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            A Study on Model Reference Adaptive Control

                     In Economic Development･ (VII)

                    -Model Reference Adaptive Processes in
                       Japan's Nine Regional Economies-

                     Yuzuru Miyata and Etsuo Yamamura

              Department of Regional Planning, Division of Environmental
                 Planning, Graduate Scl'iool of Environmental Science,

                      Hokkaiclo University, Sapporo, 060, Japan

                                   Abstraet

   'Yhis article ai!ns at app,lying Model Reference Aclaptive Theory to Japan's nine regional

economies. The main findings of this stucly are that MRAS theory is applicable enough to cor-

roborative study basecl on actual data, and the approaches used in this stucly glve a very effective

and meaningful metl?od in making a regSonal planning.

Key Words: Model reference aclaptive system, Japan's nine regional economices, Regional turn-

pike, Dynamic interregiunal input-output model.

1. Introd-etion:

                                                                             '
    We have applied the theory of Model Reference Adaptive System (MRAS) to
the input-output analysis and derived the several theoritical finclings in 3), 5), 6), 8)

and 9). Amoxxg these results, the most applicable one is the theorem relating to

MRAS and whose reference moclel is a turnpike.

    In this study we built an interregional dynamic I-O model for the nine economic

regions of Japan in orcler to demonstyate the empirical applicability of these theo-

ritical findings.

2. Model Reference Adaptive System in RegioRal Dynamic Input-Output
  Analysis:

    In this chapter we shall briefiy review the interregional input-output analysis,

then offer an explanation for the theoritical background for applying MRAS to

interregional dynamic I-O system.

2.1 bzterragional biput-Ouiiput Analysis

    As it is well known Interregional Input-Output Analysis (IRIO) was developed

by Isard 19), Chenerry 18) and Moses 20) etc. IR this seceion we shall simply

explain the Isard and Moses-Chenerry type IRIO, which are the representative

methods, to help clarify issues in the sttbsequent chapters.

I

11 (1)
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  (1) Isard type IRIO

    The Isard type IRIO is based on the assuinption that there is no competition

among the sale of the commodities which are produced ln diffeyent regions. Let

us represent the IRIO with m regions and 7i sectors in mathematical formulation.

         xl All Al;IL .IC-l' f}M el ml

         x!. ALi, A}:L' fXi fl,M eit Mii
         I=:i+-･+I+I+･--i-I+l-I (])
         Jul'i' Al'i' AII'iM f{'`i f{,LM e{,t m{,L

         JtP,t' AIIki All;l'i fh'`i f,fliM e;:L m;:'･

The above equation can be written iR vector representation as follows.

            71t.'it ']n..

        X-£EAI･+:fS+E-M (2)           s=tlJ'=1 s,.,1
where, xE:output of sector iin region r
       A:･}: intermediate commodity flow sector iin region r to sector j' in region s

       fES: final demand in region s for the commodity produced by sector i i'n

           reglon r
        e:･ : export of sector i in region r

       mi: irx}port of sector i in region r

        X=:(x:･), Ag･ =(A,s,), Fs:=<fis), E=(e;･), M==(ml'･)

The left hand of (2) stands for the supply in each region and sector while the

right hand depicts the demand in each region and sector. Now we introduce the
familiar Rotations of lnterregional input coeflicient and regional import coefllcient as,

        A==(a;.;.)=(-4i,/1/S,t--), Mr=(mhs,･>=:('.-///) (3)

then (2) is writteR as follows.

                 nt        X= AX+ Z] I7s+E- A"4X (4)
                 s=･.1

      .'.X =(I-A+ AZ)-i (,:.,,, Fs+,E) (5)

As similar to national level I-O analysis, when the final demand is derived exoge-

nously the output of each sector in each region, which is the source of supply for

the final demand, can be estimated. But because this analysis involves the shipment

of final demand goods in each region, the proiection of repercusive effect using

Isard type IRIO is fraught with diflicultles.

  (2) Moses-Chenerry type IRIO

    The Moses-CheRerry type IRIO is based on the next assumptions.

    1) Each region has its own input coefllcients which may be different from the

other regions.

    2) Thereexistsaspecificpat#ernintradefiowamongregions. Thecoeflicients
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  put X =(x//), TAS,･==(t7S A;･j), TFS=(t:,Sfi), E==(e:･), M=(m:), then (6) is

    as,

     'M,71, ･M.Xww:ZTAi･+XTFS+E-M (7)     s=:1j',-.1 s=.'1

 xl: output of sector i in yegion r

Ai･j: demand of intermediate goods of sector .i in region s from sector i

     in ali regions

 fti･: fina! demand in regions s from sector i

t!S: trade eoeflicieRt of sector i products from region r to s which is

     defined as

      11,
     lilll A//s + F:,'s

t5S==-iii' --

     XAi･,･+FS,
     i,.1
  m ?.g.g.gl..y..c.Ls. of secigg.i.i.p...regig..n....r..?ur..ghased by

  - IIroducts 6'i''g6'c' tor i"in all regions purchasEcl

 e5: export of sector i in region r

m//: import of sector i in region r

introduce the regional input coethcient matrix A*

       matrix T*=(ISS) and the import coefficient

   as,

        11i i
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              tliOl litl"tO
                 -1 t-                  -[ --- i -               Otl,il lOti,,rn

                     /t                     //
              t{n'Ol/ lt{,tnto

                  -t /-               Otl31 Ioth,inL

             7hl
               ='Al O

        ab= 7n'l'･.7h{,, 7fosj.=-t･n-,ilL (lo)

                o ･=
                         7hA,t

then (7) is transformed into

        X=T*A*X+T*F*+,El-MX (11)
      :.X=(l-T*A*+th)-i(T*F*+E> (12)
If final goods are demanded in each region, the reglonal demanded outputs are

derived from (12).

    Moses-Chenery type IRIO is realized with the precondition that the trade
coefflcients are independent of sectors in which commodities are consumed, however,

it has the advantage that it is suflicient to estimate only shipped fiRal demands.

2.2 Dpanamic biterrcg'ional lnpztt-Outpztt Analysis

    The previous section simply described the IRIO analysis and a proof viras

established for the projection of a demancled output corresponding to an exogenousiy

derived regional final demand. But those methods may be comparative static ones.

In this section we shall internalize private investment and other final demands in

IRIO, and then transform that system into a dynamic one.

    Now we denote private capital goods of sector i in region r invested in region

s as F::=(lgS) and a consumption commodity demanded for sector i in region r as

H==(h:･), then (2) is rewritten as,

                  e]t

                 s.=1

           7tL 7)t
where, H= £ ,F:s- £F-E+M
           s;i s,･;･1
Furthermore we represent private capital goods produced by sector i in region r
in the possession of sector J' in region s as K:=(k//S,･) and its capital coeflicient as

B=(b:･S,･) which is defined by bESj=k:･';･!a;･, then the capital stock owned by sector 1'

           "L nin region s Z :k//S･ is as follows.
          r=.'1i="1



                       Model Referenee Adaptive Processes 51

        71t,n m71
        2I]£fe:･;･ :ll[]:blSj xS･ (14)        r=-rli:'1 r=･=-lir-1

If a regional private investment is illduced by the acceleration principle, it caR be

represented as,

        s:.i Its"(') = ,:..., tl-rmi,(k:';(t + 1) ww fel';(t))

              =,illll,tl/,b//Sj(xS･(t+i)-xS･(t))==B(X(t+i)-x(t)) (is)

    And if regional consumption is supposed to be expanded through the regional

distributed IRcome which is derived from the regional value added produced by

each industry, the regional consumption is written as,

where, CS: matrix of regional marginal propensities to consume

         V: regional value added coefflcient matrix

        H: regional basic consumption vector which is iRdependent of income

            varlatlon

Accordingly (13) is transformed as,

        X(t)=AX(t)+B(X(t+1)-X(t))+CSVX(t)+A (17)

(17) denotes that the increment of the output from the t th to the t+1 th period

can be determined when tke xegional outputs, the interregional input coethcients,

the interregional capital coefflcients, the rates of regional value added and regional

marginal propensities to consume at the tth period are known. If we assume that

B is non-singular i. e. det B#O, (17) is transformed as,

        X(t+1) == B-i(i-A-CSV+B) X(t)-B-iH' (18)
(l8) stands for a dynamic interregional growth equation.

    Now if (I-A-CSV)-iB is assumed to be a positive and indecomposable matrix,

due to the Frobenius theorem, there exists a positive eigen value 2 with maximum

radius among other eigen values and its associated eigen vector q is positive. When

an initial output X(O) are set as X(O)nv-evty+(J-A-CSV)-iH) a solution of (18) is

as follows.

        x(t)=(1+-i---)t(x(o)-(I-A-CSV)-iIIb+(I-A-csv)-i,lilir (1g)

The paths of regional outputs represented by (19) are called the regional turnpike.

(see Flgure 1.)

2.3 Model Reflerence Adaptive Ragional Tztrnpike 7"heorenz

    We have ol)tained some results about the relationship between the turnpi!<e

and MRAS iR our previous papers 5), 6), 8> and 9). From a mathematical point

of view, (19) is in the same mathematical formula as those in 5), 6), 8) and 9).

Therefore we can obtain two theorems as follows.
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                      Figure 1. Path of RegionaL Turnpike.

7heorem 1

    reference model

        X>n(t+1)=CmXm(t)+DmH(t)

    adaptive model

        X(t+1)=:C(t+1)X(t)+D(t+1)H(t)

    disparity equation

        E(t+1)=Cms(t)+(Cm-C(t+1))X(t)+(Dm-D(t+1))H(t)

where,

(20)

(21)

                                                             (22)

  Cm=Bm-i(I-Am-CS7nV7n+Bm)
  Dm = - Bm-i
  C(t+1)=B-i(t+1)(l-A(t)-CSV(t)+B(t))
  D(t + 1) == - B-i(t -i- 1)

  e(t)=Xm(t)-X(t)
 Am: reference interregional input coefficient matrix

 Bm: reference interregional capital coeflficient matrix

CSm: matrix of reference regional marginal propensities to consurne

 Vm: reference regional value added coeflicient matrix

H(t): exogerous}y derived regional basic consumption vector

A(t): adaptive interregional input coeflicient matrix

B(t): adaptive interregional capital coefficient matrix

 CS: matrix of adaptive yegional marginal propensities to consume

V(t): adaptive regional value added coethcient matrix
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If t?L, ttn-h,(fec:･S･x}(t)2+fed:ihS,･(t)2) is getting suflficiently large, the following adaptation

laws make the disparity between the reference and the adaptive outputs asymptoti-

cally zero. i. e. Iim ilX>n(t) - X(t)il=O

             t-co

        C(t+1) == C(t)+(l+r(t))fiiKc(Eg)g(t -F l) XT(i) (23)

       D(t+1)=D(t)+(I+T(t))-'Kd(g)e'(t+1) HT(t> (24)

where, Kc=(fecl,'}) fec:'}>O

       Kd:=(kd:,li･) kdlS,>O

       S(t +i) == .X)n(t+ 1) -C(t) X(t) -D(t) H(t)

              ,il.#,,tli.,(kcl;xi(t)2+fedlihi(t)2) o

       r(t)= '･.
                O ,#,,,,tl,lll..,(kc;:LSx;(t)2+fedl,nshs(t)2)

       ([g) stands for the next matrix operation.

