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PREFACE 

The distribution of world ship tonnage shows little correlation with the seaborne export and 

in̂ XDrt cargo flows f ran the individual countries. The discrepancy is particularly large in the 

case of developing countries (see Appendix C). This has led to a resolution at UNCTAD-III 

(Santiago, 1972) in vfcLch is stated that the developing countries should own at least 10 percent 

of the world fleet by 1980'''' . 

In the past years the developing countries have indeed expanded their fleets (in absolute terms), 

but their share in the world tonnage declined. Apparently, the establishment and expansion of 

national fleets is more easily said than done. 

Most developing countries start out in shipping by establishing liner fleets. Although many 

2) 
books have been written on this s\±)ject, there exist few publications vdiich provide guidelines 

and quantitative methods for the evaluation of shipping projects in developing countries. In fact, 

3) only the Shipping Secretariat of UNCTAD has published reports on this matter . However, in none 

of the publications liner shipping is looked upon as a system with dynamic properties. For this 

reason I decided to develop a simulation model of national fleet development. With the help of 

this model the maritime planner in a developing country can evaluate shipping projects at the 

coT^any and national level. 

4) The approach to raodelbuilding vAiich is used in this study, is called 'system dynamics' , a 

method developed by J.W. Forrester. 

My early ideas en the model concepts are published in a raitiber of articles . In 1976 I worked 

in Kenya and was able to gather information on the national fleet development plans of that 

country. On this basis I constructed the present models. Although most of the data is from the 

real world, it was inevitable that nurrerous assurtptions had to be made. 

) see Appendix D 
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C h a p t e r 1 - INTRODUCTIOSI 

1.1 OVERVIEW 

Ihis thesis presents system dynamics models of national liner shipping in developing countries, 

Tba purpose of the models is: 

. to create insight in the system of liner shipping, 

. to simulate potential liner shipping development and the quantitative effects at the cotpany level 

and the national econcmy level of a developing country. 

Ilius, the maritime planner in a developing country, vAio evaluates the establishment or expansion of 

a national liner fleet, can address three kinds of questions to the models: 

. vAiat are the inpacts over time of a liner fleet with a pre-determined number of ships at the 

ccmpany level and the national economy level, 

. viiat is the potential development of the liner fleet and what are the impacts at the ccnpany level 

and the national econcmy level, v*ien the developing country decides to adopt cargo reservation 

measures as proposed in the Code of Conduct-1975, 

. vAiat are the impacts at the coipany and national econcmy level of changes in the parameters of 

the liner shipping system, such as freight rates, load factors, loans on ships, growth of national 

exports and imports, level of cargo reservation, etc. 

The models provide the maritime planner with a tool with vM.ch he can evaluate shipping projects 

in an instant, provided the necessary infornation is available (a tool vAiich up to now did not exist) . 

Although the models are processed in a coiputer, the required knowledge of mathematics and ccmputers 

for understanding the model structure is nil. Only the writing of the model equations in the 

simulation language DYNANO requires knowledge of the elerrentary rules of algebra. 

The models are presented according to the 'educational approach'. This means that the base-model of 

1 ship (model 1), is built up step by step to a corplicated endogenous fleet expansion model (model 

15), in order to show the simplicity of each model extension. The maritime planner can thus choose 

the elanents vAiich are relevant to his study and put them together. 

Model 16 contains a sirtple port model viiich enables the calculation of port congestion costs. Its 

pxirpose is to draw the attention of the maritime planner to the eooncmic costs of congestion in the 

national port(s), and to show him the order of magnitude in money terms. In this li^t national port 

investrrents might have priority over national fleet investments. 

Chapter 1 provides an introduction to the model structure and a preview of the model behaviour. 

Chapter 2 - 8 examines the structure of the models and the output in detail. 

Chapter 9 analyzes the effects of changes in parameters on the overall performance of the models, 

and selects variables vArLch are most relevant to the attainrtent of the national objectives. 

Chapter 10 discusses the limits of the models and the possibilities for application outside liner 

shipping. 

Chapter 11 p]X)vides guidelines for the execution of national fleet development studies. 

Chapjter 12 contains the conclusions. 
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1-2 INTRODUCTIOSI TO MX)EL STRUCTURE 

The structure of the models is illustrated with the help of causal-loop diagrams. These causal-loops 

show the aggregated functioning of the models. A detailed description of each model can be found in 

the following chapters. 
I 

model 1 - cash flow model of 1 ship 

GROSS FREIGHT REVENUES 

VOYAGE EXPENDTTURES OPERATING COST OF SHIP 

ADMINISTRATIVE & MANAGE4ENT COST 

INCaiE OF SHIP 

WDRKING CAPITAL OF 
'SHIPPING LINE ^ + 

+ .^INTEREST ON WORKING/<-
CAPITAL + 

-LOCAL INTEREST RATE 

A government-owned carpany buys one ship and starts a liner service between the country under study 

in Africa and NW Europe. The ship is purchased with money borrowed on the local capital market. 

The nett income of the ship is used for the repayment of the borrowed sum and the interest. When the 

borrowed sum is paid back, the surplus will not be invested in more ships, but lent to other businesses 

vdu.ch pay an interest rate equal to the local interest rate. 

The nett inccme of the ship increases with an increase of the gross freight revenues; it decreases 

with an increase in the voyage expenditures, the operating cost of the ship, and the administrative 

and management cost. The WDrking capital increases with an increase in inccme of the shipyard the 

interest on the vrorking capital. The interest increases with an increase in the local interest rate. 

N.B. The polarity of the causal influence is indicated by a + or - near the head of the arrow. 
A positive polarity means that an increase in the first element will cause an increase in the 
second (and a decrease will cause a decrease). A negative polarity signifies that an increase 
in the first element will produce a decrease in the second (and a decrease will produce an 
increase). 

ncxiel 2 - cash flow model of 1 ahip with tax payments 

The only difference with model 1 is that the shipping line is treated as a private ccnpany vfcLch 

has to pay tax. The taxable incote is determined by the nett inccme of the ship and the interest 

paid/received on the worlcing capital of the shipping line. The tax paid depends on the taxable income 

and the ccmpany tax percentage in the country concerned. 
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TAXABLE po:ME 
+ 

NETT INCOME CF SHIP 

+ Y 
^ -WORKING CAPITAL 

INTEREST W WORKING 
CAPITAL 

INTEREST 
RATE 

model 3 - cash flow model of 1 ship financed by a loan 

LOAN INTEREST RATE 

LOAN ON SHIP 

LOAN INTEREST-
PAYMENTS 

LOAN REPAYMENTS 

LOAN REPAY PERIOD 

NEnrr INCOME OF SHIP 

.WORKING CAPITAL 

1 INTEREST ON WORKING ̂  INTEREST 
'CAPITAL RATE 

The difference with model 1 is that the ship is purchased with the help of a loan from abroad. 

The loan covers a large part of the purchase price of the ship; the rest of the money is borrcwed on 

the local capital market. The loan must be repaid within a certain period. Every year an equal part 

of the loan must be repaid. Over the ranaining loan interest must be paid. 

When the loan increases,the loan interest payments and the loan repayments increase. When the loan 

repayments increase, the loan decreases; an increase in the repay period decreases the annual loan 

repayments; an increase in the loan interest rate increases the loan interest payments; an increase 

in the loan interest payments and the loan repayments, decreases the working capital. 

model 4 - cash flow model of 1 sliip with replacement of ship 

SCRAP VALUE 
OLD SHIP 

REMAINING LIFETIME OF SHIP ^ 

I 
• TIME 

PURCHASE REPLACEMENT SHIP 

- y 
WORKING CAPITAL 

The model is identical with model 1, exceprt that the ship must be replaced after a nunber of years. 

This number of years depends on the ranaining lifetime of the ship at the mcment of purchase. 

The old ship has a certain scrap value, v*u.ch increases the working capital; the purchase of the 

replacement ship decreases the working capital. 
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model 5 - cash flow model of 1 ship; it has no structural changes, only parameter changes. 

model 6 - cash flow model of 1 ship with decision criteria 

A shipping project, like any project in a developing country, will be tested against the national 

objectives. The impact of a shipping line on the national objectives cannot often be measured 

directly but only indirectly, using indicators. The calculation structure of three indicators is 

presented below; the other indicators are discussed in the following chapiters. 

a) discounted costs and benefits 

NETT INCCME OF SHIP WORKING CAPITAL INTEREST 

DISCOUNT RATE 

TIME 

DISCOUNT FACTOR-
+ + 

DISCOUNTED COSTS & BENEFITS 

The nett incoie of the ship and the interest on the working capital are discounted with a discount 

factor to the base-year. The discount factor decreases witii an increase of the discount rate and 

with an increase in time. 

b) foreign exchange balance 

GROSS FREIGHT REVENUES 

INCIDENCE OF 
TRANSPORT COST \ 

+ ̂  FOREIGN EXCHANGE 
'EARNINGS 

VOYAGE EXPENDITURES OPERATING COST SHIP 

+ -̂  ^ + 
FOREICÏJ EXCHANGE 
EXPENDITURES 

POREIOSI EXCHANGE 
BALANCE 

The foreign exchange earnings at the national level are determined by the gross freight revenues of 

the shipping line cind the incidence of transport cost of the ccnmodities v*iich are shipped. The 

voyage expenditures and the operating cost of the ship determine the foreign exchange expenditures. 

The foreign exchange balance is the difference between earnings and expenditures. 

c) shadow priced discounted costs and benefits 

FOREIGN EXCHANGE 
coMPONEisrrs 

NETT INCOME OF SHIP 

/ + \ + 

DISCOUNT RATE 

TIME 
DISCOUNT FACTOR 

LOCAL CURRENCY 
COMPONENTS 

\ 

WORKING CAPITAL INTEREST 

SHADOW PRICED DISCOUNTED ^ . 
COSTS & BENEFITS 

SHADOW PRICE F0REI(34 
EXCHANGE 

The nett incons of the ship is separated in foreign exchange and local currency ccïiponents. The 

foreign exchange corponents are multiplied with a shadow parice of foreign exchange before they are 

discounted. 
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model 7 - cash flow model of 6 ships 

NETT INOCME PER SHIP 

V 
WORKING CAPITAL GROWTH 
FROM SHIP OPERATION 

NIMBER OF SHIPS 

+ + 
^WORKING CAPITAL 

REPLACEMENT OF 
SHIPS 

TIME 

/ 
PURCHASE OF SHIPS 

IMTEREST RATE 

WORKING CAPITAL 
INTEREST 

The only difference with model 4 is that instead of 1 ship, 6 ships are purchased and brought into 

service. The working capital growth f rem ship operation depends on the number of ships and the nett 

income per ship. The working capital decreases vAien ships are purchased and replaced. 

model 8 - cash flow model of 6 ships of different age 

The ships in model 7 are ccnpletely identical. The ships in model 8 are identical as far as load 

capacity, load factor, etc. is concerned, but their age and purchase price differ. The model contains 

an ageing mechanism for each ship separately. 

model 9 - cash flow model of 6 ships financed by loans 

'.•JFTT INCXDME PER SHIP 

WORKING CAPITAL GROWTH 
FROM SHIP OPERATION " 

+ 

^WORKING CAPITAL 
INTEREST V + 

^ WORKING CAPITAL 

REPLACEMENT SHIP DCWN-PAYMENT 
OF SHIPS + A 

NIMBER OF SHIPS 
+ 

\ 
TIME 

PURCHASE OF SHIPS 

LOAN ON SHIPS 
+ 

The difference with the assumptions of model 8 is that the ships are purchased with the help of loans 

f rem abroad. The loan is given up to a certain percentage of the purchase price of the ship, and must 

be repaid over a certain period. Interest must be paid over the remaining loan amount. When the ship 

is purchased, the shipping line has to make a dcwn-payraent vAiLch is equal to the difference between 

purchase parice and the loan. 

Replacement ships are entirely financed by the shipping line. 
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model 10 - cash flow model of 6 ships with changing operating cost 

REMAINING LIFETIME OF SHIP ^ 

1. 
3 COST 

i-
OPERATING COST OF SHIP 

TIME 

NETT INOOME OF SHIP 

When a ship ages, the operating cost like maintenance and repairs on board, generally increase. 

Although this increase is not spectacular, the increase will decrease the nett income of the ship. 

The model assuntptions are identical to the ones of model 8. 

model 11 - cash flow model of 6 stiips of class x and y 

NEXT INCOME SHIP CLASS X NETT INCOME SHIP CLASS Y 

NUMBER OF SHIPS CLASS X NLMBER OF SHIPS CLASS Y 

+ + 
WORKING CAPITAL GRDl 

+ ̂ "FROM SHIP OPERATION *% 

A liner fleet usually consists of ships of different tonnage, and thus with different freight revenues, 

voyage expenditures, operating cost, etc. 

Any con±)ination of ship classes can be inplemented in the model. This mDdel is an exaitple with two 

ship classes, called x and y. 

The model assunptions are identical to the ones of model 8. 

model 12 - model of seaborne trade flows through national port 

GROWTH RATE - ^ EXPORT/IMPORT GENERAL CARGO FLOWS 
THROUGH NATIONAL PORT 

TRADE ROUTE 
DIVISION 

EXPORT/IMPORT 
CARGO ON ROUTE 
TO NW-EUROPE 

+ 

EXPORT/IMPORT 
CARGO ON ROUTE 
TO FAR EAST 

EXPORT/MPORT 
CARGO ON OTHER 
ROUTES 

The developing country under study has one main ocean port. The seaborne trade flows through this port 

are relevant for a national shipping line, as they give an indication of the potential cargo market. 

Viien these flows are small/big then the fleet size of the national shipping line will probably becote 

anall/big. Thus, the export and inport cargo flows through the national port determine indirectly the 

upper limit of the fleet size, as the shipping line cannot transcort itore than the share it can claim 

according to its cargo reservation policy. Forecasts of seaborne trade flows are thus essential for 

the assessment of the potential development of the national shipping line. However, the construction 

of a trade forecasting model in a developing country is quite difficult. But the purpose of the 

simulation models is to shew the dynamics of national fleet development and not to construct an 

elaborate trade forecasting model, in order to show the inpact of different forecasts on the develop

ment of the national shipping line, a siitple model vhich can generate a number of scenario's of 



-10-

realistic development patterns of seaborne trade flows through the national port will suffice. 

The national shipping line is only interested in general cargo trades. The two major genersd cargo 

trade routes are to NW-Europe and the Far East; the other trades are too small to be of interest. 

For the time being the shipping line wants to participate in the NW-Europ» trade, but it is interested 

in the development of the other routes. 

The total cargo flew in the base-year grows annually with a certain percentage. Scenario's are made 

of this grewth rate. The total cargo flow has to be divided into three categories: NW-Europe, Far 

East, and Other routes. 

model 13 - national shipping line's share of national seaborne trade 

+ -» NATIONAL CARGO 

CARGO CARRIED BY NATI»IAL 
SHIPPING LINE 

CROSS-TRM)E IE CARGO 

RATIO <r 

TRANSFER CARGO ^ RATIO <^ 

NATIONAL 
+ 

EXPORT/IMPORT CARGO 
m ROUTE TO NW-EUKOPE 

TRANSFER CARGO ̂  

The export/inport cargo on the route to NW-Europe through the national port, can be divided into two 

flows: national cargo (cargo with origin or destination the country under study) and transfer cargo 

(cargo vrtiich passes through the nationcil port to and from land-locked neighbouring countries) . 

The ships of the national shipping line will transport besides national cargo, transfer cargo and 

cross-trade cargo (between ports within the range of the national port). 

The ratio of the national cargo carried by the shipping line and the national cargo flows through the 

national port on the route to NW-Europe is, in cemparismn with the cargo reservation goal of the 

country, an indicator for the potential fleet development. Tliis information will be used in the 

endogenous fleet expansion model 14. 

model 14 - cash flow model of endogenous fleet expansion 1 

NATIONAL EXPORT/IMPORr 
CARGO ON ROUTE TO NW-EUROPE 

CARGO RESERVATION GOAL 

, NATIONAL CARGO POTENTIAL 
FOR SHIPPING LINE 

i 
DISCREPANCY 

+ v + 
WORKING CAPITAL -^PURCHASE OF SHIP 

NATIONAL CARGO CARRIED 
BY SHIPPING LINE 

+ 

NUMBER OF SHIPS 
+ 

NATIONAL CARGO CARRIED/SHIP 
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In the model 1-11 the fleet expansion decision is made exogenously. This means that there is no 

mechanism in the model that determines, depending on developments within the model, the expansion of 

the national fleet. The disadvantage of the exogenously determined fleet expansion is that no direct 

relation is made with the potential fleet expansion, viiich in turn is related to the national cargo 

potential. The latter is determined by the volune of national exports and inports and the cargo 

reservation goal. The number of ships in the fleet and the national cargo carried per ship determine 

the national cargo carried by the shipping line. The discrepancy between the national cargo poten

tial and the national cargo carried determines the purchase of new ships. If the discrepancy is bigger 

than the national cargo carried/ship/year, a new ship is purchased, at least, vhen there is enough 

working capital available to finance such an expenditure: As the imbalance in inports and exports 

in the country under study is rather snail, the difference in shipj-productivity for exports and 

inports is ignored. 

model 15 - cash flow model of endogenous fleet expansion 2 

Model 15 is an extension of model 14 with the following elements: loans on the ships, changing 

operating cost of the ships, ships of class x and y. The causal-loop diagram of this model is a 

caribination of the ones shown under models 9, 10, 11, and 14. 

model 16 - model of ship queueing cost in national port 

QUEUEING COSTS 

OOST VESSEL/DAY 

QUEUEING TIMEA^SSEL 

+ y- \ 
NUMBER OF BERTHS > BERTH OCCUPANCY < ^ 

NLMBER OF CALLS 

-VESSEL SERVICE TIME 

EXPORT/IMPORT CARGO FLOWS 
THROUGH NATIONAL PORT 

AVERAGE CARGO/VESSEL 

NtMBER OF GANGS/VESSEL 

TONNAGE HANDLED/GANG 

Many ports in developing countries suffer frem congestion. A persistent congestion will Increase the 

freight rates for goods vhich are shipped to and from the country. The national economic costs are 

thus not limited to the port, but also affect the rest of the econcst̂ . The purpose of the model is 

to provide the maritime planner with a sinple tool that can give him an indication of tha occurrence 

of port congestion, and the order of magnitude of the costs involved. 

Description of the causal-loop diagram. 

The volume of export and inport cargo flows throui^ the national port determines, together with the 

average cargo per vessel, the nuniber of calls in the port. The average cargo per vessel, together 

with the number of gang-shifts per vessel and the tonnage handled per gang, determines the vessel 

service time. The vessel service time and the ramber of berths in the port determine the berth 

occupancy. The berth occupancy and the number of berths determine the queueing time per vessel. 

The queueing tine per vessel, the number of calls and the cost per vessel per day, determine the 

queueing cost in the port. 
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PREVIEW OF MODEL BEHAVIOUR 

Some output of two nodels will be presented in order to show briefly the kind of results that can 

be expected in the following chapters. 

ntjdel 9 - cash flow model of 6 ships of different age, financed by loans 

The ships are purchased at intervals of one quarter of a year. The total loan on the ships increases 

likewise. Each loan is repaid over a period of 8 years. 

nunber of ships total loan on ships 

E15M 

ElOM 

£5ti 

1976 2000 1976 2000 

The ships have different ages at the moment of purchase. After a number of years each ship must be 

replaced by another (second-hand) one. The model contains an ageing mechanism for each ship. The 

"remaining lifetime' of the ships and the moment of replacement are illustrated in the graph below 

(left) . The total book value of the 6 ships changes with the ageing and replaconent process. With 

a straight line depreciation the total book value varies as indicated in the graph belcw (right). 

renaining lifetime of ships total book value of ships 

20 years 

16 

12 

8 

4 

"V "-.ship 2 

; 3 \ \ \ 

1 \ 1 X 
Li V > 

•' \ ^ 
:i N 

•N 1 

E15M 

ElOM 

E5M 

1976 2000 1976 2000 

The figure on the left shows the development of the working capital of the shipping line. The one 

on the right shows the foreign exchange balance total, the sum of all the foreign exchange earnings 

and expenditures at the national level. 

working capital foreign exchange balance total 

E150M 1 1 £3M 

0 

-E50M 

-E3M 

-E6M 

-E9M 
1976 2000 1976 2000 
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The figure on the left shows the discounted costs and benefits and the shadow priced discounted 

costs and benefits (foreign exchange) discounted at a rate of 16 percent per year. The one on the 

right shows the total amount of expenditures and profits of the shipping line vAiich are ploughed 

back into the economy of the country.(see Chapter 4) 

ElOM 

-ElOM 

discounted costs and benefits inccme ploughed back in aauntry 

E80M 

1976 2000 1976 2000 

model 14 - cash flow model of endogenoios fleet expansion 1 

The number of ships in the fleet of the shipping line increases with an increase in the national 

inport and export cargo flows. 

20 

16 

12 

8 

4 

0 

number of ships national exports+inports (1) 

800,000 tons 

1976 2000 1976 2000 

The discrepancy between the national cargo potential (= cargo reservation x national exports+inports) 

and the national cargo carried by the shipping line decreases over tine. The ratio of the national 

cargo carried by the shipping line and the national cargo potential almost reaches the cargo reser

vation goal (40 percent). 

discrepancy ratio 

80,000 tons 40% 

30% 

20% 

10% 

0 

1976 2000 1976 2000 

The other figures are similar to the ones shown under model 9. 
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lEOELBUILDING STEP BY STEP 

Ompter 2 - STEP 1: CASH FLOW .'COELS OF 1 SHIP 

2.1 MODEL 1 - CASH FLOW MODEL OF 1 SHIP j 

The causal-loop diagram of the model can be found in paragrapii 1.2. 

The calculation structure of the variables 'gross freight revenues' and 'voyage expenditures' will 

be shown in more detail. 

. gross freight revenues: calculation structure 

LOAD FACTOR EXPORTS 

EXPORT TOSINAGE/ <-
ROUNDTRIP 

LOAD CAPACITY 

LOAD FACTOR IMPORTS 

-^ IMPORT TONNAGE/ 
ROUNDTRIP 

FREIGHT RATE 
EXPORTS 

, GROSS REVENUE 
ON EXPORTS 

FREIOTT RATE 
+>^ rapoRTS 

GROSS REVENUE,^^^^ 
ON IMPORTS 

+ -2^ ^ + 
GROSS REVENUES/ 
ROUNDTRIP 

The words 'exports/inports' are used instead of north- and southbound etc. 

The export tonnage/ship/roundtrip depends on the load capacity and the load factor of the ship. 

The export tonnage multiplied by the average freight rate of exports gives the gross revenue on 

exports/roundtrip. The same calculation procediare applies to gross revenues on inports. 

The gross revenues on exports plus inports make up the total gross revenues per ship per roundtrip. 

. gross freight revenues: dynamo-flow diagram 

load factor exports 

LC 
_ ^ load 

capacity 

load factor inports 

< > - : 

FRE 
freight ̂  — 
rate 
exports 

FRI 
— .0. freight 

rate 
inports 
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. gross freight revenues: parameter values 

The unit of time in the calculations is a quarter of a year. The time-horizon of the calculations 

is 1976 - 2000, 24 years or 96 quarters. 

The unit of money is the local E currency. 

All values remain constant over time, unless stated otherwise. i 

The load capacity of the ship is 14,000 metric tons. The load factor of the ship is assumed to be 

40 percent at the start of the operation and will increase up to 80 percent over 8 quarters, and 

remain constant thereafter. 

The average freight rate of exports is E25/ton and the average freight rate of inports is E35/ton. 

The difference between the two is explained by the nature of the ceitmodities shipped in this trade. 

The e>q»rt ceitmodities of the developing country usually have a lew value in relation to their weight/ 

volume; the inport cemraodities have a higher value, and thus have a hi^ier frei^t rate. 

. gross freight revenues: documentor listing 

ET.K=LC*LFE.K 
LC=1^000 

ET - FXP^PT TONNAGE /SHIP /POUNPT»IP T Q N S 
LC - LOAf^ CePAfTTY ÜF SHIP TONS 
LFF - lOAn FArTQP EXPORTS DIM'LESS 

LFF.K=TftBLEILFFT,TiMF.K,C,96,8J 
LFET=.^/.8/.R/.8/.8/.8/.8/.0/.8/.8/.e/.8/.8 

LFE - LOAn FAf'-nc EXPORTS DIM'LFS"^ 
TABLE - DYMAMO FUNrTlLN - SEE MANUAL 
LFfT - LOAD FACTOP EXPORTS TABLF 

I T . K = L C * L F I . K 
I T - 'MPrïPT TONNAGE /SHIP/P.OUNDT? IP TONS 
LC - LOAn CAPACTTY OF SHIP TONS 
L F I - LOAn FAfTOP IKPUFTS D IM 'LFSS 

L F I . K ; = T A B L E < L P T T , T T M P . K , C , 9 6 , 8 ) 

L F I T = . « t / . 8 / . 8 / . a / . 8 / . 8 / . a / . 8 / . a / . a / . a / . 8 / . 8 
L F I - LOAn FACTOP IKPüFTS P I M ' L F S ? 
TABLE - DYNAMO F U N C T K J N - SEE MANUAL 
L F I T - LOAn FAr-'-RR IHPDFTS TABLF 

GRE.K=FT.K*FPP 
FRE=25 

GRE - GPn<=S PFV^NUE DN EXPOPTS/SHI P/PODNOTRIP ƒ 
5T - FXPORT •'•ONNAGE / S H I P/ROUNOT» IP TONS 
FPE - rpFTGHT Pft-rf tXPOPTS / / T O N 

G R I . K = I T . K * F ' ' T 
FRI=35 

GRI - GPO^S PFV'NUE UN IMPDRTf /SHIP/POUNDTRIP ƒ 
IT - IMPCIRT -^ONNACL / S H I P / R O U N D T ' ! P TONS 
FRI - FPF^GHT PATf IMPORTS //"^ON 

GR.K=GRF.K*GPI .K 
GR - GROSS Pt^VFNJt /SHIP/ROUNPTPIP ƒ 
3RE - GROSS PPy^NUE ON EXPORTS/SHIP/POUNOTRIP ƒ 
GRI - GROSS PPV^NUE ON IMPORTS / S H I P / P O U N P T f I P ƒ 



-17-

. voyage expenditures: calculation structure 

GROSS REVENUE/ROUNDTRIP 

AGENCY OOMMISSIOSIS 

PORT CHARGES 

BUNKERS 

EXPORT+IMPORT TOSINAGE/ROUNDTRIP 

+ / \ i + 
CARGO CLAIMS STEVEDORING COST SUEZ CANAL CHARGES 

+ -51̂+ +1 + r ^ + 
VOYAGE EXPENDITURES 

The agency caimissions are a percentage of the gross freight revenues. The cargo claims, stevedoring 

costs and Suez Canal charges can be expressed in £/ton and are thus dependent upon the export+iitport 

tonnage per ship per roundtrip. 

The port charges and bunkers are fixed amovints, as they are related to the characteristics (size, 

speed) of the ship. 

. voyage expenditures: dynamo-flow diagram 

ACS 
agency 
ccmraissions 
share 

bunkers {\ 

/ SCT 
/ stevedoring 

cost/ton 

/ SC 
Suez Canal 
charges/ton 

PC 
^ port charges 

. voyage expaenditures: parameter values 

The agency catmissions share is put at 5.5 percent of the gross frei^t revenues. The stevedoring 

cost per ton is on the average £6.25 (the cost per ton is higher in NW-Europe than in the national 

port). The cargo claims are on the average EO.4 per ton, and the Sviez Canal charges are El per ton. 

The port charges and bunkers per roundtrip are £45,000 and £58,000 respectively. 

. voyage expenditures: documentor listing 

A C . K = G R . K * A C S 

A C S = . 0 5 5 
AC - AGENCY r O M M I S I O N S / S H l P / P O U N O T R l P ƒ 
GR - GROSS P C V ' ^ N U E / S H I P / R O U N D T P I P S 
ACS - AGENCY C O M M I S S I O N S SHARE ? I H ' L E S S 
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S C . K = ( E T . K * I T . K » * S C T 
SCT=6.25 

s : 
ET 
IT 
S C T 

- STCVPPORINC CLST/SHIP/POUNPTRIP ƒ 
- PXP'»PT TONNAGE /SHIP/ROUNDT'TP TONS 
- IMPORT -^ONNAGF /SHIP/ROUNPTB IP T Q N S 
- STFX/FnOPING CCST/TÜN ƒ 

C C . K = ( E T . K * I T . K ) * C C ' ' -
CCT = .'t 

CC 
ET 
IT 
CCT 

- CAPGH CL8TMS/SHIP/FaUNPTPIP ƒ 
_ cxDTPT TONNAGE /SHIP/POUNPT»IP T Q N S 
- IMPORT TOfjf^AGf /SHIP/POUNOTHIP T Q N S 
- CARGO CLAIMS/TüN ƒ 

SCC.K = (ET.<«-IT.K)*SCCT 
SCCT=1 
6=5800 
PC='t50 

SC 
ET 
IT 
SC 
3 
PC 

)C 
)00 

:c 

;cT 

•^D^Z CAMAl CHARGFS/SHIP/ROU*JP''PTP ƒ 
FXPOPT TQNMAGF / S H I P / R O U N P T Ï I P TONS 
IMPORT THNNAGf /SHIP/ROUNPT? !P "̂ ONS 
SDFZ CANAL CHAFGFS/TON ƒ 
BUNKEPS/SHIP/FOUNDTRIP ƒ 
PORT CHAPGFS /SHIP/ROUNPTPIP ƒ 

VÈ.K=AC.K«-SC.K+CC.K+SCC.K*t«-PC 
VE - VOY^GF F K P F N D i r U R F S / S H I P ƒ 
AC - AGFNCY COMMISIÜNS/SHI P/POUNPTpIP ƒ 
SC - STEV^^OPING CCST/SHIP / roUNPTPIP ƒ 
CC - CAOGO rLATMS/SHiP/ROUNPTRIP ƒ 
sec - SUFZ C^NAL CHARGES/SHIP/ROUNPTpip ƒ 
B - BüN<FDS/SHTP/( OUNDTRIP S 
PC - POP'' CHAPGFS /SHIP/ROUNPTPIP ƒ 

model 1: dynamo-flow diagram 

opera t ing c o s t 

r ound t r i p 
t ime 

-O 

AMC 
administrative & 
management cost 

00 Y 
operating > 
days 

O 
I 
I 

- > 

WCE 

working 
capital 
grcwth 

WC 
working capital 

— ^ 

WCI 

working 
capital 
interest 

O 
<—<) 

IR 
interest 
rate 
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. parameter values 
The nett income of the ship per quarter of a year i s arrived a t by multiplying the difference between 
the gross revenue and voyage expenditures, by the ra t io of the nurtter of operating days of the ship 
per quarter and the roundtrip time. The operating days of the ship are 350 per year or 87.5 per 

quarter. The roundtrip time i s 118 days. 
Besides, the operating cost of the ship (£110,000 per quarter) and the administrative and management 

cost (£20,000 per quarter) must be deducted. 

The local in teres t ra te i s 12 percent per year or 3 percent per quarter. 

» documentor l i s t ing 

NIS.IC = l ( ( G R . K - V F . K ) * O P ) / R T ) - O C - A M C 
0 0 = 8 7 . 5 
R T = l i e 
OC=I10000 
AMC=20000 

MIS - NFTT INCOMF SHIP / /QUARTF" 
SR - GPQSS PFVFNUE/SHIP/FOUNOTPIP ƒ 
VE - VOYAGF PXPFNPITUPES/SHIP ƒ 
00 - OPFRATTNG PAYS OF SHIP P A Y S / Q U A R T F R 
RT - ROUNOTPIP TIME DAYS 
OC - OPFBATTNr, CüST OF SHIP / / Q J A R T F P 
AMC - AHMTNISTP/sTivr ƒ MANAGEMENT COST ƒ / 

QOAR'^FR 

WC.K=WC.J+DT*|MCG.JK+HCT.JK) 

WORKING r s p i T A l ƒ 
COMPDTA'^TnNi IKTEPVAL QUARTER 
WORKING CAPITAL GROWTH //QUARTER 
WORKING CAPITAL INTEREST //QUARTER 
PURCHA'-,F PPICL SHIP r 

W C G . K L = C L I P ( N I S . K , n , T T M P . K , P T ) 
HCG - WOPKINO CAPITAL CFOWTH //QUAp-'-ER 
CL IP - OYNAMO FUNCTILN - SEE MANl'AL 
MIS - NETT INCOMF SHIP //QUARTER 
OT - COMPUTATION INTERVAL QUARTER 

W C I . K L x C L I P ( ( W C . K * I R ) , 0 , T I M E . K , D T I 
I R = . 0 3 

tIZl - WORKING CAPITAL INTEREST //QUAR'' 'ER 
CL IP - OYNAMO PUNCTILN - SEF MANUAL 
WC - WORKING CAPITAL ƒ 
IR - INTt=PFST PATE %/QüAPTFP 
3T - C0MPUTA-"!ON IKTEFVAL QUARTER 

wc= 
PPS 

-PPS 
=2.5E6 
WC 
01 
WCG 
WCI 
PPS 

. model l i s t i n g and output (following page) 
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* MOnFL 1 - CASH FLOW HOOEL OF 1 SHIP 
NOTF NFTT INCOME/SHIP/OUARTE» 
A FT.K»LC*LFE.K 

LC-14000 
LFF.K=TABLEILFET,TIMF.K,0,96,8) 
L F F T i . 4 / . B / . 8 / . 8 / . B / . 8 / . 8 / . 8 / . 8 / . 8 / . « / . 8 / . e 
! T . K = L C * t F I . K 
L F I . K = T A B L t ( L F I T , T I H E . K , 0 , 9 6 . 8 ) 
L F I T . . ^ / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
GRE.K»FT.K*FRE 
FRE=25 
GR!.K-TT.K»FRI 
FRI=35 
GR.K=GRE.K*GRI.K 
»C.K=GR.K»ACS 
A C S ' . 0 5 5 
<:r.K>(FT.K*IT.K)*SCT 
S C T - 6 . 2 5 
CC.K=(FT.K*IT.KJ»CCT 
CCT=,4 
«:Cr.K>:(FT.K.»IT.Kl»SCCT 
S C C ' l 
P ' 5 8 0 0 0 
PC«45000 
VF.K=AC.K«-SC.K»CC.K+SCC.K«-B*PC 
NIS.K- (nGR.K-VE.K)»0D) /RTI -0C-A»4C 
on=87.5 
R T = l l 8 
OC'"? 10000 
AMC-20000 

NOTF WORKING CAPITAL 
L »C.K=WC.J<-PT*(WCG.JK»HCI. JKI 
N HC=-PPS 
C PPS'2.5E6 
P HCG.KL«CLIKNIS.K.O,T IHE.K,PTI 
P H C I . K L - C L I P I ( K C . K * t R ) , 0 , T I H F . K , n T I 
C rR=.03 
SPEC LFNGTH«96/DT».25/PRTPFR=2/PLTPER»2 
PRINT MC,WCG,WCI,GR,VE 
PLOT WC/WCG/WCI 
RUN 

TIttE 
E»00 

. 0 
2 . 
4 . 
6 . 
8 . 

10 . 
12 . 
14 . 
16 . 
1 8 . 
2 0 . 
2 2 . 
24 . 
26 . 
2 8 . 
3D. 
32 . 
34 . 
36 . 
3 8 . 
4 0 . 
4 2 . 
44 . 
4 6 . 
48 . 
5 0 . 
52 . 
54 . 
56 . 
5 8 . 
6 0 . 
6 2 . 
64 . 
66 . 
6 8 . 
7 0 . 
72 . 
74 . 
76 . 
78 . 
8 0 . 
82 . 
84 . 
86 . 
8 8 . 
9 0 . 
9 2 . 
94 . 
96 . 

MODEL 

WC 
F*06 

- 2 . 5 0 0 
- 2 . 6 5 8 
- 2 . 7 6 6 
- 2 . 7 9 2 
- 2 . 7 3 2 
- 2 . 6 1 8 
- 2 . 4 9 7 
- 2 . 3 6 9 
- 2 . 2 3 2 
- 2 . 0 8 8 
- 1 . 9 3 4 
- 1 . 7 7 1 
- 1 . 5 9 8 
- 1 . 4 1 4 
- 1 . 2 1 9 
- 1 . 0 1 2 

- . 7 9 2 
- . 5 5 8 
- . 3 1 1 
- . 0 4 7 

.332 

.528 

.843 
1.177 
1.532 
1.909 
2 .308 
2 .733 
3.183 
3.662 
4 .170 
4 .709 
5 .281 
5.888 
6.533 
7.218 
7.945 
8 .717 
9,536 

10.405 
11.329 
12.309 
13.349 
14.454 
15.626 
16 .871 
18.192 
19.595 
21 .084 

I - CASH FLOW HODEL OF 1 

WCG 
F+03 

. 0 0 
8 . 5 2 

51 .50 
9 4 . 4 7 

137 .45 
137 .45 
137.45 
137.45 
137.45 
1 3 7 . 4 5 
137 .45 
137.45 
137.45 
137.45 
137 .45 
137.45 
137.45 
137 .45 
137.45 
137 .45 
137 .45 
137.45 
137.45 
137.45 
137.45 
137 .45 
137 .45 
137 .45 
? 37 .45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137 .45 
137 .45 
137 .45 
137.45 
137 .45 
137.45 
137.45 
137.45 
137.45 
1.37.45 
137.45 
137 .45 
137 .45 

WC I 
E*03 

. 0 0 
- 7 9 . 7 3 
- 8 2 . 9 7 
- 8 3 . 7 7 
- 8 1 . 9 6 
- 7 8 . 5 4 
- 7 4 . 9 2 
- 7 1 . 0 6 
- 6 6 . 9 7 
- 6 2 . 6 3 
- 5 8 . 0 2 
- 5 3 . 1 3 
- 4 7 . 9 4 
- 4 2 . 4 2 
- 3 6 . 5 7 
- 3 0 . 3 5 
- 2 3 . 7 6 
- 1 6 . 7 5 

- 9 . 3 2 
- 1 . 4 2 

6 . 9 6 
15 .85 
2 5 . 2 9 
3 5 . 3 2 
4 5 . 9 6 
57 .26 
69 .25 
8 1 . 9 9 
9 5 . 5 0 

109 .85 
125 .09 
141 .26 
158 .43 
176 .65 
196 .00 
2 1 6 . 5 4 
238 .35 
261 .50 
2 6 6 . 0 7 
312 .16 
3 3 9 . 8 6 
3 6 9 . 2 6 
4 0 0 . 4 7 
4 3 3 . 6 1 
468 .78 
5 0 6 . 1 3 
6 4 5 . 7 7 
587 .85 
632 .53 

GR 
Et03 

336.00 
420.00 
504.CO 
588.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 
672.00 

SMTP 

VE 
E*03 

2 0 7 . 1 6 
233 .20 
2 5 9 . 2 4 
2 8 5 . 2 8 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
3 1 1 . 3 2 
311 .32 
? n . 3 2 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
31.1.32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311.32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
311 .32 
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2.2 MODEL 2 - CASH FLOW MCCEL OF 1 SHIP WITH TaX PAYMENTS 

The causal-loop diagram of the model can be found in paragraph 1.2 

The figure belcw is the dynamo-flow diagram of the working capital sector of model 1, extended with 

the tax payment auxiliaries. 

CTP 
—Aconpany tax 

percentage 

W3 

working capi ta l <r 

\ 

wci 
working 
capital 
interest 

O 
IR 

^ .A interest 
rate 

. parameter values 

The company tax percentage is 45. 

The other parameter values are identical with the ones of model 1. 

As the model looks only at cash-flows, the ship is considered entirely depreciated at the mcment of 

piurchase. 

, docnanentor listing of the relevant equations 

W C G . K L = : L I P ( ( N T S . K - T p . K ) , C , T I M r . K , D T ) 
WCG - WORKING C A P I T A L GFOkTH / / 3 t ) f F - ^ P P 
C L I P - OYNf^Mn F U N C T I L N - SEE MANUAL 
M I S - NFTT TNCOM<= S H I P / / Q U A P ' ^ E ? 
TP - TêX PAYMENTS / / Q U A R T E R 
DT - COMPUTATTON I N T E R V A L QUAPTFP 

T I . K = C L I P ( ( N I S . K * W C T . J K » , Ü , T I M E . K , D T > 
TI 
CLIP 
MIS 
WCI 
DT 

•TAXABLE INCUMl / 
DYNAMO FUNCTICN - SEE MANUAL 
'^"TT iMfOMP SHIP //QUAP"^F» 
WORKING CAPITAL INTEREST //QUARTER 
C0»1PUTATION INTERVAL QUAPTCR 

T P . K = C L I P { ( C T P * T T . K ) , 0 , - ^ I . I ' , D ) 
CTP = .'ft> 

TP - "̂ ftX PAYMENTS / /CUAPTFP 
CLIP - DYNMO FUNCTILN - SEE MANUAL 
CTP - COMPANY T fx PERCENTAGE OIM'LESS 
T I - TAXABL«= TNCUMF / 



MOOEL 2 - 1 SHIP WITH TAX PAYMENTS 

* HOOFL 2 - 1 SHIP WITH TAX PAYMENTS 
NOTF NFTT INLOHE/SHIP/QUAPTFP 
A FT.K«LC«LFE.K 
C LC-1400P 
A LFE.K-TABLr iLFET,T IME.K,0 ,96 ,8 t 
T L F F T = . 4 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . a / . 8 
A ! T . K . L C * L F I . K 
A L F I . K - T A B L E ( L F I T , T I M E . K , 0 , 9 6 , 8 ) 
T L F J T . . A / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
A GPF.K»FT.K»FRE 
C FRE=25 
A GRI .K»!T.K»FRI 
C FRI»?5 
A GP.K=GRF.K+GRI.K 
A »C.K-GR.K»ACS 
C ACS».055 
A SC.K=(FT.K+IT.K)*SCT 
C 5CT=6.25 
A CC.K=(FT.K+IT.K)*CCT 
C CCT=.4 
A SCC.K»(FT.k*IT.K)»SCCT 
C ^CCT=1 
C R=58000 
C PC=45000 
A VF.K-AC.K«SC.K+CC.K*SCC.K*B+PC 
A NIS .K- l ( (&F.K-VE.K)*OD) /RT) -OC-AMC 
C 00=87 .5 
C RT=118 
C nC=110000 
C AMC =20000 
NOTF WORKING CAPITAL 
L WC.K=WC.J*CT»(WCG.JK»Wri. JK) 
N WC—PPS 
C PPS=2.5F6 

• P WCG.KL=rL IP( (N IS .K-TP.K) ,0 ,T IME.K,DTI 
P WCT.KL=rL IP( (WC.K* IRI ,0 ,T IME.K,DT) 
C TP=.03 

• A T I .K=CL1P( (N IS .K+WCI .JK) ,0 .T IMF.K,DT1 
• A TP.K=CLIP((CTP»TI.KI.O,TI.K,0) 
• C CTP=.45 

SPEC LENGTH.96/DT-.25/PRTPFF-Z/PLTPFR-2 
PRINT WC,WCt,WCI,NIS,TI ,Tp 
PLO'' Wr/WCC/WCI/TI/TP 
RUN 

TIME 
E»00 

. 0 
2 . 
4 . 
6 . 
8 . 

10 . 
1 2 . 
14 . 
16 . 
18 . 
2 0 . 
2 2 . 
24 . 
2 6 . 
2 8 . 
3 0 . 
32 . 
34 . 
36 . 
3 8 . 
4 0 . 
4 2 . 
4 4 . 
4 6 . 
4 8 . 
5 0 . 
5 2 . 
54 . 
56 . 
5 8 . 
6 0 . 
6 2 . 
6 4 . 
66 . 
6 8 . 
70 . 
7 2 . 
74 . 
76 . 
78 . 
8 0 . 
8 2 . 
84 . 
8 6 . 
8 8 . 
9 0 . 
9 2 . 
94 . 
96 . 

MOOEL 

WC 
E*03 

- 2 5 0 0 . 0 
- 2 6 5 7 . 7 
- 2 7 6 5 . 8 
- 2 7 9 2 . 8 
- 2 7 6 0 . 0 
- 2 6 9 8 . 8 
- 2 6 3 5 . 5 
-2 570 .1 
- 2 5 0 2 . 5 
- 2 4 3 2 . 7 
- 2 3 6 0 . 5 
- 2 2 8 5 . 8 
- 2 2 0 8 . 7 
- 2 1 2 9 . 0 
- 2 0 4 6 . 6 
- 1 9 6 1 . 4 
- 1 8 7 3 . 4 
- 1 7 8 2 . 4 
- 1 6 8 8 . 3 
- 1 5 9 1 . 1 
- 1 4 9 0 . 6 
- 1 3 8 6 . 8 
- 1 2 7 9 . 4 
- 1 1 6 8 . 5 
- 1 0 5 3 . 8 

- 9 3 5 . 3 
- 8 1 2 . 8 
- 6 8 6 . 2 
- 5 5 5 . 3 
- 4 2 0 . 0 
- 2 8 0 . 2 
- 1 3 5 . 7 

13 .6 
168 .0 
327 .6 
492 .5 
6 6 3 . 0 
839 .2 

1071 .3 
1209.5 
1404 .1 
1605 .2 
1813 .0 
2 0 2 7 . 9 
2249 .9 
2479 .4 
2715.6 
2961 .8 
3215 .2 

2 - 1 SHIP WITH 

WCG 
F+0? 

.on 
8 .52 

51 .50 
89 .67 

112.95 
112.14 
111 .29 
110 .41 
109 .50 
108 .56 
107 .59 
106 .59 
105 .55 
104.48 
103 .37 
102.22 
101.04 

99 .82 
98 .55 
97 .25 
9 5 . 8 9 
9 4 . 5 0 
93 .06 
91 .56 
9 0 . 0 2 
88.4? 
86.78 
85.08 
83.32 
81 .50 
79.6? 
77 .68 
75 .67 
73.60 
71 .45 
69 .73 
66 .94 
64 .57 
62.1? 
59 .59 
56 .98 
54 .27 
51.48 
4 3 . 5 9 
45 .61 
4 2 . 5 2 
39.3? 
36 .03 
32 .63 

WCI 
E+03 
.COO 

- 7 9 . 7 3 2 
- 8 2 . 9 7 4 
- 8 3 . 7 8 5 
- 8 2 . 7 9 9 
- 8 0 . 9 6 3 
- 7 9 . 0 6 5 
- 7 7 . 1 0 3 
- 7 5 . 0 7 6 
- 7 2 . 9 8 0 
- 7 0 . 8 1 4 
- 6 8 . 5 7 5 
- 6 6 . 2 6 1 
- 6 3 . 8 6 9 
- 6 1 . 3 9 7 
- 5 8 . 8 4 2 
- 5 6 . 2 0 1 
- 5 3 . 4 7 1 
- 5 0 . 6 5 0 
- 4 7 . 7 3 3 
- 4 4 . 7 1 9 
- 4 1 . 6 0 3 
- 3 8 . 3 8 3 
- 3 5 . 0 5 5 
- 3 1 . 6 1 5 
- 2 8 . 0 5 9 
- 2 4 . 3 8 4 
- 2 0 . 5 8 5 
- 1 6 . 6 5 9 
-12 .6C1 

- 8 . 4 0 7 
- 4 . 0 7 1 

. 409 
5 . 0 4 1 
9 .828 

14 .776 
19 .890 
25 .176 
30 .639 
36 .286 
4 2 . 1 2 3 
48 .156 
5 4 . 3 9 1 
60 .836 
67 .497 
74 .383 
81 .499 
68 .855 
96 .457 

TAX PAYMENTS 

NIS 
E+03 

- 3 4 . 4 6 
8 .52 

51 .50 
9 4 . 4 7 

137.45 
137.45 
137.45 
137.45 
137.45 
137 .45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 

TI 
E*03 

.00 
- 7 0 . 6 5 
- 3 1 . 2 0 

10.67 
54.45 
56.26 
58.15 
60.10 
62.12 
64 .21 
66.36 
68.59 
70.90 
73.28 
75.74 
78.29 
80.92 
83.64 
86.45 
89.35 
92.35 
95 .45 
98 .66 

101.98 
105.40 
108.94 
112.60 
116.39 
12C.30 
124.34 
1 28.51 
132.83 
137.29 
141.91 
146.67 
151 .60 
156.69 
151.96 
167.40 
173.02 
178.84 
184.84 
191.05 
197.47 
204 .11 
210.95 
218.05 
225.38 
232.95 

TP 
E*03 

.00 

. 0 0 

. 0 0 
4 . 8 0 

2 4 . 5 0 
25 .32 
2 6 . 1 7 
27 .05 
27 .95 
2 8 . 8 9 
2 9 . 8 * 
30 .87 
3 1 . 9 0 
32 .98 
34 .08 
35 .23 
3 6 . 4 1 
37 .64 
3 8 . 9 0 
4 0 . 2 1 
41 .56 
4 2 . 9 5 
4 4 . 4 0 
4 5 . 8 9 
4 7 . 4 3 
4 9 . 0 2 
50 .67 
5 2 . 3 7 
5 4 . 1 3 
55 .95 
57 .83 
59 .77 
6 1 . 7 8 
63 .86 
6 6 . 0 0 
68 .22 
7 0 . 5 1 
72.88 
75 .33 
77 .86 
80.48 
83.18 
85.97 
88 .86 
91 .85 
94 .93 
98 .12 

101.42 
104.83 

- 4 0 0 0 . T 
. 0 

- 1 0 0 . T 
- 1 0 0 . T 

. 0 
. 0 . l.-i 

- 2 U 0 0 
50 

- 5 0 

50 

0 . 
1 0 0 . T 

0 
1 0 0 . T 
IC 

20 00 
150 

50 
200 
150 

4000 
200 
100 
300 
200 

T 0 
T 1 
T 2 
T 3 
T 4 
14 

24 
24 

12 

02 
02 
02 

23 
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MCDEL 3 - CASH FUOW MODEL OF 1 SHIP FINANCED BY A LOAN 

The causal-loop diagram of the model can be found in paragraph 1.2. 

The figure below is the dynamo-flow diagram of the working capital sector and the loan sector. 

IS 

loan on ship 

—r-

LIR 
loan interest rate 

— ® -
I 

A 

I PPS 
^ ——©piurchase price 

' s h i p 

,LPPS 
loan percentage 
price ship 

0 
V 

loan interest 
paynents 

WC 

WDrking capital 

^T 

<r 
^ ^ 

\ 

^ > 

w::i 
working 
c:apital 
interest 

O 
^ — ( ^ 

IR 
' interest 
rate 

. parameter values 

The loan percentage of the purchase price of the ship is 75.percent. The loan interest rate is 

8 percent per year or 2 percent per quarter. 

The loan is repaid over 32 quarters. Eacdi 4 quarters 1/8 of the loan is repaid. In dynamo this is 

done with a pwlse function. This function gives a pulse with the height 1/8 over the cctrpitation 

interval DT. 
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. documentor listing of the relevant equations 

WC.K=WC.J*-DT*(Wr.G.JK*WCI.JK-LF . J K - L I P . J K ) 
WC=- (1 -LPPS) *PPS 
LPPS=.75 
PPS=?.5E5 

WC - W O R K I N G r A P I T ^ L / 
DT - rnMPU"^ATTnN I f . IERVAL QUA'^Tro 
wCG - W^oKiNT, r / j p i 7 ( L GPCWTll / /aUAF' - '^P 
WCI - WOPKING C ' P I T a i r . T E R F S T / / Q U A P T r p 
LP - LOAM P'-PAYMtKT //QUARTf^R 
L I P - LOAM P r - ^ p r S T PAYMENT f/QWF'f''' 
LPPS - I OAVJ P'^PCFNTAIE PLF SHIP DTM'L ' " '^ ' ; 
PPS - r'liPCHA'^"^ f ' P U I SHIP ƒ 

L 5 . K = L S . J * D T * ( - L ' ' . J K / n T ) 

LS=LPPS*PPS 
LS - LOAN ON SHIP / 
DT - roMPU-^/^TTor' i r .TERVAl QUA"-^'-'^ 
LR - LOAN PfPiYPENT / / C U A R T F " 
LPPS - LOAN P ' ^PCNTA i r PER S H I ^ D I M U T ^ S 
PP5 - i^ORCHA-^r P P R [ SHIP f 

L R . K L = : L I P ( ( ( P I M «F( n / ' ' p j , ' » , ' » n * L P P S * p p s ) , ^ , 3 ? , 

T IME.K ) 
RP=8 

LB - LOAN R-^nAYMrr,"!" / /CUAPTFP 
CL IP - nvN(«MO FUNCTILN - SEE MANUAL 
PJLSF - OYN'MO F'l.NCTILN - SEE MANUAL 
pp _ PFD/»Y OFPTCD YFAPS 
LPPS - LOAN P'"erf^r'T;CE PER SHIP : ^ I f ^ ' L ^ ' ' S 
PPS - PilRCHASF " F U t SHIP / 

L I P . K L = L S . K * L ' r 
L I P = . 0 2 

L I P - LOAN INTi-OFST f A Y M E M / / O D A f T r p 
LS - LOAN ON '•HTP ƒ 
L IF - l ! ]AN TMTTFST FA'!"f ?/UUAF''!^P 
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MODEL 3 - 1 SHIP FINANCED PY A LOAN 

* MOOFL 3 - 1 SHIP FINANCED BY 
NOTF NFTT INCQHE/SHIP/OUARTEP 
A FT.K=LC*LFE.K 
C LC=1400C 
A LFE.K=T»bLF(LFET,TIMF.K,0 ,96 ,8) 
T L F F T = . 4 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
A !T.K=LC«LF1.K 
A LFI .K=TABLE(LFIT,T1ME.K,0 ,96 ,81 
T L F I T = . 4 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
A GRF.K=FT.K»FRE 
C FRF-i25 
* GRI.K=IT.K«FRI 
C FRT=35 
A GP.K=GRF.K*GRI.K 
A »C.K=GR.K*tCS 
C ACS'.055 
A ' r .K=( '=T .K+ IT .K) *SCT 
C SCT=5.25 
A rC.K=(FT.K+IT .KI *CCT 
r CCT=.4 
A SCC.K=tFT.I< + IT.K)«SCCT 
c ?cri-=i 
C n=58000 
C PC=45000 
A VE.K=AC.KtSC.K*CC.K+SCr.HtB+PC 
A NI5.K = ( ( (Gf .K-VE.K)«OD)/I>T)-OC-AMC 
C 00=87.5 
C RT = 118 
c oc=iinooo 
C «MC=20000 
NOTF wnPK'NG CAPITAL 
L WC.K=WC.J«^PT*(WCG.JK*wr!. JK-LR.JK-LIP.JK) 
N WC=-(!-LPPE)*PPS 
r LPPS=.75 
C PPS=2.SF6 
P WCG.KL=CLlPINIS.K,0,TIMF.K,nT) 
P WCI . I 'L=rL IP( (WC.KHP) ,C ,TTME.K,nT) 
C IR=.0? 
L LS.K=LS.J+[T* ( -LR.JK/DT) 
N LS=LPPS*PPS 
P LP .KL=rL IP ( ( (PULSE( ( l /PP ) ,4 ,4 l l »LPPS«PPS) tO ,32 tT IME 
r pp=8 
P LIP.KL=LS.K*LIP 
r L I P = . 0 2 
SPEC LFNGTH=9b/DT=.2 5/PRTPrP=2/PLTPER=2 
PRINT HC.WCGiKCI.LS.LR.LIP 
PLOT HC/WrG/k,CI/LS/LlP 
RUN 

K» 

TIME 
E*00 

.0 
2 . 
4 . 
6 . 
8 . 

10 . 
12 . 
14 . 
16 . 
1 8 . 
2 0 . 
2 2 . 
24 . 
26 . 
2 8 . 
3 0 . 
3 2 . 
34 . 
36 . 
38 . 
4 0 . 
4 2 . 
4 4 . 
46 . 
4 8 . 
5 0 . 
5 2 . 
54 . 
56 . 
5 8 . 
6 0 . 
6 2 . 
5 4 . 
66 . 
6 8 . 
7 0 . 
7 2 . 
7 4 . 
76 . 
7 8 . 
80 . 
8 2 . 
84 . 
8 6 . 
8 8 . 
9 0 . 
9 2 . 
9 4 . 
96 . 

WC 
F+06 

- . 6 2 5 
- . 7 5 9 
- . 8 2 7 
- . 8 5 5 
- . 7 5 3 
- . 6 3 8 
- . 4 5 3 
- . 3 0 9 
- . 0 9 4 

.081 

. 3 2 9 

. 540 

.827 
1.077 
1.407 
1.703 
2 . 0 8 1 
2 .428 
2 .850 
3.318 
3.805 
4 . 3 2 1 
4 .870 
5 .452 
6 .070 
5 .725 
7 .423 
8 .162 
8 .947 
9 .781 

10 .565 
11 .604 
12 .602 
13 .660 
14 .784 
15 .977 
17.243 
18 .587 
20 .014 
21 .529 
23 .138 
24 .845 
26 .658 
28 .582 
30 .525 
32 .793 
35 .096 
37 .540 
4 0 . 1 3 4 

WCG 
F+03 

.or 
8 .52 

5 1 . 5 0 
9 4 . 4 7 

137.45 
137.45 
137 .45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137 .45 
137.45 
137.45 
137 .45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137 .45 
137.45 
137.45 
137 .45 
137.45 
137.45 
137.45 
137.45 
137 .45 
137.45 
137.45 
137 .45 
137.45 
137.45 

WCI 
E+03 

. 0 
- 2 2 . 8 
- 2 4 . 8 
- 2 5 . 9 
- 2 2 . 6 
- 1 9 . 1 
- 1 3 . 5 

- 9 . 3 
- 2 . 8 

2 .4 
9 . 9 

16.2 
2 4 . 8 
32 .3 
4 2 . 2 
5 1 . 1 
6 2 . 4 
72 .8 
85 .8 
99 .5 

114 .1 
129 .6 
1 4 6 . 1 
163 .6 
1 8 2 . 1 
2 0 1 . 8 
2 2 2 . 7 
2 4 4 . 9 
268 .4 
293 .4 
320 .0 
3 4 8 . 1 
378 .0 
409 .8 
443 .5 
4 7 9 . 3 
517 .3 
557 .6 
600 .4 
6 4 5 . 9 
6 9 4 . 1 
745.4 
799 .7 
857.5 
918 .7 
983 .8 

1052 .9 
1126.2 
1204 .0 

LS 
E+03 

1875 .0 
1875 .0 
1875.0 
1640.6 
1640.6 
1406.3 
1406 .3 
1171 .9 
1171 .9 

937.5 
937 .5 
703 .1 
7 0 3 . 1 
468 .8 
468 .8 
234 .4 
234 .4 

. 0 
.0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
.0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
.c 
. 0 

LR 
Et03 

. 0 0 

.00 
234.38 

. 0 0 
234 .38 

. 0 0 
734.38 

.00 
234 .38 

.00 
234 .38 

.00 
234 .38 

.00 
234.38 

.00 
234.38 

.00 

.00 

.00 

.00 

.00 

. 0 0 

.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 0 0 
.00 
.00 
. 0 0 
.00 
.00 
.00 

LIP 
E*03 

37 .500 
3 7 .500 
37 .500 
32 .812 
3 2 . 8 1 2 
28 .125 
28 .125 
23 .437 
23 .437 
18 .750 
18 .750 
14 .062 
14 .052 

9 .375 
9 .375 
4 .587 
4 .687 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 000 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 000 

.000 

. 0 0 0 

. 000 

. 000 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 000 

. 0 0 0 

. 000 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 
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2.4 MCDEL 4 - CASH FIJOW MODEL OF 1 SHIP l'ffTH REPLACHVENT OF SHIP 

The causal-loop diagram of the model can be found in paragraî i 1.2. 

The figure belcw is the dynamo-flow diagram of the working capital sector. 

svs 
scrap value ship 

I 

PRS 
purchase 
replacement 

.ship 

A 

^ (TIME) 

PPRS 
purchase price 
replacement ship 

working capital 
^ 

s 
N 

- ^ 

working 
capital 
interest 

O 
^ - o 

IR 
interest 
rate 

. parameter values 

The ship is purchased second-hand. At that motent it has a 'remaining lifetime' of 64 quarters. 

Thus, a replacement ship must be purchased after this period. 

The equation of the rate PRS contains a clip and a pulse function. The result is that after 64 

quarters a pulse with a height of 1 is given. 

The purchase price of the replacement ship is E4 million, and the scrap value of the old ship is 

E250,000. 

The other parameter values are identical to the ones of model 1. 

. documentor l i s t ing of relevant equations 

WC.K=k:.J+DT*(WC'"- .JK«-wrT.jK-pt<S.JK/D"^) 
WC=-PPS 
t'PS = 2 .5ES 

>IZ 
OT 
WCG 
W C ! 
9RS 
PPS 

W^'Klf ir , CAPITAL / 
r f l M D I I T A T T p f ; I h T f f V A L QL'ApTFp 

WORKING CAPITAL CFCl-TU f/'^'J"^'".^ 
WPfJi'TNG r s P i T U It ,Trp.rST f/QOtP^'-'-
Pip.CH.^'^'^ Pt^PLACCMENT SH'P ƒ 
Pilc,-,,,. - r DFICf S" IP ƒ 

''RS.<L = ( C L I P ( C f PUL'^'"( 1 , 6 ' » , 1 ) , T U ' E . K , 6 S ) ) = ( r rr-<•_<;,;<: ) 
PPPS^fft 6 
SVS=2t>0ü00 

^U.S - OÜRCH.»<:r fFFLACEMrNT SHIP ƒ 
CLIP - PYNAMO fUNCTlCf; - SEF MANUAL 
PJLSE - nvNiMO FUNCTIfk - SEE MANL'AL 
PPRS - Pl)RCHA<^r PPICf REPLACEMENT SHIP / 
SVS - «•CRAP VALUE Sl.IP / 
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• MODFl 4 - 1 SHIP WITH REPLACEMENT OF SHIP 
NOTE NETT INCOME/SHIP/OUARTER 
A ET.K«LC*LFE.K 

LC=14000 
LFF.K.TABLE(LFET,T IME.K,0 ,96 ,8) 
L F E T < . 4 / . 8 / . 8 / . S / . S / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . e / . 8 
IT .K=LC*LFI .K 
UF I .X»TABLEILF IT ,T IME.K ,0 ,96 ,8 I 
L F I T = . 4 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
SRE.K=ET.K»FRE 
FRE-25 
GRI .K= IT .K*FRI 
FRT=35 
GR.K'GRF.KtGRI.K 
AC.K=GR.K»ACS 
ACS=.055 
SC.K=tET.K+IT.K)*SCT 
SCT.6 .25 
CC.K-(FT.K-f IT.KI«CCT 
CCT- .4 
<CC.K»«Fr.K*IT.KI»SCCT 
SCCT=1 
B-58000 
PC=45000 
VF.K=AC.K*SC.K*CC.K*SCC.K*B*PC 
NTS.K=l(<GP.K-VE.K)»ODl/RT|-aC-AMC 
00=87.5 
RT.118 
r)C=llooro 
AMC=20000 

NQTC WORKING CAPITAL 
WC.K=WC.J*IT*(WCG.JK*WCI.JK-PRS.JK/DT1 
WC=-PPS 
PPS=2.5F6 
WCG.KL=CLIP(NIS.K,0,TIHE.K,nT) 
WCI.KL=CLIP(1WC.K»IR1,0,TIME.K,DTI 
I P = . 0 3 
PRS.KL- (CL IP I0 ,PULSEC1,64 ,1 I ,T IME.K ,55 I I * IPPRS-SVSI 
PPRS=4E5 
5VS=250000 

SPEC LFNGTH-96/C'T=.25/PRTPER«2/PLTPER=2 
PRINT WC,WCG,WCI 
PLOT HC/WCG/WCI 
RUM 

• L 
N 
C 
P 
R 
C 

• R 
• C 
» c 

TIME 
Et-OO 

. 0 
2 . 
4 . 
6 . 
8 . 

1 0 . 
1 2 . 
14 . 
16 . 
18 . 
2 0 . 
2 2 . 
24 . 
26 . 
2 8 . 
3 0 . 
3 2 . 
34 . 
36 . 
3 8 . 
4 0 . 
4 2 . 
4 4 . 
4 6 . 
4 8 . 
SO. 
5 2 . 
5 4 . 
56 . 
5 8 . 
6 0 . 
6 2 . 
64 . 
6 6 . 
5 8 . 
7 0 . 
72 . 
7 4 . 
7 6 . 
7 8 . 
80 . 
8 2 . 
84 . 
86 . 
8 8 . 
9 0 . 
9 2 . 
9 4 . 
9 6 . 

