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                                  Abstraet

   This paper presents the regional allocation inodel of public investments for the redistribution

policy of population ancl one cletailed simulatien concentrating on the controllability of the degree

of local autonomy. In adclition, we shall consider the simple transport policy model with the

conditions that total cost (procluction cost-t-shipping cost) of redistribution of plant location is less

than the total cost of one supply with the mass production.
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1. Intreduction

    From the experiences of maldistribution reported in the developing couRtries,

the most commonly perceived problem relevant to population distribution is urban

crowding. Rapid urbanization throughout the region has produced a heavy styain

on urban services. Then, the regional allocation of investments is becoming one of

the most important problems for the redistribution policy of population.

    In the author's papersi5,i9,22), we have shown the detailed simulations of the

regiona} income disparities concentrating on the minimum proportion of public

investment, the regioRal rates of saving and the Iocal autonomy rate. In addition,

we considered the justice policy in which each region should not bring about any

wlde disparity at the end of the planRlng period.

    In this paper, we shall formulate a more generalized model of regional alloca-

tion of public investmeRts for the redistribution policy of population, and consider

the detailed simulations concentrating on the controllability of the degree of iocal

autonomy. In addition, we shall consider the transport policy for the redistribu-

tion of plant location.

2. Regional Allocation Model of Publie IRvestments for the

   Redistribntion Policy of Population

    This chapter preseRts the mathematical formulation of the regioRal allocation

model of public lnvestments for the redistribution poiicy of population arising from

the author's paper and one detalled simulation concentrating on the controllability
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of the local autonomy rate.

    First, we sha}l present the mathematical forinulation of the reglonal allocation

model which holds the following conditions.

(1) The allocation of regional investment is designed to maximize the total outputs

under the condition that the outputs per regional residents of each region should

not bring about any wide disparity at'the end of the planning period.

(2) The supply of funds available for investment will be limited to the sum of

all savings in each region.

(3) The productivity of investment, saving ratio and degree of local autonomy are

set by central government.

(4) The lnvestment for the removal of the maximum income disparity is allowed

only with the mutual consents of all regions.

    We define the notations as folloi)vs:

    P//: the productivity of investment of region j' at time i.

    SS: the saving ratio of region 1' at time i.

    US-: the proportion of investment shared by region 1' at time i.

        (U// == 1, i-ww 1, ･･･, N) (2. 1)
     r: the degree of local autonomy.

    M: the number of regions.
     N: the length of planning period.

    Xli: the regional income of region j' at time i.

        (X3･-X3･-i20, i= 1, ･･･, AXL j-- 1, ･･t, M) (2. 2)

Cj=Xli: the regional income of region ]' at initial time.

    L,i･: the regional resident of region j' at time i.

    DS･: the minimum proportion of investment shared by region 7' at time i.

        (OgDS･SllM) (2. 3)
     ZE: the national iRcome at time i.

             ]t
        Zt=ZXS･, (i=1,･･･,N) (2.4)
             j

    The performance equations from condition are as follows.

        M Jtt        :(XS･-XS-i>/Pj･=Z,Sle･XSr2 (i:1,･･･,N) (2.5)
        j' =.1 j' -- .-1
where,

        X//-X'i-ixxP//･U//･(1-r)(tlli..,S),-i･.X}wwi)+1)lt･r･SSr'･XS･-' (2.6)

    The left-hand side represents total investment and the right-hand side represeRts

total saving in the whole country at time i.

    The boundary conditions are as follows:
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        DS･ K Uts 1- E D,
                    kr-L-)'

    The performance equations from condition (1) are as follows:

        ..xiv X/",
        ]tiilciwu = ..-'''''' =xx zZJIIt'

        Jww 2iNr - Max (Zi"] == ¥, XiY)

    Dr: the extreme point of controllability.

 [O,Dil: the feasible region of controllability.

    Next, assume that SS･=meS, D/--Dj and P//==4 (i--1,･･･,N, j'--1,

shal} translate the model into the following equations.

