market demand for each product i. 
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3.2 A National 
of Morocco 

ional Model for the Sardine Fisheries 

A numerical example of the model may be introduced 

by an examination of the development of the sardine fisheries 

of Morocco (Fig. 3). The existence of the established 

industry in the north and the new potential in the south 

give rise to a situation that can be regarded as a closed 

two region economy (Fig. 4) with severe inter-regional 

inequalities. 

The problem is concerned with the allocation of 

capital and labour over the two regions. Any significant 

investment in the south must be associated with the building 

of a new port and so the objective is to find the locational 

pattern that maximises the value added. 

Theoretically sardines may be caught in any region, 

processed in that region or transported to any other region 

to be processed. For practical purposes and for historical 

and technological reasons some of the options have been 

eliminated. There are four fishýproducts, fresh sardines, 

frozen sardines, canned sardines and fixhmeal. The assumption 

has been made that there-would be eight commodity outputs and 

the labourg capital and value added coefficients are shown 

(Tables 1 and-2). The outputs ake listed: - 
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x 211 frozen sardines, caught in the south and processed 

in the south. 

X411 fishmeal sardines, caught in the south and processed 

in the south. 

x 312 canned sardines, caught in the south and processed 

in the north. 

X412 fishmeal sardines, caught in the south and processed 

in the north. 

x 122 fresh sardines, caught in the north and processed 

in the north. 

222 frozen sardines, caught in the north and processed 

in the north. 

X322 canned sardines, caught in the north and processed 

in the north. 

x422 fishmeal sardines, caught in the north and processed 

in the north. 
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The availability of water in the south of Morocco 

creates severe problems and a linear constraint may be 

applied, but another approach is to consider the water 

requirements of the products and eliminate these which 

require water surplus to that which is available. This 

is the approach taken here and has resulted in the 

elimination of product x,,, - canned sardines, caught in 

the south and processed in the south. 

The first formulation of the linear programming 

model places no undue pressure on the labour and capital 

requirements (Table 3 The total supply of 

450,000 tons in sold and in this situation, the 

capital input in fully utilized but the available labour 

input in not fully utilized, The value added of this 

solution is in excess of 183 million dirhams and the labour 

requirement 34,000 people. If the value of the labour 

input is reduced from 80 to 40 million dirhams (Table 

then the reduction in the quantity of fish processed is of 

the same ordor but the man-power requirement of 29,000 is 

not very different from the previous solution. 

It can be aeon that optimal solutions are consimtent 

with the preferential use of the sardine resources off the 

southern coast and the proconxing of canned sardines in the 

northern canneries. The introduction of a constraint, the 

value of labour does not significantly alter the man-power 

requirement because the production of canned sardines with 
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a high labour requirement is maintained while the low labour 

processes are reduced or eliminated. The change in the 

labour constraint reduces the value added from approximately 

183 million to 118 million dirhams. 

The distribution of labour between north and south 

is very important. This problem is not the classical one 

for developing countries where one of the objectives of 

expansion of fisheries is to counter-balance the rural-urban 

drift. It is the problem of establishing a community of 

some kind in an area where one does not exist. 

In the first LP formulation, the requirement in for 

a labour force of 32,873 in the north and 11450 in the 

south and in the labour contrained situation 28,343 in 

the north and 1,164 in the south, The major concern would 

appear to be with the basic problem of establishing a 

comm=ity at all in the south rather than any difficulties 

that would arise from a difference in numbers of this kind. 

3*3 A National Model for Mauritania 

This model has been formulated in the same., way as 

the Moroccan Model, but has been extended to, copalwith a 

multi-xpecieng multi-vessel situation (Fig. '5 which is 

extremely important for a methodological investigation. 

The question of alternative decisions about all the 
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individual aspects of a fishery can be examined within 

the context of the total fisheries management requirement. 

A large amount of data are required as inputs to 

the model covering the stocks of fish available, fishing 

regions (Fig. 6), vessels, ports, processing, marketing, 

etc. The exact requirements for the model and all the 

input information is described (Appendices 1,3 and 

The model determines the optimal fisheries 

development strategy for an stated policy option or "scenario". 

In this case, the variable optimised is that which contributes 

directly to the Gross National Product, i. e. the total value 

added. Solutions from the model are shown (Appendix 2). 

3.3.1 The Scenario Investigated and, the Results 

The presentation of the scenarios and-,, the solutions 

for them are shown (Table The constraints. of each 

scenario and the major features of the solutions, ore: - 

Scenario A 

The specific constraints are: - 

a) It is assumed that artisanal fishing villages 

will operate at their current level of activity. 

b) The home market is supplied by fish from 

artisanal fishermen. 
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C) All fish produced for export can be sold. 

d) There is no investment on-shore but current 

facilities will be fully utilised. 

It can be seen from the solution (Table 5) 

that 48,500 tons of demersal species and cpphalopods 

could be landed each year together with 72,000 tons of 

pelagic species. This represents a good policy that 

could be implemented quickly with the minimum investment 

totally committed to fishing vessels. The important 

aspect on shore is that all the processing plant is fully 

utilised but the port handling capacity is not. 

Scenario B 

It is obvious that the next increment al stage 

of development to be investigated in to increase the fish 

processing plant capacity to match the Port capacity. 

The results of this. policy (Table 5) are shown 

and the production of valuable fish products is more 

than doubled with a similar increase in value-added and 

a considerable increase in employment. 

4 
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Scenario C 

This scenario is the same as scenario A but with 

an increase in off-loading capacity of fish at Nouadhibou 

from 300 tonnes per day to 500 tonnes per day. This is 

achieved by marginal improvements such as the introduction 

of fish boxes and unloading equipment. 

If the throughput capacity of the port of Nouadhibou 

is increased to this levelt then there is a requirement to 

increase the processing and cold store capacities by a 

greater amount than in the previous scenario to achieve 

balance. One of the objectives of this analysis is to 

determine this level. 

Scenario D 

This option examines the needs in terms of capital, 

labour, vessels, unloading capacity, etc,, in order to 

catch all the fish available to the port, of: Nouadhibou. 

In this solution, a total of 495,000 tonnes of 

pelagic species and 69,000 tonnes of demersal species and 

cephalopods could be landed at Nouadhibou, (including a 

small amount of artisanal demersal species, landing at 

Nouakchott). 

This would require, flepts of, 47 freesýer trawleraq 

137 iced fish:. trawler&,,, 40,. vedettex-and 12 purse -spinors- 
needing & port. extension, of 6 berths: for -freexi! r trawlers. 
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(This is based on a 24 hour unloading basis. If 12 hours is 

taken then 10 berths would be required). Thus the port 

would consist of 6 freezer trawler berths, 8 wet fish trawler 

berths and 2 purse seiner berths. 

The processing capacity required would be the 

fishmeal plant of 600 tons per day, a canning plant of 

10,000 tons per year capacity and a freezing capacity of 

400 tons per day. Howeverl the cold store requirement 

would increase dramatically to 113,000 tons. The land 

based labour force required would be 3,000 men and sea-going 

personnel would be 5,700. 

The value added of this solution totals UM 4350 

million. 

Scenario E 

This represents Policy of exploiting all the 

resources of Mauritania and landing the fish in the country 

at the two ports of Nouadhibou and Nouakchott. 

The port of Nouadhibou,, in addition to the pelagic 

species for fishmealand canning and the artisanal demorsal 

species landings, the port could contend with 99,000 tonnes 

of demersal species and cephalopods landed by wet fish 

trawlers and vedettes and an additional 165,5QO tonnes of 

pelagic species Pro= freezer. trawlers, This--ropre"n*s the 

total northern fish availab: Llity ý of - 
352 t 500 tome* 
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This would require fleets of 24 freezer trawlers, 

137 wet fish trawlers, 40 vedettes and 12 purse seiners 

needing a port extension of 5 berths for freezer trawlers 

(based on 24 hour unloading and 9 berths based on 12 hour 

unloading). Thus the port would consist of 5 freezer 

trawler berthaq 8 iced-fish trawler berths and 2 purse 

seiner berths. 

The processing capacity required would be the 

fishmeal factory as previously, a canning plant of 109000 

tonnes per year and a freezing capacity of 400 tonnes per 

day. The cold store capacity required would total 95,000 

tonnes. A land based labour force of 29700, together with 

sea-going staff of 4,500 would be required. 

The first requirement for Nouakchott in this 

scenario in the building or the fishing port. The. port 

could contend with 64,000 tons or demerxal and cephalopod 

species and 247,500 tons of pelagics representing the total 

resources of the southern region. This. would require a 

fleet of 25 freezer trawlers, 94 iced fish trawlers and 

11 purse xeiners. The port would require 11 unloading 

berths and the-labour requirement in the south would total 

49300- 

With two ports in operation like this, all the 

vessels and plant located at each would be independant 

with the exception of the freezer trawlers. The*possibility 

exists here of one fleet following the pelagic fish stock 
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and servicing both ports. The value added of this solution 

equ, als UNI 5060 million. 

3-3.2 The Recommended Solution 

The solutions obtained for each policy option show 

advantages and disadvantages. The objective has been to 

optimize the contribution to GNP but some sub-optimization 

has already-been incorporated through subjective imposition 

of some of the constraints. This has been carried out where 

solutions are known to be totally unacceptable. The 

final recommendations, with a value added of UM 4,940 million, 

arise from a composite of several of the policy options. 

These have been selected with respect to other constraints 

mt covered by the models: - 

Nouadhibou 

a. It is recommended that Nouadhibou be developed to 

the level of throughput of 500 tonnes per day an 

investigated in scenario B. This would be 

associated with a development of processing 

capacity and cold storage on-share to cope with 

that situation, 400 tonnes per day and 20,000 

tonnes respectively. This would allow, all the 

demersal species available in the Nouadhibou 

area to be processed on shore and also allow 

same marginal processing of pelagic species. 
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b. There is no provision for a canning factory in 

Nouadhibou. This was 

observe the effect on 

kind of development i, 

on the basis of value 

rejected on financial 

not be achieved. 

included initially to 

economic grounds. This 

a always highly desirable 

added but it has been 

grounds as a profit could 

Ce The problem of handling a large quantity of 

pelagic species for human consumption could be 

solved by iced-fish trawlers landing the fish 

into factories for processing, by factory 

trawlers processing them at sea or by iced-fish 

trawlers transferring them into a factory moored 

close to shore. The latter has been selected 

an the best option. It gives better control 

over the fishery and at the same time does not 

involve excessive investment in capital on-nhqree 

d. The fishmeal plant should be fully utilised. 

Nouakchott 

a. P The long term requirement in fisheries for 

Mauritania demands further development at 

Nouakchott and a new. fisheries port recommended. 

This port -should be able to service a total of 

94 iced-fish trawlers and 11 purse neinerB. 



- ! 52 - 

b. On-shoret the development should include processing 

plant to deal with 200 tonnes per day and cold 

storage at a capacity of 12,000 tonnes. 

C. It is recommended that a fishmeal plant of the 

same capacity as that in Nouadhibou be installed 

in Nouakchott. 

3.3-3 Conclusions 

Static linear programming input-out models have 

been used for multi. -regional, multi-industry investment 

problems in Korea by Norton (37). The approach developed 

here for the fisheries sector could be criticised on the 

basis that the matrices for the fisheries sector formýonly 

a block in the total inter-industry structure. The:, 

fisheries sector will have an impact on other: areasl'; Of 

the economy particularly boatbuilding, 'gear mahufaciuret 

etc., but the emphasis has been placed upon the priftary 

issue of the intrinsic value of the fizheriesýsector. 

Additional financial and'economic analyses have also 

been developed (Tables 6and 

The series-of solutions conducted under different 

sets of constrainis'explore the trad .aI -off between GNP, 

more equitable regional development"ý&nd thevost suitable, 

structure of the fish induttry. -,, 
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GNP was selected as the maxim as it is income 

and employment that policy makers are trying to adjust 

more equitably in regional distribution. 

Labour and capital are assumed to be mobile 

among regions and projects. Land is assumed to be 

available in sufficient amounts although one of the 

major problems might arise here from the policy of 

landing pelagic species with high processing plant and 

cold store requirements. 

Investmeýt in assumed to be a function of the 

t. erminal year output rather than that of change in output 

of fish products. This means that a phased programme must 

be investigated with several model runs for different 

proposed terminal years or use the results of this model 

as a guide to inputs to a different kind of analysis 

(Tables 6&7). 

The capital cost parameters and plant lifetime 

are used to estimate the coefficients of the investment 

functions (Appendices 3 and 4 

There is a combination of eight fishing vessels, 

three port and landing place regions, eight processing 

methods and four markets giving rise to many activities 

( Fig. 5 ). Some of these are set at mero level. 
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The linear programming tecbnique tends to produce 

extreme solutions that take advantage of any marginal 

gain in value added irrespective of the disadvantages 

when considering other desirable criteria, e. g., inefficient 

artimanal activities would predominate unless supressed by 

subjectively developed constraints. It also assumes a 

linear relationship between inputs and outputs and this 

might not be so for changing levels of activity. Changes 

in economies of scale can affect the situation. There are 

several methods that can be used to overcome or minimize 

the effect of this problem. Coefficients may be chosen at 

a level at which one expects an activity to enter the 

solution but this is not completely satisfactory and can be 

improved by iteration. Separable programming or mixed 

integer programming may also be used but the modelling could 

become complex and expensive using these tecimiques. 

There are many problems in selecting a model structure 

for a problem of this kind but an input-output analysis 

combined with a linear programming model offers many 

advantages* It has the value of solving the allocation 

problem and at the same time combines all the aspects of 

the problem from fishery resources to marketing in the same 

model structure. The inputs may be derived from other 

models or simple statiatical. analyzen of operational 

situations and can be carried out in a short term period. 
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This form of analysis gives a clear indication of 

the values of the different policy options and although 

there has been some sub-optimisation arising either from 

the limitations of. the model or from as*sumptions made for 

each policy option, the major advantage of this approach 

is to be able to identify and number these individual 

facilities, e. g. fishing boats and processing plants, that 

are appropriate for solutions acceptable to government. 

Although final decisions on theme facilities would not be 

made without a final analysis based on criteria conducive 

to entrepreneurial investment (Sections 4,5 &7 )q it is 

doubtful if this total analysis could be carried out in a 

more efficient wayt i. e. by building up the incremental 

parts of the fishing to the total situation. 

The sequential use of the model for investigation 

of the policy optionag particularly in this case where 

they grow considerably in magnitudeq assists in the learning 

process and also in the testing of the model. Additional 

advantages arise from using the model in one situation such 

as Morocco and transferring its use to another such as 

Mauritania. These advantages contribute to learning and 

also give model cost benefits. 
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COMPANY OPERATIONS 
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COMPANY OPERATIONS 

Company operations involve one or more of the 

individual fishery operations (Section 5) and the most 

complicated of these are the vertically integrated 

companies that include all such operations from fishing 

through to marketing. 

A model has been developed for such an African 

company who wished to expand a fish catching, processing 

and marketing operation. The need was to reconcile 

conflicting objectives. The company objective was to 

maximise profitability and there was also a requirement 

for a high economic rate of return and a major 

contribution to employment. 

The most important constraint was the limitation 

on the amount of capital for investment but others'included 

limits on the timing of the investment progrAmme And 

government regulations and guidelines. 

4.1 The VISICALC Model 

The model uses the VISICALC programming package 

in conjunetion, with the APPLE II micro-computer. Tlýe 

system has been described by Ckitr (38)'where the problem 

in entered into the machine as.,. a; table of numberst together 
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with the relationships between them. Once the table is 

complete, any item originally presented as a number can 

be changed, whereupon the computer will recalculate the 

entire table. All this happens in full view of the user, 

who sees his data going in, and observes recalculations 

taking place on the TV screen, when numbers visible 

through the chosen "window" change value. The table can 

also contain titles and headings, both to help the user 

find his way, and to produce printed analyses (Table 8). 

4.2 Financial Analyses 

The trading activities covered by the analyses 

are: - 

Acquisition 

a) Fish from company fishing operations 

b) Purchase of finned fish from artizanal fishermen 

C) Purchase of lobsters from artisanal fishermen 

d) Ice production 

Sales 

a) Sale-: of fresh fish 

b) Sale-of smoked fish, - 

C) Sale of smoked fish to feed mill plant 

d) Sale. of frozen lobsters on the home market 

e) Export of frozen'fish 

f) Export of fromen lobsters 

9) Sale of ice 
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TABLE FINANCIAL RATP OF RETURN 

EXISTmr, Hip! w MPT-7 

VESSELS BIG SMALL 
------- 
CAPITAL COS'" VSL 

------- 
5 

--- ----- 
1309 340 Sm noo 

CAPITAL COST ENGINE 0 
. 
185 87 

AGE OF VSL 13 n0 YEAR 
DAYS FISHINZ/YEAR 192 192 192 
CATCH/DAY FISHING 0.46 1.54 n. 78 "'17ONNE/DAY 
SPECIES SARDINES 6o 60 60 % OF CATCH 

MACKEREL 30 30 30 % OF CATCH 
OTHERS 10 10 10 % OF CATCH 

FUEL/TRIP 28.44 80 28.44 LITRE 
KEROSINE/TRIP 13.44 20.16 13.44 LITRE 
NUMBER CREW 16 20 16 

WAGE/MAN 8385 SH/YEAR 
ICE/BOAT/TRIP -. 46 1. S4 . 78 
PRICE FUEL 11.14 SH/LITRE 

KEROSINE 7.01 SH/LITRE 
CATCH TREND SARDINE 0 %/YEAR 

MACKEREV 5 %/YEAR 
OTHERS 10 %/YEAR 

FISHING GEAR 
EXISTING sono SH Ono 
AGE 4 YEAR 
NEW 7946 SH 000 

SHORE FACILITIF-q GENERAL 
BUILDINGS 

PRESENT VALUE 493 SH OnO 
Ef)UIVMENT PRICE NEW t927 Sm Ocin 
NEW EOUIPMENT SM SH 000 

CHILL MRE 
CAPACITY 12 TONNES 
". DWELL TIME 2 DAYS 
MAX THROUGHPUT 2160 TONNES/YEAR 
PRESENT THROUGHPUT 0 70NNES/YEAR 

COLD STORE 
CAPACITY 60 TONNESý 
AV. DWELL TIME 21 DAYS 
MAX THROUGHPUT 1029 TORNES/YCAR 
PRESENT THROUGHPUT 0 TIONNES/YEAR 

ICE PLANT 
MAX CAPACITY 37SO TON`NtS/YEAR 
PRESENT CAPACITY 1000 TONNES/YEAP 
ICE PRICE son SH/TONNr 
UTILISATION 75 1 

PRODUCT PRICE (SH/TOMNE) 
SHOPS AUCT FRZ Smx 

SARDNE 5200 , 2660 340-A MO 
MACXEREL 44nft 32nD 4POO 
OTHERS 9000 4500 67so 
LOBSTER 42323 634PIl 
FISH ALLOCATION (1) 
SARDINF 2n In to 
MACKEREL 60 - 20 , 20 
OTHERS 20 20 60 0 

DEPRECIATION 
VESSELS 10 YEAR 
GEAR 4 YEAR 
ENGINES 5 YEAR 
BUILDINGS 2n YEAR 
COUIPMENT 5 YE" 



- 63 - 

TABLE 8' (CONTD) 

YIPAR 

FLEET COMPOSITION 
FXISTING VSL 
NEW BIG VSL 
NEW SMALL 

risH LANDINGS (TONNFq) 
SARDINnS 
MACKEREL 
OTHERS 
TOTAL 

FISH ALLOCATION (TONNES) 
SHOP$ 
AUCTION 
FREEZING 
SMOKING 
TOTAL 

PURCHASED LOBSTER (TORNES)* 
FISH 

REVENUE (SH nOO 

SHOPS 
AUCTION 
FREEZING 

ADS TOTAL 
Ict 
LOR41TLPR EXPORT 
FROZEN FISH FXPOPT 
CRILLSTORE HIRE 

TOTAL REVENUE 

OPERATING COSTS (SH 000) 

