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ABSTRACT
{
The computer simulation model proposed in this study enables
a policy‘planner to assess a contribution of marine industry to the
national economy. The simulation model consists of the national
economic cycle submodel(econo submodel) and.the‘marine industry
technology submodel(techno -submodel) . The econo-submodel which
utilizes the Input- Output analysis can evaluate the multiplying
effects of preferential investments in the marine industry on the
national economy. The techno- submodel may be characterlzed as @
production plannlng model This submodel is also furnished with
several functions such as 1) forecastlng the demand of marine trans-
portation, 2) plannlng the development of shipbuilding facility
including ship repairlng service, '3) planning the development of
port facility, and 4) deciding on feasible investment scheme under
several constraints. Two submodels include several parameters of
economics and technology as exogenous variables and are mutually
linked by trades and investments

KEYWORDS

Dynamic simulation model;‘Eoono-submodel and.Techno-submodel;
I-0 table; Policy planner; InveStment; Shipping, shipbuilding, ship-
repairing, port & harbour, and fishery.

1. INTRODUCTION

The pressure for correcting the balance of international pay-
ments tends to originate in connection with a long range scheme
for developing the national economy in the developing countries.
The object of this study is to prepare a tool with which a policy
planner can seize a clear view on the strategy for establishing a
self supporting national economy. In this study, the development-
of marine industry is considered as one of the potential measures




'for industrialization.

In light of the new international economic order having been
advocated since the 1970's in the United Nations with reference to
the north-south gap, the south is ﬁutting in a claim for restoring
their right of navigation as a new economic order at sea, followed
by their shipping policies: national cargo reservation, participa-
tion in the shipping conference and etc. [1]. :

Investment in the national shipping industry can not only pro-
mote the national foreign trade but also motivate the enlargement
of port & harbour facilities and domestic tramsportation. It may
also stimulate other industries through the expansion of demand
for shipbuilding, energy, constructionm, manufacturing and so on
among which demand for shipbuilding has the biggest multiplying
effect on the national economy. However, the developing path caus-
ed by an investment is not common for various developments on a
variety of economic and social conditions in the respective coun-
tries. It is important to do research on how the preferentiai in-
vestment and introduction of advanced technologies’to the marine
industry will stimulate the development of the other industries
and the national economy. To answer the above problem, an analysis
of the inﬁustfial structure and social status of the country should
be made first. 1In other words, the endowment of natural and social
resources as well as many other factors such as geographical cond-
tions , technological capacity, and industrial structure may influ-
ence the future economic development. Since there will be a wide
range of political alternatives and specific investment possibili-
ties, the policy planner needs some appropriate measures to evalu-
ate how and which alternatives can contribute to the development
of the national economy. Many mathematical models’ to represent
the national economic cycle have been developed'so far [2]. It
seems, however, that those'ﬁbdels fail'té take due account of the
above mentioned problems, especially of the effect of the introd-
uctton of new technology. ;

The originality of thus study is in the potentialities that
the effect of introduction of new technology can be evaluated quan-
titatively by means of national economic indicators. The simulation
model consists of 1) the national economic cycle submodel (econo-




submodel) and the marine industry technology submodel (techno-sub-
model). The econo-submodel has functions to measure multiplying
effects on the national economy induced by a preferential invest-
ment in the marine industry. On the other hand, the techno-sub-
model may be characterized as a production planning model. The
national imports, exports, and products from the econo-submodel
cause the techno-submodel to yield demand of investments. The
demand of investments is input into the econo-submodel, which eva-
luate the multiplying effects of the investments. The results of
this ewvaluation are exporté, imports, and national products which
are sequentially fed back to the techno-submodel.