        [ll,i',iII1:･,lill/11 (g>[ S': llice･ ll'11/l ,.] == Illllll.,,bll',i I::i,,j/l/l,: Zillll/lll

Furthermore A(t)=(a;･'S,･(t)), B(t)=(bl･'i･(t)) and V(t>:=(z7I･<t)) are solved as follows.

        a;･IS,･(t)=l-B(t)-B(t+1)C(t+1) (r¥s,i:'yj') (25)

        a;S,(t)=((I-B(t)-B(t+1)C(t+1));･S,-csi+,Z.,l.,a:;(t)]/(1-csg･) (26>

        B(t+1) == -D-i(t+1) (27)
                 Tlt 71.

        w,"･ (t) =:1-£:a:･;(t) (28)                 ?. t･=1 ,i t..:･1

    When we set the regional basic coRsumption to be constant and choose a

regional turnpike from the stationary equilibrium point (I-Am-CSmVm)-iH as

a reference model, Theorem 2 is obtained as £ollows.

Theorem 2

    reference model

        .>On(t+1)=(1+--i--)`"'(X)n(O)-(l-Am-CSmV7n)"'H)

            +(r-A7n-CS7nV7n)-iH (29)
    adaptive model

        X(t÷1)=C(t+1) X(t)+D(t+1)H (30)
    disparity equation

        E(t+1)=Cmg(t)+(Cm-C(t+1))X(t)+(Dm-D(t+1))H (31)
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    When adaptation laws of C(t) and D(t) are set as

        C(t+1)=C(t)+(I+1"(t))wwiKcopE(t+1) XT(t) (32)

        D(t+1)=D(t)+(J+T(t))-'KdXS(t+1) HT (33)

then the adaptive output will approach the turnpike.

where, 2:Frobeniusrootof(I-Am-CSmV>n)-iBm
    X>n(O): initial outputs of the reference model and their directions from the

            stationary equilibrium point are same as ones of the turnpike.

Other notations are the same as those in Theorem 1.

    In the above-stated two theorems we can observe the adaptation processes

from two points of view, that is, adaptation processes in regional technology and

interregional trading with resolving A(t> and B(t) into regional input coefficients,

generalized interregional intermediate trade coefliclents, regional capital coethcients

and generalized interregional capital trade coeflicients. These are denoted as follows.

        A(t) =T* (t) A(t) (34)
        B(t)=S*(t)E(t) (3s)
                           /1                           l

A(t) :=

B(t) =-

T*(t) :=:

S* <t) =

cf i, ,･ (t) =

6i･, (t> wwww

 clli(t) '''a'il,(t) :

 `2}ii(l) '''tfLn(t) l

     O l, =.

     oio
61i(t) '''61n(t) I

z1.,(t)･･･6},.i(t)l' O

             i     oiz
             i

     oio
             i

A(t> A-i(t)

B(t) B-i(t)

 'ilL

Z ai's･ (t>

 nt
: bl･ )S. (t)

T=･7-1

i

I

I
:/tttttttttttttttttttttttttttttttttt

l a"ft' (t) ･･･cf,";,(t)

t- -;- -i' 'l c2An, (t) ･･･cf;lii, (t)
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I
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    For example, a decreasing A(t) implies technological progress in the region,

while a change in T*(t) expresses either a deconcentration or a concentration of

commodity fiow.

3. Regional Turnpike in JapaR's Nine Regional Economies:

    In this chapter we sha]1 attempt to calculate a regional turnpil<e in Japan's

niRe regional economies by using empirically derived data.

3.1 Classifcatio7t of ,Japan's AXine Ragions

    On the basis of economic activities, Japan was classfied into nine regions.

                                                  vo
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     Table 1. CIassification of Nine Regions in Japan

"-----I.9.I.1on-..........

    Hok1<aiclo

    "rohoku

l
prefectures

Hold<aido

l/ Aomori,

       ttttttt

Kanto
lbaragi,

Nagano

[wate, Miyagi, Aldta, Yamagata,

'p'oEiilgi, Gun'lga' l 'gaitAlll'5',''(iK'iB.,

.Ful<usllig.}.e,.Niigal.a. ..... ..-

To}{yo, Kanagawa, Yainanashi

'rol<ai Shizuoka,

       tttt

Gifu, Aichi, Mie

     Hol<uril<u Toyama,Ishil{awa,F'ukui
                I
      Kinki '''"/ Shiga, Kyoto, Osa]<a, Hyogo, Nara, Wakayama"' '
                i """chugoku i"vott6'ri,shimanE,"6'i'I"l'//"E'fiI'51"k'11'//'8//1'I'l'HI[･ll"Kl'E';ll'k'g'/l'5'l';'i""""""""""""""""

                i ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt ttttttttttttttttttttttttttttttttttttttttttttttttttt tttttttttttt tttttttttttttt tttttttttttttt ttttttt ttttttttttttt ttttttttttttttttttttttttttt tt t ttttttttttttttttttttttttttttttttttttttttttttttttttttttttt tttttttttttttttttttttttttttttttttttttttttttttttt ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt

                i     :''lli8'l,-E'11:''' ,, l"I/lll<ili.i.ll.gee,".,Kec//l"g'X"i'li'i':i:/'//{i'9':lli'gu';",,'6'i:is,''Miyazaki, Kagosiii-a･

                i     ･-- -･--･-------.-/･--･---------.-------------------------------------------------------- --････--- ---･-･･･--･-･ --

These are Hokkaido, Tohoku, Kanto, Tokai, Hokuriku, Kinld, Chugoku, Shikoku
and Kyushu. These areas are depicted in Figure 2, and the prefectures included

in each region are shown in Table 1.

3.2 The Data
    1980 Interregional Input-Output Tables 25), which is published by Minister of

International Trade and Industry, Government of Japan (MITI), was served as our

main source of clata. Some data, however, had to be estimated, and the estimation

procedures are explained below.

  (1) Interregional Input Coeflicient

    The lnterregional input-output table published by MITI is constituted by nine

regions and twenty five sectors. However we reformed the table due to the below-

mentioned reasons. First of all, sectoral divisions were aggregated to only one

sector for lack of information on interregional sectoral capital flow. Secondly, we

recomposed the regional classifications by MITI shown in Table 2 into ones of

Table 1 because Okinawa was deemed to be toe small in our interregional analysis.

This rearrangement was made by the following methods.

    1) The initial commodity fiows among Tohoku, Kanto, Hokuriku, Kinki and
other related regions weye given by the ones of 1970 23).

    2) The regional supply and demand of intermediate products were estimated

from the regional gross products in Annual Report of Prefectural Accounts 1987 26).

    3) Final interrnediate commodity fiows were estimated by the FIator's method

with the marginal distribution obtained in the above 2>. The interregional jnput

coeflicients were obtained by dividing the interregional trade fiows by the regional

outputs which were estimated from the regional gross products 26).

  (2> Interregional Capital Coeflicient

    The level of capital stock used in this study were derived from stocks owned
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reglon preieetures

Hol<kaido j
lt..

liol<i<aido

"l'ohou
I

,l,

Aomori,
Iwate, Miyagil"?<l2'IIlll "'"

Ibaragi, Tocl]igi, Gunma,
  Nagano, Shizuol<a

Yamagata,
Niigift' lil

Yamanashl,

Fukushima

Kanto

Cliubu

l
i

'i

Saltama, Chiba, 'rokyo, Kanagawa

 Kinki

Chugoku

:

I
l

1

l

 Teyama, Ishikawa, Gifu, Aichi, Mie

 Ful<ui, Shiga, Kyoto, Osaka, Hyogo, Nara,

 "l"ottori, Shirnane, Ol<ayama, I'Iiroshima,

 Tokushima, Kagawa, I-)1'iime, Kochi

....l.iul.<. }t.fel<a, Saga, Nagasaki, Kumamoto, ooita,

W...a.]<.e.y"ama

Yamaguchi

Shil<oku

}<yushu

    l
... .I

    li

    l

    l･

Miyazalci, Kagoshirna

Ol<inawa Oldnawa

by both public and private firms or agencies. Though inventory is usually regarded

as part of capital stock, we considered the net increment of inventory as coRsump-

tion because of instabiiity of the inventory data.

    The method for the estimations of the iRteyregional capital coefficients is as

follows.

    1) The regional clivisions of the interregional private and public capital forma-

tlon matrix was rearranged in the same way as in (1).

    2) The interregional capital stock matrix was estlmated by the equation.

        fe"S(1980) rmrm (,1.l,,O,,I'"s(t))/( :s(198I)-Jts(lg7s)) (42)

where, krS(t): capital stock owned in region s produced by region r

        rrs(t): capital formation from region r to region s

        xS<t): output o£ region s

    3) The interyegional capital coeflicient was calculated by

        brs(19so) := fe"s(1980)lxs(1980) (43)
  (3) Regional Value Aclded Matrix

    Regional value added was calculated by the regional output rninus the regional

intermediate input, however, this in actual sense represents the gross value added.

The regional value added matrix is a diagonal one whose element was obtained by

dividing the regional value added by the regional output.

  (4) Matrix of Regional Marginal Propensity to Consume

    As aforementioned, consumption is defixxed as,

consumption :::total amount of final demands-(capital formation of private firm+

capital formatlon of public firm)

We assume here that consumptioxx is a linear function of the regioRal value added.

That is to say,
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        h?' =cur wr+Eo" (44)
where, hr: consgrnption of region r

        (r": regional marginal propensity to consume in region r

        w'": value added in region r

        hr: basic consumption of region r which ls independent of the level of

            the value added

We attempted to estimate the parameter ar and Er in (44) by using the regional

cross-section data in 1980 or both 1975 and 1980, however, we could not obtain a

good result, as negative results were obtained for some regions. So we estimated

next equatlon

         99        Ehr == cr:z,r+h (45)        r==1 r==1
using the time series data of national level from 1975 to 1980. Therefore the

estimated marginal propensities to consume are same in each region, however, this

way is, of course, a simplification.