WC 
E*06 

- 2 . 5 0 0 
- 2 . 6 5 8 
- 2 . 7 5 6 
- 2 . 7 9 2 
- 2 . 7 3 2 
- 2 . 6 1 8 
- 2 . 4 9 7 
- 2 . 3 5 9 
- 2 . 2 3 2 
- 2 . 0 8 8 
- 1 . 9 3 4 
- 1 . 771 
- 1 . 5 9 8 
- 1 . 4 1 4 
- 1 . 2 1 9 
- 1 . 0 1 2 

- . 7 9 2 
- . 5 5 8 
- . 3 1 1 
- . 0 4 7 

.232 

. 528 

. 843 
1.177 
1.532 
1 .909 
2 .308 
2 .733 
3 .183 
3 .662 
4.170 
4 .709 
5 .281 
1.937 
2 .339 
2 .765 
3.217 
3 .698 
4 .208 
4 . 7 4 9 
5 .324 
5 .934 
6 .582 
7 .270 
8 .000 
8 .775 
9 .598 

10.471 
11.398 

Hce 
E+03 

. 0 0 
8 . 5 2 

51.50 
9 4 . 4 7 

137.45 
137.45 
13T.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137,45 
137.45 
137.45 
137.45 
137.45 
137,45 
137.45 
137.45 
137,45 
137.45 
137.45 
137.45 

WCI 
E*03 
.00 

-79.73 
-82.97 
-83.77 
-81.95 
-78.54 
-74.92 
-71.06 
-56.97 
-62.63 
-58.02 
-53.13 
-47.94 
-42.42 
-36.57 
-30.35 
-23.76 
-15.75 
-9.32 
-1.42 
5.96 
15.85 
25.29 
35.32 
45.96 
57.26 
69.25 
81.99 
95.50 
109.85 
125.09 
141.26 
158.43 
58.11 
70.16 
82.95 
96.52 
110.94 
125.24 
142.48 
159.72 
178.03 
197.46 
218.09 
239.99 
263.24 
287.93 
314.13 
341.95 
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MODEL 5 - CASH FDCW MCDEL OF 1 SHIP WITH PARAMETER CHANGES 

All the parameters of mcdel 1 can be changed ani their iiipacts calculated by slnply replacing a few 

punchcards. This process is easy to illustrate but contributes little to a better understanding. 

Therefore, it is limited to only one exaitple: instead of constant freight rates, fluctuating frei^t 

rates. Dynamo pjrcvides a function NORMRN vrfiich generates randcm numbers nomally distributed with 

a certain mean and a standard deviation. The numbers do not exceed 2.4 standard deviation. 

The constant freight rates of model 1 are taken as mean, and the standard deviation is £3/ton. 

. dccumentor listing of relevant equations 

GRE.K=ET.K*FRE.K 
3RE - GROSS PFVFWE ON EXPORTS/SHI P/POUNOTRIP 
EF - FXPORT TONNAGE /SHIP/ROUNPTRIP TONS 
FPE - FREIGHT RATE EXPORTS / / T O N 

FRE.K^NORMRMCAFRF.STnV) 
AFRE=25 
STDV=3 

FRE - FREIGHT RATE EXPORTS / / T O N 
NORMRN - DYNAMO FUNCTICN - SEE MANUAL 
AERE - AVERAGE FREIGHT PATE EXPORTS 
STOV - STANOAPD OFVIATIDN 

GRI .K = ET.K«'FRI .K 
3RI - GROSS RFV«=Nue ON IMPORTS /SHIP/ROUNDTRIP 
FT - EXPORT TQNNA&E /SHIP/ROUNRTHIP TONS 
FRI - FREIGHT RATE IMPORTS //TQVJ 

FRI.K=NORMRNCAFRT,STnV) 
AFRI=35 

FRI - FREIGHT RATE IMPORTS / / T O N 
f>«ORM!<N - DYN'MO FUNCTION - SEE MANUAL 
AFRI - AVERAGE FREIGHT PATE IMPORTS 
STOV - STANOARD DFVIATIÜN 



• MODEL 5 - 1 SHIP WITH PARAMETER CHANGES 
NOTE 

•NOTE FLUCTUHTING FREIGHT RATES 
NOTE 
NOTE NETT INCOME/SHIP/QUARTER 
A ET.K»LC*LFE.K 

LC=14000 
LFE.K=TA6LE I LFET,T IME.K ,0 ,96 ,81 
L F E T = . 4 / , 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . a / . S / . 8 / . 8 
l T . K = l C » t F I . K 
LFI .K»T»BLEILF IT ,T1ME.K ,0 ,96 ,8 I 
L F I T = . 4 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
GRE.K=eT.K»FRE.K 
FRE.K'NORMPNIAFRE»STOV) 
AFRE=25 
STPV-3 
GRI .K-ET.K 'FRI .K 
FRl.K-NORMPNIAFRI.STDVJ 
AFRI=35 
GR.K-GRF.K'»GRI.K 
AC.K=GR.K>ACS 
ACS".055 
SC.K=(ET.K+IT.K1»SCT 
SCT-6.2S 
CC.K-|FT.K+1T.K1*CCT 
CCT=.4 
S C C . K = ( F T . K * I T . K ) » S C C T 
SCCT=1 
B=58000 
PC=45000 
yE.K=AC.K*SC.K+CC.K+SCC.K»B»PC 
NIS.K=lt (GR.K-VE.K)»ODI/RTI-OC-AHC 

C 
A 
T 
A 
A 
T 

• A 
• A 
• C 
• C 
• A 
• A 
• C 

A 
A 
C 
A 
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C 
C 
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A 
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c 

0D=87.5 
RT.118 
OC-llOOOO 
AMC=20000 

NOTF WORKING CAPITAL 
L WC.K'WC.J^DTXWCG.JKi-WCI. JKI 
N WC=-PP5 
C PPS=2.5F6 
R WCG.KL»CLIP(NIS.K,0,TIME.K,DT) 
R WCI.KL=CLIP{(WC.K»IR1,0,TIME.K.OT) 
C I R - . P 3 
SPEC LENGTH-96/DT».25/PRTPER=2/PLTPER=2 
PRINT WCWCG.WCI 
PLOT WC/WCG/WCI 
RUN 

TIME 
£«-00 

. 0 
2 . 
4 . 

«. 
«. 1 0 . 

1 2 . 
14 . 
1 6 . 
I S . 
2 0 . 
2 2 . 
2 4 . 
2 6 . 
2 8 . 
3 0 . 
3 2 . 
3 4 . 
3 6 . 
3 8 . 
4 0 . 
4 2 . 
4 4 . 
4 6 . 
4 8 . 
5 0 . 
52 . 
5 4 . 
56 . 
5 8 . 
6 0 . 
6 2 . 
6 4 . 
6 6 . 
6 8 . 
70 . 
7 2 . 
7 4 . 
7 5 . 
7 8 . 
8 0 . 
8 2 . 
8 4 . 
8 6 . 
8 8 . 
9 0 . 
9 2 . 
9 4 . 
9 6 . 

WC 
E « M 

-2 .5O0 
- 2 . 6 7 0 
- 2 . T 9 T 
- 2 . 8 0 9 
- 2 . 7 1 S 
- 2 . 5 6 9 
- 2 . 4 3 5 
- 2 . 2 9 3 
- 2 . 1 8 2 
- 2 . 0 6 6 
- 1 . 9 3 2 
- 1 . 7 T I 
- 1 . 5 9 0 
- 1 . 4 5 1 
- 1 . 2 5 3 
- 1 . 0 2 4 

- . 8 0 8 
- . 5 7 5 
- . 3 0 9 
- . 0 3 6 

. 257 

. 5 6 1 

. 858 
1.199 
1.557 
1.949 
2 .389 
2 .804 
3 .248 
3 .777 
4 .283 
4 .864 
5 .437 
5 .999 
6 .653 
7 .333 
8 .063 
8 .853 
9 .697 

10 .595 
11 .579 
12 .562 
13 .626 
14 .774 
15 .983 
17 .289 
18 .636 
20 .060 
21 .585 

WC6 
E «03 

. 0 0 
13 .79 
1 0 . 6 2 

143 .80 
166 .58 
1 5 4 . 9 1 
146 .98 
101 .40 
1 0 8 . J 7 
140 .06 
1 0 8 . 2 4 
145 .20 

9 3 . 9 0 
132 .55 
113 .69 
2 0 6 . 5 3 
164 .53 
145 .30 
1 5 6 . 4 9 
135 .39 

89 .54 
130 .64 
149 .72 
127 .36 
138 .83 
181 .95 
118 .39 
126 .68 
105 .54 
158 .97 
155 .70 
146.02 

57 .83 
199 .76 
137 .93 
133 .32 
147.44 
176 .31 
157.15 
109 .71 
124 .58 
108 .42 
170.65 
167 .02 
169.48 
109 .74 
202 .59 
117 .14 

90 .15 

WCI 
E*03 

. 0 0 
- 8 0 . 1 1 
- 8 3 . 9 1 
- 8 4 . 2 8 
- 8 1 . 4 6 
- 7 7 . 0 6 
- 7 3 . 0 5 
- 6 8 . 8 0 
- 6 5 . 4 5 
- 6 1 . 9 7 
- 5 7 . 9 5 
- 5 3 . 1 3 
- 4 7 . 7 0 
- 4 3 . 5 4 
- 3 7 . 6 0 
- 3 0 . 7 3 
- 2 4 . 2 3 
- 1 7 . 2 4 

- 9 . 2 8 
- 1 . 0 7 

7 . 7 0 
16 .82 
2 5 . 7 4 
3 5 . 9 6 
4 6 . 7 0 
58 .48 
71 .68 
8 4 . 1 1 
97 .43 

113 .30 
128 .48 
145 .92 
163 .11 
179 .96 
199 .58 
219 .99 
241 .90 
255 .58 
290 .92 
317 .88 
3 4 7 . 3 7 
375 .85 
408 .78 
4 4 3 . 2 3 
479 .48 
518 .68 
559 .08 
6 0 1 . 8 1 
647 .55 
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Chapter 3 - QUICK STEP: PROJECT EVALUATIC»^ OF SHIPPING INVESTMENTS 

Many developing countries have published Development Plans. These plans are attatpts to define a 

planning strategy vdiich, given the scarce resources, fulfills best the objectives 'of the country. 

Of caourse, if there were no limitation to the resources available, there would hardly be a need for 

planning, project selection and project evaluation. The same holds for a country that has no objec

tives; in that case any pjroject will do. 

Project evaluation at the national level is often called scx:ial cost benefit analysis (SCBA). 

One of the main problems that the project evaluator encounters in doing SCBA is the fact t±iat market 

prices in developing countries do not always reflect the true opportunity cost values of ir̂ xits and 

outputs of a particular investment. Alternative values or 'shadow prices' have to be used in prefe

rence to market prices. Fecal points of shadow pricing in SCBA are foreign exchange, unskilled labour, 

transfer payments, consuitption and investment. 

The adjustments to narket prices can be made in a variety of ways. Many project analysts make ad hoc 

adjustments as best as they can in a fairly unsystanatic way. However, in recent years, two methods 

have been prctnoted by the international financing agencies vtó-ch attatpt to approach SCBA in a 

systematic way: the UNIDO and Little & Mirrlees methods. Although both of these systems seek in 

principle to take account of the same types of necessary adjustment, they differ in their choice of 

numeraire, the basic unit in v̂ iich all costs and benefits of a project should be expressed for so

cial appraisal. 

Paragraph 3.1 contains a brief descripation of both methods and discusses the applicability to the 

evaluation of shipping investments in developing countries. 

Paragraph 3.2 discusses the objectives of a national fleet in a developing country, and formulates 

indicators for the neasurement of the inpact of a national fleet on these national objectives. 

3.1 THE APPLICABILITY OF THE UNIDO AND LITTLE & MIRRLEES EVALUATIOSI METHCOS TO SHIPPING INVESTMENTS. 10) 

The UNIDO method takes aggregate consunption benefits as its basis of value. This means that all 

values should be expressed in terms of domestic prices, viiich reflect oonsurter willingness-to-pay 

for consimption. Under this system a premium is added to foreign exchange effects, reflecting the 

fact that they may be under-valued in domestic market prices, v\diilst a 'negative-cost' premium is 

applied to unskilled labour to allow for the extent to vfcLch wages exceed opportunity costs. 

Subsequently, an 'investment premium' is applied to all increases or decreases in savings made by 

different classes of beneficiary as a result of the projecrt to reflect the fact that savings are 

more valuable than increased present consunption. 

The Little & Mirrlees nethod for project appraisal takes as its numeraire disposable income in the 

hands of government, valued on the basis of world prices for internationally tradable goods. It is 

assumed that marginal resources freely available to the government will be used for investment or 

for some purpose ,vtó.ch is valued as highly as increased investment. Thus, all tradable cjonmodities 

used or produced by the project are valued on the basis of their border prices as inports or exports. 

Non-tradable inputs are valued at their costs of production, vhich are (through analysis) expressed 

in terms of border prices and dcmestic factor payments. Unskilled labour is valued on the basis of 

its opportunity cost, but the value of the benefits in terms of increased consunption accruing to 

people is reduced to allow for the fact that incrertental consunption is less valuable than invest

ment. Savings, which are equated directly with investment, are not counted as cost. As a result of 

these adjustments, non-tracJable ccatmodities that do not contain subsidies in their price structure 

are given a social cost lower than their market prices. 

The two approaches for social cost benefit analysis have been particularly designed for use in the 

appraisal of industrial projects.Altliough shipping is often called an industry, its characteristics 

differ widely frcm land-based industries. Sane of these differences are: 

. the product of shipping is a service (transportation) v*iich is difficult to ccxttpare with any other 
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industrial product, 

. there are few domestic inputs in the prcsduction of the service: the ships are often purchased 

abroad, like most of the bunkers, spare parts, etc., 

. the service is sold on cm international narket to relatively few shippers of goods (the consumers 

of the seirvice). 

Confrontation of the characteristics of shipping with the basic priciples of the UI-IIDO and Little & 

'-lirrlees aiproach to SCBA, reveals seme interesting aspects: 

- UNIDO irethod: The wiTlingness-to-pay for the shipping service exists, but it works indirectly. 

The liner ship trcinsports general carcio which is usually consumer goods of high value. The transport 

cost form a snail percentage of the total sales price of the goodson the narket. The willinyness~to-

pay of the consuner is thus not a measure for the willingness-to-pay for the transport service, but 

for tlie willingness-to-pay of the goodsas such. 

One might argue tiat one should look at the shippers' (exporters, importers) willingness-txj-pay. But 

it is easy to prove that the slrLppers will crily export or import wAien there is a datand for their 

products, thus when the consumers are willing to pay. Tlie willingness-to-pay for shipping services 

is thus difficult to ccrapare with liie willingness-to-tay for consuiier and producer goods as defined 

in the UNIDO-method. 

- Little & I'LLrrlees method: all tradable goods used or produced by the project are valued on tlie 

basis of their border prices as inports or exports. For a shipping investment this is almost a 

trivial exercise, as most of the 'goods' used and produced are already expressed in border prices 

as they are purchased and/or sold on the international market. 

The two factors make it less attractive to follow the guidelines for evaluation of the UNIDO and 

Little & türrlees approaches in the case of sliipping investments. Therefore, anothesr procedure for 

evaluation ié adopted which is discussed in the following paragraph. 

2 OBJECTIVES OF A NATIONAL FLEET 

The importance of transp«rtat.lon to a country's econcmy and develoiiment has often been stated, 

nevertheless, the emergence of shipping fleets in many, previously non-raari.time countries is not so 

widely understood. According Lo tlig UNCTAD report 'Establis-hraent or expansion of merchant marines 

in developing countries' four factors appear to have been responsible: 

. the disruption of shipping services caused by withdrawal of tonna.ge from conmercial services 

during tlie second world war, 

. the balance of payments problatis in the years following the second WDrld war placed a premium on 

the saving of foreign exchange and gave rise to a great nunber of bilateral arrangeinents, many of 

which contained a shipping clause, 

. the attainment of independence by colonial territories and the consequent emergence of national 

consciousness, 

. the conscious efforts being made by countries with lc3w capital income to develop and diversify 

their 6K;onomies. 

In general, the objectives for tlie establishment of a national fleet by a deve.loping country can be 

formulated as follows: 

l^. contribution to national incxane creation; under this heading fall the effects of the initial in

vestment in ships (if donestic resources are used) and the wages and profits vAiich arise fran the 

operation of the national fleet. 

2. foreign exchange earnings; The ai.m of relieving pressure on the balance of payments has ranked 

high among the aims vfcLch h-is led, anJ v/ill lead, developing cx)untries to establisli fhippiiyj flei-t:,. 

The reason is that all countries must seek to attain and msintairi equilibrium in tlî  L'oJ.ancc of 

payments, and shipping is one of the industries that is supposed to earn or save a lot of foreign 

exchange. 
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3. anployment; Shipping investments create relatively little employment in conparison with other 

industries ( a high capital/enployment ratio). On the other hand, this employment is a diversifica

tion v̂ iich is often needed, bec:ause the economies of the developing countries are heavily influenced 

by conditions in comparatively few markets with the result that imfavourable developments in these 

can have widespread consequences. However, diversification of eitployment does not necessarily entail 

the establishment of a national merchant marine. To some extent the employment itarket for seaiten is 

international in nature. 

£. influence on conference decisions; Tlie suspicion tliat countries have of shipc^ners operating in 

liner conference trades to their ports, itay be ccntpared with the more widely kncwn attitude to 

cartels in industry. It is scxnetimes felt by developing countries that the elenent of monopoly 

power inherent in the conference system, together with the particular cost structure of liner ship>-

ping, gives shipowners a considerable discretion in the rate policy they choose to follow. Tliese 

countries consider that the existence of liner services operated by national flag vessels is a 

neans of ensuring that the discretionary element in conference tariffs is exercised in a way that 
12) 

is more favourable, or at least not detrimental, to their seaborne trade. 

5̂. avoidence of disruptions of services during hostilities; In major wars services are disrupted and 

freight rates rise due to tlie difficulties and dangers of operation. The availability of a national 

fleet during such i^eriods is an important factor for countries that are not thiemselves involved in 

the hostilities. 

6_. reduction of ecxinamic dependence; A country having no fleet of its own is entirely at tlie mercy 

of shipowners of other flags for the flow of its trade. Cotnnercial profitability is the primary 

consideration of an individual shipowner, and thus, should services to a given country not prove 

profitable enough for various reasons, tliere is always the possibility that the ser\'ice might be 

withdrawn or provided in old or unsuitable vessels, or only at a very high price, thereby jeopardi

zing that country's foreign trade. By having its own mercliant fleet a country can minimize this 

ever present risk to its foreign trade. 

2. prcxnotion of exports; A country may try to establish a new market for a product, or expand an 

existing one. It is usually necessary to lower tlie price of the canrxdity in order to achieve these 

results. However, profit margins are small on most of the exports of developing countries (prinar^' 

ccxtmodities). Tlierefore, the transport costs must be lovjered. As transport cost of prinary cotrmdi-

ties make up a great portion of the c.i.f. price, a small reduction may cause a relatively big 

increase in the exrx)rt of the conmodity. In the end this may result in an overall increase in tlie 

income of tlie country, although tlie sh.lpping activity itself may show a deficit. 

8̂ . econcmi.c integration; This objective may ccttprise integration witliin a country' and bet>;e.en neigh

bouring countries (regional integration) . Integration v/ithin a country cein be illustrated by lndonesi(-j; 

without a national fleet the 3000 populated islands of the archipelago would liave a structure like 

sand grains without catent. Some countries have a long co=i3tline in relation to their area, e.g. 

Chile and Australia, and tlius coastal shipping becanes an essential element in the transportation 

system of the country. 

Countries may establish regional 3l'd.pping conso-tia v^ich stLirjlate •̂ s.iional e'X'nomic co-operation 

and integration. 

9_. realisation of comparative advantages; It is obc/ious triat trade is advantageous vAien fbsolute 

differences exist in cost of production and also wiier. there are relative cost differences betwt^an 

countries. Tliis latter is defined as the cotparative cost principle. Stuchtey 'has investigated a;-? 

to whether these advantages exist between countries in the field of shipping. After sane empirical 

research into the cost structure of shipping in a great number of countries, he councludes, with 

many reservations: ' .. at this itcment none of the developing countries seem to have a ccxnparative 

costs advantage ccnpared to the traditionsil maritime countries'. 

10. stimulation of forward and backward linkages of the shipping industry; The positive effect of 

the establishment of a national fleet on the count y's economy need not be limited to shipping only, 

but nay also stimulate the development of related ndustries like ship repairing and -construction. 
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In order to evaluate national fleet projects on the national level, all the inpacts of these projects 

on the above mentioned national objectives must be established. As most of the inpacts can not be 

measured directly, it is necessary to develop indicators for each objective. The indicators are 

discussed below. 

1. contribution to national inccme creation; A government that is considering v^ether to establish 

or expand shipping operations must spend considerable sums on the acquisition of tonnage. Additional 

expenditures will be called for throughout the working life of the vessels to cover operating costs. 

Equally, the operation of the vessels will give rise to a stream of revenues during each year of the 

vessel' s life in the form of freight earnings. The basic question that confronts the management of 

a shipping enterprise in the field of investment evaluation is vhether the difference between these 

streams of costs and benefits over the life of the ship are sufficiently large to justify the expen

diture involved in the acquisition of the vessel. In order to make costs and benefits v^ich arise 

at different points in tine suitable for conparison, they have to be discounted to a base-year. 

In the model the discounted costs and benefits are calculated over the time-horizon of the project, 

and it will be used as the indicator for the attainment of the inccane-creation objective. 

2. foreign exchange earnings; A national fleet project creates foreign exchange earnings and expen

ditures, and thus has an inpact on the balance of payments of the country. The problem is to identi

fy the possible sources for inprovanent to the balance of payments frcm the establishment of a natio

nal fleet. The subject is ccnplex, as the potential nett gain is the sum of many actual flows of 

payments and receipts recorded in the balance of payments accounts, as well as many other flows 

v^ich do not appear in that account as such. In order to establish the inpact of a national fleet 

project on the foreign exchange objective, every expenditure and earning must be analysed and divi

ded in domestic currency and foreign exchange ccatponents. In the model this is done, not only on a 

year to year basis, but over the time-horizon of the shipping project as well. 

1. + 2 . shadow priced discounted costs and benefits; The market price of foreign currency is the 

exchange rate. If the exchange rate between two countries' currencies were free to seek its own 

level, it would move to that value at viiich the danand of one country for the goods of the other 

equaled the denand of the latter for the goods of the former. However, in the real world exchange 

rates are not free to respond to supply and danand in this manner. For a variety of reasons, govern

ments attempt to stabilize their exchange rates. Given a fixed market exchange rate, it is possible 

for one country's currency to beccme'overvalued' relative to another's. That is, at the market 

exchange rate, the citizens of the overvalued currency country desire to spend or invest more of 

their money in another country than the citizens of the latter country wish to spend in the former. 

Such a country is said to have a balance of payments deficit. What has happened is that the social 

cost to this econcT^ of utilizing a unit of foreign currency is greater than the narket price. 

Foreign currency has been underpriced. 

One way of ccnpensating the underpricing of foreign exchange in social cx>st-benefit analysis is the 

use of shadow or accounting prices for foreign exchange. In the country under study, the World Bank 

has detennined a shadow price of 130% for the foreign exchange. If, for example, the official 

exchange rate for US$ 1 is 0.5 local £, the shadow priced equivalent will be US$ 1 = 1.3 x £0.5=£0.65. 

The shadow price is thus 30% higher than the official exchange rate. 

In the model the costs and benefits vfeLch arise frcm the purchase and operation of the ships are 

separated in local cjurrency and foreign exchange elanents. The foreign exchange elanents are multi

plied by the shadow price of foreign exchange and these modified costs and benefits are discounted. 

This is an important indicator for a developing country. 

3. anployment; There are two types of eitployment opporttmities generated by a national shipping line, 

resulting frcxn the manning of the ships and the administrative and management staff. Both are calĉ û -

lated in the model. 
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4. + 5. influence on conference decisions / avoidance of disruption of services; a big national fleet 

is more likely to have influence on the decision making within a cxsnference, than a small one. 

Likewise, the disruption of services is less likely with a big national fleet. 

The indicator v\*d.ch can be used to measure the relative size of the national fleet is the ratio of 

the national exports and imports vhich can potentially be carried by the national fleet, and the 

national exports and inports on the trade route. The model calculates this ratio. 

6. reduction of econanic dependence; the two indicators vhich can be used to measure the extent of 

economic dependence are the ones formulated under 2. (foreign exchange) and 4. + 5. (transport 

potential of national fleet). 

7. prcmotion of exports; a national shipping line can be used for export prcxnotion by means of 

charging lower freight rates to national exporters. It is useful to knew the extent to vhich the 

projected freight rates c:an be lowered, without jeopardizing the national ecxincamic profitability 

and viability of the national shipping line. 

If one accepts the shadow priced internal rate of return of the shipping project as the criterion 

for national profitability, then by lowering the fieight rate for national exports, one can make 

this rate equal to the social rate of discount of the coimtry ( a lower freii^t rate for national 

exports gives lower freight revenues, and consequently lower discx)unted benefits) . The ratio of 

the 'low' freight rate and the average freight rate of exports used in the conference, is an 

indicator for the export prototion objective. With the help of the model this indicator can be 

c:alculated. 

8. econcmic integration; a. measure for econcanic integration is rather difficult to define. At the 

most one can look at the contribution of the national shipping line to the transport of exports 

and inports to and frcm neighbouring countries. This can take two forms: transfer cargo to land

locked neighbouring countries, and cross-trade cargo to and from neighbouring countries with ports 

in the same range. The bigger the total tonnage of transfer and cross-trade cargo, the bigger the 

contribution of the national shipping line to the econcmic integration objective. The model calcu

lates the quantities of transfer and cross-trade cargo. 

9. realisation of comparative advantages; an Indicator for this objective can be deduced frcxn a 

corparison between the cost structure of the national shipping line and the other ship operators 

in the conference. As the data on other shipping cxxtpanies are not available, the coxtparative costs 

advantage can only be proved by experience. If the conference memters have to increase the freight 

rates regularly in order to stay in business, vdiile the national shipping line nakes a good return 

on investment without these frequent increases, then it may be concluded that there exists a coitpa-'-

rative costs advantage. 

10. stimulation of forward and backward linkages; the level of domestic expenditures and profits 

ploughed back in the country by the national shipping line can be used as an indic:ator for this 

objective, For a conplete assessment of the inpact of these money flews, one should also include 

the multiplier effects on the rest of the econcny. This is almost inpossible. Therefore, the model 

will only calculate the sum of all expenditures and profits from the shipping line vhich are 

ploughed back into the economy of the country. 
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Chapter 4 - STEP 2: MODEL 6 - CASH FLOW MCOEL OF 1 SHIP WITH DECISION CRITERIA 

Model 6 is model 1 extended with four national cabjective indic:ators or so-called decision criteria. 

(models 7,13 and 14 contain the other indicators). 

The four decision criteria will be further disĉ ussed belcw. 
I 

a. discounted costs and benefits ; 

The principle of discaounting is illustrated with the follc3wlng example: 

present value at the = discount factor x freight revenue shipping line in 1980 = £ 750,480 

® ^ °^ ^^^^ (0.636) (£1,180,000) 

discount factor = 

1 + discount rate)^^ ^^^^^ (1 + 0.12)' 

= 0.636 

The 'working capital growth' and the ' working capital interest' as defined in model 1, make up 

together the 'working capital change'. This variable is discounted according to the above-mentioned 

principle. The dynamo flow diagram of this calciiLation prcx̂ edure is: 

discx)unt .<». _ ^ 
rate 1 

DCB 

discx>unted cos t s 
& b e n e f i t s 

^ —(TIME) 

. paramster values 

The initial value of the level DCB is equal to the purcdiase price of the ship. The value of the 

level at the end of the calculation period is ecjual to the nett present value of the project. 

The discx)imt rate is put at 4 %/quarter ( V 16%/year) . 
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documentor l i s t i ng 

DCB.K = DCB . J + f ^ T ^ l D C B R . J K 
D C B = - P P S 

OCB - nrsrouNTPn COSTS AND BENEFITS / 

DCBR - nCP-RA' ' 'P / / Q U A R T E R 
PPS - PiJRrHA<;P PRICE S H I P ƒ 

DCBR.KL = ( W C C . K / { P X P ( " ' - T M E . K * L 0 G N ( 1 + D R 1 ) ) )» 
DCBR - D C B - P A ^ r / / Q U A F T E P 
WCC - WORKING C A P I T A L CHANGE / / Q U A R T E R 
EXP - DYNAMO E U N C T I ü N - SEE MANUAL 
DRl - n i S C O U N T RATE 1 « / Q U A R T E R 

WCC.K=WCG.JK«-V<CI .JK 
0 R 1 = . 0 * 

WCC 
WCG 
WCI 
DRl 

- WORKING C«PITAL 
- WORKING C A P I T A L 
- WORKINC CAPITAL 
- DISrOUNT PATE 1 

CHANGE //QUARTER 
GROWTH //QUARTER 
INTEREST //QUARTPR 

«/QUARTER 

b. foreign exchange balance 

The figure below i s the dynamo-flew diagram of the foreign exchange balance calculation. 

B 
bunkers 

incidence 
of transport 
costs 

OD 

operating 

days 

RT 

roundtrip 

time 

FEB 
foreign 
exchan
ge 
balance 

foreign exchange 

balance total 
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. parameter values 

The foreign exchange balance total is the sum of the foreign exchange balances of each quarter. 

The initial value is equal to the purchase price of the ship. The balance is determined by the 

quarterly foreign exchange earnings and expenditures. The foreign exchange earnings are determined 

by the gross freight revenues and the incidence of transport cost. The latter is the proportion 

of the transport cost (freight rates) of the catmodities shipped, v*d.ch is carried by the developing 

country. As the incidence of transport costs is a very iitportant parameter in the model, it will 

be discussed at the end of this paragraph. In the model it is assumed that the incidence of 

transport cost is 70%. 

The foreign exchange expenditures frcm the operation of the ship are estimated to be: 

. 50 % of the agency caimissions 

. 70 % of the stevedoring costs and cargo claims 

. 90 % of the operating cost of the ship 

. 100 % of the Suez Canal charges, bunkers, and port charges (port charges have to be paid by the 

ship in foreign ports, but the donestic port will loose the foreign exchange frcm foreign ships, 

vdiich are substituted by the national ship). 

. documentor listing 

FEBT.K=EEBT.J*DT*FEB.JK 
FEBT=-PPS 

FEBT - FOREIGN EXCHANGE BALANCE T Q T A L ƒ 
FEB - FOREIGN EXCHANGE BALANCE //QUARTER 
PPS - PURCHASE PRICE SHIP / 

FEB.KL=CLIP((FEEA.K-FEEX.K),OfTIME.K,DT) 
FEB - FOREIGN FXfHANGE BALANCE //QUARTER 
FEEA - FORi^TGN EXCHANGE EARNINGS //QUARTER 
FEEX - FOREIGN EXCHANGE EXPENDITURES //QUARTER 

FEEA.K=(GR.K*ITC*OD>/RT 
ITC«.7 

FEEA - FOREIGN EXCHANGE EARNINGS //QUARTER 
GR - GROSS RFVFNUE/SHIP/ROUNOTRIP / 
ITC - INCIOENCE OF TRANSPORT COST X 
OD - OPERATING DAYS OF SHIP DAYS/QUARTER 
RT - ROUNDTRIP TJME D A Y S 

FEEX.K=100/RT)*{PC*B*.7*SC.K*.7*CC.K+,5*AC.K*SCC.K) 
•.9*0C 

FEEX 
OD 
RT 
PC 
B 
sc 
CC 
AC 
sec 
OC 

-
-
-
-
-
-
-
-
-
-

FORFTGN EXCHANGE EXPENDITURES //QUARTER 
OPFOATTNG PAYS OF SHIP DAYS/QUARTER 
ROUNDTRIP TIME DAYS 
PORT CHARGES /SHIP/ROUNDTRIP ƒ 
BUNKERS/SHIP/ROUNDTRIP / 
STEVEDORING COST/SHIP/ROUNDTRIp ƒ 
CARGO CLAIMS/SHIP/ROUNDTRIP ƒ 
AGENCY COPMISIONS/SHIP/ROUNDTRIP ƒ 
SUEZ CANAL CHARGES/SHIP/ROUNDTPIP / 
OPERATING COST OF SHIP //QUARTER 

++ The incidence of transport costs 
^ 14) 

source: UNCTAD - Freight markets and the level and structure of freight rates; E.69.II.D.13, 

Chapter VII 

The term 'incidence' refers to the question vho bears the transport cost in a trading transaction. 

The party vhich pays for the transport does not necessarily bear the transport cost. The question 

vho pays is one of a formal arrangement between buyer and seller. The question vho bears the 

transport cost, or v*iere the incidence of the cost lies, depends upon the elasticities of demand 

and supply. 
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In discussing the incidence of transport costs as expressed in the freight rates (transport prices) 

paid, one is concerned with the level of costs ruling at any time and the way in which their final 

iitpact is felt on the f.o.b. or the c.i.f. price respectively. Clearly, the diffeî ence between the 

f.o.b. and the c.i.f. price is always equal to the transport costs, if they anbrace all the costs, 

including insurarce, involved in transporting the goods frcm seller to buyer. The incidence of these 

costs is given by tiie relation between c.i.f. and f .o.b. prices and the price which would rule 

without transport costs. Both the level of transport costs and how they are determined are conpletely 

independent of their incidence. 

Transport costs are paid by the shipper, i.e, the exporter for the goods shipped c.i.f., and the im

porter for goods shipped f .o.b. The person v*io nakes the freight payment to the shipping line is not, 

however, necessarily the person vdio bears the freight cost. Other things being equal, and at the 

sinplest level, the exporter will be regarded as bearing the transport cost if the price of the goods 

in the selling market is unaffected by the level of transport costs, so that the receipts of the 

producer are reduced by those costs below the price ruling in the export narket (see figure 1). 

Similarly, the importer will be regarded as bearing the cost of transport if the price of the commo

dity would be the sane in the export market, irrespective of the level of transport costs; and so 

the price in the inport market is equal to the f .o.b. price plus the cost of transport (see figure 2) 

The inportant point here is to identify the factors vAiich determine whether the importer or the 

exporter bears the cost of transport, apart from the question who actually pays the carrier. 

Figure 1: Incidence of freight rates vAiere 
supply is cotpletely inelastic 
with respect to parice 

Figure 2: Incidence of freight rates ̂ ere 
demand is completely inelastic 
with respect to price 

price 
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N' N quantity quantity 

Figure 1. The quantity to be supplied is fixed in the short run at ON. Fran the diagram it can be 

seen that if there were no transport costs, the quantity ON would be sold at a price of OP. If 

transport costs are new introduced, it is clear that they will have no effect on the price. Suppose 

transport costs are T per unit and an attatpt is made to add these to the price by raising it from 

OP to OC. Then danand woiiLd fall to ON', but since supply would remain at ON, there would be no 

equilibrium. Price would fall back to OP. This would be the c.i.f. price. The f .o.b. price to the 

supplier would then be OP', where PP' = T. In other words, the supplier bears the vAiole of the 

freight cost. 

Figure 2. The quantity demanded at all prices is CN. The price at which ON will be supplied is OP and, 

in the absence of transport costs, this is the price vAiich will nüe in the market. If transport costs 

of T per unit are new introduced, the addition of these to the narket price by raising it f ran OP to 

OC will not affect the quantity demanded. In this situation, OP becomes the f.o.b. price and OC the 

c.i.f. price, with the purchaser bearing the v*iole of the transport cost. 
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In practice, carplete inelasticity of supply or of demand is most unusual, and these extreme or 

limiting cases are useful only to indicate tendencies. In practice, the freight cost will be shared 

between seller and buyer, the precise extent of the sharing depending on the relevant elasticities 

of demand and supply. 

For many of the world.̂ s agricultural products, on vAiich developing countries rely for much of their 

export earnings, supply elasticities are low in the short run becaiise the supply is mainly determined 

by the anmount sewn, itself likely to be heavily influenced by prices in the previous crop year and 

by weather and other conditions viiich determine the yield per hectare. Although overall demand 

elasticities for most of these ccmmodities are also low, the elasticity of demand facing the indivi

dual supplier or the vdiole group of suppliers in a single country is likely to be relatively high 

unless that country is the only source of supiply and there is no ready substitute for the coxtnodity. 

Most primary catmodities are produced frcxn a nuittoer of sources or there are substitutes for them, 

the growing range of synthetics being particularly irrportant in this respect. The supplier in these 

cases therefore normally bears the biilk of the transport costs and any increase in these costs is 

matched by an almost equal decline in his nett receipts per unit sold; in other words, an increase 

in transport costs, other things remaining equal, has more effect on lowering f.o.b. prices than 

on raising c.i.f. prices. 

Although the elasticities of denand for nany manufactured products tend to be relatively high in 

developing countries, they remain lower than the elasticities of their supply to the countries 

concerned. Ihus the major part of the freight rates is borne by the importers and, ccxipared with the 

'no transport cost' price, the landed price of the products increases more than the ex-works parice 

is reduced. Relatively elastic supplies are typical in manufacturing industries since, in the short 

run, costs per unit do not normally vary greatly as output levels change over a wide range of output. 

In developing countries, the demand for iTHnufactnred products has a high price elasticity in the 

consumer goods range, but normally a low price elasticity in the capital goods range, since these 

are necessary for development. However, since any individual, developing country normally accounts 

for a relatively small proportion of the total market of any manufacturer in a developed country, the 

supply elasticity of these goods to the developing country is usually very much higher than the 

demand elasticity. It might be expected tlia,t the fact tha,t iDuyers in these countries are able to 

choose between the products of a large number of different itHnufacturers in developed countries 

would give the products of each individual producer h i ^ elasticity of danand in the market. In 

practice, however, the position is less favourable. Because the overall market is relatively small, 

it is generally tmeconcxnic for a large number of manufacturers to establish distribution channnels 

in each developing country. The result is that once one or two manufacturers have established export 

connections in a particular developing country, it ceases to be economical for other manufacturers 

of simular products to enter the market in coïtpetition. The result is that the demand for the 

product of any individual manufacturer is, in its elasticity, very close to the entire danand for 

the product. 
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c. shadow priced discounted costs and benefits 

The figure below is the dynaitvo-flow diagram of the shadow priced discounted costs and benefits 

calculation. All the foreign exchange elanents in the costs and benefits have been multiplied by 

the shadow price of 1.3. The equations are a combination of the ones mentioned under a. and b. 

ITC 
incidence A _ 
of transpoi t 
costs 

SP 
shadow price 

vrorking 
capital 
grcwth 
shadow 
priced 

^ — 

DCBS 
discounted costs 
& benefits shadcw 
priced 

DR2 
discount 
rate 2 

documentor listing 

OCBS.K = DCBS. J+riT«nrRP':, j),̂  
ncBS=-sp•^'PS 
SP=1.3 

DCPS - nT«:rniJM-'"^f^ CÜSTS r-KV CFMFFT"^ «^HA^OH P R I C D 
ƒ 

DCBkS - nr.R-PSTc CH^CUW PFICFT //QL!AP''••='? 
SP - <;H4f>nw p f T r c P I M ' L F S S 
PPS - Pi|RCHA<;P P P R t SHIP ƒ 

0 C B R S . K L = ( W C r . 5 . K / ( F X P ( - f T M t . K * L U G N ( l * n p ? ) ) ) ) 

DCPRS - n r B - R / \ T r <;H/1DLW P P I C F P //QUAPTPP, 
wees - i-inOKTNf; CAPITAL CHANGF ? H f n c w poiCFP ƒ 
EXP - nvN'.MO FMN'^TItN - SFF M&NIIAL 
0R2 - n i s r o u N " ^ P A T F Z % 
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HCCS.K = WCGS.JK + Mr. I . JK 
wees - WORKING CAPITAL CHANGE SHAPOW PRICED ƒ 
WCGS - WORKING CAPITAL GROWTH SHAPQW PRICED S 
WCI - WORKING CAPITAL INTEREST / /QUARTfR 

W C G S . K L = C L I P < N I S ' ; . K , n , - ' - T M r . K , r T ) 
WCGS - WORKING CAPITAL GROWTH SHADOW PRICED ƒ 
NISS - N'^T-' TNCOMP/St;IP SHADOW PRICED ƒ 

N ISS .K=( ( ( S P * t G P . K * T T C - P - P C - . 5 ' * A C . K - . 7 * C C . K - . 7 * 
S C . K - S C C . K H - ( 1 - ! T C ) * G P . K - . 5 * A C . K - . ? ' * C C . K - . 3 * S C . K ) 
• O O J / R T J - C S " * . " * . i » * o r 

NISS - N^TT TNTOMP/SHIP SHADOW PRICED ƒ 
SP - SHAnnw PRICE DIM 'LESS 
GR - GRO«̂ S REV^NUE/SHIP/FDUNnTRIP ƒ 
iTC - INCIDENCE OF TRANSPORT COST % 
6 - BUN^ .^ 'S /SHIP /FOUNrTPIP ƒ 
PC - PORT CHARGFS /SHIP/POUNDTPIP ƒ 
AC - AGENCY COMMI SI ONS/SHI P/ROUND'T'R IP / 
CC - CARGO CLAIMS/SHIP/ROUNDTRIP ƒ 
SC - STPVEnORING CGST/SHIP/POUNPTRIP ƒ 
sec - SUET CANAL CHAPGES/ fHIP/ROUNPTpiP S 
OD - QOERA''"TNG r>AYS OF SHIP PAYS/QUARTER 
RT - PnUND-'"RIP "''IMF PAYS 
OC - OPERA'''TNG CCST OF SHIP //QUARTER 

d. income ploughed back in country 

There are two types of inlets from the establishment and operation of the national shipping line: 

1. expenditures in the country \BM.ch would not have taken place without the national shipping line; 

The expenditures viiich are grouped under the headings ' stevedoring costs, agency ccmnissions, 

cargo claims, bunkers, and port charges' will also be made in the case vrfiere the national cargo is 

carried by foreign shipping lines. There is no difference in the with and without situation. 

.̂ p̂roximately 25% of the operating cost of the ship consists of wages of the crew. As the country 

has no adequate personnel to man the ship, it has to hire expatriates for the officer jobs. It is 

estimated that therefore only 10% will be spent in the country. This expenditure is probably of the 

same magnitude as the expenditures in the national port by the foreign sailors on ships vAiich are 

now substituted by national ships. Ihe difference between the with and without situation is so 

small that it is ignored. 

Consequently, only the administrative and managenent cost are expenditures v̂ iich would not have 

taken place without a national shipping line. 

2. investment of the profits of the national shipping line in the country; 

More important than the direct expenditures from the operation of the fleet, are the profits of the 

national shipping line viiich are ploughed back into the economy of the country. 

When the shipping line is established, the working capital is borrowed on the local capital narket. 

Up to tdie mcment that all this money is repaid, the contribution of the shipping line to the econo-

n^ is not spectacular, as it is quite likely that there are nany investment opportunities in the 

country that can repay an interest of 12%/year over the borrowed sum. When all the local capital is 

paid back, the profits of the line are inccme that would not have been generated without the 

national shipping line. 

The model calculates the administrative and management cost and the nett profits vAiich are ploughed 

back into the econcrty over the tine-horizon of the project. The dynamo-flow diagram of the calcula

tion is presented on the following page. 
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ô^ • ^ 

WCG 
working 
capital 
growth 

working capital 

P 
/ 

/ 

Ï̂ CI 
working 
capital 
interest 
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/ 
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/ 

I / 
. ^ \ i / ^ 

/ 

AMC 
administra-^_ .i 
tive and 

managanent 
cost 

IPBCI 

IPBC-
increase 

-^ 

IPBC 
income ploughed 
back in country 

documentor listing 

IPBC.K=IPBC . J + ' ^ T * T p r ( r T . j n 
IPBC=0 

IPBC - TNCnM"^ PLn iGHfP BACK IN COUN"rpY f 
. IPBCI - TPp f - 'NCO ' - ^S r / /CUAPTFP 

I P B e i . K L = C L I P | W C G . J K , 0 , W C . K , 0 ) + A M C 
IPBCI - IPO'^-fNCP'^ASE J"/CUAP"''F'^ 
WCC - wnoKIMG r / s p n / . L GKGWTH //QIIART'^R 
MC - WnRi'TN^- C^niTAL ƒ 
AHC - APMTfjT <;•'•''«-^ivf & hAUAGPMPN''" COST ƒ / 

QMAPTrp 
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* MODEL 6 - 1 SHIP WITH DECISION CRITERIA 
NOTF NETT INCOME/SHIP/QUARTER 
A FT .K=LC*LFE.K 
C LC=1^000 
A L E E . K = T A B L E ( L F E T t T I M E . K , 0 , 9 6 , 8 ) 
T L F E ' ^ = . 4 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 ) 
A I T . K = L C * L F I . K ' 
A L E I . K = T A B L E ( L F I T , T I M E . K , 0 , 9 6 , 8 ) | 
•̂  L E I T = . 4 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
A GRE.K=ET.K*FRE 

, C FRE=25 
A GRI.K = T"r.K'*FRI 
C FRT=35 
A GR.K=GRF.K+GR1.K 
A AC.K=GR.K*ACS 
C ACS=.055 
A S C . K = ( E T . K + I T . K ) * S C T 
C SCT=6.25 
A C C . K = ( E T . K + I T . K ) * C C T 
C CCT=.4 
A SCC.K=<ET.K*IT.K)'»SCCT 
C SCC-^=l r 
C R=58000 
C PC='t5000 
A VE.K=AC.K+SC.K*CC.K+SCC.K+B*PC 
A N I S . K = ( ( ( G F , . K - V E . K ) * 0 0 ) / P T ) - O C - A M C 
C 0 0 = 8 7 . 5 
C R T = i i 8 
C 0C=II00OC 
C AMC=20000 
NOTP WORKING CAPITAL 
L WC.K=WC.J+PT*CHCG.JK+WCI.JKl 
N WC=-PPS 
C PPS=2.5F6 
R M C G . K L = C L I P ( N I S . K , 0 , T I M E . K , D T ) 
R W C I . K L = C L I P C ( W C . K ' » I R » , 0 , T I M E . K , D T ) 
C I R = . 0 3 
NOTF DECISION CRITERIA 
NOTF -I- DISCOUNTED COSTS AND BENEFITS 
L ncp.K=OCB.J*DT*DCBR.JK 
N DCB=-PPS 
R nCBR.KL=(WCC.K/IEXP(TIME.K*LOGN(l+DRl)))) 
A WCC.K=WCG.JK*Wel.JK 
c nRi=.04 
NOTF _ 2 - FOREIGN EXCHANGE BALANCE 
L FEBT. K=FEBT.J+DT'»FEB.JK 
N FFBT=-PPS 
R F E B . K L = C L I P ( C F E E A . K - F E F X . K J , 0 , T I M E . K , D T ) 
A F F F A . K = ( G R . K * I T C * O D ) / R T 
C ITC=.7 
A F E F X . K = ( 0 D / R T ) * ( P C - i - B « - . 7 * S C . K * . 7 * C C . K + . 5 * A C . K * S C C . K ) * . 9 * 0 C 
NO-̂ E -3- SHADOW PRICED DISCOUNTED COSTS AND BENEFITS 
L ncBS.K=PCBS.J*OT*DCBRS.JK 
N nCBS=-SP'*PPS 
C SP=1.3 
R nCBRS.KL=(WCCS.K/(EXP(TIME.K*L0GN(l*DR2)))l 
C nR2=.0A 
A HCCS.K=WCGS.JK+WCI.JK 

R W C G S . K L = C L I P ( N I S S . K , 0 , T I M E . K , O T » 
A N I S S . K = ( ( ( S P ' * ' ( G R . K * I T C - B - P e - . 5 * A C . K - . 7 * C C . K - . 7 * S C . K - S C C . K > * 
X ( I - I T C ) * G R . K - . 5 * A C . K - . 3 * C C . K - . 3 * S C . K ) * 0 0 » / R T ) - ( S P * . 9 * . 1 » * 0 C 
NOTF - A - INCOME PLOUGHED BACK I N COUNTRY 
L f P B C . K = T P B C . J * D T * I P B C I . J K 
N TPBC=0 
R IPBCI .KL=CLIP<WCG.JK,0 ,WC.K ,Of •AMC 
SPEC LENGTH=96/DT=.25/PRTPER>=2/PLTPER*2 
PRINT WC,WCG,WCI,FEBT,DCB,DCBS,IPBC 
PLOT HC/WCG/WCI 
PLOT FEPT/DCB,DCBS/IPBC 
RUN 
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NOPSL 6 - 1 SHIP WITH DECISION CRITERIA 

TIME 
E*00 

. 0 
2 . 
4 . 
6 . 
8 . 

10 . 
1 2 . 
1 4 . 
16 . 
1 8 . 
2 0 . 
2 2 . 
2 4 . 
2 6 . 
2 8 . 
3 0 . 
3 2 . 
34 . 
36 . 
3 8 . 
4 0 . 
« 2 . 
4 4 . 
4 6 . 
4 8 . 
5 0 . 
5 2 . 
5 4 . 
56 . 
5 8 . 
6 0 . 
6 2 . 
6 4 . 
6 6 . 
6 8 . 
7 0 . 
7 2 . 
7 4 . 
76 . 
7 8 . 
8 0 . 
8 2 . 
84 . 
86 . 
8 8 . 
9 0 . 
9 2 . 
9 4 . 
9 6 . 

MC 
l=*06 

- 2 . 5 0 0 
- 2 . 6 5 8 
- 2 . 7 6 6 
- 2 . 7 9 2 
- 2 . 7 3 2 
- 2 . 6 1 8 
- 2 . 4 9 7 
- 2 . 3 6 9 
- 2 . 2 3 2 
- 2 . 0 8 8 
- 1 . 9 3 4 
- 1 . 7 7 1 
- 1 . 5 9 8 
- 1 . 4 1 4 
- 1 . 2 1 9 
- 1 . 0 1 2 

- . 7 9 2 
- . 5 5 8 
- . 3 1 1 
- . 0 4 7 

.232 

. 528 

.843 
1.177 
1.532 
1.909 
2 .308 
2 .733 
3.1.83 
3 .662 
4 . 1 7 0 
4 . 7 0 9 
5 . 2 8 1 
5 .888 
6 .533 
7 .218 
7 .945 
8 .717 
9 .536 

10 .405 
11 .329 
12 .309 
13.349 
14 .454 
15 .626 
16 .871 
18 .192 
19 .595 
2 1 . 0 8 4 

wcr. 
F*0? 

.OC 
8 . 5 2 

51 .50 
94 .47 

137 .45 
137.45 
137.45 
137 .45 
137.45 
137 .45 
137 .45 
137.45 
137 .45 
137.45 
1?7.45 
137.45 
137.45 
137.45 
137 .45 
137.45 
137.45 
1.37.45 
137.45 
137 .45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
1.37.45 
137.45 
137.45 
137 .45 
137.45 
137.45 
137.45 
137.45 
137 .45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 
137.45 

WCI 
E*03 

. 0 0 
- 7 9 . 7 3 
- 8 2 . 9 7 
- 8 3 . 7 7 
- 8 1 . 9 6 
- 7 8 . 5 4 
- 7 4 . 9 2 
- 7 1 . 0 6 
- 6 6 . 9 7 
- 6 2 . 6 3 
- 5 8 . 0 2 
- 5 3 . 1 3 
- 4 7 . 9 4 
- 4 2 . 4 2 
- 3 6 . 5 7 
- 3 0 . 3 5 
- 2 3 . 7 6 
- 1 6 . 7 5 

- 9 . 3 2 
- 1 . 4 2 

6 .96 
15 .85 
2 5 . 2 9 
3 5 . 3 2 
4 5 . 9 6 
57 .26 
6 9 . 2 5 
8 1 . 9 9 
9 5 . 5 0 

109 .85 
125 .09 
141.26 
158.43 
176 .65 
196 .00 
2 1 6 . 5 4 
2 3 8 . 3 5 
2 6 1 . 5 0 
2 8 6 . 0 7 
3 1 2 . 1 6 
339 .86 
369 .26 
400 .47 
4 3 3 . 6 1 
4 6 8 . 7 8 
5 0 6 . 1 3 
5 4 5 . 7 7 
587 .85 
6 3 2 . 5 3 

FEBT 
E»03 

- 2 5 0 0 . 0 
- 2 5 6 9 . 5 
- 2 5 9 2 . 4 
- 2 5 5 5 . 0 
- 2 4 5 7 . 3 
- 2 3 2 5 . 7 
- 2 1 9 4 . 1 
- 2 0 6 2 . 5 
- 1 9 3 0 . 9 
- 1 7 9 9 . 3 
- 1 6 6 7 . 7 
- 1 5 3 6 . 0 
- 1 4 0 4 . 4 
- 1 2 7 2 . 8 
- 1 1 4 1 . 2 
- 1 0 P 9 . 6 

- 8 7 8 . 0 
- 7 4 6 . 4 
- 6 1 4 . 8 
- 4 8 3 . 2 
- 3 5 1 . 6 
- 2 2 0 . 0 

- 8 8 . 4 
4 3 . 2 

174.8 
306.4 
4 3 8 . 0 
56 9 .6 
701 .3 
832 .9 
964 .5 

1 0 9 6 . 1 
1227 .7 
1359 .3 
1490 .9 
1622.5 
1754. 1 
1885 .7 
2017 .3 
2 1 4 8 . 9 
2280 .5 
2412 .1 
2543 .7 
2675 .3 
2806 .9 
2938.5 
3 0 7 0 . 1 
3201 .7 
3333 .3 

DCB 
E»03 

- 2 5 0 0 . 0 
- 2 6 3 3 . 0 
- 2 7 3 8 . 8 
- 2 7 6 9 . 7 
- 2 7 3 2 . 7 
- 2 6 5 3 . 8 
- 2 5 7 5 . 5 
- 2 4 9 8 . 5 
- 2 4 2 3 . 0 
- 2 3 4 9 . 0 
- 2 2 7 6 . 2 
- 2 2 0 4 . 8 
- 2 1 3 4 . 8 
- 2 0 6 6 . 0 
- 1 9 9 8 . 5 
- 1 9 3 2 . 3 
- 1 8 6 7 . 3 
- 1 8 0 3 . 4 
- 1 7 4 0 . 8 
- 1 6 7 9 , 3 
- 1 6 1 9 . 0 
- 1 5 5 9 . 7 
- 1 5 0 1 . 6 
- 1 4 4 4 . 5 
- 1 3 8 8 . 5 
- 1 3 3 3 . 6 
- 1 2 7 9 . 6 
- 1 2 2 6 . 7 
- 1 1 7 4 . 7 
- 1 1 2 3 . 7 
- 1 0 7 3 . 6 
- 1 0 2 4 . 5 

- 9 7 5 . 2 
- 9 2 8 . 9 
- 8 8 2 . 4 
- 8 3 6 . 8 
- 7 9 2 . 1 
- 7 4 8 . 1 
- 7 0 5 . 0 
- 6 6 2 . 7 
- 6 2 1 . 1 
- 5 8 0 . 4 
- 5 4 0 . 3 
- 5 0 1 . 1 
- 4 6 2 . 5 
- 4 2 4 . 7 
- 3 8 7 . 5 
- 3 5 1 . 1 
- 3 1 5 . 3 

DCBS 
E+03 

- 3 2 5 0 . 0 
- 3 3 7 2 . 2 
- 3 4 5 0 . 5 
- 3 4 4 1 . 1 
- 3 3 5 3 . 0 
- 3 2 1 8 . 2 
- 3 0 8 7 . 9 
- 2 9 6 3 . 0 
-2 84 3 .2 
- 2 7 2 8 . 1 
- 2 6 1 7 . 4 
- 2 5 1 1 . 0 
- 2 4 0 8 . 5 
- 2 3 0 9 . 8 
- 2 2 1 4 . 6 
- 2 1 2 2 . 7 
- 2 0 3 4 . 0 
- 1 9 4 8 . 3 
- 1 8 6 5 . 4 
- 1 7 8 5 . 2 
- 1 7 0 7 . 5 
- 1 6 3 2 . 3 
- 1 5 5 9 . 4 
- 1 4 8 8 . 6 
- 1 4 2 0 . 0 
- 1 3 5 3 . 3 
- 1 2 8 8 . 6 
- 1 2 2 5 . 6 
- 1 1 6 4 . 4 
- 1 1 0 4 . 9 
- 1 0 4 6 . 9 

- 9 9 0 . 4 
- 9 3 5 . 5 
- 8 8 1 . 9 
- 8 2 9 . 6 
- 7 7 8 . 7 
- 7 2 9 . 0 
- 6 8 0 . 5 
- 6 3 3 . 2 
- 5 8 6 . 9 
- 5 4 1 . 8 
- 4 9 7 . 7 
- 4 5 4 . 6 
- 4 1 2 . 5 
- 3 7 1 . 3 
- 3 3 1 . 0 
- 2 9 1 . 6 
- 2 5 3 . 1 
- 2 1 5 . 4 

IPBC 
E»03 

. 0 
4 0 . 0 
8 0 . 0 

120 .0 
160 .0 
2 0 0 . 0 
2 4 0 . 0 
2 8 0 . 0 
3 2 0 . 0 
3 6 0 . 0 
4 0 0 . 0 
4 4 0 . 0 
4 8 0 . 0 
5 2 0 . 0 
5 6 0 . 0 
6 0 0 . 0 
6 4 0 . 0 
6 8 0 . 0 
720 .0 
760 .0 

1006.2 
1321 .1 
1636 .0 
1950 .9 
2265 .8 
2580 .7 
2895 .6 
3210 .5 
3525 .4 
3840 .3 
4155 .2 
4 4 7 0 . 1 
4785 .0 
5099 .9 
5414 .8 
5729 .7 
6044 .6 
6359 .5 
6 6 7 4 . 5 
6989 .4 
7304 .3 
7619 .2 
7 9 3 4 . 1 
8249 .0 
8563 .9 
8878 .8 
9193 .7 
9508 .6 
9823 .5 
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Oiapter 5 - STEP 3: Ca.SH FLCW ̂ 03ELS OF 6 SHIPS 

WDEL 7 - CASH FLOW tODEL OF 6 SHIPS 

The only difference with the assunptions of model 1 is that instead of one ship 6 ships are purchased 

and broui^t into service. This number corresponds with the cargo potential of the national shipping 

line, given the existing seaborne trade flows through the national port to and from NW-Europe. In 

iiodel 14 the number of ships will be determined endogenously within the model. 

The ships are all identical with the standard ship of model 1. Each ship is purchased second-hand at 

intervals of one quarter. All ships must be replaced after 16 years (remaining lifetime at the nonent 

of purchase). The replacenent ships are also identical with the standard ship. The scrap value of the 

old ships is not anymore used in the calculations of the following models. 

The figure below shows the dynamo-flow diagram of the part of the model that differs from model 1. 

AMC 
administrative 
& managanent 
cost 

interestft. _ ^ 
rate | "̂  

The number of ships increases through the fleet expansion decision. The total nett income of the 

shipping line depends on the number of ships, the nett inccme per ship and the administrative and 

managanent cost. 

The working capital increases if the total nett income shows a surplus; it decreases vAien ships are 

purchased; it increases or decreases as a result of interest payments on the working capital. 
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documentor listing of the relevant equations 

NS.K=NS.J«-DT*NSG.JK 
NS=l 

NS - NUMBER OF SHIPS 
NSG - NUMBFR OF SHIPS GPOWTHRATE 

NSG.KL=FED.K/DT 

NSG - NUMBER OF SHIPS GPCWTHRATF 
FED - FLFFT FXPSNSICN DECISION 

FEO.K=CLIP(0,PUL<;F(I,I,1),TIME.K,6) 
FED - FLFFT EXPANSION DECISION 

T N I . K = N S . K * N I S . K - A M C 

AMC=9<fOOO 
TNI - TOTAL NFTT INCOME //QUARTER 
NS - NUMBER OF SHIPS 
NIS - NETT INCOMF SHIP //QUARTER 
AMC - ADMINISTRATIVE ƒ MANAGEMENT COST ƒ / 

QUARTER 

WC.K=WC.J*-0T*{WC0.JK+WCT.JK-(PS.JK/DT)-PRS.JK/DTJ 

wc=-pps 
- WORKING CAPITAL / 
- WORKING CAPITAL GROWTH //QUARTER 
- WORKING C8PITAL INTEREST //QUARTER 
- PURCHASE OF SHIPS / 
- PURCHASE RFpLACEMENT SHIPS ƒ 
- PURCHASE PPICF SHIP / 

WC 
WCG 
WCI 
PS 
PRS 
PPS 

PS.KL=FED.K*PPS 
PS - PURCHASE OF SHIPS / 
FED - FLEET EXP8NSIUN DECISION 
PPS - PURCHASE PRICE SHIP / 

PRS.KL=RD.K*PPS 
PRS - PURCHASE PPPLACEMENT SHIPS 
RD - REPLACEMENT DECISION 
PPS - PURCHASE PRICE SHIP / 

RD.K=eLIP(0,PULS'=(!,6A,l),TIME.K,70) 
PPS=2.5E6 

RD - REPLACEMENT DECISION 
PPS - PURCHASE PRICE SHIP / 

Madel 7 contains two more decision criteria: ertployment of the shipping line, and the number of 

sailings per week. 

A shipping line creates atployment opportunities on bcsard the ships, and through its land organisation. 

The crew of one ship consists of 18 officers and 22 ratings. The land organisation consists of 50 

people. 

The number of sailings per week is an inportant indicator for the service level that the national 

shipping line can offer to its shippers. 

The dynamo-flow diagram of both calculations is presented on the following page. 
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NS 

number of ships 

- ^ 

<^-

/ \ 

•e 
MAM 

manning 0. —T 
adndnistraf 
tion and 
management 

/^ OF \ 

officers W 

^ KT 
roundtrip 
tine 

MSO 
_A. nanning 

scale officers 

EMP.K*RA.K<-OF.K*HAM 
EMP - EMPLOYMENT UF SHIPPING LINE 
RA - RATINGS 
OF - OFFICERS 
MAM - MANNING ADMINISTRATION t MANAGEMENT 

RA.K=NS.K*MSR 
MSR=22 

RA - RATINGS 
NS - NUMBER OF SHIPS 
MSR - MANNING SCALE RATINGS 

OF.K=NS.K*MSO 
MS0=18 
MAM=50 

OF 
NS 
MSO 
MAM 

OFFICERS 
NUMBER OF SHIPS 
MANNING SCALE OFFICERS 
MANNING ADMINISTRATION £ MANAGEMENT 

N S P W . K = { N S . K * 0 n / R T ) / 1 3 
NSPW - NUMBFR OF «AILINGS PER WEEK 
NS - NUMRF" OF SHIPS 
OD - OPERATING DAYS UF SHIP DAYS/QUARTER 
RT - ROUNDTRIP TIME CAYS 



* MODEL 7 - CASH FLOW MODFL OF 6 SHIPS 
NOTE NUMBFR LF SHIPS IN FLEET 
L NS.K=NS.J+rT*NSG.JK 
N NS=1 
R NSG.KL=FEC.K/DT 
A F E D . K = C L I P ( 0 , P U L S E ( 1 , 1 , I ) , T I M E . K , 6 ) 
NOTF NFTT INCOMF/SHIP/QUARTFR 
A F T . K = L C * L F r . K 
C LC' iAOOO 
A L F F . K = T A B L t ( L F F T , T I M E . K , 0 , 9 6 , 8 ) 
T L F E T = . 4 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
A 7 T . K = L r * L F I . K 
A L F I . K = T A b L [ ( L F I T , T I M E . K , 0 , 9 6 , 8 ) 
T L F I T = : . / t / . 8 / . 8 / . 8 / . 8 / . 8 / . B / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
A GRE.K=ET.K*FRE 
C FRF=25 
A G R I . K = T T . K * F R I 
C F R I = 3 5 
A GR.K=GRF.K+GRI.K 
A ftC.K:sGP.K*AeS 
C ACS=.055 
A S C . K = ( F T . K + I T . K ) * S C T 
C SCT=6.25 
A C C . K = ( F T . K + I T . K ) * C C T . 
C CCT=.A ; 
A S C C . K = ( F T . K + I T . K ) * S C C T ! 
C S C C T = l 
C B=58000 
C PC=45nO0 
A VF.K=AC.K+SC.K + e e . K + SCC.K*-B + PC 
A N I S . K = ( ( ( G F . K - V E . K ) * O D » / P T » - O C 
C 0 0 = 8 7 . 5 
C R.T=118 
c oc=iioono 
NOTF NFTT INCOME SHIPPING LTNF OPERATIONS ; 
A T N I . K = N S . K * N I S . K - A M C 
C AMC=9400C 
NOTF WORKING CAPITAL 
L WC.K=WC.J+tT*(WCG.JK*WCI.JK-(PS.JK/DT)-PPS.JK/DT) I 
N MC=-PPS I 
P WCG.KL=rLIP(TNI.K,0,TIMF.K,DT) i 
R WCI .KL=CLIF'{(WC.K*IR| ,0,TIME.K,DT) 
r rR=.o3 
R ''S.KL = FF[,.K*PPS 
R PRS.KL = PD.K.*PPS 
A PD.K=CLIP(0,PULSE( 1,6'»,I),TIME.K,70) 
C PPS =2. •'Ft. 