2. REVIEW OF SIMULATION MODEL

Fig.l shows the skeleton of the simulation model and displays
the functional linkage between the econo-submodel and the techno-
submodel. Two different phases of the national economic cycle are
included in the model. One of them is an endogeneous economic cy-
le(Cycle A) which traces the multiplying effect of the demand of
investment goods. Cycle A estimates (1l)the demands for investment
goods to be supplied by other domestic industries, and (2)the amo-
unts of the additional imports of other industries. On the other
hand, new or additional facilities necessiated in the marine in-
dustry are to be completed after the lapse of time T,2measuring
from start of investment. And the productiviy of newly completed
facilities will bring about additional products and may raise ex-
ports depending upon supply and demand for the products. The above
process and the demand for importing éapital goods in the cycle A
vary the boundary conditions of the industrial structure, :the I-0
table. This can be considered as an indirect multiplying effect
of the marine industry investment. Cycle B in Fig.l shows the
skeleton of process. By usung the RAS method[4], we can rewrite
the coefficients of the initial input-output matrix, corresponding

to the new boundary conditions. This implies that the-multiplying
effect defined by the cycle B bring forth a change of industrial
structure.




Since no restrictions are imposed upon the productivity of
each category of industries in every step of simulation, an excess
of production is allocated to be exported, and a shortage of pro-
duction is allocated to be imported. _Accordingly, the interna-
tional balance of payments can be maneuvered by a preferential in-
vestment policy. ' '

3. ECONO-SUBMODEL

The Econo-submodel is in charge of economic equilibrium anal-
ysis. The model is constructed on Leontief's I-O analysis modi-
fied by the authors[5] to meet the objective of this research.

The balance of products is kept by the constraint

X =§W
o

while the balance of supply is kept by the constraint

AFHE My (1)
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X.=IW, .+V, 2
Jog *3°°d (2)

where

X.: gross domestic product of i-th industry,

i
wij’ intermediate trade from i-th to j-th industry,
Fy: final demand of i-th industry

(consumption and investment),
E.: exports of i-th industry,
M,: imports of i-th industry, and

V.: added value of j-th industry.

Gross national product(GNP) and balance of payment B are repre-
sented by F,E and M '

GNP=F+E-M (3)




and
B=E-M ' (4)

If A denotes the basic input coefficient matrix, intermediate
trade W is rewritten as

| W=AX | (5)

To simplify the model, Fi is assumed to be proportional to the na-
tional income Y. That is

Fi=diY (6)
where
Y=zvj )
J

and di is a kind of consumption function. On the other hand

is another expression of Eq.(6), where vj is the coefficient of
added value shown by

vj=Vj/Xj €))

The substitution of Egs.(4),(5) and (8) into (1) yields

X=AX+dvX+B : © (10)

Now suppose that A* is an enlarged basic input coefficient
matrix with the supplementation of vector v and vector d to A, and
new equilibrium equations

X=A*X+B ' (11)

enable us to obtain the simple equation of national economy in-
stead of Egs.(l) and (2),where "'" indicates a transposition of
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matrix. In Eq.(ll), vector X and B must be also enlarged in ac-.
cordance with matrix A¥*.
Thus

X=(I-A%)"1B : (12)
and with a demand D, the new products including the increment is
X+4X=(I-A%) "1 (B+D) (13)

The principle role of the econo-submodel is to keep the balance
between B and X by the use of Eqs.(12) and (13).

4. TECHNO-SUBMODEL
4.1 Functions of Techno-Submodel

The econo-submodel outlined above, can only‘exp:eés an eco-
nomic system necessary to insure a consistent relation between B,
D and X. That is, econo-submodel is able to produce the new
products X+AX by Eq.(13) only when B and D are given. However,
the I-0 analysis has no functions to estimate D. For example,
the left side box in Fig.2 corresponds econo-submodel, it has no
function to estimate the new domestic demand D. Therefore, we
must have another submodel by presenting sufficient technological
information in order to estimate D. We call this portion a tech-
no-submodel. The techno-submodel will be supplied with produc-
tion and import/export of the respective industries from-~the eco-
no-submodel. It will compute the consequent demands for ocean
shipping, inland transport, port service, and fishing.