    The equalities (2.6> and inequalities (2.8) can be replaced in the

inequalities of .>(J'･ variables instead of US･ variables.

                                           ]f
        X3･-(1+Pj･i-･SS･-i)･Xe)-'-Dd･Pd･(1-7-)ESSr'･XSrikO
                                          j' ･-,1

        XIS -(1 -l- Pj･7-･S}-i>･XS･-i-(1 - ,1;;, D,) Pj(1 - 7D (tlli., SSri･ X'S･;i:i) ff{; O

            (i -ww l, ･･･, N)

    The equation (1) can be replaced in the followlng equations.

        tl/11,(XS･-(i+P,･7-･SS･-')･X3･-')ft{li.pai-ri･(tfl;,SS.-iXS-i)=-i

            (i -- 1, ･･･, N)

    The boundary conditions are as follows:

        Cd -ww x,o.

        OSDj<m11M

        xy xs}
        Ll- HLst
    Next, we have considered the fol}owing main results 'from the

analysis l)ased on the model mentioned above.

(1) The extreme point of controllability shows a rapiclly decreasing

increases of dlsparities of the productivities of investments aRd the

policy of population.

(2) The extrerne point of controllability shows a rapidly decreasing

increases of differences of the regional incomes at initial time and the

tion po}icy of populatioR.

(3) When the planning period time decreases, the extreme point of

shows a rapidly decreasing rate by the increases of differences of

incomes at initlal time and the redistyibution policy of population.

(4) It is imposible to redistribute of population as the degree of local

only increases, but it is possible to redistribute of population as the

 (2. 8)

 (2. 9)

(2. 10>
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iow productivity region increases.

(5) The national income based on the redistribution policy of population shows

a rapidly decreasing scate as the -miRimum proportion of investment increases, but

the national income shows a small decreasing rate as degree of the local autonomy

and the saving ratio of low productivity region increases.

    Next, we shail consider one typical simulations of the model of two-region

case tb clear the meanings of the results mentioned above. In the model, the

productivity of investmeRts and saving ratio are assumed to be a constant over

time.

    The data used in the computation ls shown as follows:

        R=1.400 4=:1.200
        Xg=X8=10 L2=LS=10
         S=O.200 N=8
Where, the minimum proportion of investment, the degree of local autonomy rate

and the saving ratio of xegion 2 are variables.

    In the Figure 1, the real lines represent the national income at N==8 with the

degree of local autonomy r=:O.8 and the minimum proportion of investment Dj=O,

and the dotted liites represent the national income at N=8 with the degree of

local autonomy r=:O and the minimum proportion of investment Dj=O.4. Two
simulations have the same consrollability in the feasible space.
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    From the facts presented in the graphs, it is imposible to redistribute the

population as the saving ratio of region 2 decreases, but it is possible to redistribute

the population with the local autonomy policy as the saving ratio of region 2
.

mcreases.
    It is clear from the facts presented above that the local autonomy policy and

the saving ratio of developing regioR play an important role in the redistribution

population.

3. Transport Policy Medel for Redistribution of Plant Locatien

    In this chapter, we shall consider the simple transport policy model with the

30,".d.iki,O,"S,,tk,a,t,t,h,e,kOia,i,CgS.t,(P.r,O.d.ugti,o.n,,c,o,st.+.gh?,lfpiln,g.c.o.s,2.of N suppiies and N

    We define the notations as foilows:

    xij: transport volume from region i to region j'

    to･: the cost of shipping one uBit from region i to region jt

    ti,i: the cost of shipping one unit in region i

        (t,,,<t,.･ i,j'=1,･･･,N) (3.1)
    N: tlte number of regions
    St: the supply of region i

    Di: the demand of region i
    q: the production cost per one unit locating at region i

        q=:-a.q+b 'a, b: constants (3･ 2)
    The production cost function represents a linear function for the agglomerative

profit of mass production.

