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This paper represents an attempt to present a model of the ecologic-
economic analysis on land and ecological activities in an enclosed coastal 

sea. Specifically, we are interested in the insights gained into the balance 
of inter-field repercussion by using Hermite Inverse Matrix Analysis which 

shows the total effects of inter-field propagation. Furthermore, for the a-
chievement of model reference pollution reduction, we investigated a path 
which converges to the reference model and the adaptation processes of 

system and its stability by using Model Reference Adaptive Input-Output 
Method. This model is to clarify how the actual field activities would con-

verge to the reference structure when the reference field structure is 
looked over. 

For the pollution control in an enclosed coastal sea, it is necessary to 
investigate the structure between the economic activities on land and 
ecological activities in the enclosed coastal sea. 

General Interrelation Model 
Our basic procedure for linking the economic activities on land and 

ecological activities in an enclosed coastal sea is an extension of what is 
generally characterized as linear systems by applied input-output and 
model reference adaptive control methods. 

This model has two systems which differ in their basic physical processes 

and structure such as the economic activities on land and ecological 
activities in the enclosed coastal sea. Accordingly, the first major 

division of columns refers to the economic activities on land, and the 
second to ecological activities in the enclosed coastal sea, while the first 
major division of rows refers to commodities from land sources, and the 
second major division to commodities from the enclosed coastal sea. 

If we focus on just the two major divisions, land and enclosed coastal sea, 
there are four major sets of cells in the flow, or coefficient, table to be 

considered. 

Hermits Inverse Matrix Analysis 
This section represents an attempt to examine in more detail the structure 

of interrelational repercussion between the economic activities on land 
and ecological activities in the enclosed coastal sea. Specifically, we are 
interested in the insights gained into the balance of interrelational 

repercussion by using Hermite Inverse Matrix Analysis (Yamamura, 1973). 

This matrix method is based on the combined method Hermite Matrix and In-
verse Matrix which shows the total effects of interrelational propagation, 
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A can be written by using Hermite Matrix as follows: 
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where 
ALL =(ALL+ A'LL)/2 

ALS =(ふ呼ぶSL)/2

A'..... L=(ALL_ A'LL)/2 

A'LS=(ALS_ A'SL)/2 (3) 

A念 sand A'99 have a similar interpretation for the enclosed coastal sea. 
Also, A sL and A'9L indicate shipments in the opposite direction. 

We define the notations of partitioned matrices as follows: 
pL=[I-ALLJ-1 :total direct and indirect production coefficients on land. 
89=[I-A88]-1 :total direct and indirect production coefficient in the 

enclosed coastal sea. 
csL=A念 L.BL=(ASL+A'SL). gL=A念 L.BL+A'忘 L,gL (4) 

csL; total input coefficients from the enclosed coastal sea sources to 

meet production of activities on land 
csL=ASL,g日total average input coefficients from the enclosed coastal 

sea sources to meet production of activities on land. 
C'SL=A'SL. B日total input variation coefficients from the enclosed 

coastal sea sources to meet production of activities on 

land. 
cLs=ALs,8主 (AL呼 A'L町 ・B主：ALS,9虹 A'LS・BS

CLS=ALS. BS'C'L主：A'LS,ss (5) 

cLs, CLS and C'LS h ave a s1m1lar interpretation replacing the activities on 
land and the activities in the enclosed coastal. 

DL主サ・AL吐 計(AL呼 A'LS)=BL.A us+BL. A'LS (6) 

[!Ls: total production coefficient from land sources to meet the total 
requirements of activities in the enclosed coastal sea. 

DL5=BL• AL9:total average production coefficients from land sources to 

meet requirements of activities in the enclosed coastal 

sea. 
D'Ls=BL・A'Ls:total production variation coefficient from land sources 

to meet requirements of activities in the enclosed coastal 
sea. 