Techno-submodel also estimate their present capacity, that
is the quantity of supply in the near future. Thus, techno-sub-
model determine an optimal investment plan comparing between the
demand and the supply. :

4.2 Detailed description of techno-submodel

The techno-submodel is composed of i)programs of assorting
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sea-born cargo(Converter), 2)marine transportation sector (MT), 3)
shipbuilding sector(SB), 4)shiprepairing sector (R), 5)port & har-
bour sector(P), and 6)fishery sector(F). The submodel is constructed
tet . 3 ‘
1. receive the information on exports E, imports M and products
X from the econo-submodel, and
2. forecast both
a. the demand of investments of marine industries AKi, and
b. the products X,, exports AE; and imports AM, by taking
' due account of the present technology levels of relevant
industries. Where i indicates category of sector.
Parameters vi's are built in the submodel for the purpose of giving
national share of productions to total demand of products. The foll-
wing are descriptions of the practical computational procedures whose
flow charts correspond to Fig. 3. :

4.2.1 Program of assorting sea-born cargo(Converter)

This program converts E, M and X in.dollars: .from .the ecdno- sub-
model into marine cargoes in tons. International marine transpor-
tation demands (ITD) are classified by the kinds of cargo and the rou-
tes. For this purpose, multl-regre331on analysis is employed, using
a data base prepared by making use of U.N. trade statistics.

4.2.2 Marine transportation sector (MT)

The shortage of national tonnage for international trade is es-
timated based on the information from the converter and A-D table.
The demand of investment to prepare national fleets is also appro-
priated. The computational procedures are listed as follows:

step 1l: Mutiply ITD by Ty and ‘then obtain the amount of cargo
to be transported by national flag ships A.

step 2: Considering the idle time of capltal formation, count the
existing tonnage in A-D table

1_nrrl
DW =DW L HADW,

where DW}, DWi 1° ADW1 and o are tonnage in the i-th term,

tonnage in the (i-1)- th term, increment of tonnage in the
(i-a)-th term, and period required for building new ship,
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respectively. A-D(Age-Dead Weight) table is a muti-dim-
ensional data base by ship's age, dead weight, :ship speed,
and so on.

step 3: Caluculate the existing transport capacity B(supply of
marine transportation) from A-D table. :

step 4: If A-B<0, go to step 6. If not, proceed to step 5.

step 5: Calculate,ADW%=A—B, and go to step 7. ADW% is the shor-

- tage of national tonnage for internationadl service, where

subscript I means the the abbreviation of the term "In-
ternational”.

step 6: Calculate the amount of exports of shipping service
AEMT~by putting ADW%=0, and go to step 7.

step' 7: Calculate the domestic marine transportation demand A'
using the given regfession equation

A’=f2(X)

step 8: Calculate the existing transportation capacity for dome-
stic service B' from A-D table.

step 9: If A'-B'<0, go to step 1l1. If not, proceed to step 10.

step 10: Calculate ADW%=A'-B' for domestic marine transportation,
and go to step 12. Subscript D means the abbreviation
of the term "Domestic'.

step 1ll: Let ADW%=O, and go to step 12.

step 12: Calculate total replenishment tonnage of both internat-
ional and domestic service

ADw1=ADw;+ADw11)

step 13: Determine the investment AK,.. which is needed to prepare

. ADWL.

step l4: Calculate the investment for importing tonnage AM§B by
AMgp=(1-mgp)e 8Ky

where “SB_is the national share of shipbuilding for AKMT.

step 15:'Add AMéB

]
to AM%B




- 1 "
AMSB AMSB+AMSB

where AMgp is the import increment from step 5 in the
shipbuilding sector. /

step 16: Calculate AMp and AM; by using A-D table, where AMp and
‘KMP are imports of shiprepairing and port & harbour sec-
tors respectively. These quantities are expenditures of

the national fleet at foreign ports.