VESSELS 
DIESEL & FUEL 
KEROSINE 
WAGES 
MAINTENANCE VESSELS 
SHORE FACILITIES GENERAL 
MANAGEMENT EXPENSES 
WAGES (ALL PERP 
MAINTEN BUILDINGS 
ELECTRICITY (TOTAL) 
TRANSPORT FUEL 
BUYING LOBSTER 

FISH 

. OTAL OPERATING COST 

ODERATING PWIT 

DECIPPECIATION 
nurLDINGS 
VESSELS 
GEAR 
ENGINES 
FOUTIPMENT 
TOTRL 

PROr". OFFORE TAX 
GOVERNM TAX 

NrT 

n 2 3 4 5 9 9 it) 

3 3 M n n n n n 0 n 2 2 2 2 2 2 2 2 2 2 

1233 1233 In'? 4 ln74 1074 1074 1074 1074 11174 1074 
647 678 A17 644 671 A98 725 752 778 RAS 
22f; 247 233 251 26R 280; 304 322 340 358 

2106 21S7 1924 1968 2013 20SO 21,13 2147 2192 2237 

1173 1196 1"41 inel 1101 1120 1140 lific 1179 1199 
421 431 38S 394 403 412 421 429 438 447 
388 407 370 387 403 419 435 451 467 483 
123 123 107 107 ln7 107 107 t07 107 107 

2LOS 21S7 1924 1968 2013 2058 2103 214", 2192 2237 

4 3 6 7 8 9 to 11 32 13 
50 100 ISO 200 250 2SO 230 250 250 250 

6730 6893 61314 6274 6410 6345 6680 6814 6qsl 7096 
1259 1297 1163 1196 1229 L263 12q6 1329 1362 1396 
2017 2130 M4 2ftS2 21SO 224R 2344 2443 2543 2441 

407 407 3S4 354 354 354 3S4 354 354 354 
10420 10726 9910 9877 10143 10410 10677 10944 11211 11477 

393- 328 444' 422 400 377 335 333 310 2AR 
2S4 317 3xi A44 SOR S71 43S 444 762 825 
338 673 1013 13SO 1488 MON 1489 IGOR 1480 ISRS 
ISO IRS M Is@ lee ISO Ise Is$ Ise 188 

11953 12235 11636 12281 12427 13234 13542 13450 14158 14466 

1012 1012 829 829 e29 229 129 S21R 829 829 
253 2S3 199 199 199 19q 149 199 199 199 

loll loll 1409 1409 1409 1409 1409 1409 1409 14ng 
el tL6 144 IGO 176 187 203 2t3 224 229 

47, 47 47 47 . 47 47 47 47 47 47 
333 935 333 S35 53S S35 M S35 S35 M 30 30 30 30 30 30 30 30 30 30 

so so so so so so so so so so 27 27 27 27 27 27 27 27 27 27 
144 212 254 294 339 381 423 466 SOS 930 
225 450 47S 1129 1125 1125 1125 1123 It2s 

40ts 409S 3924 3562 3440 3943 3752 3805 3858 3909 
7938 914n 8112 4449 q28A 9941 97ql 1flft4A 103nl 1ft%AI 

25 2S 211 2% 2S 2S 2 2ti 23 211 
334 

, 534 134 S34 S34 534 334 934 534 S34 L987 1987 1907 1907 1987 19A7 19A7 IOP7 1997 1907 
213 213 M 213 213 213 213 213 213 213 

iniq lntq 1019 into 1014 tOt9 tOt9 into 0 to tnt9 
3719 3776 3776 3776 3776 3"4 37709 MA 37701 377A 
3742 4364 4334 4923 S910 5743 6014 6269 KS24 47AS 

inn ISO ISO ISO too ISO Intl tat) too too 
3S92 4184 4130; 4743 33iO 5585 5*34 AnN9 4344 Gans 
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TABLE 8 (CONTD) 

YEAR ,012345A 

CASH FLOW 'PORECAST 

OPFNING BALANCE n0 735A 15318 23250 23A23 26772 3K133 45744 47KA3 577R3 
GRANT 20513 
OP PROF AFTER TAX 0 7358 7940 7932 RS19 9106 4391 9KII 9"AA 14121 1A381 
CASH AVAILABLE 20SI3 1338 15310 232%ft 3174* 32429 36133 45744 SsAfta S77"3 69144 

-NEw rvvEsTmrmTs 2flSl 3 
REPLACE'4ENT 

f' MAR 0n0 7044; a00 1446 0n 
ENGINES () 0n0 10 0; 4n00a 1064 
VOCIPMENT 0000 S093 000 ft SP03 

TOTAL INVFS'. MFNT 211513 0a0 7944 AIS7 00 -1046 0 6157 

CLOSING BALANCt 0 73SR 15318 2325n 23823 26772 36133 45744 47643 57793 K2nO7 

HYM, PRESEWT VALUE 

CASH FLOW -20513 7358 7960 7932 S73 2949 9361 9611 1919 10121 4224 

DISCOUNT RATE 2s. 90 % 
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iii) Hire 

a) The renting of chill and cold storage space to 

artisanal fishermen. 

The investment programme has been analyzed over 

a 10 year period with an initial injection of capital. 

The items that need to be replaced during this period 

have b een financed from the subsequent cash flows. The 

financial rate of return (Section 7.1-1) has been calculated 

at 28.9%. (Table 8). 

It can be seen that the main contribution to 

revenues come from the sale of fish caught by company 

boats and the main contributions to costs come from 

wages, fuel oils and possibly taxation. Therefore, the 

risk associated with the rehabilitation programme and 

the reliability of the rate of return assessment has to 

be considered with respect to the following factors: 

Total Annual Catch 

Me estimate of annual catch of about 2,000 

tons taken into consideration not only the state of the 

resources but also allowances for a low level of productivity. 

There is a provision in the analysis for a modest increase 

in both the catch and its quality over the ten year period. 
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The only additional risk arises from the immediate 

availability of crews. This is not regarded as serious 

because of the good level of expertise of local fishermen. 

It is considered that this problem might cause marginal 

delays during the first year of operation. 

Fish Prices 

The fish prices are historical and relate to the 

period 19,10/81. They could be regarded an slightly 

pensimi; tic since there has been no upward adjustment 

with respect to a start to the project in the year 1982/83. 

Wages 

The estimation of wages does not present a 

problem but the analysis assumes that the paymenf, system 

in operation4iow Vill continue i. e. fixed wages. Changes 

could arise from the need to operate bonus systems. - 

d) Fuel Costs 

The real price changes in fuel oil over the 

last decade have had a significant effect on fishingboat operating 

costs. There is not provision ror a forecasted 

fuel price increase over the period of the project but 

if fuel priceswere 50% higher throughout the project, 

the financial rate of return would be reduced to 25.5%. 
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e) Taxation 

A recurring payment is made every year. This is 

reputed to be 80% of the expected net profits but in 

reality this appears to vary between 100,000 and 200,000 

Tz shillings whatever the profit or loss. 

If this payment relates to the value of interest 

payable on the assets then there is no logical reason why 

this payment should increase in the investment programme 

and in the analysis art annual payment of 180,000 Tz shillings 

has been used. 

It in certain that the economy will require some 

transfer of funds from the fisheries sector, if it can 

be made profitable, to others. However, it'iM important 

that such taxation does not cripple the companj býy taking 

away cash that needs to be retained an working capital 

or by reducing cash flown to a point where replacement 

investments cannot be made throughout the 10 year period. 

A sensitivity analysis relating a change in the 

taxation to the financial rate of return is shown below: 
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Taxation as a percentage 
of net profits 
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4.3 Economic Profitability 

The same discounting cash flow technique that 

is used to measure financial profitability from the 

point of view of the company, may be used to measure 

the Economic Rate of Return (ERR) or the return to 

the national economy of the project. While the financial 

calculations are based on prices of goods and services in 

the open market, economic calculations are based on social 

opportunity costs (or the value to the national economy 

of employing a unit of a certain resource in the best 

alternative usage). This introduces the concept of "shadow prices" 

(Section 7-1.2) and in -the case of this fisheries project, 

the economic rate of return (Table 9) has been calculated 

using shadow, pripen deriVed`from"'ýmarket prices with the 

following adjustments: 
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TABLE 9. 
-- - 

ECONOMIC RATE OF RETURN CALCULATION 
------------- - ---------------------- 

EXISTNG NEW NEW 
VESSELS 
------- ------- 

BIn SMALL 

CAPITAL COST VSL S 130S 340 SH nnn CAPITAL COST ENGINF 0 186 87 
AGE OF VSL 13 00 YEAR 
DAYS FISHING/YEAR 192 192 192 
CATCH/DAY FISHING 0.46 1.54 0.78 TONNr'/DAY 
SPECIES SARDINES 60 60 60 1 OF CATCH 

MACKEREL 30 30 30 1 nF CATCH 
OTHERS in In 10 % OF CATCH 

FUEL/TRIP 28.44. 80 28.44 LrTRE 
KEROSINE/TRIP 13-44 20.16 13.44 LITRE 
NUMBER CREW is 20 16 

WAGE/MAN 8385 SR/YZAR 
ICE/BOAT/TRIP . 46 1.54 . 78 
PRICE FUEL 11.14 SH/LITRE 

KEROSINE 7.01 SR/LITRZ 
CATCH TREND SARDINE 0 %/YEAR 

0 MACKEREV 5 I/YFAR 
a OTHERS 10 %/YEAR 

FISHING GEAR 
EXISTING 5000 SR 000 
AGE 4 YEAR 

, NEW 7946 SR 000 

SWORE FACILITIES GENERAL 
BVILDINGS 

PRESENT VALUE 493 SH Ono 
EMIPMENT PRICE NEW 1927 SH non 
NEW EOUIPMENT 5093 SH 000 

C14ILL STORE 
CAPACITY 12 TONNFS 
AV. DWELL TIME 2 DAYS 
MAX THpOucnPUT 2160 TONNES/Y'ZAR 
PRESENT THROUGHPUT 0 TONNES/YZAR 

COLD STORE 
CAPACITY go TONNES 
AV. DWELL TIME 21 QKYS 
MAX THROUGHPUT* 1029 TONNES/YRAR 
PRESENT THROUGHPUT 0 TORNES/YZAR 

rCE PLANT 
MAX CAPACITY 37SO TONNES/YZAR 
PRESENT CAPACM 1000 TONNES/YFAR 
ICE PRICE Soo SH/TONNE 
UTIýISATION" 75 1 

PRODUCT PRICE (SH/Ta"mE) 
SHOPS AUCT FRZ SMI 

SARD114E 5200 2600 3000ý 3300 
MACKEREL 6400 3200 4900 
OTHERS 9noo 4500 6750 
LOBSTER 42325 63489 
FISH ALLOCATION (1) 
SARDI"r 40 . '! 20 to 10 
MACKEREL An 20 20 0 
OTHERS 20 20 60 0 

DEPRECIATION 
VESSELS to YEAR 
GEAR 4 YEAR 
ENGINES S YEAR 
BUILDINGS 20 YEAR 
EQUIPMENT 5 YEAR 
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TABLE 9 (CONTD) 

YFAR 0 

FLEET COMPOSITION 
EXISTING VSL 
NEW BIG VSL 
NEW SMALL 

FISH LANDINGS (TO"RES) 
SARDIVIFS 
IMACICERM 
OTHERS 
TOTAL 

FISH ALLOCATION (TONNES) 
SHOPS 
AUCTION 
FREEZING 
SMOKING 
TOTAL 

PURCHASED LOBSTER (TONVEW 
FISH 

REW. NUE (SH 000 

SHOPS 
AUCTION 
FREEZING 
S? 40xvlc 
SUB TOTAL 
Ict 
LOBSTER EXPORT 
FROZEN FISH EXPORT 
CHILLSTORE HIRE 

TOTAL REVENUE 

OPERATING COSTS (SR 000) 

VES. SELS 
DIESEL 6 FUEL 
XEROSINE 
WAGES 
IIA14TZNANCZ VESSELS 
SHORE rACILITtES GENERAL 
MANAGEMetrr EXPENSES * 
VAGES (ALL ". 25) 
nAINTEN BUILDINGS 
ELECTRICITY (TOTAL) 

'TRANSPORT FUEL 
BUYING LOBSTER 

FISH 

TOTAL 00TRATINC COST 

OPERATING PROFIT 

DEPRECIATION 

vrSSELS 
CsFAR 
ENGINES 
Emullp"". T 
I . "TAL 

PROFIT MFFORE TAX 
GOWMIM TAX 

"WET PROFIT 

2 3 4 5 6 7 8 4 110 

3 3 0 n 0 0 n 
2 2 2 2 2 2 2 2 2 2 
8 8 8 A 8 R A A A A 

1233 1233 1074 'l. n74 1074 IM74 1074 1014 IM74 074 
447 oq7S $17 644 471 gap 723 'YS2 778 ens 
224 247 233 211 2AR 2014 304 322 34n 35A 

2104 2137 1924 1460 2013 VISO 2103 2147 2192 2237 

'1173 1196 loal InAl 1101 1120 1140 1 Ifio 1179 11.99 
421 431 3RS 304 403 412 421 424 43R 447 
388 407 370 387 403 419 435 451 467 4R3 
123 123 107 107 In7 107 1111 107 ln7 107 

2106 2137 1924 1968 2013 2058 2103 2147 2192 2237 

4 5 6 7 8 9 10 11 12 1 13 
so loo ISO 200 250 250 250 250 250 250 

6738 $003 6139 6274 6410 GS45 6680 6416 6951 70*9 
1259 1297 1163 1196 1229 1263 1204 1329 1362 1396 
20t7 2130 1954 2052 MO 2248 2346 2445 2543 2641 

407 407 3S4 384 334 334 334 334 354 3S4 
10420 10726 9610 9077 10143 10410 10677 10944 11211 11477 

3S3 329 444 422 400 377 355 333 310 2AN 
254ý 317 381 444 508 571 63S fion 762 823 
338 47S 1013 1350 1488 1688 1688 1688 1688 1688 
M. - Is$ ISO M Ian tee IRS IRR IRA IPA 

IIS'13 1223S 11436 12201 12927 13234 13542 13690 14tSR 14444 

1012 1012 829 829 829 $29 829 4241 829 8211 
253 2S3 195 149 149 199 149 199 199 199 
906 904 704 704 704 704 704 704 704 704 

$I tin 144 140 174 187 203 213 224 2219 

47 47 47 47 47 47 47 417 47 47 
269 208 248 268 268 290 268 268 268 248 30 30 30 30 30 so 30 30 30 3n 

so so so so so so so so so so 
27 27 27 27 21 27 27 27 27 27 

149 212 254 246 339 381 423 446 Sao 350 
225 4so 675 900 L123 1125 1125 1125 112S 112S 

2942 24122 2SS2 2410 2669 2722 2780 2833 2884 2q34 

8711 9313 '9084 - %71 ln25S 10513 10762 11017 It272 ItS33 

25 25 2S 25 2S 25 2S 23 2.5 215 534 S34 
- 

934 534 1134 SU 534 534 1534 w#34 1987 1447 1447 1987 IQR7 IqR7 11IR7 t907 19417 * 19R, 7 
? 13 2t3 213 213 213 20 2t3 213 213 

- 213 
to X9 1019 1019 1019 Into tniq 1019 into 1019 

ý into 
3776 3776 3"A 3774 3776 3774 3"A 37'? A 3T7 A '37101 
443S 9537 WN 5895 4482 6737 6964 7241 740 77RA 

0 a 0 0 a a n 0 0 ft 
4435 SS37 WR spas 4492 6737 69AA 7241 74114 7756 
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TABLE 9 (CONTD) 

YEAR 012345 fi 84 

CASH FLOW FORECAST 
------------------ 
OPENING BALANCE 0a 87il 18024 27108 28832 32434 4j447 S4209 57290 68SS2 
GRANT 20513 
OP PROF AFTER TAX a R711 9313 9084 9671 102SO lOS13 10762 11017 11272 11533 
CASH AVAILABLE M13 R711 l8n24 27108 34779 34090 43447 54204 55226 fiRS52 BOORS 

NEW INVESTMENTS 20513 
REPLACEMENT 

- GEAR 000 7949 00 7446 n 
ENGINES 000 1064 0000 InA4' 
EWIPMENT 0000 5043 0an0 5003 

TOTAL INW-ST"ENT 20513 000 7946 0; 157 00 7046 0 61" 

CLOSING BALANCE 0 8711 18024 271ng 28832 32q34 43447 54209 572An 68552 73q2A 

MET PRESENT VALUE 

CASH FLOW -20513 8711 9313 9084 1725 4101 InS13 10742 3071 11272 5376 

DISCOUNT RATF, 36.10 
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a) Taxes and duties are measures used by government 

to transfer resources from one sector of the economy 

to another and have been deducted. 

b) The current national level of unemployment means 

that shadow prices can be used for labour, but these can 

only apply to unskilled personnel. In this case the 

shadow price is taken an 50% of the market price. 

The difference between all these factors are 

illustrated in the financial and economic analyzes. 

The financial and economic rates of return are 28.9% 

and 36.1% rexpectively. The latter highlights the 

outstanding benefit of thin-project to the national economy. 

4.4 
.. 
Employment Creation 

The level of unemployment, the increase in 

population and the general decline in the economy places 

an increased responsibility upon th*'fisheriex sector to 

provide employment. This is a vertipally integrated 
I 

project that provides employment in all of its activities 

from fixhing through to marketing. It in estimated that 

the project will employ a minimum additional number of 

143 staff. In addition, the expenditure of income received 
by theme people willq in turn generate further employment, 

mainly in the services sector of the national economy. 

The 
- contribution is diff icult to estimate but even 

pessimistic estimates for similar situations are of the 

order of 30% of the employment provided directly by the 

project. 
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4.5 Foreign Exchange 

The particular circumstances in the country create 

a situation such that foreign exchange is always a major 

constraint to national development. This project makes a 

positive contribution to the balance of payments (Table 8) 

by the third year of the project and ever after. The major 

contributions are export sales of fish and lobster and 

imports of fuel oils. 

4.6 Other Socio-Economic Factors 

Sometimes particular attributes of investment 

projects are identified for special attention on the 

grounds of their national importance. This project will 

make a contribution to the earnings of artimanal fishermen. 

This will come from the purchasing of fish and lobsters 

and the use of chill and cold store space. 

4.7 Conclusions 

The model structure in a series of inter-related 

mathematical formulae with the advantage that such 

relationships can take any formi and are not constrained 

to be linear as in-the case of, the linear programming 

model. 
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The relationships link the fish and the facilities 

required to process or handle them from the sea to the 

consumer and it can be seen that not only the individval 

capacities can be examined but all the interactive effects 

and the total balance across the company. The capital 

costsl operating costs and revenues are generated enabling 

a rapid calculation of the value of the company investment 

and the effect of alternative policies with respect to 

the phasing of investment can also be investigated. 

The most important methodological aspect of týis 

combination of model and the micro-computer equipment 

is that of communication with the decision-maker. In the 

example described the decizion-maker is confronted with 

the conflicting requirements to maximize profit and the 

national requirement to increase employment. A value 

judgement has to be made which balances both criteria and 

using the model, decisions can be made to debide which type 

and level of activity give an adequate profit and at the 

same time satisfy the requirement of government. 

The communication with the decision-maker raises 

the problem of open or closed models and in this case the 

open model in preferable both for the purpose of 

identifying and reconciling the conflicting criteria and 

also from the issue of selling the solution. The decision- 
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maker tends to feel that he has been involved in the 

analysis in addition to making the decision. This enables 

him to accept solutions more readily and particularly so 

in a situation such as this where a range of model runs may 

also convince him of the model's efficiency. 
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INVESTMENT ECONOMICS FOR INDIVIDUAL SECTIONS OF 

THE FISHING INDUSTRY 
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INVESTMENT ECONOMICS FOR INDIVIDUAL SECTIONS OF THE 
FISHING INDUSTRY 

In thismection, the approach is to investigate 

a typical Investment problem in each section of the 

industry. 