3.3 Ragional 7'}edrnpike i72 Japan's Nine Rag'ional Economies

    According to the above-mentioned estimation of the data, the regional outputs,

the iRterregiona} input-output matrix, the interregional input coeflficieRt matrix, the

regional value added rates, the interregional intermediate trade coefiElcient matrix,

the interregional capital stoek matrix, the interregional capital coeflicient matrix, the

regional capital productivities, the interregional capital trade coeflicient matrix, and

the regional basic consumption vector in 1980 are showR in Figures 3"v5 and

Tables 3N9.

  (1) Interregional Input Coefllcient

    We observe in Figure 4 that Tohoku has the largest value added rate and

Hokkaido, Kyushu and Kanto follow in that oder. This depicts that the Japanese

local regions have rather larger value added than highly urbanized Kanto, Tokai

2･ OO OOO -
  '

100,OOO

o

23e27

i13737

190931

715SO

1,1646

9335･l

41505

171)72

5e61･i

IIol<kaiclo Tohoku ]<anto Tokai IIol<uviku I"nl<1 Chugolcti

   (unlt: billion yen, at inftrket priee in 19SO)

  Figure 3. Regional Outputs in 1980.
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Table 4. Interregional Input CoeMcients in 1980
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Table 5. Interregional Intermediate Trade CoeMcients in 1980
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                  Figure 4. Regional Value Added Rates in 1980.

and Kinki, where three major metropolitan areas are located. The reasons seem to

be that labour oriented industries such as agriculture foresty and fisheries, commerce,

finaRce and real estates, service and transportation occupy larger share rates in the

local regions, however, the basis of those industries may be weak.

    The rate of value added for Shikoku is smallest amoRg the nine regions, the

reason being that the heavy industries which consume more intermediate goods
are sited in this region.

    It is observed from the interregioltal intermediate trade coeflicient matrix that

the self-sufflciency rates of Kanto, Hokkaido, Chugol<u and Kyushu are higher

because of the contributlons of the regional areas andfor the share rates of the

tertiary industries. With the exception of Shikoku, the rates of purchasing from

Kanto are larger, and the rates of supply to neighbouring regions are higher.

  (2) Interregional Capital Coeflicient

    It is observed in Figure 5 that the capital productivity of Tokai is the highest

and Kanto, Hokuriku and Shikoku follow in that order. On the contrary, the
regions with lower capital productivity are the localized ones such as Hokkaido,

Tohoku and Kyushu.
    From the matrix of the interregional capital trade coeflicients, the self-sufSciency

rates of capital goods are almost 80% except Hokuriku, Chugoku and Shikoku,
and higher than those of the intermediate commodities. The purchasing rate from

Kanto in each regioR, of course except KaRto, is 8t-9%, and this shows the high

level dependence on Kanto by the other regions.

3.4 Ragional Tztrnpifee in Japan's Nine Ragio7ial Economies

    Let us show a regional turnpike in Japan's nine regional economies based on

above data. Capital accumulation turnpil<e is given by a solution of the next pro-

gramming problem.

    progranzming qf ragional turnpike (PRT)

      max p(I-A-esV+B) X(T) (46)
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Table 6. Interregional Capitai Stoclc Matrix in

                       (unk: billion yen, at

1980

,mar1<,et price in 1980)
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Table 8. Interregional Capital, Trade
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Figure 5. Regional Capital Productivities in 198e

    Table9. RegionalBasicConsumptions
                     (unit: billion yen, at market

I<yusiiu

price in 1980)
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        subject to (l-A-CSV+B) X(t)kBX(t+1) (47)
                   X(t)i.llirmO (t=:O,1,･･･,T-1) (48)
where, p: n-dim. price vector for evaluation of stocks at T

       T: planned period.

A solution of the PRT depends on both p and T, however, it has been proved by

Tsukui, J. 12) that the solution can be approximated as shown below by the
programming technique when T is suficiently large.

    a2Proximation Pragramming of ragional turnpike (APRT)

        subject to (I-A-CSV+B)X(t)IBX(t+1) (50)
                   (I-A-CSV+ B) X(T'-2) ). crBp (51)

                   X(t)lii;O (t=O,1,･-･,T-l) (52)
        ,a: an eigen vector corresponding to 1+"ll+(2 is a Frobenius root of (I-
where,

           A-CSV)-iB)

       T': planned period
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This progxamming problem ensures that regional growth paths approach the

turnpike at period T. The previous studies have shown that as the APRT is
solved, it approaches the turnpike in the iBitial periods. Therefore we obtained a

regional turnpike by solving APRT, but assuming T'=i since it has been clarified

in some corroboyative studies e.g. 12), 14) and 15) that the solution would rapidly

approach the turnpike in initial stages.

    Now the eigen values and the associated eigeR vectors of (I-A-CSV)thiB,
which were solved by the power method, are shown in Table 10. Because (I-A-

CSV)-'B is posltive and indecomposable, (I-A- CSV)-iB has a positive eigen value

with the maximum absolute value among £he eigen values of (I-A-CSV)rmiB by
the Frobenius theorem, and that value 2 has been calculated as 2=i5.76330. From

the result we see that the annual growth rate of the balanced growth paths on

                      1the turnpike is r=1+--i-･me1.0634 i.e. 6.34% annually. Comparing the actual

growth rates of the regional outputs from 1975 to 1980 (at constant price in 1980),

             Table 10. It"igenvalues and Eigenvectors of (I-A-CSV)-iB
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   Table 11.

Science, Hokkaiclo University Vol. 11, No.

 Actual in 1980 and Optimal Share Rates
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Table 1 2. Regional Turnpike from
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 the

yen,

year 2000

at market pnce m 1980>

   reglon
year

l
: Hol<-
 kaido l

I

Tohoku Kanto

190,931.

168,644.

176,253.

184,344.

192,949.

202,100.

211,831.

222,179.

233,184.

244,887.

257,332.

270,567.

284,642.

299,609.

315,526.

332,452.

350,453.

369,595.

389,951.

411,599.

434,621.

Tol<ai

 71,580.

 67,158.

 70,485.

 74,024.

 77,787.

 81,789.

 86,045.

 90,570.

 95,383.

100,501.

105,944.

111,732.

117,887.

]24,432.

131,393.

138,795.

146,667.

155,038.

163,940.

173A07.

183,474.

l

I

/

1

'

1

l

1

1
'

i

'

i

l
I
I
i
i

i

l

Hoku-
  riku

 14,646.

 14,146.

 14,848.

 15,594.

 16,387.

 17,231.

 18,129.

 19,083.

 20,098.

21,177.

22,325.

23,545.

24,843.

26,224.

27,692.

29,253.

30,913.

32,678.

34,556.

36,553.

38,676.

K inki
ichu-
, goku
     i

Shi l<ol<uiKyushu
    :

  198e

  1981

  1982

  1983

  1984

  1985

  1986

  1987

  1988

  1989

  1990

  1991

  1992

  1993

  1994

  1995

  1996

  1997

  1998

  1999

 2000

 reglon

Hokkaido

Tohoku

Kanto

i

I
I
l
I
E
1
I

:
i

i
:

j
i
l
I
I
:
I
1
j
i
i

l

I

      i
23,e27. i
      i
21,606. I
      l
22,s2s. I

23,so2. I

      r
24,541. I

      I
25,646.

26,821.

28,071. i

      129,400. I

      l
3o,s13. 1

      i
32,316. i

      i
33,914. i

3s,613. I

      I37,421, I

39,343. i

41,387.

43,561･ 1

4s,s72. 1

      1
48,330.

50,944.
      i
53,72s. 1

      L.

Table

 wasted

43,737.

38,467.

40,182.

42,O05.

43,945.

46,O07.

48,200.

50,533.

53,O13.

55,651.

58,456.

61,439.

64,61!.

67,984.

71,572.

75,387.

79,444,

83,758.

88,437.

93,226.

98,415.

i
:
!

/

:

1
l
l
i
I

I
I
r
:
:
!

1
!

l

:
/

{

:
i
]
/

'

i

i

I
I

I
i
i
t
l
;

i

:

1

:

l

f
:
l
i

/

I
I
'

I

l

'

:

/

i
l
l
I
I
i
l

i
:

i

l

l

/

:

:
/

:

:
'

l
i
i
I

l
I

:
I

l
t

i

!

/

i

/

1
:

/

l

 93,354.

 94,612.

 99,176.

104,e29.

109,19e.

114,679.

120,515.

126,722.

133,323.

140,34L).

147,807.

155,745.

164,187.

173,164.

182,711.

192,864.

203,660.

215,142.

227,352.

240,336.

254,145.

l 41,505.i 17,272.

i 43,803. Ii 16,580.

i 46,O13.i 17,382.

I 4s,364.I 18,235.

I 50,864.i 19,141.

I 53,523.I 20,106.

I 56,350.I 21,131.

I 59,357.1 22,221.

l 62,554.i 23,381.

  65,955.1 24,614.

I 69,571.1 25,926.

i 73,416.I 27,32o.

i 77,505.i 28,8e4.

l 81,85tg.I 30,381.

I 86,479.I 32,058.

l 91,397.I 33,842.

i 96,626.i 35,738.

       II!02,188.I 37,756.

 108,103.I 39,901.

l114,393.i 42,182.

i 121,081. 1 44,608.
1

       I

  Turnpike
at marl<et price in

/

l

1

1

i

i

l

'

l

;
1

:

/

/

l
i

I
I

t

1

/

13. WastedGoods in Aejustment to Regional

    (unit: billion yen,

i
t
l

i

1

i

l

i

   goods

 4,329.

13,173.

45,915.

/

･ region
,1

i/ Tol<ai

l Hol<uriku

, Kinki
/

l wasted goods

     12,381.

      2,063.

      6,644.

1･

!i

//

i
/]

 reglon

ChugQku

SIiikoku

Kyushzi

I

:

xvastecl

    2,486

    9,566

 50,614.

 46,714.

 48,627.

 50,660.

 52,823.

 55,123.

 57,569.

 60,171.

 62,937.

 65,879.

 69,O07.

 72,334.

 75,871.

 79,634.

 83,635.

 87,889.

 92,414.

 97,226.

102,343.

107,784.

113,571.

1980)

 goods

 o.

  .

  .
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xKrith the balanced growth rate it was founcl that the latter was O.06N2% larger

than the foriner. (see Figure 6). This fact illustrates the existance of some unused

resources in each region.