I 

NOTE DECISION CRITERIA 
NOTF _i_ pTseCUNTEC COSTS AND BENEFITS 
L DCB.K=DCE.J+DT»OCBR.JK 
N ncB=-PPS 
R nC3R.KL=(WCC.K/(EXP(TIMF.K*L0GN(l+DRl)))) 
A WCC.K=WCG.JK+HCI.JK-(PS.JK/DT)-PRS.JK/DT 
C DR1=.0A 
NOTF _ 2 - FOREIGN EXCHANGE BALANCF 
L FEBT.K=FEfc ;T .J*DT*FEB.JK 
N FEBT=-PPS 
R F F B . K L = C L I P { ( F E E A . K - F E F X . K ) , 0 , T T M E . K , D T » 

A F E E » . K = { N S . K * G P . K * I T C * O D ) / R T 
C I T C = . 7 
A F F F X . K = ( P S . J K / D T ) + ( P R S . J K / D ' ^ ) + ( I N S . K * 0 D ) / R T I * 
X {PC*-B + . 5 * A C . K * . 7 * S C . K + . 7*CC.K + S C C . K ) * - N S . K * . 9 * 0 C 
NOTF -3- <;HACCW PRICED DISCOUNTED COSTS AND BENEFITS 
L nCRS.K=PCBS.J+CT*DCBRS.JK 
N DCBS=-SP*PPS 
C SP=1. .3 
R nCB«»S.KL=(^CCS.K/(EXP{TIMF.K*L0GN(l+DR2))) ) 
c nR2=.0A y; 
A WCCS.K=WCGS.JK+WCI.JK-?P*((PS.JK/DT)*(PRS.JK/0T)1 ' 
R WCGS.KL=CLIP(TNIS.K,0,TIMF.K,DT) 
A TNTS.K=NISS.K*NS.K-AMC 
A NTSS.K=(((SP*(GF.K*ITC-B-PC-.5*AC.K-5CC.K-.7*CC.K-,7*SC.Kl* 
X {l-ITC)*GF.K-.5*AC.K-.3*?C.K-.3*CC.K)*0D)/PT)-|SP*.9+.l»*0C 
NOTF _4_ TNCGME PLOUGHED BACK IN COUNTRY 
L IPRC.K=TPBC.J + C;T*( I P B C I . J K - I P B C D . J K ) 
N TPBC=0 
P TPeCI.Kl=CLIP(WCG.JK,0,WC.K,0)+AMC 
R TPBCD.KL=PFS.JK/DT 
NOTF _ 5 _ FMPLLYMENT OF SHIPPING L INE 
A FMP.K=P/«.K+ÜF.K+MAM 
ft RA.K=NS.K*MSR 
C MSR=?? 
A OF.K=NS.K*MSÜ 
C MS0=18 
C MAM=50 
NOTF _ 6 - NDMbFF OF SAIL INGS PFR WEEK 
A N S P W . K = ( N S . K * ü O / P T ) / I 3 
SPEC LFNGTH=96/DT=.2 5/PRTPFP=2/PLTPER=2 
PRINT WC,WCG,WCI,PS,PRS,FEPT,DCB,DCBS,IPBC,EHP,OF 
PRINT RA.NSPW . 
PLOT WC/FFBT/DCB,DCBS/IPBC/EMP/NSPW 
RUN 



TIME 
E » 0 0 

~>0 

z. 
4 . 
t. 
3 . 

1 0 . 
1 2 . 
1 4 . 
1 6 . 
1 8 . 
2 0 . 
2 2 . 
2 4 . 
2 6 . 
2 8 . 
3 0 . 
3 2 . 
3 4 . 
3 6 . 
3 8 . 
4 0 . 
4 2 . 
4 4 . 
4 6 . 
4 8 . 
5 0 . 
5 2 . 
5 4 . 
5 6 . 
5 8 . 
6 0 . 
6 2 . 
6 4 . 
6 6 . 
5 8 . 
7 0 . 
7 2 . 
7 4 . 
7 6 . 
7 8 . 
8 C . 
8 2 . 
8 4 . 
8 6 . 
3 8 . 
9 0 . 
9 2 . 
9 4 . 
9 6 . 

«lOnFL 

MC 
"^«•06 

- ' . 5 0 
- 5 . 3 3 

- 1 0 . 7 2 
- 1 5 . 7 8 
- 1 5 . 3 0 
- 1 4 . 5 0 
- 1 3 . 6 4 
- 1 2 . 7 4 
- 1 1 . 7 8 
- 1 ^ . 7 5 

- 9 . 6 7 
- f i . 5 2 
- 7 . 3 0 
- 6 . 0 0 
- 4 . 6 2 
- 3 . 1 5 
- 1 . 5 1 

. 0 4 
1 . 7 9 
3 . 5 4 
5 . 6 2 
7 . 7 ' 
9 . 9 3 

1 ? . ? 9 
1 4 . 7 9 
1 7 , 4 5 
2 0 . ' 7 
2 3 . 2 7 
2 6 . 4 5 
2 9 . 3 2 
3 3 . 4 1 
3 7 . ' l 
4 1 . 2 5 
4 0 . 3 5 
3 9 . 3 9 
3 S . 3 7 
4 ' . 4 3 
4 5 . 8 4 
51 . 4 3 
5 6 . 3 9 
61 . 6 1 
5 7 . 1 6 
7 1 . 0 4 
7 9 . 7 9 
8 5 . 9 ? 
9 2 . 9 5 

1 3 3 . 4 3 
1 0 3 . 3 6 
1 1 6 . 7 8 

7 - C*SH FLOW MDPEL OF 6 

HCr 
F+n3 

. 0 0 
- 3 6 . 9 7 
1 9 1 , 9 8 
5 9 2 . 8 5 
8 5 0 . 7 2 
8 5 0 . 7 7 
8 5 0 . 7 2 
8 5 0 . 7 ? 
8 5 0 . 7 2 
8 5 0 . 7 7 
8 5 0 . 7 7 
8 5 0 . 7 2 
8 5 0 . 7 ? 
8 5 0 . 7 ? 
8 5 1 . 7 ? 

8 5 0 . 7 2 
8 5 0 . 7 7 
8 5 0 . 7 7 
8 5 0 . 7 7 
8 5 0 . 7 ? 
8 5 0 . 7 2 
8 5 0 . 7 2 
8 5 0 . 7 ? 
8 5 0 . 7 ? 
8 5 0 . 7 7 
8 5 0 . 7 2 
3 5 0 . 7 7 
S 5 P . 7 ? 
8 5 0 . 7 ? 
3 5 C . 7 ? 
8 5 0 . 7 ? 
8 5 0 . 7 ? 
8 5 0 . 7 2 
3 5 0 . 7 ? 
8 5 0 . 7 2 
8 5 n . 7 2 
8 5 0 . 7 7 
8 5 0 . 7 ? 
3 5 0 . 7 2 
3 5 0 . 7 - ' 
8 5 0 . 7 2 
3 5 0 , 7 7 
3 5 0 . 7 2 
8 5 ( ^ . 7 ? 
3 5 0 . 7 7 
8 5 0 . 7 ? 
3 5 0 . 7 ? 
3 5 0 . 7 ? 
3 5 0 . 7 ? 

MCI 
£ • 0 3 

. 0 
- 1 6 0 . 0 
- 3 2 1 . 5 
- 4 7 3 . 3 
- 4 5 9 . 1 
- 4 3 5 . 0 
- 4 0 9 . 3 
- 3 8 2 . 2 
- 3 5 3 . 3 
- 3 2 2 . 6 
- ^ 9 0 . 1 
- 2 5 5 . 6 
- 2 1 8 . 9 
- 1 8 0 . 0 
- 1 3 8 . 7 

- 9 4 . 8 
- 4 8 . 3 

1 . 2 
5 3 . 6 

1 0 9 . 3 
1 6 8 . 5 
2 3 1 . 3 
2 9 7 . 9 
3 6 8 . 7 
4 4 3 . 8 
5 2 3 . 5 
6 0 8 . 2 
6 9 8 . C 
7 9 3 . 4 
8 9 4 . 7 

1 C 0 2 . 2 
1 1 1 6 . 4 
1 2 3 7 . 5 
1 2 1 0 . 4 
l l B l . 7 
1 1 5 1 . 1 
1 2 7 4 . 4 
1 4 0 5 . 3 
1 5 4 4 . 3 
1 6 9 1 . 8 
1 8 4 8 . 4 
2 0 1 4 . 7 
2 1 9 1 . 2 
2 3 7 8 . 6 
2 5 7 7 . 5 
i 7 8 B . 7 
3 0 1 2 . 9 
3 2 5 0 . 9 
3 5 0 3 . 5 

PS 
F » 0 3 

. 0 
2 5 0 0 . 0 
2 5 0 0 , 0 

, 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
, 0 
. 0 
, 0 
, 0 
. 0 
. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 

S H I P S 

PRS 
E * 0 3 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

.c 

. 0 

. 0 

. 0 

. 0 

. 0 
. 0 
. 0 

.c 

. 0 

. 0 

. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 

2 5 C 0 . C 
2 5 0 0 . 0 
2 5 C 0 . 0 

. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 

FEBT 
E«-06 

- 2 . 5 0 0 
- 5 . 0 9 4 

- 1 . 0 . 1 5 8 
- 1 4 . 9 5 1 
- 1 4 . 3 6 5 
- 1 3 . 5 7 5 
- 1 2 . 7 8 6 
- 1 1 . 9 9 6 
- 1 1 . 2 0 6 
- 1 0 . 4 1 7 

- 9 . 5 2 7 
- 8 . 8 3 7 
- 8 . 0 4 8 
- 7 . 2 5 8 
- 6 . 4 6 9 
- 5 . 5 7 9 
- 4 . 3 8 9 
- 4 . 1 0 0 
- 3 . 3 1 0 
- 2 . 5 2 0 
- 1 . 7 3 1 

- . 9 4 1 
- . 1 5 1 

. 6 3 8 
1 . 4 2 8 
2 . 2 1 7 
3 . 0 0 7 
3 . 7 9 7 
4 . 5 8 6 
5 . 3 7 6 
6 . 1 6 6 
6 . 9 5 5 
7 . 7 4 5 
3 . 5 3 4 
- . 6 7 5 

- 4 . 8 8 6 
- 4 . 0 9 7 
- 3 . 3 0 7 
- 2 , 5 1 7 
- 1 , 7 2 8 

- , 9 3 3 
- . 1 4 8 

. 5 4 1 
1 . 4 3 1 
7 . 2 2 0 
3 . 0 1 0 
3 . 8 0 0 
4 . 5 8 9 
5 . 3 7 9 

DCB 
E • 0 5 

- 2 . 5 0 0 
- 5 . 1 5 0 
- 9 . 9 9 5 

- 1 4 , 2 4 7 
- 1 3 . 9 3 9 
- 1 3 . 3 8 1 
- 1 2 . 8 2 8 
- 1 2 . 2 8 5 
- 1 1 . 7 5 3 
- 1 1 . 2 3 0 
- 1 0 . 7 1 5 
- 1 0 . 2 1 3 

- 9 . 7 1 8 
- 9 . 2 3 3 
- 8 . 7 5 6 
- 8 . 2 8 9 
- 7 . 8 3 0 
- 7 . 3 8 0 
- 6 . 9 3 8 
- 6 . 5 0 4 
- 6 . 0 7 8 
- 5 , 5 6 0 
- 5 , 2 5 0 
- 4 . 8 4 7 
- 4 , 4 5 2 
- 4 . 0 6 4 
- 3 . 6 8 3 
- 3 . 3 0 9 
- 7 . 9 4 2 
- 2 . 5 8 2 
- 2 . 2 2 9 
- 1 . 8 8 2 
- 1 . 5 4 2 
- 1 . 6 1 4 
- 1 . 6 8 5 
- 1 . 7 5 4 
- 1 . 5 0 1 
- 1 . 2 5 3 
- 1 . 0 0 9 

- . 7 7 0 
- . 5 3 5 
- . 3 0 4 
- . 0 7 8 

. 1 4 4 

. 3 6 2 

. 5 7 5 

. 7 8 6 

. 9 9 3 
1 . 1 9 5 

OCBS 
6 * 0 6 

- 3 . 2 5 0 
- 6 . 6 3 7 

- 1 2 . 3 5 1 
- 1 8 . 3 0 9 
- 1 7 . 8 7 7 
- 1 7 . 1 5 3 
- 1 6 . 4 4 5 
- 1 5 . 7 6 0 
- 1 5 . 0 9 5 
- 1 4 . 4 4 9 
- 1 3 . 8 2 3 
- 1 3 . 2 1 5 
- 1 2 . 6 2 4 
- 1 2 . 0 4 9 
- 1 1 . 4 9 0 
- 1 0 , 9 4 6 
- 1 0 . 4 1 7 

- 9 . 9 0 1 
- 9 . 3 9 9 
- 8 . 9 0 9 
- 8 . 4 3 2 
- 7 . 9 5 6 
- 7 . 5 1 2 
- 7 . 0 6 8 
- 6 . 6 3 5 
- 5 . 2 1 2 
- 5 . 7 9 9 
- 5 . 3 9 6 
- 5 . 0 0 2 
- 4 . 6 1 6 
- 4 . 2 3 9 
- 3 . 8 7 1 
- 3 . 5 1 0 
- 3 . 6 8 ? 
- 3 . 8 4 5 
- 4 . 0 0 0 
- 3 . 7 3 2 
- 3 . 4 7 0 
- 3 . 2 1 4 
- 2 . 9 6 3 
- 2 . 7 1 7 
- 7 . 4 7 6 
- 2 . 2 4 1 
- 2 . 0 1 0 
- 1 . 7 8 4 
- 1 . 5 6 3 
- 1 . 3 4 6 
- 1 . 1 3 4 

- . 9 2 6 

IPBC 
E * 0 5 
. 0 0 0 
. 1 8 8 
. 3 7 5 
. 5 6 4 
. 7 5 2 
, 9 4 0 

1 . 1 2 8 
1 . 3 1 6 
1 . 5 0 4 
1 . 6 9 2 
1 . 8 8 0 
2 . 0 5 3 
2 . 2 5 6 
2 . 4 4 4 
2 . 5 3 2 
2 . 8 2 0 
3 . 0 0 8 
3 . 1 9 5 
5 . 0 8 5 
6 . 9 7 5 
8 . 8 5 4 

1 0 , 7 5 4 
1 2 . 5 4 3 
1 4 . 5 3 3 
1 6 , 4 2 2 
1 8 , 3 1 1 
2 0 . 2 0 1 
2 2 . 0 9 0 
; ? . 9 8 0 
2 5 . 8 5 9 
2 7 , 7 5 8 
2 9 . 6 4 8 
3 1 . 5 3 7 
2 8 . 4 2 7 
2 5 . 3 1 6 
2 2 . 2 0 6 
2 4 . 0 9 5 
2 5 . 9 8 4 
2 7 . 8 7 4 
2 9 . 7 6 3 
3 1 . 6 5 3 
3 3 . 5 4 2 
3 5 . 4 3 1 
3 7 . 3 2 1 
3 9 . 2 1 0 
4 1 . 1 0 0 
4 2 . 9 8 9 
4 4 . 8 7 8 
4 6 . 7 6 8 

EMP 
E * 0 0 

9 0 . 0 0 
1 3 0 . 0 0 
7 1 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
7 9 0 , 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
7 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
2 9 n . 0 0 
2 9 0 . 0 0 
7 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 , 0 0 
2 9 0 , 0 0 
7 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
7 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
7 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
3 9 0 . 0 0 
2 9 0 . 0 0 

2 9 0 . 0 0 
7 9 0 , 0 0 
2 9 0 , 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
3 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 
3 9 0 . 0 0 
2 9 0 . 0 0 
2 9 0 . 0 0 

OF 
E + 0 0 

1 8 . 0 0 
3 6 . 0 0 
7 2 . 0 0 

1 0 8 . 0 0 
1 0 3 . 0 0 
1 0 8 . 0 0 
1 0 8 . 0 0 
1 0 8 . 0 0 
1 0 3 . 0 0 
1 3 8 . 0 0 
1 0 8 . 0 0 
1 0 8 . 0 0 
1 0 8 . 0 0 
1 0 8 . P O 
1 0 8 . 0 0 
1 0 8 . 0 0 
1 0 8 . P O 
1 0 8 . 0 0 
1 0 8 . 0 0 
1 0 8 . 0 0 
1 0 3 . 0 0 
1 0 8 . 0 0 
1 3 8 . 0 0 
1 0 8 . 0 0 
1 0 3 . P O 
1 3 3 . 0 0 
1 0 8 . P O 
1 0 8 . P O 
1 . 0 8 . 0 0 
1 0 8 . 0 0 
1 0 8 . 0 0 
1 3 8 . 0 0 
1 0 3 . 0 0 
1 0 3 . 0 0 
1 0 8 . 0 0 
1 3 8 . 0 0 
1 0 8 . 0 0 
1 0 3 . 0 0 
1 0 8 . 0 0 
1 0 8 . 0 0 
1 3 3 . 0 0 
1 0 8 . 0 0 
1 0 8 . 0 0 
1 3 8 . 0 0 
1 0 8 . P O 
1 0 8 . 0 0 
1 0 8 . 0 0 
1 0 8 . 0 0 
1 0 8 . 0 0 

i ! « 

F + 0 0 
2 2 . 0 0 
4 4 . 0 0 
8 3 . 0 0 

1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 ' . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 

1 3 7 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 2 , 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 7 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 2 , 0 0 
1 3 2 . 0 0 
1 3 7 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 ' . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 7 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 

n'.oo 
1 3 2 . 0 0 
1 3 2 . 0 0 
1 3 7 . 0 0 
1 3 2 . 0 0 
1 3 2 . 3 0 
1 3 2 . 0 0 
1 3 2 . 0 0 

1 3 7 . 0 0 
1 3 2 . 0 0 
1 3 2 . 0 0 

NSPH 
>:+00 

. 0 5 7 0 4 

. U 4 0 3 

. ? 7 8 ' 5 

. 3 4 2 2 4 

. 3 4 2 2 4 

. 3 4 2 2 4 

. 3 4 2 2 4 

. 3 4 7 7 4 

. 3 4 2 2 4 

. 3 4 2 2 4 

. 3 4 2 2 4 

. 3 4 2 2 4 

. 3 ^ 2 7 4 

. 3 4 2 2 4 
. 3 4 2 7 4 
. 5 4 2 7 4 
. 3 4 2 7 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 3 4 7 2 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 3 4 2 7 4 
. 3 4 7 7 4 
. 3 4 2 2 4 
. 3 4 2 7 4 
. 3 4 2 7 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. ? 4 2 ' 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 3 4 7 7 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 7 4 2 7 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
. 7 4 • ' 7 4 
. 3 4 2 2 4 
. 3 4 2 2 4 
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MX)EL 8 - CASH FLOW M3DEL OF 6 SHIPS OF Dll'l̂ 'EKENT AGE 

"Hie difference with the assunptions of model 7 is that the ships vAiich are purchased have different 

ages and prices. Each ship is replaced by an identical ship, in terms of size, price, remaining 

lifetime at the mcment of purchase. 

The fleet expansion and replacanent machanism works as follcws. ' 

The remaining lifetime of each ship, exparessed in quarters, is made a level (Sl=ship 1). Tine fleet 

expansion decision activates the rates of these levels in sequence. This rate gets a value equal to 

the remaining lifetime of the ship at the mcment of purchase. Every quarter the ageing rate decreases 

the level with 1 quarter. When the remaining lifetime of the ship has finally reached the value of 

1 quarter, the ship must be replaced. In the model this is autonatically done as soon as the level 

S reaches the value 1 quarter. The rate gets at that mcment a value equal to the ranaining lifetime 

of the ship that is purchased. 

The figure on the follcwing page shews the ageing mechanism of the ships and the WDrking capitcil 

sector. 

. documentor listing of the relevant equations 

S1.K=S1.J+0T*((RI.JK/DT)-AR1.JK) 
Si=LTSl 
LTSl=6^ 

SI - REMAINING LIFETIME SHIP 1 QUARTERS 
Rl - PATF 1 
ARJ - AGEING R A T F 1 
LTSl - LIFETIME SHIP I QUARTERS 

RI.KL=SWITCHILTSI,0,(ST.K-1)) 
Rl - RATF V 
LTSl - LIFETIME SHIP 1 QUARTERS 
51 - REMAINING LIFETIME SHIP I QUARTERS 

A R l . K L = l 
ARl - AGEING RATF 1 

S2.K=S2.J*DT*((R.?.JK/DT»-AR2,JK) 
S2^0 

52 - REMAINING LIFETIME SHIP 2 QUARTERS 
R2 - RATF 2 
AP2 - AGEING RATF 2 

R2.KL=SWITCH((CLTP((F€0.K*LTS2),0,S1.K,1)J,0,S2.K)* 
SWITCH! LTS2,0,(S2.K-in 

LTS2=80 
R2 - RATF 2 
FED - FLFFT FXPANSIUN DECISION 
LTS2 - LIFFTiMF «;HIP 2 QUARTERS 
51 - REMAINING LIFETIME SHIP I QUARTERS 
52 - REMAINING LIFETIME SHIP 2 QUARTERS 

A R 2 . K L = C L I P C 1 , 0 , S 2 . K , I ) 
AR2 - AGETNG RATF 2 
S2 - REMAINING LIFETIME SHIP 2 QUARTERS 

etc . , etc. 
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Dynamo-flow diagram of the book-value calculation of the ships 

lifetime 

^ P 1 UTSl 

purchase price 
ship 1 

SI 
ranaining lifetime 
ship 1 

() 

LTS3 

With the help of the ageing 

nechanism, it is sinple to calcu

late the book value of the ships 

at any mcxnent, at least if one 

adopts straight line depre

ciation. 

This figure illustrates the 

procedure. 

LTS4 

LTS5 

LTS6^/ \Fi 

- - W BV6 1^/ 

W3 

•working capital 

/ 
/ 



documentor listing 

- 6 1 -

B V I . K = P P S 1 * S I . K / L T S 1 
BVl - BOOK VALUE SHIP 1 ƒ 
PPSl - PURCHASE PRICE SHIP 1 t 
S I - REMAINING LIFETIME SHIP 1 QUARTERS 
LTS l - L IFETIME SHIP 1 QUARTERS 

B V 2 . K « P P S 2 * S 2 . K / L T S 2 
BV2 - BOOK VALUE SHIP 2 ƒ 
PPS2 - PURCHASE PPICC SHIP 2 t 
S2 - REMAINING LIFETIME SHIP 2 
LTS2 - L IFETIME SHIP 2 QUARTERS 

QUARTERS 

B V 3 . K » P P S 3 * S 3 . K / L T S 3 
BV3 - BOOK VALUE SHIP 3 / 
PPS3 - PURCHASE PRICE SHIP 3 S 
S3 - REMAINING LIFETIME SHIP 3 
LTS3 - L IFET IMF SHIP 3 QUARTERS 

QUARTERS 

BV4.K=PPS4*S4 .K /LTSA 
BV4 - BOOK VALUE SHI P 4 ƒ 
PPS4 - PURCHASE PRICE SHIP 4 ƒ 
S4 - REMAINING LIFETIME SHIP 4 
LTS4 - L IFFTIMC SHIP 4 QUARTERS 

QUARTERS 

BV5 .K«PPS5»S5 .K /LTS5 
BV5 - BOOK VALUE SHIP 5 / 
PPS5 - PURCHASE PRICE SHIP 5 / 
S5 - RPMAINING L IFETIME SHIP 5 
LTS5 - L IFETIME SHIP 5 QUARTERS 

B V 6 , K « P P S 6 * S 6 . K / L T S 6 
BV6 - BOOK VALUF SHIP 6 t 
PPS6 - PURCHASF PRICE SHIP 6 ƒ 
S6 - REMAINING L IFETIME SHIP 6 
LTS6 - L IFETIME SHIP 6 QUARTERS 

QUARTERS 

QUARTERS 

TBV.K«BVl. lC*BV2.K*RV3.K-»BV4.K+BV5.K-frBV6.K 
TBV 
BVl 
BV2 
BV3 
BV4 
BV5 
BV6 

-
-
-
-
-
-
-

TOTAL BOOK 
BOOK VALUE 
BOOK VALUF 
BOOK VALUE 
BOOK VALUF 
BOOK VALUE 
BOOK VALUF 

VALUE OF 
SHIP 1 
SHIP 2 
SHIP 3 
SHIP 4 
SHIP 5 
SHIP 6 

S 
ƒ 
ƒ 
ƒ 
ƒ 
ƒ 
ƒ 

S.K»WC.K*TBV.K 
S - SUM ƒ 
WC - WORKING CAPITAL / 
TBV - TOTAL BOOK VALUE OF SHIPS 



» MOD^L 8 - 6 SHIPS DF DIFFERENT »GE 
NOTF NIJMBFS OF SHIPS IN FLEET 
L NS.K=NS.J*DT*NSG.JK 
N NS=' 
R NSO.KL-FED.K/DT 
* C F 0 . K < L 1 P ( 0 . PULSE ( 1 , 1 , I I , T IME.K. 61 
NOTF NFTT INCOHE/SHIP/QU»RTfp 
» FT.K=LC*LFF.K 

LC=14000 
LFF.K=T4BLEtLFET,T IHE.K,0 ,96 ,8 l 
L FF • ' = . 4 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
1T.K=LC*LFI.K 
LF I .K=TABLE(LF IT ,T IME.K .0 ,96 .8 I 
L F I T = = . 4 / . a / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
GR«:.K-ET.K»FRE 
FRF=25 
r ,R! .K=lT.K*FRI 
FRt=i35 
GR.K=GRF.K*GRI.K 
«C.K=GR.K*«CS 
4 C S ' . 0 5 5 
SC.K=(FT.K* IT .K I *SCT 
<ICT»6.75 
' ;C.K=(FT.K*IT.K)»CCT 
r.cT=.4 
^Cr .K^ IFT .K+IT .K I 'SCCT 
S C C ^ l 
«=58000 
OC=4500P 
VE.K=«C.K+SC.K»CC.K+SCC.KtB+PC 
N!S .K=(HGR.K. -VE.KI *aDI /RT) -nC 
00=87 .5 
RT=118 
r)r,= '7 0000 

NCITF TQTiL NETT INCOME OF SHIPPING OPERATIONS 
A TKi . K T : N I S . K * N S . K - A M C 
C 4>ir,=940(10 
NQTî  WORKING CAPITAL 
L Mr..K'WC.JK,T*(WCG.JK»MCI. JK-tPS.JK/OTI-PRS,JK/DT) 

MC=-PPS1 
MCG.KL'CLIPITNI .K.O.TIME.K.OTI 
wrT .KL=CLIP ( (WC.K* lR I .0 .T IHF .K .OT I 
I R = . i 3 
•>S.KL=SMITCH((CLIP((FEP.K*PPS21 . 0 . S I . K , 111 , 0 , S 2 . K | t 
^MITCH((CLIP((FE0.K*PPS31 . 0 . S 2 . K , 1 1 1 , O , S 3 . K I • 
S M I T r . H ( l C L I P t ( F E D . K * P P S 4 1 , 0 , S 3 . K , l ) J , 0 . S 4 . K ) » 
SM!''CH((CLIP((FE0.K»PPS51 ,0 , S4.K, 1 1 1 . O, S 5 . K | t 
SMITCHKCLIPI (FE0.K«PPS6I .0 ,S5. l i ; . I I 1 . 0 , S 6 . K I 
PRS.KL=SWITCH( PPSl , 0 . ( S I . K-11 H-SMITCH(PPS2,0, (S2 . K-1 I H -
SWI TrH(PPS3 , O, I S3.K-1 11 «SMI TCHI PPS4,0 , I S4.K-11 I • 
> : M I T C H < P P S 5 , 0 , ( S 5 . K - 1 1 1 * S W I - ^ C H ( P P S 6 , 0 , ( S 6 . K - 1 I I 
PPST=?.5E6 
PPS7=3.5E6 
POS3'1.5E6 

C PP<;4=2.5E6 
C PP55=3.5C6 
C PPS6=1.5E6 
NOTF AGEING MECHANISH OF SHIPS 
L S l . K = S l . J t r T » ( ( R l . J K / O T ) - A R l . J K I 

S l - L T S l 
LTS1=64 
R l . K L - S W I T C H I L T S l , 0 , I S l . K - i n 
ARl.KL^l 
S 2 . K = S 2 . J * D T * ( ( R 2 . J K / D T ) - A R 2 . J K 1 
S2-Q 
R ? . K L ' $ M I T C H ( I C L I P ( ( F F 0 . K * L T S 2 I • a , S l . K , l l ) , 0 , S 2 . K t » 
S M I T C H a T S 2 . 0 . ( S 2 . K - l l ) 
LTS2=80 
AR7.KL=CLIP(1 .0 .5? .K ,1 I 
S3 .K=$3.J+DT«( (R3.JK/DTI -AR3.JKI 
S ï=0 
R3 ,KL=SmTCH( l tL IP t {FED.H»LTS31 ,0 ,SZ .K , l l l , 0 , S 3 . K I + 
S M I T C H t l T S 3 . 0 , ( S 3 . K - l l l 
LTS3=40 
A R 3 . K L = C L I P l l , 0 . S 3 . K , l l 
S4.K=S4.J*CT»<(R4.JK/0T| -AR4.JK1 
S4»0 
R4.l(L»S«ITCHI (CLIP( (FEn.K*LTS4l ,0 .S3 .K, l ) I . 0,S4.K 1 + 
S H I T r H ( L T S 4 , 0 , ( S 4 . K - l I ) 
LTS* i64 
A R 4 . K l = r L I P ( l , 0 , S 4 . K , l l 
S5 .K '=S5 .J*CT* ( (R5 .JK/PT I -AR5 .JM 
S 5 - 0 
P 5 . K l = S M I T C H ( t C L I P ( ( F F D . K * L T S 5 l , 0 , S 4 . K , l l l , 0 , S 5 . K I * 
^ M I T r H ( L T S 5 , 0 , I S 5 . K - l l ) 
LTS5=eO 
A R 5 . K l = C L I P ( 1 , 0 , S 5 . K , 1 I 
' ; 6 .K=S6 .J+rT« l (R6 .JK/DT) -AR6.JKl 
S6=0 
R6.KL=iSMITCH(((LIP(<FEn,K«LTS6l . 0 , S 5 . K . I I 1 , 0 . S6.K I * 
SMITr ,H(LTSfc ,0 , (S6 .K- l l l 
LTS6=40 

R A P ' . . K L ' a ! P ( ! . , U . 5 6 . K . l ! 
Hir" "̂ aOK VALUE OF FLEET (STP «TGHT LINE DEPRFCIATIONI 
A RV1.K»PPS1*S1.K/Lr51 

nV2.K-PPS2*S2.K/ lTS2 
BV3.K-'PPS3«S3.K/1 T53 
nV4.p< ;PPS4«S4,K/LTS4 
RV5,K=i'PS5*S5.K/t .TSs 
BV6.K-PPSfc*S6.K/LT56 
•fBV,K«BVl.K + BV2.K»BV3.KtBV4.KtBV5.KtBV6.K 
<;.K»MC.K+TeV.K 

SPFr L'=NGTH=96/DT..25/PRTPER«?/PLTPER=2 
PRINT MC,MCG,WCI,PS,PRS.S1.S2,S3,S4,S5 
PR'NT <;6,T6V,S 
PLO-' MC/wr.G/HCI/TBV 
PLO'- S1,<;2,S3,S4,S5,S6 
RUN 

MOOEL 8 - 6 SHIPS OF DIFFERENT AGF 

IMF 
• 00 

. 0 
2 . 
4 . 
6 . 
8 . 

1 0 . 
1 2 . 
1 4 . 
1 6 . 
1 8 . 
2 0 . 
2 2 . 
2 4 . 
2 6 . 
2 8 . 
3 0 . 
3 2 . 
3 4 , 
3 6 . 
3 8 . 
4 0 . 
4 2 . 
4 4 . 
4 6 . 
4 8 . 
5 0 . 
5 2 . 
5 4 . 
5 6 . 
5 8 . 
6 0 . 
6 2 . 
6 4 . 
6 6 . 
6 8 . 
7 0 . 
7 2 . 
7 4 . 
7 6 . 
7 8 . 
8 0 . 
8 2 . 
8 4 . 
8 6 . 
8 8 . 
9 0 . 
9 2 . 
9 4 . 
9 6 . 

MC 
E*06 

- 2 . 5 0 
- 6 . 3 6 

- 1 0 . 7 5 
- 1 5 . 8 4 
- 1 5 . 3 7 
- 1 4 . 5 7 
- 1 3 . 7 2 
- 1 2 . 8 2 
- 1 1 . 8 6 
- 1 0 . 8 5 

- 9 . 7 7 
- 8 . 6 2 
- 7 . 4 1 
- 6 . 1 2 
- 4 . 7 5 
- 3 . 2 9 
- 1 . 7 5 

- . 1 1 
1.63 
3 .48 
5 .44 
6 .00 
8 .11 
8 .79 

11 .08 
1 3 . 5 1 
16 .09 
1 8 . 8 2 
2 1 . 7 3 
2 4 . 8 1 
2 8 . 0 9 
31 .57 
3 2 . 7 0 
36 .46 
37 .84 
41 .9? 
46 .25 
5 0 . 8 4 
5 5 . 7 2 
6 0 . 9 0 
6 6 . 4 0 
67 .05 
6 9 . 3 8 
73 .83 
8 0 . 1 2 
8 6 . 8 0 
93 .90 

101 .43 
109 .42 

MCF 
F4-03 

. 0 0 
- 3 6 . 9 7 
191.98 
592.85 
850 .72 
850 .72 
850.7? 
850.7? 
850.7? 
850 .77 
8 5 0 . 7 7 
850 .72 
850 .72 
850 .72 
850 .77 
850.7? 
850 .77 
850 .72 
850 .72 
8 50 .7? 
850.7? 
850 .72 
850 .77 
850 .7? 
850 .72 
850 .72 
850.7? 
850 .7? 
850 .72 
850 .72 
850 .72 
850 .72 
850 .77 
850 .72 
850 .72 
850.7? 
850 .72 
850 .7? 
850 .72 
8 5 0 . 7 2 
850 .72 
850 .72 
850 .72 
8 5 0 . 7 2 
8 5 0 . 7 2 
850.7? 
850 .72 
850 .72 
850 .72 

WCI 
EtC3 

. 0 
- 1 9 0 . 7 
- 3 2 2 . 5 
- 4 7 5 . 3 
- 4 6 1 . 1 
- 4 3 7 . 1 
- 4 1 1 . 7 
- 3 8 4 . 6 
- 3 5 5 . 9 
- 3 2 5 . 4 
- 2 9 3 . 1 
- 2 5 8 , 7 
- 2 2 2 . 3 
- 1 8 3 . 6 
- 1 4 2 . 5 

- 9 8 . 8 
- 5 2 , 5 

- 3 . 3 
4 8 . 9 

1 0 4 . 3 
163 .1 
179 .9 
243 .4 
2 6 3 . 7 
332 .3 
405 .2 
432 .6 
5 6 4 . 7 
6 5 1 . 9 
744 .4 
8 4 2 . 7 
9 4 7 . 0 
9 8 1 . 0 

1093 .9 
1135 .2 
1257 .5 
1387.4 
1525 .3 
1671.6 
1827 .0 
1 9 9 1 . 9 
2011 .5 
2081 .3 
2 2 1 4 . 8 
2403 ,7 
2 6 0 4 . 1 
2 8 1 6 . 9 
3 0 4 2 . 8 
3 2 8 2 . 7 

PS 
E*03 

. 0 
1500 .0 
3500 ,0 

, 0 
. 0 
, 0 
, 0 
, 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
, 0 
, 0 
, 0 
, 0 
. 0 
. 0 
, 0 
, 0 
. 0 
. 0 
. 0 

.c 

. 0 

. 0 

. 0 

.0 

PRS 
E*00 

0 . 
0 . 
0 . 
0 , 
0 , 
0 . 
0 . 
0 . 
0 . 
ü. 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 , 
0 , 
0 , 
0 , 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 , 
0 , 
0 . 
0 , 
0 . 
0 , 
0 . 
0 , 
0 , 
0 , 
0 , 
0 . 
0 . 
0 , 
0 , 
0 . 
0 , 
0 , 
0 , 
0 , 

S I 
E*00 

64 .000 
6 2 . 0 0 0 
60 .000 
58 .000 
56 .000 
54 .000 
52 .000 
50 .000 
48 .000 
46 .000 
4 4 . 0 0 0 
42 .000 
40 .000 
Ja. 000 
36 .000 
34 .000 
33 .000 
30.00C 
28 .000 
26 .000 
24 .000 
22 .000 
20 .000 
18.000 
16 .000 
14.000 
12 .000 
10 .000 

8 .000 
6 .000 
4 .000 
2 .000 

64 .000 
62 .000 
6 0 . 0 0 0 
58 ,000 
56 ,000 
54 ,000 
52 .000 
50 .000 
48 .000 
46 .000 
44 .000 
42 .000 
40 .000 
38 .000 
36 .000 
34 .000 
32 .000 

S2 
E+00 
.000 

79 .250 
77 .250 
75 .250 
73 .250 
71 .250 
6 9 . 2 5 0 
67 .250 
65 .250 
63 .250 
6 1 . 2 5 0 
59 .250 
57 .250 
55 .250 
53 .250 
51 .250 
49 .250 
47 .250 
45 .250 
4 3 . 2 5 0 
41 .250 
39 .250 
3 7 . 2 5 0 
35 .250 
33 .250 
31 .250 
29 .250 
27 .250 
25 .250 
23 .250 
21 .250 
19.250 
17 .250 
15 .250 
13 .250 
11.250 

9 ,250 
7 ,250 
5 ,250 
3 .250 
1,250 

79 ,250 
77 ,250 
75 ,250 
73 .250 
71 ,250 
69 ,250 
6 7 , 2 5 0 
65 .250 

S3 
E+00 
.000 
. 0 0 0 

38 .250 
36 .250 
34 .250 
32 .250 
30 ,250 
28 ,250 
26 .250 
24 .250 
22 .250 
20.250 
18 .250 
16.250 
14.250 
12.750 
10 .250 

8 ,250 
6.25U 
4 . 2 5 0 
2 .250 

40 .250 
38 .250 
36 .250 
34 .250 
32 .250 
30 .250 
28 .250 
26 .250 
24 .250 
22 .250 
20 .250 
18 .250 
16.250 
14 ,250 
12 ,250 
10 ,250 

8 ,250 
6 .250 
4 .250 
2 .250 

40 .250 
38 .250 
36 .250 
34 .250 
32 .250 
30 .250 
28 .250 
26.250 

S4 
E»00 
.000 
. 0 0 0 

63 .250 
61 .250 
59 .250 
57 .250 
55 .250 
53.250 
51.250 
49 .250 
47 .250 
45 .250 
43 .250 
41 .250 
39 .250 
37 .250 
35 .250 
33 .250 
31,250 
29 ,250 
27 ,250 
25 ,250 
23 ,250 
21 ,250 
19 .250 
17.250 
15 .250 
13 .250 
11 .250 
9 .250 
7 .250 
5 .250 
3 .250 
1.250 

63 .250 
61 .250 
59 .250 
57 .250 
55.250 
53 .250 
51 .250 
49 ,250 
47 ,250 
45 .250 
43 .250 
41 .250 
39 .250 
37 .250 
35 .250 

S5 
E too 
.000 
.000 
.000 

78 .250 
76.250 
74 .250 
72 .250 
70.250 
68 .250 
66 .250 
64 .250 
62 .250 
60 .250 
58 .250 
56.250 
54 .250 
52 .750 
50 .250 
48 .250 
46 .250 
44 .250 
42 .250 
40 .250 
38 .250 
36 .250 
34 .250 
32 .250 
30 .250 
28 ,250 
26 ,250 
24 .250 
22 .250 
20 .250 
18 .250 
16 .250 
14 ,250 
12 ,250 
10 ,250 

8 ,250 
6 , 2 5 0 
4 , 2 5 0 
2 , 2 5 0 

80 ,250 
78 ,250 
76 .250 
74 .250 
72 .750 
70 .250 
58 .250 

S6 
E*00 
.000 
. 000 
.000 

39 .250 
37 .250 
35 .250 
33 .250 
31 .250 
29 .250 
27 .250 
25 .250 
23 .250 
21 .250 
1 t .250 
17.250 
15 .250 
13 ,250 
11,250 

9 ,250 
7 ,250 
5,250 
3 ,250 
1,250 

39 .250 
37 ,250 
35 ,250 
33 ,250 
31 ,250 
29 ,250 
27 ,250 
25 .250 
23 .250 
21 .250 
19.250 
17 .250 
15.250 
13.250 
11 .250 

9 .250 
7 .250 
5 .250 
3 .250 
1.250 

39 .250 
37 ,250 
35 ,250 
33 ,250 
31 ,250 
29 .250 

TBV 
E+06 

2 .500 
5 .889 
9 .629 

14.205 
13.724 
13.243 
12.761 
12.280 
11.799 
U . 3 1 8 
10.836 
10.355 

9 ,874 
9 ,393 
3 ,911 
8 ,430 
7,949 
7.468 
6 .986 
6 ,505 
6 .024 
7,043 
6 , 5 6 1 
7 ,580 
7 ,099 
6 .618 
6 ,136 
5 ,655 
5 ,174 
4 ,693 
4 . 2 1 1 
3 .730 
5.749 
5.268 
7 .286 
6 .805 
6 .324 
5 ,843 
5 .361 
4 . 8 8 0 
4 .399 
8 .918 

11 .936 
12.955 
12.474 
11.993 
11 .511 
11.030 
10.549 

S 
E»06 

. 0 0 
- . 4 7 

- 1 , 1 2 
- 1 , 6 4 
- 1 , 6 5 
- 1 , 3 3 

- , 9 6 
- , 5 4 
- , 0 7 

. 4 7 
1,07 
1,73 
2 .47 
3 . 2 7 
4 . 1 6 
5 .14 
6 . 2 0 
7 .36 
8 . 6 1 
9 . 9 8 

11.46 
13 .04 
14 .67 
16.37 
18 .18 
20.12 
22 .22 
2 4 . 4 8 
2 6 . 9 0 
29 .51 
32.30 
35 .30 
38 .45 
4 1 . 7 3 
45 .13 
49 .72 
52 .57 
56.68 
61 .08 
6 5 . 7 8 
70 .80 
75.97 
81 .31 
86.78 
92 .60 
98 .80 

105 ,41 
112 .46 
119 .97 
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MCDEL 9 - CaSH FIXW flXlEL OF 6 SHIPS OF DIFFERENT AGE, FINRNCED BY I£IANS 

The c»usal-loop diagram of the model can be found in paragraph 1.2. 

The dynamo-flow diagram is presented on the follcwing page. 

. parameter values 

The loan on eacii ship is made a level. The fleet ejqpansion decision gives the levels a value equal 

to the purtdmse price of the ship multiplied by the loan percentage. The loan percentage is 75 perczent 

of the purc±iase price. The loan is repaid over 32 quarters. It is assumed that the repayments take 

plac:e cxintinuously, e.g. every quarter 1/32 is repaid. 

The sum of all the loan repayments LR decreases the vrorking capital. Likewise, the loan interest 

paymants, vAiich is the product of the sum of all ship loans and the loan interest rate. The latter 

is 2 percent per quarter. 

The other assunptions are identical with the ones of mcxiel 8. 

. docjuraentor listing of the relevant equations 

W C . K = W C . J + D T * ( W C n . J K + W t T . J K - { S P P . J K / P T ) - ( P R S . J K / D T ) 
- L R . J K - L I P . J K ) 

W C = - ( l - L P P S ) * P P S I 
WC - W O R K I N G C A P I T A L S 
WCG - WORKING CAPITAL GROWTH //QUAR-'ER 
WCI - WORKING CAPITAL INTEREST //QUARTER 
SDP - SMTP nCWN PAYMENT S 
PRS - PIIPCHASF R«^PLACCMENT SHIPS ƒ 
LR - LOAN REPAYMENT //QUARTER 
L I P - LOAN IN'^PSFST PAYMENT //QUARTER 
LPPS - LOAN PPPCFNTAGE PEP SHIP DIM'LFSS 
PPSl - PURCHA^P PPICt SHIP 1 ƒ 

SDP.KL = S W I T C H ( n , ( P P < ; 2 - L S 2 I . J K ) , L S 2 I . J K ) + 5 W ! T C H ( 0 , 2 I f R 
( P P S 3 - L S 3 I . J K ) , L ' ; : ^ I . J K ) + S W I T C H ( 0 , ( PPS4-LS^T . JK> , 
L S ^ I . J K ) * SWITCH! 0 , (PP<^b-LS51 . JK) , L S 5 I . J K ) * 
S W I T C H ! 0 . ( P P S 6 - L S 6 I . J K ) , L S 6 l . J K ) 

SDP - SHIP DOWN PAYMENT ƒ 
PPS2 - PIIPCHASF PPICt SHIP 2 / 
LS2 I - LOAN SHIP ? INCREASE ƒ 
PPS3 - PURCHA<;F PPICF SHIP 3 ƒ 
L S 3 I - LOAN SHIP 3 INCREASE S 
PPS^ - PURCHASE PPICt SHIP h S 
L%M - LOAN SHIP 4 INCREASE ƒ 
PPS5 - PUPrHA«;E PRICE SHIP 5 ƒ 
LS5I - LOAN SHIP 5 INCREASE ƒ 
PPS6 - PURrHA«;F PPICC SHIP 6 f 
LS6I - LOAN SHIP 6 It,CREASE ƒ 

PRS.KL = SWITCH«PP<J1,0, l ' ï l . K - l ) ) t S W I T C H t P P S 2 , 0 , ( S 2 . K - 2 2 , R 
1 ) » * S W I T C H ( P P S 3 , 0 , ( S 3 . K - U ) •SWITCH! PP 5 4 , 0 , ( S 4 . K -
1) )+S WITCH «PPS";, 0 , 1 S 5 . K - 1 ) ) + S W I T C HIPP S 6 , 0 , ( S 6 . K -
1 ) ) 

PRS 
PPSl 
S I 
PPS2 
32 
PPS3 
S3 
PPS4 
S4 
PPS5 
S5 
PPS6 
S6 

_ 
-
-
-
-
-
-
-
-
-
-
-

PURCHASE Rt=PLACEMENT SHIPS 
PURCHASF PPICF SHIP I ƒ 
RPMMNING LIFETIMF SHIP 1 
PURCHASF PPICF SHIP 2 ƒ 
PCMMNTNG M F f T l M F SHIP 2 
PORCH/» SF PPICf SHIP 3 ƒ 
p r M M N I N G LIFETIME SHIP 3 
PURCHASE PPICt SHIP 4 ƒ 
P^MAINING LIFETIMF SHIP 4 
PURCHA<;«^ PPICt SHIP 5 ƒ 
RPMAIN'NG LIFETIME SHIP 5 
PURCHASF PPICF SHIP 6 ƒ 
REMAINING LIFETIME SHIP 6 

I 

QUARTERS 

QUARTERS 

QUARTERS 

QUARTERS 

QUARTERS 

QUART«^RS 
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LR.KL=LSIR.JK+LS2R.JK+LS3R.JK+LS4R.JK+LS5R.JK+ 

- LOAN REPAYMENT //QUARTER 
- LOAN SHIP 1 FFPAYMENT //QUARTER 
- LOAN SHIP 2 REPAYMENT //QUARTER 
- LOAN SHIP 3 REPAYMENT //QUARTER 
- LOAN SHIP 4 REPAYMENT //QUARTER 
- LOAN SHIP «; REPAYMENT //QUARTER 
- LOAN SHIP 6 REPAYMENT //QUARTER 

L IP .KL = LIR*L<;.K 
L I R = . 0 2 

LS6R.JK 

LR 
LSIR 
LS2R 
LS3R 
LS4R 
LS5R 
LS6R 

LIP - LOAN INTFPPST PAYMENT //QUARTER 
LIR - LOAN INTFRFST RATE «/QUARTER 
LS - LOAN ON SHIPS / 

LS.K=LSl.KfLS3.K+LS3.K+LS4.K*LS5.K+LS6.K 
LS - LOAN ON SHIPS / 
LSI - LOAN SHIP 1 ƒ 
LS2 - LOAN SHIP 2 ƒ 
LS3 - LOAN SHIP 3 ƒ 
LS4 - LOAN SHIP 4 ƒ 
LS5 - LOAN SHIP 5 / 

LS6 - LOAN SHIP 6 / 

L S l . K = L S l . J t n T * ( ( L S I T . J K / D T ) - L S l R . J K » 
LS1=LPPS*PPSI 
LPPS=.75 

LOAN SHIP 1 / 
LOAN SHTP 1 INCREASE ƒ 
LOAN SHTP 1 REPAYMENT //QUARTFR 
LOAN PCPCFNTAGE PER SHIP DIM'LESS 
PURCHASF PRICE SHIP 1 / 

LOAN SHIP ' INCRFASF / 

L S I R . K L = L P P S * P P S 1 * C L T P ( ( S W I T C H ( 0 , ( 1 / R P ) , L S I . K ) ) , 0 , 
L S 1 . K , . 2 ) 

LSIR - LOAN SHIP 1 REPAYMENT //QUARTER 
LPPS - LOAN PERCENTAGE PER SHIP OIM'LESS 
PPSl - PURCHASE PRICE SHIP I / 
LS I - LOAN SHIP 1 ƒ 

LSI 
LSII 
LSIR 
LPPS 
PPSl 

SII.KL=0 
LSII 

L S 2 . K = L S 2 . J < - n T * ( ( L S " ' I . J K / D T ) - L S 2 P . J K ) 
LS2=0 

LS2 - LOAN SHIP ? ƒ 
LS?I - LOAN SHIP 2 INCREASE ƒ 
LS2R - LOAN SHIP 2 FCPAYMENT //QUARTER 

LS2I.KL=SWITCH< ( C L I P ( { F « = D . K * L P P S * P P S 2 ) , 0 , LS 1 . K , 11 ) 

, 0 , L S 2 . K ) 
LS2 I - LOAN SHIP ? INCREASE / 
FED - FLEi^T PXPSNSIÜN DECISION 
LPPS - LOAN PERCENTAGE PEP SHIP DIM'LESS 
PPS2 - PUPCHASF PPICF SHIP ? / 
LS I - LOAN SHTP I ƒ 
LS2 - LOAN SHIP 2 ƒ 

L S 2 R . K L = L P P S * P P S 2 * C L I P ( ( S W I T C H ( 0 , ( 1 / R P ) , L S 2 . K ) ) , 0 , 
L S 2 . K , . 2 > 

LS2R - LOAN SHIP 2 REPAYMENT //QUARTER 
LPPS - LOAN PFPC^NTACE PER SHIP DIM'LESS 
PPS2 - PURCHASF PPICC SHIP 2 / 
LS2 - LOAN SHIP 2 ƒ 

e t c . , e t c . 



\ <? 
-66-

\ 
\ 

\ 
^ ^ 

S K 

y 
/ 

I / 

/viüi' 

_ _ 4 — ^ 

• / 

•Sal. 
S S 5 

en 

^^-O 

^^-o 

\ 
\ 

\ 

•y u 
\ 

\ 
\ 

\ 

^ — ^ _ _ _ _ - ^ _ ^ . _ _ _ _ 

.e — 

' /t>ti /Q 
/ 
/ 

/ 
^ — / 
I / 

/ 

// 

/ 

\ \ 
\ 

\ 

i^ / 

\ 
— -o o^-r<^ övX O' --xv 

a 
I 

I I 
I 

I 
I / 

1 \ 

/ 

\y 

\ \ 

\ \ 

i ^ ^ V 

\ 

• l ^ v 

/ 
/ / 

/ 
/ 

<c 
\ \ 

/ 
/ / 

/ / 
/ / 

\ 
\ \ 
\ \ 

a 
\ / 

/ 

\ \ 
\ 

\ 
\ 

V 
/V_! / 

a 

^ \ 

/v 

ö ^ tj \ ö r ^ \öi"tJ^x ö^ 1>^ ö> iP ui 

/ / 

// 

•^ 
\ N 

a < ^ 

a 

/ 

// 

\ 

\ 
I 

I Q) 04 p o -

r̂  1̂  \ . 

^'a T—w 
-4 »-

.? 

/ 



• MOnPl 9 - 6 S H I P S F I N * N C E P BV LOANS 
NOT": NIJMBfR CF SHIPS I N FLEFT 
L N S . K - N S . J - l - O T » N S G . J K 
N MS=1 
R N S G . K L ' F E D . K / D T 
« F F D . K » C L I P ( 0 , P U L S E ( l , l , l l t T I M E , K , 6 l 
NOTC NPTT I N C Ü M E / S H I P / O U A R T E R 
A ' : T . K = L r * L F t . K 

A L F F . K = T « B L E l L F F T , T I M F . K , 0 t 9 6 t 8 ) 
T L F r T = . « / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . a / . 8 / . 8 / . 8 / . 8 / . 8 
A T T . K = L C * L F I . K 
A l . F I . K - f ' B L E l L F I T , T ! M F . K , 0 f 9 6 , , 8 ) 
•̂  l . F I T = . 4 / . 8 / . 8 / . 8 / . 8 / . 8 / . B / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
A r ,RE.K = i=T.K«FRE 
C P R F ' 2 5 
A G R T . K ' l T . K t F R I 
C F R t ' S S 
A r . P . K = G ' J F . K « G R I . K 
A • C . K = G P . K » A C S 
C « C " : = . 0 5 5 
A " : c . K = ( ' ^ ' ' . K + I T . K l * S C T 

A r . c . K = ( ' = T . K t I T . K ) * C C T 
C T T ^ . * 
A SCC.K = ( > = T . K * I T . K ) » S C C T 
C " ^ C C ' l 

C PC^'.SOOO 
A V F . K ' » r . K t S C . K < - C C . K t S C C . K * B « - P C 
A N I S . K ' ( ( ( G f . K - V E . K ) * n r > ) / R T ) - O C 
C n D = 8 7 . 6 

c r i c = n o o o o 
NOTc T n - ' H NFTT INCOME OF S H I P P I N G OPERATIONS 
A ' • N I . K = N I S . K « N S . K - A M C 
C A«ir .=9«000 
NOTP WORKING C A P I T A L 
L W r . K = W C . J t t T * ( W C G . J K * M C I . J K - ( S n P . J K / D T I - ( P R S . J K / D T ) - L R . J K - L I P , 

M r = - ( l - l P P S ) * P P S l 
W C G . K L = r L I P ( T N I . K , O t T I M F . K , P T l 
W C ' . K L = r L l P ( l H C . K » I P ) , 0 , T I M F . K , O T ) 
T R = . P 3 
' n P . K L = S W I T C H < C , ( P P S 2 - L S 2 I . J K » , L S 2 I . J K ) » 
S W I T C H t O . I P P S 3 - L S 3 I . J K I , L S 3 I . J K I * S W I T C H ( 0 , ( P P S * - L S 4 I . J K ) , L S 4 1 . 
« ; w l T . H ( r ' , ( P P S 5 - L S 5 I . J K ) , L S 5 I . J K K S W I T C H ( 0 , ( P P S 6 - L S 6 I . J K I 1 L S 6 I . 
P R S . K L = ? V i I T C H ( P P S 1 . 0 , ( S I . K - 1 I ) • • S H I T C H ( P P S 2 , O, ( S 2 . K - 1 ) U 
• ; M I - ' C H ( P P S 3 , 0 , I S 3 . K - l ) ) + S W I T C H I P P S * t O . ( S 4 . K - l ) l * 
5 W I T C H ( P P S 5 . 0 , ( S 5 . K - l t ) t ? m T C H ( P P S 6 f O , I S 6 . K - l l l 
L R . K L = L ' 1 R . J K * I S 2 R . J K * L S 3 R . J K t L S ' i R . J K + L S S R . J K H S ó R . J K 
l I P . K L = I I R ' L S . K 
L T R = . 0 2 
D p < ; l = 7 , 5 E 6 
o P S 2 = 3 . 5 E 6 
P P 5 3 ' 1 . 5 E 6 
P P S « = ? . ' 5 E 6 
n P S 5 = 1 . ? E 6 
" P S 6 = 1 . 5 E 6 

N 
o 
R 
C 
R 
X 
X 
R 
X 
X 
R 
R 
C 
C 
C 
C 
C 
c 
c 

NtlTF l,nAN SECTOR 
A L S . K = L 5 1 . K + L S 2 . K t L S 3 . K t L S 4 . K t L S 5 . K < - L S 6 . 
L L S 1 . K = L S 1 . J * 0 T * ( ( L S I I . J K / P T I - L S I R . J K I 
N L S l = L n P < : « P P S l 
C I.PPS».?"; 
R I . S 1 T . K I = 0 
R L S 1 R . K L = L P P S * P P S 1 « C L I P ( ( S W I T C H ! O , l l / R P I 
L L S 2 . K - = l < ; 2 . J t O T * l ( L S 2 I . J K / D T ) - L S 2 R . J K l 
N L S ; ' = 0 
R I S 2 T . K I = S H I T C H ( ( C L I P ( ( F E D . K « L P P S » P P S 2 ) . 
R I S 2 P . K L - L P P 5 * P P S 2 » C L I P ( ( S W I T C H ! O , ( 1 / R P I 
L L S 3 . K = L 5 : 3 . J t O T » ( ( L S 3 I . J K / P T ) - L S 3 R . J K ) 
N L 5 3 - n 
R L S 3 I . K L = s m T C H ( ( C L I P ! ( F F D . K * L P P S » P P S 3 I , 
R L S 3 R . K L = L P P S * P P S 3 » C L I P ( ( 5 W I T C H ( 0 , ( 1 / R P l 
L L S 4 . K ' = L < : / , . J + D T * ( ( L S ' H . J K / P T ) _ i . S 4 R . J K I 
N L S 4 = 0 
•> L S 4 T . K L = S W I T C H ( ( C L I P ( ( F E P . K * L P P S « P P S 4 ) , 
F L S 4 R . K L = L P P S * P P S 4 * C L I P ( ( S W I T C H I O . ( 1 / R P I 
L L S 5 . K . l S 5 . J * D T * ( I L S 5 ! . J K / n T ) - L S 5 R . J K I 
N L S 5 = 0 
R L S " i T . K l = S W I T C H ( ( C L I P ( (FED . K » L P P S » P P S 5 ) , 
P L S 5 P . K l = L P P S * P F S 5 « C L I P ( ( S W I ' ' C H ( 0 , ( 1 / R P ) 
L L S 6 . K = L " : 6 . J t D T * ( (L S 6 ! . J K / D T I - L S 6 R . JK) 
N LSft=0 
B L S 6 ' . K l = S W I T C H ( ( C L I P I ( F E D . K * L P P S * P P S 6 I . 
o l S 6 » . K L = L P P S » P P S 6 » C L I P ( ( S W I T C H ( O , ( 1 / R P I 
C <'.P=32 
NOTP «GPTNG MECHANISM OF S H I P S 
L S I . K = S ! . J * t T * ( ( P 1 . J K / D T 1 - A R 1 . J K I 
N S l - L ^ S l 
C L T S 1 = 6 4 
R R J . K L ' ^ S H I T C H I L T S l . O . I S l . K - l I I 
R A R l . K L ' I 
L S 2 . K = S 2 . J * [ T * ( ( P 2 . J K / 0 T ) - A R 2 . J K I 
N S 2 = 0 
R R 2 . K L = S W I T C H ( ( C L I P I ( F E D . K » L T S 2 ) , 0 , S 1 . K , 
X S M l T H ( L T S 2 t 0 i ( S 2 . K - l ) ) 
C L T S 2 = 8 0 
R ^ R 2 . K l = ^ L I P ( l , 0 , S ^ . K , l ) 
L < ; 3 . K = S ? . J + D T * ( ( R 3 . J K / 0 T I - A R 3 . J K I 
N '•3=0 
R R 3 . K L = S H I T C H ( ( C L I P I ( F E P . K * L T S 3 I , 0 . S 2 . K , 
X S W I T H ( I T S 3 , 0 , ( S 3 . K - n ) 
C L T S 3 = 4 n 
R A R 3 . K L ' C L I P ( 1 , 0 , S 3 . K , 1 I 
L S * . K = S 4 . J » D T * ( ( R 4 . J K / D T | - A R ' > . J K 1 
N S * = 0 
R R 4 . K L = S H I T C H ( I C L I P I ( F E D . K * L T S 4 ) , 0 , S 3 . K , 
X S H I T r H ( L T S 4 , 0 , ( S 4 . K - l l l 
C fS'i-b', 
R A R ' . . K L ' r L I P ( l , O . S * . K , l ) 

J K ) » 
JK) 

> L S l . K H i 0 f L S l . K i . 2 l 

O i L S l . K . l l l , 0 , L S 2 . K I 
. L S 2 . K t l i O . L S 2 . K , . 2 l 

0 . L S 2 . K , 1 ) l , 0 , L S 3 . K ) 
> L S 3 . K n t 0 i L S 3 . K , . 2 ) 

0 . L S 3 . K . 1 I ) . 0 , L S 4 . K I 
i L S 4 . K I ) . 0 . L S 4 . K . . 2 ) 

O f L S 4 . K , l l l , 0 , L S 5 . K I 
t L S 5 . K n . 0 , L S 5 . K i . 2 ) 

0 , L S 5 . K , 1 I ) , 0 . L S 6 . K I 
. L S 6 . K ) ) . 0 i L S 6 . K . . 2 J 

L S 5 . K = ^ 5 . J * P T * ( ( R 5 . J K / n T ) - A R 5 . J K I 

N S S = 0 
R P ' ; . K L = 5 W I T C H ( ( C L I P ( ( F 6 D . K * L T S 5 I , 0 , S 4 . K , 1 ) 1 , 0 , S 5 . K I + 
X S W ! T C H ( L T S 5 t O , ( S 5 . K - l ) ) 
C L T S 5 = a O 
R H R 5 . K L = r L I P ( l i O , S 5 . K , l ) 

S 6 . K = S 6 . J * r T » ( ( R 6 . J K / D T ) - A R 6 . J K l 
S A = 0 
R 6 . K L > S W I T C H ( ( C L I P ( ( F E P . K * L T S 6 ) , C , S 5 . K , 1 ) I . O . S ö . K l - » 
S W I T C H ( L T S 6 , 0 , ( S 6 . K - 1 I ) 
L T S 6 = A 0 
A R e . K L ' C L I P d . O . S b . K , 11 

HOTr p r C T S I O N C R I T E R I A 
NOTC - 1 - PTSCOUNTEP COSTS ANP B E N E F I T S 
L P C R . K = P r B . J « - O T * O C B R . J K 
N n C R » - P P 5 1 
R n C B n . K L » ( W C C . K / ( E X P ( T I M F . K * L O G N ( l * D R H I ) l 
A W C C . K « W r O . J K * W C I . J K - I S P P . J K / D T ) - ( P R S . J K / O T l - L R . J K - L I P . J K 
C " R l ' . O * 
NOTC - 2 - FOREIGN EXCHANGE BALANCF 
L F F B T . K = F E e T . J t D T * F E B . J K , 

F F B - ' = - ( l - L P P S I * P P S l 
F F B . K L ' C L I P I ( E E E A . K - F E F X . K I . O i T I M E . K . D T ) 
F F ' = « . K » ( N S . K » G R . K « I T C « 0 0 1 / P T 
I T C - . T 
F F F X . K = ( S D P . J K / P T ) * ( P R S . J K / P T H - L R . J K * L I P . J K » ( | N S . K * O O I / R T ) » 
( P C + B * . 7 » S C . K < - . 7 * C C . K + . 5 * A C . K < - S C C . K I » N S . K * . 9 « 0 C 

3 - SHADOW PRICED COSTS AND B E N E F I T S 

N 

A 
C 
A 
X 
NQTC 

I I l . 0 . S 2 . K | t 

1 I I > 0 . S 3 . K ) ^ 

l ) l , 0 t S ' > . K l 4 ^ 

L P C B ' . K ' ^ P C e S . J + D T ' D C B R S . J K 
N P C B S = - S P * ( 1 - L P P S I » P P S 1 - L P P S * P P S 1 
C S P = l . 3 
R n C B R S . K L - ' ( W C C S . K / ( E X P ( T I M F . K « L Q G N ( l * D R 2 l l 1 I 
C n P 2 - . 0 * 
A W C C ^ . K = W C t S . J K + W C I . J K - S P » l ( S D P . J K / D T I + ( P R S . J K / O T ) t L R . J K * L I P . J K l 
P W C G S . K L = C L I P ( T N I S . K . O , T I M E . K , D T I 
A T N i . ; . K = N I S S . K * N S . K - A M C 
A N I S S . K = I ( I S P » I G P . K » I T C - B - P C - . 5 » A C . K - . 7 « S C . K - . 7 » C C . K - S C C . K I * 
X ( 1 - I T C I * G F . K - . 5 » A C . K - . 3 » S C . K - . 3 « C C . K ) « 0 D ) / R T I - ( S P * . 9 » . 1 I » Q C 
NOTE - 4 - INCOME PLOUGHED BACK I N COUNTRY 
L I P B C . K » T P B C . J + D T » ( I P B C I . J K - I P 8 C D . J K / 0 T » 
N I P B C ' 0 
R I P B C I . K L = C L 1 P ( W C C . J K , 0 , W C . K , 0 I » A M C 
R T P B C P . K l = C L I P I ( S D P . d K t P R S . J K I , 0 , W C . K , O I 
SPEC L F N G T H = 9 6 / D T » : . 2 5 / P R T P E P = 2 / P L T P E R » 2 
P R I N T N S , M C , W C G , W C I , S P P , P R S , L R , L I P . L S 1 
P R I N T l S 2 . L S 3 . L S ' . , L S 5 f L S 6 . L S . F E B T , O C B , D C B S , IPBC 
PLOT NS/WC/WCG/WCI 
PLOT L S / L R / L I P 
PLOT P C B . r C B S / F E B T / I P B C 
RUN 
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MODEL 9 - 6 SHIPS FINANCED Br LOANS 

TIME NS MC WCG WCI SDP PRS LR LIP LSI LS2 LS3 LS4 LS5 LS6 
LS FEBT OCB DCBS IPBC 

EtOO 

. 0 

2 . 