[)豆ニEl念.ASL=Bs. (ASL+A'SL)=ss. ASL+BS. A'主

osL=Bs. ASL, D'忘 L=BS・A'SL
(7) 

us:...,DsL and D's:... have a similar interpretation replacing the activities on 

land and the activities in the enclosed coastal sea. 
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Gし主：[I-LS• SL]→． 

GSL=[I-忘 L. SLJ-1• 
GL8:total effect 

G9L:total effect 
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on land. 
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sea. 

Model Reference Adaptive Pollution Control Model 
For the achievement of model reference pollution reductions, we investi-

gated a path which converges to the reference model and the adaptation 
processes of system and its stability by using the Model Reference 
Adaptive Input-Output Method. (Yamamura,1983) 

This model is to clarify how the 

the reference structure when the 
Xn、(t+1)=Crr.Xrr, (t)+Dm (t+ 1)H(t) 

Adaptive model 
X(t+ 1)=C(t+ 1)X (t)+D (t+ 1)H(t) 

where, Cm二Bm―・1(I-An、+B』
Dm=-Brr三
C(t+U=B-i (t+l) (1-A(t)+B(t)) 

D(t+l)=-B-1 (t+l) 

field act~vities 
field structure 

actual 

reference 

would converge to 

is considered. 
(10) 
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The adaptation that C(t) and D(t) are determined to make 

timい (t)-X(t)II =O is equivalent to th 
→ 

m e asymptotical stability 

error equation mentioned below. 
c (t+l)=C,,, c (t)+(C,.,、-C(t+ 1)X(t))+(D,.,,_-D (t+ 1))H(t). 

of the 

(16) 

If k(t) is 

adaptation 
stable. 

getting sufficiently 

laws of C(t), D(t) 

large as 

make the error 

t→ oo, then 

equation 

below-stated 

asymptotically 

the 

C(t+l)=C(t)+ (I+ r (t)) 
D(t+l)=D(t)+ (I+ r (t)) 

＾ -1KcRE. (t+l)H可t)

＾ -i KdRc (t+l)H可t)

(17) 

(18) 

Where Kc and Kd are the matrices 

Kc=(kc; _;), Kd=(kdr 1), kcr 1 and kdiJ > 0, 
Rstands for a matrix operation as follow; 

which 
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independent 

=O andtl迎J 瓦—B(t) U =O (21) 

It is possible that Kc and Kd are variables. Now let variable Kc and Kd be 
noted as Kc(t) and Kd(t). These can be substituted into (17) and (18) as 
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follows: 

C(t+l)=~(I-r (k)) -i (Kc(k+l)R € (k+l)町 (kl)
!<.-0 

D(t+l)=~I+ f'(k)) → (Kd(k+l)RE (k+l)HT(k)) . 
1<.-0 

（ (22} 

where, 

Xm:n-dim, reference output vector to achieve the model reference 

pollution reduction. 
Arr,:n x n reference input coefficient matrix to achieve the model 

reference pollution reduction. 
H(t):n-dim, final demand vector to achieve the model reference 

pollution reduction. 

X(t):n-dim, real output vector 
A(t):n x n, real input coefficient matrix 

B(t): n x n, real capital coefficient matrix 
A is as follows: 

「―ALL、 ALS I 
A= I -----~----- I 

I ASL : Ass I 
L -」 (23) 

where, 
A LL:the coefficients indicating the flows of commodities from land 

sources to meet the requirements of activities on land. 
A L5:the coefficients indicating the flows of commodities from land 

sources to meet the requirements of the activities in the enclosed 
coastal sea. 

A sL:the coefficients indicating the flows of commodities from enclosed 
coastal sea sources to meet the requirements of activities on land. 

Ass:the coefficients indicating the flows of commodities from enclosed 

coastal sea sources to meet the requirements of activities in the 
enclosed coastal sea. 

For the estimation of the coefficients, we can use the interregional 
input-output tables and the pollution input-output tables published by 

the Ministy of International Trade and Industry of Japan. With respect to 
the detail computation of Model, the reader may refer to the papers 
(Yamamura, 1973, Iwasa, Yamamura and Ohta 1985). 
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