The problems are not all related to each other 

but. allow a consideration of independent solutions to 

economic questions regarding the basic desirability of 

investment, the economies of scale, technical and 

engineering variables and the associated operational and 

locational factors. 

5.1 Fishing Vessels 

The advent of freezing at sea caused the investor 

in fishing vessels to be faced with a much more complex 

task than previously. The freedom of technical choice 

was restricted to two main characteristics, propulsive 

power and water line length. From the change emerged 

additional factors such as fuel endurancel hold capacity, 

throughput of processing plant and the type of product to 

be produced such an whole fish, fillets, etc. These are 

details of a technical and engineering nature and although 

a choice has to be made with respect to these features, 

the broad questions to be answered are: - 

a) Why build a fishing vessel at all? 

b) What kind of vessel should it be? 

c) When should it be built? 
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These questions are inevitably linked to the further question 

which arises: - 

d) How should the vessel be operated? 

A method of narrowing the choice when new vessels are being 

planned and before large capital sums are committed is 

desirable. 

A computer simulation model has been developed for 

the evaluation of the economic importance of two of the 

principal variables in freezer trawler design, the free 

running speed and the capacity of the refrigerated hold. 

Using the simulation a study of a series of freezer 

trawler de. signs has been carried out (46). 

The series of trawlers were designed in 

conjunction with three trawler building companies and 

ranged from 15,000 to 45,000 cubic feet of hold capacity 

and free running speeds between 13.4 and 16.0 knots. 

The results of this exercise are illustrated 

(Table 10 and Piss 7& 8) with respect to the initial 

questions raised regarding the investment in a fishing 

vessel and immediate observations can be made. The 

ability of the skipper makes a greater contribution to 

the variation than any other factor. Of the technical 

factors, the economic importance of cold store capacity 
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is greater than that of the other variable considered, 

namely free-running speed. This applies particularly 

to the smaller ships in the series. In terms of Net 

Present Value the results show a steady improvement with 

increase in cold store size, for all classes of skipper 

considered. In terms of Internal Rate of Return there 

is also a continuous improvement with size but the curve 

is very flat above 35000 ft3 capacity. 

For all classes of skipper considered the slower 

vessels are more profitable than the faster vessels, but 

the difference is fairly small in relation to the 

difference in power of about tv; o to one between the 

fastest and slowest vessels of any given cold store size. 

These results imply the choice of large, slow, 

vessels for best economic results, with a consequent 

tendency towards longer voyages. 

5. i Port Operations 
0 

The basic factors to be considered in the 

investment planning of any port are the number and type 

of fishing vessels that will use it and the quantities 

of fish and type of Processing that will take plaO4 there 

arising from the demand. All other considerations'will 

depend on a detailed consideration or these ractors'. - 
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Vessels landing at a port follow a simple cycle 

of events: - 

a) arrival 

b) unloading of fish 

c) servicing of vessel and Sear (ice, fuel, 

provisions, etc. ) 

and d) departure. 

Delays may be experienced between any of these 

activities. 

The types of fishing vessel using the port may be 

categorised by base and by size. They may be based at 

the port returning after every trip or casual visitors 

to the port. On completion of the port, the length of 

the quays will be fixed and this will pro*ide a constraint 

on their availability making the size of vessel an 

important consideration. The arrival pattern of vessels 

will vary in accordance with this classification of 

vessels. The arrival pattern of the home based vessels 

will be influenced by their type, the distances of the 

port from the fishing grounds, the passage times to and 

from these grounds and tho time spent fishing on them. 

The casual arrivals of vessels from other ports will 

usually vary throughout the-year depending on sigasonal 

factors. If it in possible from historical data to measure 

the factors associated with +he different arrival OaAterns, 
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then it will be'possible to estimate projected patterns 

for the new port development. 

On arrival in the port the major factors which 

affect the queueing and unloading of the vessels are the 

number of unloading bays and the rate of discharge of 

the fish. The optimum level of unloading facilities in 

a key area for investment. 

In addition to queueing and unloading, the time 

a Ve , Xsel.. Spends in port is affected by any regulations 

allowing time-off for the crew and also the servicing of 

the vessel including the provision of ice, fuel, gear 

requirements and any time allowed for repairs, replacements 

and re-fittings. 

further delay might be experienced by the vessels 

depending on the availability of processing plant within 

the port. It ing therefore, extremely important that the 

balance in investment between the unloading facilities, 

the processing facilities and any intermediate storage 

facilities in correct. 

5.2.1 Vessel Unloading Facilities 

*71here are three possibilities for alleviating 

congestion of vessels at a fishing port. The first is to 

avoid irregulaties in the arrival pattern of fi; hing 

vessels at the port. This has been attempted by some 
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fishing companies with limited success who have tried to 

smooth the distribution of landings in order to obtain an 

improved price for fish in an auction situation and also 

to achieve an increase in efficiency of their maintenance 

facilities. However, there are many situations where the 

arrival of fishing vessels at the port cannot be controlled 

to any extent. The other two methods involve changes in the 

unloading system. One of the simplest methods is to 

increase the number of unloading points to deal with the 

fishing vessels. The second is to change the unloading 

times And this is usually more difficult since this means 

an alteration in the present system or a fundamental change 

in the method of unloading Usually involving mechanization. 

The main methods of unloading fishing vessels: - 

0 

7be vessels own crew manually land the fish 

that they have caught themselves 

b) Shore-based unloading gangs unload. the fish 

manually 

C) Somel form of lRechantsation-with an appropriate 

labour iniput., 

The problem isone which can be investigated by 

the application of Qtxeueing Theory. 

The system can be considered as one in vh4, ctt vessels 

arrive in a Poisson stream-an4 the-unlo4diug times for the 
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vessels are exponentially distributed. There are several 

unloading bays with no interruption of unloading. There 

are no restrictions on queue size (sufficient aquatory 

for all the vessels in the harbour), and the system obeys 

a first come first served discipline. The general case 

has been developed by Page (39) and results are shown 

(Tables 11,12,13). 

The first option is the simplest where the crew 

members unload the fish from the vessel themselves. The 

problem is to provide sufficient length of quay for the 

vessels to lie alongside for the unloading operation to 

take place. If in the steady state a fleet of about 50 

fishing vessels land an average catch of 16 tonnes daily 

over a 16 hour period in the day, then the number of 

unloading points or in this case, the length oflquaY, c&u 

be estimated by the approach described above. It is, 

assumed that the average unloading time for each vesoel 

in 90 minutes (Flgo 9)o From the point of viOw, c)f the 

average waiting time of the vessels the provision of 10 

unloading points given a waiting*tims that'is not 

significantly different from 50 unloading points which 

in zero. Howevers the ýconomic solution in morelcomplex 

as with 10 unloading points, there isýthe additional- 

cost of moving the vessels after unloading and they may 

have to be moved again for servicing before departure. 

It is possible that these costs would outweigh the-marginal 

increase in the capital cost of providing the additiqnal 

cost of quayxide 'even td"'Aacommodate 50 fishing vessels. 
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The second option is to have a shore-based gang 

unloading the vessels manually. It has been assumed that 

the unloading time is quicker than the previous option at 

an average of 60 minutes. In this option, the average 

waiting time for the vessels is not significantly different 

from zero when the number of unloading gangs and points 

equals 8. However, it may be from a quality control 

consideration that the minimum number of unloading gangs 

and points of 4 is acceptable. If there is no significant 

financial loss on this account then this will almost 

certainly be the case. There is the further alternative 

that if the provision of adequate quay for 50 vessels is 

economically sound for the reasons stated in the previous 

option, then the optimil combination could be a quay for 

50 vessels with 4 unloading gangs. 

The third option is the most complex where shore- 

based gangs would operate unloading equipment to speed up 

the unloading operation and achieve an average unloading 

time of 30 minutes. This would obviously incur a greater 

cost 'than the other two options. The average waiting time 

for the fishing vessels is reduced to a negligible level 

if there is an investment in 4 unloading. bays but the 

interesting comparison here is that with 'the minimum 

number of 2 bays, the av I erage waiting time in similar to 

the second option with 4 gangs unloading the vessels 

manually. It is difficult to make consistent statements 

about the return on investment because each case will 

depend on the revenues and coati appropriate to I the location 
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of the harbour but it is certain that this technique is 

extremely useful for the determination of the economic 

viability of such options. 

5.2.2 Fish Processing Facilities 

Within a port complex, fish passes from the 

vessel unloading point by a variety of transport devices 

to the fish processing facilities. All these processing 

facilities have common problems. There is the basic 

problem of choosing the size of plant. The nature of 

the fishing industry is that the raw material supply will 

vary considerably and a fish processing plant that will 

cope on all practical occasions will be larger and more 

expensive in terms of capital and probably labour than 

that at the optimum level of production. The choice in 

further complicated by the limitations on handling and 

the duration of buffer storage sot by quality and possibly 

environmental requirements. For the purposes of this work, 

a fish meal plant has been selected as this type of 

equipment exhibits the problems of all fish processing 

plant and is also relevant to many fisheries throughout thp 

world. 

The process commences by the fish, which is to be 

used as raw material, passing to a storage facility, 

usually a hopper or bin arrangement. This would usually 

be subdivided to provide a first in first out arranagement 

as far as possible thus keeping the quality an high as 

possible. The raw material passes from storage to the 
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continuous cooker where it is heated indirectly by steam. 

The drainage of the cooked material takes place in the 

strainer screw conveyor, the link between the cooker and 

the press. Ir; the screw press, the oil and water is 

pressed out. The presscake is disintegrated, dried and 

passes to the grinding plant and the meal is then bagged 

or stored in silos. The presswater is passed to separators 

for de-sludging and oil extraction. The oil-free presswater 

is called stickwater and contains up to 20 per cent of the 

total dry matter from the raw fish treated. The stickwater 

is concentrated in a multistage evaporator and by returning 

the concentrate to the drier, the output from the same 

amount of raw material is increased by up to 20 per cent. 

Fish meal containing this concentrate is called whole meal. 

A study of fish processing facilities could be 

carried out by using a system similar to that doscribed 

previously. 

In this case it would be a system in which fish 

arrived in a Poisson stream, the distribution of fish 

processing times exponentially distributed and several 

processing facilities. The average waiting times and the 

weight of fish in the queue (buffer storage) oouldýbe 

estimated. 
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However, the design and operation of a fishmeal 

plant is such that the fish processing time would take 

place at a constant rate rather than an exponential rate$ 

which might be more appropriate for a manual processing 

function. This general case has also been developed by 

Page ( 39 ) who has also presented tables for both 

cases, i. e. deterministic service times and exponential 

for a range of values for the number of servers and 

utilisation of facilities giving average waiting times 

in the relevant queueing systems. 

This problem is similar in principle to the previous 

one of determining the number of unloading bays in the 

harbour. The problem is to determine the capacity and 

number of fishmeal plants required in the environs of the 

port with respect to their economic viability. It is assumed 

that a fleet of about 50 fishing vessels land an average 

catch of 16 tonnes daily over a 16 hour period in the day 

and the whole of this supply is fed to the fishmeal plants. 

Initially it is assumed that plants which operate at a 

production capacity of 400 tonn. es of raw fish every 24 hours 

are available for installation but are limited to working a 

two-shift system of 16 hours each day. The fishmeal plant 

requirement can then be calculated (Table 14-and Fig. 10). 
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The minimum number of plants that can handle the 

supply is 4 and the average waiting time for each ton of 

fish is negligible. The reduction in waiting time for an 

increase of fishmeal plants to 5 is not significant but 

even if it were, then, at a capital cost of 2 million 

pounds for each plant, fixed costs of 0.5 million pounds 

and 40 pounds for each ton, it is not a viable proposition. 

5.3 Transport and Distribution 

The growth and development of the fishing industry 

in the United Kingdom was based on the transport of wet 

fish from the ports to the main centres of population by 

rail. Up to the end of 1964 some seven fish trains left 

Grimsby daily delivering fish to no less than 1,400 

railway stations, and with very few exceptions, it was 

available for retail sale the morning following despatch. 

There was considerable apprehension when in 1964 it was 

announced that there was to be a phased with-drawal of 

these trains. Other ports were also affected. 

A rapid transition to road transport was essential 

and because of the special nature of the operation, the 

fish trade had to tackle the problem with its own resources. 

The larger fish companies formed their own transport sections 

and the smaller port wholesale merchants joined together to 

form their own transport groups. These transportation 

systems are characterized by their complexity and by the 

day-to-day variation of quantities to be delivered and of 
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destinations. There is very short time between receiving 

details of quantities and destinations and the loading of 

vehicles, and this does not allow a deliberate and 

complete examination of all possible alternatives as regards 

loading of vehiclest trans-shipment points, routing and so 

on, with a view to minimising costs or effecting the most 

rapid delivery. 

Choice is limited, and the problem complicated, 

because the number of vehicles available is limited and 

also because of legal and union requirements which make 

manpower an important factor. 

The particular problem is that of delivering wet 

fish from several ports to several depots scattered around 

the country. Each port delivers to several of the depots 

and each depot may require deliveries from more than one 

port. The depots are so far from the ports and from each 

other that it is not feasible for one vehicle to deliver 

to more than one depot unle3s one depot in en route to 

another (Fig. 11). 

PORT DELIVERING TO DEPOTS 

1 A, C and F 

2 D and E 

3 At Bt F and G 

4 A and F 
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If Port 1, for example, had to deliver to Depot B, 

then, lorry capacities permitting, the consignment might 

be sent to Depot A and there trans-shipped on to the lorry 

from Port 3 which is going to Depot B. Even allowing for 

such occurrences, there is still a great multiplicity of 

vehicles from various ports to depots. If the normal 

consignment is nearly a full lorry load then all is well 

but if consignments are small compared to the capacity of 

the lorry then utilisation could well be poor, as in the 

example already quoted, making tran; port expensive. 

There is a minimum number of lorries which must 

leave each port simply to be able to move the total quantity 

of fish: when all the consignments are destined for the 

same place the number of lorries necessary to carry them is 

the minimum number that can possibly be used for that amount 

of fish. For example, to move 35 tonneswill need at least 

six lorries if each lorry can carry 6 tonnes even if all the 

fish is going to the same place. It may need more if it is 

going tq. different places. Six is the mini; num figure. 

Similarly there is a minimu number of vehicles 

needed out of one port to bring a given quantity of fish to 

each depot, (or chain of depots9 where two or more are on 

the same route). Continuing the example, if a depot is 

receiving 15 tonnes, then at least three lorries must arrive, 

even if all fish comes from the same port. If it comes from 

more than one port then more than three lorries may be 



- 100 - 

needed. Three is the minimum. If the minimum numbers of 

lorries required to arrive at each depot (or chain of 

depots where there is more than one on each route) are 

added together, then the total gives the minimum total 

numbers of arrivals at all depots. Similarly the minimum 

numbers of departures from each port can be added to give 

a minimum total number of departures from all the ports 

taken together. 

Under no circumstances is it possible to deliver 

the fish using fewer lorries than the greater of these 

two figures, if each lorry makes only one run. 

If the loads are sent from each port to a single 

trans-shipment point and then to each depot, the number of 

lorries required, will be indicated by the line of reasoning 

just described, and will therefore, be a minimum (Fig. 12). 

Mileage may not be at a minimum but the costs saved 

by having the smallest possible number of vehicles will, 

generally speaking, far outweigh the additional costs 

incurred in mileage and trans-shipment. Studies of practical. 

situations bear this out. 

All that remains therefore is to find all the 

possible allocations of consignments that. lead to the smallest 

possible number of lorries as outlined earlier and, once 

that has been achievedl to identify the particular 

allocation which minimizes the number of trans-shipments 
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without increasing the nxunber of vehicles involved. 

The actual choice of the size of lorry does 

not present too difficult a problem. The economies 

of scale for a range of loads over typical distances 

can be easily estimated (Table 15, Figs- 13 and 14). 

5.4 Conclusions 

Models of individual operations in a fishery 

are often required in order to investigate these 

investment problems that arise within these operations 

and also to provide data for more complex investigations 

within companies or at a national level. 

5.4.1 Fishing Vessels 

The model structure is a simulation (Fig. 15 )qp" 

In using the simulation model, the problem or 

system under study in first described an the sequence of 

individual operations to be performed. It is then 

necessary to provide data indicating how the individual 

operations are interrelated and the frequency distribution 3 

of elapsed time for each individual operation for the 

different conditions to be explored. 

The quantities under investigation are systematically 

varied in an attempt to find an optimum solution, usually in 

economic terms. In this case the cold store capacity and 
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Fig. 13 UNIT COST OF FISH DELIVERIES, 

ROUND TRIP 500 MILES 
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pig. 14 UNIT COST OF FISH DELIVERIES, 
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boat speed are varied to define the best choice of these 

two variables. By consulting the operational data 

mentioned above in a random manner, actual trips can be 

simulated and the overall time and costs for the sequence 

of operations can be determined. This process, performed 

repeatedly, permits the accumulation of such total system 

data as quantity of fish landed, running costs, net present 

worth of the investment and the internal rate of return. 

These outputs are then used to evaluate the desirability 

of the given input under test and in effect a comparison of 

the operations of several different designs has thus been 

ýimulated. 

The use of simulation is usually restricted to 

situations where it is not practicable to carry out an 

analytical analysis to determine the optimal solution of 

the problem in terms of its parameters or a numerical 

evaluation by producing computational routines. The question 

of an analytic approach to this problem is considered 

(Section 6.1 but the technique chosen, i. e. simulation, 

was regarded as appropriate on several counts: - 

a) the variability created by the fishing 

environment 

the communication with the decision-makers 

the cost of Aeveloping a previous analysis 

of the same kind by Branch ( 40 ) to 

cover this problem was low. 
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The results arising from this analysis are discussed 

(Section 8. ) in the light of operating experiences of 

the vessels. 

Port Operations 

The model structures for both theproblems involving 

unloading facilities and fish processing facilities are based 

upon standard queueing theory. There is no need to comment 

further on this as it is covered in the literature other than 

to comment on the assumptions underlying the queue systems 

used here in relation to the real situation. 

The major assumptions relate to the randomness of 

arrival times and service times and the development of a 

steady-state situation. There is some evidence to suggest 

arrival of fishing vessels in a Poisson stream during 

specific periods of the day in the case examined. The 

approach was to apply queueing theory first-to determine 

the outcome for the unloading facilities. The interesting 

point and an important bne with respect to the methodological 

aspect is that whether a model is adequaie in treating 

uncertainty in a manner considered adequate. It can be 

seen from a discussion of the solutions that 

queueing theory in consistent with the decision-makers 

requirement to discriminate between alternative choices 

and the difference in their values. 
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Transport and Distribution 

The techniques considered here could be regarded 

as trivial but the basic decisions required for the 

investment decision relate to the number of lorries and 

their size. The subsequent routing of them has an 

important bearing on the former but these techniques have 

not been considered here. 

In the. cases examined in the United Kingdom, the 

reduction of the fleet by one lorry proved to be far greater 

than a marginal reduction in mileage but this could be a 

function of size of organization which in these cases was 

small. 
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--SELECTION OF TECHNIQUES 
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SELECTION OF TECHNIQUES 

It is always expected that the models used will be 

efficient and effective in achieving the diverse goals 

within the decision-making process but from the point of 

view of methodology, there are many other problems to 

overcome even if a reliable model can be constructed. 

There is the fundamental requirement that an essential 

element in the operations studied is the existence of 

alternative courses of action with a choice to be made among 

them. These alternatives may take various forms but one of 

the important observations is that there is not a continuous 

choice of options in fisheries development. Engines for 

fishing vessels are manufactured in discrete sizes and so 

are fishmeal plants, lorries and many other facilities. The 

techniques and criteria used within this model approach should 

be sufficiently sensitive to discriminate between the 

alternatives available. 

The choice of technique is particularly important. 