4.2.3 Shipbuilding sector(SB)

The major function of this sector is to calculate the demand
of investment for expanding shipbuilding facility AKSB and the

exportable tonnage &ESB. The algorithm is enumerated in the‘foll-
owing.

step 1: Calculate the replenishment tonnage to be built at home
1% 1
ADW =HSBADW

where ADW1 is the total replenishment tonnage given in
step 12 in 4.2.3, '

step 2: Find the feasible replenishment tonnage ADWl' with the
aid of the SUBROUTINE CHARGE™

*) A permanent facility is assumed to be expanded by stages where

an increement of facility is given in advance. SUBROUTINE CHARGE
is a sub-program to take into account such a process. When the
demand of increment A(.) is given, this program offers.a'feasible

increment of facility A(.)'. That is, A(.)' can be determined
by the equation

o, THRaY R ARy
A' (D)=
0 A(.)%C

where C is a threshold figure for expanding facility. and (')C
is an optimum amount of increment greater than A(.).

-10-




step 3:

step 4:
step 5:
step 6:
step 7:

Count the existing shipbuilding capacity

2
DWi=DW +ADWi 8
and replace DW% with DW
ital formation. :
Calculate the available shipbuilding capacity for build-
ing new merchant ships nDWZ, where n is a parameter of

2 B is a parameter for cap-

 facility availability. (1- n)DW? is allocated to build

fishing ships, on— and off-shore constructions, and so
on. If nDWZ-le >0, go to step 7 with ADW2 =0, go to
step 15 in the marine transportation sector(4.2.2.) with
AMgB =0, Then, AESB is estimated. 1If nDW2 DW1 20, go to
step 5.

Calculate the necessary increment of facility

ADW2=DpW! ' -nDwW?

and go to step 6 in this sector‘ go to step 15 in 4.2.2.
after setting ADW2 to AMSB where AM§B means the amount

‘of ships to be imported immediately.

Cougt the feasible increment of shipbuilding facility
using the SUBROUTINE CHARGE.

Calculate AKSB’ the demand of investment for expanding

shipbuilding facility by ADW2 K

4.2.4 Shiprepairing sector(R)

The calculation procedures are as follows:

step 1:

step 2:

Calculate the demand of repair works of domestic service
ships DD by using~A -D table 4,208

Calculate the demand of repair works of international
service ships.including forign flag ships Dp

TWoas -
e 4 :
DR=51|MR|—ITTF§+EZIERI

where El and 52 are the factors to transfer dollars in-
to tons and Mg and Ep are the amount of imports and ex-

w1l




step

step

step

step

step

ports. Since the Tp represents the national share to
total demand of repairing, |MR|{wR/(1-wR)} shows the
value of shiprepairing demand for the national facility
because |MR|/(1-nR) means the whole shiprepairing demand
from the national fleet.

: Count the existing shiprepairing facility

3 .3 3
DWF=DW; _; + DWj_.

and replace Dwg with DW3.

formation.

Yy is a parameter for capital

: Calculate the utility of shiprepairing facility r,DW3

where ¢ is a parameter of facility BELlity, . If cDWB-DR;O,
go to step 7 with ADW3 =0, then calculate the exports of

shiprepairing AER If cDW3-D <0, go to step 5.

: Calculate the necessary increment of facility

ADW3=DR-cDW3

: Calculate the feasible increment of shiprepairing facil-

1
ty. ADW3 by using the SUBRPUTINE CHARGE.

: Calculate AKR which is the demand of investment for ex-

?
panding shiprepairing facility by ADW3 "

4.2.5 Fishery sector (F)
The computational procedures are as follows:
step 1l: Calculate fishing catches A" using the given regression

step

step

step

equation

A"=f3(X)

. Calculate the capacity of existing fishing boats B'" using

the A-D table

: The value of n in 4.2.3. is controlled, éomparing A" with

B

: Calculate the amount of investment for fishery sector

AKF.