4 . 

6 . 

B . 

1 0 . 

1 2 . 

1 4 . 

1 6 . 

1 8 . 

2 0 . 

2 2 . 

2 4 . 

2 6 . 

2 8 . 

3 0 . 

3 2 . 

3 4 . 

3 6 . 

3 8 . 

4 0 . 

4 2 . 

4 4 . 

4 6 . 

4 8 . 

5 0 . 

5 2 . 

5 4 . 

5 6 . 

5 8 . 

6 0 . 

6 2 . 

6 4 . 

6 6 . 

6 8 . 

F*00 
F»06 

l.OPOO 
1.875 

2 . 0 0 0 0 
4 . 3 2 1 

4 . 0 0 0 0 
6 .935 

6 .0000 
10 .046 

6 .0000 
9 .343 

6 .0000 
8 .640 

6 .0000 
7 .936 

6 .0000 
7 .233 

6 .0000 
6 .530 

6 .0000 
5 .827 

6 .0000 
5 .124 

6 .0000 
4 . 4 2 1 

6.nooo 
3 .718 

6 .0000 
3 .015 

6.000P 
2 . 3 1 1 

5 .0000 
1.608 

6 .0000 
.905 

6 .0000 
. 3 8 1 

6 .0000 
.064 

6 .0000 
.OOP 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

6 .0000 
.000 

E*06 
F*03 

- . 6 3 
- 6 2 5 . 0 

- 1 . 9 7 
- 1 8 0 6 . 9 

- 3 . 5 9 
- 3 4 3 1 . 9 

- 5 . 3 ? 
- 5 4 1 5 . 2 

- 5 . 3 ? 
- 5 9 2 5 . 3 

- 5 . OP 
- 6 2 0 3 . 7 

- 4 . 6 3 
- 6 4 5 4 . 0 

- 4 . 2 0 
- 6 6 7 6 . 1 

- 3 . 7 2 
- 6 8 7 0 . 2 

- 3 . 1 8 
- 7 0 3 6 . 1 

- ? . 5 8 
- 7 1 7 3 . 8 

- 1 . 9 ' 
- 7 2 8 3 . 5 

- 1 . 1 7 
- 7 3 6 5 . 0 

- . 3 6 
-741(1.4 

. 53 
- 7 4 4 3 . 7 

1 .51 
- 7 4 4 0 . 9 

2 .57 
- 7 4 0 9 . 9 

3 . 8 8 
- 7 2 4 4 . 1 

5 .50 
- 6 8 2 8 . 4 

7 .49 
- 6 1 6 3 . 0 

9 .7P 
- 5 3 7 3 . 4 

10.52 
-60R'>.a 

12 .91 
- 5 2 9 4 . ! 

13 .89 
- 6 004 .5 

16 .49 
- 5 2 1 4 . 8 

19 .25 
- 4 4 2 5 . 2 

22 .19 
- 3 6 3 5 . 6 

25 . 3C 
- 2 8 4 5 . 9 

2 8 . 6P 
-?056 . ' " 

3 2 . 1 ! 
- 1 2 6 6 . 6 

35 .84 
- 4 7 7 . 0 

39 .79 
312 .6 

4 1 . 4 3 
- 1 3 9 7 . 7 

45 .73 
- 6 0 8 . 1 

47 .68 
- 2 3 1 8 . 4 

E*03 
E*03 

. 0 0 
- 2 5 0 0 . 0 

- 3 6 . 9 7 
- 3 7 1 4 . 6 

191 .98 
- 5 1 6 2 . 4 

592 .85 
- 6 6 3 2 . 4 

850 .72 
- 6 6 8 9 . 2 

1)50.72 
- 6 4 6 9 . 5 

850 .72 
- 6 2 2 9 . 3 

850 .72 
- 5 9 7 6 . 0 

650 .72 
- 5 7 1 1 . 4 

850 .72 
- 5 4 3 6 . 7 

850 .72 
- 5 1 5 3 . 4 

850 .72 
- 4 8 6 2 . 5 

850 .72 
- 4 5 6 5 . 2 

850 .72 
- 4 2 6 2 . 6 

850 .72 
- 3 9 5 5 . 5 

850 .72 
- 2 6 4 4 . 7 

850 .72 
- 3 3 3 1 . 1 

850 .72 
- 2 9 8 6 . 0 

850.72 
- 2 5 8 1 . 6 

650 .72 
- 2 1 2 4 . 6 

650 .72 
- 1 6 4 7 . 6 

850 .72 
- 1 4 7 6 . 1 

650 .72 
- 1 0 3 3 . 9 

850 .72 
- 8 7 1 . 4 

850 .72 
- 4 6 0 . 6 

E50.72 
- 5 7 . 4 

850 .72 
338 .4 

850 .72 
726 .8 

850 .72 
1108 .0 

850 .72 
1482 .2 

850 .72 
1849 .4 

850 .72 
2 2 0 9 . 9 

850 .72 
2 3 5 1 . 4 

850 .72 
2686 .4 

850 .72 
2824 .2 

E»03 
E*03 

. 0 
- 2 6 8 7 . 5 

- 5 9 . 0 
- 4 2 4 0 . 8 

- 1 0 7 . 7 
-612 5.4 

- 1 5 9 . 7 
- 8 0 9 9 . 2 

- 1 5 9 . 8 
- 8 2 8 3 . 9 

- 1 5 0 . 0 
- 8 1 2 4 . 4 

- 1 3 8 . 8 
- 7 9 3 3 . 3 

- 1 2 6 . 0 
- 7 7 2 0 . 3 

- 1 1 1 . 6 
- 7 4 8 8 . 2 

- 9 5 . 4 
- 7 2 3 9 . 2 

- 7 7 . 3 
- 6 9 7 5 . 6 

- 5 7.2 
- 6 6 9 9 . 3 

- 3 5 . 1 
- 6 4 1 2 . 0 

- 1 0 . 7 
- 6 1 1 5 . 5 

16 .0 
- 5 8 1 1 . 0 

4 5 . 3 
- 5 5 0 0 . 0 

77 .2 
- 5 1 8 3 . 7 

116 .3 
- 4 8 2 4 . 9 

165 .1 
- 4 3 8 8 . 9 

2 2 4 . 7 
- 3 8 8 5 . 0 

2 9 0 . 9 
- 3 3 5 6 . 4 

315 .6 
- 3 2 2 5 . 6 

387.4 
- 2 7 3 9 . 3 

4 1 6 . 6 
- 2 6 1 4 . 6 

4 9 4 . 7 
- 2 1 6 6 . 1 

577 .6 
- 1 7 2 8 , 1 

665 .6 
- 1 3 0 0 . 1 

7 5 9 . 0 
- 8 8 1 . 9 

8 5 8 . 1 
- 4 7 3 . 1 

96 3.4 
- 7 3 . 5 

1075 .1 
317 .3 

1193 .8 
699 .5 

1243 .0 
798 .4 

1372 .0 
1152 .0 

1430.4 
1251 .7 

E «00 
E»06 

0 . 
.000 

0 . 
. 188 

0 . 
. 3 7 6 

0 . 
.564 

0 . 
.752 

0 . 
.940 

0 . 
1.128 

0 . 
t . 3 1 6 

0 . 
1.504 

0 . 
1.692 

0 . 
1.880 

0 . 
2 .068 

0 . 
2 .256 

0 . 
2 .444 

0 . 
3.483 

0 . 
5.372 

0 . 
7.262 

0 . 
9 . 151 

0 . 
11.040 

0 . 
12 .930 

0 . 
14 .819 

0 . 
15 .209 

0 . 
17 .098 

0 . 
17 .488 

0 . 
19.377 

0 . 
21 .266 

0 . 
23 .156 

0 . 
25.045 

0 . 
26.935 

0 . 
28 .824 

0 . 
30 .713 

0 . 
32 .603 

0 . 
31 .992 

0 . 
33 .882 

0 . 
•«3.271 

E*00 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

P . 

P . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

E*03 

58 .59 

140 .63 

234 .38 

351 .56 

351 .56 

351 .56 

351.56 

351 .56 

351.56 

351 .56 

351 .56 

351 .56 

351 .56 

351 .56 

351 .56 

351 .56 

351 .56 

210 .94 

117 .19 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

E»03 

37 .50 

86 .43 

138 .69 

200 .92 

186.85 

172 .79 

158.73 

144.67 

130.60 

116 .54 

102 .43 

86 .42 

74.35 

6 0 . 2 9 

4 6 . 2 3 

32 .17 

18.10 

7.62 

1 .29 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

E»03 

1875.0 

1757.8 

1640 .6 

1523.4 

1406.2 

1289.0 

1171.8 

1054.7 

937 .5 

820 .3 

703 .1 

585 .9 

468 .7 

351 .5 

234 .3 

117.2 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

E»03 

. 0 

2563.5 

2399 .4 

2235 .3 

2071 .3 

1907.2 

1743.2 

1579 .1 

1415.0 

1251 .0 

1086.9 

9 2 2 . 8 

758 .8 

594 .7 

430 .6 

266 .6 

102.5 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

E*03 

. 0 

. 0 

1063.5 

993 .2 

922 .8 

852.S 

782 .2 

711 .9 

6 4 1 . 6 

571 .3 

501 .0 

4 3 0 . 7 

360 .3 

290 .0 

219 .7 

149.4 

7 9 . 1 

8 . 8 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

€•03 

1831 

1713 

1596 

1479 

1362 

1245 

1127 

1010 

8 9 3 

7 7 6 

6 5 9 

5 4 2 

4 2 4 

3 0 7 

1 9 0 

7 3 

, 0 

. 0 

. 0 

. 8 

. 6 

. 4 

. 2 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

F»03 

. 0 

. 0 

. 0 

2481 .4 

2317.4 

2153 .3 

1989.3 

1825.2 

1661 .1 

1497 .1 

1333 .0 

1168 .9 

1004 .9 

84 0 .8 

676 .7 

5 ' 2 . 7 

348 .6 

184.6 

20 .5 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

E*03 

. 0 

. 0 

. 0 

1098.6 

1028.3 

958 .0 

887.7 

817.4 

747 .1 

676 .8 

606 .4 

536 .1 

465 .8 

395.5 

325.2 

254.9 

184.6 

114.3 

43 .9 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 
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TIME 

MOPEL 9 - 6 SHIPS FINANCED BY LOANS 

NS 
LS 

WC WCG 
FFRT DCB 

MCI 
DCBS 

SDP 
IPBC 

LSI LS2 

7 0 . 

7 2 . 

7 4 . 

7 6 . 

7 8 . 

8 0 . 

8 2 . 

8 4 . 

8 6 . 

8 6 . 

9 0 . 

9 2 . 

9 4 . 

9 6 . 

6."POO 
.000 

6 .0000 
.000 

6 .3000 
.000 

6 .0000 
.000 

5.0O00 
.OOP 

6.0PPP 
.000 

5 .0000 
.000 

6 .0000 
.000 

5 .0000 
.000 

5.3OO0 
.000 

5 .0000 
.OOP 

6.POOP 
.OPP 

6.00PO 
.000 

5 .0000 
.POP 

52 .36 
-15-?S.8 

57 .34 
- 7 3 9 . 2 

62 .6? 
5 0 . 5 

68 .27 
94P.1 

74 .17 
167 9 .8 

80.48 
2419.4 

82 .01 
- 1 7 9 1 . 0 

85 .25 
- 4 5 0 ' .•> 

90 .6S 
- 5 2 1 1 . 7 

9 8 . 0 ' 
- 4 4 2 2 . 1 

' 05 . 80 
- 3 6 3 2 . 4 

114.05 
- 2 8 4 2 . 8 

122 .83 
- 2 0 5 3 . 1 

132.15 
- 1 2 5 3 . 5 

850 .72 
3136 .2 

850.72 
3442 .4 

850 .72 
3742 .9 

850 .72 
4037 .9 

850 .72 
4327 .4 

860 .72 
4611 .6 

850 .72 
4574 .3 

850 .72 
4802 .5 

850 .72 
4994 .8 

850 .72 
5235 .9 

650.72 
5472 .5 

850 .72 
5704 .7 

650 .72 
5932 .7 

850 .72 
6156 .4 

1570 .9 
1579 .6 

172 0 .1 
1900.5 

1878.5 
2214 .7 

2046.6 
2 52 2.3 

222 5.1 
2823.4 

2414 .5 
3118 .3 

2460 .2 
3127 .9 

2557 .5 
3225.5 

2720.4 
3409 .9 

2940 .4 
3558 .9 

3173 .9 
3902 .8 

3421 .8 
4141 .7 

3 6 8 5 . 0 
4 3 7 5 . 9 

3954.4 
4505 .4 

0 . 
35 .160 

0 . 
37 .050 

0 . • 
38 .939 

0 . 
40 .829 

0 . 
42 .718 

0 . 
44 .608 

0 . 
41 .497 

0 . 
39.886 

0 . 
40 .276 

0 . 
42 .165 

0 . 
44.055 

0 . 
45.944 

0 . 
47 .833 

0 . 
49 .723 

0 . 

0 . 

0 . 

0 . 

0 . 

p . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 
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MODEL 10 - CASH FD3W lyODEL OF 6 SHIPS WITH CHANGING OPERATING COSTS 

The causal-loop diagram of the model can be found in paragraph 1.2, 

Ihe dynamo-flow diagram of the changing operating costs section is present^ on the following page. 

. parameter values 

The ships have an average lifetime of 100 quarters. Ihe operating costs are constant for ships 

younger than 60 quarters, but they increase with 10 percent for ships older than 60 quarters. 

In the model, the mechanism works as follows: viien the remaining lifetime of the ship is bigger 

than 41 quarters, the operating costs are equal to the standard operating cost (£110,000/quarter); 

as scxsn as the remaining lifetime is less than 41 quarters, the operating costs are 1.1 x the 

standard operating cost. 

As a consequence of the changing operating costs, the nett income of each ship has to be calculated 

separately. 

The other assunptions are identical with the ones of mcxiel 8. 

. dcx:njmentor listing of the relevant equations 

N I S 1 . K = ( I ( 3 R . K - V f . K ) * 0 n ) / R T J - 0 C S 1 . K 
N I S I - NETT INCOMP S U P I //QUARTER 
GR - GROSS Rt^V^NUE/SHIP/ROUNDTRlP / 
VE - VOYAGE FXP'-NDITURES/SHIP / 
OD - O P E R A T I N G HAYS OF S H I P D A Y S / Q U A P T E R 
RT - R O O N O T P I P T IME CAYS 
OCSl - O P E R A T I N G CUST S H I P 1 / / Q U A R T E R 

N I S 2 . K = ( ( ( J R . K - V P . K ) * 0 D ) / R T ) - 0 C S 2 . K 
NIS2 - NFTT INCOME SHIP 2 //OUARTE" 
GR - GROSS RFVENUE/SHIP/ROUNDTRIP / 
VE - VOYAGF FXOFNDITUPES/SHIP / 
OD - OPERATING PAYS OF SHIP PAYS/QUARTER 
PT - ROUNOTPIP TjnE DAYS 
0CS2 - OPERATING CüST SHIP 2 //QUARTE» 

etc., etc. 

0CS1.K=CLIPJS0C,'.1*S0C,S1.K,41) 
OCSl - OPERATTNG CCST SHIP 1 //QUARTER 
SOC - STANOARP OPERATING COST //QUARTER 
51 - REMAINING LIFETIME SHIP 1 QUARTERS 

Ü C S 2 . K = C L I P ( S 0 C , 1 . 1 * S 0 C , S 2 . K , 4 1 ) 
0CS2 - OPERATTNG COST SHIP 2 //QUARTER 
SOC - STANPA»0 OPERATING COST //QUARTER 
52 - RFMAINING LIFETIME SHIP 2 QUARTERS 

e t c . , e tc . 
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standard operating 

SI 

ranaining lifetime 
ship 1 

S2 

O 

roundtrip 
time 

RT 

CXI ^ a 
operating ^ 
days 

SOC 

/ 0CS2 \ _ 7 ras2 V 

^< 

SOC 

S6 () ^ l̂ 0CS6 A_ -yy' 
OD ' ^ 



* MOî » !̂. 1 0 - 6 SHIPS f CHANGING OPERATING COSTS 
NOTc NUMRFf. ( F SHIPS I N FLEET 
L N<:. K=^N«:.J-«-LT*NSG.JK 
N NS=1 
P N S G . K L = F t D . K / P T 
ft cFf>.K = r L I P ( 0 , PULSE ( 1 , 1 , I ) , T IM^ . K , 6 ) 
NOT«- Ni-TT INC0ME/SHIP/'3UARTFR 
A •^T.K=LC*LFC.K 
C L C = l A O r o 
A LFF.K=TAHLL (LFET,TIM"^.K. , 0 , 9 6 f 8) 
T I F F T = . « / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 3 
A T T . K = L C * L F I . K 
A I F T . K = T ; L L F ( L E I T , T I M F . K , 0 , 9 6 , 3 ) 

T L F T T = . 4 / . Ü / . 8 / . 8 / . 8 / . 8 / . 8 / . 0 / . 8 / . 8 / . 8 / . 8 / . 8 
4 nPF.K='=T_,^»FPp 
C FP,P=?5 
A GRT .K = TT.|<;*ppI 
C F P I = ^ 5 
A GP.K=Gi"^ .K + GRl .K 
A AC.K=GP.K*ACS 
C ACS=.0?'S 
A < : C . K = ( ' - T . K + I T . K ) * S C T 
C S C T = 6 . 2 ' ; 
A rr.^={'=^.K+lJ.K)*CC-r 
C CCT=.A 
A «:CC.K = f T . K + I T . K J * S C C T 
C SCCT=1 
t c(=5noco 
C OC=A5000 
A VE.K=f lC.K*£CC.K+CC.K+SC.K+B-i -PC 
* N T S l . K ^ K < L E . K - V F . K ) * 0 P ) / P T ) - O C S I . K 
A N I S 2 . K = ( ( (GF-.K-Vf . K ) * O P ) / R T ) - o r S 2 . K 
A N»S-?.K = ( ( { C F . K - v r . K ) * 0 P ) / P T ) - O C S 3 . K 
f N I ' ^ A . K = ( ( (( K . K - V r . K ) * 0 n ) / R T ) - 0 C S 4 . K 
A N!S'>.K=<( ( C P . K - V F . K ) * 0 " ) / P T » - 0 C S 5 . K 
A N T S 6 . K = ( ( I G P . K - V E . K ) * C P ) / R T ) - 0 C S 6 . K 
C n n = 8 7 . 5 
r p T = n f i 
A n C S l . K = r L i r ( S O C , l . l * S O C , S l . K , ^ l ) 
A 0CS2.K = C L i r < S ü C , l . 1*S0C ,<^2. K, 4 1 ) 
A n C « ^ : ^ . K = C L I F ( S ü C t l . l * S 0 C , < - 3 . K , 4 1 ) 
A n C S A . K = r L I F ( S ü C , l . l « S 0 C , S 4 . K , 4 l ) 
A OC«;.S.K^rLl( ( S C C , 1 . ? * S 0 C , < : 5 . K , 4 1 ) 
A n C S 6 . K = r L I P { S n C , l . l * S 0 C , r 6 . K , 4 l ) 
C «̂ OC = 1 1 0 0 0 0 
NOT"- TpT^ , , j , - y INCCME SHIPPING OPERATIONS 
A Tfvj, . K = N ' S l . K + ? W I T r H ( 0 , N T S 2 . K , S 2 . K ) + S W I T C H ( 0 , N I S 3 . K , S 3 . K ) - » -
X S W I T r H ( 0 , N I S 4 . K , S 4 . K ) + S W T T r H ( 0 , N I S 5 . K , S 5 . K ) + S W I T C H ( 0 , N I S 6 . K , S 
X "MC 
r AMC=04000 
NOT"̂  WOPK'KG CAPITAL 
L W C . K = W r . j + [ T * ( W C G . J K + W C I . J K - ( P S . J K / D T ) - P R S . J K / n T J 
N W C = - P f ^ l 
^ H C G . K L = r L i r ( T N I . K , 0 , T I M F . K , P T ) 
P. WCT.K l=CL I f ( ( WC.K* IP ) , C , T T M F . K , D T ) 
r . ' p = . o ' 

n PS.KL=SWITCH( ( C L I P ( < F E P . K * P P S 2 ) , 0 , S 1 . K , 1) ) , 0 , S 2 . K ) * • 
X '^WTTCH( ( C L I P ( ( F E D . K * P P S 3 ) , 0 i S 2 . K , I ) ) , 0 , S3 .K ) + 

P ( ( F E D . K * P P S 4 ) f O t S T . K . l ) ) , 0 , S 4 . K ) + 
P ( ( F E D . K * P P S 5 I , 0 , S 4 . K , 1 ) ) , 0 , S 5 . K ) * 
P ( { F E P . K * P P S 6 ) t O , S 5 . K , 1 ) ) , 0 , S 6 . K ) 
C H ( P P S 1 , 0 , ( S I . K - 1 ) ) + S W I T C t ! ( P P S 2 f O , { S 2 . K - I } ) • 
f O , ( S 3 . K - 1 1 ) + S W I T C M ( P P S 4 , 0 , ( S 4 . K - 1 I ) + 
, 0 , ( S 5 . K - J . ) H - S W 1 T C H ( P P S 6 , 0 , { S 6 . K - J 1) 

X 
X 
X 
p 
X 
X 
r 
c 
c 
c 
c 
c 

SWTTCHKCLI 
S W I T G H H C I I 
<;WTTCH( (CL I 
PRS.KL^'^WIT 
«;WTTCH(PPS3 
SWITCH(PPSb 
PPS1=2.5E6 
PPS2=3.5E6 
PPS1=^ ."iEo 
PPS4=2. '5E6 
PPS5=3.«;t 6 
PP<:6='' . ^ E ó 

NOTF AGEING M 
L 
N 
C 
P 
p. 

I 
N 
D 

X 
c 
R 
L 
H 
p 

X 
C 
p 

L 
N 
0 

X 
r 
p 

L 
N 
p 

X 
c 
R 
L 
N 
R 

X 
c 
p 

^ l . K = S l . J + C 
' ; i = LT«;i 
LTS 1 = 64 
P I .'<L=SWITC 
A P 1 . K L = 1 
S2 .K=< ;? .J + r 
<;? = o 
P 2 . K L = <-WITC 
^WTTrH(LTS2 
LTS2=30 
A P 2 . K L = r L I F 
«^•'.t<=«;^.j+c 
S3 = 0 
P3.KL=SWITC 
«;Wf Ti-MILTS? 
l.TS3=4'^ 
AR3.KL=CLIP 
<^4.K=«4.J + C 
«;4=n 
P 4 . K I =SW]TC 
SWTT(-H(iTS4 
L T ? 4 = 6 4 
A P 4 . K L = r L l P 
S 5 . K = ' ^ 5 . J * C 
S5=0 
P5.KL=SWITC 
<;wTTrH( iTS^ 
I.T«;s=30 
AR5.KL=CLIP 
' : 6 . K = ' ; 6 . J + f 
•^6=0 
P6.KL=SWITC 
SWITCH(LTS6 
LT'^6 = 40 
AP6 .KL=CLIP 

SPEC LFNGTH=9 
PRINT NS.WC.W 
po INT N I < : i » M 
PLOT N'^/VJC/WC 
RiJN 

FCHANISM OF SHIPS 
T * ( ( P 1 . J K / O T ) - A P ! . J K I 

H ( L T S J i 0 , ( s j . < - • • n 

T * ( ( P 2 . J K / D T ) - A R 2 . J K ) 

H ( ( C L I P ( < F E P . K * L T S 2 ) , 0 , S l . K , U ) , 0 , S 2 . K ) + 
, 0 , ( S 2 . K - i n 

( 1 , C , S 2 . K , 1 ) 
T * ( ( F 3 . J K / D T ) - A R 3 . J K ) 

H ( ( C L I P ( ( F E P . K * L T S 3 ) , 0 , S 2 . K , 1 ) 1 , 0 , S 3 . K I + 
, 0 , ( S 3 . K - J ) ) 

( 1 , 0 , S 3 . K , I ) 
T * ( ( P 4 . J K / D T ) - A R 4 . J K ) 

H ( ( C L I P ( ( F E P . K * L T S 4 I , 0 f S ? . K , 1 » ) , 0 , S 4 . K ) + 
, 0 , ( S 4 . K - 1 ) ) 

( 1 , 0 , S 4 . K , 1 ) 
T * ( ( F 5 . J K / D T ) - A P 5 . J K ) 

H ( ( C L I P I ( F E P . K * L T S 5 ) , 0 , S 4 . K , 1 ) I , 0 , S 5 . K ) + 
, 0 , ( S 5 . K - 1 ) ) 

( I , C , S 5 . K , 1 ) 
T * ( ( F 6 . J K / P T ) - A P 6 . J K ) 

H( ( C L I P ( (FEP .K*LTSA) t O , S 5 . K , l ) ) , 0 , S 6 . K H -
, 0 , ( S 6 . K - 1 ) ) 

( 1 , 0 , S 6 . K , 1 ) 
6 / P T = . 2 5/PRTppp=;>/PLTPER=2 
CG,WCI ,PS,PPS 
S 2 , N I S 3 , N T S 4 , N I S 5 , N I S 6 
G/WCI 

I 
-J 



MODEL 1 0 - 6 SHIPSI CHANGING OPFRATING COSTS 

TIME 
F*00 

. 0 
2 . 
4 . 
6 . 
8 . 

1 0 . 
1 2 . 
1 4 . 
1 6 . 
1 8 . 
2 0 . 
2 2 . 
2 4 . 
2 6 . 
2 8 . 
3 0 . 
3 2 . 
3 4 . 
3 6 . 
3 8 . 
4 0 . 
4 2 . 
4 4 . 
4 6 . 
4 8 . 
5 0 . 
5 2 . 
5 4 . 
5 6 . 
5 8 . 
6 0 . 
6 2 . 
6 4 . 
6 6 . 
6 8 . 
7 0 . 
7 2 . 
7 4 . 
7 6 . 
7 8 . 
8 0 . 
8 2 . 
8 4 . 
8 6 . 
8 8 . 
9 0 . 
9 2 . 
9 4 . 
9 6 . 

NS 
"itOP 

l .oooo 
2 .0000 
4 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
5.00P0 
6 .0000 
6 .0000 
6 .0000 
b.0000 
6.O0O0 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6.00O0 
6 .0000 
6.00O0 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
5 .0000 
6.00O0 
5 .0000 
5 .0000 
5 .0000 
5 .0000 
6 .0000 
5 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 
6 .0000 

WC 
•=•06 

- 7 . 5 0 0 
- 6 . 3 5 6 

- 1 0 . 7 6 9 
- 1 5 . 8 9 4 
- 1 5 . 4 7 2 
- 1 4 . 7 ? ? 
- 1 3 . 9 2 8 
- 1 3 . 0 8 5 
- 1 2 . 1 8 9 
- 1 1 . 2 3 8 
- 1 0 . 2 2 9 

- 9 . 158 
- 9 . 0 ' f l 
- 5 . 844 
- 5 . 6 0 3 
- 4 . 2 9 2 
-7 .9CO 
- 1 . 4 - ' ? 

. 147 
1.812 
3. 580 
3.918 
5.788 
5 .186 
8. 179 

10 .294 
12 .539 
14.923 
17.453 
70 .140 
' 7 . 9 9 ' 
26 .019 
26 .684 
79.96'> 
30.844 
34 .400 
38 .175 
42 .183 
46.4->B 
50 .955 
55 .750 
55 .674 
57.235 
60 .894 
66 .338 
7 2. 103 
78 .707 
84 .581 
91 .55^ 

HCG 
E*03 

. 0 0 
- 3 6 . 9 7 
180 .98 
570.85 
828 .72 
828 .72 
828 .72 
828 .72 
828 .72 
828 .72 
828 .72 
828 .72 
817 .72 
817 .72 
805 .72 
806 .72 
805 .72 
806 .72 
805 .72 
806 .72 
805 .72 
796.72 
784.72 
7B4.72 
784 .72 
784 .72 
784 .72 
784.72 
784 .72 
784.72 
784 .72 
784 .72 
795 .72 
795 .72 
805 .72 
806.72 
fc06.72 
805 .72 
806 .72 
605 .72 
806 .72 
(.17.72 
t Z 8 . 7 2 
128 .72 
817 .72 
817 .72 
806 .72 
005 .72 
806.72 

WCI 
F+03 

. 0 
- 1 9 0 . 7 
- 3 2 3 . 1 
- 4 7 5 . 8 
- 4 6 4 . 1 
- 4 4 1 . 7 
- 4 1 7 . 9 
- 3 9 2 . 5 
- 3 5 5 . 7 
- 3 3 7 . 2 
- 3 0 5 . 9 
- 2 7 4 . 7 
- 2 4 0 . 9 
- 2 0 5 . 3 
- 1 6 8 . 1 
- 1 2 8 . 8 

- 8 7 . 0 
- 4 2 . 7 

4 , 4 
5 4 . 4 

107.4 
117.5 
173.5 
135.6 
2 4 5 . 4 
308 .8 
376 .2 
44 7.7 
523.5 
60 4 .2 
689 .7 
780.5 
800.5 
89 8.9 
92 5.3 

1032 .0 
1145.3 
1265.5 
1393 .1 
1528.5 
1672.5 
1670.2 
1717 .1 
1826 .8 
1990 .1 
2163 .1 
2346 .2 
2 54 0.4 
2746 .6 

PS 
E+03 

. 0 
1500.0 
3500.0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 

PRS 
E*00 

0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 

NISl 
E+03 

-14 .46 
28.52 
71.50 

114.47 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
146.45 
145.45 
146.45 
146.45 
146.45 
145.45 
146.45 
146.45 
145.45 
146.45 
146.45 
146.45 
145.45 
146.45 
145.45 
146.45 
145.45 
145.45 
146.45 
145.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
146.45 
146.45 
146.45 
145.45 
145.45 

NIS2 
E»03 

-25 .46 
28.52 
71.50 

114.47 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
145.45 
145.45 
145.45 
145.45 
146.45 
146.45 
146.45 
146.45 
145.45 
146.45 
146.45 
146.45 
146.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 

NIS3 
E «03 

-25 .45 
17.52 
60.50 

103.47 
145.45 
145.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
145.45 
145.45 
145.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
145.45 
146.45 
145.45 
145.45 
146.45 
146.45 
146.45 
146.45 
145.45 
145.45 
146.45 
145.45 
146.45 
145.45 
145.45 
145.45 
146.45 
146.45 
145.45 
146.45 
145.45 
146.45 

NIS4 
E*03 

-25 .45 
17.52 
71.50 

114.47 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
145.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
145.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
145.45 
145.45 
146.45 
146.45 
145.45 
146.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
145.45 
145.45 
146.4 5 

NIS5 
E+03 

-25 .46 
17.52 
50.50 

114.47 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
146.45 
145.45 
145.45 
146.45 
146.45 
146.45 
146.45 
145.45 
145.45 
146.45 
146.45 
145.45 
145.45 
146.45 
145.45 
146.45 
146.45 
146.45 
146.45 
146.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 
157.45 

NIS6 
E+03 

-25 .46 
17.52 
60.50 

103.47 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
146.45 
145.45 
145.45 
146.45 
146.45 
145.45 
145.45 
146.45 
146.45 
146.45 
146.45 
146.45 
145.45 
145.45 
146.45 
146.45 
145.45 
145.45 
146.45 
145.45 
145.45 
146.45 
146.45 
146.45 
146.45 
145.45 
145.45 
146.45 
145.45 
145.45 
145.45 
146.45 
145.45 
146.45 
145.45 
146.45 
146.45 
146.45 
146.45 
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5 MCDEL 11 - CASH FLOW MCDEL OF 6 SHIPS OF CLASS X AND Y 

Ihe causal-loop diagram of the model can be found in paragraph 1.2. 

The dynamo-flow diagram of the nett inccme per ship of class x calculation* is presented on the 

follcwing page. 

. parameter values 

Ihe load capacity of ship x (14,000 tons) is identical to the ones used in all previous models. 

The class y ship has a smaller load capacity: 11,000 tons. Ihe flow diagram also represents the 

calcjulation structure of the nett incxme of ship y, by siiiply changing the letter x in y. 

The first, third and fifth ship vfcLch are purchased, are of class x. The second, fourth and sixth 

ship are of class y. 

. dcx:umentor listing of the relevant equations 

NS.K=NSX.K+NSY.K 
NS - NOMRFP OF 
NSX - NUMBFR or 
NSY - NOMnpR OF 

NSX.K '=NSX.J*nT*NCXR.JK 
NSX = 1 

NSX - NUMRFP OF SHIPS CLASS X 
NSXR - NUM'co QF SHIPS CLASS X RATE 

N S X R . K L = S W I T C H ( ( F F n . K / n T ) , c , ( N S X . K - N S Y . K ) ) 
NSi'R - NOMPî P OF « ;H IPS CLASS X RATE 
FED - FLFFT cxoANSIUN DECISION 
NSX - NUMOFR OP «HIPS CLASS X 
NSy - NiJMRFR OF SHIPS CLASS Y 

NSY.K=NSY.J*n^«N«^yR.JK 
NSY = 0 

NSY - NUMRFP OF SHIPS CLASS Y 
NSYR - NUMRfP OF «^HIPS CLASS Y RATF 

NSYR.Kl = S H I T C H ( n , ( F F r . K / P T ) , I N S X . K - N ? Y . K ) ) 
NSYR - NOMREP OF «hlHS CLASS Y RATE 
FEP - FLFCT cxPANSICN DECISION 
NSX - NdMPFP OF CHIPS CLASS X 
MSV - NiJMR'̂ P 0"= SHIPS CLASS Y 

FED.K = CLIP(0,niJLSF( 1, 1,1) ,TIHE .K, 6 ) 
FEP - CLFFT rxPANSIüN DECISION 

ETX.K=LCX*LFP.K 
LCX=14000 

ETX - EXPORT TONNAGE/SHIP X / R O U N D T R I P TONS 
LCX - LOAn CAP&CTTY SHIP X T Q N S 
LFE - t O A " EAFTHP fcXPUPTS D IM 'LESS 

L F E . K = T A B H L { L F E T , T T M F . K , C , 9 6 , 8 ) 
L F E T = . 8 / . 8 / . 9 / . 8 / . 8 / . 3 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 

LFE - LOA"^ «^«C-̂ OR EXPORTS PIM 'LESS 
LFET - LOA'^ FACTOR EXPORTS TABLE 

ITX.K=LCX*-LFT.K 
ITX - IMPORT TONNAGE / SHIP X / ROUNPTR!p TONS 
LCX - LOAn CAPAFTTY SHIP X TONS 
L F I - LOAH F ^ r T n p J M P Ü F T S P I M M E S S 

L F I . K = T A B H L ( L F T T , T I M F . K , 0 , 9 6 , 8 ) 
L F I T = . e / . 8 / . 8 / . 8 / . 8 / . 8 / . e / . Ü / . 8 / . 8 / . » ^ / . 8 / . 8 

L F I - IHAP FACTOP IM.POFTS P IM 'LFSS 
L F I T - LOA'^ c ^ r r n r IKPQRTS TABLE 

GREX.K=ETX.K*FRC 

FRE=25 
GREX - GROSS RFV^^NUE ON EXPORTS /SHIP X/RQUNOTRIP/ 
ETX - "^XPORT 'CNNA&t/SHlP X/RQUNOTRIP TONS 
FRE - FREIGHT PATg EXPORTS //TON 

SHIPS 
SHIPS CLASS X 
«HIPS CLASS Y 
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OCX 
operating ̂  ̂  
cost ship > 

RT 
roundtrip 
time 

OD 
operating days 



- 7 8 -

GRIX.K=ITX.K*FRI , 
F R I = 3 5 

SRIX - GROSS RFVENUEÜN IMPORTS / S H I P X / ROUNDTRIP/ 
ITX - IMPORT TONNAGE / SHIP X / ROUNDTRIP TONS 
FRI - FREIGHT RATE IMPORTS / / T O N 

I 

GRX.K=GREX.K*GRIX.K ! 
GRX - GOOSS REVENUE / S H I P X / ROUNDTRIP / 
GREX - GROSS REVENUE ON EXPORTS / S H I P X/ROUNDTRIP/ 
GRIX - GROSS RFV^NUEON IMPORTS / S H I P X / ROUNDTRIP/ 

ACX.K=GRX.K*ACS 
ACS=.055 

ACX - AGENCY COMMISSIONS / S H I P X / ROUNDTRIP / 
GRX - GROSS REVENUE / S H I P X / ROUNDTRIP ƒ 
ACS - AGENCY COMMISSIONS SHARE DIM'LESS 

SCX.K=(ETX.K«-ITX.K»*SCT 
SCT=6.25 

sex - STEVEDORING COSTS/SHIP X/POUNDTRIP / 
ETX - FXPORT TONNAGE/SHIP X/ROUNOTRIP TONS 
ITX - IMPORT TONNAGE / SHIP X / ROUNDTRIP TONS 
SCT - STEVEDORING COST/TON / 

C C X . K = ( E T X . K + I T X . K ) * C C T 
CCT=.4 

CCX - CARGO CLAIMS/SHIP X/ROUNOTRIP / 
ETX - EXPORT TONNAGE/SHIP X / R O U N D T R I P TONS 
ITX - IMPORT TCNNAGl / SHIP X / ROUNDTRIP TONS 
CCT - CARGO CL4TMS/T0N / 

SCCX.K=(ETX.K«- ITX.K)*SCCT 
SCCT=I 
BX=58000 
PCX=45000 

SCCX - SUEZ CANAL CHARGES/SHIP X/ROUNOTRIP ƒ 
ETX - EXPORT TONNACE/SHIP X/POUNPTRIP T Q N S 
I T X - IMPORT T C N N A G E / SHIP X / ROUNDTRIP TONS 
SCCT - SUEZ CANAL CHARGES/TON / 
BX - BUNKERS /SHIP X/ROUNDTRIP ƒ 
PCX - PORT CHAPGFS/SHIP X/ROUNOTRIP / 

VEX.K=ACX.K*SCCX.K+CCX.K*SCX.K+BX+PCX 
VEX - VOYAGF EXPFNDITURES/SHIP X / 
ACX - AGENCY COMMISSIONS / S H I P X / ROUNDTRIP / 
SCCX - SUEZ CANfiL CHARGES/SHIP X/ROUNOTRIP / 
CCX - CARGO CLAIMS/SHIP X/ROUNOTRI" / 
sex - STEVEDORING CCSTS/SHIP X/POUNDTRIP ƒ 
BX - BUNKERS /SHIP X/ROUNDTRIP / 
PCX - PORT CHARGES/SHIP X/POUNDTRIP ƒ 

N I S X . K = ( I ( G R X . K - V E X . K ) * O O J / R T ) - O C X 
OCX=110000 
0 0 = 8 7 . 5 
R T = l l 8 

NISX - NETT INCOME/SHIP X/QUARTER ƒ 
GRX - GROSS "«^VENUE / S H I P X / ROUNDTRIP ƒ 
VEX - VOYAGE FXPENDITUPES/SHIP X / 
00 - OPEPATTNG PAYS OF SHIP PAYS/QUARTER 
RT - ROUNPTqio T I M E DAYS 
OCX - OPERATING COSTS SHIP X //QUARTER 
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OCX 
operating 
cost ship 

roundtrip 
time 

OD 
operating days 
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G R I X . K = I T X . K * F R I , 
FRI=35 

5RIX - GROSS RFVENUEÜN IMPORTS / S H I P X / ROUNDTRIP/ 
ITX - IMPORT TONNAGE / SHIP X / ROUNDTRIP TONS 
FRI - FREIGHT RgTE IMPORTS / / T O N 

I 

GRX.K=GREX.K*GRIX.K 
GRX - GPOSS REVENUE / S H I P X / ROUNDTRIP / 
GREX - GROSS REVENUE ON EXPORTS / S H I P X/ROUNDTRIP/ 
GRIX - GROSS RFV«^NUEON IMPORTS / S H I P X / ROUNDTRIP/ 

ACX.K=:GRX.K*ACS 
ACS=.055 

ACX - AGENCY COMMISSIONS / S H I P X / ROUNDTRIP / 
GRX - GROSS REVENUE / S H I P X / ROUNDTRIP ƒ 
ACS - AGENCY COMMISSIONS SHARE DIM'LESS 

SCX.K=(ETX.K*ITX.K)*SCT 
SCT=6.25 

sex - STEVEDORING CDSTS/SHIP X/POUNDTRTP / 
ETX - EXPORT TONNAGE/SHIP X/ROUNDTRIP TONS 
ITX - IMPORT TONNAGE / SHIP X / ROUNDTRIP TONS 
SCT - STEVEDORING COST/TON / 

C C X . K = ( E T X . K + I T X . K » * C C T 
CCT=.4 

CCX - CARGO CLAIMS/SHIP X/ROUNOTRlP ƒ 
ETX - EXPORT TONNAGE/SHIP X/ROUNOTRIP TONS 
ITX - IMPORT TONNAGE / SHIP X / ROUNDTRIP TONS 
CCT - CARGO CL4TMS/T0N / 

SCCX.K=(ETX.K* - ITX.K)*SCCT 
SCCT=l 
BX=58000 
PCX=45000 

SCCX - SUEZ CANAL CHARGES/SHIP X/ROUNOTRIP ƒ 
ETx - EXPORT TONNACE/SHIP X/POUNPTRIP T Q N S 
ITX - IMPORT TCNNAGE / SHIP X / ROUNDTRIP TONS 
SCCT - SUEZ CANAL CHARGES/TON / 
BX - BUNKERS /SHIP X/ROUNDTRIP ƒ 
PCX - PORT CHAPGFS/SHIP X/ROUNDTRIP / 

VEX.K=ACX.K*SCCX.K*CCX.K*SCX.K+BX*PCX 
VEX - VOYAGF EXPFNDITURES/SHIP X / 
ACX - AGENCY COMMISSIONS / S H I P X / POUNDTRIP ƒ 
SCCX - SUEZ CAN«L CHARGES/SHIP X/ROUNOTRIP / 
CCX - CARGO CLAIMS/SHIP X / R O U N O T P I P / 
sex - STEVEDORING COSTS/SHIP X/POUNDTRIP / 
BX - BUNKERS / S H I P X/ROUNDTRIP / 
PCX - PORT CHARGES/SHIP X/POUNDTRIP / 

NISX.K={f(GRX.K-VEX.K)*OOJ/RT)-OCX 
OCX=llOOOO 
00=87.5 
RT=ll8 

NISX - NETT INCOMF/SHIP X/QUARTER ƒ 
GRX - GROSS R''VENUE / S H I P X / ROUNDTRIP ƒ 
VEX - VOy^GE FXPENDITUPES/SHIP X / 
OD - OPEPATTNG PAYS OF SHIP PAYS/QUARTER 
RT - ROUNPTRIo TIME DAYS 
OCX - OPERATING COSTS SHIP X //QUARTER 
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» MOOEL 1 1 - 6 SHIPS OF CLASS X t V 
NOTF NUMBFR OF SHIPS 
A NS.K=NSX.K+NSY.K 
L NSX.K-NSX.J+OT»NSXR.JK 
N NSX' l 
R NSXR.KL-SW1TCH((FED.K/DT),0.(NSX.K-NSY.KII 
L NSY.K-NSY.J+DT'NSYR.JK 
N NSY-0 
R NSYR.KL»SWITCH(0,(FED.K/OTI,(NSX.K-NSY.KII 
A F F D . K - C L l P ( 0 i P U L S E ( l , l , l l , T I M E . K , 6 l 
NOTF NFTT INCOME/SHIP X /QUAR7FR 
A ETX.K-LCX»LFE.K 
C LCX'14000 
A LFF.K-T*BHL(LFET,T IME.K,0 ,95 ,8 ) 
T L F F T » . 8 / . 6 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
A I T X . K - I C X ' L F I . K 
A LFt .K -TABHL(LF IT ,T IME.K ,0 ,95 ,81 
T L F t T - . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
A GRFX.K'FTX.K*FRE 
C FRFX25 
A r .RIX.K ' ITX.K*FPI 
C FR I -35 
A GRX.K.GPEX.K+GRIX.K 
A ACX.K»GRX.K»ACS 
C ACS'.055 
A SCX.K=-I=TX.K+ITX.KI*SCT 
C SCT«5.75 
A CCX.K-|FTX,K+ITX.K)»CCT 
C CCT-.4 
A SCCX.K=(ETX.K+ITX.K»*SCCT 
c s c r 7 » i 
C RX»58000 
C PCX'45000 
^ VEX.K»»rx.K+SCCX.K+CCX.K+SCX.K+BX+PCX 
A MISX.K=(11GRX.K-VEX.KI*0D1/RT1-0CX 
C GCX'llCOCO 
C On=87 .5 
C RT=118 
NOTF NFTT INCOME/ SHIP Y / OUARTER 
A CTY.K=LCY»LFE.K 
C LCY-11000 
A ITY .K 'LCY 'LF I .K 
A r,RFY.K=FTY.K«FBE 
A OOIY .K- ITY .K 'FP l 
A r.RY.K-GPEV.K+GPIY.K 
A ACY.K»GRY.K»ACS 
A CCY.K=(FTY.K+ITY.K1*CC7 
A SCY.K=(<^TY.K+ITY.K)*SCT 
A SCCY.K»(ETY.K+ITY.K1«SCCT 
C BY=50000 
r '>rYi40OO0 
A VEY.K=ACY.K+SCCY.K+CCY.K+SCY.K+BY+PCY 
A NISY.K=( l (CRY.K-VEY.KI *aCl /RT) -aCY 
C nCY'95C0G 
NOT-̂  TOTAL INCOME SHIPPING OPERATIONS 
A TN,.K = NTSX.K*SMITCH(0,! ,S1 .K)+NISY.K*SWITCH10,1,S2.K1• 
X NISX.K»SHITCHI0,1,S3.K)+NTSY.K*SHITCH(0,1,S4.K)+ 
X NTSX.K*SWITCH(0,1,S5.K)+NISY.K*SWITCH(0,1,S6.K1-AMC 
C AMC ="94000 

T I M E 
E + 0 0 

. 0 
2 . 
4 . 
6 . 
8 . 

1 0 . 
1 2 . 
1 4 . 
1 6 . 
1 8 . 
2 0 . 
2 2 . 
2 4 . 
2 6 . 
2 8 . 
3 0 . 
3 2 . 
3 4 . 
3 5 . 
3 8 . 
4 0 . 
4 2 . 
4 4 . 
4 5 . 
4 8 . 
5 0 . 
5 2 . 
5 4 . 
5 6 . 
5 8 . 
6 0 . 
6 2 . 
6 4 . 
6 6 . 
6 8 . 
7 0 . 
7 2 . 
7 4 . 
7 5 . 
7 8 . 
8 0 . 
8 2 . 
8 4 . 
8 5 . 
8 8 . 
9 0 . 
9 2 . 
9 4 . 
9 6 . 

MODEL 

NS 
E + 0 0 

I . 0 0 0 0 
2 . 0 0 0 0 
4 . 0 0 0 0 
6 . 0 0 0 0 
6 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
6 . 0 0 0 0 
5 . 0 0 0 0 
6 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
6 . 0 0 0 0 
6 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
6 . 0 0 0 0 
6 . 0 0 0 0 
6 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
6 . 0 0 0 0 
5 . 0 0 0 0 
6 . 0 0 0 0 
5 . 0 0 0 0 
5 . 0 0 0 0 
6 . 0 0 0 0 
5 . 0 0 0 0 
6 . 0 0 0 0 
6 . 0 0 0 0 
5 . 0 0 0 0 
6 . 0 0 0 0 
5 . 0 0 0 0 
6 . 0 0 0 0 
5 . 0 Ö 0 0 
5 . 0 0 0 0 
6 . 0 0 0 0 
5 . 0 0 0 0 

1 1 - 6 

NSX 
F + 0 0 

1.OOOP 
1 . 0 0 0 0 
7 . 0 0 0 0 
3 . 0 0 0 0 
3 . O 0 0 O 
3 . 0 0 0 0 
3 . 0 0 0 0 
3 . 0 0 0 0 

3.nono 
3.0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3.OOOP 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3.OOOP 
3 .0000 
3.000C 
3.0000 
3 .0000 
3.OOOP 
3 .0000 
3.OOOP 
3.000C 
3 .0000 
3.OOOP 
3.0000 
3 .0000 
3 .0000 
3 .0000 
3 .OOOP 
3.000C 
3 .0000 
3.000C 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 

SHIPS OF 

NSY 
E+00 

.0000 
l.OOCO 
2.0000 
3 .0000 
3 .0000 
3 .0000 
3.00C0 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3.0000 
3 .0000 
3.00C0 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3.00C0 
3 .0000 
3 .0000 
3 .0000 
3 .0000 
3 .0000 

CLASS 

HC 
F+06 

- 2 . 5 0 0 
- 5 . 0 1 8 
- 9 . 8 0 9 

- 1 4 . 3 7 3 
- 1 3 . 8 1 4 
- 1 3 . 2 2 0 
- 1 2 . 5 8 9 
- 1 1 . 9 2 0 
- 1 1 . 2 1 0 
- 1 0 . 4 5 5 

- 9 . 5 5 5 
- 8 . 8 0 5 
- 7 . 9 0 3 
- 6 . 9 4 5 
- 5 . 9 2 8 
- 4 . 8 4 8 
- 3 . 7 0 2 
- 2 . 4 8 6 
- 1 . 1 9 4 

.177 
1.633 
1.656 
3 .202 
3 .275 
4 .922 
5 .670 
8.525 

10.495 
12 .586 
14 .806 
17.163 
19 .655 
19 .764 
22 .426 
2 2 . 6? 8 
25 .477 
2 8 . 4 9 1 
3 1 . 5 9 1 
35 .087 
38 .693 
42 .522 
41 .402 
41 .845 
44 .298 
48 .472 
52 .902 
57 .505 
62 .598 
57 .899 

NOTF KORKING CAPITAL 
L MC.K-WC.J+DT»IHCG.JK+WCI.JK-(PS.JK/DTI-PRS.JK/DT) 
N WC=-PPS1 
R MCG.KL='CLIPITNI.K,0,TIME.K,OT) 
R HCI.KL=rLIPIIWC.K»IR»,0,TIME.K,DTI 
C IR-.P3 
R PS.KL-SNITCHIICLIP((FEO.K*PPS21,0,S1.K,11),0,S2.K)+ 
X SHIT-CHI ICLIP((FE0.K«PPS3I , 0 , S2.K, 1) 1 , 0 , S3.K1 + 
X S H I T C H ( I C L I P I ( F E 0 . K * P P S 4 1 , 0 , S 3 . K , 1 ) ) , 0 , S 4 . K I + 
X SWITCHI (CL IP ( (FED.K«PPS5 I ,0 ,S4 .K ,1J ) ,0 ,S5 .K1 + 
X SWITCH! (CLIP I (FED.K»PPS5) ,0 ,S5 .K ,111 , 0 ,S5 .K ) 
R PRS.KL«SWITCHIPPSl ,0 , (S1.K-1) )+SWITCH(PPS2,0 , (S2.K-1)1+ 
X SM1TCH(PPS3,0 . (S3 .K-1 ) I+SMITCH(PPS4,0 , (S4 .K-1 I )+ 
X SWITCH(PPS5 ,0 , (S5 .K- ln+SWITCHCPPS6 ,0 , (S5 .K- l ) l 
C PPS1-2.5E6 
C PPS7-3.5C5 
C PPS3=1.5E6 
C PPS4=2.5E6 
C PPS5=3.5E6 
C PPS6»-l.5E6 
NOTF AGFING MECHANISM OF SHIPS 
L S1.K=-S1.J+DT*((R1.JK/DT)-AR1.JK1 
N S1=LTS1 
C LTS'=64 
R R l . K L - S M I T C H ( L T S l , 0 , ( S l . K - i n 
R ARl .KL^l 
L S2 .K«S2.J+CT* I IR2 .JK/0T1-AR2.JK) 
N S2=0 
R P2.KL-SVIITCHI (CLIPI (FED.K*LTS2) , 0 , S 1 . K , 1) l , 0 , S 2 . K I + 
X SMITCH(LTS2,0 , IS2 .K-11 I 
C LTS2-80 
R A R 7 . K L » C L I P ( l . 0 , S 2 . K , H 
L S3 .K=S3.J+0T«( IR3 .JK/DT) -AR3.JKI 
N S3=0 
R R3.KL=-SWITCHI ICLIPI (FEP.K*LTS3I ,0 ,S2.K,1 I ) , 0 , S 3 . K ) + 
X S H I T C H | L T S 3 , 0 , ( S 3 . K - i n 
C LTS3=40 
R A R 3 . K L ' C L I P I 1 , 0 , S 3 . K , 1 1 
L S4 .K=S4.J+CT«I IR4 .JK/0T) -AR4.JK1 
N S4=:0 
R P4.KL»SWITCHI (CLIP ( ( F E D . K * L T S 4 ) , 0 , S 3 . K , U 1 , 0 , S 4 . K I + 
X SWITCH( ITS4 ,0 , (S4 .K -1 ) ) 
C LTS4-64 
R ^R4.KL=CLIP(1 .0 ,S4 .K,11 
L S5.K=S5.J+DT»( (R5.JK/DT| -AR5.JKI 
N S5=n 
R R5 .KL»SWITCH( (CL IP I IFED.K*LTS5) ,0 ,S4 .K ,11 ) , 0 ,S5 .K )+ 
X S W I T C H ( I T S 5 , 0 , ( S 5 . K - 1 H 
C LTS5'aP 
R AR5.KL=rLIP( 1 , 0 , S 5 . K , 1 1 
L S 6 . K = S 5 . J + r T * ( ( R 6 . J K / 0 T l - A R 5 . J K ) 
N S6 = 0 
R R 5 . K L - S M I T C H ( ( C L I P I ( F E 0 . K « L T S 5 1 , 0 , S 5 . K , 1 ) I , 0 , S 5 . K I + 
X S M I T r H ( L T S 5 , 0 , ( S 6 . K - l l l 
C LTS5=40 
R AR5.KL=CLIP(1 ,0 ,S6 .K ,1 I 
SPEC LFNGTH-96/DT«.2 5/PRTPER=2/PLTPER=2 

PRINT NS,NSX,NSY,WC,WCG,MCI,PS,PRS,NISX,NISY 
PLOT NS/WC/WCG/MCI 
RUN 

WCG 
E+03 

. 0 0 
1 7 1 . 8 7 
4 3 7 . 7 4 
7 0 3 . 5 0 
7 0 3 . 6 0 
7 0 3 . 5 0 
7 0 3 . 6 0 
7 0 3 . 5 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 5 0 
7 0 3 . 5 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 5 0 
7 0 3 . 6 0 
7 0 3 . 5 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 5 0 
7 0 3 . 6 0 
7 0 3 . 5 0 
7 0 3 . 5 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 6 0 
7 0 3 . 5 0 
7 0 3 . 5 0 
7 0 3 . 5 0 
7 0 3 . 6 0 
7 0 3 . 5 0 
7 0 3 . 5 0 

WCI 
E+03 

. 0 
- 1 8 0 . 5 
- 2 9 4 . 3 
- 4 3 1 . 2 
- 4 1 4 . 4 
- 3 9 6 . 5 
- 3 7 7 . 7 
- 3 5 7 . 6 
- 3 3 6 . 3 
- 3 1 3 . 7 
- 2 8 9 . 6 
- 2 6 4 . 1 
- 2 3 7 . 1 
- 2 0 8 . 3 
- 1 7 7 . 8 
- 1 4 5 . 4 
- 1 1 1 . 1 

- 7 4 . 6 
- 3 5 . 8 

5 . 3 
4 9 . 0 
4 9 . 7 
9 5 . 1 
9 8 . 3 

1 4 7 . 7 
2 0 0 . 1 
2 5 5 . 8 
3 1 4 . 9 
3 7 7 . 5 
4 4 4 . 2 
5 1 4 . 9 
5 9 0 . 0 
5 9 2 . 9 
5 7 2 . 8 
6 7 9 . 1 
7 5 4 . 3 
8 5 4 . 7 
9 5 0 . 7 

1 0 5 2 . 5 
1 1 6 0 . 8 
1 2 7 5 . 6 
1 2 4 2 . 1 
1 2 5 5 . 3 
1 3 2 8 . 9 
1 4 5 4 . 1 
1 5 8 7 . 1 
1 7 2 8 . 2 
1 8 7 8 . 0 
2 0 3 7 . 0 

PS 
E+03 

. 0 
1 5 0 0 . 0 
3 5 0 0 . 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 

PRS 
E+00 

0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 

NISX 
E+03 

1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 
1 5 7 . 4 5 

NISY 
F+03 

1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 3 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
1 0 8 . 4 2 
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Chapter 6 - STEP 4: SEABORNE TRADE MODELS 

NK)DEL 12 - SEABORNE TRADE FORECASTING M3DEL 

Ihe irtportance of the relation between export and import cargo flews through the national port and the 

potential developnent of the national shipping line is discussed in Chapter 1. Forecasts of seaborne 

trade flows are thus essential for the assessment of the possibilities of the national shipping line. 

However, the construction of a forecasting model of seaborne trade in a developing country is quite 

difficult. In order to understand the prciDlems, it is necessary to understand the calculation 

structure of forecasting mcdels. Paragraph a disc:usses the structure of maritime forecasts; paragraph b 

dj.scusses the problems associated with the construction of a seaborne trade model in the country 

under study; finally, paragraph c presents a scenario mcxiel of seaborne trade. 

a. The structure of a typical maritime forecast ^^' 

Ihe calculation structure of a typical maritime forecast is schematically: 

exogenous input ^ endogenous structure output 

giuwth rate of 
gross national 
product GNP 

y 

• t • 

gross national product 

correlation of GNP to 
seaborne trade flews 

seaborne trade flows 

V 
correlation of seaborne 
trade flows to demand 
for ship tonnage 

P 

demand for ship 
tonnage 

In order to calculate the output of the model, the demand for ship tonnage, assumptions have to be 

made on: 

. the grcwth rate of the gross national product of the country in future years, 

. the correlation of gross national product and seaborne trade flows, 

. the correlation of seaborne trade flows to demand for ship tonnage. 

Ihe output of this kind of forecasts becxsmes exponentially unreliable with an increase of the time-

horizon of the forecast, as: 

. the assumptions about the grcwth rates of the econcmy beccxtie itore and more unreliable, 

. the correlation of CUP to seaborne trade flows is not static over time; the coitposition of export 

and import flows will change, 

. the- correlation between seaborne trade and demand for ship tonnage will change with a change in 

the ccnposition of seaborne trade and a change in trade routes. 

Ihe major uncertainty in long-term forecasts is the developpient of the economy. Ihe grcwth rate of 

the GNP is usually determined by extrapolating a series of growth rates frcm previous years. But 

since the sudden awareness of the limits to our earthly resources in 1972, and the coinciding 

increase in oil prices/availability, this procedure has been labelled unsatisfactory. A way out of 

this dilenma is to develop a craitpletely endogenous model of the national ecxincniy, in vAiich only the 

world prices of major export and inkort comtodities'are exogenous inputs. This implies that one has 

to make long term scenario's for the price development of these coitmodities. The calciiLation 

structure of such a forecasting model is schematically: 
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Although it is possible to construct such a forecasting model, witnessing the Mesarovic-Pestel 

world itcxJel, it takes a lot of man-years. Besides, in many developing countries the data basis is 

ccnpletely insufficient for such an exercise. In the following paragraph sate problems associated 

with the application of this theoretically ideal concept on a real-world situation is disc:ussed. 

b. Problems with seaborne trade forecasts 

The construction of a forecasting model of the export and import cargo flows through the national 

port of the developing country under study, is difficult for the following reasons: 

. regional transport function of the national port. Ihe port serves as gateway not only to the 

country itself, but also to a number of land-locked countries in Africa. A forecast of future trade 

flows must thus include an analysis of the economic development of all these countries. A huge task. 

. statistics. In most developing countries the statistical basis is rather poor and does not allow 

the construction of origin-destination matrices of trade flows. Without a proper analysis of the 

present flews, forecasting of future patterns is virtually inroossible, at least in the case of 

general cargo. 

. world conrnodity prices. Econcmic growth of most developing countries is largely dependent upon the 

development of vrorld prices of their exports (coffee, tea, copper, soda ash, etc.) ard inports (oil, 

fertilizer, industrial goods). In the past these prices have not been very stable resulting in an 

equally unstable grorrth pattern of the econcmies. Inspite of the efforts within UNCTAD, it seems 

for the time being quite unrealistic to make any scenario of long term price development, and like

wise of the ecxincmic developnent in the countries concerned. 

. inland transportation. Ihe road and rail systems play an important role in the inland transporta

tion of national and transfer exports and imports. In the developing country under study, the invest

ment in the railways has almost stopped in recent years. This has lead to severe capacity problans, 

vAiich has a negative feedback on the development of exports and imports. Ihus, a good inland 

transportation system is a prerequisite for the econcmic development. 

. port infrastructure. Without adequate berthing and handling facilities in the national port, an 

expansion of the cargo flows is inpossible. In most developing countries increases in seaborne trade 

have lead to port congestion. 

Inprovanent of the port productivity by means of new handling equipment, better organization, 

additional general cargo and bulk handling terminals, is therefore a prerequisite for growth of 

the export and inport cargo flews. 

. politics. Politic:al factors play an inportant role in the development of transfer trade flows 

throui^ the national port. Political developments are difficult to foresee and their implications on 

trade flows even more. 
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The list of problems must look rather depressing to a transport planner vAio has to nake a seaborne 

trade forecasting model. However, it is his task to find a ccïtpr«nise between theoretical demands 

and practical possibilities. The solution to this problem lies with the role of the seaborne trade 

forecasting model in the overall model of national fleet development. Ihe purpose of the overall 

model is to create insights into the dynamics of national fleet development. It is therefore not 

the goal to develop a very elaborate forecasting model, but to show in the first place the impact 

of different seaborne trade forec:asts on the development of the national shipping line. For this 

reason it will suffice to nake a sinple model that c:an generate a number of scenario's of realistic 

development patterns of seaborne trade flows through the national port. 

c_ Scenario model of seaborne trade flews through the national port 

The model is made of general cargo export and inport flows, as only general ĉ argo is of interest to 

liner shipping. 

The scenario nodel should be able to make projections of the development of total seaborne trade by 

country of origin and destination. However, the statistics usually do not provide this information 

(only in £), so special surveys have to be carried out in order to establish the breakdown of exports 

and imports in tonnages in a certain year, by trade route. 

In the case of the developing country under study, a shipping study has been carried out v^ich provides 

such a breakdown for the year 1973. The two major trade routes that can be distinguished are to 

NW-Europe and the Far East; the other minor trade routes are grouped under the heading 'Other routes'. 

Ihe calculation structure of the seaborne trade forecasting model can be found in paragraph 1.2. 

Ihe dynamo-flew diagram is presented on the follcwing page. 

. parameter values 

The exports and imports though the national port in 1976 (time=0) are 275,000 tons and 250,000 tons 

per quarter of a year respectively. The grewthrate of these flows is assumed to be 1%/quarter. 

Ihe division of exports and imports by trade routes is in 1973: 

percentage exports percentage inports total 

46 54 100% 

25 31 100% 

29 15 100% 

Ihe division is held constant during the calculation pericxJ by lack of better information. 