Certain techniques are irrevocably tied to specific problem 

situations e. g., queueing theory to the problems of congestion 

and others may be used freely for a wide range of problem 

situations e. g* computer simulation. This means that any 

specific problem could be solved by the use of more than one 

technique and the choice of technique will be affected by 

many important factors. 
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It is therefore important to review techniques in 

the light of these factors: - 

6.1 Fishing Vessels 

The project on the design features of freezer 

trawlers was carried out by computer simulation technique 

(Section 5). In many cases, of this kind, it is not 

unusual for projects to borrow from previous experience 

and this is the case here. One of the first projects (40) 

(47) attempted in this manner was to determine the level of 

investment in freezing equipment on board freezer trawlers 

(Figs. 16 & 17)- Outside the method of reviewing operational 

experience across a wide range of options, it is possible 

that this problem with its unique complexities could only 

be solved by computer simulation. Many of the ideas from 

this study have found their way into this higher level 

problem of determining the design parameters of freezer 

trawlers. However, for this problem a simple analytical 
I 

approach is possible: - 

If the average daily catch is C tonnes per day and 

the hold capacity of the trawler is H tonnes then the 

average number of days fishing on the ground for each trip 

H. 
T 

If S in the total travelling time of the trawler to 

and from the grounds and P Js the proportion of time off 

in between trips then: 
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FREEZER THROUGHPUT SIMULATION FLOW DIAGRAM 
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Irlo- diagram of the computer simulation of the operations of a freezer trawler. 
which can be used to assist the choice of the freezing plant with the optimum 
throughput. 
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the number of days in port p(H + S) 

and the trawler cycle time from leaving port for one 

fishing trip to leaving again for the next = (1+p)(H + S) 

If x is the number of days lost each year for overhauls 

and other outages then: 

the number of trips each year 365 -x 
(l+p) (H +S 

CE 
= 

the annual number of days fishing 

the annual number of days travelling 

the annual nurnber of days in dock 
(crews leave) 

and the annual weight of fish landed 

N. H, 
c 

= N. S., 

= N. P(H + S), 

= N. H. tonnes 

If the price realized for each tonne (E) = D, then 

the total annual revenue = N. H. D. 

The 'costs incurred may be related to fishing vessel 

activities and to the qiiantity of fish caught. If Q are 

the costs per day, Qd in dock, Qs for travelling, QS for 

fishing, Qx for the outage period and X are the tonnage 
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costs associated with handling, etc. 9 then the annual 

prof it 

N. H. D. - N. p (H + S) Qd - SNQs - N. H. Qg - N. H. K -x Qx 
(E c 

Ail for any year i. 

The capital cost of a freezer trawler is related to 

its size and could be regarded as a function of its hold 

capacity and speed. The latter being inversely proportional 

to S, the travelling time of the vessel for a particular 

ground. These variables are not entirely independant but 

they are constant for a particular design. 

If the capital cost of the vessel, B= f(H, S) then 

the net present value of the investment: - 

NPV -B+ Ai 
+r) "If 

where r is the discounting rate. 

Conclusions 
final judgement with respect to choice between 

alternative models would be related to the efficiency with 

which they can predict outcomes and in the case of this 

analytical model, the outcome is highly optimistic relative 

to the simulation model. The predicted performance of the 
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top skipper in the simulation (Fig. 17) approximates to 

that of the medium skipper using the analytical model. 

If the role of the model is to give information on the 

relative profitability of the different vessel sizes, 

then both models will give the same information. It is 

a general case that in studies of this kind, the relative 

value of alternatives can be predicted more accurately 

than the absolute value. In terms of absolute value, the 

simulation will predict the vessel performance more 

accurately than the anaiytical model and it is not difficult 

to see why this is so. 

The simulation by its sequential nature takes into 

consideration the delays, breakdowns and indirectly any 

dynamic queueing delays that take place in the system and 

so gets nearer, to actual performance. The analytical method 

does not take these into consideration and it can be seen 

that with a hold capacity of 25,000 cubic feet or 500 tons 

and the catch rate of 15 tons per day for the medium skipper, 

the fishing time would be 33-3 days and with 10 days steaming 

the voyage length for a full hold is the same as that for a 

top skipper within the simulation. 

There in a point in all studies where further 

analysis cannot be justified in terms of solution improvement 

but in this casev there were two additional points that had 

to be taken into consideration: - 
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a) Communications with the decision-maker. It is 

considered that a simulation provided a better vehicle 

for communications with the decision-maker showing how 

the technique follows the sequences of events as they 

happen in practice. 

b) Availability of an existing model. 'The model 

was adopted from a previous model used to investigate 

freezing capacity and so minimized cost and used staff 

expertise and knowledge to its limit. 

It is obvious from the considerations above that 

the choice of model will be selected on the basis of 

'Judgement' of the model-builder in a subjective manner 

and that the choice will depend upon his skill and knowledge 

of the working environment. This environment includes the 

decision-maker and there must be a consideration of his 

understanding and expectations of analysis. 

6.2 National-Fisheries Planning 

The establishment of a national fisheries programme 

based on a dis-aggregation into regional plans has been 

developed (Section 3) using a linear programming technique. 

For the particular example, the sardine fishery of the 

Kingdom of Morocco, an alternative technique has been 

developed by Haywood ( 56 in association with Curr, 

Farstad and Page ( 41 ). This is based on a simulation of 
the sardine fishery from the seabed to the consumer (Fig. 4 
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The computer simulation model was designed to 

reproduce the operations of the Moroccan sardine fishery 

as realistically as possible. The data collected (size, 

type and number of fishing vesseli, catch rates, markets 

and so on) was used to represent the individual operations 

of the industry and the inter-relationships between them. 

Fishing vessels arrive at the ports in accordance 

with specified arrival times. These were derived in the 

same way as the catch rates; that is either from actual 

data or projections based on that data, but representing 

a new operation. 

On arrival of a vessel, the catch is unloaded at 

the appropriate unloading rate. For example, in the case 

of the traditional sardine fleet it is the measured rate 

of the current basket chain method operated by the crews. 

The simulation also highlights delays which occur 

through queueing at fishmeal plants and canneries. This 

is important with respect to both product quality and yield. 

The marketing information has. been based on readily 

available data from the countries importing products from 

the Moroccan sardine industry. However, a certain. amount of 

flexibility has been built into the simulation so that any 

detailed marketing study of the fishery in the future can be 

incorporated. 
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A market or range of markets may be specified for 

each product. These are categorised by product type, 

quantity, price and marketing cost. The integrated nature 

of the model ensures that the quantity scheduled for each 

market will be produced by the processing plants. 

The computer simulation is also concerned with the 

financial information required for the economic evaluation 

of the alternative proposals for the structur. e and 

organisation of the sardine fishery. The whole range of 

revenues, capital and operating costs used in the simulation 

have been based on available data. 

Several options have been evaluated and, although 

the list is not exhaustive, one option which promises good 

profitability is that of developing a fish meal and oil 

industry in Tan Tan, with transportation of fish by truck 

to canneries and freezing plants in the north. The fleet, 

under this option, contains a mixture of traditional vessels 

exploiting the stocks near to the port and larger steel 

purse seiners exploiting the stocks in the extreme. south. 

This option appears not only to be the beat of those 

investigated, but in absolute terms, it appears to be a sound 

proposition with excellent potential. The solution is also 

compatible with two of the other requirements outlined by the 

Bureau National des Peches: that is a gradual build-up of 

labour and resources in the south and increasing the use of 

canneries in the north. 
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6.2.1 Conclusions 

Simulation techniques can be extremely useful 

particularly in situations where key factors are subject 

to a high degree of variation such as in fishing activities 

and they may also be used to evaluate decision and logistic 

rules that might occur in practise. To some extent they 

also overcome some of the problems that arise through 

assumptions of linearity in techniques such as linear 

programming. However, one of the problems with the use of 

simulation techniques for solving problems at a national 

level is that the models become large and expensive to build 

and operate. This cost can be particularly high when the 

number of policy options to be investigated, perhaps in order 

to find an optimum, are numerous. The advantages of the 

simulation have to be considered with the cost and compared 

with the linear programming approach. Both techniques indicate 

the same direction for the development of the industry, i. e. 

the preferential exploitation of the southern stocks and the 

utilisation of processing plant in the north. 

The relatively low level of complexity of the 

Morocco problem allowed a comparative investigation by both 

models but in the case of Mauritania (Section 3a choice 

between techniques had to be taken. 

The choice was to select the linear programming 

input-output model which deals only with the national 

problem in a relatively simple way to optimize the contribution 

to Gross National Product and use supplementary techniques 
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such as queueing theory and VISICALC models to determine 

the capacity of individual facilities and evaluate the 

phasing of the investment programme. This was considered 

to be better than aggragating all the individual operations 

to form a national simulation model for the reasons stated 

above. 

This emphasis, as in the previous comparison, that 

.a standardized procedure for model selection is difficult 

and again subjective judgement, all depending upon 

circumstances, is exercised by the model builder. 

6.3 Fleeting Operations 

The comparison of teelmiques as considered for 

fishing vessels and national models Is of importance but 

a further situation that is extremely important Is the 

use of two techniques in conjunction with, each other (48). 

The difficulties in scheduling a fleet of trawlers 

&rise from the extreme variability experienced in the 

environment in which they operate. The variation in catch 

rates and time delays in port, due to repair and maintenanceg 

the effect of adverse weather on the actual transfer 

operation and on voyage times. to and from the grounds, all 

contribute to the difficulties. In providing a practical 

method of managing the operation, the effects of all-theme 

variables must be estimated. The approach was to investigate 

the system using a linear programming model to obtain quickly 
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such information as the optimum number of trawlers for a 

given set of restrictions together with the best possible 

schedule; this was followed by a simulation in which the 

effect of all the variables mentioned above was assessed. 

This second model was also used to evaluate the decision 

and logistic rules which would be applied in practice. 

6-3-1 The Linear ProSramming Model 

One complete cycle of operations for a trawler 

working in the fleet consisted of: 

Steaming time to and from the fishing 

grounds, 2s. 

(2) Fishing time before transferring boxes 

of fish to a home-bound trawlers x. 

(3) Further fishing time before receiving 

boxes of fish from a more recently 

arrived trawler or trawlers, Y. 

Remaining fishing time until departure 

for home, ze 

Port turn round time, p. 

According to working regulationst crews were 

allowed one tide in port for every eight tides at sea. 

The port time, pt was taken as J(x +Y+z+ 2s). There 

were three basic time restrictions which determined the 

schedule. The age of the fish landed should not exceed 

a particular limittýQ. It then becomes obvious that 
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X+z -, Q-s (1) 

Y+z : ý, Q-s 

For the schedule to be maintained during successive 

voyages of all the boats, the cycle time must be an exact 

multiple of the interval between transfer operations. This 

multiple is simply the number of boats, N, and the 

relationship becomes 

x+y+z+2s+p = Ny, 

or 9(x+y+z+2s) = 8Ny.... 

The objective function to maximise is the total 

fishing times x+y+z. This is now a mathematical model 

of the system and gives the general solutions. 

9(Q+3), x+z=Q-s, TN-- 9 

for N >, 9Q , Wý- z!! EýQ-B-y. 
VW--BT, 

The initial-task was to study the increase in 

fishing time that can be achieved. In one case the 

fish age limitation was retained at a level of 17 days 

on ice and the ateaming time to the grounds 3.5 days. 

For this system the optimum fleet was three vessels and 

the. fishing tixýe maximlsed at 25.8 days for each trawler 

trip. This approximately doubled the fishing time for a 

conventional trip under the same conditions. 
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The linear programming model is extremely useful 

in the initial stages of solving the problem, but although 

the scheduling solutions obtained are optimal, they could 

never be achieved in practice because of the variations 

previously noted. The problem is not merely one of 

optimising fishing time but increasing the quantity of 

fish caught within set restrictions and solving logistic 

problems which arise in practice. A simulation model was 

constructed to investigate tfiese using the minimal size of 

fleet of three trawlers. 

6.3.2. The Simulation Model 

The fleeting system was studied using a computer 

simulation. Account was taken of variability in steaming 

and port time and in the catch rate, factors likely to 

have a significant effect on the smooth operation of the 

system. The input to the programme gives all the essential 

numerical details, such as the size of vessel and maximum 

number of boxes available for transfer. 

In the simulation each ship steams to the fishing 

grounds carrying empty boxes, the number of which determines 

the maximum amount of fish that can be transferred to 

another vessel during the voyage. The boxing capacity is 

assumed to be the same for all three boats, but the actual 

level is important, and has been studied in detail (Fig. 18 
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On arrival at the fishing grounds, a boat will 

normally start fishing near another member of the fleet, 

which has already transferred part of its own catch. 

A boat which has previously transferred some of its own 

catch has first priority to become a 'receiver' boat, 

which must, if possible, collect fish from another boat 

before leaving the grounds. 

In this case, the newly-arrived boat will start 

to fill its boxes, and will transfer to the receiver 

vessel, 

either (a) when a time limit on the receiving vessel's 

voyage is imminent (i. e. storage limit of 

its own catch, or a previously agreed 

maximum voyage limit), 

or (b) when the receiving vessel would be full up 

if all fish were transferred, 

or (c) when the*transferring vessel has filled all 

the boxes available for transfer. 

Condittons (a) and (b) clearly carry top priority, 

but in case (c) transfer must still take place as soon as 

possible, so that a new receiver vessel is made available, 

enabling the chain of operations to continue smoothly. 
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It may be necessary to shorten the receiver's voyage 

to satisfy the storage limit of fish transferred on board, 

but in no case is a voyage cut below the duration of a 

conventional trip to the same fishing ground. 

When the transfer is governed by time restrictions 

as in (a) above the actual operation is scheduled to take 

place a day before this time limit is reached, in order to 

allow for bad weather. The effect of allowing an extra 

half-day has also been studied. 

When the most recently arrived boat finds it 

impossible to transfer any of its own boxes of fish, this 

may be for two reasons, 

(a) no receiver available, or 
(b) the only available receiver would have to 

cut its voyage by an unacceptable amount 

in order'to land the transferred fish in 

a fresh condition. 

With only three boats, (a) would be the most likely 

reason. 

In thIs-case, the bo&+* would continue fishing. 

A transfer might then take place If another vessel arrived 

before its own departure. However, the receiving vessel 

would still have all of its own boxes on board, and might 
find it difficult to accommodate an equal number of extra 
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boxes in present circumstances, because the trawlers' holds 

are not equipped to carry a full cargo of boxed fish. 

In the rare case of two boats arriving simultaneously 

at the fishing grounds, with the third vessel elsewhere, a 

transfer operation would be arranged by agreement between 

the skippers concerned, enabling one of them to remain as 

a receiver. 

Other situations may develop, which are unlikely for 

a fleet of three boats but may become important for four or 

more* 

(c) Two or more boats competing to transfer-to 

one or more receiver vessels. The rule 

here is that the receiver due to leave the 

grounds earliest is paired with the 

transferring vessel that has been longest 

an the grounds* 

receive fish from a single. boatt the receiver 

firnt due to leave has priority, any 

remaining boxes being transferred to the 

Wo or more receiver vesnels competing to 

s 
second receiver. (Tn a fleet of three boats 

fishing Icelandt a member rarely has the 

opportunity of transferring to both the 

other boats. during a trip. ) 
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It will be seen that the system will adapt to 

any situation, in order to make the most of opportunities 

for transfer. 

There in a shortage of precise data on the 

occurrence of bad weather on the fishing grounds considered, 

and for these reasons it was not possible to simulate 

weather conditions in the model, but an examination of data 

covering 100 fishing voyages to Iceland during the months 

April to September showed that the proportion of time when 

either bad weather or breakdowns lasted for more than 24 

hours was only 1.2%. It was therefore considered that a 

reasonable approach in the model, erring on the pessimistic 

side, would be to schedule all transfer operations to take 

place at least 24 hours before the receiving ship in due to 

leave for home. Although this allowance will be exceeded 

on occasion it will nearly always suffice and in practice, 

when the weather had obviously not fine, the skippers would 

time the transfer for minimum interference with fishing. 

0 
This problem was extremely interesting an it was 

known from the outset that the probability of implementation 

was high particularly in terms of operating a fleet of 

vessels for a short period off the coast of Iceland. 
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The objectives are stated above but the important 

point with respect to techniques arises from the conjoint 

use of two of them as distinct from a selection of one. 

The scheduling depended heavily on queueing 

problems which might arise from trawlers having to wait 

to transfer fish at sea. However, to consider the dynamic 

queueing aspects immediately within the total problem area 

presented complications that in the first instance were 

suppressed. The optimal solution was then found and with 

regard to implementation, the important combination to 

discover was the minimum number of trawlers required. The 

problem for the model in to discriminate between the 

discrete options thus enabling a choice to be made and in 

this case, it was possible. The simulation was then used 

to estimate interference of queueing in the schedule and 

while the number of vessels required did not change, it 

was shown that the increase in productivity was not the 

100% indicated by the linear programming model but closer 

to 10% forecast by the simulation. 

This in a classic case of a situation where a 

compromise between analytic and simulation approaches are 

useful. The analytic solution cuts the problem down to 

an area that is easier to contend with and the simulation 

supports the analytical model in the area of the optimal 

solution. 
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CRITERIA FOR INVESTMENT 
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CRITERIA FOR INVESTMENT 

It has been stated previously (Section 6) that the 

essence of management decision-making arises from the 

existance of alternative courses of action with a choice 

to be made from them. The selection of criteria presents 

the problem of identifying the consequences of management 

decisions in terms of which, the alternative actions may 

be evaluated. 

The basic problems arise from the following: 

a) The need to reconcile conflicting objectives 

arising from different decision makers to 

produce a solution acceptable to all of them. 

A clear example of this is where the decision- 

makers are entrepreneural and governmental 

(section 4). 

b) The need to incorporate all the conflicting 

consequences of the investment decisions for 

a single decision-maker into an acceptable 

criterion (Section 5)o 

C) The need to take into consideration all the 

risk factors. 



- 134 - 

The hierarchical nature of decision-making in 

fisheries development has been identified on three 

levels i. e., national level, company or equivalent 

level and the individual operations level. 

7.1 National Level 

The objectives of government have been stressed 

throughout this work (Fig. 1) but may be expanded to 

include all the, following: 

a) Contribution to Gross National Product 

This can be measured by the total Value Added 

contributed by the fisheries. 

b) Contribution to Total Employment 

This includes both direct and indirect employment. 

In order to resolve the conflict arising for competing 

skills, discrimination between the levels of labour must 

be identified. 

C) Protein Contribution. 

Where a fishery in primarily intended to supply 

the internal market, its impact on the nutritional status 

of the country or region should be shown, with proper 

emphasis on the special significance of the contribution 

of fish protein to diets. In some instances it may be 

possible to make comparisons of relative costs of protein 

from other sources. 
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d) Foreign Exchange 

Fisheries development will necessitate foreign 

exchange costs in the form of vessels, engines, plant, 

fuel, synthetic yarns, etc. The foreign exchange 

earnings of the project will depend upon the extent of 

fish and fish products exported plus savings of foreign 

exchange from import substitution. In most cases 

estimates of all the costs and revenues in this area 

may be made without too much difficulty and a foreign 

exchange balance presented. 

e) Regional Development 

One of the most important features of small-scale 

fisheries in the potential contribution to regional 

development. The locations of these fisheries are often 

in coastal areas of relatively low economic development, 

and governments look to the fisheries sector for 

opportunities to develop such backward regions. Where 

this in the case the impact, including indirect effects 

on regional employment and incomes, can be extremely 

important. 

f) Re-distrIbution of Income 

Given the marked income disparities in many 

developing countries, and the tendency for these to 

increase rather than diminiishv many governments prefer 

to promote public sector projects which tend to improve 

incomes of marginal elements rather than create opportunities 

for entrepreneurs in industrial-scale operations. Small- 
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scale fisheries would certainly qualify for such projects. 