-12-




4.2.6 Port & Harbour sector (P)
The Computational steps are shown in the following:

step 1l: Calculate the international transit cargo(TC) by using

step

step

step

step

step

step

step

the regression function '

TC=f1(X)

. Calculate the cargo movement of the national ports Dp

DP=ITD+TC+A'

where A' is the demand of domestic marine transport-
ation from step 7 in 4.2.2.

. Count the existing cargo handling capacity Cp

=C +C

c
Py Pi-1 Pi-e

and replace Cp with CP(capacity of port). 6 repre-
sents a time i%terval for capital formation. ‘

. Calculate the imports of marine transportation AMyr

detived from the cargo transported by foreign vessels

. Estimate the number N and length L of forign ships

calling on national ports per year using (l-ﬂMT)ITD

~ and forecast the exports of port & harbour sector AEp.

. Calculate the number and length L of national ships

calling on national ports per year by using A-D table.

: Calculate the average demand of wharf 1ength.t per day

using the results. of steps 5 and 6
Y=ggsINL

where ¢ is a parameter for port utility.

. Convert L into an equivalent cargo handling capacity

of port &,

tepb.b

-13-




where Pb is a technological parameter.

step 9: If DP-Cpﬁp' AC=0? otherwise AC=DP-QP.

step 10: If E—CPSP, let A&=O, otherwise Aﬁsa-cp.

otep 1l: Comparing all amounts of AC and Aa, select one of the
increment schemes ACp among the following alternatives

1) ACP=0,
' ACp=AC, and
3) Acp=al.

step 12: Calculate the feasible increment of port facility ACé
by using the SUBROUTINE CHARGE.
step 13: Calculate the demand of investment AKP

. ACS
ARp=ECFT™
where Al is a unit increment and EC is a coefficient
for, capacity-cost conversion.

5. APPLICATION OF RAS METHOD

It is a'complex problem to evaluate the changes of indus-
trial structure which vary with exogeneous capital investment.
To meet this problem, the RAS method by Stone [4] is applied
to renew the basic input-output matrix as shown in Fig.4

6. DECISION MAKING AND POLICY PLANNER

- The final purpoée“df this simulation study is to observe
the effects of investment to marine industry including shipping
on the industrial structure and the national development. Fig 5
‘synthesizes the author's concept, where the flow of informations
in the model are illustrated.

Of many feasible investment schemes, the optimal one should

be selected by policy planner taking into account the newly

el
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introduced industrial productivity, the international payments,
and other national economic indices. The simulation can be per-
formed in cooperation with a judgment box in which some criteria
on development and appropriate informations are assumed to stored.
The decisions on schemes of preferential investment are to be made
by the policy planner with the aid of his consulting action on the
outputs of that box. :

Prior to the decision on preferential investments in marine
industries, the share of the national production to the total pro-
duction of each category of marine 'industry should be exogeneously
selected by the policy planner through the box. In Fig.3 and Fig.5
L indicates this share, for example, Typ in Fig.3 is the share of
national cargo reservation. The techno-submodel yields the demand

of investment AK, _y according to the given goal m;_y. where M indi-

‘cates each category of marine industry listed in 4.2.

The endogeneous demand of investment goods for industries oth-
er than marine industry Ii%M is obtained by multiplying AR, _y by
Nij’ a coefficient fq: investmenthogds. Ii#M?"i#M'Ii%M shows the
domestic dqmandlgnd (1'“i¥M)'Ii¥M indicates,AMi*M, the increment
of imports. All these results are supplied to the judgment box in
Fig.5. When some sensitivity studies are carried out based on the
combinations of ni's fixed politically, the policy planner can de-

cide on an optimal policy by selecting one of the combinations of
1

m;'s.

7. CONCLUDING REMARKS

A simulation model is proposed as a basic idea to assess the
introduction of advanced technology in .connection with the develop-
ment problem in the developing countries. Much emphasis is put on
the marine industry as one of the potential triggering industries.