    As for the eigen vector corresponding to the Frobenius root, tlLe largest eleinent

is Kanto, and Kinki, Chugoku, Kyushu, :["ohoku, Hokl<aido, Shikoku and Hokuriku

follow in that order, and the share rates among the elements of the eigen vector

denote the optimal rates of regional industrial Iocations. (see Table 11)

    The regional turnpike in Japan's nine regional economies was solved as depicted

in :lrable 12?. It is shown that the regional outputs "get on" the turnpike at 1981

with the initial outputs in 1980 and then there is balanced growth from the sta-

tionary equilibrium point (I-A-es"V)-ilZiL It is also observecl that the regional

outputs fall off from 1980 to 1981 except Kinl<i and Chugol<u because of adjustment

to the turnpike. The regional unused commodities in the adjustment are presented

in Table 13. This may l)e attributed perhaps to the lacl< of resources in Chugoku,

Hokuriku, Shikoku ancl some other regions.

4-. Mode} Referenee Adaptive Proeesses in Japan's Nine Regional Economies:

    In this chapter viTe shall appraise the future econoiinic clevelopment potentialities

of the nine regions of Japan by using the theorems mentioned in Chaptey 2.
However, this analysis is linked to the following assumptions.

Asszci7iption .Z. II"he analysises below aim at introdttcing changes in regional tech-

nology and trading which would leacl to the realization of planned regional growth

paths.

Asszt7nj)tio7z 2. Planned growth paths are defined as ones which can be rea}ized

only when resources in regions are fully utilizecl. That is to say, the planned

growth paths are I.eontief trajectories under some regional technological systems

and interregional trade conditions.

4.1 Adodel R(zflerence Adaptive Processes zvith R{zlClerence to Ragional

     Turnpike (case O

    In this section we regard the turnpike, which is obtained /from the regional

technological system ancl trade pattern in 1980, as a reference model, and simulate

the adaptation processes that asymptotically converge to the turnpike. The refer-

ence model is defined as the turnpil<e which is the nearest to the actual outputs

in i980 from the view point of analyzing a long term plan. Furthermore because

the adaptive outputs will rapidly approach the reference ones by MRAS, it may

be expected that theye would be fluctuations in the yegional technology system

and/oy trade pattern of the adaptive model in their initial stages when the differences

between the actual and the reference outputs aye large. Therefoye we shall intro-

cluce the target moeel whose outputs are defined as the paths that are obtained

by linking smmothly the initial outputs of the adaptive model to the reference

paths, and consider the adaptat'ion processes which converges to the target paths.

Consequently, the reference, the target and the adaptive models are represented as
follows.
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reference model

        .X>n (t + 1) = (1 + -i---)`'i(X>n(O) -(J- A7n - CSm V7n>-i H)

            l-(I-Am-CS)nV)n>-ill

target model

                               e+1        Xtr(t+1)==(Xm(7V)!X(o))'T'i'x(o)                                        (O <t+1< T')

        .Xbt(t+1)=Xm(t+1) (7't+1<t+1<ll")
adaptive model

        X<t+1) ::: C(t+1) X(tt)+D<t+O H

where, Xm(t): vector of outputs of the reference model

         Am: reference interregional input coefficient matyix

         Bm: reference interregional capital coefllcient matrix

        CSm: matrix of reference marginal propensities to consume

         Vm: reference regiona} value added coefllcient matrix

          H: regional basic consumption vector

           2: Frobenius root of (I-Am-CS7nVm)-'Bm
       X>n(O): initial vector of reference output which satisfies that

              X>n(O) = (l- Am - CSm Wn)-i H+ crrp

              and minimizing liXm(O)-X(O)il with respect to (x

           rp: an eigen vector corresponding to 2

       X9(t): vector of outputs of the target model

       T, T': planned periods that satisfy O<T'<T

        X(t): vector of outputs of adaptive model

        X(O): vector of actual outputs in 1980

        A(t): adaptive interregional input coefHcient matrix

         B(t): adaptive interregional capital coefllcient matrix

         CS: matrix of adaptive marginal propensities to consume

              (assumed to be constant)

         V(t): adaptive regional value addecl coethcient matrix

              C(t+1)==B-i(t+1)(I-A(t)-CSV(t)-i-B(t))

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

              A(O) == Am, B(O) == Bm, CS = CSm

    By Theorem 2 in Chapter 2 the adaptation processes which
target paths will be realized by the following adaptation algorithms.

        C(t+1) rC(t)÷(I+rr(t))-iKc(Ei),,(t+1) XT(t)

        D(t+1)=D(t)+(I+f:(t))wwiKdopE(t+1)Hi'

        E(t+1> uz Xtr(t+1>-C(t) X(t)-D(t) H

(53)

(54>

(55>

<56)

approach the

(57)

(58)

(59)
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Moreover it seems that there exist some constraints in technological pyogress ancl

changes of trade pattern in general, So let us express those constraints as follows.

        -arS(t+1) ::5 a"S(t+1) liil ct"S(t+1) (60)

        -bo-s(t+i) g;l brs(t+l)Sbrs(t+1) (61)
The under (upper) bar stands for a lower (upper) bound of changes. Those con-

straints should be determined normally by characteristics of actual system in the

regions, however･, it is not easy to clarify explicitly the constraints due eo complexities

of interregional systems. So we reduce (60) and (61) as follows, assuring the lowest

economic implications, that is, non-negativity conditions.

        if a"S(t+1)<O then a"S(t+1> ww a"S(t) (62)
        if brs(t+1)<O then b'-"(t+1) =:b"S(t) (63)
    Under these preconditions the simulation results of the adaptation processes

from 1980 to the year 2000 are presented in Tables 14N16. And now, adaptive
changes of input and trade coefficients will be expiained briefiy in the subsequeRt

sections, because the simulation results of input and trade coeflicients are too massive

               Table 14. Reference Paths from 1980 to the year 2000

                                     (unlt: billion yen, at market p,rices in 1980)

   reglon
year

              Il

I }{{i?tl;'rido i/ 'rohoku I

       i""'""""" I''
  23,316. 41,658.

i L?4,343. 43,576.
I, 2s,436. 4s,61s.i

･26598. 47783.,   r}  27,833. 50,089.
              '
  29,147.I 52,541.

, 3o544.I 55149.
I' l･ '
I 32e30. I, 57922.

/f )I 33,610. I/ 60,871.I
I 3s,2go. il 64,oo7. Il

l 37,077. Ili 67,342. i'

I3s,g77. 7o,ssg.I

I 4o,ggs. Ii 74,66i.i

li 43,147. I･ 78,672. Ii

       'l 45,432.L 82,937. I･

l 47,s63.I s7,473. Il/

1･ 50447. I･ 92297.i

/) 1111 53,196. 1i･ 97,427.I

I, !glll;i Ii l:glg,8Zfi

' 62,532. ,i,,}.14,853.I

     I.
Kanto I Tokai

     I

1980

1981

1982

1983

198xt

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

i

i
I'

      1HO I"iti,-. I Kinl<i

     'l

liChugol{uISiiil<ol<ujKyushti

L............I I

        73,351.182,805.

        77,071.191,312.

        81,028.200,359.

        85,235.2e9,979.

        89,709.220,210.

        95,467.231,090.

        99,527.242,660.

L54,964. j 104,9e8.

      i
L)68,049. j 110,631.

281 964. I/ 116 716.

  ),)      1      1296,761. I 123,18Z

312,4g7. I 13e,o6g.

      il
329,232. P37,387.

347,e28. I ltl5,170.

      I
365,953. i 153,446.

386,e78. I 162,247.

407,480. I･ 171,607.

430,240. Ii 181,560.

4s4,444. I lg2,14tl.

480,183. i 203,4eO.

507,555. i 215,369.

     -l･-

L

E

I
I

I
1

i
l
i

I

I

I
I
tlt

15,452.

16,236.

17,071.

17,958.

18,901.

19,905.

20,972.

22,106.

23,313.

24,596.

25,961.

27,412.

28,956.

30,597.

32,342.

34,198.

36,172.

38,271.

40,504.

42,878.

45,402.

I

I

l

i
i

i
l

I
l
I
I
l

l

I

l
1

l
i

I
I

103,106.

Ie8,208.

113,634.

119,405.

125,541.

132,067.

139,O07.

146,387.

154,235.

162,581.

!71,456.

180,895.

19e,932.

201,606,

212,958.

225,029.

237,866.

251,518.

266,035.

281,474.

297,892.

l

:
i

l
i
l

l
I

I
I
I

l

i
I
I

I
I

i

47,917.

 50,389.

 53,OIZ

 55,812.

 58,785.

 61,946.

 65,308.

 68,883.

72,684.

76,727.

 81,027.

85,599.

 90A61.

95,631.

101,130.

106,978.

113,196.

119,809.

126,841.

134,320.

142,273.

t

l
I

I
I
I
i
j
i
I
I
I
I
I

l
i
l

]t

18,072.

18,969.

19,922.

20,936.

22,O14.

23,160.

24,380.

25,676.

27,055.

28,521.

30,081.

31,739.

33,502.

35,378.

37,372.

39,493.

     i'
41,748. i,

     I･
44,146. [

46,697.

4g,4eg. I

     :52,294. I
     .I.

50,274.

52,412.

54,686.

57,104.

59,676.

62All.

65,319.

68,412.

71,701.

75,198.

78,918.

82,873.

87,080.

91,553.

96,310.

101,369.

106,749.

112,470.

118,554.

125,024.

131,904.
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Table 15･ Target Paths from

(unit

1980 to

: bi}iion

the year

yen, at

2000

market prlces in 1980)

     reglon
  y･eal'

    1980

    1981

    1982

    1983 ,
    198i2

    1985             ,
    1986

    1987
             '
    1988

    1989
             '
    1990
          I'
    1991 11
          i'
    1992

    1993
             '
    1994 l
          l
          '    1995 r
    1996

    1997
          /)
    1998
             '
    1999
             '
    2000
             '

to be presented

kdrs=1.0. We
paths from the

of ehe

greater than

that of Kyushu.

ments of the

average annual

Kinki, Chugoku
other regions,

the same level

for the

capital

  (1>

    It is shown

adaptive and
target paths

}lol{-

 l<aiclo
'lrohoku Kanto Toicai

71,580.

75 573.
  '
79,789.

84 241.
  '
88 941.
  '
93 903. ･
  '
99,141.

      iI'loku-

  riktu

23,OL)7.

24,150.

25,329.

26 564.

27,86e.

29 219.

30,645.

32 140.

33,708.

35 352.

37 077.

38,977.

40,998.

43 147.

45,432.

47,863.

50,4t27.

53 196.

56 118.

59 227.

62 532.

43,737.

4Z666.

 47,680.

 49,783.

 51,978.

 54,L?7I.

56,664. ･

 59,164.

 61,773.

6d,498.

 67,3,42.

70,889.

74 661.
  ,
78,672.

 82,937.

 87 473.
  ,
 9L),297.

97 427.
  ,
102,882.

108,684.

114,853.

190,931..

199,54e.

208,537.

217 939.
  ,
L,27,766.

238,035.