9) Indirect, Secondary and Other Benefits and Costs 

Indirect effects are costs and benefits deriving 

from the existence and operation of fisheries which accrue 

to other sectors or enterprises. They are generally known 

as 'spillover effects' or backward-and-forward linkages 

and must be considered as a contribution. Typical examples 

are opportunities in boat-buildlng and repairingg gear 

manufacture, processing industries and equipment supplies. 

Development of a fishery will directly or indirectly 

generate income and employment. This will have a beneficial 

effect upon national income and growth, both through its 

immediate effects, and through the spending and savings 

patterns of the primary recipients, which generate further 

growth and employment through the rest of the economy. 

These multiplier effects are very difficult to ascertain but 

must be regarded as important in generally improving the 

economy, particularly of the marine coastal population. 

The criteria arising from these objectives are 

mainly self-evident but it in important. to examine the 

concepts of value added, its relationship with Gross 

National Product and also economic and financial rates'of 

return. These issues have been. considered by Errgstrom 

1 and Campleman 41 
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7.1.1 Financial Rate of Return 

The cash flow eatimatesl apart from expressing the 

financial liquidity of the project, form the basis for the 

calculation of the financial profitability. This, in turn 

is used to measure the absolute (whether to reject or 

accept a project), as well as the relative (whether Project 

A is better than Project B9 etc. ) profitability of a project. 

The most commonly used indicator of financial profitability 

used by international development banks is the financial 

rate of return. This is the rate at which the present value 

(this calculation implies use of a discounting technique 

which takes into account that a unit of money earned in the 

future is worth less than a unit of money earned today) 

of future operational cash surpluses equals the cost of the 

investment. When a project is said to have a return of, 

for example, 20 per cent, it usually means that the average 

earning power of the money used over the project's life 

period in 20 per cent. This in the same as saying that the 

project could afford to pay up to 20 per cent interest on 

capital (if all capital required were borrowed) and still 

break even. 

7.1.2 Economic Rate of Return 

The same discounting cash flow technique that in 

used for the financial rate of return, can also be used to 

calculate the return to the national economy of a project. 

While the financial calculations are based on prices of 

goods and services on the open markets economic calculations 
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are (at least in principle) based on social opportunity 

costs (or the value to the economy of employing a unit 

of a certain resource in the best alternative usage). 

In developed aAd diversified economies with almost 

perfect competition, market prices usually do not differ 

much from the social opportunity costs. In developing 

economies, however, "imperfections" in the market (price 

controls, monopoly elements, import restrictions, minimum 

wage laws, subsidies in credit systems, etc. ) tend to make 

market prices less suitable as guides for resource 

allocation. This tendency is also aggravated by the 

custom of levying taxes on certain goods. These taxes 

are measures used by the governments to transfer resources 

from one sector of the economy to another. To overcome 

the deficiencies of market prices in relation to 

allocation of capital resources for development purPosesq 

some central planning agencies and development banks have 

introduced the concept of "shadow prices" in proJect 

evaluation. 

The calculation of shadow prices in a cumbersome 

and costly undertaking. Therefore, for typical fisheries 

projects it is hardly worthwhile going into the process 

of producing shadow prices of' most of thwgoods and 

services employed. For tho calculativa of, Econcmic Rate 

of'Return it is usually suffialeAt to use. marXet prices 

and make the following adjustments: 
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Deduct government taxes and duties included 

in market prices for major cost items 

(vessels, Sear, plant machinery, fuel, 

electricity, etc. ); 

b) Add subsidies paid by the government to promote 

fish consumption (consumer price subsidiesq 

subsidies for ice production, subsidies for 

inland transportation, etc. ); 

C) Recalculate the cost of imported goods and 

revenues of exported goods; 

d) Recalculate the cost of capital; 

While it in often maintained that shadow prices 

should be employed for labour used in fishery 

projects, there seem to b. * widely differing 

opinions on how to construct these prices. 

ýThe argument that the labour costs should be 

zerog which implies that the value of the 

alternative production in nil, does not seem 

to coincide well-with the conditions of such 

projects, which are dependent upon the 

availability of trained personnel (skippers,, 

engineers, service-staff, accountants, etc. ). 

It appears that from the comparatively few 

cases where shadow prices for labour have been 
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employed in fisheries projects, theme shadow 

prices have been applied only for 
-the unskilled 

personnel and at rates somewhat lower than the 

going wage rate. 

7.1.3 Value Added 

An a complementary measure to Economic Rate of 

Return, "Value Added" is particularly useful for comparing 

the impact on the national economy of alternative projects. 

For each enterprise9value added in defined as the sales 

value of its produced goods and services less the cost of 

material and services purchased from outside domestic or 

foreign sources. Value added may also be defined anwhat 

is left over in the production process for the payment of 

taxes, wages, salariesq interest and dividends. When tho- 

value added calculations are extended to include value 

added created in an enterprise other than the enterprise 

or project under study, it will embrace the secondary and 

tertiary effects mentioned above. A fish canning project 

which has considerable backward linkages. (e. g.. local 

construction of fishing vessels and Soar) and forward 

linkages (e. g. distributing and marketing of canned fish)- 

will thus have a large value added component in comparison 

with an alternative project (e. g. a fish meal industry) 

which relies heavily on imported equipment and which offers 

few opportunities for employment of labour in marketing. 
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For calculation of the national value added of a 

project (and this principle also applies to the costs and 

benefits included in the calculation of Economic Rate of 

Return), care should be taken to include only those net 

incremental values that are created. Thust for example, 

if the effects of a new fishery harbour project at A are 

evaluatedq care should be taken not to attribute to this 

project the value added that is being created already in 

another project at B (assuming that project A aims at 

attracting some of the catches that are landed at B). 

As another example, when considering the expansion of 

fishing effort in a fishery which is close to being fully 

exploited biologically (the introduction of new vessels 

is thus likely to reduce average catches of existing 

vessels)q care should be taken to deduct the loss in value 

added incurred by the existing fishery from the value added 

created by the now project. 

7.2 Criteria Relating to Companies or Individuals 

The criterion of interest to individuals and 

companies are much the same. The main difference is that 

companies are usually involved in a wider range of operations 

than individuals and these may extend to include. vertically 

integrated operations ranging from fishing through processing 

to marketins. 

t 
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The use of Discounted Cash Flow (DCF) techniques 

are often alien to this area of business, but because of 

aid programmes involving grants and subsidies, there is a 

need to develop this kind of analysis in these situations. 

The accounts of an enterprise are prepared by different 

principles to those of DCF, trying to match income and 

expenditure, and writing off the original cost of the 

fixed assets by means of depreciation changes. Both 

methods have considerable importance with respect to 

determining the productivity of entrepreneurial enterprise. 

Another popular criterion is pay-back period. 

This indicator measures the number of years 

required for the project to recover, from not annual 

revenues, the capital invented in the projectp Strictly 

speaking therefore it does not measure the profitability 

or attractiveness of the project, since it taken no 

account of revenues arising after the capital recovery 

period, nor ot the time pattern of revenues. 

However, it is quite widely used in business, 

and many investment decisions are based upon it. Risk 

and uncertainty have to be taken into account and the 

longer the period, the greater the risk. In these 

circumstances, a knowledge of the time span that the 

original investment is at risk will be a significant 
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factor in the decision, even though it has to be 

supplemented with other measures of project worth. 

The method is widely used by firms in potentially 

risky situations, particularly in cases of investment 

overseas where political uncertainties tend to be 

large, where technological progress makes the risk of 

obsolescence rather large, or where other competitors' 

reactions, say to the introduction of a new product, will 

much reduce the early profitability of a project. 

It clearly falls into the category of risk 

analysis rather than as a measure of project worth, but 

provided its limitations are understood, it is a useful 

piece of information to appear in a project formulation 

report, particularly if modified an suggested in the next 

section. 

Having regard to the high risk nature of fisheries 

projectst it is felt to be particularly appropriate to 

those situations where the future of the resource is in 

some doubt, or for instance, in a relatively new 

international fishery where the size and speed of foreign 

intervention is hard to forecast. In such a situation it 

is of great assistance to know whether, on present yields 

per vessel, the project will recover its capital quickly 

before competitors can appear in force or not. 
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7.3 Conclusions 

it is inconceivable that a decision-maker would 

consider a single criterion adequate for his needs whether he 

operated at government or company level as none are valid 

under all circumstances and in addition, it is unlikely 

that one would give all the information that was required. 

There will be lists of criteria and these will be ranked 

in a particular order of importance for each decision-maker. 

It can be seen in earlier sections of the thesis 

that the 11sts of criteria vill not be different for 

governmental or entrepreneurial decision-makers although 

the ranking will change. The reasons for this are clear: - 

a) At government level the main pre-accupatton will 

be with contribution to CANPq provision of protein 

and employment but in addition the gOvOrmmlsnt 

must seriously consider-those aspects-of the 

project that contribute to profitability in order 

to attract capital and support from entrepreneurs 

or development banks. 

b) 
. 

Conversely, the entrepreneurial emphasis will be 

on profit but in order to make a proposal that is 

attractive to a government, they will have to 

consider how far they are prepared to so in 

providing employment, protein and the level of 

contribution to GNP. 
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The reconciliation of conflicting objectives 

arising from the requirement of different decision-makers 

with respect to the same problem has been considered in 

depth (section 4) and the interesting point is that 

hardware, models and criteria can be organized to satisfy 

this complicated situation. The important additional 

aspect is that the model builder and decision-makers can 

meet in this situation and come to a decision that is 

acceptable to all. 

The conflicting consequences for a single decision- 

maker present just as difficult a problem as the previous 

example and requires a clear understanding of the relation- 

ship between criteria and constraints. Constraints operate 

to reduce the decision-making area to a point where a 

criteria can be used to make a choice and one aspect of 

this is that they can be interchanged. This can be seen 

in the case of the linear programming input-output model. 

In view of the requirement for an alzbost identical' 

list of criteria for-all decision-makers in the hierarchical 

structure, an ordered standard procedure can be recommended: - 

a) Calculate the labour and capital productivity of 

a project, its value added and hence its 

contribution to GNP. 

b) Calculate the financial rate of return. 
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c) Calculate the economic rate of return. 

d) Determine the additional economic advantages 

and spin-offs. 

Some control procedure should form part of this sequence 

allowing a review of the list with possible changes in 

the data or assumptions made and subsequent re-calculations. 
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UNCERTAINTY AND IMPLEMENTATION 
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UNCERTAINTY AND IMPLEMENTATION 

It is incongruous to deal only with outcomes of 

deterministic situations in fisheries. Assumptions have 

been made, in the previous sections, regarding certain 

features of fisheries but most of these have a degree, 

often a high degree, of uncertainty associated with them. 

Combinations of these may give rise to aggregated 

uncertainties which if disregarded could invalidate the 

conclusions drawn. 

8.1 Freezer Trawler Study 

There are two forms of uncertainty (42), strict 

uncertainty, where the value of a variable is probabjXstic 

and the distribution in unkown, this form wax evident 

when the freezer trawler study (Section 
. 
5) was required 

to predict a five-fold increase in the price of oil in 

1973/74 or the exclusion of these vessels from their 

traditional fishing grounds in 1976/77, and, risk where 

the value of a variable is also probabalistic but known. 

Risk distributions may be devised from-historical records. 

Histogram (Figs. 19,20 & 21) of catch rates can be 

constructed from the logs of fishing vessels although 

there in still the problem of relating these catches to 

future distributions. 
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There is a need to examine the difficulties 

of representing this uncertainty in some formal manner 

and the determination of relevant criteria for assessing 

alternatives under different conditions. The work on 

the freezer trawler (Section 5) is ideal for this 

purpose for the following reasons: 

'a ) It exhibits most of the facets of uncertainty 

that are inherent in fisheries. 

b) It raises the question of closed or open models. 

A closed model where a prescriptive solution would result 

in a particular vessel specification being declared as 

the optimum or an open model where the decision-maker, in 

this case the trawler owner, would choose from a range of 

options provided by the model. 

I 

C) It attempts a study of human performance in terms 

of the effect of the management efficiency (skipper ability) 

and the technological parameters of design which constitute 

the investment decision. 

d) The atudy was completed in 1969 giving the 

opportunity to examine the problems or prior and posterior 

validation of alternative investment decisions. 
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Within this problem area, the decision-maker, i. e. 

the trawler owner, faces a complex task when deciding 

the main characteristics of a new vessel. He has a choice 

of propulsive power, (speed), fuel endurance, hold capacity, 

throughput capacity of freezing plant and also certain 

product and processing plant considerations. Some method 

of reducing risk at the time when new vessels are being 

planned and before large capital sums are committed is 

obviously desirable. Risk has. been treated (Section 

by drawing up a multivariate distribution of cash flows 

emanating in future time periods from all the alternatives 

and reducing his multivariate distribution to a univariate 

distribution of net present value (NPV) and internal rate, 

of return (IRR) by the use of simulation. 

Some ranking has taken place and the problem has 

been reduced to a three-dimensional one involving skipper 

ability, hold capacity and speed. 

Of these three variables, it is clear (Fig. 

that the most important is the ability of the skipper. 

This fact in well known and traditionallyl there in a 

relationihip betveen a skipper's performance, his tenure 

of command and the vessel that he in given. This study 

provides Additional information on the magnitude of the 

differences, in NPV and M9 for different vessel designs. 

If a vessel is considered as a single investment opportunity, 
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the risk can be reduced by securing the services of an 

appropriate skipper. However, the problem is more 

complex at a multiple vessel investment or company level 

where the transfer of a skipper or skippers from other 

vessel or vessels could adversely affect the productivity 

of other operations. There remains the alternatives of 

securing the services of top skippers either from a 

competing company or investigating the advantages of a 

training scheme. Studies of this kind do allow a 

consideration of the finance that might become available 

for these alternative policies. 

With regard to the vessel parameters, it would 

appear that a low speed vessel is desirable. The 

differences in NPVI particularly for the better skippers 

(Table 10) are small indicating that the increase in 

gross earnings due to an increase in speed in balanced 

by the increased fuel costs. The difference in NPV 

can be closely related to the difference in capital costs 

of the respective vessels for the average skipper performance. 

It is obvious from the results (Fig. 7) that from 

a consideration of vessel. parameters alone, the size or 

hold capacity of the vessel makes the greatest contribution 

to the variation in Npv. It appears that within the frame- 

work of assumptions made, particularly the one regarding 

the acquiBition of a skipper of average or greater ability 
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that the vessels will be profitable. The difference 

between the means is significant within the context 

of a variance created by repeated runs of the simulation 

model but there are many other factors to be taken into 

consideration including the whole question of the 

relationship of the model with the real world. Certain 

operational activities have been deliberately excluded 

from the model such as occasional salvage operations and 

breakdowns. The probability of the occurrence of these 

events is not known, would not affect the magnitude of 

the results significantly but do contribute to the 

difference between the model and the real world. 

The model contains no formalised approach to fish 

population dynamics as this in outside the scope of this 

thesis but the catch rates of the vessels and their 

potential variability over a 16 year period are extremely 

important and constitute one of the major contributions 

to risk. It could be argued that the three levels of 

catch attributed to the skippers constitute a simplistic 

approach to this problemg i. e., the use of optimistic 

but credil)le series of estimates are represented by the 

top skippers and the other end of the scale credible but 

pessimistic are represented by the below average skippers 

with the average skippers in between. 
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However, a decline in catch rate for say the 

top skippers down to the lowest level in the early 

years of the investment then the prospects are poor. 

It is unfortunate that in these circumstances the 

likelihood function of future catch rates is not known 

and this is perhaps the major reason why this particular 

model in this situation must remain an open one and be 

advisory in character rather than prescriptive. 

A lack of knowledge in other areas also emphasize 

this conclusion. 

8.1.1 lementation 

It has been proposed that implementation is the 

only real test of the validity of solutions, i. e. the 

actual performance can be compared with predicted results. 

However this in not always the case: - 

a) Testing for optimality falls down when only one 

solution is actually implemented. This was almost the 

case with the freezer trawler model as they generally 

fell into only two size categories. Initially a few 

were designed with hold capacities of 20,000 cu. ft. but 

the majority were designed with capacities of 27,000 cu- ft- 
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The annual average profit for the sample of the 

larger vessels over a period of six years from 1968 to 

1974 was X53,000 and the model predictions ranged from 

L24,295 for the poor skipper to L91,289 for the good 

skipper. For the vessels at 20,000 cu. ft. the annual 

average profit was L2,000 and the model predictions 

ranged between L20,000 and L79,000. 

It was generally expected that the simulation 

would be optimistic in its predictions mainly due to 

the assumption that vessels would fill their holds or 

fish to the limit of their endurance before returning 

to the home port. The relative performance of vessels 

was predicted correctly and it in remarkable that the 

absolute predictions of performance were so close for 

the 27,000 cu. ft. vessel. The prediction for the 20,000 

cu. ft. vessel were optimistic and the reason for this 

was the decline in catch over two bad years, 1973 and 

1974 when hold capacity utilization was about 50%. This 

obviously had a greater effect on the smallest vessels. 

b) There in always the possibility that implementation 

will not be carried out an the model approach might suggest 

or recommend and in the came of the freezer trawler, 

engineering and technological development is a continuous 

process and, eapital improvements take place all the time. -., 
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It is obvious from the comparison above that this has not 

had a great effect. 

C) Other factors might change to invalidate the 

computer simulation predictions and mention has been made 

previously of exclusion from fishing grounds and massive 

increase in fuel costs. A decision to invest immediately 

before these events could be ruinous. 

8.1.2 Conclusions 

The conclusions must be that fishing companies 

in the United Kingdom made investment decisions in a way 

that could be regarded as sound and rational. After the 

initial investment in the smaller vessels which added to 

their experience and knowhow, they took advantage of the 

economies of scale but-settled mainly for a hold capacity 

of 27,000 cu- ft. There were few exceptions in excess of 

this because of the problem of declining catch rates and 

a desirability to hold voyages to a particular limit. 

This limit was linked with availability of crews. 

The decision-makers, i. e. trawler owners were able 

to cope very well with risk of the first kind but neither 

the model nor they could be expected to handle the problems 

of strict uncertainty that later arose from the massive 

problems that changes in government policy placed upon them. 
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8.2 The Scheduling of Trawlers in a Fleeting System 

The problems of this project (Section 6) were 

associated with risk rather than strict uncertainty but 

the factors contributing to the risk were numerous and 

included: - 

a) catch rates 

b) cycle times arising from fishing time, 

travelling time and time in port 

C) queueing times arising from problems in 

transferring fish and also scheduling 

d) marketing problems affecting the auction 

prices and in turn the schedule plans. 

It is important to consider how these factors 

affected the model predictions and also the actual 

performance., , 

8.2.1. Implementation 

On the basis of the results from the simulation, 

it was decided to test the fleeting system on the fishing 

grounds off Iceland. 

The fleet consisted of the three vessels, the 

details of which are given Table 16). 
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Table 3.6 

TRANSFER AT SEA VESSELS 

Length Gross Year Fishroom End- 
Overall Ton- Built Ca acity 3 urance 
Ft. nage Ft Crew Days 

St. Andronicum 170 576 1951 12640 19 27 
St. Achilleus 170 576 1951 1264o 19 27 

St. Apollo 182 6 58 1948 15270 19 27 

All the vessels were traditional side trawlers making 

21 day voyages from Hull to the distant water grounds and 

normally bringing back between 60 and 120 tons of fish stowed 

in melting ice. 

It was shown that the optim3m quantity of fish for 

transfer was about 70 ton (Fig. 18) but 
lbecause 

the rates 

of transfer could only be estimated and the crew& were 

unfamiliar with the, technique , it was decided to reduce the 

quantity initially to a maximm of 35 ton and increase it 

only an experience was. gained. 