It will be clear that any assunption about growth rates and trade route division can easily be 

tested on its consequences. 
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M3DEL 13 - NATIOJAL SHIPPING LINE'S SHARE OF TOfiDE 

Any fleet development plan of the national shipping line must be based on a projection of the poten

tial cargo that the line can transport. Tlie potential cargo exists of national cargo, transfer cargo 

( to and frcm land-locked neighbouring countries) and cross-trade cargo (between ports which are in 

the same range as the national port). 

The national cargo determines to a large extent the potential cargo. HDwever, the national shipping 

line can not ship all the national cargo. According to the Code of Conduct for liner conferences, the 

developing country can reserve upto 40 percent of its national exports and inports for the national 

shipping line (nsl). 

The amount of transfer cargo onboard the nsl-ships depends to a large extent on the magnitude of 

the flow of transfer cargo through the national port. If this flow is substantial, than it is likely 

that the national shipping line will carry a substantial amount of transfer cargo. 

The anount of cross-trade cargo that the nsl-ships will carry is small in corparison with the anounts 

of national cargo and transfer cargo. It should be kept in mind that for both transfer cargo and 

cross-trade cargo the market share of the national shipping line must be won in coipetition 

with the other lines in the trade, as the government cannot exten the cargo reservation policy 

over these trade flows. 

The cargo carried by the shipping line and the cargo flows through the national port can be divided 

into the categories of national, transfer and cross-trade nargo: 

cargo carried by national 
shipping line 

exports and inports 
through national port 

cross-trade cargo 

transfer cargo 

national cargo 

100% 

transfer cargo 

national cargo 

cargo reservation 
40% of national 
cargo 

The dynamo-flow diagram of the relevant part of the model vtó-ch calculates the tonnages of national, 

transfer and cross-trade cargo onboard the nsl-ships is presented on the following page. 

The rest of tlie model is identical with a part of model 6 and model 12 entirely. 

. parameter values 

The calculations are only made for one route: no.1 NW-EXiDDpe, as tlie national shipping line will 

only operate in this trade. 

The national cargo as percentage of the cargo carried by the shipping line is 70 for both exports 

and inports. The transfer cargo as percentage of the cargo carried is 20 and the cross-trade cargo 

is 10 percent of the cargo carried for both exports and inports. These percentages are held constant 

over the calculation period. 

The transfer cargo trade flows through the national port as percentage of the total export and 

inport flows, is 30. This percentage is held constant over time. 



NS 

number of sliips 

operating \ 
days y^ PCTEN 

RT 
roundtrip time 

percentage perceitage cross-trade percentage 
transfer ttransfer cargo cross-trade 
cargo , cargo exports cargo 
exports .imports 

PTC 
percentage 
transfer 
cargo 

inports 

PTC 
.^percentage 

transfer 
cargo 
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documentor listing of the relevant equations 

C C S L . K = N S . K * ( < { F T . K + T T . K ) * U D ) / P , T ) 

CCSL - CARGO CARPTED BY ShIPPTNG L INF •'ONS/ 
QUAPTFP 

NS - NIIMPFP OF '^t l lPS 
cT - FXPORT TO^'NAGE /SHlP/POUNnTP IP TpNS 
IT _ TMPnP"^ •^ONNAtt /SH1P/F0ÜNP" ' "^ IP TONS 
00 - UPFPA'^'ING TAYS OF SHIP DAYS/QUAPTER 
RT - RnUNnTRT" -riMt PAYS 

NCCSL.K = N S . K * ( ( ( ( l - P - ' - T < = - F C T E ) * F T . K - K l - P T T I - P r T T ) • 
I T . K ) » O D ) / P T ) 

NCCSL - NATTONAL CAPGL CAFFIED BY SHIPPING L INE 
T0NS/0U8PTEF 

MS - NIIMOFP OF "^HIPS 
PCrE - PFRCFNTAG'^ LF.DSS TFADF OF FXPÜRTS D I M I L E S S 
ET - EXPORT •'Q^^^J/^G[ /SHIF /POUNnTJ lf> T Q N S 
PCTI - PFRfFNTAG"" CKSS-TFAPE OF HPOPTS P IM 'LESS 
IT - IMPORT TONNAGI /S I I IP /PüUNnT?TP TONS 
DD - OPEOATTMG P^YS OF SHIP DAYS/QUARTER 
RT - RnUMPTCTp ^ iMt p/ iys 
PTCE - PFRCFNTAGc TFANSFFF CAPGO DF FXPO ' ^T< ; P I M ' 

L c e c, 
PTCI - P F R C F N ' A G ^ T P Y N S F E F CARGO OF IMPORTS D I M ' 

LFSS 

T C C S L . < = N S . K * ( ( ( ' ' T C F * F T . K + F ' T : I * I T . K ) ' * O D I / P T ) 
TCCSL - T F A M S F F R rAF.&lj CARFIEP BY SHIPPING L INF 

TDNS/QUAPTPF 
NS - NUMPFP OF SHIPS 
PTCE - Pf^PCrNTAG"^ TP<^NSFEP CAFGD OF F X P O P T J n i M ' 

L'^SS 
ET - FXPORT -^ONf.'ACr /S h l F / f ü U N P T U P TpMc 
PTCI - PPRCFNTAGi^ TFANSFEP CAPGU OF IMPORTS D I M ' 

IT - IMPORT T o \ i w C F / S H I P / F OUNPTRIR TOJNS 

C T C C S L . K = N S . K * ( n PC-TFikcT. K ^ . p c T I ' ^ I T . K ) * n P ) / P T ) 
CTCCSL - CROC'S T p ^ n r cfRGO CARFIFP PY ^HIPPTNG L INF 

TONS/OUAFTEF 
NS - NUMf^FP OF SHIPS 
PCTE - PFRrFMT^r.F CFCSS TRAPF OF FXPORTS PIM 'LESS 
ET - FXPORT TOf^f,!ftp( /SHIP /POUNDT 'TP •'ONS 
PCTI - PERCENTAGE CFLSS-TFADf OF IHPOPTS P I M ' L F S S 
IT - IMPORT TONNAGE / S H I P / P O U N P T ? IP Tfifjc 

N E I 1 . K = { E 1 . K * T I . K ) * ( 1 - P T C ) 
PTC=.3 

N E I l - NATTONAL «^XPUt TS + IMPDF TS ON PDUT^^ 1 -"QHS/ 
QUARTro 

E l - EXPORTS ON F.ÜLTE 1 TONS/QUAP TF" 
I I - TMOORTS ON FOUTE 1 TONS/QJA^TpR 
PTC - P'^RrFNTAG^ TFANSFEF CARGO PIM 'LFSS 

TE I1 .K = ( F I . K < - U . K ) * P " C 
T E I l - TRAM'-Fcp CXPÜFTS Ah;r IMPORTS ON POUTF 1 

TONS/QUAFTtF 
EI - FXPOPTS ON FOUTE 1 T O N S / Q J A R T P D 
I I - IMPORTS ON FLUTE I TUNS/QUAP'ER 
PTC - P.For'^NTAG'- TFANSFFF CARGO P IM 'LESS 

N C R . K = N C C S L . K / M F I 1 . K 

NCR - N A T ' O N M rAFvL-L CAFPIED BY SHIPPING LINE / 
NATIONAL EXPORTS ANP I M P O R T C ON ROUTE 1 
" A T T o 

NCCSL - NATIONAL CAf^GL CARFIFP BY SHIPPING LINE 
TON<:/QIIAPTLF 

N E I l - NATfONAl FXFUFTS+IMPOPTS PN P O U T F i TONS/ 
QUARTFR 

TCP.K=TCCSL.K /TET1 .K 
TCR - TRftNiSFFp CARGC CARRIED RY SHIPPING LINE / 

TÏANSFFP EXf'DPTS AND I M P O ^ T C ON ROUTE J 
RATIO 

TCCSL - TRANSFFP CARGC CARFIFP BY SHIPPING LINE 
TONS/QUAFTEF 

T E I l - TRANSFFp FXPORTS AND IMPORT? ON ROUTE 1 
TONS/QUAPTEF 



«OPFL 13 - NSL SHARF OF TPSHF 
C r ? L . K = N S . K » ( ( ( E T . K + ! T . K ) » O D ) / P T ) 
N C C ' I . K = N 5 . K « ( ( ( t l - P T T F - P r T E ) « F T . K + { l - p T T I - p c T I ) * I T , 
O T r c ^ . 7 
P C T r = . l 
P T r T = . 2 
O f ' ^ . l 
T c r ? L . K = N S . K » ( I I P T C F » E T . < + P T r l « I T . K ) « O D ) / R T I 
r T C C S L . K = N S . K . » ( ( ( P C T F * F T , K + P C T I » I T . K ) * O n ) / P T ( 
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K ) * O D ) / R T ) 

HDPFL 1 3 - HSL SHAPE OF TPAP'^ 

, A > ( F 1 1 . K = U I . K + U . K 1 » ( 1 - P T : ) 
• C P ' T = . 3 
f A 1 - ' = I 1 . K = ( E 1 . K + I 1 . K ) « P T C 
• A N F D . K = N r c S L . K / N F U . K 
• A T f p . K . T r c S L . K / T F I l . K 

NflTF NUMBFR CF S H I P S 
L N S . K = N S . J + I T » N S G . J K 
N N<;=1 
0 M ^ r , . K L = F t C . K / D T 
f F F r . K = C L I P ( 0 , P l ' L S F ( l , l , l ) , ' ' I M ' ^ . K , 6 ) 
A ' • • ' . K = L r * L E t . K 
C L r = 1 4 0 ' l ' ' 
A L F F . K = T A E L t t L F E T , T I H F . K , D , 9 6 , 8 ) 
•̂  i r ' - ' = . 4 / . Ë / . 8 / . 8 / . 8 / . e / . B / . 8 / . n / . e / . 8 / . 8 / . 8 
A I T . K = L r * L F I . K 
A L F I . K = ' ' f t L l ( L r I T , T I M E . K , 3 , 9 6 , 8 ) 
T L F ? - ' = . 4 / . e / . B / . 8 / . 8 / . 8 / . B / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 

C P T = l l 8 
HUTc f v p n P T Ï - l M P C F T S MnOFl 
MO+r r y o n o T S 

1 • • . K = F . J + [ T > - E G . J K 
N <==27f;0i^P 
•* ' "G.KI =<".t ,«l G P . K / 1 0 0 
A r r , D . K = T A b L i ( E E . P T , T I M E . K , 0 , 0 6 , 1 6 ) 
+ r r , r T - i / i 

A ^ 1 . K = P ' = 1 * E . K 
r » F l = . 4 ' i 
A ' = 2 . K = P F 2 » F . K 
r ' ' F 7 = . ' * = i 
« ' ^ 3 . K = D C j . ( .K 

r P F 3 = . 2 < ' 
NOTi; TnpoPTE 
L I . K = ! . J + [ T ' I G . J K 
N 1 = 2 5 0 0 0 0 
P ' r , . K . l , = ' . K » I G P . K / 1 0 0 
A I G ^ . K = T A E L r l 1 C P T , T I M F . K , 3 , 9 6 , 9 6 ) 

T i G P i ' = l / l 
A i l . K = P I l ' l . K 
r, D i l i . •54 
A I 7 . K = o t 7 ' I . K 
r "12=.31 
A I3 .K=Pn»I .K 
r p f J = . l •; 
NQTc c v p o P T S + l M P C P T S 
A F l .K^ i^ .K + I .K 
A c i p , n = c . K / I . K 
c p c r I c ^ J r , T n = 9 t , / ^ T = . ^ 5 / P P 1 • P ' ' P = ^ / P L T p F P = 2 

PP I N ' ' C C " : I , H C C S L , T C ; S L , C I ' E : S L , N F I I , T E I ! , N C R . T C R 

P L n ^ r r < ; L / N C C S i / T C C S i / C T r ; F i / N F I I / T E I I / N C P / T F S 
PUN 

T I M E 
E + DO 

. 0 
2 . 
4 . 
6 . 
B . 

1 0 . 
1 2 . 
1 4 . 

1 6 . 
1 8 . 
2 0 . 
2 2 . 
2 4 . 
2 6 . 
2 8 . 
3 0 . 
3 2 . 
3 4 . 
3 6 . 
3 8 . 
4 0 . 
4 2 . 
4 4 . 
4 6 . 
4 8 . 
5 0 . 
5 2 . 
5 4 . 
5 6 . 
5 8 . 
6 0 . 
6 2 . 
6 4 . 
6 6 . 
6 8 . 
7 0 . 
7?. 
7 4 . 
7 6 . 
7 8 . 
8 0 . 
8 2 . 
8 4 . 
8 6 . 
8 8 . 
9 0 . 
9 2 . 
9 4 . 
9 5 . 

rcsL 
F + 03 

8 . 3 0 5 
2 0 . 7 5 3 
4 9 . 8 3 0 
8 7 . 2 0 3 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 5 1 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 5 1 
9 9 . 5 5 1 
9 9 . 6 6 1 
9 9 . 6 5 1 
9 9 . 6 6 1 
9 9 . 6 5 1 
9 9 . 5 5 1 
9 9 . 6 6 1 
9 9 . 6 5 1 
9 9 . 6 6 1 
9 9 . 5 5 1 
9 9 . 5 6 1 
9 9 . 6 5 1 
9 9 . 5 6 1 
9 9 . 5 6 ? 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 5 1 
9 9 . 5 6 1 
9 9 . 6 6 1 

9 9 . 6 6 1 
9 9 . 6 5 1 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 6 1 
9 9 . 6 5 1 
9 9 . 6 6 1 

9 9 . 6 5 1 
9 9 . 6 6 ! 
9 9 . 5 6 1 
9 9 . 6 6 1 

NTrsi 
F + n j 

7 . 4 7 5 
1 8 . 5 8 6 
4 4 . 8 4 7 

7 8 . 4 8 3 
8 9 . 6 9 ? 
89 .6<55 
8 9 . 6 9 5 
8<3 .695 
8 9 . 5 9 5 
S I . 6 9 5 
8<>.6<)5 
8 < ) . 6 9 5 
8 9 . 6 9 5 
8 9 . 6 9 5 
8 9 . 6 9 5 
8 9 . 6 9 5 
8 9 . 6 9 5 
8 9 . 6 9 5 
8 9 . 5<15 
8 9 . 6 9 5 
8 9 . 5 9 5 
8 9 . 6 9 5 
8 9 . 6 9 5 

8 9 . 6 9 5 
8 9 . 5 9 5 
8 9 . 6 9 5 
8 9 . 5 9 5 
8 9 . 6 9 5 
8 9 . 5 9 5 
8 9 . 6 9 5 
8 0 . 5 9 5 
8 9 . 5 9 5 
8 9 . 5 9 5 
8 9 . 5 9 5 
8 9 . 6 9 5 
8 0 . 5 9 5 

8 9 . 6 9 5 
8 9 . 6 9 5 
8 9 . 5 9 5 
8 9 . 6 9 5 

8 9 . 6 9 5 
8 0 . 6 9 5 
8 9 . 6 9 5 

8 9 . 6 9 5 
8 9 . 5 9 5 

8<» .695 
e*?. 69"^ 
R 9 . 6 9 5 
8 9 . 5 9 5 

TCCSL 
E + 0 3 

1 . 6 6 1 
4 . 1 5 3 
9 . 9 6 5 

1 7 . 4 4 1 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 - 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 2 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 2 
1 9 . 9 3 ? 
1 9 . 9 3 2 
1 9 . 9 3 2 

CTFC; L 
F + 0 0 

8 3 0 . 
2 0 7 6 
4 9 8 3 . 
8 7 2 C . 
9 9 6 6 . 
9 9 5 6 . 
9 9 5 5 . 
9 9 6 5 . 
9 9 5 5 . 
9 9 6 5 
9 9 5 5 . 
9 9 6 6 . 
9 9 6 6 . 
9 9 5 6 . 
9 9 5 5 . 
9 9 6 6 . 
9 9 5 6 . 
9 9 6 6 . 
9 9 5 5 . 
9 9 5 6 . 
9 9 6 6 . 
9 9 5 6 . 
9 9 6 5 . 
9 9 5 6 . 
9 9 5 6 . 
9 9 5 6 . 
9 9 5 6 , 
9 9 6 6 . 
9 9 6 6 . 
9 9 5 6 . 
9 9 6 6 . 
9 9 5 6 . 
9 9 5 6 . 
9 9 5 6 . 
9 9 6 6 . 
9 9 6 6 . 
9 9 6 5 , 
9 9 5 6 . 
9 9 6 6 . 
9 9 6 5 . 
9 9 6 6 . 
9 9 6 5 . 
9 9 6 6 . 
9 9 6 5 . 
9 9 6 6 . 
9 9 6 6 . 

9 9 6 6 , 
9 9 5 6 , 
9 9 6 6 . 

N E U 
F + 03 

1 8 3 . 0 5 
1 8 6 . 7 4 
1 9 0 . 5 1 
1 9 4 . 3 5 
1 9 8 . 2 8 
2 0 2 . 2 8 
2 P 6 . 3 5 
2 1 0 . 5 2 
7 1 4 . 7 7 
2 1 9 . I C 
7 2 3 . 5 2 
2 2 8 . 0 3 
2 3 2 . 6 3 
7 3 7 . 3 2 
2 4 2 . 1 1 
2 4 7 . 0 0 
2 5 1 . 9 8 
2 5 7 . 0 6 
2 6 2 . 2 5 
2 5 7 . 5 4 
2 7 2 . 9 4 
7 7 8 . 4 4 
2 8 4 . 0 6 
2 8 9 . 79 
2 9 5 . 6 4 
3 0 1 . 6 0 
3 0 7 . 6 9 
3 1 3 . 9 0 
3 7 0 . 2 3 
3 2 5 . 6 9 
3 3 3 . 2 8 
3 4 0 . 0 1 
3 4 6 . 8 7 
3 5 3 . 8 6 
•>61 . 0 0 
3 6 8 . 2 9 
3 7 5 . 7 2 
3 8 3 . 3 0 
•>91 . 0 3 
3 9 8 . 9 2 
4 0 6 . 9 7 
4 1 5 . 1 8 
4 2 3 . 5 5 
4 3 2 . 1 0 
4 4 C . 8 2 
4 4 9 . 7 1 
4 5 6 . 7 9 
4 5 8 . 0 4 
4 7 7 . 4 8 

TFIl 
E + 0 3 

7 8 . 4 5 
8 0 . 0 3 
81.55 
8 3 . 2 9 
8 4 . 9 8 
8 5 . 6 9 
8 8 . 4 4 
9 0 . 2 2 
9 2 . 0 4 
9 3 . 9 0 
9 5 . 7 9 
9 7 . 7 3 
9 9 . 7 0 

101 . 7 1 
1 0 3 . 7 6 
105.85 
107.99 
110.17 
112.79 
114.66 
115.97 
119.33 
121.74 
124.20 
125.70 
1 2 9 . 2 6 
131.87 
134.53 
137.24 
140.n i 
1 4 2 . 8 4 
1 4 5 . 7 2 
1 4 8 . 6 6 
151.65 
154.72 
157.84 
151.02 
154.27 
157.58 
1 7 0 . 9 7 
174.41 
177.93 
181.52 
185.19 
1 8 8 . 9 2 
1 9 2 . 7 3 
1 9 6 . 6 2 
2 0 0 . 5 9 
2 0 4 . 6 4 

NCR 
E + 0 0 

. 0 4 0 8 3 

. 1 0 0 0 6 

. 2 3 5 4 1 

. 4 0 3 8 1 

. 4 5 2 3 8 

. 4 4 3 4 3 

. 4 3 4 5 6 

. 4 2 5 0 6 

. 4 1 7 6 4 

. 4 0 9 3 8 

. 4 0 1 2 8 

. 3 9 3 3 5 

. 3 8 5 5 7 

. 3 7 7 9 4 

. 3 7 0 4 7 

. 3 6 3 1 4 

. 3 5 5 9 6 

. 3 4 8 9 2 

. 3 4 2 0 ? 

. 3 3 5 2 6 

. 3 2 8 6 3 

. 3 2 2 1 3 

. 3 1 5 7 6 

. 3 0 9 5 1 

. 3 0 3 3 9 

. 2 9 7 3 9 

. 7 9 1 5 1 

. 2 8 5 7 5 

. 2 8 0 0 9 
. 2 7 4 6 6 
. 2 6 9 1 3 
. 2 6 7 8 0 
. 2 5 8 5 9 
. 2 5 3 4 7 
. 2 4 8 4 5 
. 2 4 3 5 5 
. 2 3 8 7 3 
. 2 3 4 C 1 
. ? ? 9 3 8 
. 2 2 4 8 4 
. 2 2 0 4 0 
. 2 1 5 0 4 
. 2 1 1 7 7 
. 2 0 7 5 8 
. 2 0 3 4 7 
. 1 9 9 4 5 
. 1 9 5 5 0 
. 1 9 1 6 4 
. 1 8 7 8 5 

TCP 
E + 0 0 

. 0 2 1 1 7 

. 0 5 1 8 9 

. 1 2 2 0 6 

. 2 0 9 3 9 

. 2 3 4 5 7 

. 2 2 9 9 3 

. 2 2 5 3 8 

. 2 2 0 9 2 

. 2 1 5 5 5 

. 2 1 2 2 7 

. 2 0 8 0 7 

. 2 0 3 9 5 

. 1 9 9 9 2 

. 1 9 5 9 7 

. 1 9 2 1 0 

. 1 8 3 3 0 

. 1 8 4 5 7 

. 1 8 0 9 2 

. 1 7 7 3 4 

. 1 7 3 3 4 

. 1 7 0 4 0 

. 1 6 7 0 3 

. 1 6 3 7 3 

. 1 5 0 4 9 
. 1 5 7 3 1 
. 1 5 4 2 0 
. 1 5 1 1 5 
. 1 4 8 1 6 
. 1 4 5 2 3 
. 1 4 2 3 6 
. 1 3 9 5 5 
. 1 3 6 7 9 
. 1 3 4 0 8 
. 1 3 1 4 3 
. 1 2 8 8 3 
. 1 2 6 2 8 
. 1 2 3 7 9 
. 1 2 1 3 4 
. 1 1 3 9 4 
. 1 1 5 5 9 
. 1 1 4 2 8 
. 1 1 2 0 2 
. 1 0 9 8 0 
. 1 0 7 6 3 
. 1 C 5 5 0 
. 1 0 3 4 2 
. 1 0 1 3 7 
. 0 9 9 3 7 
. 0 9 740 



- 9 1 -
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Ghapter 7 - STEP 5: END0GEN3US FUET EXPANSION MODELS 

;CDEL 14 - ENDOGENOUS FLEET EXPANSION 1 

The c3Usal-loop diagram of the model can be found in paragraph 1.2. 

The dynamo-flow diagram of the fleet expansion mechanism is presented below. The rest of the model 

is identical with the models 8 and 13. 

I CRG 
_A_ cargo reservation goal 

WC4 
working 0- • 
capital 
minimum 

WC 

working capital 

r'^ 
NSG 

number 
of ships 
growth 

/ 

• ^ 

NS 

nuniber of ships 

/ 

(,/ 

/ 
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. parameter values 

Ihe cargo reservation goal is 40 percent. The number of ships does not increase if the working 

capital is below - £10 million (working capital minimum). 

The maximum number of ships over the calculation period 1976 - 2000 must be calculated roughly in 

advance, as the ageing mechanism in the model requires a level for each ship in the fleet. This 

rough calculation is made by dividing 40 percent of the national exports and inports in the year 

2000 and the national c:argD carried per ship per year. 

The administrative and managanent oost increase with an increase in the number of ships. 

. documentor listing of the relevant equations 

NE11 . K= (c I . K + I I . i<) * ( l - P TT ) 
PTT=.3 

. N e l l - NATIONAL E \PORTS + I MPQRTS ON i^OUTE 1 TONS/ 
Q U A R T E R 

NCP.K = N = ; l i . K * C R & 
CRG=.4 

NCR - NATIONAL CA^GO POTtNTIAL TONS/QUARTER 
N E I l - NATIONAL EXPQRTS+IMPORTS ON ROUTE 1 TONS/ 

CuARTER 
CRG - CARGO RESEKVATiON GOAL PERCENTAGE 

D.K=NCP.K-NCCSL.< 
0 - OISCREPANCf TONS /OUARTEi< 
NCP - NATIONAL CARGO POTtNTIAL TONS/QUARTER 
NCCSL - NATIONAL CARGO CARRIED BY SHIPPING LINE 

T3NS/3üARTcR 

NCCS.K=(( ( l - P T C t - P C T E ) « . 8 * L C * - ( l - P T C I - P C T I ) * . 8 * L C ) * 
OD)/RT 

NCCS - NATIONAL CARGO C A R K I E D / SHIP TONS/ 
QUARTER 

PTCE - PERCENTAGE TRANSFER CARGO OF EXPORTS D I M ' 
LESS 

PCTE - PERCENTAGE CROSS TRADE OF EXPORTS DIM'LESS 
LC - LOAD CAPACITY OF SHIP TONS 
PTCI - PERCENTAGE TRANSFER CARGO OF IMPORTS J I M ' 

LESS 
PCTI - PERCcNTASE CROSS-TRADE OF IMPORTS ü IM 'LESS 
0 0 - OPERATING DAYS 3F SHIP DAYS/QUARTER 
RT - ROUNDTRIP TIME DAYS 

F E D l . K = C L I ? ( l i O , ( D . K / N C C S . K ) , 1 ) 
FED! - FLEET EXPANSION DECISION I 
J - JISCREPANCY TONS /QUARTER 
NCCS - NATIONAL CARüO CARRIED / SHIP TONS/ 

«JUARTER 

FED2.K = CLIP(FED1.K,C,WC. :< ,WCM) 
WCM=-10E6 

FED£ - FLEET EXPANSION DECISION 2 
FEOl - FLEET EXPANSION DECISION 1 
WC - WORKING C A P I T A L S 
WCM - WORKING CAPITAL MINIMUM Ï 

Another decision cr i ter ion i s introduced: the transport independence indicator 

T I I . K = N S . K * ( ( 2 * . 9 * L U * 3 D ) / R T ) / N E I L . K 
T I I - TRANSPORT INDEPENDENCE INDICATOR DIM'LESS 
NS - NUM3ER OF SHIPS 
LC - LOAJ CAPACITY OF SHIP TONS 
DD - JPERATING DAYS JF SHIP DAYS/QUARTER 
RT - ROUNDTRIP TIME DAYS 
N E I l - NATIONAL EXPCRTS+IMPORTS ON ROUTE 1 TONS/ 

aUARTts 
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• MODEL 14 - ENDOGENOUS FLEET EXPANSION 1 
NOTE NUMBEH OF SHIPS 
L NS.K=NS.J+DT»NSG.JK 
N NS» I 
K NSG-KL = FE02.K/0T 
NOTE NETT INCOME /SHIP/3UART6R 
NOTE 
» ST.K=LC«LFE.X 
C LC=14000 
* LFE.K=TA8HL(LFET,TIME.KtO,9(>,8l 
T L F E T = . 4 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 
A I T . < = L C * L F I . K 
A L F I . H = T 4 B H L ( L F I T , T I M E . K . 0 , 9 6 , 8 ) 

L F I T = . 4 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / , 8 / . 8 / . 8 / . 8 / . 8 
Gi*E .K=ET.K*F'?E 
FRE =25 
S R I . K = I T . K * F R I 
FRI =35 
&R.K=SRE.K+GRI.K 
AC.K=GR.K»ACS 
ACS=.055 
SC.K=(ET.K+IT.K(»SCT 
5CT=6.25 
CC.K=(ET.K+IT.KI*CCT 
CCT =.4 
SCC.K=(ET.K+IT.K)*SCCT 
SCCT-l 
3=53000 
PC=4500C 

A VE.K=AC.K+SCC.K+CC.H+SC.K+B+PC 
A NIS .K.= ( ((GR.K-VE.K 1*00) /RT)-OC 
C 00=87 .5 
C RT=118 
C OC=110000 
NOTE TOTAL NETT I>.COME SHIPPING OPERATIONS 
4 TNI.K=N1S.K»NS.K-AMC.K 
A AMC.K=94000 + 940CO»C1.IP( ( ( NS.K-6 1/12 ) , 0 , N S . K , 6 ) 
NOTE WORKING CAPITAL 
L WC.K=MC.J+0T*(WCG.JK+WCI.JK-1PS.JK/DTI-(PRS.JK/DT)) 

»IC=-PPS1 
WCG.KL»CLIP(TNI.K,0,TIME.K,DTI 
WCI .KL=CLIP{ (WC.K* IR) ,0 ,T IME.K,DTI 
I R = . 0 3 
PS .KL=SW1TCH( (CL1P( tFE02 .K*PPS2 I , 0 ,S l .K ,1 ) ) , 0 ,S2 .K ) • 
SWITCH! (CLIP I (FED2.<»PPS3) ,0 ,S2 .K ,11» ,0 ,S3 .K) + 
SWI TCHI (CLIP( ( F E D 2 . K * P P S 4 ) , 0 . S 3 . K , l l l , 0 , S 4 . K ) + 
S W I T C H ! ( C L I P ( ( F E D 2 . K » P P S 5 I , 0 , S 4 . K , I ) ) , 0 , S 5 . K ) + 
S W I T C H ! ( C L I P ! ( F E D 2 . K * P P S 6 ) , C , S 5 . K , l ) ) , 0 , S 6 . K ) + 

X SWITCH! ( C L I P ( ( F E O 2 . < * P P S 7 ) , 0 , S 6 . K , i n , 0 , S 7 . K I + 
X S W I T C H ( ( C L I P ( ( F E O 2 . K * P P S 8 ) , 0 . S 7 . K , I ) l . O i S 8 . K I + 
X S W I T C H ! ! C L I P ( ! F t 0 2 . < » P P S 9 ) , 0 , S 8 . K , l ) ) , 0 , S 9 . K l + 
X SWI ICri! (CL IP ( (FE02 .K* '>PS10) ,0 ,S9 .K ,1 I l , 0 , S 1 0 . K ) + 
X SWITCH! ICLIP! ! F E 0 2 . K » P P S H ) , 0 , S 1 C . K , 1 1 ) . 0 , S 1 1 . K I + 
X SWITCH! ! C L I P ( ( F E D 2 . K » P P S 1 2 ) , O . S l l . K , l ) ) . 0 . S l 2 . K I + 
X S W I T C H ! ( C L I P ! ! F E 0 2 . K » P P S 1 3 I , 0 , S 1 2 . K , 1 ) ) , 0 , S 1 3 . K ) + 
X SWITCH! (CLI ' ' ( ( F E 0 2 . K * P P S 1 4 ) , a , S 1 3 . K , l l ) , 0 . S 1 4 . K I + 
X SWITCH! ( : L I P ( (FE02.K«PPS15) , 0 , S 1 4 . K , 1 ) ) , 0 , S 1 5 . K I + 
X S W I T C H ( ( C L I P ! ( F t D 2 . K * P P S 1 6 1 , 0 , S 1 5 . K , l ) ) , 0 , S 1 6 . K ) 

< ORS.KL=SWITCH!PPS1,0, !SI .K-1) )+SWITCH!PPS2,0, IS2.K-1) 
X SWITCH!PPS3tO, (S3 .K- l ) )+SWITCH!PPS4 ,0 , (S4 .K- l l l + 
X SWITCH(PPS5,0 , (S5 .K-1 ) ) •SWITCH(PPS6,0 , (S6 .K-1 I )+ 
X 5WITCH(PPS7,0 , !S7 .K-1 I I+SWITCH!PPS8,0 , !S8 .K-1 ) )+ 
X 3WITCH(P0S9 ,3 , (S9 .K -1 ) )+SWITCH(PPS10 ,0 , (S lO .K- l ) )+ 
< SWITCH(POSU,0, ( S l l . K - i n + S H I T C H I P P S 1 2 , 0 , ! S l 2 . K - l l ) + 
X SWITCH!PPS13,0 , !S13 .K-1) I+SWITCH(PPS14,0 , !S14 .K-1) )+ 
X SWITCH(PPS15,0, (S15.K-1))+SWITCH(PPS16,0, !S16.K-1>» 
C I>PS1=2.5E5 
C PPSZ=3.5£6 
C PPS3=l.!>E6 
C PPS'*=2.5E6 
C PPS5=3.5E6 
C PPS6.= l . 5E6 
C °£>S7=2.5Ê6 
C PPSa=3.5E6 
C PPS9=l .5E6 
C PPS10=2.5Eó 
C PPS11 = 3.5E6 
C PPS12=1.5E6 
C 1'PS13=2.5E6 
C PPS14=3.5E6 
C PPS15=1.5E6 
C PPS16=2.5E6 
NOTE AGEING MECHANISM OF SHIPS 
L S l . K = S l . J + D T * ! ! R l . J K / D T ) - A R l . J K ) 
N Sl=LTSl 
C LTS 1=64 
R R I .KL=SWITCHILTS1 ,0 , !S I .K -1 I ) 
R 4 R l . K L = l 
L S2 .K=S2.J+DT*! !R2 .JK/DT) -AR2.JK) 
N S2=C 
R R2. KL=SWITCHI (CL IP ( (FE02 .K»LTS2 I ,0 ,S l .K . l l I , 0 , S 2 . K ) + 
X S W I T C H l L T S 2 , C , ! S 2 . K - i n 
C LTS2=80 
R AR2.KL = C U I P ! 1 , 0 , S 2 . K , 1 ) 
L S3 .K=S3.J+0T* ( (R3 .JK/DT1-AR3.JKI 
N S3=C 
R R3. KL=SHITCH( (CL IP ( (FËD2 .K*LTS3) ,0 ,S2 .K ,111 ,0 ,S3 .K ) • 
< SWITCH(LTS3,0 , (S3 .K-1 ) I 
C LTS3=40 
R AR3 .KL=CLIP (1 ,0 ,S3 .K ,1 I 
L S4 .K=S4 .J+DT* ( (R4 .JK /0T I -AR4 .JK) 
N S4=C 
R R4 .KL=SWITCM!!CLIP( (FED2.K*LTS4) ,0 ,S3 .K , IH , 0 , S « . K I + 
X SWITCH!LTS4,0 , !S4 .K-1 ) I 
C LTS4=64 
R A R 4 . K L = C L I P ( l , 0 , S 4 . K , l l 
L S5 .K=S5 .J+0T* ( (R5 .JK/DT) -AR5 .JK) 
N S5 = 0 
R R5 .KL=SWITCH( !CL IP ( (FE02 .K*LTS5 I , 0 ,S4 .K ,11 I , 0 ,S5 .K )+ 
X SWITCH(LTS5,0,! S5-.K-11) 
C LTS5=80 
R A R 5 . K L = C L I P l l , 0 , S 5 . K , l ) 
L S 6 . < = S 6 . J + 0 T * ! I R 6 . J K / D T I - A R 6 . J K I 
N 56=0 
R R6.KL=SWITCH! !CLIP! IFED2.K*LTS6 ) , 0 , S5.K,1) I , 0 , S 6 . l l l + 
« S W I T C H ! L T S 6 , 0 , I S 6 . K - l l ) 

C LTS6=40 
R AR6.KL=CLIP*1 ,0 ,S6 .K ,1 I 
L S7 .K=S7.J+0T* ( (R7 .JK/DTI -AR7.JKI 
N S7=0 
R R 7 . K L = S W I T C H ! ! C L I P ! ( F E D 2 . K * L T S 7 I , 0 , S 6 . K , 1 ) I , 0 , S 7 . K ) • 
X SWITCH(LTS7,0 , (S7.K-1) ) 
R AR7.KL=CLIP(1 ,0 ,S7 .K ,1 ) 
C LTS 7=64 
L S8.K=S8.J+0T»<IR8.JK/DTI -AR8.JK) 
N S8=0 
R R8.KL=SWITCH! ICLIP! !FED2.K*LTSe 1 , 0 , S 7 . K , i n . 0 , $ 8 . K ) • 
X SWITCH!LTS8,0, (S8.K-11) 
R AR8.KL=CLIP!1 ,0 ,S8 .K ,1 ) 
C LTS8=80 
L S9 .K=S9.J+0T»( (R9.JK/DTI -AR9.JK) 
N S9=0 
R R 9 . X L = S W I T C H ( ( C L I P ( ! F E 0 2 . K * L T S 9 ) , 0 , S 8 . K , 1 ) I . 0 , S 9 . K I + 
X SWITCH!LTS9,0 , !S9.K-1)1 
R AR9.KL=CLIP!1 ,0 ,S9 .K ,1 I 
C LTS9=40 
L S10 .K=SIO.J+DT* I IR10 .JK/DTI -AR10.JKI 
N SIO=0 
R RIO.KL=SWITCH! ICLIP( (FED2.K«LTS101 ,0 ,S9 .K ,11) ,0 ,S IO.K)+ 
X SWITCH(LTS10 ,0 , (S lO .K- l l ) 
R AR1C.KL=CLIP! U C S l O . K . l ) 
C LTS 10=64 
L S l l . K = S H . J + O T * ( ! R l l . J K / D T l - A R l l . J K ) 
N S11=0 
R RU.KL = S W I T C H ! ( C L I P t ( F E 0 2 . K * L T S l l ) . 0 , S 1 0 . K , l ) ) , 0 , S 1 1 . K ) + 
X SWITCHILTSll .O, I S l l . K - D ) 
R AR11 .KL=CL IP !1 ,0 ,S11 .K , I I 
C L T S l l - 8 0 
L S12.K=S12.J+0T»! IR12.JK/DT) -AR12.JK) 
N S12=0 
R R 1 2 . K L = S W I T C H ! ( C L I P ! ( F E ü 2 . K » L T S l 2 l , 0 , S l l . K , l l l , a , S 1 2 . K I + 
X SWirCH(LTS12,0, 1 S 1 2 . K - H ) 
R A R 1 2 . K L = C L I P ( l , C , S 1 2 . K , l l 
L S13.K=S13.J+DT*( !R13.JK/0T>-AR13.JK) 
C LTS12=4C 
N S13=0 
R R13 .KL=SWITCH( {CL IP ( (FED2 .K»LTS13) ,0 ,S12 .K , I I ) , 0 ,S13 .K )+ 
X SWITCH!LTS13,0 , (S13.K-1) ) 
R AR13.KL=CLIP!1 ,0 .S13 .K,1 ) 
C LTS13=64 
L S14.K=S14.J+0T*! (R14.JK/DT1-AR14.JKI 
N S14=0 
R R14.KL = S W I T C H ( ! C L I P ( ( F E U 2 . K * L T S l 4 l , 0 , S 1 3 . K , i n , 0 , S 1 4 . K ) + 
X SWITCH(LTS14,0 , IS14.K-1) ) 
R AR14.KL=CLIP!1 ,C.S14.K,1) 
C LTS 14=80 
L S15.K=S15.J+DT*( (R15.JK/DT)-AR15.JK) 
N S15=0 
R R15 .KL=SWITCH( !CL IP( (F6D2 .K*LTS15) ,0 ,S14 .K ,1» ) ,0 ,S15 .K)+ 
X SWITCH(LTS15,0 , !S15 .K- l l» 
R A R I 5 . K L = C L I P I l , t , , S l 5 . K , l ) 
C LTS 15=40 
L S16.K=S16.J+0T*( !R16.JK/DT) -AR16.JK) 
N S16=0 
R R16 .KL=SWITCH1(CLIP( (FE02 .K*LTS16 I ,0 ,S15 .K ,1 ) ) ,0 ,S16 .K»+ 
X SWITCH!LTS16 ,0 , (S16 .K- I ) ) 
R A R 1 6 . K L = C L I P ! l , 0 . S l 6 . K , l ) 
C LTS16=64 
NOTE FLEET EXPANSION MECHANISM 
A NCP.K=NEIl.K»CRG 
C CRG=.4 
A D.K=NCP.K-NCCSL.K 
A NCCS.K=! ! ! l -PTCE-PCTE)* .3»LC+( l -PTCI -PCTI>* .8 *LCI»OD) /RT 
A FED1.K=CLIP!1 ,0 , !D .K /NCCS.K) ,1 ) 
A FED2.K = CLIP(FED1.K,0,WC.K,WCMI 
C WCM=-10E6 
NOTE SHIPPING LINc'S SHARE OF TRADE 
A CCSL.K=NS.K»!!ET.K+IT.K1*00l /RT 
A NCCSL.K=NS.K* ! ( ( l -PTCE-PCTE)*ET.K+(1-PTCl -PCTI )« IT .K) *OD) /RT 
A TCCSL.K=NS.K»((PTCE*ET.K+PTCI«IT.K)*00)/RT 
A CTCCSL.K=NS.K*!!PCTE»ET.K+PCTI*IT.K)«0D)/RT 
C PTCE=.2 
C PCT£=.1 
C ?TCI=.2 
C PCTI=.1 
A NÉI 1 . K = ! E I . K + I 1 . K ) » ( 1 - P T C ) 
C PTC=.3 
A T E I I . K = ! E 1 . K + I 1 . K ) * P T C 
A NCR.K=NCCSL.K/NEI1.K 
A TCR.K=TCCSL.K/TEIl.K 
NOTE EXPORTS/IMPORTS MODEL 
NOTE EXPORTS 
L E.K=E. J*DT*EG.JK 
N E=27500C 
R EG.KL=E.K*EGR.K/100 
A cGR.K=TA8LE!EGRT,TIME.K,0,96,96 I 
T EGRT=1/1 
A El .K=PEl»E.K 
C PE1=.46 
A E2.K=PE2»E.K 
C PE2=.25 
A E3.K=PE3»E.H 
C PE3=.29 
NOTE IMPORTS 
L I .K= I .J»DT*1G.JK 
N 1=250000 
R I G . K L = I . K * I G R . K / 1 0 0 
A IGR.K=TABLEI IGRT,TIME.K,0 ,96,96) 
T iaRT=l/l 
A I 1 . K = P I 1 » I . K 
C P H = . 5 4 
A I 2 . K = P 1 2 » I . K 
C P I 2 = . 3 1 
A 13 .K=P13* I .K 
C » I 3 = . 1 5 
NOTE EXPORTS + IMPORTS 
A E I . K = E . K + I . K 
A E I R . K = Ê . K / I . K 
NOTE TRANSPORT INDEPENDENCE INDICATOR 
A T I I . K = N S . K » ! ! 2 » . 9 » L C » 0 D ) / R T ) / N E l l . K 
SPEC LENGTH=96/DT=.2 5/PRTPER=2/PLTPER=2 
PRINT NS,WC,WCG,WCI,PS,D,NCP,NEIl,NCR,TCR 
PRINT T I I 
PLOT NS/WC/NCP/D/NCR 
RUN 



- 9 6 -

T I M E 
E+OO 

. 0 
2 . 
4 . 
6 . 
S . 

1 0 . 
1 2 . 
1 4 . 
1 6 . 
1 8 . 
2 0 . 
2 2 . 
2 4 . 
2 6 , 
2 8 . 
3 0 . 
3 2 . 
3 4 . 
3 6 . 
3 8 . 
4 0 . 
4 2 . 
4 4 . 
4 6 . 
4 8 . 
5 0 . 
5 2 . 
5 4 . 
5 6 . 
5 8 . 
6 0 . 
6 2 . 
6 4 . 
6 6 . 
6 8 . 
7 0 . 
7 2 . 
7 4 . 
7 6 . 
7 8 . 
8 0 . 
8 2 . 
8 4 . 
3 6 . 
3 8 . 
9 0 . 
9 2 . 
9 4 . 
9 6 . 

MODEL 

NS 
E+OC 

1 . 0 0 0 
4 . 0 0 0 
4 . 0 0 C 
4 . 0 0 0 
4 .COO 
4 . 0 0 0 
4 . 0 0 C 
5 . 0 0 0 
5 . 0 0 0 
5 . 0 0 0 
5 . 0 0 0 
5 . 0 0 0 
6 . 0 0 0 
6 . 0 0 0 
7 . 0 0 0 
8 . 0 0 0 
8 . 0 0 0 
8 . 0 0 0 
3 . 0 0 0 
9 . 0 0 C 
9 . 0 0 C 
9 . 0 0 0 
9 . 0 0 0 
9 . 0 0 0 

1 0 . C O C 
1 0 . 0 0 0 
13 .OOG 
l O . Ü O C 
1 0 . 3 0 0 
1 1 . 0 0 0 
1 1 . 0 0 0 
l l . O O u 
1 1 . 0 0 0 
1 2 . 0 0 C 
1 2 . 0 0 C 
1 2 . 0 0 0 
1 2 . 0 0 0 
1 3 . 0 0 ^ 
1 3 . 0 0 0 
1 3 . 0 0 C 
1 3 . 0 0 C 
1 4 . 0 0 0 
1 4 . 0 0 C 
1 4 . 0 0 0 
1 5 . 0 0 C 
1 5 . 0 0 0 
1 5 . 0 0 C 
1 6 . 0 0 0 
1 6 . 0 0 0 

1 4 - EN 

WC 
E + 0 6 

- 2 . 5 0 
- 1 0 . 6 0 
- 1 1 . 0 6 
- U . 1 9 
- 1 0 . 9 8 
- 1 0 . 5 6 
- 1 0 . 1 1 
- 1 3 . 0 6 
- 1 2 . 4 5 
- 1 1 . 7 9 
- 1 1 . 0 9 
- 1 0 . 3 5 
- 1 0 . 9 8 

- 9 . 9 1 
- 1 1 . 1 4 
- 1 3 . 2 7 
- 1 1 . 7 3 
- 1 0 . 0 9 

- 8 . 3 5 
- 7 . 8 2 
- 7 . 1 4 
- 4 . 9 1 
- 2 . 5 5 

- . 0 4 
. 2 3 

3 . 2 1 
6 . 3 9 
9 . 7 6 

1 3 . 3 3 
U . 7 1 
1 7 . 8 4 
2 2 . 2 2 
2 3 . 2 3 
2 3 . 3 3 
2 8 . 4 1 
3 3 . 7 5 
3 9 . 4 2 
4 3 . 0 2 
4 3 . 0 4 
5 4 . 9 0 
5 7 . 1 1 
ö l . l l 
6 9 . 0 7 
7 7 . 5 3 
8 5 . 0 9 
9 2 . 3 1 
9 9 . 0 1 

1 0 7 . 1 4 
1 1 8 . 5 5 

OOSENQUS 

WCG 
E + 0 3 

. 0 
2 0 . 1 

1 9 2 . 0 
3 6 3 . 9 
5 3 5 . 8 
5 3 5 . » 
5 3 5 . 3 
6 9 3 . 3 
6 9 3 . 3 
6 9 3 . 3 
6 9 3 . 3 
6 9 3 . 3 
E 5 0 . 7 
8 5 0 . 7 

I C O O . 3 
1 1 5 0 . 0 
1 1 5 0 . 0 
1 1 5 0 . 0 
1 1 5 0 . 0 
1 2 9 9 . 6 
1 2 9 9 . 6 
1 2 9 9 . 6 
1 2 9 9 . 6 
1 2 9 9 . 6 
1 4 4 9 . 2 
1 4 4 9 . 2 
1 4 4 9 . 2 
1 4 4 9 . 2 
1 4 4 9 . 2 
1 5 9 8 . 8 
1 5 9 8 . 8 
1 5 9 8 . 6 
1 5 9 8 . 8 
1 7 4 8 . 4 
1 7 4 8 . 4 
1 7 4 8 . 4 
1 7 4 3 . 4 
1 8 9 3 . 1 
1 8 9 8 . 1 
1 8 9 3 . 1 
1 8 9 8 . 1 
2 0 4 7 . 7 
2 0 4 7 . 7 
2 0 4 7 . 7 
2 1 9 7 . 3 
2 1 9 7 . 3 
2 1 9 7 . 3 
2 3 4 5 . 9 
2 3 4 6 . 9 

FLEET E» 

WCI 
E + 0 3 

. 0 
- 3 1 3 . 0 
- 3 3 1 . 8 
- 3 3 5 . 8 
- 3 2 9 . 5 
- 3 1 6 . 8 
- 3 0 3 . 3 
- 3 9 1 . 9 
- 3 7 3 . 4 
- 3 5 3 . 7 
- 3 3 2 . 3 
- 3 1 0 . 6 
- 3 2 9 . 4 
- 2 9 7 . 3 
- 3 3 4 . 2 
- 3 9 8 . 2 
- 3 5 1 . 9 
- 3 0 2 . 7 
- 2 5 0 . 5 
- 2 3 4 . 5 
- 2 1 4 . 2 
- 1 4 7 . 4 

- 7 6 . 4 
- l . l 

6 . 3 
9 6 . 4 

1 9 1 . 7 
2 9 2 . 7 
4 0 0 . 0 
4 1 1 . 3 
5 3 5 . 2 
6 6 6 . 6 
6 0 7 . 4 
7 0 1 . 5 
3 5 2 . 4 

1 0 1 2 . 6 
1 1 8 2 . 6 
1 2 9 0 . 5 
1 4 4 1 . 2 
1 6 4 6 . 9 
1 7 1 3 . 3 
1 8 3 3 . 2 
2 0 7 2 . 2 
2 3 2 6 . 0 
2 5 5 2 . 8 
2 7 6 9 . 3 
2 9 7 0 . 2 
3 2 1 4 . 1 
3 5 5 6 . 6 

PANSION 1 

PS 
E + 0 3 

3 5 0 0 . 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 

2 5 0 0 . 0 
. 0 
. 0 
. 0 
. 0 

1 5 0 0 . 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 

3 5 0 0 . 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 

3 5 0 0 . 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 

D 
E + 0 3 

6 7 . 4 0 6 
4 5 . 6 2 9 
4 1 . 3 2 3 
3 7 . 0 4 7 
3 2 . 8 0 2 
3 4 . 4 0 2 
3 6 . 0 3 4 
2 6 . 0 7 2 
2 7 . 7 7 1 
2 9 . 5 0 4 
3 1 . 2 7 2 
3 3 . 0 7 6 
2 3 . 2 8 9 
2 5 . 1 6 7 
1 5 . 4 5 5 

5 . 7 8 2 
7 . 7 7 5 
9 . 8 0 8 

1 1 . 8 8 3 
2 . 3 7 2 
4 . 5 3 1 
6 . 7 3 4 
3 . 9 8 1 

1 1 . 2 7 3 
1 . 9 8 5 

• 4 . 3 7 1 
6 . 3 0 5 
9 . 2 8 8 

1 1 . 8 2 1 
2 . 7 7 8 
5 . 4 1 5 
8 . 1 0 4 

1 0 . 3 4 3 
2 . 0 2 0 
4 , 8 7 6 
7 . 7 8 9 

1 0 . 7 6 2 
2 . 1 6 7 
5 . 2 6 0 
S . 4 1 6 

1 1 . 6 3 5 
3 . 2 9 2 
6 . 6 4 3 

1 0 . 0 6 1 
1 . 9 2 1 
5 . 4 7 3 
9 . 1 0 8 
1 . 1 8 3 
4 . 9 6 0 

NCP 
E + 0 3 

7 3 . 2 2 
7 4 . 7 0 
7 6 . 2 0 
7 7 . 7 4 
7 9 . 3 1 
8 0 . 9 1 
8 2 . 5 4 
3 4 . 2 1 
8 5 . 9 1 
8 7 . 6 4 
8 9 . 4 1 
9 1 . 2 1 
9 3 . 0 5 
9 4 . 9 3 
9 6 . 8 4 
9 8 . 8 0 

1 0 0 . 7 9 
1 0 2 . 8 3 
1 0 4 . 9 0 
1 0 7 . 0 2 
1 0 9 . 1 8 
1 1 1 . 3 3 
1 1 3 . 6 2 
1 1 5 . 9 2 
1 1 3 . 2 6 
1 2 0 . 6 4 
1 2 3 . 0 8 
1 2 5 . 5 6 
1 2 8 . 0 9 
1 3 0 . 6 8 
1 3 3 . 3 1 
1 3 6 . 0 0 
1 3 3 . 7 5 
1 4 1 . 5 5 
1 4 4 . 4 0 
1 4 7 . 3 1 
1 5 0 . 2 9 
1 5 3 . 3 2 
1 5 6 . 4 1 
1 5 9 . 5 7 
1 6 2 . 7 9 
1 6 6 . 0 7 
1 6 9 . 4 2 
1 7 2 . 8 4 
1 7 6 . 3 3 
1 7 9 . 8 8 
1 8 3 . 5 1 
1 3 7 . 2 2 
1 9 0 . 9 9 

N E I l 
E + 0 3 

1 8 3 . 0 5 
1 3 6 . 7 4 
1 9 0 . 5 1 
1 9 4 . 3 5 
1 9 8 . 2 8 
2 0 2 . 2 8 
2 0 6 . 3 6 
2 1 0 . 5 2 
2 1 4 . 7 7 
2 1 9 . 1 0 
2 2 3 . 5 2 
2 2 3 . 0 3 
2 3 2 . 6 3 
2 3 7 . 3 2 
2 4 2 . 1 1 
2 4 7 . 0 0 
2 5 1 . 9 6 
2 5 7 . 0 6 
2 6 2 . 2 5 
2 6 7 . 5 4 
2 7 2 . 9 4 
2 7 8 . 4 4 
2 8 4 . 0 6 
2 8 9 . 7 9 
2 9 5 . 6 4 
3 0 1 . 6 0 
3 0 7 . 6 9 
3 1 3 . 9 0 
3 2 0 . 2 3 
3 2 6 . 6 9 
3 3 3 . 2 8 
3 4 0 . 0 1 
3 4 6 . 8 7 
3 5 3 . 8 6 
3 6 1 . 0 0 
3 6 8 . 2 9 
3 7 5 . 7 2 
3 3 3 . 3 0 
3 9 1 . 0 3 
3 9 8 . 9 2 
4 0 6 . 9 7 
4 1 5 . 1 8 
4 2 3 . 5 6 
4 3 2 . 1 0 
4 4 0 . 8 2 
4 4 9 . 7 1 
4 5 8 . 7 9 
4 6 8 . 0 4 
4 7 7 . 4 8 

NCR 
E + 0 0 

. 0 3 1 7 6 

. 1 5 5 6 6 

. 1 8 3 0 9 

. 2 0 9 3 9 

. 2 3 4 5 7 

. 2 2 9 9 3 

. 2 2 5 3 8 

. 2 7 6 1 5 

. 2 7 0 6 9 

. 2 6 5 3 4 

. 2 6 0 0 9 

. 2 5 4 9 5 

. 2 9 9 8 9 

. 2 9 3 9 6 

. 3 3 6 1 7 

. 3 7 6 5 9 

. 3 6 9 1 4 

. 3 6 1 8 4 

. 3 5 4 6 9 

. 3 9 1 1 3 

. 3 8 3 4 0 

. 3 7 5 8 2 

. 3 6 3 3 8 

. 3 6 1 1 0 

. 3 9 3 2 9 

. 3 8 5 5 1 

. 3 7 7 8 8 

. 3 7 0 4 1 

. 3 6 3 0 9 

. 3 9 1 5 0 
. 3 8 3 7 5 
. 3 7 6 1 6 
. 3 6 8 7 3 
. 3 9 4 2 9 
. 3 8 6 4 9 
. 3 7 8 8 5 
. 3 7 1 3 6 
. 3 9 4 3 5 
. 3 8 6 5 5 
. 3 7 8 9 0 
. 3 7 1 4 1 
. 3 9 2 0 7 
. 3 8 4 3 2 
. 3 7 6 7 2 
. 3 9 5 6 4 
. 3 8 7 8 2 
. 3 8 0 1 5 
. 3 9 7 4 7 
. 3 8 9 6 1 

TCR 
E + 0 0 

. 0 2 1 1 7 

. 1 0 3 7 7 
. 1 2 2 0 6 
. 1 3 9 5 9 
. 1 5 6 3 8 
. 1 5 3 2 8 
. 1 5 0 2 5 
. 1 8 4 1 0 
. 1 8 0 4 6 
. 1 7 6 8 9 
. 1 7 3 3 9 
. 1 6 9 9 6 
. 1 9 9 9 2 
. 1 9 5 9 7 
. 2 2 4 1 1 
. 2 5 1 0 6 
. 2 4 6 1 0 
. 2 4 1 2 3 
. 2 3 6 4 6 
. 2 6 0 7 6 
. 2 5 5 6 0 
. 2 5 0 5 4 
. 2 4 5 5 9 
. 2 4 0 7 3 
. 2 6 2 1 9 
. 2 5 7 0 1 
. 2 5 1 9 2 
. 2 4 6 9 4 
. 2 4 2 0 6 
. 2 6 1 0 0 
. 2 5 5 8 4 
. 2 5 0 7 8 
. 2 4 5 8 2 
. 2 6 2 8 6 
. 2 5 7 6 6 
. 2 5 2 5 7 
. 2 4 7 5 7 
. 2 6 2 9 0 
. 2 5 7 7 0 
. 2 5 2 6 0 
. 2 4 7 6 1 
. 2 6 1 3 8 
. 2 5 6 2 1 
. 2 5 1 1 4 
. 2 6 3 7 6 
. 2 5 8 5 5 
. 2 5 3 4 3 
. 2 6 4 9 8 
. 2 5 9 7 4 

T I I 
E + 0 0 

. 1 0 2 0 8 

. 4 0 0 2 6 

. 3 9 2 3 4 

. 3 8 4 5 9 

. 3 7 6 9 8 

. 3 6 9 5 2 

. 3 6 2 2 2 

. 4 4 3 8 2 

. 4 3 5 0 4 

. 4 2 6 4 4 

. 4 1 8 0 0 

. 4 0 9 7 4 

. 4 8 1 9 6 

. 4 7 2 4 3 

. 5 4 0 2 7 

. 6 0 5 2 4 

. 5 9 3 2 7 

. 5 8 1 5 4 

. 5 7 0 0 4 

. 6 2 8 6 1 

. 6 1 6 1 8 

. 6 0 3 9 9 

. 5 9 2 0 5 

. 5 8 0 3 4 

. 6 3 2 0 7 

. 6 1 9 5 7 

. 6 0 7 3 1 

. 5 9 5 3 0 

. 5 8 3 5 3 

. 6 2 9 1 9 

. 6 1 6 7 5 

. 6 0 4 5 5 

. 5 9 2 5 9 

. 6 3 3 6 8 

. 6 2 1 1 5 

. 6 0 8 3 7 
i 5 9 6 8 2 
. 6 3 3 7 7 
. 6 2 1 2 4 
. 6 0 8 9 5 
. 5 9 6 9 1 
. 6 3 0 1 1 
. 6 1 7 6 5 
. 6 0 5 4 4 
. 6 3 5 3 5 
. 6 2 3 2 8 
. 6 1 0 9 5 
. 6 3 8 8 0 
. 6 2 6 1 6 

k 
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FIGURE 1 - DYNAMO-FLOW DIAGRAM MODEL 15 
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MCDEL 15 - ENDQ̂ EigDUS FLEET EXPANSION 2 

This mcxiel is a cxarbination of models 9, 10, 11, and 14. 

Figure 1 is the dynamo-flew diagram of the model. Figure 2 represents the flow diagrams of the 

decision criteria. 