Z48,768.

259,985.

271 707.
  '
283,958.

296,761.

312,497.

329,232.

347,028.

365,953.

386,078.

407,480.

430,240.

454,444.

480,183.

507,555,

104,673.

110,512.

I16 678.
  '
123 187.
  '
130,069.

137,387.

145,170.

153,446.

162 247.
  '
171,607.

181 560.
  '
192,144.

203,400.

215,369.

 Kinki

 93,354.

 99,206.

 105,424.

 112 031.
   ,
 119 053.
   '
 126 516.
   ,
 134,445.

 142 872.
   '
 151,827.

 161 344.
   '
･ 171,456.

1 180,895.

 190,932.

 20i,606.

 212,958.

 225 029.
   '
 237,866.

 251 518.
   '
 266 e35.
   '
 281,474,

 289,89L).

  Kc

i
'CluigokLi Shikoku,

'i

Kyushu

14,646.

15,509.

16,423.

17,390,

18,415.

19,500.

20,648.

21,865.

lai3,153.

24,517.

25,961.

27,412.

28,956.

30,597.

32,342.

34,198.

36,172.

38,271.

40,5e4.

42,878.

45,402.

/

/

           li

           l/
           i li illg,sog.I' i'
           i' ' i i i l126,841.i ,
           ･ ･ 134,320.i                                              '                  '           ･, ' '142273.                                              ...r.

         inthisarticle. Hereweapplied andKdasfec"S=1.0and
        observe in Table 14 that the annual growth rates of the reference

        equilibrium point are same and constant because the initial values

 xeference paths are on the tumpike. Initially, the output of Kyushu is

     that of Chugoku, however, in the year 2000, Chugoku's output exceeds

          This tendency may be attributed to the differences in the ele-

       turnpike direction vector. We also observe in Table 15 that the

        growth rates from 1980 to 1990 of the traget paths of Hokuriku,

         and Kyushu are more than those o'f their reference paths. In the

       hewever, it is the reverse. After 1990 all the target paths assume

        as those under the reference model. Now the brief explanations
 simulation results of the regional outputs, interregional input coeflicients aRd

coeflicients are presented below.

Adaptation Processes in Regional Outputs

         in Tables 15 and 16 that there are few dfferences between the

       the target paths and after 1985 the adaptive paths approach the
     with less than 1% in error rate.

41,505.

44,376.

47 446.
  ,
5e,729,

54 239.
  ,
57,991.

62,e03.

66 293.
  )
7e,880.

75 783.
  '
81,027.

85,599.

90,461.

95,631.

101,130.

106,978.

113,196.

  17 272.
   '
  18 258. /
   '
  19,299. '

 20 400.
   '
  21,564.

' L)2794.
   '
 24,094.

 2s,469･ l
       1
 26 922. 1,
   '
 28,457. 1
 3e 081. ii

   '       i
 31,73g･ l

 33,502.

, 35,378.

 37,372.

 39,493.

 41,748.

 i14 146.
   '
 46 697.
   ,
 49,409.

 s2 294.
   '

50,614.

52,913.

55,316.

57,829.

 60,455.

 63,L)Ol.

66,072.

69,072.

72,210.

75,489.

78,918.

82,873.

87,080.

91,553.

96,310.

101,369.

106,749.

112,470.

118,554.

125,02A..

131,9e.1.
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Table 16. Adaptive Paths from 1980 to the year 2000

                     (nuit: billion yen, at marl<et pmces in 1980)

69

   '

-･x･e

,ir-illillillii?-"--illi-･i-iiiliiill'lillic-iiil-･ilii-[-il]-iii-i-illi･l-S--il-1111"sll-i･l--11i---iiii-11iilgli-i-ill-illr-1111iii')i･'/l-i-il-S-11illii13,l･lill19--iiiili-Iilli,illili-ll-S-iii･iiiillll･i-ili-:1i-5iilllll-illl

lliiiiil iil liil,liiilii. ilii iiiliiiiiiiii,illi lliiii･igli,1111ii iii,iiOiijilii,iii illi i17il.ll,11iElif,I,iiililiii ilii ill9i,iiiliL･illii lil!111iilil ili illlll･ii)iitll

    1991 li 38,949. I･ 70,673. Ii 311,638. i, 130,087. Il･ 27,446. i･ 181,ta28.I 86,O13.I 31,767.I 81),739.

    Iggi lli lglllii Ii iglgz6,i ii il:ew l:iji?gk'gl2gii [1 lg:gii ll go,]?usi'lzgfi[ Ii gglg?g

liii ii ik!II･i･l [1 iilil2glli 1･i･:･l･iiiki･l'ge,i･il liillii･i'E-i･･iliiiil･ Ili lli,IS･iil ll. I･liili illi iii･lii･:･i

    1998 56,118.,102,876.Il454,410.i192,145.Il40,505.I266,055.I,126,855.I46,698.I,118,5`18.

.......ii.8.g9..?i......i...8.1.I.?i.i.i-r･.i..li..l.9i.11.I.6g..:.ii..I..il..g.g137s:i1.i?#ilig2i..l..IIII?1i#I.ii.I'.gi.ig8,.8i..l..l.i.1.I.i-i).i.fi.1..ii.11.l.I.2.9i.i.I..i..l.ii..9,..I?..il.i.l..

  (2) Adaptation Processes in Interregional Input CoefHcients

    The adaptive changes of the interregional input-output system which result in

the adaptive processes of regional outputs are summarized as follows. We observe

that the intermediate input rates decrease from 1980 to 1982 but increase gradually

afterwards. This fact indicates that the actual interregional technological system

in 1980 can not catch up with the growth of the target paths and reglonal tech-

nological progress, especially in Kanto, are necessary. It was also shown that after

1983 gentle adjustment was needed to approach the target paths because the tech-

nological system in 1982 was so progressive that the adaptive paths exceeded the

target ones.

    The changes of the interregional trade coeflicients of the intermediate com-

modities signify that vtTltile tlr)e self-suflficiency rate increases in KaRto, it clecreases

in Kinki from 1980 to 1983. However, it re-einerges into the 1980 pattern there-
after.

  (3) Adaptation Processes in Interregional Capital Coellllcient

    The adaptive trencls of the regional capital coeflicients are a little slower than
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the interregional input coeMcients. Those decrease from 1980 to 1982 then gradu-

ally increase after that. The reason is probably the same as that of the inter-

regional input coeflicients explained previously.

    Changes of the capital trade coefllcients indicate that the regional self-sufliciency

rates are getting a little larger in the period 1980N1982 and then behaving with

little variatlons.

             Table 17. Projection of Regionai Populations in the year 2000

                                                      (unit: thousancl persons)

reglon l 1980

Hokkaldo

'!rohoku

Kanto

Tol<ai

}'Iokurikti

i

1

5,560.

11,990.

37,720.

13,340.

2,990.

i

i
:
/

I

2000

 6,090.

13,050.

41,700.

14 870.
 '
 3,200.

li

I/

Il

/i

Il

l'i

II

li

Il

l,

li

I
I1/

ll,

 reglon

Kinl<i

Chugol<u

Shikoku

Kyushu

"rotal

I

i
i

g

i
L

I
i

l

i"

        1 1980 I
tttt'tT'"  ""ttt

i/ttt

 19,550･ I

 7,sgo. I

 "6o. I
 1(l,040･ i

116,940. I

        I

 2000

 21,430.

 s,elo.

 4,350.

 15 420.
  ,
128 120.
  '

Table 18. Per

I980

Capita Outputs of Regionai 'Irurnpike froin

to the year 2000

   (unit: thousand yenlperson, at market price in 1980)

   region I Hok-

year jlcaido
I
l' Tohoku

tlt ....

ttttttttttt l

     13 474. i

 II     '3,619.
     i'
3,772. ii

3,935. I'

4,107. I

4,2gO. I

4,484. I

4,6go. Ii

4,gos. I

s,13g.I

5,384. i

5,643. I

s,gls. I

6,210. 11

6,slg. I

6,s46. I

7,193.

7,561.
7,g51･ i

8,364. I

8,801. 11･

Kanto l 'pokai

r

     i
     l
     -l･

s,4gg. I

 5746. i'

 Jl     l
 6eos. i,
 ,     i
 6 286. i

 ,
 6,580.
6,892. i

7,222. i

     I
7,571. i

     l     i7 941. I

 )/     ' 8332. i/

 e/     j
8,746. ]･

 9,185. i

g,64g.I

lo,141. I･

10,661. I･

11 211. ii

 )/     1
11,794. I
12,410. i'

13,o63･ l

13,753. I

     l14,484･ i,

Hoku- li
  riku [. Kinl<i

   1980

   1981

   1982

   1983

   1984

   1985

   1986

   1987

   1988

   1989

   1990

   1991

   1992

   1993

   !994

   1995

   1996

   1997

   1998

   1999

   2000
-ttt.ttttttwwttttttwwtttttttt

       ji

･ 4,194.i
l 4,3ss. Ii

       i
  4533. i.
   '       i
i 4･,719.i

I 4,916. Ii.

i 5,124.I

i s,34s. l'

       i
i 5,58e. i,

       1i･ 5,829.i'
i

i 6,092. li

l 6,472.i

  6 668. I

/)/       ii 6,g82･ l･

･ 7314. i･
   p/i 766z 1･

t}ti, s,o4e.i

i 8,436.

i 8,855. i,

i 9299.1
   Jlli Ii 9,770.I

･ 10,268. I･

      .I

     '""l'

     14･,846. I

     l
s,o47, li

 5,259. I

 5,484. I･

     l
 5722. i/

 et     i'
 s,g75･ ll

 6,242.

 6,526. !

6,s27. I

7,145･ lii

     '7,483. I,

     l
7,840. 1

     i
 8 219. I
 ,     i
     i8,619.

g,e44･ I'

     i 9 494. i

 )l     1 9,970.

io,474. I/

     i
11O08. 1i
 '     i     I11 573. I･

 )/     l
     '12 172. ii
 '     j
     ttt/t

     l
 5,168. I･

 6,412. I

 5,671. Il

Z'2g5,1i

 '
 6,545. ,

     l
6,875, 1i

7,22o. j

     I 7 588. I
 '     l     I 7,979.

     i8,393. i･

     I
 8,832. '

     ' 9,298. I

     I 9,791. I･

     I
     '!O,315. 11

     ll
10 870. 1i

 )1     I
11 458. I･

 Jt     l･
12,082. i.

     I･
12 744. i･

 7/     i
13,445. i,

     /
14,188. I

     I

s,2741'

 5,510.

 5,759.

 6,024.

 6,305.

 6,602.

 6,917.

 7,251.

 7,605.

 7,980.

 8,377.

 8,797.

 9,243.

 9,715.