    Assume the following condition:

        NN        :S, :Z D,
        i==1 i=1

    The total cost (production cost+shipping cost) per one unit from region i to

region ]' is as follows:

        qd=tid+q -ww t,:d-a.& +b (3. 4>
    Next, the total cost of N supplies and N demands is compared with the one

of one supply and N demands.
    The total cost of one supply in the central place io and N demands represents

as follows:

        Cl=t".,Ci,j･Dj--,i"i],..,ti,dDi-a(tY.,SL)(,i.,Dj)+b(,Zl.,Dj) (3･5),,

    The total cost of N supplies and N demands represents as follows:

             NN rvN N2V NIV        CIi=ZZqj･x,j--ZEt,jx,d-aEzs,･x,j+b£zx,j (3.6)            i=-Tlj'--1 t=tZJ':--1 i=,-IJ':-1 ･i=-:-lj':-1

where,
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         (S,:ti.Ili,x,, D,--ttY.,x,,

         i,i,ll.., St-tY., D,= tY., ,zN. .., .,, (3. 7)

     Compare the two costs of Cl and Q

         CU-C,m(tY..,tll.l.,tifx,j-,".,..,t,,d･Dj)+a((tY.,S,)(tS.ii.,Dj)-tl,,,.,Se･] (3.8)

     If q-q<O, the total cost of N supplies and N demands is Iess than the oRe

 of one supply and N demands. Namely, the total cost of redistribution of plant

 location is less than the total cost of one supply with the mass production.

     This condition is transformed lnto the followjng inequality.

             1" NIV            Z tt,j'Dd-Z E tij.xij
        "< 2'"i' (tw.,gl)li'ii'i't//ilge. "' (3.g)

    The coefflcient a represents the cost reductive rate with the mass production.

If the right hand side of the inequality (3.9) is larger than the coeflicient a, it is

possible to redistribute the plant location. The denominator of the inequality (3. 9)

ls positive and constant. Then, the numerator can become the larger value by

the two methods that ti,j･ increases and tw- decreases. The method with the in-

crease of ti,,･ is very diflicult. Then, we can adopt the method with the decrease

Of tiJ".

    This method represents the transport policies such as the decrease of transport

cost of intraregion and interregion by the improveinent of transport facilities.

    In our country, the large scale transportation network such as the highway

alld new railway is under construction from Tokyo to other region for the redistri-

bution of plant location. But, this improvement method of transport facilities

represents the decrease of ti,j･. Then, this improvement rRethod is very dlthcult

to redistribute the plaRt location.

    The most important improvement method of transport facilities for the redistri-

bution of plant Iocation is the construction of the transport network of intraregion

and interregion between the local regions by the highway and new railway.

4. Coxxclution

    We considered the regional allocation model of public iRvestments for the

redistyibution policy of population, and the transport policy model for the redistri-

bution of plant location.

    The main results are as follows.

(1) The extreme point of controllability shows a rapidly decreasing rate by the

increases of disparities of productivities of investments and the redistribution policy

of population.

(2) The extreme point of controllability shows a rapidly decreasing rate by the
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lncreases of differences of the regional incomes at initial time and the redistribu-

tion policy of population.

(3) When the planRing peyiod time decreases, the extreme point of controllability

shows a rapldly decreasing rate by the increases of differences of the regional

incomes at initial time and the redistribution po!icy of population.

(4) It is lmpossible to redistribute of population as the degyee of local autonomy

only increases, but it is possible to redistribute of population as the saving ratio

of low prodttctivity regioR increases.

(5) The national income based on the redistribution policy of population shows

a rapidly decreasing rate as the minimum proportion of investment increases, but

the national lncome shows a smal! decreasing rate as the degree of local autonomy

and the saving ratio of low productlvlty region increases.

(6) The most important improvement method of transpoyt facilities for the redistri-

bution of plant location is the construction of the transport networl< of intrayegion

and interregion between the local regions by the highway and new railway.
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