Note that the ships of class x and y are purchased altematingly. 
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FIGURE 2 DYNAMO-FLOW DIAGRAM 

DECISION CRITERIA MODEL 15 



* «OPFl 1? - ENrOCENOUS FLFFT EXPANSION 2 
NOT'- NLIMO'̂ F OF SHIPS 
f N ' : . K = N < : x . K + N S Y . K 
L N ^ X . K = N ' X . J + D T « N S X P . J K 
N N S X ' 1 
P N < X ' ' . K L = 5 t . I T C H ( I F F D 2 . K / P T ) , 0 , ( N S X . K - N S Y . X n 
L N<;Y.K=N":|r .J + D T « N S r P . J K 
N NSY=fl 
o N < ; r i > . K l = C W I T C H ( 0 , ( F E D 2 . K / r T ) , ( N S X . K - N ? Y . K ) l 
HQTr- M F T T I N C O H E / f H I P X / Q U « P ' ' F R 
« c T » . K = = l r x « L F E . K 
r L r x = i 4 0 o o 
« I. F F . K = - - A E H l I L F F T , T I M F . K , J , 9 6 , 8 I 
T I F c - ' ^ . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 3 / . 8 / . 8 / . a / . 8 / . 8 / . 8 
t " • X . K = l r x * l F I . K 
« 1 F I . K = ' ' ; b H l 1 L F I T , T I N F . K , 0 , 9 6 , 8 1 
•' l F l T = . a / . e / . e / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 8 / . 3 / . 8 / . 8 
f f ï P F X . K i F T X . K ' F P F 
f- FDr=o<; 
f ' • . P T X . K = T T X . K * F R 1 

k r - . p x . K = C . P f X . K + G r i X . K 
« • r x . K = r c x . K * * c f 
c ^ r ^ = . n 5 5 
» ' ^ r X . K = t r T X . K + I T X . K ) * S C ' ' 
r ' r T , ( , . 7 c ; 
A T y . K = t r T X . K t I T X . K I * r r T 
r ! T ^ = . 4 
A ^ r r x . K s i F T x . K + i T X . K i ' s r r ' ' 
c ' : c r - ' = i 
r "X'^JROon 
r r>rx^4' ; i>rp 
» V F X . K = f r x . K + S C C X . K + C C X . K + > T X . K + B X + P C X 
' M " X ' . K = ! ! I C P X . K - V F X . K I * 3 P ) / P T ) - 0 C S X 1 . K 
' ^T'^x? , K = l ! ! G P X . K - V F X . K l * 3 r ) / P T ) _ 0 C S X 2 . K 
6 MT<;X3 .K=! l ( G R X . K - V F X . K I * 3 n ) / P T | _ o ( ; S X 3 . K 
f N " ^ X 4 . K = H I G R X . K - V P X . K ) * 3 r ) / P ' f 1 - D C S X 4 . K 
t N I " " X S . K = l ! I G R X . K - \ / F X . K l * 3 P ) / P ' ' l - 0 C S X 5 . K 
f N ' < - X f . . K ^ l l l G R x . K - V F X . K l * : 3 ) / P ' ' l - 0 C ? X 6 . K 
» N I < ^ Y 7 . i < - ( ( ( p p x . K - V f X . K 1 * 0 P ) / P T ) - D C S X 7 . K 
' M ' S X e . K = l l l E P X . K - V F X . K ) * 3 ' ' ) / P T ) - 3 C S X 8 . K . 
A \ l l < ; x ° . x = ! ! l E P X . K - V F X . K I + D D / t ï T j - n C S X I . K 
' N"^X1 1 . K = ! ! I G F X . K - V F X . K ) * P P ) / i ' - ' ) - o C S X l f .K 
r i p = R 7 . ' 5 

e T C ^ x i . K = C L ! P l s n c x , i . i * ? n r x , ? i . K , 4 l ) 
A - i r c x - . K = t L I P ( E r C X , l . ! * ' ^ 0 r x , ! : 5 . K , 4 1 ) 
ft " ' • ' " x - ! . K = C L l P l f 0 C X , l . l " 0 r y , ' ; 5 . K , 4 1 ) 
( - i r ' : x 4 . K = r L i P i $ c r x , i . i * ' n : x , ' : 7 . K , 4 i ) 
« n r ' : » s . » = c L I P | 5 n C X , l . l * F n r x , F 9 . K , 4 l ) 
A - i r < : x 6 . K = c L i P i 5 n r y , i . i * > ^ o r y , ' ^ i i . K , 4 i ) 
5 - ' r " - < 7 . l ' = c i I P ( S C C X , ! . ' * ? 0 : x , " ' ! 1 . K , 4 1 ) 
(I i r > - x e . K = C l I P ( f O C X , l . l * f 0 r x , " ' 1 5 . K , 4 1 1 
6 1 C < : X O . K = C 1 : P ( S 0 C X , 1 . 1 * ? 0 : X , S 1 7 . K , 4 1 ) 

f n r < : x i 0 . K = C L I P I S 0 C X , l . l * < : 3 r y , < : i 9 . K , 4 1 ) 
r > : o r x = i i r c r c 
NOTE NFT+ i h r O M F / S H I P Y / C l l A P f P o 
» ' • • ' Y . K = i r Y * L F F . P ' 

r I rY = l i n n c 
fl T T Y . K = L r v H F l . K 
» r p c Y . K = P T Y , K * F F r 
e r . P T Y . K = T T Y . K * F P l 
« r.CY.K,=r,PE Y . K + G P I Y . R 
n ? r Y . K = G P Y . f r « A C S 
5 ' : r Y . K = ( ' - T Y . K + I ' ' Y . K ) * r C - ' 
» « • r Y . K ' ! | F T Y . K H T Y . X ) * 5 r T 
( > : r r Y . K = ( [ T Y . K + I T Y . K ) » < : r r T 

r B Y = 5 0 0 0 1 
r D r Y = 4 n p p c 
e V F Y . K ' j r Y . C + S C C Y . K + r C Y . K + F C Y . K + X Y + P C Y 
R N T ^ v ' .K = I I I G R y . K . - V F Y . K ) * 3 P l / P T | - 0 C S Y l . K 
» M T ? Y 2 . K = l | | G P Y . K - V F Y . K t * n r ) / P T ) - Q C S Y 2 . K 
6 ' j T ' : Y 3 . K = ( l ! G R Y . K - V r Y . K ) * 3 ? l / P T ) - 0 C S Y 3 . K 
« N T ' ; Y 4 . K - I 1 I G R Y . K - V F Y . K 1 * D P | / » T ) - Q C S Y 4 . K 

« M'<:Y5.K = ! ! ! G P Y . I ' - V F Y . K ) * a r l / P ' ' ) - 0 C S Y ' ; , K 
« N I ' ; Y f r . K = ! I I G P Y . f - \ / r Y . K ) « - 3 r i ) / P T | - 0 C S Y 6 . K 
f >! i<:Y7.K = I I I G F Y . K - V F Y . K ) * 3 r ) / p T ) _ 0 C S Y 7 . K 
« v i I ' ^ Y S . K ^ Ü I G P V . K - V F Y . K l + D D / P T ) - 0 C S Y 8 . K 
f M ' < - y " . K = l ! l G R Y . K - V r Y . K ) » 0 ^ ) / P ' ' ) - 0 C S Y 9 . X 
f M I ' : Y 1 P . K = | ! I E P Y . I ' - V F Y . K ) » 0 P ) / P ' ' I - O C S Y 1 C . K 

A -ir>^Yi . i < = : i ! P ! S c r Y , i . i • ^ Q r Y , " . K , 4 ! ) 
A 3 r < ' Y ? . K = C L l P ( F L r Y , l . l * ? D - Y , ' ' 4 . K , 4 l l 
I, n r < ^ v T . i ' = c L i P i s r r Y , i . i * ^ o : Y , f e . K , 4 i ) 
f T r < : v 4 . K = C L I P | S c r Y , 1 . ' • ? P : Y , S 3 . K , 4 1 1 
f T r ^ Y ' ? . K = c L i P i 5 r r Y , i . i * ? r i r Y , s K . K , 4 i ) 
A 3 r < ; Y 6 . K = t L I P I E D t Y , 1 . 1 * S 0 : Y , S 1 2 . K, 4 1 1 
» n r « y 7 . K = C l I P ! : r C Y , l . l * ' 0 ' Y , ^ 1 4 . K , 4 1 ) 
A T r " - y R . K « C L ! P ! S C C Y , 1 . 1 * S 0 : Y , S 1 6 . K , 4 1 ) 
A - i r ' : Y ° . K = r L I P ! 5 n C Y , 1 . ' • S P : Y , ; 1 8 . K , 4 1 ) 
A - i r " : Y l P . K = C L ! P ! r O r Y , l . l * ? 3 r Y , ^ 2 P . K , 4 1 ) 

•" =^nFY'<)?ooo 
H O T T o T f , f j f T x INCOME 
A ' • N I . K = N » < X l . K » J W I T r H ! P , l , F l . K l + N I S Y l . K * ? W I ' ' C H | C i , l , S 2 . K l + 
X > J 1 < ; X 7 . K * £ H 1 T C H ! 0 , 1 , S 3 . K 1 + N 1 F Y ? . K * S H 1 T C H ! 0 , 1 , S 4 . K I + 
X ' 1 ' ^ X 3 . K * E H I T C H ! 0 , 1 , ? 5 . K l ^ ^ : ' F Y : ï . K * S H I T C H I 0 , l , S 6 . K I + 
X n | I < ' » 4 . K « S H T r H I 0 , l , S 7 . K ) + N I S Y 4 . K « S H I - ' C H ( 0 f 1 , S 8 . K ) + 

X N ! < : x ' ; . K * ! * i l T C H I O , l , $ P . K ) + N I F Y I . K*5W!TCH( 0 , 1 , S ! O . K 1 + 
X M l < : x f . . K » 5 v , l T C H ! 0 , l , ? l l . K ) + N T « V 6 . K » S H I T C H ! 0 , l , S 1 2 . K l + 
X V T ' : x 7 . K * £ h I T C H ! 0 , l , S 1 3 . K ) + N T " ^ Y 7 . X » S K I - r r H ! 0 , l , S 1 4 . K l + 
X N I F X n . K » S H T C H ! 0 , l , S l 5 . K I + N I < : Y 8 . K * S W l T C H t 0 , l , S 1 6 . K ) + 
X W T < : » 9 . K * J k . ' ! T C H I 0 , l , 5 1 7 . K I + N I > : Y 9 . K * S W I T C H | i 3 , l , S 1 8 . K ) + 
X N T ' X ' O . K ' E l ' I T C H I O , ! , SI 9 . K ) + N I ? Y 1 0 . K * ? W I T C H ( 0 , 1 . S 2 0 . K ) - A N C .K 
A • M r . K = . 9 4 0 C C + 9 4 C O C » C L l P ( l ( N F . K - 6 ) / 1 2 l , 0 , NS . K , 6 1 
NOT= WPRK'NG CAPITAL 
L , < r . K = u r . J + r T » I K C G . J K + W n . J X - ( ^ n P . J K / r T ) - I P B S . J K / n T I - L R . J K - L I P 

N W C ' - l l - l F F C l « r P S l 
' H r G . K l . = r L l P ! T N I . K , 0 , T H " ; . K , P ' ' ) 
' w r ' . K l = r L I F ! ! W C . X » I P ) , P , T ! « F . K , n T ) 
r T P = . n 3 
' c r , p . K l ^ < - H T C H ! 0 ; ! P P f ? - l 5 ? I . J K ) , L 5 2 I . J K l + 
X " : H l ' ^ r H ! P , l r P S 3 - l S 3 I . J K l , l f 3 1 . J K I + S H I T C H ( C , ( P P S 4 - L S 4 1 . J K l , L S 4 I 
X c w ' T C ( 4 ( 0 , l P P S 5 - L 5 5 I . J K l , 1 5 F I . J K ) + S H ! T C H I 0 , I P P S 6 - L S 6 I . J K ) , L S 6 I 
X C K i T | - n | n , ! P r S 7 - L S 7 1 . J K l , L F 7 I . J K ) + S W I T C H ( r , I P P S 8 - L 5 8 I . J K l , L S 8 I 
X S K i T r H i r , | P P S 9 - L 5 9 1 . J K 1 , L F 9 ! . J K 1 + S W I T C H 1 0 , I P P S 1 D - L S 1 0 I . J X I , L S 
X F W T T H i n , I P P S l l - L S n l . J K l . L ' l l 1 . J K ) + 
X < ;w '" 'CH( ' ' , ! F P S 1 2 - L S 1 2 1 . J X ) , I S 1 2 T . J K ) + 

. J K 1 + 

. J K ) + 

. J K ) * 
1 0 I . J K I + 

ACS AGPNCY C D M H I S I 0 N 5 SHAPE OF GROSS PFVENUF % 
. n ' M ' L F S S 

ACX AG^NPY COHCISSTONS / S H I P X / POUNOTRIP ƒ 
ACY A R F N C Y C D H K I S f l O N S / S H I P Y / o n i l N p T p i p ƒ 
ANC « f > M I N T ' T P « T T V F ƒ MANAGFUENT COST r/ 

OtJ«P''EP 
ARl AR^ INr , PATE 1 
ARIO AG<=INr, BATE 10 
A R l l Ar .c iNf : CATF 1 1 
AR12 ACTING FATE 12 
ARl 3 AP-i^'NG PATE 13 
AR14 AGi^ING PATE 14 
AR15 Ar.'^INC, PATE 15 
AR16 AG'^'N'^ PATE 16 
AR17 6r-=TNr. PATE 17 
AR18 AG'^'N'". RATF 18 
AR19 AP.cTNr PATE 19 
AR2 A G ^ ' N G PATE 2 
AR20 « G F ' N G PATE 20 
AR3 AC^ lNr , RATE 3 
AR4 AGCTNr. PATE 4 
AR5 Ar,«:Tnr f A T E 5 
AR6 AG=TNG RATE 6 
ART AGEING RATE 7 
AR8 AGEING PATE 8 
AR9 AG^lNf^ PATE 9 
B V l pnOK VALUF S H I P 1 ƒ 
BVIO HOOK VALUE S H I P I D f 
B V l l BOIK VALUE S H I P 1 ] .' 
BV12 nOOK VALUr S H I P 1 2 f 
BV13 « O i r VALUE S H I P 13 ƒ 
BV14 ROOK VALUE S H I P 1 4 t 
BV15 BOOK VALUE S H I P 15 .' 
BV16 BOOK VALUF S H I P 16 7 
BV17 BOOK VALUF S H I P 17 ƒ 
BV18 BOOK VAIUE S H I P 18 f 
B V l 9 ROOK VALUE S H I P 19 ƒ 
8V2 BOOK VALUF S H I P 2 ƒ 
RV20 BHOK V/LUF S H I P 20 t 
BV3 BnOK V ' L U r S H I P 2 ƒ 
BV4 BOOK VALUF S H I P 4 f 
BV5 BOOK VALUE S H I P 5 ƒ 
BV6 «OHK VALUE S H I P 6 ƒ 
BV7 BOOK VAtUt S H I P 7 ƒ 
BV3 RPnK VALUF S H I P 3 f 
BV9 BOOK VAIUF S H I P 9 f 
BX BUNKt^P^ / S H I P X / P O U N P T P I P f 
BY BIINKCP<: / E H I P Y / P n U N f T p i p f 
CCSL FAPGT F A P F I F D FY J H T P P I V f I I N " ^ T O N < / 

lUARTFF 
CCT CAOGn r i A I M S / T O N / / T O N 
CCX CARGO f L S l M J / S H I P X /ROIJNP'PTP ƒ 
CCY PAOGO F L A I M S / J H I P Y / P O U N T ' R I R f 
CRG TAOGO "^ESFPVATION GOAL P F P C N T A G F 
CTCCSL CPO';^ T p t c F CAFGD CAPPl^P PY < : H I P P 1 N G L I N F 

•'nN";/QUf FTFF 

p " I < : r o ' - D t n c Y TON? / O l I A R T f p 
OCB nT<;rri ' iMTE[ C P S T S A N " BF\ |FrTT<: r 
OCRR nrB-OA'^F / / Q U A R T F P 
nCORS O f B - P A - F fHAPOW P P I P c n / / Q U A R T E R 
nCBS OTsrnnA'TFr C3STS AN'» ? F \ | F F I T S SHAOOH P P I C F P 

f 
DRl "T «FOUNT PATF 1 t / Q U A J T C P 
DR2 OTSroUMT PATE 2 X / Q\l H'''"" 
p cinna-rr TONS/OJARTFP 
FG FXPOPTC c.PCMTH TONS/0UAP ' 'FP 
FGR r x P P O T GfoWTH PATE t /QL)APTFp 
FGRT FXonn""^ CFOKTH PATF TABLF 
E I '^XOPO'"^ + 1HPPPT5 •^ONS/QUAR'^FP 
F IR c x o n o ' ^ / I M P O P T S P A T I O P I M ' L F S S 
ENP ^MOLOYMFNT OF SHIPPTNG LIN"^ 
ETX ^ X O P R ' T O ^ N A G F / J ^ I P X /ROUNPTPtR TON? 
f T Y 'lorj'f T O N N A G F / ? H I P Y /»3UMt^ '">tP TpM? 
F l c x o Q p T r ON PDUTE 1 Tr)N?/OUAPTEP 
F2 ' : x " O P - " ; CK PDUTE 2 • 'PNS/OUAP'-FR 
E3 !-xp(iPT<- ^;^ POUTF 3 ' •ON ' ' / aU»P ' 'FR 
FEB CPPCIGM EXCHAfJGF PAIANE^ / / Q U A P T F P 
FEBT FPPCIGN FXCHANGF BALANCE T Q - ' M ƒ 
F g P l FL<=rT i -xpANSloN P F C I S I O N 1 
FÉn2 C L < : F T r x p A N S l D N P F C I S ' O N :• 
FEFA FflP'^lGN FXCHANCF FARNTNG' / / Q U A R T E P 
FEFX " P ' - T G N FXCHANGC r X P F N P I T l j p c ; / /OUAP' ' 'FP 
FRF F P C T r . W FATE OF F X P O P ' « 7 / T D N 
FRI c p c t r . H f FATE GF IPPOPT? / / T O N 
GREX G P T ' PEVrNUF PN F X P O ' T ? / ' H I P X / P 0 U M ? T P T P / 
GREY G R I ? ' PPVENUF ON F ^ X P O P T ? /SMTP Y/POUNP' 'P I P / 
GRIX GPP^? PEVFMUE3K IMPORT? / t H T O x / P O U N f ^ P l P / 
GRIY GPOS? PEVFNUEOH IMPORT? / ? H T P Y / ROUNP'^PIP / 
GRX r,poc<: P E V E N U F / S H I P X / SOUNPTPjp / 
GRY GPn?<; P F V F N U F / S H I P Y / « O U N P T R I P ƒ 

I 3 IUPPPT? ON P O J f F 3 TON?/g( |ARTFP 
IG TMPF1P'"; G F O W T H • 'ONS/Ql lAP' 'FP 
IGR TMOQDT»; GFPWTH PATE t / O U A P - ' F P 
IGPT TUPHP-^": GFQWTH FATE TABLE 
IPBC TN'-pH'^ PLCUGHEP BACK I N F O U N T P Y / 
IPBCO TNFPMP PLLUGHEO BACX TN COUNTRY OFCPFASE ƒ / 

OUAP'ER 
I P B C I ' P B r - T N C P f A S F / / Q U A R T F 3 
IR T N T c p c t T F i T f l / Q J A = T c p 
ITC ! N r i n = A ! C r OF TRANSPORT :n '^T » 
I T X t^ ionoT TONNAGF / S H I P X / POI INPTRIP TONS 
ITY I H O P R - TONNAGE / S H I P Y / P Q U N P T R I P TONS 
I I iMOPRT^ ON POU'^F 1 • 'OMS/qUARTER 
12 TUPOP"'': 01» ROUTE 2 TOV(?/QUARTER 
LCX L P « n TAPACITY S H I P X TpNS 
LCY LO» ' ' ' •APACITY S H I P Y TON? 
LFE L 0 < " FACTOF FXPPPTS PIM'LFSS? 
LFFT i.OAn F^ACTSP EXPORTS TSPLF 
L F I LOAn fACTDP IMPOR'^S P ! < < H F S ' 
L F I T LOAn rACT3P IMPORTS TABLE 
L I P LOAN TNTFPFST PAYMENT? / / Q U A P T p R 
L I R LOAN 'K'TEFEST PATF P T K ' L F S S 



- 1 0 1 -

X ' M T T r H ( P , ! P P S 1 3 - L 5 1 3 I 
X ' M I T C H I 0 , ! P P S 1 4 - L S 1 4 I 
X ' W T T r H | P , ! P P S 1 5 - l £ 1 5 ! 
X t i | j + r H | n , I P P S 1 6 - L S 1 6 I 
X < ^ M ' T H l n , ! P P S 1 7 - l ? l 7 T 
X « W I T H l n . I P P S l B - l S I B I 
X ' W ' T H ( P , I P P S 1 9 - L S 1 9 t 
X < W I ' ' r H ! 0 , | P P S 2 0 - L S 2 0 I 
P P P ? , K ( . = < K I T C H ! P P S I , 0 , 
X S W T T r H I P P S P . O . I S S . K - l 
X < - M T T H ( P P S 5 , 0 , I S 5 . K - l 
X « W I - ' r H l P P S 7 , 0 , l S 7 . K - l 
X ' K ' T r H ! P P S 9 , 0 , I S 9 . K - 1 
X ? W I ' T H ( P P S 1 1 , P , I S 1 1 . K 
X ' W ' T H | P P S 1 3 , 0 , 1 S 1 3 . K 
X ' W T T H | P P S 1 5 , 0 > ( S 1 5 . K 
X P H ' + r H ( P P ? 1 7 , P , I S 1 7 . K 
X P M T T H | P P £ I 9 , 0 , ( S I 9 . K 
p I P . K l = L ? 1 P . J K + l S 2 R . JK 
X l <:SP. JK+t S9R. J K + I S I O P 
X I S l • ; P . J K + L r l 6 P . J K + L S l 
P I T P . K L ' t l P ' L S . K 
r I 1P = . 0 ? 
NtlTP FipTFF OF S H I P S I N 
!• P O < : i = 3 . 5 f 6 

r P P " ^ 3 = t . 5 E 6 
r pp?4=.3Cf , 

r P P ^ 5 = ' . 5 E 6 
r p o « 6 = i C 6 
r P P ? T = : 3 . 5 E 6 
r p p t i ) = 2 C 6 
r p p ? o ^ i . 5 t t 
r p p ' - i o = ? F 6 
r n p < ^ l l = 2 . 5 f ( -
r "ori^^li^b 
r p o c i - j - T . j f f , 
r p o t i 4 = j C 6 
r p p > ; i 5 = i . 5 r t 
r PP<-16=3F6 
r D P « » 7 = ? . 5 E t 
r p o c T f l T z i r ^ 

p p c i c , - 3 . 5 f 6 

PPP20=7>"6 

. J K 1 , L ? 1 3 I . J K I + 

. J K ) , L S 1 4 I . J K » + 
. J K ) , L ? 1 5 ! . J K ) » 
. J K | , L ? 1 6 I . J K | + 
. J K I , l ? I 7 I . J X ) * 
. J K » , L S 1 8 ! . J K I + 
. J K ) , L S 1 9 I . J K ) + 
. J K l , L ? 2 0 ! . J K ) 
( S l . K - 1 1 l + S W I T C H ( P P S 2 , 0 , ( S 2 . K - l l ) + 
) l + S W I T r H ( P P S 4 . 0 , ! S 4 . K - I l l + 
l l + S H I T C H ( P P S 6 , 0 , ( S 6 . K - l ) ) + 
> ) + ? W I T C H ( P P S 8 . 0 , ( S 8 . K - l ) t + 
M + ? V T T C H ( P P S 1 0 , 0 , I S 1 0 . K - l l l + 
- 1 l l + S W I T P H C P P S l 2 , 0 , ( S 1 2 . K - 1 I ) + 

1 I 1 + S W I T C H C P P S 1 4 , 0 , I S 1 4 . K - 1 I 1 + 
l ) l + ? W ! T r H ( P P ? 1 6 , 0 , ( S 1 6 . K - I I 1 + 
1 ) I + S W I T H I P P S 1 8 . 0 , ( S 1 8 . K - 1 I ) + 

- ! l l + 5 W l y r H ( P P ? ? 0 , 0 , I S 2 0 . K - ! I I 
+ 1 ? J P . J K + L S 4 R . J K + L ? 5 P . J K + L S 6 f l . J K + L S 7 R . J K + 
. J K + l S 1 1 P . J K + L S 1 2 P . J K + L S 1 3 R . J K + L S 1 4 R . J K + 
7 P . J K t L S i a R . J K + L S 1 9 P . J K + L S 2 0 R . J K 

OPPEP OF PURCHASF 

c 
r 
N p r c LOAN EfCTDP 

S . K = I < : ! . K + L S 2 . K + L S 3 
P l ' . K + l E 1 2 . K + 1 S 1 3 . K + 
> ; i . K = l ' 1 . J + P T * ( ( L S 1 ' 
« l = t PPS+PPSl 
PP^-.7" 
"^l ' . K l = C 

P l P . K L = L F r S * P r ? l * C l I 
° = 3 2 
P 2 . K = ^ L S 2 . J + D T * ! ( l S 2 1 
?->=r) 

? 7 T . K l = s m T C H ( ( C l I P I 
P 2 P . K l = L P P S * P P S 2 » C L I 
P ' . K = l < : r . J + n T « ! ! L ? 3 t 

K+l ? 4 . K + L S 5 . K + L S 6 . K + L S 7 . K + L S 8 . K + L S 9 . K + L S 1 0 . K + 
L ? 1 4 . K + L S ! 5 . K + I S 1 6 . K + L S 1 7 . K + L S 1 8 . K + L S 1 9 . K + L S ? 0 . K 

J K / P ' l - L S I P . J K I 

P I ( S H T ^ C H I O , l l / R P I , L S ' . K I I , 0 , L S ) . K , . 5 E 5 I 

. J K / P - ' 1 - I . ? 2 P . J K I 

I F F 3 2 . K « l P P S « P P S 2 ) , P , L S l . K , l l 1 , 0 , 1 S 2 . K I 
PI I S W ' T C H I O , ! 1 / P P l , L ? 2 . K I 1 , 0 , I S 2 . K , . 5 F 5 1 
. J K / P ' - ) - l S 3 P . J K ) 

=0 
' . KI =S 
°.KL=l 
. K = l ? 4 
=0 
' . K L = J 
P . K l = L 
. K - L ' S 
=P 
' . K L " ? 
» . K l = l 
.K=>L'6 
=0 
' . K l = S 
P . K l = L 
. K » l ' 7 
•=P 
T . K l - S 
" . K l = l 
. K = i ' e 
=0 
' . K l = £ 
P .Kl=l 
.K=l?9 

T . K l ' ? 
P . K K 
n . K = i r 
0 = 0 
PT . K l = 
P P . K 1 = 

. K = l £ 

I = P 
I I . K I 

K l « 
? . K = I S 
2 = 0 
2 ' . K t = 
2 P . K l = 
•».K = I S 
3 = P 
3T . K l = 
•"P.K1 = 
4 . K = I E 
4 = 0 
4 I . K I = 
4 P . K l = 
• - . K = I S 
5 = 0 
5 ' . K l = 
S P . K t » 
6 . K = I S 

h I T C H Ü C L I P ! ( F F 1 ? . K « L P P S * P P S 3 ) , 0 , L S 2 . K , l l l , 0 , L S 3 . K I 
P r ? * P P S ? » C L T P I ! S M ' T r H ( 0 , l l / P P I , L S 3 . K I I , 0 , L S 3 . K , . 5 F 5 l 

J + n T » l ! L S 4 I . J K / r ' - | - L S 4 P . J K I 

h I T C H K C L I P ! ( F F 3 ? . K * L ' ' P S » P P S 4 1 , n a S3 . K , 11 1 , 0 , L S 4 .K I 
P P S » P P ? 4 « r i I P ( ( 5 W I ' ^ r H ( P , ! 1 / R P 1 , L S 4 . K I 1 , P , L S 4 . K , . 5 F 5 I 
. J + D T * ! ! L S 5 I . J K / P ' - ) - L ? 5 P . J K I 

H I T C H ! ( C L I P ! ( F F 3 2 . K * L P P S * P P S 5 1 , 0 , L S 4 . K , 1 I I , 0 , L S 5 . K I 
P P S * P P S 5 * r L I P ( I S H T T C H C O , ! 1 / P P | , L S 5 . K | ) , 0 , L S 5 . K , . 5 E 5 I 

J + P T * I ( I S 6 I . J K / P T ) - L S 6 R . J K l 

k l T C H K E L I P ! ( r F 3 2 . K * l P P S * P P ? 6 l , P , L S 5 . K , l l l , 0 , L S 6 . K I 
P r S » P P S 6 » r i I P ( ( S H I T C H I P , ! 1 / P P 1 , 1 S 6 . K I ) . 0 , L S 6 . K , . 5 F 5 1 

J + D T * l ( l S 7 T . J K / n ' - ) _ L ? 7 B . j K | 

H I T C H ( ( C L I P I ( F F 3 2 . K « 1 P P S * P P ? 7 1 , 0 , L S 6 . K , 1 » I , 0 , L S 7 . K I 
F P S * P P S 7 * C I I P ! I S H T f f H I O , I 1 / P P I , L ? 7 . K I I , 0 , L S 7 . K , . 5 F 5 1 
. J + D T * ( ( l S 8 T . J K / P T 1 - L S 8 P . J K I 

k I T C H I I C L I P I ( F F 3 2 . K * L P P S * P P S 8 1 , 0 , L S 7 . K , 1 I I , 0 , L S 8 . K I 
F P S * P P S e » r L I P ( I S W I T f H I O , ! 1 / R P 1 , L S 8 . K I I , 0 , I S 8 . K , . 5 E 5 I 
. J + D T » ( ( L S 9 I . J K / 0 T | - L ? q R . J K l 

k l T C H d C L I P I I F F 3 ? . K » L P P S * P P S 9 1 , 0 , L S 8 . K , 1 I l , a , L S 9 . K I 
P P S * P P S 9 » C L I P ( I S > ' T T r H ( 0 , < 1 / P P I , L S 9 . K 1 I , 0 , L S 9 . K , . 5 F 5 1 
l t . J + P T * { ( 1 ? 1 P I . J K / P T ) - L S 1 P R . J K I 

£ h I T C H ( ! : L T P l ( F r P 2 . K * L P P S * P P S l P I , 0 , l S 9 . K , l l l , 0 , L S 1 0 . K I 
L P P S * P P ? l P * r i I P ( ( ' : H T T C H ( 0 , ( 1 / R P I , I S 1 0 . K 1 ) , O , L S I 0 . K , . 5 E 5 l 

1 . J + P T * ! ( L ? 1 1 I . J K / P T I - L S l l P . J K l 

£ H I T C H ( ( : i I P ( ( F F D 2 . K * L P P S * P P S l l l , 0 , L S l O . K , l l l , 0 , L S l l . m 
L P P S * P P S n * C L I P I ( S W I T r H < 0 , ( I / P P I , L S l l . K | 1 , 0 , L S l l . K , . 5 E 5 I 
1 2 . J » r T * ( ( L S 1 2 I . J X / P T I - L S 1 2 P . J K I 

£ K I T C H ( ( C L T P ( I F E P 2 . K * L P P S * P P S 1 2 1 , P , L S l l . K , l l l , 0 , L S 1 2 . K I 
i r P S * P P S 1 2 * r i I P I ( ? W I - ' C H ( 0 , l l / R P I , L S 1 2 . K l I . O i L S 1 2 . K , . 5 E 5 l 
I ? . J + D T * ( ( l ' : i ? l . J K / n - ' l - L S 1 3 P . J K I 

£ H I T C H l ( : L I P H F E r 2 . K * L P P S » P P S l 3 l , 0 , L S 1 2 . K , l l l , 0 , L S 1 3 . I C ) 
LPPS+PPSI 3 * r L I P ( ( ? W T T H ( 0 , ( 1 / R P I , I . S 1 3 . K I l , 0 , L S 1 3 . K , . 5 E 5 l 
l ' i . J + r T » ( « l S 1 4 I . J K / p T ) - L S 1 4 P . J K I 

S I > I T r H t ( C L I P ( ( F F D 2 . K * L P P S * P P S 1 4 l , 0 , L S 1 3 . K , l l l , 0 , L S 1 4 . K I 
i r P S * P P S 1 4 * r L T P | i r H T - ^ C H ( 0 , l l / R P I , l ? 1 4 . K I I . 0 , L S 1 4 . K , . 5 F 5 I 
1 5 . J + r T * ( ( L S 1 6 I . J K / P T ) - L S 1 5 P . J K I 

S K I T C H ( ! C L l P ( I F E r 2 . K * L P P S * P P S 1 5 l , 0 , L S l 4 . K , l t l , 0 , l S 1 5 . K I 
L P P S » P P S I 5 « r i I P ( | t M | + r H ( O , ( l / P P I , L S l 5 . K I I , 0 , L S l 5 . K , . 5 F 5 l 
l t . J + r T » l ! L S l 6 I . J K / n T I - L S l 6 P . J K l 

LPPS 
LR 

LS 
L S I 
L S I I 
L S I R 
L S I O 
L S I O I 
LSIOR 
L S l l 
L S l l I 
L S l l R 
L S 1 2 
U512I 
LS12i( 
L S 1 3 
L S 1 3 I 
LS13R 
L S 1 4 
L S 1 4 I 
LS14R 
L S 1 5 
L S 1 5 I 
LS15R 
LS1& 
L S I 6 I 
L S 1 6 7 
L S 1 7 
L S 1 7 I 
LS17R 
L S 1 8 
L S 1 8 I 
LS18> 
L S 1 9 
I S 1 9 I 
LS19R 
LS2 
L 5 2 I 
I S 2 R 
L S 2 0 
L S 2 0 I 
LS20R 
I S 3 
L S 3 I 
LS3R 
LS4 
L S 4 I 
LS4R 
LS5 
L S 5 I 
I S 5 R 
LS6 
L S 6 I 
LS6R 
LS7 
L S 7 f 
LS7R 
LS8 
I S 8 I 
LS8R 

L S 9 
L S 9 I 
I S 9 R 
L T S l 
L T S I O 
L T S l l 
L T S 1 2 
LTS13 
L T S 1 4 
L T S 1 5 
I.TS15 
I .TS17 
L T S 1 8 
L T S 1 9 
LTS2 
L T S 2 0 
L T S 3 
LTS4 
LTSS 
LTS6 
L T S 7 
LTS8 
L T S 9 
NAH 
HSO 
HSR 
NCCS 

NCCSL 

NCP 
NCR 

NEIl 

LOAN PFRCFNTAGF PFP SHIP P I M ' L E S S 
LOAN PPPAVMENTS / / O U A R T F P 

LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LOAN 
LPAN 
LOAN 

ON EH 
ON SH 
SHIP 
S K I P 
OH SH 
PHIP 
SHIP 
ON ?H 
PHIP 
PMIP 
ON SH 
SHIP 
PHTP 
ON SH 
SHIP 
S H I P 
ON SH 
PHIP 
^ H I P 
ON SH 
^ H I P 
<;HIP 
on SH 
PHIP 
PHIP 
ON SH 
PHIP 
PHIP 
ON EH 
SHIP 
PHIP 
ON EH 
PHIP 
PHIP 
ON SH 
SHIP 
SHIP 
ON PH 
SHIP 
PHIP 
ON SH 
PHIP 
PHIP 
ON SH 
PHIP 
PHIP 
ON PH 
PHIP 
PHIP 
ON SH 
PHIP 
PHIP 
ON St' 
SH IP 
PHIP 
ON SH 
PHIP 
PHIP 

I P S ƒ 
I P 1 / 

INCRFASF 
REPAYMENT 

I P 1 0 / 
10 INCPEASF 
1 0 PFPAYMFNT 
I P l l ƒ 

INCRFASF 
U PFPAYMFNT 
I P 1 2 ƒ 

INCPEASF 
PFPAYMFNT 

I P 13 ƒ 
13 INCRFASF 
13 PFPAYMFNT 
I P 1 4 ƒ 
1 4 INCPEASF 
14 PFPAYMFN'' 
IP 15 / 

INCPEASF 
15 PFPAYMFNT 
I P 1 6 ƒ 
16 INCREASE 
16 PFPAYMFNT 
I P 1 7 / 
17 INCREASE 
17 PFPAYMFNT 
I P 18 / 
18 INCRFASF 
18 PFPAYMFNT 
I P 1 9 ƒ 
19 INCPFAPF 
1 9 PFPAYMFNT 
I P 2 ƒ 
2 INCPEASF 
2 PFPAYMFNT 
IP 2P ƒ 
2 0 / 
2 0 PFPAYMFNT 

P 3 / 
INCPEASF 

PFPAYMFNT 
4 ƒ 

INCRFASF 
PFPAYMFNT 
5 ƒ 

INCPEASP 
PFPAYMFNT 
6 ƒ 

INCREASE 
PFPAYMFNT 
7 / 

INCRFASP 
PFPAYMFNT 
8 / 

INCPEASF 
PFPAYMFNT 

LOAN ON S H I P 9 ƒ 
LOAN PHIP 9 INCPEASF 
LOAN SHIP 9 PFPAYMFNT 

/ y QUARTER 

/ / Q U A R T E R 

/ / Q U A R T E R 

/ / O U A R T F P 

/ / Q U A R T E R 

/ / Q U A R T E R 

/ / Q U A R T E R 

/ / Q U A R T E R 

/ / Q U A R T E R 

/ / O U A R T E R 

/ / Q U A R T E R 

/ / Q U A P T F P 

/ / Q U A R T E R 

/ / Q U A R T E R 

/ / Q U A R T E R 

/ / O U A R T F P 

/ / Q U A R T E R 

/ / Q U A R T E R 

/ / Q U A R T E R 
L I F F T T M E ; H I P 1 
L TCP TIME P H I P 10 
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A N r P . K = N F I l . K » C P G 
r - p r, = . 4 
A " . K ' N F P . K - N C C S L . K 
A N C r P . K = ( ! ! l - P T C F - P C T F l « . 8 * L C X + ( l - P T C I - P C T l | « . 8 » L C X I * 0 0 l / R T 
A r p p i . K = r i I P ( l , 0 , ( P . K / N r C P . K I , l l 
A P P P 7 . K = r i I P I F E r i . K , C , W C . K , W C M l 
r k iCM=-10P6 
NPTP CHTPPINC L I N F ' P SHARF OF TRAPF 
A ' C P | . K = ( ! N S X . K * ! F T X . « + ' T X . K I + N S Y . K * ( F T Y . K + I T Y . K 1 1 * 0 D I / R T 
A v i rCP l . K = ! ! r , £ X . K » ( ! ! - P T C F - P C T F I * F T X . K + ( l - P T C I - P C T I I * l T X . K l + N S Y . K * 
X ( ( l - P T r r - P C T r i » F T Y . K + ( l - P T T - P r T i | . i T Y . K l 1 * 0 P I / R T 
A P p r c i . K = ^ ! I N P X . K * ! P T C F * F T X . X + p T r ! * I T X . K I + N S Y . K * ( P T C E * E T Y . K + P T C I * 
X ' T y . K l l * o r i / P T 
A ' T r r < : l . K = ! ! N S X . K » ( P C T F » F T X . K + P C T I « I T X , K I + N S Y . K * ( P C T E » E T Y . K + P C T I » 
X ' T Y , K ) | * 3 r l / R T 
r p T r r = . 7 
r P C T F = . i 
r p T r i = . 7 
c p r T i = . i 
A M F I I . K = ( E I . K + I I . K I * ( I - P T : I 
r p T r = . ' 
A T F l i . K i I F l . K + I l . K I ' P T C 
A M r P , K = N r C S l . K / N E I l . K 
A T f p . K ^ T r c s L . K / T E I l . K 
NOTF PXPDPTS/ IMPCPTP HOPFL 
NDTP PXPPPTS 
I. P . K = P . J + P T » E G . J K 
N P = 7 7 5 0 0 0 
P P G . K l = P . K « I G R . K / 1 0 0 
A Pr ,P .K=T^pLF ! E GPT , T I M E . K , " , 9 6 , 9 6 1 
T P R p T ^ i / ) 
A P 1 . K = P P 1 » F . K 
C " E l » . 4 6 
e P 7 . K = P P 7 « r . K 
F P F 7 , . 2 5 
A = 3 . K = P F 3 « r . K 
C O F 9 = _ - j q 

NOTF IMPORTS 
L ' . K = T . J + D T » I G . J K 
N ' = ? ' i n O 0 P 
p ' r . . K L = ' . K * I G P . K / 1 0 0 
A ! G P . K = T A C L r ( I G P T , T I M F . K , 0 , 9 6 , 9 6 l 
T ' G P T = V 
A ' l . K = P T ! * I . K 
c P ' l = . 5 4 
A » 2 . K - P ' 7 P I . K 
r P I 7 = . 3 1 
A I P . K = P I ' + ! . K 
r P ' 3 = . 1 5 
NOTP PypnPTS t IMPDPTS 
A P T . K = P . K + I . K 
A P T P . K = P . K / 1 . K 
NOTP P F r l P I I l N C R I T F R I A 
HQTF . , . DTSCCUNTEP COST? ANP B E N E F I T S 
L P C P . K = P r E . J + O T * r C B R . J K 
N P C B = - P R P I 
P ' ' C P R . K L - ! H C C . K / ( E X P ( T I M F . K * l O G N ( l + D P l l l 11 
A i i c r . K = W r j . J K + H C I . J K - ( S P P . J K / P T I - ( P R S . J K / P T l - l R . J K - L I P . JK 
C n p , , , 0 4 
NQTP - 2 - F P F f I G N EXCHANGE BALANCF 
1 PFOT , | f = F E e T . J + P T » F F P . J K 
M F F p T , _ , - , , , ^ p p j , » p p j j 
P P E P . K L = r L I P ! ( F E F A . K - F E E X . K I , n , T I M E . K , P T I 
A F F F A . K = ( ! ! N S X . K » G » X . K + N S Y . K * G P Y . K I * W I T C . K I « O n i / R T 
A w t - r . K = ( ! I T C » ( l - P T C F - P C T P | | + P T C F » p c T F I 
C ! T r = . 7 
A F F F X . K = ( £ D F . J K / D T l + ( P R P . J K / n T | + L R . J K + L ! P . J K + ( I N S X . K * O P I / R T | * 
X ( P r X + P X + , 7 ' S C X . K + . 7 » C C X . < + . 5 * A C X . K + S C C X . K I + 
X . q » ( P C P X l . f + S W I T C H ( 0 , O C S X 2 . K , S 3 . K I + S M T T C H ( 0 , O C S X 3 . K , S 5 . K I + 
X P K ! T r H ( P , D C S X 4 . K , S 7 . K I + ? b ) I T C H ( 0 , 0 C S X 5 . K , S q . K I + 
X P H l T r H ( P , 0 C S X 6 . K , S l l . K I + P W I T C H ( P , O C 5 X 7 . K , S 1 3 . K l + 
X ? H i T r H ( n , 0 C S X 8 . K , S 1 5 . K l + S W ! T C H ( O , O C S X 9 . K , S 1 7 . K I + 
X P W T T C H ( r , 0 C S X l P . K , S l 9 . K I I + 
X ( ( N ? Y . K « D P 1 / R T 1 » ( P C Y + B Y + . 7 » ? C Y . K + . 7 * C C Y . K + . 5 * A C Y . K + S C C Y . K I + 
X . q » ( P W T T t H ( 0 , O C S Y l . K , S ? . X I + P W I T r H ( 0 , 0 C S Y 2 . K , S 4 . K I + 
X P f ' T C H I P . P f S Y 3 . K , S 6 . K I + ? H I T C H ( n , 0 C S Y 4 , K , S 8 . K I + 
X P H ' T f H I O , C r S Y 5 . K , S 1 0 . K I + S W I T C H ( 0 , 0 C S Y 6 . K , S 1 2 . K I + 
X P m T r H ( r , Ü C S Y 7 , K , 5 l 4 . K l + S W ! T C H ( 0 , 0 C S Y 8 . K , S l 6 . K l + 
X P W I T r H i r , C C S Y 9 . K , ? 1 3 . K I + S W ! T C H ( C , O C S Y l O . K , S 2 0 . K I I 

S17 
S18 
S 1 9 
S2 
S20 
SJ 
S4 
S5 
S6 
S7 
S8 
S9 
TBV 

TEU 

T i l 
TNI 
T N I S 
VEX 
VEY 
MC 
WCC 
wees 

ucr. 
wcss 

WCI 
WCM 
WITC 

R E M A I N I N G 
RPMAIN ING 
REMAIN ING 
RFMAINTNG 
RFMAIM'NG 
R E M A I N ' N C 
RFMAINTNG 
RFMAINTNG 
RFMAINTNG 
REMAIN ING 
REMAIN ING 
R F M A I N ' N C 
TOTAL «DDK 

TRANPEFR C 
TONP/OUA 

TPANSFPR c 
TRANSEEF 
R A T I O 

TRANSFER F 
TON' /QUA 

TRANSPORT 
TOTAL NETT 
TOTAL NETT 
VOYAGF EXP 
VPYAGP EXP 
WORKING C( 
WORKING CA 
WORKING CA 

QUARTEP 
WORK INT. C( 
WORKING C( 

1UARTEP 
WORKING CA 
WORKING CA 
WFIGHTfC I 

L I F E T l 
L I F E T I 
L I F E T l 
L I F E T I 
L I F E T l 
L I F E T I 
L I F F T I 
L I F E T I 
I I F C ^ I 
L I F F T I 
L I F E T I 
L I F F T I 

VALUF 

MF S H I P 17 
ME S H I P 18 
ME S H I P 19 
ME SHTP 7 
MF P H I P 2C 
ME S H I P 3 
MF S H I P 4 

SHIP 5 
ME S H I P 6 
ME S H I P 7 
ME S H I P 8 
ME S H I P 9 

OF S H I P S 

QUARTERS 
OUARTFP? 
OUARTEPS 

QUARTERS 
OIIAPTFR? 

QUARTERS 
QUARTERS 

OUARTFPS 
QUARTERS 
QUARTERS 
QUARTERS 
QUARTERS 

ARGC CAPPTEP BY S H I P P I N G L I N E 
RTER 
ARGO CARRTEP PY S H I P P I N G L I N F / 

EXPORTS ANP IMPOPTP ON POUTF 1 

XPORTS ANP TMPOR''S PN ROUTE 1 
PTEP 
INOEPEMDENCE I N P T C A T O P D I M ' L E S S 

INCOME / /QUAP'PFP 
INCOME SHAPOW P P I C F P / / Q U A R T E R 

F M P I T U B F S / S H I P X ƒ 
E N P I T U P F S / S H ' O Y / 
P I T A L / 
P I T A L CHANGF / / O U A R T E P 
P I T A L CHANGF PHAPOW PRICED ƒ / 

P I T A L GROWTH / / Q U A R T E R 
P I T A l GROWTH SHAPOW PRICFD / / 

P I T A L INTEREST / / O U A P T E P 
P I T A L MIN IMUM / 
NCICENCE OF TRANSPORT COST 
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NOTC - ^ - SHÉCÜW PFICFn P I«r?UNTFn COSTS ftND BPNFFITS 
i ' ^ rp« : .K=nce£ .J *DT*pcBPS. jK 
M r . ( -p r= -< ;p» ( i -LPPS) *PP<; i -LPPS*PPSl 
r <:?='.? 
e n C B P f . K I = ( H C C ? . K / ( F X P ( T T H F . K * L 0 G N C 1 * 0 P 2 ) ) ) l 
r '^P2 = .0A 
B W r r " ? . K = ( w C G S . J K + k C I . J K - f P * ( ( f n p . J K / n T ) + C P R S . J K / D T ) + L P . J K + L I P . J K ) ) 
P K r r - « . K L = C L I P ( T M I S . K , 0 , T T M r . K , n T ) 
* '•NI*".K = M S X . K * ( ( ( S P * < G P X . < * W T ' ^ C . K - B X - P C X - . 5 * A C X . K - , 7 * C C X . K - S C C X . K -
X .7*<;CX.K) + ( 1 - W I T C . K ) * G P X . K - . 5 * B C X . K - . 3 * C C X . K - . 3 * S C X . K ) * 0 0 ) / R T J -
X ( S P * . 9 + . l ) * ( D C S X l . K + S W I T C H ( O , O C S X 2 . K , S 3 . K ) • S W I T C H « 0 , O C S X 3 . K , S 5 . K I * 
X S W T T H ( 0 , o r S X < f . K , S 7 . K ) * S W T T C H ( 0 , O C S X 5 . K , f S 9 . K ) + 
X «-MT-rrHtr, D C S X 6 . K , S l l . K » « - S W T T C H t n , 0 C S X 7 . K , S l 3 . K ) + 
X f V T ^ C H ( r i , D r S X 8 . K , S ? ? . K ) 4 - S W ! T r H < 0 , O C S X 9 . K , S ? 7 . K > + 
y «^WTTCH(0,OCSX1C.K,S19.K) ) * 
X N S Y . K * ( ( ( S r » ( G F Y . K * W T T r . < - B Y - P C Y - . 5 * A C y . K - . 7 * C C Y . K - . 7 * S r Y . K - S C C Y . K ) * 
X ( ' - M T ' ^ r . K ) * G R Y . K - . 5 * A r Y . K - . 3 * r C Y . K - . 3 * S C Y . K ) * 0 D ) / R T ) -
X ( S P * . 9 + . l ) < ^ ( S W I T r H ( P , 0 C S Y l . K , S 2 . K ) + S W I T C H ( n , n C S Y 2 . K , S 4 . K ) + 
X ^MT•^^H(O,0CSY3.K|S6 .K) •SW!• 'CH^0 ,OCSY'^ .K ,S8 .K^• 
X f W T - r r H ( 0 , D C S Y 5 . K , $ J 0 . K ) * S W T T H ( 0 , 0 C S Y 6 . K , S 1 2 . K J * 
X ' ^WT '^ rH(O ,aCSY7 .K ,S l '> .K )+cwTTCH(0 ,0CSY8 .K ,S16 .K ) + 
X « ^ W T ' ^ r H t O , D C S Y 9 . K , S 1 3 . K ) * S W ^ r H ( 0 , O C S Y ! 0 . K , S ? O . K ) ) 
NOrp _i^_ TNCOKE PLOUGHFP PACK TN COUNTRY 
L Tppc.K=TPEC . J « - D T * C ! P P C T . J K - I P P r O . J K / P T ) 
N TPpr=o 
o ^PPC'.K.t=Cl IPCHCG. J K , 0 , W C . K , 0 ) + A M C . K 
» ' P P C n . K l = C l I P ( ( S D P . J K + P P S . J K ) , 0 , W C . K , 0 ) 
NOTP - « i - FMPLDYMFNT OF SHTPPING LTNF 
» CMP.K=PA.K•0F.K.+M^H.K 
B 9A.K=N^.K*MSP 
r n|<'P=22 
t n'^.K=N«.K*MSO 
r »»cn=i8 
A «^AM.K = 50•^5r*CLIP(C ( NS . K - 6 ) / 1 2 ) t O, NS.K , 6 J 
NOTC - f t - TPftNSPOPT INOFPFNOFNCF T N O I C A T O P 
e •rTT.K = t ( ( N S X . K * ^ ? * . 9 * L C X + N S Y . K * 2 * . 9 * L C Y ) * 0 n ) / P T l / N F I l . K 
NOTC - 7 - BOOK, VALUF OF <;H'Pf 
r •^BV.K = BV1.I' 4-BV?.K4-BV?.K+BV'4.K + BV5.K*RV6.K + BV7.K+BV8.K+eV9.K+BVT0.K* 
X •'V11.K+PV12.K<-BV13.K<-PV1<+.K + PV15 .K*BV16 .K*BV17 .K + BV18.K+BV19.K+ 
X PV20.K 
* PVT .K=PP51 ' -S I .K /LTS1 
A ' 'V? .K=PPS2*S2 .K /LTS? 
t ttV3.K=PPS3'S3.K/LTS3 
f. oVA.K=PPS4« SA.K/ l^ 'SA 
t ' »V5 .K=PPS5*S5 .K /LTS5 
A °V6>.K, = PPS6*S6 .K /LTS6 
t ' »V7 .K=PPS7*S7 .K /LTS7 
t 0V8.K=PPS8'^S8.K/LTS8 
1^ PV9.K = P P S 9 * S 9 . K / L T S 9 
A OV1'>.K=PPS1C*S1C.K/LTS10 
A R V 1 1 . K = P P S 1 1 * S 1 1 . K / L T S 1 1 
t " V 1 2 . K - o P S 1 2 * S 1 2 . K / L T S 1 2 
e « V 1 3 . K = P P S 1 3 * S 1 3 . K / I T S 1 3 
A P V 1 4 . K = P P S 3 A * S 1 A . K / I T S ' A 
« '^V1'^.K = PPS15*S15.K/L"' 'S15 
A n V 1 6 . K = P P S l 6 * S l 6 . K / L T S 1 6 
t PVT •' .K=PPS: 7*SJ7.K/L'^ST 7 
A ° V T P . K = P P S 1 8 * S 1 8 . K / l T < ; i 8 
A a V l o . K = F P S 1 9 * S 1 9 . K / l •'•S19 
A o V 2 n . K = P r S 2 C * S 2 C . K / L T S 2 0 
NOT= - 8 - NUMBTP OF StJ lTNGS PFP WFFK 
B M C P W . K = { N S . K * 0 D / P T ) / ? ? 
« • P F : L''NR"'H = 9 6 / r T = . 2 5 /PPTpcp=2/PLTPER = 2 
PRIN-^ N« ,NSX,N?Y,KC,WCG,wrT ,SPP,PPS,LS ,LP 
PPT»r 1 TP,NCP,D,CCSL,NCCSL,TCCSLfCTCCSL.NFIl,TFIl 
PRIMT nr'R,pcPS,FEBT,FMP,TPBr,-'-BV,TII,NSPW 
PLO"' ^"^/wr/WCG/WrI /LS 
PLO'- n r P , r C B S / F F e T / T P P C 
PIO"^ «^MPZ-^BV/TII/NSPW 
PUN 



MOPPI 15 - ENDOGENOUS FLEET EXPANSION 2 

T IME NS NSX NSY WC 
NCCSL T C C S I C T C C S L NEI l 

E+00 F+PO F+OP E+PC F+P6 
F + f%3 c+03 E»r3 F+P3 

. 0 1.000 l.POnp .OOOP - . 8 8 
11.63 3 .322 1.661 183.05 

2 . 7.000 4.PP0P 3.P0D0 - 4 . 6 8 
7-<.97 7 ' . l l q 10 .559 186 .T4 

4 . 7 .000 4 . 0 0 0 0 3 .0000 - 4 . 5 7 
73.92 7 ' . I T " 10 .559 1 9 0 . 5 ' 

6 . 7 .000 4 .0000 3 .0000 - 4 . 4 ? 
73.92 2 1 . 1 1 ° 10 .559 194.35 

B. 7.000 4 .0000 5 .0000 - 4 . 2 2 
73.92 2 1 . 1 1 ° 10.559 198 .28 

1 0 . 7.000 4.OOOP 3.0CPC - 3 . 9 8 
73.9? 2 1 . 1 1 ° 10.559 202 .78 

1 2 . 7.POP 4.PrPP 3.0PPC - 3 . 6 9 
73.92 2 1 . 1 1 ° 10 .559 206 .36 

1 4 . 7.POP 4 .PpDr 3.OC0C - 3 . 3 5 
7 3 . 9 2 7 1 . 1 1 ° 1 0 . 5 5 9 2 1 0 . 5 2 

1 6 . 8 . 0 " " 4.nPPP 4.CPrO - 7 . 9 6 
83.05 •'•".T'o 11 .854 714.77 

1 8 . 8 . 0 0 0 4 . 0 0 0 0 4 . 0 0 0 0 - 2 . 9 7 
8 3 . 0 5 7 3 . 7 2 ° 1 1 . 8 6 4 2 1 9 . 1 0 

7 3 . 8 .000 4.OOOP 4 .0000 - 7 . 4 4 
83.P5 2 3 . 7 2 ° 11.864 223.52 

2 7 . 8.000 4.OOOP 4 .0000 - 1 . 8 3 
83.P5 7 3 . 7 7 ° 11.864 228.P3 

2 4 . 8.POP 4 . D r o r 4.0CC0 - 1 . 1 6 
BS.r'S 7 3 . 7 2 ° 11.664 232 .63 

2 5 . 9 .000 5.PnDP (..OPPP - . 4 4 
94.68 7T.051 13 .525 237 .32 

2B. 9."PP s.pppr 4.P0CP .14 
94 .68 7 7 . 0 5 ' i ? . 5 2 5 247.11 

3 0 . 9 .000 5 .0000 4 .0000 1.18 
94.68 ' 7 . 0 5 1 13.525 247 .00 

3 2 . 9 .000 5 .0000 4 .0000 7 .79 
94.58 27.P51 13.525 251 .98 

3 4 . 9 .000 5 .0000 4 .0000 4 .78 
94.59 2T.P5I 13.525 7 5 7 . r 5 

3 5 . 9 .500 5.PPPP 4.P0Cr 6 .46 
94.68 77 .051 13.525 262.75 

3 8 . 10.POP 5.POP" 5.00CC 8.05 
103 .81 29 .651 14.830 267.54 

4 P . lO.pno '•.rnnr 5 .0000 8 .q3 
1 0 3 . 8 ! 7 ° . 6 6 ' 14 .830 277 .94 

4 2 . 10.POP 5 .0000 5 .0000 10 .27 
1 0 ' . S ' • ' q . 5 6 ' 14 .830 778.44 

4 4 . 10.000 "5.0000 5 .0000 12.75 
103 .81 2 9 . 6 6 1 14.83C 284 .06 

4 5 . 11.000 6 .0000 6 .0000 1 5 . 4 0 
115.44 32 .983 15.492 2 8 9 . 7 ° 

4 8 . 11.000 6 .0000 5 .0000 17.72 
115.44 32 .983 16.492 295.64 

5 0 . 11.POP 6.P0PP 5.0PC0 2 0 . 9 1 
115.44 37 .983 16.492 301 .50 

5 2 . 11.POP 6.PPPP 5.0CC0 24 .30 
115.44 32 .983 16 .492 307.6'» 

5 4 . 11.POP 6.PPPP 5.00C0 27 .92 
115.44 ' P . q p ' 15 .492 3 1 3 . 9 0 

5 5 . 12 .000 6 .0000 b.0000 31 .55 
124.58 35 .593 17,797 320.23 

5 8 . 12 .900 6 . 0 0 0 0 t . 0 0 0 0 3 5 . 7 9 
124.58 35 .593 17 .797 326 .69 

6 0 . 12 .000 6 .0000 6 .0000 40 .34 
124.58 35 .593 17.797 333 .28 

6 2 . 12 .000 6.00Pn t.OOOP 4 5 . 1 7 
124.58 35 .593 17.797 3 4 0 . P I 

5 4 . 13 .000 7.POOP t.OOCP 47 .44 
136.70 38 .915 19.458 346 .87 

6 5 . 13 .000 7.POOP t.OOCC 48 .65 
136.70 38.qT5 19 .458 353 .86 

6 8 . 13 .000 7 .0000 t . 0 0 0 0 54 .12 
1 3 6 . ' 0 ^".f"' 19 .458 361 .00 

WCG W C I SDP PRS LS 
T E I l DCB DCBS FEBT EMP 

E+03 F+03 F+03 E+03 E+05 
E+03 F+03 E+03 E+05 E+00 

. 0 . 0 500 .00 . 0 2 .625 
78.45 - 3 5 0 0 . 0 - 3 7 6 7 . 5 - . 8 7 5 9 0 . 0 0 

«32 .7 - 1 4 0 . 5 .OP . 0 12.246 
80.03 - 7 7 0 3 . 2 - 9 0 9 4 . 7 - 4 . 5 5 3 334 .17 

832.7 - 1 3 7 . 1 .00 . 0 11 .449 
81.65 - 7 5 0 5 . 5 - 8 8 1 3 . 3 - 4 . 5 4 7 334 .17 

832 .7 - 1 3 2 . 5 .00 . 0 10 .652 
83 .29 - 7 4 8 2 . 5 - 8 5 1 2 . 6 - 4 . 5 0 9 334.17 

832 .7 - 1 2 6 . 5 .00 . 0 9 .855 
84.98 - 7 3 3 6 . 9 - 8 1 9 5 . 3 - 4 . 4 3 8 334 .17 

832 .7 - 1 1 9 . 4 .00 . 0 9 .059 
86 .69 - 7 1 7 0 . 8 - 7 8 6 3 . 8 - 4 . 3 3 5 334 .17 

832.7 - 1 1 0 . 7 .00 . 0 8 .252 
88.44 - 6 9 8 5 . 4 - 7 5 2 0 . 2 - 4 . 2 0 2 334 .17 

B32.7 - 1 0 0 . 5 • .00 . 0 7 .465 
90.22 - 6 7 8 5 . 7 - 7 1 6 6 . 5 - 4 . 0 3 5 334 .17 

933.3 - 8 8 . 7 500.00 . 0 8 .168 
92 .04 - 6 5 7 0 . 4 - 5 8 0 4 . 5 - 3 . 8 3 8 378 .33 

933.3 - 8 9 . ? .00 . 0 7 .277 
93 .90 - 6 5 8 9 . 4 - 6 7 5 4 . 2 - 4 . 0 8 5 378.33 

933 .3 - 7 3 . 1 .00 . 0 6 .387 
95 .79 - 5 3 3 7 . 9 - 6 3 6 1 . 3 - 3 . 8 2 8 378.33 

933 .3 - 5 4 . 9 .00 . 0 5 .495 
97 .73 - 5 0 7 5 . n - 5 9 6 2 . 8 - 3 . 5 3 4 378.33 

923.8 - 3 4 . 7 .00 . 0 4 .505 
99.70 - 5 8 0 2 . 9 - 5 5 6 1 . 3 - 3 . 2 1 0 378.33 

1051.4 - 1 3 . 1 375 .00 . 0 4 .840 
101.71 - 5 5 3 4 . 8 - 5 1 7 2 . 9 - 7 . 8 7 9 427 .50 

1051.4 4 . 2 .00 . 0 3 .879 
103.76 - 5 3 4 7 . 1 - 4 8 9 7 . 3 - 2 . 7 8 1 422 .50 

1051.4 35 .4 .00 . 0 2 .918 
1P5.86 - 5 0 1 6 . 5 - 4 4 4 3 . 7 - 2 . 2 9 2 422 .50 

' 0 5 1 . 4 7' .8 • .00 . 0 2 .077 
107.99 - 4 6 7 2 . 7 - 3 9 8 0 . 5 - 1 . 7 3 8 422 .50 

' 0 5 1 . 4 128 .4 .00 . 0 1 .799 
110.17 - 4 1 7 3 . 3 - 3 3 2 3 . 3 - . 6 0 8 422 .50 

1051.4 193 .9 .00 . 0 1.535 
112.39 - 3 6 2 1 . 8 - 2 5 0 8 . 0 . 7 5 1 422 .50 

1152.0 241.5 .00 . 0 3 .703 
114.66 - 3 0 7 8 . 9 - 1 9 1 3 . 3 2 .135 466 .67 

1172.P 267 .8 .00 . 0 3 .398 
' 1 6 . 9 7 - 3 0 4 1 . 8 - 1 8 8 2 . 2 1.177 4 5 6 . 6 7 

1111.0 308.2 .00 . 0 3.094 
119.33 - 2 7 7 4 . 9 - 1 5 5 1 . 2 1.412 466 .57 

1111.0 382 .6 .00 . 0 2 .789 
121.74 - 2 3 1 7 . 3 - 9 7 7 . 8 2 . 6 5 1 4 6 5 , 6 7 

' 2 6 0 . 6 4 5 1 . 9 525 .00 . 0 4 . 3 5 9 
124.2P - 1 8 6 6 . P - 4 1 8 . 7 3 .903 510 .83 

1260.6 531.6 .00 . 0 3 .984 
126.7P - 1 5 P 6 . 0 16 .2 4 .635 510 .83 

1250.6 527 .2 .00 . 0 3 .655 
129.26 - 1 0 4 1 . 3 581 .9 6 .037 510 .83 

1260.6 729.D .00 . 0 3 .328 
131 .87 - 5 8 3 . 4 1133 .7 7 .452 510 .83 

1260.6 837 .6 .00 . 0 3 .000 
134 .53 - 1 3 2 . 3 1572 .2 8 .880 5 1 0 . 8 3 

1351 .7 946 .6 .00 . 0 3 .410 
137.24 2 8 6 . 1 2164 .0 10.100 555 .00 

' 3 5 7 . 7 1073 .7 .00 . 0 3 .079 
140.01 736 .6 2594 .7 11 .532 555 .00 

1 3 5 1 . 7 1 2 1 0 . 1 . 0 0 . 0 Z . 7 7 4 
1 4 2 . 8 4 1 1 8 4 . 7 3 2 1 7 . 7 1 3 . 2 2 1 5 5 5 . 0 0 

1351.7 1355.2 .00 . 0 2 .469 
145.72 1625.6 3728 .7 14 .823 555 .00 

1510.8 1423 .1 .OP 2500 .0 4 .667 
148.66 1819.3 3902 .1 13 .444 599 .17 

1521.8 1459.4 .00 . 0 4 . 1 9 8 
' 5 1 . 6 6 1910.? 393S.5 10 .875 599 .17 

1521.8 1523 .7 .00 . 0 3 .729 
154.72 2304 .5 4370 .9 12 .328 5 9 9 . 1 7 

LR LIP NCP 0 CCSL 
IPBC TBV T I I NSPW 

F+03 E+P3 F+03 F+03 E+03 
F+05 F+06 F+00 F+00 

87 .03 52 .50 73 .22 6 1 . 5 9 3 15 .61 
. 000 3 .500 .10708 .0570 

398 .44 244 .92 74 .70 . 7 8 2 105 .59 
.19? 16.675 .63613 .3993 

398 .44 223 .98 76 .20 2 .289 105 .59 
.396 15.159 .62355 .3993 

398 .44 213.05 7 7 . 7 4 3 .826 105 .59 
. 599 15.644 .51122 .3993 

398 .44 197 .11 7 9 . 3 1 5.395 105 .59 
.803 15.128 .59913 .3993 

398 .44 181.17 8 0 . 9 1 5 .995 105 .59 
1.007 14.612 .58728 .3993 

398.44 155.23 82 .54 8 .627 105.59 
1.210 14 .097 . 57567 .3993 

398.44 149.29 8 4 . 2 1 10 .293 105 .59 
1 .414 13 .581 .56478 . ' '993 

398 .44 163.36 8 5 . 9 1 7.856 U 8 . 6 4 
1.618 15 .066 . 52149 .4553 

4 4 5 . 3 1 145.54 8 7 . 6 4 4 .589 " 8 . 6 4 
1.837 14.487 .60919 .4563 

4 4 5 . 3 1 127.73 8 9 . 4 1 5 . 3 5 7 118 .54 
2 .056 13.909 .59715 .4563 

4 4 5 . 3 1 109.92 9 1 . 2 1 8.161 118.64 
2 .276 13 .331 .58534 .4553 

4 4 5 . 3 1 9 2 . 1 1 93 .P5 1 0 . 0 0 1 118.64 
2 .495 12.753 .57376 .4563 

4 4 5 . 3 1 9 6 . 7 9 9 4 . 9 3 . 2 5 2 135.25 
7.71.4 13 .675 . 6 4 " 5 .5134 

480 .47 77 .57 9 6 . 8 4 2 .157 135.75 
3 .212 13.022 .62847 .5134 

480 .47 58 .36 9 8 . 8 0 4 . 1 2 1 ' .35 .75 
5 .550 12.359 .616P5 .5134 

797 .97 41 .54 100 .79 6 .114 135.25 
7.888 11 .715 . 60386 .5134 

82 .03 3 5 . 9 7 102 .83 8 .147 135.25 
I P . 2 2 5 11 .062 .59197 .5134 

82 .03 32 .69 104 .90 10 .222 135.25 
12.563 10 .409 . 5 8 0 2 1 .5134 

1 5 2 . 3 4 7 4 . P 5 1 0 7 . P 2 3 . 2 0 3 1 4 8 . 3 0 
1 4 . q 0 3 1 2 . 7 4 7 . 6 2 3 6 ? . 5 7 0 4 

152.34 6 7 . 9 7 109 .18 5.362 148 .30 
15 .198 13 .519 . 61129 .5704 

157.34 51 .87 ' 1 ' . 3 8 7.564 148 .30 
16 .684 13 .791 .59<J2P .5704 

157.34 55 .78 113 .67 9 . 8 ' 1 148 .30 
19.155 13.062 .58735 .5704 

152.34 87 .18 115 .92 . 477 164.92 
21 .529 14.834 . 64021 .6274 

164.06 79 .68 118 .76 2 .815 164.92 
23 .754 14.028 .52755 .6274 

164.05 73 .12 120.54 5 .2P1 154.92 
26.542 13.222 . 6 ' 5 1 4 .6774 

154.06 6 5 . 5 6 123 .08 7.635 164.92 
79 .379 12.416 .60298 .6274 

164.05 5 0 . 0 0 125 .55 10 .118 164.9? 
3 2 . 1 1 7 11 .609 . 59105 .6274 

187 .50 6 8 . 7 0 128 .09 3.516 177 .97 
3 4 . 5 8 1 11 .791 . 62521 .6845 

152.34 6 1 . 5 8 130 .58 5 . IDO 177 .97 
37 .556 10 .934 .61285 .6845 

152.34 55 .48 1 3 3 . 3 1 8.737 177 .97 
40 .652 10 .078 .60073 .6845 

152.34 4 9 . 3 9 135 .00 11 .426 177 .97 
43 .537 9 . 2 2 2 .58885 .6845 

234 .38 9 3 . 3 3 138 .75 2 .543 194 .58 
43 .949 13 .800 .53107 .7415 

234 .38 83 .96 141 .55 5 .342 194 .58 
4 3 . 2 8 4 15 .856 . 61859 .7415 

234 .3» 74 .58 144 .40 8 .198 194 .58 
4 6 . 6 2 6 15 .912 .60635 .7415 
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1975 ,2 
3054 .0 

2177 .9 
3438 .6 

2393 .6 
3817 .0 

2615.5 
4175 .2 

2563 .5 
4238 ,0 

2574 .4 
4261 .0 

2933.? 
4S92.7 

3184.5 
4889 .9 

3476 .3 
5209.5 

3768 .1 
5505.4 
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, 0 0 
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,00 
5183 ,0 

,00 
5601 .3 

.00 
6011 ,2 

,00 
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.00 
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.00 
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7024 .3 
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8336 .5 

. 0 0 
8519 .5 

PRS 
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14 .411 

. 0 
8.843 

. 0 
10 .799 
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13.929 
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1 5 . 7 9 ! 