10,215.

10,745.

11,305.

11,900.

12,529.

13,195.

13 I901.

iChugokul, shikolcu

li 6,313.] 4,344.
I 6,621.ll 4,sso.

11i 6,948.ji 4,768.

I 7,294.l･ 4.,999.
i 7,662.I s,24s.

i, 8,052.I 5,506.

i// ii 8,467.i,          5,782.

l 8,906.I 6,e76.
I･ g,372.ii･ 6,3ss.

l 9,86Zl 6,720.
i 10,392.I 7,071.

I l･l. 10,949.I          7,444.

1 11,539.I 7,84o.

I 12,166.I s,261.

i' l2,831.Ii 8,707.

I 13,537.I g,lsl.

I14,285.i. 9,683.

l･ 15,079.' 10,217.

1i, I5,921., lo,7s3.

ii 16,814. I･ 11,384.

i' ii 17,762. I･ 12,e22.

l, Kyushu
I

i 3,581.

I 3,716.

11 3,859.

I, 4,OIO.
I
li 4,171.
I

i, 4,342.
i
i, 4,523.

i 4,715.

i 4,919.
i
I 5,135.
I

l 5,364.

I･ 5,606.

I･ 5,863.
I

i' 6,135.
I

l 6,424.
' 6,730.

i
ll 7,Os4..

I' 7,3g7.

I, g･ifi}i

I'I

  8,554.I
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4.2 Model R(zlCl?rei?ce Adaptiwe P7'ocesses Tvith Refk7rence to Ragio7zal Per

     (]]Zipita Oztrput Equalization (case 2)

    In this section we shall consider the adaptation processes which will mal<e re-

gional per capita outputs equalize. It is necessary for this analysis to clarify a mech-

anism for interregional population movement. Interregional migration is deemed to

be dependent on regional income level, living environment, job opportunity etc.,

however, in this section regional population will be projected under the assumptions

of the closed population systems with consideration for only natural growth. This

procedure is, of course, a simplification of the actual system. In addition, the

assesment of per c'apita output is also a simplification though even it would have

been better to assess per capita income fyom the standing point of reglonal welfare.

    Table 17 shows a projection of the regional l)opulations from 1980 to the
year 2000 27), and Table 18 denotes the trends of regional per capita outputs whlch

were obtained by dividing the regional turnpike outputs in Tables 14 by the re.aional

populations. Because the growth rates of the regional outputs exceed those of the

xegional populations, the regional per capita outputs are increasing uniforrnly.

    Now Iet us consider the case where the regional per capita outputs is to be

                Table !9. 'I)arget Potl)s from 1980 to the year 2000

                                    (unit: billion yen, at inarl<et price in 1980)

  reglon
year

I

i･ Hok-
i

i l<aido
'' 1'

I:l]ohokti
L

1980

1981

1982

1983

1984

1985

1986

1987

l988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

23,027.

24,421.

25,900.

27,469.

29,132.

30,896.

32,767.

34,752.

36,856.

39,088.

41,455.

43,966.

46,682.

49,452.

52,446.

55,622.

58,991.

62,563.

66,352.

70,370.

74,631.

I

I

I
I
i
i

l

I
I

:
i
I
t
I
'

I

l

l

L
I

     I
Kanto I

     i

     1     [ ,E[oku-'rokai     I riku
     t

i

:
1

I
I
l
l
I

I
i

I
I
i
l

I

I
l

I

l
t

I

I
:

43,73Z

46,666.

49,791.

53,126.

56,684.

60,480.

64,531.

68,852.

73,464.

78,384.

83,633.

89,234.

95,211.

101,587.

108,391.

115,650.

123,395.

131,660.

140,477.

149,885.

159,924..

 190,931.

 200,565.

 210,684.

 221,315.

 232,485.

 24･4,212.

 256,534.

 269,478.

 283,074.

 297,357.

 312,361.

 328,122.

 344,678.

 362,069.

 380,337.

i 399,528.
I
l/ 419,687.
i

l 44o,s63.

!

I 463,lo7.

[
I 486,474.

I 511,Olg.

I, .. .,

I

i

I

I
I

I
i
i

i

i
I
L

i
l

71,58e.

75,O03.

78,591.

82,350.

86,289.

90,416.

94,741.

99,272.

104,020.

Ie8,996.

114,209.

119,672.

125,396.

131,394.

I37,678.

144,264.

151,164.

158,394.

165,970.

173,909.

182,227.

I 14,646.

i 15,368.

I ls,162.

I

I. 16,978.
I

I 17,835.
I

l 18,735.
I lg,6sl.

I 2o,674.

i 21,71s.

I, 22,814.
i

l 23,966.

I 25,175.

I 26,446.

i
i･ 27,781.
I 29,183.

i

l 3o,6s6.

I
I 32,204.
i

I 33829.

i'  35,537.

  37,331.
i

I 3g,21s.

tt/ttt

I Kinki

t..ttttt
l

1 93,3s4.

1

I 98309.
   )I

'I. 103,527.
i
1/ 109022.
   )
l 114,808.

I i2o,go2.

;
I 127,318.
I
I 134,076.

I 141,lg2.

i
l 148 686.

1)]
l･ 156 578.

1}l

l 164,888,

I 173,64o.

I
i 182 856.

I)i

l 192 561.
   'l

l 2o2,7sl.

'

i, 213,544.
i

 224,878.
i

l 236,813.

r

1 249,382.

I･ 262618.

I}.l

li liII'ClnigokujShil<ol<u I, Kyushu

Il, 41,sos.i 17,272. Ii so,614.

l. 1!･;igl l8,･i]g･ l, :29i?I

l, 2glgg:i I, ;glgzgl, 2}l27,ii

I 51,470.I 22,8g4. il 7o,3s6.

I 53,734. i･ 24,221, l･ 7s,146.

i, 56,o97.1 2s,62s.i se,263.

i 58,564.I 27,110.I ss,727.

i 61,140.I 28,581.I 91,564.

Il 63,s2g.I 3o,344.I g7,7gs.

I 66,636.I 32,103. P04,457.

i 69,566. Ii 33,964. ii 111,s6s.

Ii Iilgl2il Z5,lgigiIli9112:i

i 79,154.I 40,219.i135,944.

I 82,636.i 42,550.1145,199.

I gguei ta3121gi[IZglO,i2i

l, g4,o2s.i so,3s7. 1i 176,g22.

li. 98,i69..Lfi..?..,i 98. i.l.i.8,986.
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equalized at a planned period T under the condition which national output at T

is equal to that of the reference model in 4. 1. Then the target and the adaptive

models are defined as,

target model

                                   ･ t-1         x,ql.-//z(-e-tt,l) =:(-t?z. ,,i-t-:1';2,-9-,-/-,O)'- x,q,;(･1i,g,s,?)- T-i.x,q,s,.g,s,?) (.6,)

                     'x ,1,.,1

        Jtg, <t -) == --ttY. 1' Y+Mi-S> p, (t -i- i) (6s)

adaptive model

        X(t+1) := C(t+1) X(t)+D(t+1)H (66)
where, pi,(t): population of the i th region

When we adopt the same adaptation laws of C(t> and D(t) as those of 4.1 and
apply Kc and Kd as fec"S=10rmi2, fed"S = 10uni2, then the simulation results are presented

                Table ZO. Aclaptive Paths froin 1980 to the >rear 2000

                                       (unit: billion yen, at market price in 1980)

   reglon
year

  1980

  1981

  1982

  1983

  1984

  1985

  1986

  1987

  1988

  1989

  1990

  1991

  1992

  1993

  1994

  1995

  1996

  1997

  1998

  1999

  2000

i

 Hol<-
  kaido

  23,027.

I, 24,o42.

  25,165.

  26,434.

  27,889.

  29,572.

  31,519.

  33,752.

  36,270.

  39,e43.

  42,O13.

i 45,096,

  48,200.

  51,240.

  54,169.

  56,993.

  59,786.

i 62,689.

i 65,882.

  69,543.

  73,780.

"vohol<uI Kanto i

              tt
l, 4-3,737. I･ 190,931.

i
  t36,O04. I 201,696.
              i
I 48,515. I. 213,337.

Ii 51,343. 225,786.

l/ 54,567.i238,893.
       i
1･ 58,272. Ii 252,421.

i 62529. 266058.   7)i 67388･i279456a
   )/), 72857. 292308.

   )Ji

I･ 78,885.i304,438.i

  85,365. i 315,398.

I 92,135.I327,128.I

l, 99,OIO. 1i 338,797.

 105,815. I･ 351,908.

il 112,44i2. ii 367,532.

,118,893. 386,564.

               /1i 125,319. i. 409,412.

 132,026. 435,728,

I 139,435. I 464,310. ii

i･ 147,975. i 493,325.

 ls7,940. ..529,?.3.2.l. .

Tokai

71,580.

75,198.

79,O15.

83,O06.

s7,136.

91 355.
  '
 95,609.

99,853.

104,067.

108,279.

112,577.

117,113.

122,093.

127,738.

134,228.

14-1,642.

149,901.

158,738.

167,739.

176,463.

184,631.

Hoku-  riku I/ ･Kinl<i ,CIHigokulShikol<u,Kyushu

l･ 14,646.

  15,313.

  16,O13.

  16,752.

  17,534.

  18,368.

  19,261.

  20,225.
i
i･ 21,270.

  22,406.

  23,641.

  24,974.

  26,400.

  27,903.

  29,457.

  31,034.

  32,606.

  34,159.

I 35,703.

  37,280.

  38,960.

i

i

 93,354.

 96,939.

10e,736.

Ie4,864.

109,473.

114,739.

120,852.

127,982.

136,241.

145,637.

156,036.

167,151.

178,559.

189,769.

200,325.

209,939.

218,623.

226,790.

235,243.

245,O16,

257,029.

      ttt .....t.tttt       I 41505. i･ 17272.

   1)       ii
l, 43,061. i' 18,100. I･

, 44,667. , 18,997.･

              ' 46,338. Ii, 19,983. i,

       il  48095. 1/ 21076. i･

   o/)[l･ 1'l･ 4996Zi 22295.

/) lpi 51986.i 23656.

   JJ       1
ii 54･,185. 25,168.

I 56,598.I 26,831. ii

i 59,250. ii 28,633.i

  62,153. 30,549.

  65,302. I, 32,546.,

       1/       t/l 68,670. 11, 34,s89.j

l/ 72,212. j/ 36,647.
1

i･ 75,871.i 38,705. i･

i 79,581, i･ 40,772,

11 83,287. i, 42,883.

11 86,950. 45,095.

i' 90,569.i 47,482.

  94,193. 50,110.l,

  97,917. 53,O!8J

 tttttttttttttttttttttttt tttttt

 50,614.