In the techno-submodel, a conventional procedure, SUBROUTIN
CHARGE, is in charge of determing a feasible stepwise investment
scheme, which, however, is not always optimal. This procedure
would run counter to the intension of this study. To cover this
drawback, a function for optimizing long term scheme of investment

=18




should be added to the above procedure. The authors consider that
a computational method using DP is suitable one wherein, for ex-
ample, NPV of investment can be used as a criterion of optimization.
In the process, the future productivity of marine industry due to
the introduction of advanced technology is taken into account. A
wide variety of cargo, as well as a increment of quantity, can be
seen with the development of industrial activity. In consequence,
the marine transportation system is asked to introduce new techno-
logy to increase its efficiency.

The I-O table of developing countries are generally hard to
obtain. In such a situation, we have to prepare an equivalent sub-
stitutional model instead of the I-O table. An analysis of a sub-
stitutional model has carried out using Econo-Techno Causal Chain
Model developed by the authors [7], where the econo- submodel is
formed by multi-regression equations.

ACKNOWLEDGMENT

This is a revised paper of the research works previously ca-
rried out by the authors [3],[5],[8]. The author is grateful
for those who kiﬁdly gave him the opportunity for discussing on
this subject during his stay in the Republic of Chile in August,
1981. '

This work was partly supported by the Science Research Fund
of the Ministry of Education, Science and Culture of Japan, under
Grants No.585128 and 56850124,

REFERENCE

[1] The Third UNCTAD General Assembly in 1972 at Santiago.

[2] For example,
D.H. Meadows, and J.Randers III, "The Limit to Growth," A re-
port for the Club of Rome's project on the predicament of man-
kind, Universe Book, New Youk 1972, or
H.Ishii, "General Survey on World Model," Sekai-Keizai_hyoron,
1980 (in Japanese).

wl6-




[3]

[4]

[5]

[6]

[71

[8]

K.iaguchi, H. Nakayasu, and T.Shimojo, "Control of Economic Sys-
tem with Maritime Investment in Developing Countries, " Proc.
IFAC/'81, International Federation of Automatic Control, 1981.
R.Stbne, "Input-Output and National Accout", the Organization
for European Economic Co-operation, Paris(1961).

T.Shimojo, K.Taguchi, and H.Nakayasu, "Economic Effect of Mari-
time Investment Policy in Developing Countries," to be published
in the International Jounal of Transportation Policies and De-
cision Making, Martinus Nijhoff Publishers.

K.Taguchi, R.Hosoda, T.Inoue, T.Toyama, and Y .Murotsu, "What
will be the Optimum Ship Routing in the Latter Half of 1980's g
18soa/79, The Third International Symposium of Ship Operation
Automation (1979).

K.Taguchi, T.Shimojo, and H.Nakayasu, "The Dévelopment Plan

of Maritime Industry Taking Into Account the International
Cooperation," published by‘the Association for Promotion of
International Cooperation (1980) . (in Japanese)

H.Nakayasu and K.Taguchi, "Techﬁology'rorecasting Model for
Marine Transportation System Considering National Economy in
the Developing Countries}“‘Proceeding of 6-th International
Conference on Eroduction-Résearch Held at Novi Sad, Yugoslavia,
1981.

17




19PO}{ UOTIBTNWTS 3O uolaTeys . 1°8Td4

971940 oTwouods snosus3oxe : _m 91040
910£o> OTwouod? snodua3opus : y 9T04£0:

s3onpoad pue o - ;
§710dX2 JO JUPWAIOUT \‘ sjxodxs ‘sjaoduwt ‘ sjonpoad meu poyaew
3 syzodut JO 'SVd
£3TATI0oNpOoad pameusx JUBWRIOUT.
.wm.ﬁ..mawu Yyitm spoo3
‘uorjewroy Teardes: > juomysaaut p€—— Lo1T0d
JO puswmep
£3T71ToBI JO puBWep . ; oInN3onII8
spooZi|| TeTxasnput
JUSW] SVAUT. pomauax
JuswlsS’|AUT _Hv OT3sswmop |- :
snosuadoxs

Topouqns \
. =0

. éumc s3xodxa
£o110d ‘s3zoduwt ¢ s3onpoad e,




Marine
Transportation

umam.bm_

Y

|
# .
E |-M .x.“ Hmnﬁﬁo-mcvaoamw
e e Production
Planning

Model

b

|
i

F+AF=D " AK=£ (E ,M,X)
| .