. 0 
17 .277 

. 0 
19.286 

. 0 
20.247 

LS 
FMP 

3.313 
599.17 

4 .427 
543.33 

4,005 
643.33 

3.58 3 
643.33 

4 ,286 
687.50 

3.911 
687.50 

3.535 
687.50 

5,411 
731.67 

4 .907 
731.57 

4 .438 
731.67 

5 .800 
775.83 

5.215 
775.83 

4 .529 
775.83 

4 .945 
820.00 

LR 
IPBC 

164 .06 
49 .962 

210 .94 
5 2 . 8 9 1 

210 .94 
56 .427 

210 .94 
59 .963 

187.50 
63 .766 

187.50 
60 .085 

187 .50 
56 .465 

187 .50 
50 .357 

234 .38 
63 .690 

234 .38 
67 .797 

292 .97 
71 .376 

292 .97 
75 .709 

797 .97 
80 .091 

234 .38 
83 .234 

LIP 
TBV 

5 6 . 2 6 
14 .969 

8 8 . 5 3 
15 .985 

80 .09 
14 .980 

7 1 . 6 5 
13 .973 

8 5 . 7 2 
14 .470 

7 8 . 2 2 
2 3 . 3 3 9 

70 .72 
2 5 . 7 5 8 

108 .22 
2 8 . 6 7 6 

9 8 . 1 4 
27 .520 

8 8 . 7 6 
2 6 . 3 6 4 

115 .01 
27 .678 

104 .29 
2 6 . 4 4 4 

9 2 . 5 7 
25 .210 

98 .90 
25 .963 

NCP 
T i l 

147 .31 
.59437 

150.29 
.62169 

153.32 
.60940 

156.41 
.59735 

159.57 
.53237 

162.79 
.61987 

166 .07 
.50761 

159.42 
.63026 

172.84 
.51779 

176.33 
.60558 

179.88 
.63515 

183.51 
.62259 

187.72 
.51028 

190.99 
.62896 

0 
NSPW 

1 1 . 1 1 1 
. 7 4 1 5 

4 . 9 4 8 
. 7 9 8 6 

7 . 9 8 0 
. 7 9 8 6 

1 1 . 0 7 3 
. 7 9 8 6 

2 . 5 0 2 
. 8 5 5 6 

5 . 8 2 1 
. 8 5 5 5 

9 . 1 0 6 
. 8556 

3 . 3 2 1 
. q i 2 6 

6 . 7 3 9 
. q l 2 5 

1 0 , 2 2 6 
, 9 1 2 5 

2 . 1 5 6 
. 9 5 9 7 

5 . 7 8 5 
. 9 6 9 7 

9 . 4 8 8 
. 9 5 9 7 

4 . 1 3 0 
1 .0267 

CCSL 

194.58 

207.53 

207.63 

207.53 

224.24 

??4.74 

724.74 

237.29 

237.29 

237.79 

253,90 

253,90 

253,90 

266.95 
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Chapter 8 - STEP 6: Ma3EL 16 - CONGESTION IN NflTICMAL PORT 

Paragrajii 1.2 presented the causal-loop diagram of the simple port model. This causal diagram c:an 

also be translated into equations. The variables used in these ecjuations have the following definitions: 

EI export + import cargo flows through port (tons/year) 
ACV average c:argo per vessel (tons) 
NC number of calls 
VST vessel service time (days) 
NG number of gang-shifts per vessel per full working day 
TG tonnage handled per gang-shift (tons) 
BO berth occnipancy 
NB number of berths 
QT cjueueing time per vessel (days) 
CVD cost of vessel per day (E) 
QC queueing costs (E/year) 

Equations 
EI 

. number of calls NC = ̂prr 

ACV 
. vessel service tine VST = 7—5 -— ^rrr- +0.5 

0,8 X NG X TG 

the c:argo handling rates per full working day are multiplied by a factor 0.8 to take into account 
the loss of working time at weekends, on public holidays, and for other reasons such as bad 
weather; a 'non-working tine' of 0.5 day is added to the VST in order to cover two periods frcm 
ship arrival on berth to the start of work, and frcan finish of work to ship departure. 

NC X VST 
. average berth occupancy BO = ^^1^5 (days) 

, ^ (k + 1) VST X BO 
. queueing tuie per vessel QT = - ^ x ^ ^ (1 _ gp) 

16) 
in a study on the national port, v^ere most of the ciata vAiich is used in this model cxnres frcxn, 
it is found that the arrival of ships in the port has a Poisson distribution, and that the service 
tines of the ships has an Erlangian distribution; an Erlang numfcier (k) has been found for the 
national port of 2.25, so that (k + l)/2k = 0.7222; note that this Erlang number can vary quite 
widely without seriously affecting the ratio. 

cjueueing costs per year QC = NC x QT x CVD 

The dynamo-flew diagram of the sinple port mcdel is presented on the following page. 

. parameter values 

The unit of time in the calcrulation is the year. The tine-horizon of the calcnilation is 1976 - 2000. 

The export and inpDrt general cargo flows (2.1 million tons in 1976) grew annually with 4 percent. 

The average cargo per vessel increases frcm 3800 tons in 1976 up to 5000 tons; the number of gangs 

per vessel increases f ran 12 to 13 and the tonnage per gang frcm 61.5 to 84. The cost of a vessel 

per day increases from £4000 to E4750. 

The number of berths is 16, but this number may increase through the construction of additional 

berths (AB). The model calculates the queueing costs for 1,2,3 and 4 additional berths. The maritime 

planners can thus weight the cost of the acJditional berth construction against the savings in 

cjueueing costs. In order to make the cjueueing costs, vhich arise over the period 1976-2000, suitable 

for decision making in the present, they are discounted to the year 1976. 
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docrumentor l i s t ing EI.K=EI.J+DT*FIG.JK 
EI=2.1E6 

EI - EXPOPTS+TMPORTS THROUGH PORT TONS/YEAR 
DT - COMPUTATION INTERVAL YFAPS 
EIS - FXP3RT<;4-TMP0RTS GPüWTH TCNS/YFAR 

EIG.KL=EIGR*FI.K 
EIGR=.04 

EIG - FXPOPTS+IMPURTS GROWTH TDNS/YFAR 
EIGR - EXP3PT5+IMP0PTS GFOWTH PA^E X/'f?^R 
EI - EXPnR'''?+TMPGRTS THROUGH PORT TONS/YEAR 

NC.K=EI.K/ACV.K 
MC - NUMBER OF CALLS IN P3RT 
EI - EXPORTS*IMPORTS THFOUGH PORT TONS/YEAP 
ACV - AVFOAGP C«PGÜ/VESSFL TONS 

ACV.K = TABLE(ACVT,Tl HF.K,1976,2000,6) 
ACVT=3800/4200/4800/5000/5000 

ACV - AVFCAGP CAOGO/VESSFL TONS 
TABLE - DYNAMO FUNCTION - SEF MANUAL 
ACVT - AVF»AGP C/*PGO/VESSFL TABLF 

QC.K=NC.K*QT.K*CVn.K 
gC - QUFUPING COSTS OF ALL SHIPS //YEAR 
NC - NUMBFR 0»̂  CALLS IN PORT 
QT - GUFUEING TIME/VESSEL DAYS 
CVD - COST OF VFSSFL/DAY IN PORT ƒ 

QT.K=(.7222*VST.K;*B0.K>/{NP.K*(1-B0.K)) 
3T - GIIFUFING ^THF/VESSFL DAYS 
VST - VFS?EL SFPVICE TIME DAYS 
BO - BERTH OCCUPANCY 
NB - NUMBER OF RfFTHS 

V S T . K = ( A C V . K / f , 8 * N G . K * T G . K ) )<- .5 
VST - V F S S F L SPPVICf TIME DAYS 
ACV - AVFOAGF CAPGU/VESSEL TONS 
NG - NUMBER OF G A N G - S H I F T S / S H I P / = U L L WORKING DAY 
TG - TONS/GANG 

B0.K=(NC.K*VST.K)/(365*NB.KJ 
60 - BFRTH OCCUPANCY 
MC - NUMBER OF CALLS I N PORT 
VST - VESSEL SFPVICE T IME DAYS 
NB - NUMBFP OF BERTHS 

NB.K= I6+AB 
AB=1 

NB - NUMBER OF BERTHS 
AB - AODITIONAL BERTHS 

N G . K = T A B L E ( N G T , T r M F . K , 1 9 7 b , 2 0 0 0 , 6 ) 
N G T = 1 2 / 1 2 / 1 3 / 1 3 / ? 3 

NG - NUMBER OF G A N G - S H I F T S / S H T P / F U L L WORKING PAY 
TABLE - OYN»MO FUNCTICN - SEE MANUAL 
NGT - NUMBER OF GANGS TABLF 

T G . K = T A B L E ( T G T , T T M F . K , 1 9 7 6 , 2 0 0 0 , 6 » 
T G T = 5 l . 5 / 7 0 / 8 0 / 8 4 / 8 4 

TS - TONS/GANG 
TABLE - DYNAMO FUNCTILN - SEE MANUAL 
TGT - TONS/GANG TABLE 

C V D . K = T A B L E ( C V n T , T T M F . K , 1 9 7 6 , 2 0 0 0 , 6 ) 
C V D T = 4 0 0 0 / 4 1 5 0 / 4 4 0 0 / 4 6 5 0 / 4 7 5 0 

CVD - COST OF VESSEL/DAY IN PORT ƒ 
TABLE - DYNAMO FUNCTILN - SFF MANUAL 
CVDT - COST OP VFSSfL /DAY I N PORT T / I B L F 

DQC.K=DQC.J*-OT*DQCP .JK 
DQC=0 

DQC - DISCOUNTFn QUIUEING COSTS f 
DT - COMPUTATION INTERVAL YF4RS 
DQCR - DISCOUNTED UUtUEING COSTS R»TF //YEAR 

DQCR. KL=3C.K/( EXP HTIMF.K-1976)*L0GN{1*DR ) ) ) 
DR=.12 

DQCR - DISCOUNTED QULUEING COSTS RATF / / Y E A R 
aC - QUEUEING COSTS OF ALL SHIPS / / Y E A R 
EXP - DYNAMO FUNCTION - SEF MANUAL 
DR - DISCOUNT u/sr t 
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* MODFl 16 - CONGESTION IN NATIONAL PORT 
NOTE FXPOPTS+IMPOPTS THPDU3H PORT 
L FI.K=ET.J*DT*EIG.JK 
N PI=2.1F6 
R '=IG.KL=FIGR*EI.K 
C FIGR=.04 
NOTF NUMBFR OF CALLS IN PO'T 
A NC.K=FI.K/ACV.K 
A ACV.K=TAeLC(ACVT,TIME.K,1976,2000,6) 
T A C V T = 3 8 0 0 / 4 2 0 C / 4 8 0 0 / 5 P O O / 5 0 0 0 
NOTE QUFUFING COSTS I N PORT 
A QC.K=NC.K*QT.K*CVD.K 
A g T . K = ( . 7 2 2 2 * V S T . K * B 0 . K J / ( N B . K * ( l - B D . K ) ) 
A V S T . K = ( A C V . K / ( . 8 * N G . K * T G . K ) ) + . 5 
A P 0 . K = ( N C . K * V S T . K ) / ( 3 6 5 * N 3 . K ) 
A NB.K=16+AB 
C AB=1 
A N G . K = T A B L E ( N G T , T I M E . K , 1 9 7 6 , 2 0 0 0 , 6 ) 
T N G T = 1 ? / 1 2 / 1 3 / 1 3 / 1 ? 
A T G . K = T A P L E ( T G T , T I M E . K , 1 9 7 6 , 2 0 0 0 , 6 ) 
T T G T = f e i . 5 / 7 0 / 8 0 / 8 4 / 8 4 
A C V D . K = T A B L F ( C V n T , T I M E . K , 1 9 7 6 , 2 0 0 0 , 6 ) 
T r v n T = 4 O O 0 / 4 1 5 0 / 4 4 0 C / 4 6 5 0 / 4 7 5 0 
NOTc DISCOUNTED QUEUEING C3STS 
L DQC.K=r'OC.J + DT*DQCP.JK 
N PQCO 
R " Q C P . K L = Q C . K / ( r X P I ( T I M F . I l - 1 9 7 6 ) * L 0 G N ( l + D P ) n 
C '>R=,12 
SPEC l F N G T H = 2 4 / D T = . 2 5 / P R T P r P = l / P L T P E P = . 5 
N T iMP=197b 
PRINT F I , M C , A C V , Q C , Q T , V S T , 3 0 ,NG,TG,CVD 
PRINT DQC 
PLOT FT/NC/CC/QT/DQC 
RUN I AODTTIONAL BFRTH 

MODEL 16 - CDNCESTIUN I N NATIONAL PORT 1 ADDITIONAL BERTH 

TIME 
E+00 

1 9 7 6 . 
1 9 7 7 . 
1 9 7 8 . 
1 9 7 9 . 
1 9 3 0 . 
1 9 8 1 . 
1 9 8 2 . 
1 9 8 3 . 
1 9 8 4 . 
1 9 8 5 . 
1 9 8 6 . 
1 9 8 7 . 
1 9 8 8 . 
1 9 8 9 . 
1 9 9 0 . 
1 9 9 1 . 
1 9 9 2 . 
1 9 9 3 . 
1 9 9 4 . 
1 9 9 5 . 
1 9 9 6 . 
1 9 9 7 . 
1 9 9 8 . 
1 9 9 9 . 
2 0 0 0 . 

F I 
F+03 

2 1 0 0 . 0 
2 1 8 5 . 3 
2 2 7 4 . 0 
2 3 6 6 . 3 
2 4 6 2 . 4 
2 5 6 2 . 4 
2 6 6 6 . 4 
2 7 7 4 . 7 
2 8 8 7 . 4 
3 0 0 4 . 6 
3 1 2 6 . 6 
3 2 5 3 . 5 
3 3 8 5 . 6 
3 5 2 3 . ? 
3 6 6 6 . 2 
3 8 1 5 . 0 
3 9 6 9 . 9 
4 1 3 1 . 1 
4 2 9 8 . 9 
4 4 7 3 . 4 
4 6 5 5 . 0 
4 8 4 4 . 0 
5 0 4 0 . 7 
5 2 4 5 . 4 
5 4 5 8 . 4 

NC 
F+OC 

5 5 2 . 6 
5 6 5 . 2 
5 7 8 . 1 
5 9 1 . 6 
6 0 5 . 5 
6 J 9 . 9 
6 3 4 . 9 
6 4 5 . 3 
6 5 6 . ? 
6 6 7 . 7 
6 7 9 . 7 
6 9 2 . 2 
7 0 5 . 3 
7 2 8 . 9 
7 5 3 . 3 
7 7 8 . 6 
8 0 4 . 7 
8 3 1 . 8 
85 9 . 8 
8 9 4 . 7 
9 3 1 . 0 
9 6 8 . 8 

1 0 0 8 . 1 
1 0 4 9 . 1 
1 0 9 1 . 7 

ACV 
E + 00 

rSOO.O 
3 8 6 6 . 7 
3 9 3 3 . 3 
4 0 0 0 . 0 
4 0 6 6 . 7 
4 1 3 3 . 3 
4 2 0 0 . 0 
4 3 0 0 . 0 
4 4 0 0 . 0 
4 5 0 0 . 0 
4 6 0 0 . 0 
4 7 0 0 . 0 
4 8 0 0 . 0 
4 8 3 3 . 3 
4 8 6 6 . 7 
4 9 0 0 . 0 
4 9 3 3 . 3 
4 9 6 6 . 7 
5 0 0 0 . 0 
5 0 0 0 . 0 
5 0 0 0 . 0 
5 0 0 0 . 0 
5 0 0 0 . 0 
5 0 0 0 . 0 
5OCC.0 

QC 
E+06 
1 . 0 5 
1 .13 
1 . 2 1 
1 . 3 1 
1 .42 
1 . 5 4 
1 . 6 9 
1 .73 
1 . 7 8 
1 .83 
1 . 9 0 
1 . 9 7 
2 . 0 5 
2 . 4 0 
2 . 8 3 
3 . 3 9 
4 . 1 3 
5 . 1 4 
6 . 6 ? 
9 . 6 5 

1 6 . 2 5 
4 1 . 3 2 

- 1 1 4 . 0 9 
- 2 6 . 4 6 
- 1 5 . 8 1 

QT 
E+00 
. 4 7 6 
. 4 9 6 
. 5 1 9 
. 5 4 4 
. 5 7 2 
. 6 0 4 
. 6 4 0 
. 6 3 9 
. 6 4 0 
. 6 4 3 
. 6 4 7 
. 6 5 3 
. 6 6 0 
. 7 4 0 
. 8 38 
. 9 6 1 

1 . 1 2 3 
1 .342 
T . 6 5 6 
2 . 3 1 1 
3 . 7 2 8 
9 . 0 7 4 

- 2 3 . 9 9 4 
- 5 . 3 2 9 
- 3 . 0 5 0 

VST 
E+00 

6 . 9 3 6 3 
6 . 9 0 1 8 
6 . 8 6 8 7 
6 . 8 3 7 1 
6 . 8 0 6 9 
6 . 7 7 7 8 
6 . 7 5 0 0 
6 . 6 6 4 4 
6 . 5 8 1 1 
6 . 5 0 0 0 
6 . 4 2 1 1 
6 . 3 4 4 2 
6 . 2 6 9 2 
6 . 2 6 1 3 
6 . 2 5 3 5 
6 . 2 4 5 8 
6 . 2 3 8 2 
6 . 2 3 0 8 
6 . 2 2 3 4 
6 . 2 2 3 4 
6 . 2 2 3 4 
6 . 2 2 3 4 
6 . 2 2 3 4 

BO 
E+00 

. 6 1 7 8 

. 6 2 8 6 

. 6 4 0 0 

. 6 5 1 8 

. 6 6 4 2 

. 6 7 7 2 

. 6 9 0 6 

. 6 9 3 0 

. 6 960 
, 6 9 9 4 
. 7 0 3 4 
. 7 078 
. 7 1 2 6 
. 7 3 5 5 
. 7 5 9 2 
. 7 8 3 7 
. 8 0 9 0 
. 8 3 5 2 
. 8 6 2 3 
. 8 9 7 3 
. 9 3 3 8 
. 9 7 1 7 

1 . 0 1 1 1 
6 . 2 2 3 4 1 . 0 5 2 2 
6 . 2 2 3 4 1 . 0 9 4 9 

H6 
E+00 

1 2 . 0 0 0 
1 2 . 0 0 0 
1 2 . 0 0 0 
1 2 . 0 0 0 
1 2 . 0 0 0 
12. \000 
1 2 . 0 0 0 
1 2 . 1 6 7 
1 2 . 3 3 3 
1 2 . 5 0 0 
1 2 . 6 6 7 
1 2 . 8 3 3 
1 3 . 0 0 0 
1 3 . 0 0 0 
1 3 . 0 0 0 
1 3 . 0 0 0 
1 3 . 0 0 0 
1 3 . 0 0 0 
1 3 . 0 0 0 
1 3 . 0 0 0 
1 3 . 0 0 0 
1 3 . 0 0 0 
1 3 . 0 0 0 
1 3 . 0 0 0 
1 3 . 0 0 0 

TG 
E+00 

6 1 . 5 0 0 
6 2 . 9 1 7 
6 4 . 3 3 3 
6 5 . 7 5 0 
6 7 . 1 6 7 
6 8 . 5 8 3 
7 0 . 0 0 0 
7 1 . 6 6 7 
7 3 . 3 3 3 
7 5 . 0 0 0 
7 6 . 6 6 7 
7 8 . 3 3 3 
3 0 . 0 0 0 
8 0 . 6 6 7 
8 1 . 3 3 3 
8 2 . 0 0 0 
8 2 . 6 6 7 
8 3 . 3 3 3 
8 4 . 0 0 0 
8 4 . 0 0 0 
8 4 . 0 0 0 
8 4 . 0 0 0 
8 4 . 0 0 0 
8 4 . 0 0 0 
8 4 . 0 0 0 

CVD 
F+00 

4 0 0 0 . 0 
4 0 2 5 . 0 
4 0 5 0 . 0 
4 0 7 5 . 0 
4 1 0 0 . 0 
4 1 2 5 . 0 
4 1 5 0 . 0 
4 1 9 1 . 7 
4 2 3 3 . 3 
4 2 7 5 . 0 
4 3 1 6 . 7 
4 3 5 8 . 3 
4 4 0 0 . 0 
4 4 4 1 . 7 
4 4 8 3 . 3 
4 5 2 5 . 0 
4 5 6 6 . 7 
4 6 0 8 . 3 
4 6 5 0 . 0 
4 6 6 6 . 7 
4 6 8 3 . 3 
4 7 0 0 . 0 
4 7 1 6 . 7 
4 7 3 3 . 3 
4 7 5 0 . 0 

DQC 
E+06 
. 0 0 0 

1 . 0 3 6 
2 . 0 2 8 
2 . 9 8 3 
3 . 9 0 4 
4 . 7 9 7 
5 . 6 6 4 
6 . 4 9 1 
7 . 2 4 9 
7 . 9 4 5 
8 . 5 8 7 
9 . 1 8 1 
9 . 7 3 2 

1 0 . 2 6 6 
1 0 . 8 2 5 
1 1 . 4 1 8 
1 2 . 0 5 6 
1 2 . 7 5 5 
1 3 . 5 4 3 
1 4 . 4 8 8 
1 5 . 7 8 0 
1 7 . 9 8 6 

. 0 2 7 
- 4 . 9 9 4 
- 6 . 5 2 3 



(T ^ I O ** 
• O *• O O U 4 t C ^ ^ 4 4 4 i 4 4 ) ^ s 0 4 > 0 > C i 0 4 ^ ^ < ' ' ^ 4 > 0 ' O ^ T i - ^ 

o < A t » - j f f u i ^ u > ' M ^ ' O i o a > - m v ^ • ' « ' u i r s j p - o ^ a o - j f f c ^ z 
• • • • • • • • • • • • « • • • • • • • • • • • • o m 

0 * D ' O k D O O C D 0 3 * g * J * > J - g O f f ' f f C r ' f f f f O " f f f f f f f f C T ' > . ' ^ ' - ' l T i 
U J ^ < J 1 » - ' a D . C - * ^ 0 D C ' - t ^ ^ ^ - > g f f 0 - f f U ) U t U l U > N ) P - O > 0 C D + 
- F • u > ^ J " - 4 ^ - - g - * > a > * • o - g • ^ u t o ^ • ^ o - J • ^ ^ J • 0 - ^ V J I ^ W U I O C D 
^ - 4 0 - ^ * o u i ^ C D ^ - r o o - « J » - ' - P - ' - J f f w > j t w \ J i u J f f . ^ - 4 - * ' 0 0 

I 'O 

-gO'sOOOff 'Ol 'AUJi - j ' f f r o a 3 W O C D f f - ^ c o f M O « a ' - ' ^ 0 " - < 

• > i - g f \ j O : : > a * - ' U i o u > O f f r \ ) - g w c D U ) O D N ) u i O D t - ' ^ ^ a : o + 0 
l ^ > Q o O - J ' ^ ) ^ o c o ^ / l • J ' c o w ^ ^ ^ U l . O O o l > J ^ J - J C O - g ^ J U ^ • ^ o o o 
o c o - g o ^ > l 4 ' ^ D ^ - w - ^ t B O D ^ o ^ D ^ v n - ^ • ^ o ^ - J t — o D . f O ' O O - o 

» O ^ « O 0 0 0 0 Q 3 - J - J - g - J f f > f f O ' f f f f O ' f f f f f f ' O ' * / ' i J > V / | i J I ' J 1 
- j - r o f f w o ^ - r r d o ^ > ^ i j J i j » M r j r o M K - 0 ' O O D - g f f ' J ' T I 
ff.^-g*'*'fflmoJCDlSjrsj^-ff-fvU)00~je-'OC0Utf>jff* - J O i • .J. f f •>-•b>^aa•vnOl>l : : : l . f^ '>^ l .Jr>r^. l^^ l<Jr '^ lum^. l l - lBdln.c>f~l l 

'ff"fvLk)OD~«»— -«r fu i i^ is jw-*- -«<i—luj 
* U J f f t \ > O l j J O W a D ( S j W ^ - U » * ' 0 0 

l . ^ ( 9 N ) t J 1 l \ > t O - - g - ^ f f < ^ t ^ ^ ^ - ^ ^ ^ ' £ - ^ . r - ' t > U ' W U J W U > + 
> Ö O * - g O f f - « 0 O N ) U l O i J l i — ^ i - - K - » - " ^ ^ , 0 ^ 0 ' U 1 W M O O 
a > i * i ( y u ^ - - P ' ü o r y ~ J u > c o « ö f f ^ w u J ' j J v j > f f s O . * - C 3 - g f f O - * 

t — c o f f N - r \ > 0 ' ^ o - r o ^ - g * ' ' j j r o r » j ^ t - » ^ o o D c D C o - j ^ • 
o o o - g - g u 4 r j * n o c D f f o c B O v j i ^ - ' - g j - ^ ' a ' - - - f - g ^ - f f ' s > o o 
i \ ) U ( , o — a > w j ' \ f l . f - u i o ' » ) i - ' f f ' < > - o - g o D " j ' w » — - j * - g o f f o 

- J C O C O O » J l O ' J i ^ 0 3 * - 0 - ^ - t - O f f N ) C O l j J - 4 M f f O u J - J O + 0 
• o • / ^ f ^ ) ^ o o H - c o o o o ' J J c o . r o ' J > - g t ^ • - ' | ^ t • o ^ ) u ' M - g o o o o 

» o a s c D o o - j - g - g - g f f ' f f f f ^ c f f - ' J ' v r i J i » J ' ' j t u i v , / i \ J i u i ' j i ^ / ' i j J O ' J ' f v j > o o ' ' k ' O O D f f - ^ ' v > o o o ^ ' j 0 3 C o * j f f m - ^ U i ) ' N * T i 

ffij-'-""" . - - - - - _ . . , _ « , 
00 -J • 

j - g O ' ö f f ^ u j ' ^ j - j O ' O O v ^ i / i O o v / t f f O ' O w ^ ^ o a J 
' ^ O D . t ' - s j - ^ ' N j O v / i O J I ' ^ g S N O U J ' O O ^ J Q O N t O O O 

UI %-• *-• p-
a . ü w c t t - J O ' i j i J ' * " . f < o u J U J < k ) U J i - J U i u i i j J u J u * N j r j r o T i 
^ 0 - g 0 ^ f f ^ J ^ - ' m O ^ J l • - . ^ J * * ' . ^ J ' * - * ' . p • U J ^ - 0 < O C D - J + 
- 4 r o * ' f f * ' M f f O O ^ O O - g - g \ / i * - 4 - J « U i f f » - " O D O * m f f O - O C ) 
^ C O ^ U i f f * ' s O - J O O « 0 > — C D N O ^ ^ M O ( J > * 0 - « 4 C O s O O ' 0 0 - i 

^ « O f f - P ' W U J ' \ » N ) ^ > - > - ' " * ' - - * ^ ' - ' . - n 
ff*-m03-JOT'^-0D\/IUIIN>-OOO>0O<0N0C0-J-Jff*ff0- + 
*• .^U>'J1-4^"O'^^P-*C0'^ '^J--g-* '^"CD J1U»^- i ' - O - ^ • O ' J I ' ^ ^ O 
ffosff>vJ^oc^<^'-'Wuta>'--o-^>—'NJO''-»JW^ — o u J O r \ > f f - - ^ 

o tO 03 co -<4 • - g c - f f f f u i u i L n u i * ' 4 > * * u i , M NJ H- H-

o o » - u j ^*ff r s j i — l - • ^ J U J l J l - 4 c o - ^ ( M ^ J l . ^ J ) ^ J U l • - ^ o o o £ ^ 
ff ^ U l u i J ' O ^ - g O ' - * ' C o f f O O - J t - C ö - f ' 0 * ' O u i O M O O O O * 0 



-115-

Chapter 9 - THE USE OF SXMÜLATIO^ M3DELS IN MARITIME PLANNING 

9.1 POLICY ANALYSIS IN SHIPPING: THE NEED FOR A SYSTEM'S VIEW 

Decision making in shipping is traditionally based nore on intuition than on rational planning 

methcxls. Keywords in the expulsion of planning were the uncertainty and unpredictability of the 

shipping markets. However, in the mid-sixties many managers in the maritime industry felt that their 

mental models (intuition) were not adequate anymore to deal with the cxxtplexity of the present. This 

ccnplexity had increased as a result of a manber of factors: 

. rapid expansion of seaborne trade flows 

. structural changes in the cxxnposition of trade flows 

. rapid technological change in ship types, ship size and cargo handling techniques 

. huge increase in investments in ships, shipyards and ports 

. a growing interest of non-traditional maritime countries for the shipping industry. 

Ihe managers requested,therefore, information on vdiicdi they could base their planning. Ihus, studies 

were ccaitnissioned with the intention to gain more understanding on the future daiand for shipping 

services. In this framework forecasts were made of seaborne trade flows, demand for ship tonnage, 

and new-built tonnage. The structure of these forecasts was very simple: correlation and extrapolation. 

Although the forecasts offered useful insights in the factors vrfiich determine the long term develop

ment of shipping demand, they offered little help to the maritime decision maker with his day to day 

decisions, particularly investment decisions. For this purpose studies are needed into the dynamic 

phenanena of the freight markets, in particrular the oil and dry-bulk markets, as fluctuations in 

these markets intnediately influence the supply of new tonnage. In the early seventies a number of 

studies was published vArLch attempt to explain the factors underlying the short term movertents 

of freight rates. In these studies the tool of analysis is simulation models, as these models 

can deal with very ccmplex time-related behaviour. 

However, long term developnent in liner shipping and short term developnent in the liner freight 

rates have not been so spectacular as in liquid and dry-bulk shipping. This may explain to scrre 

extent vrtiy liner shipping has received relatively little attention frcxn researchers. Ihe Shipping 

Secretariat of UNCTAD signaled this lack and initiated considerable research in all aspects of liner 

shipping. In one of its publications 'The establishment or expansion of merchant marines in 

developing countries' it is attempted to formulate guidelines for evaluation of shipping investments. 

This publication provides the maritime planner in a developing country with a qualitative assessment 

of shipping and seme cjuantitative methods to evaluate a shipping venture at the national level. 

However, seen frcm a system's point of view, the publication lacdcs a number of elements. This is 

illustrated with the help of a diagram viiich shows the different stages and steps in model building. 

(following page) 

Looking at liner shipping as a system neans that the maritine planner goes through all these stages 

and steps (vM.ch is an iterative process), and that he defines explicitely each activity. Ihis 

is in itself one of the most important benefits of model building. 

Chapter 1 dealt witli the conceptualization and chapter 2 with the formalization of the liner shipping 

system. This chapter is confined to two activities of the evaluation step: 

. parameter changes and mcxiel behaviour 

. parameter selection in relation to national objective maximization. 
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The model building process 17) 

CONCEPTUALIZATION 

familiarization with general problem area 

definition of the question to be addressed 

exploration of real-world behaviour and 

structure relevant to the question 

description of dynamic behavioiir of interest 

developnent of organizing concepts 

definition of systan boundary through verbal 

description of feedback loops 

representation of feedback loops in causal 

diagram form 

identification of system descriptors 

postulation of detailed itodel structure 

specification of a parametrization 

simulation to evaluate model behaviour and 

test sensitivity to perturbations 

experimentation with different policies 

(a representation of 
the mental model) 

a typical time path of model building activities 

(final model) 
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2 PARAMETER CHANGES AND MODEL BEHAVIOUR 

Ptir a maritime planner v*io prepares an evaluation of a national fleet project, it is very inportant 

to know the impact of a change in a parameter value on the overall results. If he has to calculate 

the inpacts by hand, it will be virtually inpossible for him to calculate a great number of inpacts 

given the time-constraints. However, a ccnputer ĉ an do this jc±i in a matter of seconds. In this 

paragra]* 18 model parameters are given different values and the impact on the model behaviour is 

studied. On this basis the parameters are classified into three groups, with a large, nedium, and 

small iitpact respectively. 

In order to decide vAiether a change in a parameter has a srtall or large inpact, it is necessary to 

define the relative magnitude of the change and the impact. Arbitrarily the nagnitude of the change 

is taken + or - 10% of the standard value of the parameter. The inpact on the model behavioiir is 

called: large, v^en the value of the decision criteria at the end of the c:alc:ulation period changes 

much more than 10%; medium, when the decision criteria change just over 10%; small, vinen the decision 

criteria change much less than 10%. 

The parameter changes are tested on twn types of models in order to answer two kinds of questions: 

. endogenous fleet expansion models 14 & 15; purpose: to determine the inpact of the paraitEter on the 

development of the number of ships in the fleet; 

. pre-determined fleet eĵ iansion models 8 & 9; purpose: to facilitate the corparison of the impacts 

in relation to parameter changes, as the basis (number of ships) of all comparisons is identical. 

The parameters, their changes, the models tested, and the decision criteria for conparison, are 

presented in the table on the following page. The quantitative results of the sore 160 runs which 

have been made, can be found in Appendix A. A qualitative assessment of the results follows hereafter. 

A. Parameters with a LARGE inpact. 

1. freight rates (FR) - a 10% lower FR prohibits any fleet development; a 
higher FR inproves more than proportionally the decision 
criteria DCB, DCBS, FEBT, IPBC. 

2. load factor (LF) - a 10% lower LF prohibits any fleet developnent; a 10% 
higher LF has a large positive inpact on the decision 
criteria, but the mmiber of ships will slightly decrease 
as a result of the increased productivity of the ships. 

3. voyage expenditures (VE) - a 10% higher VE has no substantial inpact on the fleet 
development as such, but has a large negative impact on 
the decision criteria. 

4. roundtrip time (RT) - a 10% increase in RT will increase the number of ships 
(as the productivity decreases), and has a large negati
ve impact on the decision criteria. 

a 10% increase in OC has no substantial effect on the 
number of ships in the national fleet, but has a large 
inpact on the decision criteria. 

a 10% increase of PPS has no substantial effect on t±ie 
number of ships, but has a large negative inpact on the 
decision criteria. 

7. incidence of transport cost (ITC) - a small decrease in the ITC has a large negative inpact 
on the foreign exchange balance total, and consecjuently 
on the shadow priced discounted costs and benefits. 

8. number of ships (NS) - if the size of the fleet is pre-determined, tten the 
chosen number of ships has an inpact on the decision 
criteria. A large fleet will have better values of the 
decision criteria in conparison with a small fleet, given 
the standard values of the parameters. 

(9.) discoimt rate (DR) - a small increase in the DR has a large impact on the 
decision criteria. Note that this parameter is not a 
real model parameter. 

5. operating cost (OC) 

6. purchase price ship (PPS) 



s c e n a r i o iTDdel t e s t e d d e c i s i o n c r i t e r i a of I n t e r e s t 

I. Freight rates 

1. frei^t rate standard (100%) 
2. fr = 90% 
3. fr = 80% 
4. fr = 110% 
5. fr = 120% 

II. Load factor 

1. load factor standard (100%) 
2. If = 90% 
3. If = 110% 

1. load f a c t o r e x p o r t s stai^aard (100%) 
2. Ife = 90% 
3. Ife = 80% 

]A, 9 WC, NS, DCE, DCBS, FEBT, IPBC 

U, 9 MC, NS, DCB, DCBS, FEET, IPBC 

DCS, DC3S, FEBT, IPBC 

III. Voyage expenditures 

1. voyage expeniLtures standard (100%) 

2. ve = 90% 
3. ve = 80% 
4. ve 
5. ve 

110% 
120% 

IV. Roundtrip time 

1. loundtrip time standaid (100%) 
2. rt = 90% 
3. rt = 80% 
4. rt = 110% 
5. rt = 120% 

V. Opaeratirq oost 

1. operating oost standaid (100%) 
2. oc = 90% 
3. oc = 80% 
4. OC = 110% 
5. oc = 120% 

VI. J>dministrative and manaqgnent post 

1. adm. & management oost standard (100%) 
2. anc = 90% 
3. amo = 50% 
4. amc = 110% 
5. anc = 150% 

VII. Purchase price ships 

1. purchase prioe ship standard (100%) 
2. pps •= 90% 
3. K)S = 50% 
4. pps = 110% 
5. pps = 150% 

VIII. LifetijTie ship 

1. lifetime ship standard 
2. Its = - 2 years 
3. Its = - 5 years 
4. Its = + 2 years 
5. Its = + 5 years 

IX. lipan percentage price ship 

1. Ipps standaid = .75 
2. Ipps = .65 
3. Ipps = .5 
4. Ipps = .85 
5. Ipps = 1 

14, 9 W:, NS, DCB, DCBS, FEBT, HBC 

14. 9 WC, NS, DCB, DCBS, WBI, H B C 

14, 9 WC, NS, DCS, DCBS, KBBT, IPBC 

14, 9 WC, NS, DCS, DCBS, HBC 

8 WC 

15 WC, NS 

9 DCB, DCBS, ITBT, lEBC 

8 WC 

15 WC, NS 

9 DCB, DCBS, FEBT, IPBC 

15, 9 WC, NS, DCB, DCBS, FEBT, IPBC, MC 

scenario 

X. lioan interest rate 

1. loan interest rate standard = 2%/quarter 
2. lir = 1.5% 
3. lir = 1% 
4. lir = 2.5% 
5. lir = 3% 

XI. loan repayirent period 

1. repay period standard = 32 quarters 
2. rp = 28 
3. rp = 16 
4. rp = 36 
5. rp = 48 

XII. local interest rate 

1. interest rate - 2%/quarter 
2. ir = 1.5 % 
3. ir = 1% 
4. ir = 2.5% 
5. ir = 4% 

X I I I . Cargo r e s e r v a t i o n goa l 

1 . e r g = 40% 
2 . o rg = 30% 
3 . e r g = 20% 

XIV. Working c a p i t a l minljtuft 

1 . won = -£10 M 
2 . won = -E5 M 
3 . won = -£15 M 

XV. Percentage transfer and cross-trade " 

1. ptct standard (100%) 
2. ptct = 50% 
3. ptct = 0% 

XVI. Grcwth rate exports & imports 

1. gr standard = 4%/year 
2. gr = 3% 
3. gr = 2% 
4. gr = 1% 

XVII. Shadcw price foreign exchange 

1. sp = 1 
2. sp = 1.3 (standard) 
3. sp = 1.7 
4. sp = 2 
5. sp = 2.5 

XVIII. Incidence of transport cost 

1. itc = 1 
2. itc = .7 (stanJard) 
3. itc = .5 

model tested decision criteria of interest 

15, 9 MC, NS, WC, DCB, DCBS, FEBI, UBC 

15, 9 MC, NS, WC, DCB, DCBS, FEBT, IPBC 

lA, 9 MC, NS, DCB, DCBS, FEBT, IPBC 

14, 15 WC, NS, DCS, DCBS, FEBT, IPBC 

14 VC, NS 

I 

I 

14, 15 WC, NS, DCS, DCBS, F^T, IPBC 

14, 15 tC, NS, DCB, DCBS, FEBI, IPBC 

9 DCBS 

9 DCBS, FEBT 

Mote: t h e i r c i d e n c e of t r a n s p o r t o o s t used In ncdal 15 i s 0 . 8 , i n s t e a d of tlie standard value 0 .7 
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B. Parameters with a MEDIUM inpact. 

1. lifetime ship (LTS) 

2. loan percentage price ship (LPPS) 

3. loan interest rate (LIR) 

4. repay period (RP) 

5. cargo reservation goal (CRG) 

6. percentage transfer and cross-trade 
(PTCT) 

7. shadow price foreign exchange (SP) 

a small change in the lifetime of the ships has no sub
stantial inpact on the number of ships; the iitpact on the 
decision criteria depaerds to a large extent on the age-
structure of the fleet. A decrease of the average lifetime 
of the ships will have a smaller impact on a well 'age-
mixed' fleet than on a fleet with ships of approximately 
the same renaining lifetime. 
In general, the imcact on the decision criteria will be 
larger than the proportional change in the lifetine, and 
is therefore termed 'medium'. 

a small change in LPPS has a medium inpact on the deci
sion criteria DCB and DCBS, and a small inpact on the 
FEBT and IPBC. Remarkable is the effect on the foreign 
exchange balance: a large LPPS diminishes the foreign 
exchange expenditures in the first years of operation, 
but the total balance at the end of the calculation 
period shows less difference. 

A small change in LPPS can have a large impact on the 
expansion of the fleet; this depends on the capital v*iich 
is available on the local capital market (working capital 
minimum, see C.) 

an increase of the standard value of LIR with 10% has no 
effect on the nunber of ships, but has a medium negative 
impact on the decision criteria (especially the time-
pattern of the foreign exchange balance total). 

a small change in RP has a medium impact on DCB and DCBS, 
and a snail inpact on FEBT and IPBC. The RP has a large 
Impact on the time-pattern of the foreign exchange ex
penditures . 

a small change in CRG has a mediim effect on the required 
number of ships and the decision criteria. 

a small change in the PTCT has a medium effect on the 
number of ships (a decrease in PTCT gives a decrease in 
NS), and a medium effect on the decision criteria DCB, 
DCBS and IPBC, but a large effect on the foreign exchange 
balance (a decrease of PTCT gives a decrease of FEBT). 

a small change in the SP has a medium effect on the 
shadow priced discounted costs and benefits. 

C. Parameters with a SMALL inpact. 

1. administrative and management costs 
(AMC) 

2. interest rate (IR) 

3. working capital minimum (VOl) 

4. grcwth rate exports & inports (GREX) 

an increase of 10% in AMC has no effect on the number of 
ships, a small effect on the decision criteria DCB, DCBS 
and IPBC, and no inpact on FEBT. 

a small change of IR has no inpact on the number of ships 
and the decision criteria IPBC and FEBT. The inpact on 
DCB and DCBS is small. 

if the available local capital is small, then the fleet 
developnent may be constrained. As the purctiase price of 
the ships are large anounts of noney, v*iich must be paid 
in one time, a small increase in the available local 
capital will have a small inpact on the decision criteria. 

a small change in GREI has a medium effect on the nunber 
of ships and the decision criteria IPBC, and a small 
inpact on the other decision criteria. 
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9.3 PARA'̂ ETER SELECTION IN RELATION TO NATIONAL OBJECTIVE MAXIMIZATION 

On the basis of the information contained in the previous paragrapii, it is possible, to select the 

paraneters v\Aiich are of inportance to the achievement of the national objectives as mentioned in 

chapter 3. 

Objective 1 - contribution of national fleet to national inccme creation. 

Those parameters must be selected vhich maximixe the discounted costs and benefits. Three cases can 

be distinguished: 

a. discounted costs and benefits without constraints 

b. discounted costs and benefits with constraint on the amount of capital that can be borrowed 

on the local capital narket (WCM) 

c. discounted costs and benefits with constraint on the amount of foreign exchange that can be used 

by the shipping line. 

In the following tables the characters mean: + = as large as possible 

- = as small as possible 

1) = undecided, see remark 

. = not rele\7ant 

parameter case a. case b. case c. 

freight rate 

load factor 

voyage expenditures 

roundtrip time 

operating cost 

adm. & nanagement costs 

purchase price ship 

lifetime ship 

loan percentage price ship N 

loan interest rate 

loan repay period ^ 

interest rate 

cargo reservation goal 

worlcing capital minimum 

percentage transfer & cross-trade 

growth rate exports & inports 

+ 

+ 

-

-

-

-

-

+ 

+ 

+ 

-

-

-

-

-

+ 

^ 

• 1) -

J 
2) 

+ 

• 

+ 

+ 

-

3) 

+ 

-

3) 

+ 

+ 

-

-

-

-

-

+ 

• 1) 

2) 

3) 

+ 

+ 

3) 

shadow price foreign exchange 

incidence of transport cost • • + 

number of ships 4) 4) 4) 
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1) a foreign loan on a ship, against a low interest rate, gives a leverage effect on the return of 
the shipping line's working capital. If this return is larger than the loan interest rate, a foreign 
loan becones a means of improving the discounted costs and benefits. 
However, a big loan percentage price ship (LPPS) and a long repay period (RP), bring along more 
loan interest payments, vtó.ch are foreign exchange expenditures. For these reasons, no recipe 
can be formulated for the optimal values of LPPS, LIR and RP. m c h will depend on the specific 
circumstances. 

2) a low local interest rate limits in the early years of the shipping line the interest payments, 
v^dch results in lower discounted costs. Hcwever, if the working capital beccmes positive, the 
interest flow is reversed, vfcLch results in higher discounted benefits. The 'optimum' interest 
rate must be calculated in each specific case. 

3) When the growth of the fleet is constrained by the available working capital and foreign exchange, 
all the available funds will be innediately used for the purchase and replacement of ships. This 
results in a negative working capital during many years, vAiich increases the interest payments and 
consequently the discounted costs. 
A small cargo reservation goal and/or growth of trade necessitates only occasionally the purchase 
of ships; the working capital can grow steadily and the discounted benefits witli it. 
The optimum cargo reservation goal and growth of trade, thus depend on the kind of capital con
straints inposed by the financial position of the country. 

4) the number of ships is not a parameter in the endogenous fleet expansion model, but a dependent 
variable. However, in the pre-determined fleet expansion models it is an inportant parameter. 

Objective 2 - foreign exchange earnings of the national fleet. 

Those parameters must be selected vAiich maximize the foreign exchange balance total. Three cases 

are distinguished: 

a. maximization of the foreign exchange balance total in the year 2000 

b. minimization of the foreign exchange needs during the national fleet project life 

c. maximization of the discounted costs and benefits with shadow priced foreign exchange. 

parameter case a. c :ase b. case c. 

freight rate 

load factor 

voyage expenditures 

roundtrip time 

operating cost 

adm. & management costs 

purchase price ship 

lifetime ship 

loan percentage price ship 

loan interest rate 

loan repay period 

interest rate 

cargo reservation goal 

working capital minimum 

percentage transfer & cross-trade 

grcwth rate expxsrts & inports 

shadow price foreign exchange 

+ 

+ 

-

-

-

. 

-

+ 

>. 

-

- ^ 

• 

5) 

-

+ 

5) 

• 

+ 

+ 

-

-

-

. 

-

+ 

+ 

+ 

-

-

-

-

-

+ 

N 

- 1) 

} 

• 

5) 

5) 

5) 

5) 

• 

-1) 

2) 

5) 

-

+ 

5) 

+ 

incidence of transport cost 
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5) Ihe cargo reservation goal and /or growth rate of trade must be as large as possible, only in the 
case that the foreign exchange earnings exceed the foreign exchange expenditures. A large cargo 
reservation goal/growth rate of trade means a fast expansion of the number of ships in the fleet, 
v.^cli requdLres a lot of foreign exchange for the purchase of the ships over a short period of time. 
In order to limit the foreign exchange needs of the national shipping line, it is advisable to 
spread the purchase of the ships over time. 
The working capital minimum can vrork as a constraint on the fleet development and therefore limit 
the foreign exchange needs. 
A high interest rate on the locsil capital decreases the WDrking capital in the initial years 
of the operation , and nay thus constrain fleet developnent. 

Objective 3 - enploynent creation (column a) 

(33Jective 4 - influence on conference decisions (column b) 

Objective 5 - avoidance of disrupjtion of services during hostilities (column c) 

Objective 6 - reduction of econanic dependence (column d) 

Objective 7 - prcnotion of exports (column e) 

Objective 8 - economic integration (column f) 

Objective 9 - stimulation of forward and backward linkages of the shipping industry (column g) 

parameter a b c d e f g 

freight rate 

load factor 

voyage expenditures 

roundtrip time 

operating cost 6) 

adm. & management costs + 

purchase price ship 

lifetime ship 

loan percentage price ship 

loan interest rate 

loan repay period 

interest rate 

• 

• 

• 

• 

+ 

+ 

9) 

cargo reservation goal + + + + + + + 

working capital minimum . . . . • 

percentage transfer & cross-trade + + + + + + + 

growth rate exports & mports + + . + + 

shadow price foreign exchange . . . + . . 

indidence of transport cost . . . + + . • 

number of ships + + + + + + + 

6) The crew of a ship can vary in number; if the shipping line wants to create enployment, it can 
increase the crew, vhich will in turn increase the operating cost. 

7) One indicator of econcmic dependence is the foreign exchange balance of the country; all the 
parameter changes as mentioned under objective 2 are in this respect relevant. 

8) The proTotion of exports is achieved by lowering the freight rate of exports; the loss in inccme 
must be ccmcesated one way or the other, otherwise the ccnpany will go bankrupt. All the parame
ter cdianges that inprove tne income position of the shipping line are in this respect relevant. 
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9) When a shipping line purchases 'cheap' second-hand ships, it is unlikely that a local ship
building industry will develop. If the shipping line intends to buy new ships, it may have 
a stimulating effect on such an industry. On the other hand, second-hand ships inplicate 
more repairs than new ships, vhich may stimulate a local shipi-repairing industry. 
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Chapter 10 - LIMITS OF THE SIMULATIOJ MOrKTf! 

Before making a model of a systan, the modeler should clarify the objectives he has. in mind with the 

model. Only then a model can be evaluated properly. Jszirgen Randers introduces in this respect the 

concept of the 'goal surface' of a model. This means that the modeler defines all his objectives with 

the model and pxits relative weights on each of them. The figure laelow illustrates the procedure. 

Seme desirable model characteristics 

typical initicil model 

goal surface of a finished model (according to one's paradigm) 

insight generating capacity. Does the model increase real understanding about the system being 
nodeled? Does it inprove the mental models of the persons involved in making or assessing it? 

descriptive realism. Does the model elanents and equations represent the real system in a form that 
corresponds closely to the way persons involved in the system perceive it? Can one easily identify 
in each parameter and element a perceivable or conceivable real-world equivalent? 

ntxie reproduction ability. Can the model reproduce all forms of dynamic behaviour that can be ob
served in the real system, under the same conditions that produce them in the real system? 

transparency. Is the nodel easily understandable even by a non-p(rofessional audience? 

relevance. Does the model address problems that are viewed as inportant by those involved in the 
real system? 

fertility. Does the model generate new ideas, new ways of looking at the problan, new experiments 
or policies that might not have been considered if the model had not been made? 

formal correspondence with data. Does the model incorporate real world observations as contained 
in standard data sources, and can it reproduce under historical conditions a reasonable statistical 
fit to historically-observed data? 

ease of enrichment. Can the model be altered to incorporate new findings or to test the effects of 
new policies that were not under consideration vhen the model was made? Can the model be adapted to 
represent systems related but not identical to the one originally represented? Can the model be 
updated without repeating all the work that went into creating it originally? 

point predictive ability. Can the nodel produce a precise prediction of a future event or of the 
future magnitude of inportant elements in the system? 
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In the INTRCOUCTICÏJ it is stated that the purpose of simulation models of national fleet develop

nent is to generate insights into the system of liner shipping and to provide the maritime planners 

in developing countries with a tool for the evaluation of shipping pirojects. Defining the limits of 

the present models in the light of these objectives is difficult as there are no absolute criteria. 

The usefulness of the models can only be defined in conparison with the existing methods of evaluation. 

If the models generate more insights and calculate better the inplications of fleet developnent scena

rio 's in corparison with the existing approaches, then the model is 'good'. Howver, this does not 

mean that the model cannot be critisized. On any model criticism is possible on the model structure, 

the level of aggregation and the model parameters. These subjects will be briefly discussed. 

a. model structure 

The pirpose of this paragraph is to show seme examples of structural changes in the simulation models. 

- A maritime planner has a different concept of the functioning of tlie fleet expansion mechanism. His 

mental nodel is illustrated in the diagram below. 

CDSr OF NATICNAL SHIPPING COST OF OPERATION OF THE 
LINE OPERATIC*] "^— _^^ CCMPEJIITORS IN THE TRADE 

COST ADVANTAGE OF NATIONAL 
SHIPPING LINE 

LCWER FREIGHT RATES 

PURCHASE OF SHIPS 

3 NUMBER OF SHIPS IN NSL FLEE7T 

+ 

P 
INCREASE IN SHARE OF TRANSPORT 

He believes that cargo reservation is nota iteans to acquire a share of the transport market, but 

that the national shipping line can only do this by free market conpetition with the other lines 

in the trade. In order to expand the number of ships, the national shipping line should be more com

petitive, vhich means, should offer lower freight rates. To be able to do so, the national shipping 

line should have a cost advantage over the caipetitors. The cost of ship operation and line manage

ment should thus be kept as low as possible. As some costs do not increase proportionally with an 

increase in the nunber of ships, each addition to the fleet influences the cost advantage in a 

positive way, etc. 

- Another maritime planner believes that the cargo reservation goal in his country is not static over 

time, but that it nay be influenced by the actual performance of the shipping line, in terms of 

return on investment, foreign exchange balance effects, etc. Ihus he will incorporate in his model 

causal influences from, for exaitple, the levels 'working capital', 'discounted costs and benefits', 

'foreign exchange balance total' to the ccurgo reservation goal (vhich also becomes a level). This 

is a structural change in the nodel. 

- Yet another maritine planner does not like to buy ships, vhether they are second-hand or brand new. 

He wants to charter them. A \shole part of the nodel (ageing mechanism, loan sector) can thus be eli

minated, as a fixed charter price is paid for each ship. 

The three exanples illustrate that other concepts can be used in the model. Ihis does not limit the 

validity of the nodels. On the contrary, it enables the conparison of different concepjts in irodel 

building of liner shipping. 

file:///shole
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b. aggregation 

Frcm a system's point of view one tries to grasp complex problems in their totality. The ensuing 

ccnplexity, however, necessitates simplification. This is achieved by introducing general notions 

and properties, and by aggregation. For exanple, in the models the parameter 'roundtrip time' is 

used, vhich is an aggregation of a number of other paraneters: 

RESEF5/E 
(5 days) 

LOADING 
(16 days) 

UNLOADING 
(19 days) 

PORT TIME SOUTHBOUND 
(40 days) 

I 
TOTAL PORT TIME 
(76 daysl 1 

•> ROUNDTRIP TIME <-
(118 days) 

PORT TIME NORTHBOUND 
(36 days) 

y' \ 
RESERVE 
(5 days) 

LOADING 
(15 day^) 

UNLOADING 
(16 days) 

AVERAGE SPEED OF SHIP 
(17 knots) 

RESERVE TIME 
(4 days) 

TOTAL SEA TIME 
(42 days) 

T 
DISTANCE COUNTRY 
TO NW-EURDPE 
(2 X 6300nmiles) 

Another exanple of an aggregated paraiieter in the model is 'operating cost' of ship. This parameter 

can be disaggregated into the following conponents: 

. oils and greases (excl. bunkers) 

. general expenses: deck & hull 
engine rocxn 

. repairs & renewals: deck & hull 
engine roan 

. annual dry docking, spec, survey & 
classification society's requirements 

. ropes, wires & deck tackle 

. medical 

. wages & other enoluments 

. messing & victuals 

. insurance (hull & equipment) 

. miscellaneous 

OPERATING COST 

- E 
- £ 
- £ 
- £ 
- £ 

- £ 
- £ 
- £ 
- £ 
- £ 
- £ 
- £ 

£ 

15,000 
10,000 
7,000 
8,000 
37,000 

35,000 
2,000 
3,000 

115,000 
24,000 
170,000 
14,000 

440,000 /year 

The aggregation of many parameters increases the transparency of the model and does not affect the 

the model behaviour. However, if the maritime nlanner is faced with decision makers vho want to see 

detail in the model, he should not argue too long about the usefulness of this, but just do it. 

b. paraneters 

In the models a great number of parameters remain constant over the calculation period. This will 

of course never happen in reality. But how to deal with this in a model? There is no solution to 

the problem, just as v^en using conventional evaluation methods. One possibility is to execute a 

number of runs with the models and determine the inpact of a change in the parameter value on the 

overall performance of the model. 

Another possibility comes frcm the continuous useof the models. The nodels are developed for pre-

investment studies. However, as soon as the national shipping line is established and in operation, 

the data \nhich is gathered can be fed into the model and the consequences calculated. On this basis 

the shipping line management and/or the government can change its fleet expansion policy or take 

iteasures in fields related to shipping. 

file:///nhich
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Two more issues are relevant in relation to the limits of the simulation nodels: technological 

change in shipping, and the application of the models outside liner shipping. 

Technological change. 

The models have one serious limitation: they do not take technological change into account. Over the 

calculation period of the model (1976 - 2000) it is quite likely that: 

. conventional general cargo ships are replaced by more modem ship types with different cost struc

tures , speeds, etc.; 

. conpletely new concepts of transport, like containerships, barge carriers, etc. are introduced; 

. some general cargo cannodities increase so much in volume that they are shipped in special carriers. 

The problem with all these possibilities is that it is difficult to forecast vAiether and vAien they 

will occur. If one wants to incorporate these developments in a nodel, it is advisible not to try 

to put everything in one model. It is, for example, easier to nake two models: one of a general cargo 

fleet vAiich is gradually built down with the introduction of containerships, and another model of 

a container fleet which is built up in correspondence with the decrease in conventional general cargo 

ships. 

As the introduction of container transport is not very likely to happen in the future of many 

developing countries, such a double model has not been made. 

Application of the simulation models outside liner shipping. 

The general structure of the simulation models can be used for the evaluation of any longterm shipping 

project, vhether it concerns dry-bulk, liquid-bulk or roll-on roll-off, as long as the ships provide 

regular services between fixed points. If the latter is not the case, for instance in traiip shipping, 

assunptions have to be made in respect of the ' average roundtrip time', the ' average freight rate', 

the ' average load factor', etc., as these parameters may vary widely from one trip to another. 

Yet another approach might be to use the model ' the other way around' . This neans that a number of 

assunptions regarding the purchase price of the ships, operating cost, voyage expenditures, etc. and 

the minimal required internal rate of return are put into the model. By iteration the corresponding 

minimum annual freight revenue requirements are calculated. If this figure is ccnpared with the rates 

on the freight narket and the productivity of the ship, one can eirive at the conclusion whether or 

not to invest. 

The application of the simulation models need not be restricted to shipping. It is very well possible 

to apply the models to the development plans of a national airline. Such an airline shows many 

similarities with a national liner shipping company. 
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Chapter 11- GUIDELINES FOR NATIONAL FLEET DEVELOPMENT STUDIES 

The evaluation of national fleet developnent projects requires many different inputs. The following 

list is an attatpt to formulate guidelines for the successful execution of such a study. 

1. Study-team 

- the establishment of a study-team is the first step in each study. It is very inportant that members 

of all the relevant ministries particijate. Besides, if local or foreign experts join the team, 

their position must be clearly defined. 

2. Definition of the role of the government in shipping 

- a prerequisite for each investment evaluation study is the definition of the objectives against 

v\hich the costs and benefits of the project must be measured. The team should thus explicitely 

define the national objectives of a national fleet. 

- will the national shipping line be fully government-owned or will it become a mixed (with private 

local or foreign interests) ccstpany? A very inportant issue in this respect is: who carries the 

risk. 

- survey the government instrunents for assistence to shipping: subsidies, loan guaranties, cargo 

reservation, etc. Is the legal naritime regime appropriate to use these instrunents? 

- before making plans it should be clear to what extent local capital can be borrowed for the 

piurchase of ships; likewise, the foreign exchange expenditures from the purchase and operation 

of the ships should be discussed with the Central Bank. 

3. Trade route analysis 

- review existing shipping services 

- make analysis of national, transfer and cross-trade seaborne cargo as these determine the future 

size of the fleet 

- make projections of trade flows 

- select trades vrfiich have sufficient volume of cargo 

- review marketing structure of national exports and imports (in relation to the implementation of 

a cargo reservation policy) 

- study the development of freight rates 

- study conference requirements 

- study the adequacy of the national port and the inland transportation infrastructure, in relation 

to the projected trade volunes. 

4. Ships 

- survey the ship types and sizes which suit the selected trades 

- determine the productivity of each ship and calculate the approximate required number of ships 

- survey the price of ships, new buildings and second-hard ones 

- survey the availability of ship financing from abroad and the loan terms 

- survey the charter market 

- survey technological development in ships and cargo handling techniques, and their inplications 

for the future trade flows and replacement of ships. 

5. Selection of trade routes, ships and financing mix 

- in short, the definition of the system boundary of the fleet developnent study. This should be 

done in discussion with the heads of the relevant ministries. 

6. Fleet development model 

- make conceptual models and consequently formal models; make computer runs 

- evaluate results and make, if necessary changes in models 

- nake a report and discuss the model results with the heads of the ministries 

- make organizational structure of the shipping ccnpany 
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7. Establishment national shipping line 

- send final report to the cabinet and wait for a decision 

- if decision is positive, send official request to the financing agencies 

- if loan applications are approved, establish the national shipping line and start operation 

8. Post evaluation 

- evaluate performance of the line with the help of the realized results and theoretical values 

as calculated by the model. 
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Chapter 12 - CONCLUSIONS 

Liner shipping can be looked upon as a system. Through selection, abstraction and aggregation, 

the variables v\hich constitute the systan are formulated explicitely, as are the relations between 

than. The result of this process is a nunber of causal-loop diagrams, vtó.ch together form the 

conceprtual nodel of the liner shipping system. 

For econcmic evaluation purposes it is important to know the inpact of a change in the system 

descriptors on the national objectives of the devd-oping country. As these inpacts can only be 

measured indirectly, a number of indicators is developed: discounted costs and benefits, foreign 

exchange balance, shadow priced discounted costs and benefits, income ploughed back in country, 

and some minor ones. 

The data used in the nodels comes from a country in Africa. The conclusions reached in this study 

are thus conditional statements, vfcLch cannot always be generalized. Nevertheless, a number of 

parameters will have a large inpact on the decision criteria in any fleet evaluation study. These 

are: freight rates, load factor, voyage expenditures, roundtrip time, operating cost, purchase 

price ship, nuniber of ships, incidence of transport cost. 

The structure of the models is flexible and allows application to any national fleet development 

project in any developing country. In order to avoid a lot of frustration and wasted tine, the 

maritime planner should follow the guidelines for evaluation as formulated in the previous chapter. 
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I . FFEICJir RATE -134-^ 

A. Uorking capital (model 14) B. n.umber of ships ( model Ii) 

scenario: 1 number or ship in the year 2000: 16 

2 ,, . 4 

3 „ 4 
4 „ 16 

5 ., i 16 

C.D.E.F. 

DCB, DCBS, FEBT, IPBC (model 9) 

2000 

c. t40 n DISCOUNTED COSTS i BENEFITS 

-f30 PI 

1 

2 

3 

5:, 
D. £40 n DISCOUNTED COSTS i BENEFITS SHADOU PRICED 
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C. C40 n FOREIGN EXCHANGE BALANCE TOTAL 

-£40 n 

II. LOAD FACTOR 

A. Working capital (model 14) 

£300 n 

1 load f a c t o r s tandard (lOOjS) 
2 , , , , 9055 
3 , , , , 110?S 

WORKING CAPITAL 

y 

^yy-^ 
^ -r-"^ - — ' 

/ 

3 / 

\ / 

^100 n 

B. Number of ships (model 14) 

scenario: 1 number of ships in year 2000; 15 
2 6 
3 14 

C.D.E.F. DCB. DCBS. FEBT. IPBC (model 9) 

2000 
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£30 PI DISCOUNTED COSTS AND BENEFITS 

1 load factor standard (100^) 
2 I f = 9056 
3 I f = 110?S 



:Dm F^CÏOR EXÏ'O.R'I'S (linbalnnce) 

G . H . l . j . K B , IXBS, FEBT, IPBC (model 9) 
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nncpiiNTEO cnc-T's i BENEFITS 

1 load factor export standard (100;{) 
2 Ifs = 90% 
3 Ife = 80?.; 

^ £10 n 

! 

0 

\ 
\ 

\ 

\ 

v-
_£io n 
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/ 
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y^yy^ 
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u t . VOYAGE EXPENDITURES -138-

A. Working capital (model 14) 

B. Number of ships (model 14) 

[ £300 PI 

1 voyage expenditures stendard (100;() 
2 ue 905S 
3 we B05t 
4 ve 1105^ 

1 5 ve 120;e 

WORKING CAPITAL 

/ 

yy 
I r\ yC.^ \,^— 

y 
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/ 

A 
/ 

_£100 PI 

scenario: 1 number of ships in year 2000; 15 
2 15 
3 16 
4 16 
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C.D.E.F. DCB. DCBS. FEBT. IPBC (model 9) 

1976 2000 

£30 PI 
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SHADOW PRICED DISCOUNTED COSTS h BENEFITS | 

i 

"^-yy 
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/y^^y^\ 

é^^^l---^^ 
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E. 