 53,094.

55,911.

59,176.

63,O08.

67,523.

72,813.

78,924.

85,827.

93,404.

Iel,447.

109,685.

117,828.

125,4ti4.

133,e30.

140,080.

147 121.
  ,
154,688.

163,422.

173,891.

186,366.
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in Tables 19t-21.

  <1) AdaptatioR Processes in Regional Outputs

    When we compare the adapt!ve paths with the target ones, we observe that

the gaps between the adaptive and the target paths are less than 3% at 1990 and

decrease within 2.2% in the year 2000. In this simulation the disparities of the

regional per capita outputs remain up to the year 2000 because the adaptation
processes are a little slower.

  (2) Adaptation Processes in Interregional Input Coefficients

    The adaptive changes of the interregional input coefficieRts whlch are necesslties

in realizing the equalization of the regional per capita outputs are summarized as

follows. The interregional input coeflicieRts decrease from 1980 to 1987 then

gradually increase til! 1995. Thereafter they fall again. This pattern deplcts that

the regioRal technological systems progress till 1987 to catch up with tlte target

paths because the growth in the target paths are more than the actual growth in

1980. The behaviour aftey i987 is interpyeted to mean the phase for adjustment

               'T'able 21. Per Capita Outputs of Adaptive Paths from

                          1980 to the year 2000 '
                               (unit: thousancl yen/person, at market price in 198'O)

yea,region l H}o,L<ido

        .1

ITohol<uI

"''''i'' i

Kanto
l
]
Tokai

i

I
l
i

l
/

Hoku-
  ril<u

        j  lgso I
        '  1981 I
        I
  1982 I,
        l  1983 l
        I
  1984 I
        1  1985 l
  1986 i
  1987 I
  lgss I
        l
  1989 i
        l
  1990 1        ]
  lggl I
        i
  !gg2 I
        i'
  1993 i
        l
  lg94 l
  igg5 l,

  lgg6 l
   1997 ii
   1998 ji

   1999 i'
   2000 I
ttttttttttttttttttttttttttttttttttttttttttttttttttttttllttttttttt

4,142. I

4,3o4･ I

4,485.

4,69e. i

     l
4,g25･ ll

5,199.

5,516,

s,sso. I'

     i
6,29e. Ii

     l/
6,740. I

     l
z22ot l

7,715. I

     l
8 208. i

 )/     l
8686. i･

 1/     i
9 141. I
 '     /g s74. I

 )/     i
9,998. I

     II
10,435. 1

     i10,915. I

     i
11,471.

I?.r.ll.i:...

3,648. i''

     l
3,821. i

     !
4,O12.

4,228.

     I
4,475. I

     I
4,758. I

5,084.

s,4s6. I

     l/
5,874. I

6,333. j

6,824. I

     I7,335. I.

7,848･ i

s,352･ i

8,838. I

     I
9,306. I,

9,767.

10,264.

io,776･ I

u,3s7. I'

     iie.･I0311

     l""' ''"'''"'
5,062.l 5,366.
     I
5,320.1 5,607.
     I
5,599. 5,859.

5,896.i 6,122.
6,208.i 6,392.

6,526.i 6,665.

6,s44.l 6,g37.

     i7,153. 7,2e6.

7,445.i 7,470.
     /
7,715. 7,730.

7,966.I 7,993.
     is,2o7.l･ s,27o.

8,457.ii 8,575.

     i'
     /8,741.j 8,923.

9,083.l 9,326.

     I
9,506.I 9,788.
     Ilo,o17.I lo,3o2.

10,608.I 10,860.

     '11,247.I 11,4o4.

11,890.I 11,932.
     i
12,492. Ii, 12,416.

     ]     tttt.. t

4,898.

5,104.

5,319.

5,546.

5,785.

6,040.

6,312.

6,605.

6,923.

7,268.

7,643.

8,o47.

8,477.

8,929.

9,395.

9,864.

10,329.

10,784.

11,233.

11,690.

12,175.

     i
Kinki Chugoku

:
l

4,775.

4,936.

5,le6.

5,291.

5,498.

5,736.

6,O14.

6,339.

6,718.

7,148.

7,623.

8,129.

8,644.

9,144.

9,609.

10,024.

10,391.

10,730.

11,079.

11,486.

11,994.

l
1

5,468.

5,658.

5,852,

6,056,

6,269.

6,495.

6,739.

7,O06.

7,298.

7,619.

7,971.

8,353.

8,760.

9,187.

9,626.

10,070.

10,511.

10,943.

Il,368.

11,791.

12,224.

Shikoku

i

l
i

I

i

I

I
i
l
i

I
I
I
i
i

I

i

i

1..

I

I
I

i
l
i
i
i

I

I
l

i

I

I
I

I

I
i

:
i

l

l
:

E
{
I
:
l

I

I

I
I
l

E

I

l
l
I

Kyushu

l
l

:
l
'

4,152.

4,321.

4,546.

4,772.

5,021.

5,300.

5,611.

5,956.

6,336.

6,748.

7,181.

7,634.

8,095.

8,557.

9,O18.

9,478.

9,947.

10,436.

IO,964.

11,545.

12,188.

.

l

'

l

i
I
i
i

l

L

I
I

3,605.

3,764.

3,945.

4,!56.

4,404.

4,698.

5,042.

5,440.

5,888.

6,378.

6,895.

7,420.

7,933.

8,420.

8,873.

9,300.

9,722.

10,174.

10,698.

11,330.

12,086.
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in the excessive technological progress.

    As for the intermediate trade coedicients, the self-sufilciency rate of Kanto

assume an increase Iarger from 1980 to 1989 whlle for the other reglons are
decreasing. Up till 1995 the self-sudiciency rate of Kanto gets lower while increases

are observed for the other regions. Again after 1996 the self-sufllcieney rates of

Kanto show increase. These trends indicate that the growth pattern which leads

to higher output in Kanto and its subsequent distribution to the other regions

would lead to overall higher economic growth, the reason being that the production

share rate of Kanto is larger and also the purchasing rate of intermediate com-

modities from KaRto is large in all regions.

  (3) Adaptation Processes in Interregional Capital Coethcients

    We observe that the variations of the interregional capital coefficients are more

gentie than the interregional input coefficients. The interregional capital coeflicients

passlngly decrease form 1980 to 1981 then gradually increase till 1988. And after,

there is gentle decrease till i996 when increase starts again.

    As for the capital trade coethcients the self-sufficiency rates increase marginally

                 Table Z2. Target Paths from 1980 to the year 2eOO

                                      (unit: bil}ion yen, at market price in 1980)

   reglon
year

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

199i

l992

1993

1994

1995

1996

1997

1998

1999-

'2000-

Hok-
 kaido

23,027.

24,431.

25,921.

27,502,

29,179.

30,959.

32,847.

34,850.

36,975.

39,230.

4i,623.

44,161,

46,854.

49,711.

52,743.

55,959.

59,372.

62,993.

66,835.

70,910.

75,235.

TohokuI

      I

43,737.

45,666.

47,680.

49,783.

51,978.

54,271.

56,664.

59,164.

61,773.

64,498.

67,342.

70,889.

74,661.

78,672.

82,937.

87,473.

92,297.

97,427･

102,882.

108,684.

114,853.

Kanto

I

l

190,931.

199,540.

208,537.

217,939.

227,766.

238,035.

248,768.

259,985.

271,707.

283,953.

296,761.

312,497.

329,232.

347,028.

365,953.

386,078.

407,48e.

430,240.

454,444.

480,183.

607,555.

Tokai

 71,580.

 75,573.

 79,789.

 84,241.

 88,941.

 93,903.

 99,141.

Ie4,673.

110,512.

116,678.

123,187.

130,069.

137,38Z

145,170.

153,446.

162,247.

171,607.

181,560.

192,144.

203,400.

215,369.

      IHo }i¥,'u I

      i

Kinl<i
i

Chugol<u

14,646.

1,5509.

16,423.

17,390.

18,415.

19,500.

20,548.

21,865.

23,153.

24,517.

25,96!.

27,412.

28,956.

30,59Z

32,342.

34,198.

36,172.

38,271.

40,504.

42,878.

45,402.

I

l
i
i
l
1

 93,354.

 99,206. ,
105,424. i

112,031.

119,052.

126,516.
      I
134,445.

142,872.
Isl,s27. I

      l161 344. L

  )1      [
171,456.

180,895.

      i
190,932. i,

      I201,6e6.

212,958. i

      '22s,e2g. I

237,866. i

2sl,s18. Il

266,035.

281,474.
2g7,sg2. I

      1

Shikoku Kyushu

L
l

1

I
l
I
i

I
i

I
i
I

i
i

i
l

I
:
l
l

1

I
l

l
i

I
i
l

l
I

 41,505.

 44,376.

47,446.

 50,729.

 54,239.

 57,991.

 62,e03.

66,293.

70,880.

75,783.

81,027.

85,599.

90,461.

95,631.

101,130.

106,978.

113,196.

119,809.

126,841.

134,320.

142,273.

/ttt

i

:

I
I

I
'

s
I
l
i

L
I
i
i
I

I

i

1
I

I
1

17,272.

18,258.

19,299.

2o,4eo.

2!,564.

22,794.

24,094.

25,469.

26,922.

28,457.

30,081.

31,739.

33,502.

35,378.

37,372.

39,493.

41,748.

44,146.

46,697.

49,4e9.

52,294.

l
i
:

I
I

i

I

l

I
l
i

l
I
j
i

I
I
I
I
i

l

 50,614.

 52,9!3.

55,316.

57,829.

60,455.

63,201.

 66,072.

69,072.

72,210.

75,489.

78,918.

82,873.

87,080.

91.553.

96,310.

10I,369.

106,749.

112,47e.

118,554.

125,e24.

131,904.
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from 1980 to 1981, then decrease slowly till 1996 and then start to increase.

4.3 Model Rtzl(1?rence Adaptive P?"ocesses with Reflerence to Mgher Growth of

     Hokfeaidb (case 3)

    In this section we focus on tlte adaptation processes that some specific reglon

would be growing higher. This analysis, of course, dees not aim at ensuring
structural changes of the specific region but total structural changes for all regions.

In the subsequent context, Hokkaido is designated as the specific region and its

target path equated to the average per capita outputs of the eight regions except

Hokkaido in 4.1. Then the target and the adaptive models are formulated as
follows.

target modei

                                    t+1        xg,(t"1) :(xmt(1990)lxt(i980))rri"';'xi(1980) (1980<t+1<1990) (67)

        xgi(t+1)==xmi(t+1)(1991<t+1<2000)(i--2,3,･･･,9) (68)

                ['able 23. Adaptive Paths from 1980 to the year 2000

                                      (unit: billion yen, at market price in 1980)

   reglon
year

  i6ge"'

  1981

  1982

  1983

  1984

  1985

  1986

  1987

  1988

  l989

  1990

  1991

  1992

  1993

  1994

  1995

  1996

  1997

  1998

  1999

  2000

:
l

1

1
I
1

1

1

1
I

l
I
l

i
i
l

l

I
I

i

I

l

i
i
I
I
i

Hol<-
 l<ai.d.o.