In the summer of, 1968 there was a slut of fish on 

almost every day of landing. Consequently, only top quality 

fish was being sold at, th4p.,. 
-AuAtions and large qiýantltiex 

of fish were. being sent for reduction to ftshmeal. In these 

circumstances. the declsion. was taken to operate the fleetlag 

system. so as to bring bacIc fresher fish on -voyageg of the 

same total duration an before. 
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A single trial was carried out first off North 

Cape, Iceland using the St. Andronicus and St. Achilleus 

and transferring 200 boxes. The full fleeting plan started 

operating the following month, and terminated in September 

(Table 17 and Fig-22 ). During this period nine out of a 

possible eleven transfers were successfully accomplished. 

Of the two missed transfers one was caused by mechanical 

breakdown and the other by one vessel filling up her hold 

before the other had time to catch a significant quantity 

of fish. 

7be vessels transferred fish on ten occasions, 

including the first trial, in openwater off Iceland and 

in a range of weather conditions from Beaufort forces 0 to 

7. The worst condition for berthing, however, wax Beaufort 

Force 5, and it is suggested that this is the upper safe 

limit. Under these conditions, with due caution on the part 

of the skippers, the chance of severe damage occurring is 

extremely remotet but some risk of superficial damage to 

the ship's superstructure, rails and bulwarks will always 

remain. Some minor damage to the forecastle occurred on 

thre occasions. In-many cases the skippers and crown were 

perforiding the operation for the first time. 

dinappointing'feature of the trials was the poor 

rate of transfer. This was a maximm of 3.38 lx)xen/hour 

(5-5 ton/hour) and an average of 98 boxes/hour (4.0 ton/hour) 

which was well below the rate predicted from earlier trials 
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and used in the computer programme viz. 10 ton/hour. The 

poor rate of transfer was largely caused by difficulties 

of stowage in the fishroom; the boxes were too heavy for 

manual handling and either a small box of about 100 lb 

total weight should have been usedq or mechanical assistance 

provided. The slow speed of the winches on these rather 

old steam trawlers and the limited size of load (600 lb) 

both aggravated the situation. 

The oldest fish landed was 12 days on tee, whereas 

from a conventional voyage the same fish would have been 

17 or 18 days on ice. In the prevailing market conditions 

the effect was to convert the value of the fish from fishmeal 

to fresh fish price. Allowing for the costs of lost fishing 

time when the vessels were engaged in transfer, the net 

gain for the three vessels over the three months was 

calculated at just over L2500. This gain was not insignificant 

but it could have been substantially higher had the optimim 

number of boxes been carried, or if the market situation had 

been normal for the time of the year. 

8., 2.2 Conclusions 

The difference in the prediction of outcomes by 

two different models for this operation has already been 

covered (Section 6 ). The best of the models i. e. the 

simulation, predicted an increase in productivity of 10% 

per vessel per annum but if the actual operations results 

were extrapolated from three months to one yeartthen the 
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actual increase in productivity was one third of that 

predicted. 

The reasons for the difference are easy to 

identify and arise partially from the risk factors 

mentioned above and also from the fact that for most 

personnel involvedl it was the first time they had 

carried out operations of this kind. 

The implementation stage described here was 

expected to be the forerunner of a continous fleeting 

operation but this did not happen. This reflects the 

decision-makers utility and although there would have 

been improvements in the system with the passage of time 

and accumulation of experience; possibly upto the level 

of productivity predicted by the simulation, the decision- 

makers did not consider that there was sufficient potential 

to continue with the operations. The system, as operated, 

would have assisted the extension of life to old vessels 

but the long-term requirement was for an investment in a 

fleeting system designed specifically for the operations 

and the capital for this was not forthcoming. 
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CONCLUSIONS AND RECOMMENDATIONS 

0 
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9. CONCLUSIONS AND RECOMMENDATIONS 

9.1 Basic Models 

The investment decision areas have been identified 

an three levels, i. e. the national level, the company or 

equivalent level and the level at which individual 

operations take place. The levels are not exhaustive as 

there may be intermediate levels in some countries but in 

relation to modelal techniques and data, any intermediate 

stages could be incorporated into these three levels. 

The basis for the investment appraisal work has 

been the model which has been used extensively throughout 

this work. The approach to modelling, that has been used, 

has already been well formulated by Ackoff ( 42 The 

process is divided into six phases: - 

a) Formulating the problem 

b) Constructing the model 

c) Testing the model 

d) Deriving a solution from the model 

eY Testing and controlling the solution 

f) Implementing the solution. 

The process is cyclical, e. g. when testing a models 

it may be difficient and the formulation of the problem 

and the model may be re-examined and modified. This leads 
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to new testing andt in some cases, to further revision in 

the formulation of the problem and the model. This has 

also been covered by White 42 ) and the directional 

effects are shown (Fig. 23 

All the models described in thiswork have been 

good models within the context of providing balanced 

comparisons and the ranking of alternative outcomes in 

the same way as they 7would emerge in real life but there 

is always the problem of predictions of absolute performance 

which depends upon the effects of risk and uncertainty 

(Section 8 ). It has been shown that the problems lie 

more with strict uncertainty than risk. 

Further research using game theory might prove to 

be useful for handling strict uncertainty. 

The characteristic of a good model is that it often 

has a few key variables and obviously the cumulative effects 

of errors in few variables give a greater accuracy that a 

model with a high number of variables. It is not a general 

case but it is often true that Pareto's Law is in evidence 

and say, the contribution to 90% of the variation can be 

explained by 10% of the variables. In the case of the 

freezer trawler, it can be seen that the vessel parameters, 

hold capacity and speed, i. e. horse power together with the 

environmental parameter; catch rate or skipper effect 

contribute most of the variation. 



- 167 - 

r. 
1-1 0 
0 -rq sj 41 

00 
u U) 

L - 

be 0 
90 

4-) 

bO 
1: 

4-) r-I 
42 0 
9: 
0 

u 

bO 
0 

cm 
9-4 
10 0 

in ce 
0 

10 E-4 10 

to 
0 

4) 
0 

M 
CA) 

4 
. P4 
raq 



- 3.68 - 

If all the complexities of reality were included 

in the model, then it means that little has been learned 

by the research into the situation and the possibility of 

learning anything from the model is limited. The problem 

for the model is not to describe reality but to form a 

basis for decision-making. It is also important, from 

the point of view of time and cost, to be able to select 

the key variables without the waste of incorporating any 

others. This is a matter for model testing. 

9.2 luterrelationshiR of Models 

Two of the major points considered were related 

to the sophistication of models and the problems of 

whether models should initially be simple and advance to 

be more complex by integration or be comprehensive models 

initially with some dis-aggragation later. This has been 

investigated by attempting to build models by both methods 

and review the consequences (Sections 3,4 and 5). 

If an investment plan is required at the national 
0 

leVel then the recommendation is for a model of the matrix 

type an covered by the linear programming input-output 

model (Section 5). This allows the development of a 

framework within which models of a more detailed kind can 

be incorporated. It has been shown that such a model can 

be dis-aggragated to give some considerable detail of 

output sufficient for models at the lower levels to operate. 
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There is then a need for iterative procedures using the 

models in conjunctionwith each other to arrive at final 

solutions. 

This would militate against the first approach 

in the Morocco study where effectively, the lower level 

models were aggragated to form the national model ( 56 

In this case and perhaps in general, this leads to a 

ituation where numerous detailed activities are integrated 

na simulation to form the national model. This is costly 

and time consuming and as the real situation expands, an in 

the Mauritanian requirement, becomes impossible to 

contemplate (Section 3)- 

At the company or lower level the recommendation 

is the opposite that elemental models be combined to form 

the total model. Model in this context is not defined only 

as linear programming or simulation, etc., but as any form 

of procedural analysis to include computing or statistical 

analysis. This has been shown to be particularly 

appropriate in the case of the fishing company 

(section 4). 

Even if the recommendations for model building are 

not consistent then the development of data through the 

system must be consistent an the data from individual operations 
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at the lower levels must be carried forward in a form 

that allows their use at the company and national levels 

(Fig. 24 and Appendices 3 and 4). 

9.3 Sub-Optimisation 

This has already been covered marginally above 

but there are some aspects of sub-optimisation that 

require special consideration. Sub-optimisation can 

arise for several reasons: - 

a) lack of information 

b) model limitations 

C) resource limitationz, e. g. time and money 

d) failure to appreciate the total system and 

the background into which the problem fits. 

If the case of investment in fishing vessels is 

taken as an example and the number and types have to be 

determined then the model may be simple under one set 

of conditions (Fig. 2.5 ) where a decision maker only has 

to consider the vessel in association with these factors 

that immediately affect its economic performance (Section. 5). 

The model may be more complex where the selection of 

vessels may have to be considered in the context of 

company operations (Fig-26 ) and the compatibility Of 

vessel operations with the on-shore processing operations 

have to be considered (Section 4 ). The final and most 

complex model situation is that where the vessel has to be 
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considered within the national context which in addition 

to company complexities includes infrastructural 

requirement (Fig. 27). This has been covered in the case 

of Mauritania (Section 3 ). 

It is not suggested that the last study has to 

be carried out before the design parameters of a fishing 

vessel can be determined as the cost would be prohibitive. 

However, the constraints that are important from the higher 

levels of decision making should pass down through the 

system to be incorporated in the models at the lower levels 

(Fig. 26 This has been done, in conjunction with the 

decision-maker in the company example (Section 4). 

and helps to prevent severe sub-optimization. 

9.4 Criteria 

The availability, relevance and efficiency of 

criteria have been examined within the context of 

hierarchical decision-making on three levels (Section 

In each case, it is obvious that there is no universally 
a 

valid criterion for selection of the beat ablution to a 

fisheries investment problem. One of the basic reasons 

is that with the increase of management control at the 

national level through the establishment of a 200 miles 

EEZ and the development of regional policies, e. g. EEC, 

the concept of the single-decision maker is theoretical 

and the recommendation here is to generate the same vector 



- 175 - 

0Z 
zz0 
0 124 u 

z 1: 9 

z 04 
1: 4 0 

C, 
z 

00 

04 0 

z 

w 44 V2 H 

z 0 
H 

AH 
f0 

ill 

I 

"1 

H 

Q 

04 z 

ZI" W 

U0 IX 

0 
z 
0 

Zi 
I :iPI 

00W, 

llý z 04' E - Z 0 

0 U) 



- 176 - 

of criteria for each level of decision-maker but obviously 

with the emphasis in different areas according to the level 

in the hierarchy. 

In developing fisheries, the main sources of 

investment are the aid agencies and the regional development 

banks who place a great emphasis on financial and economic 

rates of return calculated by the DCF methods described in 

this work. This might not be regarded as entirely 

satisfactory from a methodological stand point but It is' 

a vast improvement from only a short time ago when little 

or no recommendations on criteria were given for investment 

project preparation. There is also the practical aspect 

from the potential recipients position that these donors 

do have the money for development and the motivation for 

adequate project preparation, with some consideration of 

efficient criteria, must bring benefits. 

The use of DCF systems has led to considerable 

controversy with attendant supporters and detractors. The 

main problems in fisheries investment are the uncertainty 

and the long-term nature of decisions, e. g. fifty years for 

the 'life' of a port and under these conditions any criteria 

presents problems but the DCF systems add generally to the 

efficiency of investment appraisal. 
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9.5 Procedures 

The correct procedure for preparation of fisheries 

investment projects has been recommended by Engstrom (1): - 

9.5-1 Pre-feasibility and Identification 

The process of identification results from the 

search for an idea with development potential and the 

process of gradual build-up of a project can be very 

expensive in terms of money and time. It can be seen, 

that such a process can only benefit (Section 3) by 

building the model or appropriate selection of models 

e. g. input-output, financial and economic analyzes an 

early as possible in the life of the project, i. e. the 

pre-feasibility stage. 

9.5.2, Project Formulation 

Once the main alternatives for a project have 

been analyzed the next stage is the formulation of the 

selected proposals and to examine systematically and 

in greater depth its essential features. The major 

purpose of this stage is to cover the aspects which are 

necessary to assist decision-making on the provision 

of funds. 7be advantages of the power of the methodology 

presented in this thesis can be seen in terms of time 

and money-saving through repeated use of. the models for 

this purpose. 
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9.5-3 Appraisal 

This last step in the project preparation process 

precedes the final decision of whether to implement the 

project or not. The magnitude of work required in this 

stage is directly related to the project formulation as 

it consists of data-checking and again evaluation in 

greater depth. Again a repeat run of the models assist 

greatly in this phase. 

9.6 Communications and LmRlementation 

The subject of communication is extensive with 

large body of literature but this thesis is only 

concerned with the fundamental observations that have 

arisen during the course of the cases investigated. The 

greatest step forward in the communication of solutions 

from this work hags resulted from the development of the 

micro-computer and its peripheral, hardware, in particular, 

the TV monitor. The advantages are numerous: - 

a) Feedback is an'integral part of the communication 

system. Question knd answer situations can 

develop freely. 

b) Mistakes and misinterpretations can be 

rectified an questions can be re-stated 

and re-answered without embaraisament. 
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C) The analyst can develop an empathy with 

the decision-maker over the communication 

time period as he has an opportunity to 

assess his sensitivity to him. 

d) Sequential model runs with a variation of 

inputs, arising either from alternative 

proposals or just sensitivity analyses, 

can generate confidence in the decision- 

maker who can immediately see the efforts 

of the changes. If he takes full part in 

this operation, he can also consider that 

he has a knowledge of the model and has 

played some part in its development rather 

than just be on the receiving end of the 

solutions. 

e) The problem of reconciling conflicting 

criteria (Section 4) such an company and 

government can be resolved very quickly. 

The choice of technique might also greatly 

influence implementation. -If the decision maker requires 

an explanation of how the technique will assist him, he 

in perhaps more likely to be persuaded by the logical 

flow of sequences in a computer simulation, representing 

an operation that he knows intimately, rather than a 
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technique of a more complex nature not having this 

characteristic, but clearly more efficient. 

The implementation of two projects has been 

covered (Section 8) and this is one of the most important 

stages of the work. A high level of implementation is 

obviously desirable as this can often be the only test of 

validity of the model predictions. It is not always the 

case as implementation may not go ahead for many reasons 

other than model validity. This tends to frustrate a 

general theory of implementation but several useful 

guidelines emerge: - 

f) Plans for implementation should be envisaged 

at the commencement of the project not at 

the end. The training of skippers, fishermen 

and processing operatives might be a dominant 

factor of the solution and affect many issues 

in the projects e. g. time horizon. 

S) The sourcex of finance for implementation 

should be considered at the beginning together 

with the availability of people, fish resources, 

vessels and machinery. 
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h) Cooperation with all levels of management 

throughout the investment appraisal stage 

is necessary. This is one aspect of 

persuasion. 

Plans should be logical, feasible and 

practically operational. 

The model builder should be intimately 

concerned with implementation. 

9.7 Final Comments 

There are two areas of research identified for 

further work. One is the problem of strict uncertainty 

which has been mentioned previously and the other is the 

diz-aggregation of national models into specific company, 

models. The latter is difficult but if it can be done 

then decision-makers within national fisheries administration 

would benefit. Solving the problem of identifying the 

company or equivalent structures that would make up the 

national industry wouid allow governments in developing 

fisheries to place the companies on the market for auction., 

or bidding proposals. This would alleviate the chaotic 

growth of JoInt-venture companies that takes place in some 

developing countries. 
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This thesis has attempted to identify and develop 

techniques, criteria and data within a general methodological 

framework in order to improve investment planning in 

developing fisheries. It has been estimated that US $ 30,000 

million (43) are required to increase the world production of 

fish by 60 million metric tons. This emphasizes the need 

for improved investment planning and it is difficult to 

envisage how improvements will be achieved without the 

assistance of a methodology of this kind. 
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Appendix 1 Table 1 

Mathematical Formulation 

of the Planning Model 

The general equations of the model are as follows: - 

Objection function: 

4 
Maximize aijklmn. x ijklmn 

ijk1Mn 

where aijklmn = lijklmn + cijklmn 

maximizes value added with the following constraints: - V- 1: s .1 Es , 09 E., 
jkmn lijklmn. xijklmnik L 

The national labour constraint is not exceeded 

AM 
d4 

ik1mn cijklmn. - xijklmn - 

The use of capital is not exceeded 

j1mn xijklmn 194Rik for all i, k 

The fishery resources are not exceeded 

Jkmn xiJklmnS. HL for all 3- 

port handling capacities are not exceeded 

E lr- ;; 
jkn 5 

xijk3Lmn= Plm for all I, m 

Processing capacities are not exceeded 
S ir Ez 
i jk1 xijklmn . 

4-. Dma for all m, n 

Demand limitations are not exceeded. 
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The variables are defined'as follows: - 

xiJklmn The output of fish product species 

i caught by vessel j on fishing 

ground k and landed at port I for 

processing by method m for sale 

to market. n. 

aijklmn The coefficient for added value 
for fish product species i caught 
by vessel j on fishing ground k 

and landed at port I for processing 
by method m for sale to market n. 

lijklmn The labour coefficient for fish 

product species i caught by vessel 
j an fishing ground k and landed 

at port I for processing by method 

m for sale to market n. 

CJJICIM: n The capital coefficient for fish 

product species i caught by vessel 
j on fishing ground k and landed 

at port I for processing by method 

m for sale to market n* 

Rik The maximum fish resource of species 
i on ground k. 

Hi The max4mum handling capacity at 

part 1. 

pim The max4an3m processing capacit-y at 

port I of method m. 

DMn Th* max4anim demand of product processed 
by method m in market n. 
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Th* maximum labour availability. 

C The maximum capital availability. 
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Appendix 1 Table 2 

model 
. M. -MMOOMMMO 
suffices Xi Jklmn. 

spocies W Vessel (J) Ground (k) 

I Pelagic I Licensed I Nouadbibou 

2 Demersal 2 Transhipment 2 Nouakchott 

Cephalopods 3 Pelagic Mothership 
4 Freezer Trawler 

3 Iced Fish Trawler 
6 Purse Seiner 

7 Yamaha & Canaries (Vedettes) 

8 Imraguen Lanches 

9 Canoe 

Fort W Processins (m) Market (n) 

i Nouadhibou I Fresh I Nouadhibou 

2 Nouakchott 2 Cured 2 Nouakchott 

Villages 3 Cold Store 3 Villages 
4 Freezing 4 Fleuvo 

Caming Export 

Reduction 
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Appendix 1 

Maximu estimated allowakle catch (in tons bX species 

IjEo22 by month for the fishing grounds off Nouadibhou 

(above 190 Latitude) 

24bnth PelaSic Cephalopod Demersal 
Species SRecies Species 

January . 
569250 49230 51000 

February 269250 5 420 59000 
Mrch 79500 5: 420 5,0000 
April 4t230 59000 
MY 49230 59000 

June 4*230 59000 
July 320 51000 
August 79500 330 39000 

September 1897.50 330 
.5 tOOO 

October 37,300 51420 59000 

November 37000 
. 
5,420 5tOOO 

December 569250 5t420 59000 

Total 2479.500 459000 6o. ooo 

0 
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Appendix 1 

M=j== estimated allowable catch (in tons) by species 

Xroup by month for the fishing -grounds off Nouakchott 
(below 19o Latitude) 

Month Pelagic Cephalopod Demersal 
S Recies, species Species, 

J. anuary 2 100 39750 
February 7,500 21800 3,750 
Mhrch 189730 21800 39750 
April 379500 2,100 31750 

37,500 2ilOO 3,750 
Jan* 569230 21100 3,750 
July . 56,250 500, 39750 
August 26112,50 500 39750 
September 7,500 600 39750 
October 2 9'800. 39750 
November 29800 39750 
December 2,000 3t750 

Total 2 ý7 900 24,000 451000 
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APPENDIX 2 

MAURITANIA MODEL RESULTS 
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Appendix 2 Table 

Scenario A 

Details of the results from Solution A showing the annual 

catches by species group and the implications in terms of 

vessels, berths, processing and labour. 