Fig. 2 Concept of Model




Topomqns-ouyoel JO 3IIBYD MOTH ¢ ‘BTq
e

o i oo ey ot e e s i e Y e . S S S g

Hnmh\.ﬂou 03 y3j8ue| wWO1y I0310BJ UOTIBWIOISUEI]:

’ 3 7 ~
£3poeded o3 § woay zojoey uo.muwﬁnomunwuuuuu.uu .\ . 1 /a
: £3TTITOBI JO JUATOTFIP0D hu.m..n..mnw.nﬁ.z.rw" ! “ : % nlnmzq |
v ¥ AU oy 12 !
———— e e - : v
/7~ B /7 (BEuvs®SivaT%uy Yot ‘ (,MaV*,MQV) FOUNHD TTVD for I
1 G\ / | . . _
| T — 1 / oy (3u-1)=I5uv| | [ZHau=_ Mav= mav | _
v Jt ove dovyasuvuo 1voll {5 Ho1shg g R s ) I
“ J \ NOLLVLYOASNVHL NTNVM C¥p) 1€, mav)asuvmo 11vo | o o :
] I& \ o \ [ ) = [:{:)
I M ek @ [ e as LT 0% yhav-guau )ef0=, pHav (i) “
" ov="0v (i R Qv+ MaT= NaY o Mav."Cum mMav » _ch_ -
g ™ o=%v (1 1/ ¥ - M |
I A8 _annwazag | 4 [ @ w=9uay -v=Tng i 9= Tuav+""JuaeIna !
| ¥ S Lt T W 0 (8S) ¥0123S A g
| 3 ! 1 . e e g e i 7 — GNIARINAAING ~]
; == | ON - \\ ~G i
R A SRR A ST
: T 6 () %32,y g obawo][ @ obiwo ¥ pe310d i . T~
5 . 3Jrodsuex v TIVO
“ _. obko D§3Isauwop oman«uuao arqerIINd eq 03 ouucw “ a.n&a d QWNQ.SG /_
| Lfo%aeaq _ onf N e N o 25 I.e ! xeadom. !
q \ Ve MO=iMa > | |
_ r.Mo &lw Y 1 - — ' g - _
: I vl etawaaw é !
. 5260 PO / .
! () T3=01 . I TR IR _ 4 |
I . i 3304 teuopzeuf i : ; d »u_..znq T=Vun¥ |
| o-nuo Ipsuvay a4 +7umu-umu 9 uo bugries dyys 1 .‘ﬁ sl s o |
- TRUOTIRUIAUY ub19103 JO Xaqumu \\ \“ _ T |
~
i L T T Uoqs 181854 —=X 18y Taa¥
“ _.v WVHOLHILI= warsaanos | \ aa aa+|"a| . | #l'="a \_
L @ EO1R3 P e A S R ) Botagg ="
S = o e = = YNOTY —_————————— e e — e = iz ._ o drys Cmel v 19NI¥VdI¥d IHS
i Surysiz| . ol 1. .
~ 30 [f*]se0anosaz | |
h..uasaam..ozouuu _ 41ddns Butysty “
L]
% (¥) woLd3s /

Semmem— JMSH] ——=7

bl D i il i



K. Taguch et al,

E,M, X
[m————————
j I 84
I-0 Table : Marine Transportation
] Demand =
RE B .
¥ M\ I\ Production
Aij I ME Xi Planning
\\ f . Model ¢
\k _________ J
RAS|  [ras
New ‘ ‘
A, . '

A(to) A(tl) 7S¢

Fig. 4 Simulation of Application of RAS
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