23,027.

24,168.

25,599.

27,299.

29,172.

31,105.

33,041.

34,998.

37,042.

 39,240.

41,621.

44,177.

46,887.

49,748.

 52,772.

55,980.

59,389.

63,O09.

66,850.

70,924.

79,24Z,

      j
Tohokul
      i
ttttttttttttttttttttttttttttttttt.ttt.t. t.1/.

Kanto
E

i

l 43,737.

  45,858.

  47,945.

I, 49,993.

  52,063.

  54,238.

I 56,s7g.

I 59,093.

I 6i,7so.

I, 64,sll.

I 67,364.

i 70,671.

i

  74,475.

i 78,620.
I, s2,g71.

  87,513.

I 92,30g.

i, 97,421.

i' 102,875.

hos,7s2.

i
.i,1.l4,ss?..

E
L

Tokai

I
I
i

l
i

l

i
i

"i

      i E,Ss6.Igo,g3ii'

200,963.       75,240.

21o,531･ I       79,516.
21g,4g3.I s4,e7s.

22s,3ii.I ss,g4e.

      I
237,542. I, 94,O18.

      I･
247,749. i･ 99,287.

259,090. I 104,781.

271,3o6. I 11o,s65.

283,998. ] 116,694.

      /296,940. 123,196.

311,624. 130,083.

328,406. 137,392.

346,759. 1 145,165.

      i
366,090. 153,439.

386,267. I 162,243.

407,544. i 171,604.

430,210. i 131,558.

454,403. 192,143.

480,167. 203,398.

597,5i4.I2i5,36Z.

j

l
{
l

i
a
/

r

I
'
F

I

I
i
I

I
i

Hol<u-
  ril<.u

l4,646.

15,381.

16,259.

17,278.

18,397.

19,562.

20,741.

21,938.

23,185.

24,518.

25,954.

27,445･ l

28,986. i
     i'
3o,606･ I

32,336. i

34,lgo. I

36,169.

3s,272･ i

4o,so5. I

42,878. i

4s,4 92･ .I

Kinki

'93,354.

97,703,

103,488.

110,690.

I18,815.

127,219.

135,503.

143,703.

152,180.

161,333.

171,359.

181,424.

191,417.

201,752.

212,865.

224,910.

237,823.

251,530.

266,054.

281,478.

2?7,8fi9I

  E,,g6,1

  43,524.
I 46,347･

  49,955.
I s3,gg4.

i

I 68,244.

  62,486.
I

I 66,711.

i 71,os4.

i gglgs:I

  86,O12.

j 90,815.
I
i/ 95,72s.

 101,058.

I 106,894.

i
 113,169.

 119,819.

Ii 126,854.

I. 134,323.
i
i 142,271.
j"""''''""

ichugol<u

ttttt

      i
Shikoku Kyushti

l

i
l
l
1

17,272.

18,150.

I9,168.

20,316.

21,557.

22,846.

24,165.

25,522.

26,945.

28,460.

30,079.

31,766.

33,525.

35,383.

37,367.

39,487.

41,746.

44,147.

46,698.

49,409.

?2,293.

t

I
I

l

I
L

I
I
I

I

5'

O,614.

52,994.

55,463.

57,980.

60,552.

63,215.

66,024.

69,O14.

72,180.

75,496.

78,939.

82,739.

86,955.

91,515.

96,334.

101,400.

106,759.

112,466.

118,548.

125,022.

I9i･gos.
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                      9 it+1                      XC9i(2000) T
        -'-i-gi-(i`+'S'>---･-"=S]r(･26--6-b--i--- (--'･-i-g･1/-i-i,･e,-ee>-) (6g)

                     vi=-=-2 '
        ,cg, (t+i) =(-ttlk(･i-/--.-i･ii:---//-li-}--) ,s), (t+i> (7o)

adaptive model

         X(t+1)= C(t+1) X(t)+D(t+1) Hr (71)
Setting kc"S=10-ii, kd'S::10-ii, the results of the simulation are presented in Tables

22 ･- 24.

  (1) Adaptation Processes in Regional Outputs

    The adaptive paths converge to the target ones in less than 1% in error
rate. The only exception is the initial stages, that is, from 1981 to 1983.

  (2) Adaptation Processes in Interregional Input Coeflicients

                Table 24･. Per Capita Outputs of Aclaptive Paths froin

                           1980 to the year 2000

                                 (unit: tl]ousancl yenlperson, at inarl<et price in l980)

   reglon
year

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

l992

1993

1994

1995

1996

1997

1998

1999

2eoo

Hok-
 kaido

lTohoku

l

1
l

I
I
i

i
I

l
1

I
'

[
I
i
I
l

I
I

i
F

I
'

l
I

.l

4,142.

4,327.

4,562.

4,843.

5,152.

5,469.

5,783.

6,097.

6,424.

6,774.

7,153.

7,557.

7,985.

8,433.

8,905.

9,404.

 9,931.

10,489.

11,077.

11,699.

12,356.

F
t
I
l

{

I
I
:
i
l
1
I
I
l
i
'

l

i
l
I
i
i
l

I
i
i

3,648.

3,8e9.

3,965.

4,117.

4,269.

4,429,

4,600.

4,785.

4,979.

5,179.

5,385.

5,626.

5,904.

6,206.

6,522.

6,850.

7,194.

7,561.

7,950.

8,363.

8,801.

'i'

l
l

I
i
l
l
l
l

I
I
I

I
I

l

l

I
I
I

i

l

i

Kanto

ttt ttttt tttt t

l
Tol<ai l

}Ioku-
..riku

Kinl<i

ttttttttttttttttttttttttttttt

IChugokuiShikoku Ii Kyushu

5,062.

 5,301.

5,526.

5,732.

5,933.

6,142.

6,373.

6,632.

6,910.

7,197.

7,487.

7,818.

8,198.

8,613.

9,047.

9,498.

9,971.

Ie,473.

11,O07.

11,573.

12,17 ?.I

i
I

i
I
j
i
i

I
I

i
l
l

i

i
i
l

I
i
l
i
i

I
I
,

l
l

I
I

1..,.

 5 366.
 '
 5 617.
 '
5,896.

6,201.

6,524.

6,859.

7,204.

7,562.

7,936.

8,331.

8,747.

9,186.

9,650.

10,140.

10,660.

11,211.

11,794.

12,410.

13,063.

13,753.

14,483.

I
I

i

I
I

l
!

I
I
i
i
i

I

l

i

1

i

4,898. I

 5,127.

5,401. i

5,720.i

6,070･ l

6,432･ I

 6,797.
7,l6s. I･

     I7s47. Ii

 }/     '
7,953. i

     l
8,391. ii

s,s43. 1

     l
 9,308.

9,794-.

10,313.

Ie,867.

11,457.

     it
12,e82. I,

     /1
12 744. i
     i ,
13 445. 1i

 )i     iI4,188. I'

 4,775.

 4,975.

5,245.

5,584.

5,967.

6,360.

 6,743.

7,118.

7,503.

7,918.

8,372.

8,823.

 9,266.

9,722.

10,210.

Ie,739.

11,303.

11,900.

12,530.

13,195.

13 901.

t.ttt.tt.tt.t.tttt..t.t.......... ....

i 5,468. I,

l 5719. i･

IJI 6e74. ii

L)I'        'l 6,529.I

I 7038. 1,
I ,j,,,. li

l s,ioi.l

l 8,62s. 'g

ii 9,166.Ii

I 9,749.l

: ie,3s7.I

        '1

I 11,O02. Ii

i･ ii,585. i･I

l 12,178. I･

i 12822. 1i
    '
I 13,s26.I

il. 14,282. il.

lt,5･88,gl 111i

/)/i 16,sls.I

i l'･ 17,762.)

tttttttttttttttttt tttttttttttttttttttttttttttttttttttttttttttttt

       l
'' 4,i,,. I''"' 5'lg6gl''

       l.
  4353.i 3757.
   )/7       i
  4,587.l･ 3,913.
       I
  4,851.ll 4,072.

       1  5,136.l 4,233.

       i  5,i31.ii 4,398.
  5,732.I 4,572.

       !  6,040.i 4,757.

       i  6,363.l 4,952.
  6,705.I 5,155.

  7,071.I 5,365.
       I  7,451.l･ 5,597.
       I

glijgsll gligg

  8 706. i   , , 6,426,
       l  9,179.I 6,732.

       /  9683.1i･ 7054.
   1/)       i
 10,217.' 7,397.

 10,783.i 7,760.
 11,3s4.I s,146.

       i 12,022.l･ 8,554.
       I
..............ttt.t...t.tt.tt.t.ttttttt.t.t...........t.ttt
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    The adaptive variations of the interregional input coefficients from which the

aclaptive outputs are realizecl are chayacterized as follows. The trend of the inter-

regional input coethcients resembles a wave motion with a little oscillation from 1980

to 1982 and the increasing sharply till 1990. Thereafter, there is a decrease

followed by an increase.

    With regard to the interregional trade coefilcients of the intermediate com-

modities, the self-suMciency rates in ali regions show increase fyom 1980 to 1996,

except Kanto. The self-sufficiency rate in Kanto decreases from 1984 to 1988,

then after that a little irregular fluctuations are obseyved. From the fact that the

trade flow pattern of Hol<kaido is varying uniformly, it is interpreted that the

delicate adaptation is the result of changes experienced in Kanto.

  (3) Adaptation Processes in Interregional Capital Coeflicients

    The interregional capital coefficients show a decllne from 1980 to 1981, and

gradual increase tlll 1983. After 1983, again a gradttal decline is felt before attaining

level off after 1990.

    With xespect to the interregional capital trade coefflcieRts, tlte self-suthciency

rates experience slight incyease from 1980 to 1981, then a little decrease. Invariably,

however, they depict re}ative stability. These characteristics can be interpreted to

mean that with adjustments in the capital coethcients in the initial stages, the

adaptation in the outputs is the result of the changes in the input coefflcients.

5. ConclusioR

    This study has been one of the pioneering attempts in applying MRAS for a

corroborative analysis. From this study results, it has been proved that MRAS

approaches are very effective and meaningful in regional planning studies. Areas

worth examining for further research and analysis include subdividing the classifica-

t'ions of the sectors and the final demand and inaking the data estimation more

preclse.
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