Pelaxic Species 
Nouadibhou 
Catch 729000 tons/year by purse seiners 
Product 729000 tons/year of fish meal 
Vessels 
Required: 11 purse seiners 
Nouakchott No port 

Demersal Species 

Nouadibhou 
Catch 269000 tons/year by iced fish trawlers 

129500 tons/year by vedettes 
2t200*tons/year by lanches 

131300*tozxx/year by canoes 
Total 54,000 tons/year 
Product 1290000tons/year of fresh fish 

39500 tons/year of cured fish 
389500 tons/year of frozen fish for export 

Total 54,000 tons/year 

including artisanal landings at Nouakchott 
Processing capacity required: - 130 tons/day 
Cold store capacity required: - 6,400 tons 
Nouakchott No port 

Cephalopod Species 

Nouadibhou 
Catch 4ýjooo tons/, year by iced fish trawlers 
Product 45,000 t9nx/year of frozen product for 

export 
Processing capacity required: '.. 150 tons/day (peak 217) 
Cold store capacity required: - 10,800 tons 
Nouakchott No part 

.. OZ 
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Appendix 2 Table 

Scenario B 

Details of the results from Solution B. ' showing the annual 

catches by species group and the implications in terms of 

vessels, berths, processing and labour. 

Polastic species 
Nouadibhou 
Catch 72 . . 000 tons/year by purge seiners 
Product 72,000 tonx/year by fish meal 
Vessels 
Required: 11 purse seiners 
Nouakchott No part 

Demersal SPOCies 

Nouadibhou 
Catch 4il45 tons/year by. iced fish trawlers 

129500 tons/year by vedettes 
29200*tona/year by lanches 

131300*tons/year by canoes 
Total 329145 tons/year 
Product 129000*tons/year of fresh fish 

3 t500 tons/y9ar of cured fish 
16,645 tons/year Cý frozen fish for export 

Total 32,143 tons/year 

0 including artisanal landings at Nouakchott 
Processing capacity required: - 107 tons/day 

. Cold store capacity required: - 4,850 tons 
Nouakchott No port 

Civhalopod Species 

Nonadibhou 
Catch 169333 tons/year by, iced fish trawlers 
Product 169355 tons/year Of frozen product for 

export 
Processing capacity required: 35 tons/day (peak 68) 
Cold store capacity required: - 3,400 tons 
Nouakchott No part 
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Surnmary 

Nouadibhou 
Iced fish trawlers required: - 33 (plus 40 vedettes) 
Purse seiners required: - 11 
Berths required: Discharging 8 

Fish meal 2 
Total 10 (excluding service 

berths) 
Processing capacity required: - 162 tons/day (peak 175) 
Cold store capacity required: - 5 9500 tons 
tabour required: - Trawlers 66o 

Purse seiners 231 
Port 48 
Processing 6oo 
Cold store 33 

Nouakchott No port 

6 
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Appendix 2 Table 

Scenario 

Details of the results from Solution C showing the annual 

catches by species group and the implications in terms of 

vessels, bertha, processing and labour. 

Pelagic Species 

Nouadibhou 
Catch 

Total 
Product 

Totai 
Vessels 
Required: 

31966. s toz3A/year by freezer trawlers 
729000 tons/year by purse seiners 

103,665 tons/year 

31,665 tons/year of frozen fish for export 
729000 tons/year of fish meal 

103,665 tons/year 

3 freezer trawlers 
3-1 purse seiners 

Cold store capac4ty required: - 159000 tons 
Nouakchott No port 

Demersal Species 

Nouadibhou 
Catch 41,800 tons/year by iced fish trawlers 

12,300 tons/year by vedettes 
21200*tona/year by lanches 

13j; 00*tons/year. by canoes 
Total 69,800 tons/year 

Product 129000* tons/year of fresh fish 
3,390 tons/year of cured fish 

349300 tons/year of frozen fish for export 
Total 69,800 tons/year 

0 including artisanal landings at Nouakchott 

Processing capacity required: - 181 tons/day 
Cold store capacity required: - 9,050 tonnes 
Nouakchott No port 
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Cephalopod Species 

Nouadibhou 
Catch 45,000 tons/year by iced fish trawlers 
Product 45,000 tons/year of frozen product for 

export 
Processing capacity required: - 150 tons/day (peak 217) 
Cold store capacity required: - 10,800 tons 

Nouakchott No port 

SunmaEZ 

Nouadibhou 
Freezer trawlers required: 5 
Iced fish trawlers required: 137 (plus 40 vedettes) 
Purse seiners required: 11 
Berths required: - Discharging 8 

Fish meal 2 

Total 10 (excluding service 
berths) 

Processing capacity required: - 331 tons/day (peak 398) 
Cold store capacity required: - 259000 tons 
Labour required: - Freezer trawlers 260 

Iced fish 
trawlers 2,740 
Purse seiners 231 
Part 135 
Processing 19843. 
Cold store 1.50 

Nouakchott No part 
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Appendix 2 Table 

Scenario D 

Details of the results from Solution D showing the annual 

catches by species group and the implications in terms of 

vessels, berthsq processing and labout. 

Pelagic Species 

NouadibhoU' 
Catch 4139000 tons/year by freezer trawlers 

82,000 tons/year by purse seiners 
Total 495,1000 tons/y*ar 

Product 4139000. tons/year of frozen fish for 
export 

lOtOOO tons/year of canned fish 
72*000 tons/year of fish meal 

Total 495 tOOO tons/year 

Vessels 
Required: - 47 freezer trawlers 

12 purse seiners 
Cannim capacity requir*d: - 10,000 tons/year 
Cold store capacity requirod: 94,000 tons 

Nouakchott No port 

Demersal Species 

Nomadibhou 
Catch 419800 tons/year by iced fish trawlers 

12,500 tons/year by vedettes 
2,200*tona/year by lanches 

1393000tons/year by ýanoes 

Total 69,800 tons/year 

Product 3.2#000* tons/year of fresh fish 
39500 tons/year of cured fish 

549300 tons/year of frozen fish for 
export 

Total 69t8oo tons/year 
including artisamal landings at Nouakchott 

Processing capacit7 required: - 181 tons/day 
Cold store CAPAMMY required**- 9,030 tons 
Nouakchott No port 
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Cephalopod Specý 

Nouadibhou 
Catch 
Product 

Processing 
Cold store 
Nouakchott 

lummaEx 

ies 

45,000 tons/year by iced fish trawlers 
45,000 tons/year of frozen product for 
export 

capacity required: - 150 tons/day (peak 217) 
capacity required: - 100800 tons 

No port 

Nouadibhou 
Freezer trawlers required: 47 
Iced fish trawlers required: 137 (plus 40 vedettes) 
Purse seiners required: - 12 
Berths required: Frozen fish 

discharging 6 
Iced fish 
discharging 8 
Fish meal 2 
Total 16 (excluding service 

berths) 
Processing capacity required: -6 331 tons/day (peak 398) 
Cannin capacity requir*d: - 20,000 tons/year 
Cold store capacity required: - 113,000 tons 
I, abour required: Freezer 

.. trawlers 29444 
Iced fish 
trawlers 29740 
Purse seiners 252 
Port 153 
Processing 11 81 
Cold store 678 

Nouakchott No part 
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Appendix 2 Table 7 

Scenario E-' 

Vetails of the results from Solution 8 showing the annual 
6atches by species group and the implications in terms of 

, Vesselxl berths, processing and labour. 

Pelas. ic Species 

Catch: 
177r"Oeezer trawlers 

purse seinerx 
Total 

.. Frozen r1sh for export 
Conned fish 
Fish meal 

Total 

. 
yAssela Rq%jvred. 
Freezer trawlers 
Purse seiners 

CS=4'n Capacity Required: 

Cold store capacity required*. 

Dqmersall Species, 

Catch: 
IF iced Ifish trawlers 
by vedettes 
By lanches 
By canoes 

Total 

Product: 
"X*sh Pigh 
Cured fish 
Frozen fish for export 

Total 

Nouadibhou 

165,500 
829000 

2479500 

(tons/year) 
Nouakchott 

Proc*saing capacity r*quired: 

Cold store capacity required: 

1759500 
72,000 

247,500 

16.5 , 5oo 1759500 
109000 
729000 72t, 000 

2479560 247,500 

24 25 
. 12 11 

io tooo tons/year 

759200 tolls 799800 tons 

(tons/7*ar) 
Nouadibhou Nouakchott 

41 q §00 
129.500 

21200 
39500 

60,000 

35,200 

91800 
45, ooo 

2 t200 3400 
54,300 
609000 

181 
tons/day 

9,050 tons 

9,8oo 

Z 5,200 
3 11000 

117 
tons/day 

59900 tons 
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Cephalopod Species 

Catch: 
By iced fish trawlers 

Product: 
Frozen product for export 

Processing capacity required: 

CoqLd store capacity required: 

Summar-v 

Nouadibhou 

459000 

45, ooo 

150 
tons/day 
(peak 217) 

109800 tons 

(tons/year) 
Nouakchott 

24,000 

24900.0 

8o 
tons/da7 
(peak 112) 

5,600 tons 

Nouadibhou Nouakchott 

Freezer trawlers required: 24 25 
Iced fish trawlers required: 137 94 

(plus 40 vedettes) 
Purse seiners required: 12 11 
Berths required: 

Frozen fish discharging 5 5 
Iced fish discharging 8 4 
Fish meal 2 2 

Total (excluding service berths) is 11 

Processing capacity required: 331 tons/day 197 tons/day 
(, peak 398) (peak 229) 

Canning capacity required: 109000 tons/year - Cold store capacity required: 95,000 tons 909000 taus 
Labour required: 

Freezer trawlers 1,248 19300 
Iced fish trawlers 2,740 1 88o 
Purse seiners 252 231 
Port 222 166 
Processing 1,881 11111 
Cold store 570 540 
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APPENDIX 

MAURITANIA MODEL DATA 
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APPENDIX 

INPUT PORT AND PROCESSMTG DATA 

The following notes relate to the capital 

cost, throughput and labour involvement in the unloading and 
f1sh-meal operations* No capital overhead costs are includedt 

no running costs and no costs of other service facilities that 

might be required by an expansion. 

The unloading costs will be catagorized for ; 

a) wet fish discharge of boxed and iced fish. 

b) frozen fish discharge of frozen blocks. 

c) industrial fish discharge of bulked fish. 

Taking a simplified view the capital cost of equipment 

In the capital cost contribution of the quayside and the capital 

cost of the discharge equipment. For the purposes of the model 
it is asmmed that the cost of the quayside per unit length is 

the same for each type of discharge although in practice there 

might be differences in bollard arrangements, draft requirements 

etc. to suit the various classes of vessels*. Boxed and iced 

fish refers to both fish and cephalopods. 

COST OF UNLOAD3XG 
N(madhibou. 

The capital. cost per unit of the quay to be*provided 

wIll depend on the stale of expansion and the folloviiig asmimes 

an extension of the existing quay for a distance of 600m. -The 

cost includes for the quayside itself, dock roads, provIsion 

of services, breakwator and dredging 

Capital cost for 600m M4 775m. 

Capital cost of quay per metre length M4 1-3m/metre 
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1.2 Wet Fish Discharge 

Of the 600m expansion of quayside we can assume say 
350m available for unloading of vat fish the other being used 
for additional ice supply, fuel and water and other service 

requirements. 10 berths of 35m will be assumed each equipped 

with a mechanical discharge unloader consisting Of a cantilevered 

roller conveyor with integral winch. 

Tim 
Installed capital co'st of each unit = 900,00o 
Total cost for ton units =9m* 

MmdlinS of we. t fish discharge 

Each discharge unit will be ammimed to be serviced 
by a single tractor trAiler unit for delivery to the factory. 

Capital cost per unit 600,00o 
Total cost of ton units 6m 

Total unloading capital cost, excluding the capital 
Cost Of the quay itself 15 m 

Capital cost of 350m quay at UXI. 3m /metre 
455 m 

Total capital cost of discharge and handling dquipment 
plus required quay = 470 m 

Throug! mut 
ThroughPut of the ten discharge berths assuming a 12 hr 

working day a 400 tons/day , 

Aimual throughput 400 x 230 92,000 t/yr 
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Aj2pendix 

Labour involvement 

Labour involvement per discharge facility including 

'handling up to factory door as follows : 

beloif deck 

catcher 
dockside 

driver 

Total for 10 units 

men 
I man 
4 men 
I man 

12 men 

120 men for 12 hr day 

1-3 Frozen Fish Discharge 
The forgoing analysis of wet fish discharge assumed 

an expansion of 600m of quayxide wMch will again be used as a 
basis for costing the quayside for frozen discharge. Only two 
berths will be costed however for frozen discharge and it will 
be assumed that the additional would be used for wet fish discharge 

and other service requirements. Two berths of 80m each are 
considered each fitted with a 'banana-typet block unloader. 

The capital cost per unit including 

the ship and shore conveyors 
. (adjustable to ship size without 
requirement of shore crane) 

also includes for overhead cover 
of discharge line. 

Capital cost of 2 units 0*00000*00 

Handling 

um 

410009000 

8m 

Each unit serviced by two flatbed lorries and two fork 
lift trucks. 

Cost/unit 2x 19800,000 +2x Is 900,000 
Capital cost of handling for 2 units 12 m 

Capital cost of flat pallets = 1.5 

Total capital cost of discharge and handling excluding cost 
of quay 21.5 m 
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C, apital. cost of quay 2x 80m UM 1.3/m so 0000a UM 208 m 

Total capital cost of discharge, handling and associated quay 
I 

000*000 TjM229.5 m' 

Throuschput 
Based on the 'banana type' frozen block unloader the 

throughput per 8 hr shift is in the order of 200 ton ignoring 

setting up time. Accounting for setting up by a reduction in 

overall throughput we can assume 150 tons per day. 
. 

(8 hr shift) 

Throughput of both units 0000000 300 tons/day- 

Annual throughput of both units 230 x 300 tons/yr 

Ason2ming fish is gutted this relating to wholefish is; 

1.1 x 230 x 300 tons/yr 759900 tons/yr 

Labour involvement, 
Labour involvement per unit; 

below deck- 8 men 
unloading from belt conveyor men 

transfer point man 
supervisor man 
engineer man 
drivers men 

total/unit 20 men 
Total labour for 2 units 40 men 

IA Industrial Fish Discharge 

The f011OWi3%6 relates to industrial fish 
discharge for meal and oil production asmiming a now in-stallation 
and not historical costs of the e. -tisting, plant and equipment. 
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The quayside is again coated as previously.. Two berths 

are considered each 35M in length. 

Capital cost of pump, pump house and associated 

Sear per unit (including ducting to the factory). 
UM 

9000000000*000 i, 4oo, ooo 
Capital cost of 2 units 29800,000 

Capital cost of quay 
2x 35m x M41.3m, /m 91,0009000 

Total capital cost of discharge equipment and associated 

quay 000000000000*0 93.8oo, ooo 

0000*0*0*00000 93-8 in 

Throughput 
Daily throughput per pump 325 tons/day 
Annual it tv ff 230 x 325 -ee,, 7C 750 t/yr 
Annual . throughput for 2 pumps . *9ee'e*o** 149,500 t/yr 

Labour Requirements 

Labour requirements per pump 
puddling and cleaning up 4 men 

pmmp hous4 man 

men 
Total labour requirement for 2 pumps 10 men 

........... 

FISH MAL AND OIL PRODUCTION 

Based on 500t of raw fish input/day. 
Capital costs (1980) as. follows 

19000 ux 
Fish meal line 50 t 20: 5 
Fish oil line 139286 
Concentrator 13t882 
Deodorizer & sea water Pump 4,177 
Boiler 15tI52 
Installation of plant items 14143: L 
Freight & insurance 12,283 
Plant building 61.552 
0 ffice, workshop & lab, 41914 
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Storage 

Miscellaneous 

1 000 um 

91828 
iLo , 647 

1551359 

Total capital cost of 500 t/24 hr fish meal and oil 
plant . 0*0000****00 155.4 m 

Throuxhput 
Although costing of plant is for 500 t/day take actual 

throughput at 80% 

Throughput 500 x 0.8 x 230 
92,000 tons/yr 

Labour Required 

Production staff per shift 
Supervisor 
Technical 
Boiler 
Raw fish bins 
Production lines 
Bagging and meal store 

Production staff / shift 

Total production staff/24 hra 

Administration. Marketinx and Lab. 

Works Manager 
Marketing Manager 
Tol/Clerk 
Clerical assistant/See* 
Lab. assistants 

I man 
2 men 
I man 
3 men 

men 
men 

men 

43 men 

man 
man 
man 
men 

2 men 

men 

Total Acbdu and Marketing and Lab on day shift 
operation 8 men 

Above excludesl labour an dockside and any labour for delivery. 



Appendix 

. COST OF 'UNLOADMNG 

- 226 - 

The following capital costs, throughputs and labour 

requirements relate to the proposed Nouakchott fishing port in 

the same manner as that given for Nouadhibou previously. 

3.1 Nouakchott 
The capital cost per unit of quay to be provided will 

again be dependent upon the scale of expansion but the provision 
of 315m quaysidewill be in the order of: MH 2,200m 

This includes the quayside itself, dredging, breakwater, 

services and dock roads. 
Capital cost of quay per metre: 9-800 TJM 7. OmLmetrt 

3.2 Wet Fish Discharge 

Of the 315m of quay provided ass ume wet fish berths 

x 35m, 2 meal berths x 35m and 2 service beýths x 35M 

Capital cost of 3 borths a5x 35 x UM 7-Om 

*90000*0#0*UM 

Capital cost of discharSe equipment will be assumed as 
Nouadhibou 

5 units x UM 0.9m M, 4 

Capital cost of handling to factory again same 
units x UK -0.6m Tim 3.0 m 

Total capital cost of d. ischarge and handling equipment plus 
required quay a 

. 00000000 . e. -M-1 19232.3 M 

Throughput 

Throughput of five discharge berths assuming a 
IL2 hr working day 606464606*4 225 tons/day 

Annual throughput 225 x 20 
51,750 tons/yr 

Labour Involvement 
Labour inv. olvement per discharSe facillty including 

handling up %, 
o factory door'as follow3 
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below deck 6 men. 

catcher man 
dockside men 
driver I man 

total per unit 12 men 

total for 5 umIts 60 men 

3.3 Frozen Fish Discharg 

For purposes of costing for the planning model the 

same cost per uAit metro of quayside will be asmmid for frozen 

fish discharge using equipment as specified for Nouadhibou. 

one, quay for frozen discharge will be assurpsed of 80m. - 

Capital cost of discharge equipment 

Capital cost of handling equipment 
(including pallets as for Nouadhibou) 

Capit&l C03t of quay 80 xM?. OWMetre 

Total capital cost frozen unloadIng inIcuding 

discharge, handling and associated quay 

Throu,,. chl3ut 

Throughput of the uzLit based on 8 17our shif t 

A=ual t1hroughput gutted 

Armual throughput related to whole fish 

a 1.1 x 349500 

Labour Involvement 

Labour 1ý%vollvement of the unit 

below dock 8m or- 
unloadj=S from belt 

conveyor men 
transfer point t man 
supervisor man 

man 
drivers m on 

lam 4m 

UM 6.75 

um 360. a, 

UM 570.73 *m' 

150 ton/day 

230 x 1.50 tozls 

,u34t 500 t ons 

379950 tons/Y-. 

Total 20 Men 
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Industrial Fish Discharge 

Two berths x 35in assumed 

each fitted with pump discharge to 

quay per metro assumed as before. 

Capital cost of pump, pumphouse an 

(including ducting to factory) 

Capital cost of 2 unIts 

for I ndustrial Fish Discharge 

factory. Capital cost of 

d associated Soar per unit 
UH 1*700,009 
UH - 3.4m 

Capital cost of quay 2x 35 x7 Tim 4,90 m 

Total capital cost of discharge equipment and assoc-iAted 

quay 49 3 .4m 

Throwchput, 
Daily throughput per pump 
A=UAI it it it 

A=ual throughput for 2 pumps 

Labour Requirements 

Labour requirements per pump 

Puddling and cleaning up 
Pump hous** 

Total por pump 

375 tons/day 
375 x 230 a 86,250 tons/yr 

172,500 tons/yr 

men 
man 

men 

Total labour for 2 pumps . 
10 men 
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The following notes relate to the capital 

cost and throughput for various processing operatIonse 

Demersal. Headed and gutted frozen 20kS bloCk3. 