IV. RDUNDTRIP TIME 

A. Vfcirkinq c a p i t a l (model 14) 

£300 n 

1 roundtrip time standerd (100^) 
2 r t 90^ 
3 r t 80?5 
4 r t llOjê 
5 r t 12^3% 

WDRKING CAPITAL 

0 y—"Cy^ ^yy^ 
\ ^-^-^ ' 

-£100 PI 

3 / 

/ ^ / 

V 
y 

's"*"* 

/ 

/ / 

/ 

/ 

/ 

y 
y ^ 

.05 

20 
1 roundtrip time Standard (IOO56) 
2 rt 90;{ 
3 rt BOJÈ 
4 rt 110^ 
5 rt 12d!{ 

NUPIBER OF SHIPS 

10 

1976 2000 
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£30 PI DISCOUNTED COSTS & BENEFITS 

1 roundtrip time standard (100%) 
2 rt = 90% 
3 rt = 80% 
4 rt = 110% 
5 rt = 120% 

E. £25 n FOREIGN EXCHANGE BALANCE TOTAL 

• 

J. 
/ / 

\ ^ ^ 

^ - - ^ ^ , / ^ 

-£20 PI 

i 

M 
AA 

• / \ 

yA 
\y\A 

M 

£100 PI INCOPIE PLOUGHED BACK IN COUNTRY 



V. OPERATING COST -141-

A. Wortinq capital (model 14) 
B, Number of ships (model 14) 

£300 PI 

1 operating coats standard (100%) 
2 oc 90^ 
3 oc 80% 
4 oc 110% 
5 oc 120% 

WORKING CAPITAL 

y 
y^y^ 

0 ^-y^^yy-^^^^Z^ 
V ^r^—'- ' _^,y 

-£100 n 

1 
/ / / 

/ / / 

/y/ 
^jX 

5 ^y^ 
^___---^ 

scenario; 1 number of ships in the year 2000; 16 
2 16 
3 16 
4 15 
5 16 

C.D.E.F. DCB. DCBS. FEBT. IPBC (model 9). 
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£20 n FOREIGN EXCHANGE BALANCE TOTAL 

-£20 PI 

VI. AETONISTRATIVE AND MANAGEMENT COST 

A. Working capital (model 14) 
B. Number of ships (model 14) 

scenario; 1 number of ships in year 2000: 16 
2 16 
3 16 
4 IS 
5 16 
6 16 

C.D.E. DCB. DCBS. IPBC (model 9) 

(FEBT not affected by changes in adm.imanagement cost) 



- 1 4 3 T 



VII. PURCHASE PRICE SHIP 
-144-

A. Working capital (model 8 4 15) 

£300 PI 

1 
2 
3 
4 
5 

purchase price 
pps = 
pps = 
pps = 
pps = 

WORKING 

90% 
50% 
110% 
150% 

CAPITAL 

ships 

(necet 

standE 

Ĵ 

rd (100%) 

/ 

£600 WORKING CAPITAL - 'i'°'̂°J- ̂ 5 

B. scenario: 3 number of ships year 2000: 18 
5 7 

_£200 n 

£30 n DISCOUNTED COSTS i BENEFITS 

1 purchase price ships standard (100%) 
2 pps = 90% 

£-20Pl 



^ 4 5 -

VIII. LIFETIME SHIP 

A. Working capital (model 8 4 15) 

£150 PI 

1 l i f e t ime ships standard 
2 I t s - 8 quarters 
3 I t s - 20 
4 I t s + e 
5 l t s + 20 

WORKING CAPITAL - model 8 

A 
^yy 

^ ^ ^ " - - ^ ^ 

-£50 PI 

J 
//7/\ 

If/ 
/ \ 

^ 

£300 

B. 

PI 

sc 

WORKING 

enarlo: 3 
5 

CAPITAL 

number 

-

of 

model 

ships 

15 

year 2000: 18 
18 

5 / 

/ 
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£10 PI DISCOUNTED COSTS i BENEFITS 

1 lifetime ships standsrd (nixtel 8L 
2 Its = - 2 years 
3 Its = — 5 years 
4 Its = + 2 years 
5 Its = +5 years 

y 

£10 PI DISCOUNTED COSTS & BENEFITS SHADOW PRICED 

-£10 PI 

£10 PI FOREIGN EXCHANGE BALANCE TOTAL 

j ̂ 2 0 PI 



IX. LOAN PERCENTAGE PRICE SHIP -147-

A. Working capital (model 9 4 15) 

£150 n 

1 loan percentage price ship =75% 
2 Ipps = 65% 
3 Ipps = 50% 
4 Ipps = 85% 
5 Ipps = 100% 

1 WORKING CAPITAL („o^el 9) 

0 ^ . ^ ^ ^ 

J 
^ ^ 

^ ^ 2 

r 

-£50 PI 

£300 PI WORKING CAPITAL (model 15) 

1 LPPS = .75 (standard) 
2 Ipps = .5 

3 Ipps = 1 

number of ships; scenario 1 - 1 8 
2 - 1 8 
3 - IB 

-£100n 

£10 PI DISCOUNTED COSTS 4 BENEFITS (irodel 9) 

1 loan percentage price ship =.75 (standard) 
2 Ipps s .65 
3 Ipps = .5 
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E. 
F. 

X. LOAN INTEREST RATE 

A. Working capital (model 9 4 15) 

£150 PI 

1 loan interest rate 2% /quarter 
2 lir 1.5% 
3 lir 
4 lir 2.5% 
È lir 3% 

WORKING CAPITAL (model 9) 

1 £300 l»l WORKING CAPITAL (model 15) 

1 1 l i r = 2% / q u s r t e r (s tandard) 
2 l i r = 1% 

1 3 l i r = 3% 

j number o f sh i ps ; scena r i o ; 1 - 1 8 
2 18 
3 18 

y 

\ _ ^ ^ , ^ ^ ^ 

^ 1 0 0 PI 

A 
y /A 

y\ 
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C. £10 Fl DISCOUNTED COSTS i BENEFITS 
D. 

-£10 PI 

£10 PI DISCOUNTED COSTS AND BENEFITS SHADOW PRICED 

1 loan interest rate 2% /quarter 
2 lir = 1.5% 
3 lir = 1% 
4 lir = 2.5% 
3 lir = 3% 

£10 n FOREIGN EXCHANGE BALANCE TOTAL F. £80 PI INCOHE PLOUGHED BACK IN COUNTRY 

-£10 PI 



XI. LOAN REPAy PERICD -150-

A. Working capital (model 9 4 15) 

£300 PI WORKING CAPITAL - model 15 

B. scenario: 3 number of ships 2000: 16 
5 18 

_£100 PI 

£10 PI 

1 repay period 32 quarters 
2 rp = 28 
3 rp = 16 
4 rp a 86 
5 rp = 48 

DISCOUNTED COSTS 4 BENEFITS 

-£10 n 

£10 Fl 

1 repay period 32 quarters 
2 rp=28 
3 rp = 16 
4 rp = 36 
5 rp = 48 
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E. 
£3 Fl 

1 repay period 32 quarters 
2 rp = 28 
3 rp = 16 
4 rp = 36 
5 rp = 48 
FEBT 

£80 Fl 

1 repay period 
2 rp = 28 
3 rp = 16 
4 rp = 36 
5 rp = 48 

IPBC 

32 quarters 

1 

/ 
. / / 

XII. INTEREST RATE 

A, Working capital (model 14) 

£150 PI 

1 interest rate 2% /quarter 
2 ir = 1.5 
3 ir = 1% 
4 ir = 2.5% 
5 ir = 4% 

WORKING CAPITAL 

-£50 PI 

B« Number of ships (model 14) 

scenario; 1 number of ships in the year 2000: 16 
2 16 
3 16 
4 16 
5 16 

C.D.E.F. DCB. DCBS. FEBT. IPBC (model 9) 
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C- £10 Fl DISCOUNTED COSTS 4 BENEFITS 

-£10 PI 



XIII. CARGO RESEFWATION GOAL -153-

A. Working capital (model 14) 

£150 Fl 

1 cargo reservation goal 40% 
2 erg = 30% 
3 erg = 20% 

WORKING CAPITAL 

y 
. ^ 

1 
/ 

/ / 

77 / 
yy 

-£150 n 

B, Number of ships (model 14) 

scenario; 1 number of ships in year 2000; 16 
2 12 
3 8 

C.D.E.F. OCB. DCBS. FEBT. IPBC (model 15) 

£20 PI DISCOUNTED COSTS 4 BENEFITS 

1 cargo reservation goal 40% (standard) 
2 erg = 20% 

0. r-

I £20 PI SHADOW PRICED DISCOUNTED COSTS 4 BENEFITS 

-£20 Fl 

-£20 Fl 
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E, 
£60 n FOREIGN EXCHANGE BALANCE TOTAL 

^ ^ 

; -£20 Fl 

:jIV. WORKING CAPITAL MINIMm 

A. Working capital (model 14) 
B. Number of ships (model 14) 

£150 Fl 

1 working c a p i t a l minimum - £10 Fl 
2 wem = - £ 5 PI 
3 iiicm = - £ 1 5 PI 

WORKING CAPITAL 

-£50 n 

scenario: 1 number of ships in year 2000: 16 
2 2 
3 16 



XV. PERCENTAGE TRANSFER & CROSS-TRAPE 
-155-

A. Working c a p i t a l (model 14) 

£150 PI 

1 transfer 4 cross-trade standard (100%) 
2 50% 
3 0% 

WORKING CAPITAL 

-£50 PI 

B. Number of ships (model 14) 

scenario: 1 nymber of ships in year 2000: 16 
2 13 
3 11 

C.D.E.F. DCB. DCBS. FEBT. IPBC (model 15) 

£20 Fl DISCOUNTED COSTS 4 BENEFITS 

1 transfer 4 cross-trade standard (100%) 
2 tct = 0% 

-£20 Fl 

£20 Fl SHADOW PRICED DISCOUNTED COSTS f BENEFITS 

-£20 n 
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] £60 n 

i 

1 

i 0 

!v--^ 

-£20 Fl 

FOREIGN EXCHANGE BALANCE 

^y ^y"^ 
^^^^ 

^jyy\ 

XVI. GROWTH RATE EXPORTS & IMPORTS 

A. Working capital (model 14) 

£150 PI 

1 growth exports-imports =4% / y e a r 
2 3% /year 
3 2% /year 
4 1% /year 

WORKING CAPITAL 

/ ^ y 

J 
l / J u\ 

f\ 

-£50 PI 

B. Number of ships (model 14) 

scenario: 1 number of ships in year 2000: 16 
2 12 
3 10 
4 7 

C.D.E.F. DCB. DCBS. FEBT. IPBC (model 15) 
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C. £20 PI DISCOUNTED COSTS 4 BENEFITS 

1 growth of trade 4%/year (standard) 
2 gt = 1% 

-£20 PI 



XVII . SHADOW PRICE FOREICT^ EXCHANGE 
-158-

A« Discounted costs 4 benefits shadow priced (model 9) 

i£7 Fl DISCOUNTED COST 4 BENEFITS SHADOW PRICED 

1 shadow price 1 
2 sp o 1.3 (standard) 

XVIII. INCIDENCE OF TRANSPORT OOST 

£11 Fl DISCOUNTED COSTS 4 BENEFITS SHADOW PRICED 

(model 9) 

-£lü Pi 

£9o Fl FOREIGN EXCHANGE BALANCE TOTAL 

1 incidence of transport cost = 1 
2 itc = .7 (standard) 
3 itc m .5 
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APPENDIX B - HCTV TO READ DYNA^^^-FLCW DIAGRAMS, EQUATIONS a n d GRAPHICAL OUTPUTS 

source: Dennis L. Î feadows e t a l . 

Dynamics of growth in a finite world 

Wright-Allen Press, Inc. 

Cambridge, Massachusetts, 1974 

Appendices C, D, E 



HOU TO READ A DYNAMO FLOW DIAGRAM 
- 1 6 0 -

A flow diagram is an illustration of the postulated relationships between the 
elements in a model system. It depicts the model assumptions with a degree of detail 
midway between the dynamically suggestive but incomplete causal-loop diagram and 
the detailed, precise DYNAMO equations. More complete information on 
DYNAMO flow diagrams, equations, and other conventions can be found in Forres
ter (1961, 1968) and Pugh (1970). 

A DYNAMO flow diagram has seven main components (see Figure C-1): | 

• 

O 
— > 

— - > • 

f-

£> 

Rectangles represent levels, for example, nonrenewable resources NR, indus
trial capital IC. 

Valves represent rates, for example, nonrenewable resource usage rate 
NRUR, industrial capital depreciation rate ICDR. 

Circles represent auxiliaries, for example, industrial output lO, per capita 
resource usage multiplier PCRUM. Table functions (see Appendix D) are 
indicated by overlining and underlining the DYNAMO variable name as in 
the auxiliary PCRUM. 

Solid arrows represent material flows, for example, the solid arrow leaving 
nonrenewable resources NR represents the material flow of resources from a 
stock or inventory of resources. Dashed arrows represent flows of informa
tion, for example, information about the level of nonrenewable resources is 
used to determine the nonrenewable resource fraction remaining NRFR. 

Input lines represent information inputs from constant parameters, for exam
ple, industrial capital-output ratio ICOR. 

A double circle represents an exogenous, time-dependent input, for example, 
population POP. Since this input is determined in another sector of World3, 
it is exogenous to the nonrenewable resource sector as it is drawn in Figure 
C-1. 

The "cloud" symbol represents a source or sink for various flows. A cloud 
effectively delimits the system boundary. After a flow enters a cloud it no 
longer affects the system. Similarly, what happens to a flow before it enters 
the system from a cloud is of no importance to the system. 

NRI 129,2 

IIGIillEHtWAbLE 

AVhKAÜt 
LIFhTIKt OF 
K.'LUSTHIAL 
CAHTAL 

FHACTION OP 
INDUSTRIAL OUTPUT 
ALLOC' TO CONS'N 

FRACTION OF 
INDUSTRIAL OUTPUT 
ALLOC'D TO AGRIC. 

FRACTION OF 
INDUSTRIAL OUTPUT 
ALLOCATED TO 
SERVICES 

Figure C-1 Example of a DYNAMO flow diagram (nonrenewable resource sector) 



HOliJ TO READ DYNAMO EQUATIONS - 1 6 1 -

A DYNAMO equation is written in the following form: 

type variable name = expression 

Type: a single letter designating the type of variable being defined: 

L indicates a level equation 
R indicates a rate equation 
A indicates an auxiliary equation 
N indicates an initial value 
C indicates a constant 
T indicates a table 
S indicates a supplementary equation 

Variable name: the specified abbreviation for the variable being defined by the 
equation. The name must be followed by the appropriate time subscript, depending 
on the type of variable it is. Levels and auxiliaries have the subscript .K; rates have 
the subscript .KL. Initial values, constants, and tables do not have time subscripts. 
Expression: any algebraic expression. It may range from a simple number or single 
variable to a complicated combination of factors and terms involving functions, 
variables, and numerical values. The operations of addition, subtraction, multiplica
tion, and division are indicated, respectively, by -I-, - , *, /. Multiplication and 
division are carried out before addition and subtraction. Expressions enclosed in 
parentheses are evaluated first, and the value is substituted for the parenthetical 
expression. 

Level Equation 
A level equation defines the present value of a level variable in terms of its value 

from the previous evaluation and its change in value in the intervening time, DT. 
A level equation represents a simple numerical integration. Numerical instabilities are 
avoided by taking DT to be a small fraction of the shortest time delay in the model. 

The equation for nonrenewable resources NR (from Figure D-1) is an example of a 
level equation: 

L NR.K = NR.J + (DT)(-NRUR.JK), 
where 

NR.K = the value of NR at the present time K 
NR.J = the value of NR at the previous time of evaluation J, DT time 

units before the present 
DT = the length of the computation interval 

NRUR.JK = the rate of change of NR over the interval DT 

RESTR 

• NWRKNliWAliLE RESOURCE SUCi'OR lUTil iiXOQJNÜUS XWPUTj 
NOTE 

1 2 9 I, . 4 R . K - . J R . J + ( D T ) ( -HRUR.J iO 
.JR=NRI 

C . J I U = i E 1 2 
1 3 0 R .NRUR.KI,=i(POP.K) (PCRUH.K) (NRUF.K) 
1 3 1 A ; JRUF.^=CHP(NRUF2, ; JRUF1,TI . ' 1E .K,PYEAR) 

r NRUF1=1 
r NRUF2=1 

1 3 2 A P C R U M . K - T A B H L ( P C R U ' t T , I Ü P C . K , 0 , 1 6 0 0 , 2 0 0 ) 
T P C R U M T - 0 / . 8 5 / 2 . 6 / 4 . 4 / 5 . 4 / 6 . 2 / 6 . 8 / 7 / 7 

1 3 3 A NR' 'R.K=1JR.K/NRI 
1 3 4 A F C A 0 R . K = » C L I P ( F C A 0 R 2 . K , ' = ' C A Ü I < 1 . K , T 1 I 1 E . K , P Ï I : A R ) 

135 A FCAORl.K-TAUllLCCAORlT.NRfR.K.Cl,.!) 
r F C A O R l T - = l / . 9 / . 7 / . 5 / . 2 / . l / . 0 5 / . 0 5 / . 0 5 / . 0 5 / . 0 5 

1 3 6 A F C A O R 2 . K = T A U i l L ( F C A O R 2 T , U R F , ( . K , 0 , l , . 1) 
7 F C A O R 2 T = l / . 9 / . 7 / . 5 / . 2 / . l / . 0 D / . 0 5 / . 0 5 / . 0 5 / . 0 5 
NOTE 
NOTE EXOGENOUS INPUTS TO TIIE WOURENEWAULE RESOURCE SECTOR 
NOTE 
NOTE POPULATION 
NOTE 
A PüP.K=CLIl>(noPJ,POPi.K,TI lE.K.ZPOT) 
A POPl.K=POPI«E.<P(nC*(Vi:iE.K-130ü)) 
C POPI=i.G5E9 
C GC=.0J.2 
C POP2»4E'J 
C ZPf;T».i500 
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NOTE 
NOTE 
NOTE 
L 
N 
C 
R 

• C 
C 
C 
R 
C 
NOTE 
;|0TE 
NOTE 
A 
C 
A 
NOTE 
NOTE 
NOTE 
N 
C 
SPEC 
PLOT 
X 

INDUSTRIAL CAPITAL 
• 

I C . K - I C . J + ( D T ) ( I C I R . J . ; - I C D R . J . ; ) 
IC=.ICI 
I C I = - 2 . 1 E H 
ICIR. /L=- ( 1 0 . K ) (1-PIOAA-FIUAS-PIOAC) 
P I 0 A A = . 1 2 
PI0AS=- .12 
F I O A C - . 4 3 
ICDR.KL-IC.K/ALIC 
A L I C - 1 4 

INnUSTRIAL OUTPUT 

I O . K " { I C . K ) (1 -PCAOR.K)/ICOR 
ICOR-J 
l O P C . K ' I O . K / P O P . K 

CONTROL CARDS 

T I H E - 1 9 0 0 
PÏEAR-19 75 
nT=l /PLTPER"5/LENTri l>2100 
NRFR=N,PCAOR»P (0 , 1) /1C=C (0 , 4E1 J) / 
1 0 - 0 ( 0 , i E 1 3 ) / P O P = P ( 0 , 1 . GEIO) 

Figure D-1 Example of DYNAMO equations (nonrenewable resource sector equa
tions) 

In the simple numerical integration scheme used by DYNAMO, the rate of change is 
assumed to be constant during the small time interval DT. 

Rate Equation 
A rate equation describes how the rate of flow to or from a level changes, 

depending on other conditions in the system. The expression in the rate equation may 
contain constants, auxiliaries, and levels. The auxiliaries and levels used in rate 
equations are written in terms of their values at the present time, represented by the 
subscript .K. For example, in Figure D-1: 

R NRUR.KL = (POP.K)(PCRUM.K) (NRUF.K). 
In this example the rate, NRUR.KL, is defined as the product of a level, POP.K, 
and two auxiliaries, NRUF.K and PCRUM.K. 

Auxiliary Equation 
An auxiliary equation defines a component of a rate. Rates are separated alge

braically into auxiliaries to clarify their structure. All auxiliary variables could be 
substituted back into rate equations, making them dependent exclusively on levels 
and constants. Auxiliaries are separated from rate equations only if they represent 
real-world quantities or concepts. The expression in an auxiliary equation can contain 
constants, functions (including table functions), levels, and other auxiliaries. 

Initial-Value Equation 
An initial-value equation defines the value of a level at the beginning of the 

. simulated time period. The variable name in such an equation is the name of the level 
without subscripts. Its expression can be a number, the variable name of a constant, 
or a combination of other model variables specified without time subscripts. 

Constant Equation 
A constant equation defines the numerical value of a constant. The value must 

be given explicitly by the programmer. 

Table Equation 
A table equation lists the numerical values of a dependent variable as a function 

of an independent variable over a specified range. The independent variable and its 
range are specified in an auxiliary equation preceding the table, as in the following 
example; 

A PCRUM.K =TABHL(PCRUMT,IOPC.K,0,1600,200) 
T PCRUMT =0/.85/2.6/4.4/5.4/6.2/6.8/7/7 

The auxiliary equation defines a variable PCRUM as a table function of lOPC. It 
further specifies that the table PCRUMT gives the values of PCRUM for corres-
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ponding values of lOPC between O and 1600 units at intervals of 200 units. Since 
lOPC.K is the value of a continuously variable quantity, its values may not be exact 
multiples of 200. For values of lOPC.K between the specified points of the table, 
DYNAMO linearly interpolates the value of PCRUM.K. When lOPC.K is less than 

zero, DYNAMO uses the first value in the PCRUM table; when lOPC.K is greater 
than 1600, it uses the last value. 

Supplementary Equation 
A supplementary equation defines an auxiliary variable that is used only to pro

duce output such as indices of interest to the user. Crude birth rate CBR is a supple
mentary variable. Supplementary variables cannot be used to compute the values of 
other variables. 

Special Functions: CLIP 
A NRUF.K = CLIP(NRUF2,NRUF1,TIME.K,PYEAR) 

The CLIP function is one of several special functions available in DYNAMO. It 
is used to change the value of a variable, depending on the relative magnitude of two 
other variables. In the example given, NRUF has the value NRUFl until TIME in 
the simulation run reaches PYEAR; then NRUF changes to NRUF2 and remains 
there for the duration of the run. Other special functions are described in Pugh 
(1970). 

Specification Statement 
The specification statement is identified by the letters SPEC. It contains infor

mation about the size of the time step DT, the time interval between plotted points 
PLTPER, and the time interval covered by a model run LENGTH. 

SPEC DT = 1/PLTPER = 5/LENGTH = 2100 
In the example, DT was chosen to be 1 time unit. In this model, the time unit is one 
year. DT can be set to any fraction or multiple of a year; it is usually set small 
enough to avoid computational instabilities, yet large enough to keep the computing 
time reasonably short. 

The quantities to be plotted are defined by a PLOT statement (described next). 
PLTPER was set to 5 time units in the preceding example, so that only the values at 
every fifth time unit are actually plotted. The LENGTH specification can take two 
forms. The internal variable, TIME, can be initialized by the programmer, for 
example: 

N TIME = 1900. 
Here LENGTH =2100 means that the run proceeds until TIME = 2100, that is, for 
200 time units. If TIME is not explicitly initialized, the compiler supplies the initial 
value, TIME = 0, and the LENGTH specification then defines the number of time 
units for the run. 

PLOT Statement 
PLOT NRFR = N.FCAOR = F(0,1)/1C = C(0.4EI3)/ 
X lO = O(0,lE13)/POP = P(0,I.6EI0) 

The variables whose values are to be plotted in graphical output are specified in 
a PLOT statement, which gives both the symbol used to plot the value of a variable 

and the range of values to be plotted. For example, NRFR = N means that NRFR is 
plotted with the symbol N. The range of NRFR is determined implicitly by the 
compiler so that all values of NRFR that occur in a run are included in the graph. 
The specification POP = P (0,1.6E10) means that POP is plotted on a scale from 0 
to 1.6 X 10'". Values of POP outside this range do not appear on the graphical 
output. An X in the first column of a card indicates that the contents of the card are 
to be considered an extension of the expression on the preceding card. 
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HOU TO READ A DYNAMO GRAPHICAL OUTPUT 

Figure E-1 is an example of a typical DYNAMO output (from the nonrenew
able resource sector). The first line on the left lists the symbols used for plotting each 
variable. For example, NRFR is the variable name for nonrenewable resource frac
tion remaining, in the DYNAMO program, and the symbol used for plotting NRFR 
i s N . 

>i?^Sé 

Figure E-1 Standard run for the nonrenewable resource sector 

The remaining lines to the left of the graph give the scales for the plotted 
variables. The scales are divided into four equal parts by the compiler. Scientific 
notation is used and the power of ten employed as a scaling factor is indicated either 
with a standard exponential designation, for example 5 E-1-10 or with an alphabetic 
character (see Figure E-2). For example, the scale for IC, plotted as C in Figure E-1, 
has an upper value of 40.R, which is 40 X 10'^ units. In the model run shown in Figure 
E-1, both the nonrenewable resource fraction remaining NRFR (plot symbol N) and 
the fraction of capital allocated to obtaining resources FCAOR (plot symbol F) are 
plotted on the same scale. 

etter 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

Multiply Plotted 
Value by 

10 ' 
10» 
10" 
10" 
10" 
io-« 
10 '* 
10-'* 
, 0 18 

<10-»'' (off scale) 
10-2 ' 

10« 

Letter 

N 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 

Multiply Plotted 
Value by 

103U 

10" 
10'* 
10'2 

10^' 
10̂  
10-" 
10'» 
10-" 
1 
,0-30 

>10" (off scale) 

Figure E-2 Scaling letters used in DYNAMO 
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Time is plotted along the horizontal axis of the graph. The compiler attaches a 
"date" to the scale at every tenth plot period. 

The series of letter groups that sometimes appear along the top of the graphical 
output indicate points at which two or more plot symbols overlap. The first letter is 
the one that is actually plotted in the output. The other letters identify the other 
variables whose plotted values intersect at that point. The intersections are purely 
geometric features of a given set of curves and scales; they are of no dynamic 
significance. 
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APPENDIX C - THE DEVEDDK^EOT OF THE MDRLD MERCHANT FLEETS 

Source: UNCTAD - Review of maritime transport 1975; ID/B/C.4/149, May 1976 

Table 1 shows the distribution of world tonnage by groups of countries of registration. 

Over the period 1965-1975 the tonnage of developing countries tripled, but theix share declined frcm 

7.3% to 5.6%. 

Table 2 shows a break-down of the world tonnage by type of vessel and by groups of countries of 

registration. The developing countries CMn relatively more general cargo ships than any other vessel 

type. 

The share of the developing countries in world tonnage is quite in contrast with their share in 

world seaborne trade. Table 3 shows the world seaborne trade by types of cargo and shares of groups 

of countries. In 1973, 63.7% of all goods loaded came frcm, and 17.3% of all goods unloaded went to 

developing countries. 

Table 4 shews f or a nunber of countries the approximate percent of the country's total seaborne 

foreign trade carried by national flag ships (source: U.S. Dept. of Catmerce - Maritime subsidies; 

Gov. Printing Office, Washington D.C., 1971 -I- 1974) 

Table 5 shows the merchant fleets by flag of registration, groups of countries and types of ships. 



Table 1 - 1 6 7 -

Flags of r eg i s t r a t ion 
in groups of 
'•ountries b / 

1. World to ta l 

2. Developed market-
economy countries 
(excluding Southern 
Europe) 

3 . Open reg i s t ry 
countries _c/ 

4. Southern Europe 
(excluding Cyprus) 

5. Total 2-4 

6. Social is t countries 
of Eastern Europe 
and Asia 

7. Developing countries 

Total (excluding 
open reg i s t ry 
countries) 

In Africa 

In Asia 

In Latin America 
and the Caribbean 

In Oceania 

8. Other - unallocated 

Tonnage and shares (in 

In grt (million) 

1965 

146.8 
(100.0) 

90.6 
(61.7) 

22.1 
(15.1) 

11.8 
(8.0) 

124.5 
(84.8) 

10.9 
(7.4) 

10.7 
(7.3) 

0 . 6 

5.5 

4 .6 

-
0.7 

(0.5) 

1970 

217.9 
(100.0) 

124.2 
(57.0) 

40.9 
(18.8) 

17.6 
(8.1) 

182.7 
(83.9) 

19-5 
(8.9) 

14.5 
(6.7) 

0 .8 

8 .0 

5.7 

-
1.2 

(0.5) 

1974 

306.1 
(100.0) 

155.6 
(50.8) 

74.5 
(24.3) 
30.8 

(10.1) 
260.9 
(85.2) 

25.3 
(8.3) 
18.5 
(6.0) 

1.5 

9.9 

7.0 

0 . 1 

1.4 
(0.5) 

1975 

336.9 
(100.0) 

165.5 
(49.1) 

88.4 
(26.2) 

32.1 
(9.6) 

286.0 
(84.9) 

2 8 . 3 ^ 
(8.4) 

21.2 
(6.3) 

1.8 

11.8 

7.5 

0 .1 

1.4 
(0.4) 

parenthet 

In dv 

1970 

326.1 
(100.0) 

186.4 
(57.2) 

70.3 
(21.6) 

25.6 
(7.8) 

282.3 
(86.6) 

21.7 
(6.6) 

20.4 
(6.3) 

1.1 

11.7 

7 .6 

0 . 0 

1.7 
(0.5) 

i s ) 

t (million) 

1974 

486.9 
(100.0) 

246.7 
(50.7) 

133.5 
(27.4) 

49.2 
(10.1) 

429.4 
(88.2) 

28.9 
(6.0) 
26.5 
(5.4) 

2.0 

14.7 

9.7 

n . i 

2.1 
(0.4) 

1975 

546.3 
(100.0) 

266.4 

161.9 

51.8 

480.1 
(87.9) 

3 3 . 1 ^ 
(6.1) 

30.9 
(5.6) 

2 .5 

17.7 

10.6 

0 . 1 

2.2 
(0.4) 

Increase in tonnage 

Share of increase (^) 

1965-1975 

100 

39.4 

34.9 

10.7 

85.0 

9.2 

5.5 

0 . 6 

3 .3 

1.5 

-
0 .4 

1974-1975 

100 

32.1 

45.1 

4 . 2 

81.4 

10.1 

8 . 5 

0 . 1 

5.8 

1.6 

-
-

(gr t ) 

Index 
1975 
(1965 = 
100) 

229 

183 

400 

272 

230 

261 

197 

300 

213 

163 

-
200 

Table 2 

IT 
Country grouping ruar Ail litiipo-b / Tankers 

Ore and bulk' 
oarr ieru, 

including 
combined 
car r ie r s 

General 
cargo d/ 

Ctmtainer 
ahipu 

Barge carrying 
vessels 

Other 
ships 

1. World to ta l 

2. Developed market-
economy countries 
(excluding 
southern Europe) 

3. Southern Europe, 
excluding Cyprus 

4. Open reg is t ry 
countries e/ 

5. Social is t countries 
of Eastern Europe 
and Asia 

6. Developing 
countries 
(excluding open 
regis try countries) 

of which; 

in Africa 

in Asia and 
Oceania 

in Latin America 
and the 
Caribbean 

Other -
unallocated 

1965 
1974 
1975 

1965 
1974 
1975 

1965 
1974 
1975 

1965 
1974 
1975 

1965 
1974 
1975 

1965 
1974 
1975 

1965 
1974 
1975 

1965 
1974 
1975 

1965 
1974 
1975 

1965 
1974 
1975 

Million 
gr t 

146.S 
306.1 
336.9 

90.6 
155.6 
165.5 

11.8 
30.8 
32.1 

22, 
74. 
88. 

10.9 
25.3 
28.3 

10.7 
18.5 
21.2 

0.6 
1.5 
1.8 

5.5 
9.9 

11.8 
4.6 
6.6 
7.5 

0.7 
1.4 
1.4 

jC of 
world 
to ta l 

100.0 
100.0 
100.0' 

61.8 
50.9 
49.1 

8.0 
10.1 

9.6 
15.0 
24.3 
26.2 

7.4 
8.3 
8.4 

7.3 
6.0 
6.3 

0.4 
0.5 
0.6 

3.8 
3.2 
3-5 

3.1 
2.3 
2.2 

0.5 
0.4 
0.4 

Percentage share by vessel type 

37.1 
42.2 
44.5 

11.1 
25.1 
24.6 

21.9 
20.3 

51.8 
2.1 
1.8 

0.2 
0.2 

Percentafig share by groups of countries 

62.9 
53.2 
51.1 

4.9 
8.5 
8.0 

23.8 
30.9 
32.9 

4.5 
3.6 
3.7 

3.8 
3.6 
4.1 

0.1 
0.2 
0.3 

0, 
1, 
2. 

7 
5 
0 

3.0 
1.9 
1.8 

0.1 
0.2 
0.2 

69.0 
53.7 
52.0 

6.2 
11.5 
10.9 

20.3 
27.1 
28.7 

1.3 
2.9 
3.5 

3.2 
4.3 
4.4 

2.9 
3.1 
3.1 

0.3 
1.2 
1.2 

0.5 
0.5 

38.6 
36.1 

13.6 
13.2 

18.2 
19.6 

15.7 
16.7 

13.0 
13.6 

1.2 
1.4 

7.3 
7.6 

4.5 
4.6 

0.9 
0.9 

91.5 
91-4 

1.6 
1.4 

4.5 
5.0 

0.8 
1.0 

1.6 
1.2 

1.6 
1.2 

64.6 
100.0 
100.0 

9.3 

6.7 

9.5 - -

9.2 

8.5 
8.6 

51.3 
52.1 

6.9 
6.7 

4.9 
5.7 

30.0 
28.7 

0.5 
0.8 
1.0 

2.7 
3.1 

3.0 
2.5 

3.3 

6.5 
6.5 



Table 3 -158-

Vorld seaborne trade^/ in 1965. 1972^.- 1973 and 1974^ 
by types of cargo and shares of groups of countries d/ 

(Millions of tons and percentages of world to ta l ) 

Country group 

World t o t a l 

World t o t a l 

Developed market-economy 
c o u n t r i e s ( exc lud ing 
Southern Eïurope) 

Southom Europe 

S o c i a l i s t c o u n t r i e s of 
E a s t e r n Europe and Asia 

Developing c o u n t r i e s 

of which! 

In Af r i ca 

In Asia 

In L a t i n America and 
the Caribbean 

In Oceania 

Year 

1965 
1972 
1973 
1974 

1965 
1972 
1973 
1974 

1965 
1972 
1973 

1965 
1972 
1973 

1965 
1972 
1973 

•1965 
1972 
1973 

1965 
1972 
1973 

1965 
1972 
1973 

1965 
1972 
1973 

1965 
1972 
1973 

Goods loaded 

Petroleum 

crude p roduc t s 

622 240 
1 321 332 
1 514 1 353 

1 838 

37.2 
4 6 . 0 
46.2 

55. 

0.1 
2 .0 
2 .1 

~ 

4 . 6 
3.1 
2 .9 

95 .3 
94.9 
95.0 

1 6 . 0 
19.7 
18 .0 

58.4 
66.0 
68.5 

20 ,9 
9.2 
8 .5 

-

Diy 
car<;o 

Total 
a l l 

goods 

(Trade i n m i l l 

812 
1 221 
1 407 
1 450 

(Percen tage share 

14 .3 
11 .5 
10.8 

9 

48 .5 
42 .5 
43 .0 
44 .1 

1 674 
2 874 
3 274 
3 288 

of each c 

100 .0 
100.0 
100.0 
100.0 

Goods unloaded 

Petroleum 

crude 

ions of 

p roduc t s 

tons) 

622 222 
1 325 316 
1 521 1 339 

1 810 

a tegory < 

37.1 
46.4 
47 .0 

55 

3f goods i n 

13.2 
11 .0 
10 .5 

4 

Dry 
cargo 

832 
1 217 
1 377 
1 456 

t o t a l ) 

49 .7 
4 2 . 6 
42 .5 
44 .6 

(Percentage share of t r a d e by groups of c o u n t r i e s ) 

23 .0 
28 .5 
27.7 

0 .3 
1.7 
2 .1 

8.9 
8.5 
8 .6 

67.8 
61 .3 
61.6 

1.7 
3.3 
3.1 

23 .3 
25.7 

• 2 1 . 3 

42 .8 
32.2 
36.9 

0 .1 
0 .1 

53.5 
59.1 
60.5 

2 .4 
2 .5 
2 .4 

8.2 
7 .5 
6.6 

35.9 
30.9 
30.5 

1 0 . 6 
8 .5 
8.0 

9.2 
9.0 
9 .1 

15.4 
12 .8 
12 .8 

0.7 
0 .6 
0 .6 

2 8 . 6 
29 .3 
29 .9 

1.2 
1.3 
1.3 

6.9 
5.6 
5.1 

63 .3 
63.8 
63.7 

11 .3 
13 .1 
12 .1 

30 .0 
37.1 
37.9 

21 .6 
13 .3 
13 .4 

0 .4 
0 .3 
0 .3 

76.4 
76 .0 
75a3 

2 .5 
4 .1 
5.0 

0.4 
1.8 
2 .1 

20.7 
18.1 
17.6 

2 .5 
1.7 
1.6 

5.5 
7.7 
7 .0 

12.7 
8.6 
8.9 

0 .1 
O.I 

7 7 . 0 
78.4 
79 .5 

2 .0 . 
3al 
2.2 

1.0 
0.9 
0.9 

20 .0 
17 .6 
17.4 

5.1 
3.4 
3.2 

8.5 
7.7 
8.1 

6.0 
5.8 
5.4 

0.4 
0.7 
0.7 

72 .3 
73 .3 
73 .5 

4 .2 
4 . 3 
4 . 0 

5.9 
5.7 
5.5 

17 .6 
16.7 
17 .0 

4 . 1 
3.7 
3 .6 

9 .0 
8.6 
9 .1 

4 . 3 
4 .2 
4 .1 

0.2 
0.2 
0.2 

Tota l 
a l l 

goods 

1 676 
2 858 
3 237 
3 266 

100.0 
100.0 
100.0 
100.0 

74 .5 
75 .1 
75 .0 

3.2 
4 .1 
4 .3 

3.2 
3.4 
3.4 

19.1 
17.4 
17 .3 

3.7 
2.7 
2 .6 

7 .6 
8,1 
8,0 

7.7 
6.4 
6.5 

0 .1 
0.2 
0.2 

Table 4 

country 1 9 7 1 1974 

Argentina 

Aus t ra l i a 
Belgium 

B r a z i l 
Canada 
Chi le 

Taiwan 
Denmark 
Finland 
France 
Germany (Fed 

Greece 
Ind ia 

Indonesia 
I s r a e l 

Uruguay 
Uenezuela 

.Rep.) 

18 
2 
5 

8 
34 
28 
37 
13 

49 
38 
29 
40 
2 1 
37 

50 
26 
10 

21 

1 
5 

33 
26 
33 
40 
13 
49 
32 
30 

48 
20 
37 

50 
26 
10 

country , 

I t a ly 
Japan 
Korea, South 
Kuwait 
Mexico 

Netherlands 
Norway 
Pakistan 
Ph i l ipp ines 
Singapore 
South Africa 

Spain 

Sweden 

Thailand 

Turkey 

United Kingdom 

United States 

% 
1971 1974 

23 
47 
24 

1 
15 

7 
43 
14 
22 

3 
23 

37 
22 

1 

28 
35 

5 

23 

47 
24 

-
15 

5 
37 
14 
22 

3 
26 
37 
19 

5 

28 
34 

6 



Table 5 
-169-

Merchant f l ee t s of the world by flag of reg i s t ra t ion a / , groups of 
countries and typos of ahips b / in g r t and dwt. as at 1 July 1975 

(dwt figures are shown in parentliesEs ) 

World t o t a l e / 

Developed marke t -
economy c o u n t r i e s 

l u s t r a l i a 

Austr ia 

Belgium 

B e n u d a 

Canada 

Senna rk 

Faeroe I s l a n d s 

F in land 

Prance 

Gemiany, F e d e r a l 
Republ ic of 

I c e l a n d 

I r e l a n d 

I t a l y 

Japan 

Monaco 

Ne the r l ands 

New Zealand 

Norway 

South A f r i c a 

Sweden 

Swi t ze r l and 

United Kingdom 

United S t a t e s 
( e s t ima t ed a c t i v e 
sea -go ing f l e e t ) 

Sub- to t a l l 
Developed marke t -
economy c o u n t r i e s 

To ta l 

556 929 974 
(546 259 886) 

1 205 248 
(1 621 459) 

75 396 
(144 978) 

1 358 425 
(2 055 0O2) 

1 450 387 
(2 557 302) 

988 726 
(899 209) 

4 478 112 
(7 153 869) 

49 617 
(28 267) 

2 001 618 
( 3 008 114) 

10 745. 999 
(18 134 518) 

8 516 567 
(13 611 276) 

154 381 
(128 669) 

210 389 
(280 881) 

10 136 989 
(15 602 898) 

39 759 598 
(64 479 156) 

14 588 
(16 119) 

5 679 415 
(8 631 289) 

162 520 
(174 246) 

26 153 682 
(45 597 278) 

565 575 
(650 764) 

7 486 196 
(12 244 641) 

193 657 
(293 727) 

35 157 422 
(55 421 665) 

10 931 002 
(15 605 880) 

165 455 507 
(266 341 207) 

Tankers 

149 794 351 
(281 174 916) 

263 152 
(429 347) 

-

367 069 
(623 885) 

1 024 524 
(1 874 457) 

237 388 
(319 396) 

2 161 291 
(4 115 705) 

-

1 139 779 
(2 000 845) 

6 957 904 
(15 157 155) 

2 724 645 
5 155 196) 

2 434 
(3 756) 

5 688 
(7 501) 

4 061 018 
(7 214 005) 

17 519 924 
(52 625 115) 

10 590 
(15 6 i 0 ) 

2 657 318 
(4 770 262) 

-

13 586 687 
(25 642 684) 

27 355 
(43 367) 

3 033 080 
(5 827 629) 

2 900 
(2 901) 

16 096 078 
(29 871 486) 

4 966 972 
(0 921 172) 

76 6O5 794 
(142 579 452) 

Bulk c / 
c a r r i e r s 

82 742 772 
(142 372 264) 

434 737 
(675 170) 

22 712 
(54 188) 

546 889 
(930 324) 

571 298 
(609 592) 

81 021 
(157 005) 

552 206 
918 857) . 

-

155 257 
(245 840) 

1 405 442 
(2 405 643) 

2 201 988 
(5 776 351) 

-

148 319 
(232 Ó87) 

5 559 815 
(6 123 297) 

12 401 382 
(20 411 817) 

-

508 096 
(812 945) 

-

9 214 941 
(15 807 707) 

56 873 
(88 120) 

2 775 365 
(4 755 989) 

52 115 
(83 055) 

8 107 658 
(15 903 826) 

405 525 
(784 517) 

42 999 457 
(72 734 328) 

Genera l 
cargo d / 

68 555 540 
• • 

230 750 

49 555 

301 739 

• • 
31 302 

264 905 

1 162 363 

7 733 

485 757 

1 389 3I8 

2 447 800 

58 998 

• • 
15 685 

1 134 986 

4 912 288 

-

1 829 751 

112 964 

1 866 6O4 

501 275 

1 099 649 

155 167 

4 886 389 

2 000 079 

24 724 855 

C o n t a i n e r 
s h i p s 

6 22é 213 

106 314 

3 329 

31 036 

-

-

178 694 

3 895 

158 770 

637 8O9 

-

6 530 

97 077 

1 086 025 

-

155 8O3 

-

52 196 

2 994 

99 158 

-

1 546 559 

1 749 682 

5 693 871 

O t h e r s 

29 611 098 

1 

170 295 

-

I l l 692 

23 263 

405 412 

423 55a 

41 884 

218 930 

874 565 

• • 
504 327 

92 949 

34 167 

• • 
1 284 093 

3 819 979 

3 998 

550 445 

49 556 

1 633 254 

177 080 

478 944 

5 475 

2 720 738 

1 808 946 

15 752 971 
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Southern Europe 

Gibraltar 

Greece 

Malta 

Portugal 

Spain 

Turkey 

Yugoslavia 

Total 

Sub-total! 
Southern Europe 

Open registry 
countries 

Cyprus 

Liberia 

Oman 

Panama 

Singapore 

Somalia 

Sub-total! 
Open registry 
coxintries 

Socialist countries 
of Eastum Europi; 
and Asia 

Socialist countries 
of Eastern Europe 

Albania 

Bulgaria 

Czechoslovakia 

Genscin Democratic 
Republic 

Hungary 

Poland 

Romania 

Union of Soviet 
Socialist 
Republics 

Sub-to tal! 

28 850 
(41 591) 

22 527 156 
(57 541 815) 

45 950 
(62 966) 

1 209 701 
(1 709 246) 

5 453 354 
(8 280 885) 

994 668 
(1 365 050) 

1 873 482 

(2 792 984) 

Tankers 

32 113 161 
(51 794 535) 

5 221 070 
(4 779 729). 

65 820 414 
(126 055 651) 

3 159 
(3 628) 

13 667 123 
(22 161 517) 

5 891 902 
(6 215 400) 

1 813 313 
(2 703 403) 

88 416 981 
(161 917 5O8) 

8 295 415 
(15 080 953) 

27 442 
(44 242) 

516 122 
(950 051) 

2 555 947 
(4 589 291) 

526 710 
(541 507) 

250 481 

(425 657) 

Bulk c/ 
carriers 

General 
cargo d/ 

Container 
ships 

26 795 
(38 667) 

7 172 185 
(12 402 045) 

73 204 
(117 063) 

1 052 237 
(1 821 684) 

142 302 
(222 378) 

559 313 
(889 168) 

11 972 117 
(21 6O9 501) 

525 979 
(831 852) 

41 585 552 
(83 441 459) 

5 550 067 
(10 201 717) 

1 458 556 
(2 578 455) 

16O 258 
(260 672) 

49 258 392 
(97 594 133) 

9 006 034 
(15 571 005) 

320 744 
(490 852) 

19 676 002 
(36 117 087) 

2 556 257 
(4 071 158) 

904 150 
(1 511 024) 

311 754 
(483 225) 

2 057 

6 302 826 

12 525 

391 189 

958 956 

378 595 

1 023 422 

9 069 548 

2 316 527 

3 611 486 

1 462 

4 738 982 

1 408 912 

1 336 026 

23 768 867 
(42 673 344) 

13 413 595 

34 866 

6 336 

32 4S9 

4 058 

Others 

77 749 

2 490 

226 407 

26 557 

54 655 

310 109 

721 864 

5 985 

222 850 

833 745 

147 061 

56 208 

1 987 713 

55 550 

722 967 

1 697 

815 280 

85 669 

5 275 

1 686 218 

57 568 
(78 000) 

957 458 
(1 292 507) 

116 148 
(191 524) 

1 589 000 
(1 854 090) 

47 945 
(66 951) 

2 8I7 129 
(4 040 449) 

777 309 
(1 145 041) 

19 235 973 
(20 106 839) 

25 378 328 
i(28 775 381) 

299 567 
(476 883) 

-

288 519 
(517 204) 

-

301 492 
(546 247) 

244 431 
(431 548) 

5 712 523 
(5 499 294) 

4 846 532 
(7 471 176) 

212 237 
(302 061) 

81 993 
(131 112) 

238 870 
(568 561) 

-

1 025 888 
(1 616 551) 

223 950 
(529 400) 

618 037 
(953 607) 

2 400 955 
(5 701 292) 

57 068 

291 619 

54 155 

645 178 

47 943 

1 144 909 

198 447 

7 319 391 

9 756 710 

_ 

-

-

-

-

-

61 112 

61 112 

300 

134 035 

-

218 433 

-

344 840 

110 501 

7 524 910 

8 553 019 

1 
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Socialist countries 
of Asia 

China 

Democratic People's 
Republic of Korea 

Democratic Republic 
of Viet-Nam 

Sub-totall 

Sub-totall 
Socialist countries 
of Eastern Europe 
and Asia 

Developing countries 
and territories 

Africa 

Algeria 

Benin 

Congo 

Egypt 

Ethiopia 

Gabon 

Gambia 

Ghana 

Guinea 

Ivory Coast 

Kenya 

Libyan Arab 
Republic 

Madgascar 

Mauritania 

Mauritius 

Morocco 

Mozambique 

Nigeria 

Senegal 

Seychelles 

Sierra Leone 

Sudan 

1 

Total 

2 828 290 
(4 246 637) 

81 782 
(87 117) 

12 Oil 
(15 611) 

2 922 085 
(4 349 365) 

28 300 411 
(33 124746) 

246 432 
(299 600) 

656 
(255) 

1 846 
(275) 

301 383 
(387 001) 

24 955 
(31 585) 

106 758 
(186 178) 

1 337 
(1 065) 

180 551 
(202 894) 

15 054 
(19 758) 

119 215 
(174 028) 

17 331 
(24 617) 

241 725 
(437 074) 

44 273 
(68 216) 

1 681 
(354) 

33 105 
(45 126) 

79 863 
(97 025) 

149 
(243) 

142 050 
(188 026) 

23 261 
(23 001) 

1 901 
(3 050) 

17 209 
(24 148) 

45 578 
(59 529) 

Tankers 

621 578 
(1059796) 

21 734 
(35 252) 

-

1 645 512 
1 (1 073 048) 

1 5 489 844 
(8 544 224) 

87 821 
(155 710) 

-

-

105 945 
(165 897) 1 

2 051 
(2 980) 

74 471 
(141 158) 

-

-

-

_ 

2 704 
(4 529) 

221 448 
(412 545) 

11 045 
(17 625) 

-

-

2 556 
(4 015) 

_ 

2 469 
(5 445) 

3 876 
(5 246) 

1 595 
(2 700) 

11 920 
(18 757) 

-

Bulk c/ 
carriers 

462 069 
(779 786) 

-

-

462 069 
(779 786) 

2 863 024 
(4 481 078) 

23 494 
(34 314) 

-

-

: 

_ 

10 503 
(15 537) 

-

-

10 764 
(15 290) 

_ 

_ 

-

-

-

-

16 247 
(25 000) 

-

-

-

_ 

-

• -

General 
cargo d/ 

1 625 338 

18 758 

8 463 

« • 

1 650 559 

11 387 269 

60 658 

-

-

158 180 

1 21 678 

20 081 

641 

129 399 

3 280 

110 581 

- * 

8 579 

10 786 

• • 

28 297 
• • 

-

.30 883 

41 013 

-

125 151 

5 545 
* * 1 

192 

3 0J3 

44 458 

•• 1 

1 Container 
1 ships 

_ 

_ 

_ 

_ 

61 112 

V 

-

-

-

: 

1 
-

-

-

-

-

-

: 

-

-

: 

-

-

_ 1 
-

-

_ 

-

others . 

121 305 

* * 1 
4L 290 
• • 1 

i 3 548 

166 143 

8 499 162 

74 459 

656 

1 846 

57 258 

1 1 224 

1 683 

696 

50 952 

1 010 

8 634 

6 048 

9 491 

4 933 

1 681 

2 222 

20 067 

• • 1 

149 

14 430 

13 840 

114 

* * 1 
2 256 

1 120 



-172-

Tunisia 

Uganda 

United Republic 
of Cameroon 

United Republic 
of Tanzania 

Zaire 

Zambia 

Sub-totall 
Africa 

Total 

40 827 
(57 565) 

5 510 
(9 115) 

3 199^ 
(933) • 

33 449 
(39 708) 

85 252 
(137 445) 

5 513 
(9 110) 

1 819 821 
(2 526 884) 

Tankers 

6 433 
(9 600) 

239 
(261) 

534 551 
(924 246) 

Bulk c/ 
carriers 

-

61 008 
^90 141) 

General 
' cargo d/ 

21 740 
- • 

5 510 
• • 

50 447 

76 119 

5 513 

941 764 1 

1 Container 
1 ships 

— 

Others 

12 654 1 

3 199 

'2763 

9 113 

282 498 

¥^ 
Bahrain 

Bai^ladesb 

BoTBa 

Brunei 

Caabodia 

Deaocratic 
Teaen 

Boi« iang 

India 

Indonesia 

Iran 

Iraq 

Israel 

Jordan 

lavait 

Lebanon 

Malaysia 

Maldives 

Qatar 

Pakistan 

Philippines 

Bepublic of 
Korea 

Bepublic of-
S-̂ utn Viet-;;aJii 

3 670 
(3 347) 

133 016 
(180 898) 

54 548 
(72 ai) 

283 
(400) 

1 208 
(1 537) 

5 850 
(7 479) 

4I8 512 
(594 196) 

3 869 187 
(6 280 555) 

859 378 
(1 057 751) 

479 718 
(743 905) 

310 594 
(475 034) 

451 323 
(604 863) 

200 

990 857 
(1 671 659) 

167 490 
(248 750) 

358 795 
(496 661) 

95 154 
(120 237) 

1 389 
(725) 

479 358 
(649 716) 

879 043 
(1 211 189) 

1 623 532 
(2 392 287) 

57 615 
(82 884) 

433 
(575) 

16 298 
(24 657) 

1 478 
(1 709) 

-

-

9 417 
(14 365) 

657 209 
(1 121 652) 

87 576 
(128 244) 

180 558 
(521 212) 

226 631 
(391 013) 

368 
(642) 

-

614 746 
(1 164 250) 

-

1 25 363 
(39 280) 

-

200 
(350) 

15 863 
(26 880) 

216 667 
(371 530) 

646 415 
(1 151 241) 

5 330 
(9 051) 

-

-

-

-

-

-

253 490 
(434 380) 

1 637 108 
(2 817 671) 

16 881 
(24 100) 

-

-

186 434 
(279 744) 

*" 

_ 

-

183 850 
(288 395) 

-

-

11 950 
(17 250) 

60 325 
(105 549) 

227 703 
(370 338) 

-

1 943 

98 671 

44 720 

283 

998 

3 122 

115 822 

1 424 808 

643 917 

274 196 

47 743 

188 272 

-

331 770 

158 126 

130 968 

95 154 

-

414 417 

543 066 

456 664 

49 703 

58 281 

17 469 
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Total 

Saudi Arabia 

Sri lonka 

Syrian Arab 
Rejjublic 

Thailand 

United Arab 
Boilrates 

Yemen 

Sub-total I 
Asia 

latin America 

Aigentina 

Bahamas 

Barbados 

Belize 

Brazil 

Cayman Islands 

Chile 

Colombia 

Costa Rica 

Cuba 

Dominican 
Republic 

Eduador 

El Salvador 

Falklamd Islands 
(Maldives) 

Grenada 

Guatemala 

Guyana 

Honduras 

Jamaica 

160 246 
(280 551) 

80 862 
(107 623) 

7 531 
(11 242) 

182 554 
(277 128) 

50 638 
(72 965) 

1 260 
(1 850) 

Tankers 

11 743 811 
(17 647 643) 

1 447 165 
(1 890 544) 

189 890 
(280 068) 

3 897 

620 
(800) 

2 691 408 
(4 293 105) 

49 320 • 
(73 151) 

386 322 
(568 508) 

208 507 
(257 710) 

6 102 
(5 835) 

476 279 
(628 582) 

9 920 
(13 200) 

142 356 
(187 156) 

1 957 
(3 260) 

7 931 
(5 223) 

226 
(340) 

9 584 
(14 016) 

16 828 

(15 753) 

67 923 
(76 514) 

6 740 
(6 064) 

118 927 
(214 238) 

19 839 
(32 362) 

92 191 
(161 231) 

15 118 
(22 629) 

2 950 627 
(5 197 091) 

546 246 
(814 333) 

82 650 
(132 726) 

1 033 385 
(1 838 012) 

1 492 
(2 770) 

85 007 
(142 003) 

4 784 
(6 830) 

53 706 
(80 7I8) 

674 
(1 609) 

74 465 
(115 610) 

Bulk c/ 
carriers 

General 
cargo d/ 

943 
(1 202) 

1 223 
(1 703) 

2 577 741 
(4 337 427) 

158 423 
(248 050) 

55 279 
(86 146) 

537 926 
(988 742) 

80 381 

(131 933) 

13 196 
(22 670) 

40 300 

50 997 

6 545 

75 932 

32 010 

1 260 

5 231 407 

623 462 

40 029 

620 

1 029 979 

43 543 

197 443 

197 544 

4 131 

313 097 

8 861 

60 704 

1 816 

537 

226 

9 334 

10 208 

63 197 

6 094 

Container 
ships Others 

75 750 

21 019 

10 026 

986 

14 431 

3 510 

• • 

-

9O8 286 

119 034 

11 932 

3 897 

• • 
-

90 118 

4 285 

23 491 

• • 
6 179 

1 971 

96 280 

385 

7 187 

141 

7 394 

-

250 

5 677 

3 503 

646 
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Mexico 

Montserrat 

Nicaragua 

Paraguay 

Peru 

St. Kitts-
Nevio-
Anguilla 

St. Lucia 

St. Vincent 

Trinidad and 
Tobago 

Turks and 
Caioos Islands 

Uruguay 

Venezuela 

Virgin Islands 
(United Kingdom) 

Sub-totall 
Latin America 

Oceania 

Fiji 

Nauru 

New Hebrides 

Gilbert Islands) 
Tuvalu ) 

Papua New Guinea 

Solomon Islands 

Tonga 

Sub-totall 
Oceania 

Sub-total! 
Developing 
countries and 
territories 

Other 
(unallocated) 

Total 

574 857 
(751 081) 

949 
(1 320) 

32 720 
(45 156) 

21 930 
(23 619) 

518 361 
(617 070) 

405 
(290) 

904 
(1 140) 

5 507 
(7 698) 

13 864 
(9 519) 

1 572 
(2 160) 

130 998 

(204 513) 

515 661 
(658 311) 

2 420 
(2 477) 

, 7 545 123 
(10 644 I83) 

• 

7 674 
(7 024) 

48 271 
(61 889) 

4 916 
(6 316) 

1 5I8 
(968) 

14 550 
(14 538). 

629 
(483) 

9 644 
(10 584) 

87 202 
(101 802) 

21 136 342 
(30 837 628) 

1 449 957 
(2 161 578) 

Tankers 

305 519 
(482 314) 

-

4 026 
(6 107) 

2 935^ 
(4 114) 

70 272 

(105 577) 

-

-

-

1 736 
(2 000) 

-

92 757 
(151 168) 

307 882 
(448 203) 

_ 

2 669 702 
(4 336 799) 

254 
(400) 

-

-

-

783 
(474) 

-

-

1 037 
(874) 

6 150 537 
(10 449 979) 

332 287 
(588 616) 

Bulk c/ 
carriers 

32 105 
(50 760) 

-

-

-

134 069 
(216 249) 

-

-

-

-

-

-

-

_ 

1 Oil 379 
(1 744 550) 

-

19 564 
(31 953) 

-

-

-

-

-

19 564 
(31 955) 

3 669 692 
(6 204 071) 

435 718 
(708 458) 

General 
cargo d/ 

120 765 

949 

26 6O9 

15 566 

184 680 

149 

904 
• • 

5 320 

6 425 

• 1 323 

29 830 
• a 

129 487 

1 410 

3 134 242 

3 786 

28 707 

4 916 

1 518 

8 500 

629 

6 827 

54 883 

9 312 593 

598 177 

Container 
ships 

-

-

_ 

-

-

-

-

_ 

-

-

_ 

-

-

-

-

-

-

-

-

_ 

-

75 750 

7 622 

Others 

116 468 

2 085 

1 

3 429 

129 340 

256 

-

187 
• • 

5 703 

249 

• • 

8 411 

78 292 

1 010 

727 800 

3 634 

-

-

-

5 267 

-

2 817 

11 7I8 

1 927 720 

76 153 
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APPENDIX D - NOTES 

1. Resolution 70 (III); UNCTTAD paper 'ID(III)/Misc.3.GE.72-15177,p.121 

an overview of the UNCTAD (I, II, III) - activities in shipping gives the article (in dutch) : 

Andre de Wilde - De UNCTAD-«attnissie voor zeetransport; in: UNCTAD-SCHRIFTEN 2 'De derde wereld 

en de zee'; Dienst voor de studie van vraagstukken van de derde wereld. Rijksuniversiteit te 

Gent, Fakulteit der Rechten, Korte Meir 11, 9000 Gent 

2. scïne books on liner shipping: 

. Dieter Sartori;Einführung in die Reedereibetriebslehre; Deutscher Verkehrs-Verlag Qrbh, Hamburg, 

1973 

. Lane C. Kendall; The business of shipping; Cornell Maritime Press Inc.> Cantoridge, Maryland,1973 

. P.M. Alderton; Sea transport; Thcnas Reed Publication Ltd, 1973 

. Alan E. Branch; The elenents of shipping; Chapran and Hall Ltd, 32nd edition, London, 1975 

3. rJNCTAD; Establishinent or expansion of inerchant marines in developing countries; E.69.II.D.1 

4. for an overview of past and current system dynamics research activities see: 

System Dynamics Newsletter; System Dynamics Group, Alfred P. Sloan School of I-bnagenient, Massachu

setts Institute of Technology, Cantoridge, ̂ fessachusetts 02139 

Dynamo II users manual; Pugh-Roberts Associates Inc., Five Lee Street, Cantoridge, Mass. 02139 

5. Developing countries and shipping; Norwegian Shipping News no.l7D/75 

The dynamics of national fleet development; Norwegian Shipping News no.19/75 

a ccmbination of these two articles was published in: DYNAMICA, Volume 2, Part 1, Autumn 1975 

6. UNDP/UNCTAD; Eastern Africa Shipping Study; Final report + appendices; February 1975 

Bertlin and Partners; East African Ports Dsveloianent Study, Draft final report; July 1976 (report 

prepared for the International Bank for Reconstruction and Development and the East African 

Harbours Corporation) 

7. UNCTAD; The regulation of liner conferences (a code of conduct for the liner conference system); 

UN sales number E.72.II.D.13 

8. J.M.D. Little and J.A. Mirrlees; Project appraisal and planning for developing countries; Heinemann 

Educational Books, London, reprinted 1976 •, 

9. UNIDO; Guidelines tor project evaluation; United Nations, New York, 1972 

10. P.M. Raikes and V.F. Amann ed.; Project appraisal and evaluation in agriculture; Makerere Univer

sity, Kampala., Uganda, October 1974, Chapter 1 

11. see 3. Chapter 1 

12. Karl Fasbender S Vfolfrrang Wagner; Shipping conferences, rate policy and developing countries; 

Verlag vfeltarchiv, 1973 

13. R. 'Stuchtey; Die Beurteilung des Aufbaus nationaler Handels flotten in unterentwickelten Landem; 

Deutsches Uebersee-Institut, Hamburg, 1968 

14. The report is published under the title 'Level and structure of freight rates, conference practi

ces and adequacy of shipping services' 

15. see also: Niko Wijnolst; Maritime forecasts; Norwegian Shipping News no.8B/75 and Oil tanker 

shipping in the light of the ffesarovic-Pestel world model; Norwegian Shipping News no.3/75 

16. East African Ports Developnent Study; Volume 3 - Mcntoasa: general cargo. Part 2: analysis, 

Appendix A: Section A16 to AI9 

In the framevork of this study it would lead to far to go into the theory of waiting line models. 
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17. Ĵ Srgen Randers; A franework for discussion of model conceptualization; published in: 

The systan dynamics method; The Proceedings of the 5. International System Dynamics Conference, 

Geilo, Norway, August 8-15, 1976, 1. Draft 

18. used in the paper: Donella H. Meadows; Major modelling paradigms; published in: The systan dynamics 

nethod; The Proceedings of the 5. International System Dynamics Conference, Geilo, Norway, August 

8-15, 1976, 1. Draft 
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SAMENVATTING 

Vele ontwikkelingslanden wensen een koopvaardijvloot, in het bizonder een lijnvaartvloot op te 

bouwen. Een groot probleem is hierbij dat zij veelal niet de lange termijn konsekwenties op bedrij f s-

ekoncmisch en nationaal-ekonomisch nivo kunnen overzien van een dergelijk verlangen. De oorzaak 

hiervan ligt deels in het feit dat zij niet voldoende kennis van de scheepvaart hebben, maar zeker 

ook aan het gebrek aan metoden en technieken in de scheepvaartkunde. 

Dit proefschrift bevat canputer-simulatiemodellen waarmee de samsnhang tussen de vele variabelen die 

in de lijnvaart en in een ontwikkelingslard een rol spelen duidelijk wordt, en waarmee tevens de 

konsekwenties van ieder vlootontwikkelingsplan op de doelstellingen van het ontwikkelingsland 

kunnen worden berekend. De opbouw van de modellen gebeurt in kleine stappen, zodat voor iedere 

maritJ.eme planner een overzichtelijk beeld ontstiaat. 

De data welke gebruikt is in de modellen, is afkanstig uit studies van een ontwikkelingsland in 

Afrika. 

Met behulp van de modellen is de gevoeligheid van de resultaten voor veranderingen in de afzonderlijke 

parameters doorgerekend. Op basis hiervan zijn parameters geselekteerd welke het belangrijkst zijn 

voor het maximaliseren van de nationale doelstellingen van het ontjvikkelingsland. 

Tot slot zijn richtlijnen geformuleerd voor het maken van vlootontwikkelingsstudies in ontwikkelings

landen. 
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