Process I 

Reception of fish 

Sorting and re-icing 
Into chill store 
To auttins benches 

Gutting and Heading 

Washing 

Packing into trays 
Blast freezing 

Knocking out 
Glazing 

Packing 
To Cold Store 

Esj!! ipment 

Fork lift 
Sgwting bench t ice store 
Pallet truckt chi, 11 store 

Benches & knives, aprons et. c. 
Drum washer 
Conveyor, bench & trays 

Freezer & trolleys 
Spray unit 
GlamiuS conveyor 

. 
Bench 

. 
Fork liftj cold store 

Throuchput 

Based on 2 shifts (16 hours) day 12.. tons/day 

(23 tons per 8 hr shift) 

A 
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Ecui-Dment 

Chill StoLe - 50t capacity (fish) 

50-ton x6 m3/t = 300m3 

Assuming 3m high, floor area = loom 
2 

Say store of dimensions 3M x 10m x lom 

Capital cost of store erected including 

refrigeration machinery MM 3.6m 

. 
Cold Store 50 tons production x 30 days 

capacity of 11300 tons 

1,1500 tons x M3/t = 6900OM3 

Assluning 5m high, floor area = 1,200m 2 

Say store of dimensions 2m x 40m -. c 30m 

Capital cost of store erected including 

refrigeration machinery M4 78m 

Blast Freezing 

Rate of freezing a 25t x 0.65 yteld xj hrs 

a2 tons/hr 

Capital cost of 2t/hr blast freezer including 

trolleyst freezer and refrigeration only 

0 41 0*00 tW 17.9m, 

Site preparation, freight and ins., 

services, erection and commissioning 
TZI. 9- OM 

Total Capital cost blast freezer ux 96.9m 

Handling ecui-ament (Portable) 
CAID. C03t M 

. 500kg 3 Electrical, fork lift trucks p 
Pedestrian op powered pallet trucics 

19500 Post, Box, Flat pal-lets 
I Fish offal drive unit + 
2 IL5 ton. cap - tipping of f al containers 

Total Cap. cost of portable HandlinS Sq't. 

4.5 
1.8 
7-51 

2.4 

UM 6.2 
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Processinx EquiRment 

Continuoiis fishwasher (rotary) 

Heading, gutting line with tipper 

unit infeed, controlled delivery to 

12 station manual heading and gutting 
line with continuous delivery to 

fish washer and discharge tooffal 

skip .... .. *, .... .., .. 
Sorting benches (depending on 

degree of mixIng, size and sepcies) 

per capita vun 
Maives, aprons, boots etc 

Glazing conveyor and spray 

unit for knocleing out, packing 

T J-- --. A -. 0 

00 

00 

.. 

.. 

W14 'J I.. SSUSSSSS 

Total of processing equipment 

specified above -. * .... 

TJX 
calD. cost m 

1.0 

1.0 

0.2 

0.3 

1.2 

Tim 3.7 

Eftzilding Costs 

Reception of fish & offal despatch 

20M x 20m 

Chill store lom x lom 0000000a 
Cold store 4Cm- x 30m .. 00000 10 40 0 
Processing 40na x 4(km .. *00* Vo 00 
Machine room & 'Maintenance 20m x 12n 

Total floor irea (excluding offices, 
washrooms, parking, access, roads etc). 

Capital cc at at 12 1 500 UM/m2 

TOTAL CAPITAL COST OP FREEZ12M, DF, %MRSAL 

Total Capital cost 

M2 

1*00 
100 

1200 

: i6oo 
240 

3540 

um 44.25 m--. 

TZI 173 r. - 



Appendix 
- 2Y' - 

. 
5. Pelagic : Frozen -whole 10kg bjocji; s. 

Process. As for demersal, excluding gatting and 

heading, and freezing process by plate not blast. 

T-hrough-put. Based on 2 shift (16 hrs) per day 

00000 40 0*0* It 0 

(2,5 tons per 8 hr shift) 
Equipment. As before but with deletion of heading 

and gutting benches and freezing by plate process not 
blast. 

Capital cost : As before e=cept ; 

I 

offal line 

0 ffal transport 
Heading/5utting unit 
Blast freezer 

+ Plate freezer 

Difference 

50 tons/day 

m 

0.2 

2.4 

1.0 

26.9 

+ 22.4 

Tim 8.1 m 

173-8 
mmi65 m 

Total capital cost Pelagic 

00 00000000 

CeRhalopods'. Graded frozen whole blocks. 

Process. As for demersal but with rlaorous size, species 
grading, and with no Zutting/headinS process. 0 %"j 

Throughput. Based on 2 shift (16 hr) per day 

Ow SO 0* 00 00 ** 50 -%Ions/day 

Equipment. As for demersal ifill. -h deletion of heading and 

,, mttingj offal lines but wi-Ith addition of size Srading 
machines. 

Capital cost 

Total capital cost 0000000000M 171. m 
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APPENDIX 4 

CALCULATION OF MAURITANIA MODEL COEFFICIENTS 
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APPENDIX 

CALCULATION OF COEFFICIENTS 

FISHING 

Freezer Trawlers 

Vessel considered i3 is follows: - 

Length: 
Power: 

Cat ch: 
Capacity: 

Cost: 

Crew: 

Species: 

65 metres 
3000 hp 
40 tons/day 
800 tons 

363.6m mi. 
52 man 
Pelagic 

The coefficients are calculated as follows: - 

Capital Cost: 363- 05 m TUM 

Over 15 years: 2 4.24m UY. /year 
Throughput: 70,00 tons/year (for vessels 

t Ift ip fishin'; Nouakchott grounds and delivery cto 
Nouadhibou - 69700 ltons/year) 
Labour: 52 men. 
Average Wage: 272,000 M! /Year 
Labour Coefficient: 52 0.0074; 

7,000 

Labour Cost Coefficient: 

Capital Coefficient: 

20 . 0073 

0.0074.. x 272,000 = 2,012.3 TTM; 

0.0078 %- 272,000 = 2,122.. 6 Tj!.. i 

24.21in mm = 3462.9 MI 
7,000 
24.24rr um a 3,617-. 9 MM 
6,, 700 

Fresh- Trawlers 
Vessel considered is as follows: - 

Length: _ 24-30 metres 
Power., 830 hn. 
Capacity: 50 "Onýs (inc. ice $to. -a: e) 
Cost: 72.72m MMI 
Ciewl 2 
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Apgendix 

The coefficients are calculated as follows: - 

Catch breakdown: 

Off Nouadhibou 

Off NoUAkchott 

Capital Cost: 

Over 15 years: 
Throughput: 
Laýour: 

Demersal, a Cephaloptds 
. 

Pelagic Total 

36o 270 20 650 
410 220 20 650 

Averase vase: 
Labour coefficient: 

Labour cost coefficient: 

Capital coefficient: 

72-72 m LIM 

4.8 48 m Tim 
650 tons/7ear 

20 men 

2 18 , 000 U%41/year 

20 0.0308 

0.0308 x 218,000 m 6714.4 Tý14 
4.848 m UM m 7458.3 UM 
650 

Purse Seiners 

Vessel considered is as folldws: - 

Length:, 20-25 metres 
Pover: 600 hp. 
Capacity: 120 tons (tanked) 
Cost: 63.63m VuM 
Crew: 21 men 

-species: Pelagic 

The coefficients are calculated as follows: - 

Capital Cost: 

Over 15 years: 
Throughput: 
Labour: 
Average wage: 
Labour coefficient: 

Labour Cost Coefficient: 

6 3.6 3m UN 
4.242 m MM 
6,600 tOn3/year 
21 men 
218 000 Tj%, I/year 
21 0.0032 
6,606 
0.0032 x 213,000 = 69.7.6 LM 

Capital Coefficient: 4.2424--1 UM = 642.7 V-4 
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Alpj2endix 4 

Yamaha and Canaries 

See Artisanal fleet section. 

See Artisanal fleet section. 

Pirosues 

See Artisanal fleet section. 

-t 



237 

Ap-pend: Lx 

Artisanal Fleet 

Labour Coefficients 
(i) Yamaha and Canaries Demersal 

Catch Rate: 1,500 kT/day 

= 300 tons/year (200 days 
fishing/year) 

Crew: 7 men 
Laýour-Coefficient: 7a0.0233 

300. 

Yamaha and Canaries - Cephalopods and Demersal 

Catch Rat*: Cephalopods 200 kg/day 
(500 pots) a 10 tons/year (30 days) 

Demersal I t. 500 lcg/day 

225 tons/yoar (1,50 days)' 
Crew: 7 men 
Labour Coefficient: 7 0.0298 

233 

(ii) Lanches Demersal 

Catch Rate: 

Crew: 

Labour Coefficient: 

&e tons/year 
men 

= 

(iii) Pirogues Docersal 

Off Nouadhibou 
catch, RAte: 

Crew: 
Labour Coefficient: 

Off, Housko, ho. tt 
:. 2tG: 

Cr*w: 
Labour Coefficient.: 

a 

00 kg/da y 

a 60 tons/year (2,00 days) 
4 men 
4 o. o667 
'ro 

*Cj/ dA 200 . 
tons/year (200 days) 

m. en 
0.12iO 

ý00 
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. 41lypendix 

Labour Cost Coefficients 

(i) Yamaha and Canaries 

Averaze Wage: 

Labour Cost Coefficient: 

Yazaaha and Canaries - Ce 

Average Wage.: 

Labour Cost Coefficient: 

(ii) Lanch*s - Demersal 

Sal*s: 

Expenses & 'Maintenance: 

Revenue: 

Per Crew Member: 

Labour Cost Coefficient: 

(iii) Týiroxues 
Off Nouadhibou 

Sales: 

87,000 tNi/Year 
0.0233 x 879000 

m 2,027.1 UM 

phalopocL9 azid Demersal 
87,000 M4/year 

0.0298 x 879000 

a 29592.6 UM 

30 tons 6 Mi/ka 

u 180,000 TJM/year 
76,000 UM/year 

lo41 000 u, 4/year 

26 9 000 tli'lf/year 

0.1333 x litooo 

x 3465.8 U&NI/year 

60 tons 2 15 MWKS 

I 900,000 'U. M, 

Expenses: 

Petrol: 36 litres x 200 days x 30 UANI 
= 21-6 9'000 Met 

Food: 4 crew x 200 days x 30 MI 
x 24,000 UN 

Repair: 12,000 MI 

Lin*'i hooks, *tc*: 6 occ mm 

Total: 258 1000 ni 

Revenue: 642,000 7.1 
Share System: 4 crox-r 

1 vessel 

3 Parts 
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.. 
A-op_endix 

1 Share a 

Labour Cost Coefficient: 

Off Nouakchott 

Sales: 

642,000 MI = 1079000 Met 
6 

0.0667 x 107,000 

= 79137.0 UM 

40 tons 15 Ull/kz 

= 6oo, ooo um 
Expenses: 

Petrol: 36 litres x 200 days x 30 UIX 
216,000 MI 

Food: crew x 200 days x 30 MH 
= 30,000 MI 

Repairs: 12,000 UM 

Lines, hooks, etc.: 69000 UIX 

Total: 264,000 UM 

Revenue: 3 36 , 000 CH 
Sba-re System: crew 

vessel 
engine 

7 parts 

1 Share 316. ooo mm ur 4,84, ooo Um 
7 

Labour Cost. Coefficient: 0.12.5 . -. 48 000 
6,000.0 ULH 

Capital Coefficients 
(i) Yamaha and Canaries - Don, ersal 
Capital Cost: V03301 &-Engi-no 3,500, OOQ U. "'I 

Gear 1,000 1000 ml 

4.500,000 ux 
Over 10 yrs 450,0 00 U-M. 

Capital Coefficient: 45 : '1 -2, ooo tr 
300 

a' 1,300.0 T7vI 
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Yamaha and Canaries - Cephalopods and Demersal 

Capital Cost: 

Vessel and Engine 3,500,000 UMI 
Gear: 19200,000 MI 

4,7009000 UM 

Over 10 years: 470,000 UM 

Capital Coefficient: 470 000 U, %t 
235 

x 2000.0 U&M 

(ii) Lanch*s - Demorsal 

Capital Cost: 

Vessel 3009000 um 

Clear 5 00 1000 UNII 

19 000 1000 Dam 

Over 7, years: . 142,857 UM 

Capital Coefficient: 142,857 LN. 
30. 
a 476 1. UIM 

(iii) Pirogues ý' Demersal 

Capital Cost: 

Vessel 

-Ensine 
Gear 

Over 7 Years 
Capital co'efrici*nt: 
Off 16? ouadhibou: 

Off. Nouakalhott: 

100 2000 M. 1 
65,000 U. %l 
6, oco um 

171 , 000 M-1 
24,429 UM 

24.429 Tin 
60-- 

= 407.2 TA 

2 4.42 9 Tl. Zf 
40 

a 60 10 7 M-1 

a 
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Aopendix 4 

PORT 

wet. Fish 

Species: 

I 

t&pital Cost: Quay 

'Over . 
50 years: 

Discharge Equipment: 
Over 10 years: 

Total: 

Tlwoughjput: 

Labour: 

Average wage: 
Labour Coefficient: 

Labour Cost Coefficient: 

Capital Coofficient: 

Pelagic, Domersal, Cephalopods. 

Nouadhibou 

1.3m TJIM/metre 
350 metr*. s 
455M Tim. 

9 . 1m U, 64 
15 m UM 

1.5m t M. 

lo. 6m mt 

Nouakchott 
7-Om U&I/metre 
x 173 metres 
1225m MI 
2 4.5 m U, %41 
7.5m UX 
0-75m U7j*l 
25.25m TJ%H 

92., 000 tons/ý-. 
120 man 
48 looo Mvyr 
120 
92j000 
a 0-0013 
«0-0013 x 
48 , ooo um 
m 62.4 Mi 
lo. 6M um 
921000 
x 115.2 UM 

51,750 tons/Yr 
60 men 
48,000 M/yr 
60 
31,750 
a 0.0012 
0.0012 x 
48 . ooo Tsm 
5 7.6 UM 
2_5.25n. Mf 
51,750 
= 43 7.9 U&M 
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PROCESSZ, N'G 

PelaSic 
Capital Cost: Plant 

over 10 years: 
Throughput: 

Labour: 

Average Wage: 

Labour Coefficient: 

Labour Cost Coefficient: 

Capital Coefficient:. 

Dtmer. sal 
Capital Cost: Plant 
Over 10 years: 
Throughput: 
Labour: 

AveraS* Wage: 
Labour Coefficient: 

Labour Cost Coefficient: 

Capital Coefficient: 

165M MI 
3.6.5m m4 
8.8oo tons/year 
190 =en, 
60,000 U, 4/year 
190 
89800 

= 0.0216 - 
0.0216 x 601000 um 

a 1296.0 lLrLl 
16.5m TiM 
89800 

a 1,875-0 UM 

173m Ulm 
17.3m U-M 
8,800 to; is/year 
130 men 
60,000 'UM/year 
130 
8, d3, o 

a 0.011.4a 
o. o 14.3 -c Co , ooo um 

a 888.0 am 
17.3m MI 
d, 600 
z1 19 65.9 uim 
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T-ndustrial Fish, 

Species: 

Capital Cost: Quay 

Over 50 years: 
Discharge Equipment: 
Over 10 years: 
Total: 

Tbroughput: 

Labour: 

Average Wage: 

Labour Coefficient: 

Labour Cost Coefficient: 

Capital Coefficient: 

Pelagic 

Nouadhibou 

1.3m UM/metre 
x 70 metres 

9 Im UT-1 
1.8 2m MM 

2.8m UM -- 
0.28m Mkl 

2 Im u44 

N&oualcchott 

7. Om VM/metre 
70 metres 

90m um 
9.8m INÄ 

3' 4m v14 
0 . 34m zN. 
10.14m TZI 

i 149 . 500 tons/yr 172,500 tons/yrl, 
10 men 
48 1000 Mvyr 
lo 
l'kq 9500 
a 0.0001 

0.0001 x 
489000 um 
= 4.8 MI 
2. lm UM 
1499300 
= 14.0 UM 

10 men 
48 , ooo um/yr 
10 
172,500 

0.0001 

0.0001 
48 , ooo ux 
a4.8 Tj%,! 
lo. 14M um 
1729300 
a58.8 Tim 
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Ce, ohaloDods 

Capital Cost: Plant 171m UM 
Over 10 years: 17. Im UTNI 

TbrouShput: 8t8OO tons/year 

Labour: 160 men 
AveraSe -wage: 60,000 um/year 

Labour Coefficient: 16o. 
- TI TWO 

a 0.0182 

Labour Cost Coefficient:. 0.0182 x 60, Ooo ux 

a 1092.0 TM%I 

Capital Coefficient: 17.1m UM 
a 1303 
a 1943.2 TJM 

Fish Meal 

Capital Cost: Plant 155.4m um 

Over 10 years: 15.54 m um 

Throughput: 92,000 tons/year 

Labourt 45 men - 
Average Wage: 60,000 U2, Vyear 

Labour Coefficient: 45 
929000 

a 0.0005 

Labour Cost Coefficient: o. ooo5 x 6o, ooo mm 

a 30.0 MI 
-Capital Coefficient: 15.54 m MM 

92ý000 

168.9 mi 

Canni. n. T 

1. 

Capital Cost: Plant 102. Om TJM 

Over 10 years: 10.2m. UM 

TbrouSh put: 8,976 tons/year 
Labomr: 40 men 
Averaze Va-e: 

. -a 
'0,000 M-f/year o 

Labour Coef-ficient: 40 
=9t b 
a 0.0045 

Labour Cost Coofficign-: o. oo45 -c Oo, ooo 

0 
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capital Coefficient. * 

Curing 

10,2 m Mi. 1 
8,976 

= 1L1L36.. 4 um , 

Throughput: 3 . 500 tons/year 
Labour: 100 men 

Average Wage: 6oooo T764/year 

Labour Coefficient: 100 
39300 
a 0.0286 

Labour Cost Coefficient: 0.0286 x 60,000 UH 

=1 9716.0 UM 

Cold Store 

Capital Cost: (1,000 ton 13.6 35 m TJM 
capacity) 

Over 10 years: 1.3635m Ti'm 
Throughput: 49000 tons/year 
Capital Coefficient: 1. ý625m UN 

14 tOO0 
3 40-9 VM 

Mi ac01 lane 4-14 a 
Tmragu*n fish curers 
Average Wage: 2 . 300 LZI/year 
SeneSalese fish curer3 
Avera, ', e Wase: 10,000 TJY,. /year 

I, 
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TRANSPORT 

Cured Fish 

Capital Cost: Lorry 
Over 10 years.: 

Capacity: 

Tbrqughput: 
Labour: 
Average Wage: 

Labour Coefficient: 

Labour Cost CcofficiGut: 

Capital Co*fficient: 

I 

Fresh Fish 

Capital Cost: Lorry 

Over 10 years: 
Capacity: 
Throughput: 

Labour: 

Average Wage: 

Labour Coefficient: 

Labour Cost Coefficient: 

Capital Coefficient: 

2.2723 m UAM 

0.22725 m UM 

18 tons 

3,46o tons/year 

I man 
72,000 MVyear 

1 
34; 0 

a 0-0003 
0-0003 x 72,. 000 UTNI 

21.6 MM 
0.22725 m UM 
39460 

-a 65.7 Mt 

. 
3.636 m um 
0.3636 m mm 
18 tons 
goo tons 
1 man, 
72,000 %I/year 
1 
900 

a0 . 0011 
0.0011 x '112 9 000 MI 

a 79.2 L"M 

o. 3636r. -i mi 
goo 
a 404.0 n4l 

I 


