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Abstract

This paper presents the regional allocation model of public investments for the redistribution
policy of population and one detailed simulation concentrating on the controllability of the degree
of local autonomy. In addition, we shall consider the simple transport policy model with the
conditions that total cost (production cost-+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. Introduction

From the experiences of maldistribution reported in the developing countries,
the most commonly perceived problem relevant to population distribution is urban
crowding. Rapid urbanization throughout the region has produced a heavy strain
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 papers’®™™?? we have shown the detailed simulations of the
regional income disparities concentrating on the minimum proportion of public
investment, the regional rates of saving and the local autonomy rate. In addition,
we considered the justice policy in which each region should not bring about any
wide disparity at the end of the planning period.

In this paper, we shall formulate a more generalized model of regional alloca-
tion of public investments for the redistribution policy of population, and consider
the detailed simulations concentrating on the controllability of the degree of local
autonomy. In addition, we shall consider the transport policy for the redistribu-
tion of plant location.

2. Regional Allocation Model of Public Investments for the
Redistribution Policy of Population

This chapter presents the mathematical formulation of the regional allocation
model of public investments for the redistribution policy of population arising from
the author’s paper and one detailed simulation concentrating on the controllability
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of the local autonomy rate.

First, we shall present the mathematical formulation of the regional 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 investment for the removal of the maximum income disparity is allowed
only with the mutual consents of all regions.

We define the notations as follows :

Pi: the productivity of investment of region j at time i.

S%: the saving ratio of region j at time ¢.

U:: the proportion of investment shared by region ;j at time 4.

(Ui=1, i=1,--, N) (2. 1)
r: the degree of local autonomy.

M : the number of regions.

N: the length of planning period.

X%: the regional income of region j at time 1.

(Xi—Xi'>0,i=1,---,N, j=1,---, M) (2.2

Ci=X;: the regional income of region j at initial time.

L}: the regional resident of region j at time 7.

Di: the minimum proportion of investment shared by region j at time 7.

(0<Di<1/M) | (2.3)
Zi: the national income at time 7.
Zi:%jX;t, (i=1, -, N) (2. 4)
The performance equations from condition are as follows.
L (K= XPYPy = 2 S X7 (=1, ) (2.5)
where,
Xi— Xyt = PLUS(1—7) (355 S XG4 Pler S X5 (2.6)

The left-hand side represents total investment and the right-hand side represents
total saving in the whole country at time 1.
The boundary conditions are as follows :

C,=X? (2.7)
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Di<Ui<1-3 D, (2.8)

ks

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

r y
M — (2.9)
1 M
M
J=7v Max (ZN - Xf}’) (2. 10)
J

D, : the extreme point of controllability.
[0, Dr]: the feasible region of controllability.

Next, assume that Si=S, Di=D; and Pi=P; (i=1, -, N, j=1,--, M), we
shall translate the model into the following equations.

The equalities (2.6) and inequalities (2.8) can be replaced in the terms of
inequalities of X% variables instead of U’ variables.

M
Xi—(14Pjer Syl Xi'— Dy Pye(1—7) 35 S7- X120 (2.11)
i=1

Xj=(14 Pyere S5 X7 (1= 5 D Py(1—) (3 S5 X57) <0
k#Jj J=1

(i=1, -, N) (2.12)

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

M

> {Xg--(1+Pj.r.55.—l)-X§'-“‘}/ éll’j-(lw)-(él Sy Xi-'l) =1

)
J (=1, -, N) (2.13)
The boundary conditions are as follows:
C;= X} (2.14)
0<D,;<1/M (2.15)
_)%1: — e = —%C (2. 16)

Next, we have considered the following main results from the simulation
analysis based on the model mentioned above.
(1) The extreme point of controllability shows a rapidly decreasing rate by the
increases of disparities of the productivities of investments and the redistribution
policy of population.
(2) The extreme point of controllability shows a rapidly decreasing rate by the
increases of differences of the regional incomes at initial time and the redistribu-
tion policy of population.
(3) When the planning period time decreases, the extreme point of controllability
shows a rapidly decreasing rate by the increases of differences of the regional
incomes at initial time and the redistribution policy of population.
(4) Tt is imposible to redistribute of population as the degree of local autonomy
only increases, but it is possible to redistribute of population as the saving ratio of
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low productivity region 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 income shows a small decreasing rate as degree of the local autonomy
and the saving ratio of low productivity region increases.

Next, we shall consider one typical simulations of the model of two-region
case to clear the meanings of the results mentioned above. In the model, the
productivity of investments and saving ratio are assumed to be a constant over
time.

The data used in the computation is shown as follows :

P, =1.400 P, =1.200
Xi=Xi=10 Li=15=10
S =0.200 N=38

Where, the minimum proportion of investment, the degree of local autonomy rate
and the saving ratio of region 2 are variables.

In the Figure 1, the real lines represent the national income at N=8 with the
degree of local autonomy r=0.8 and the minimum proportion of investment D,=0,
and the dotted lines represent the national income at N=8 with the degree of
local autonomy r==0 and the minimum proportion of investment D;=0.4. Two
simulations have the same controllability in the feasible space.
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Figure 1. Simulation of Redistribution Policy of Population.
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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
increases.

It is clear from the facts presented above that the local autonomy policy and
the saving ratio of developing region play an important role in the redistribution
population.

3. Transport Policy Model for Redistribution of Plant Location

In this chapter, we shall consider the simple transport policy model with the
conditions that the total cost (production cost+shipping cost) of N supphes and N
demands is less than the one of one supply and N demands.

We define the notations as follows :

;¢ transport volume from region ¢ to region j

t;;: the cost of shipping one unit from region 7 to region j

£;;° the cost of shipping one unit in region ¢
(ti,i<ti,]' i, ] = 1) S} N) (3 1)

the number of regions
the supply of region 1

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

Ci=—a+S;+b  a, b: constants (3. 2)

NP nz

The production cost function represents a linear function for the agglomerative
profit of mass production.
Assume the following condition :

N

ZD

Mz

]

The total cost (production cost+shipping cost) per one unit from region 7 to
region j is as follows :
Ciy=t;+Ci=ty;—a-S;+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 7, and N demands represents

as follows:
]ZICHD it” ~a(ils)(z D>+b<ﬁ D) (3.5)
The total cost of N supplies and N demands represents as follows :
G=3 3 Coray= 35 5 tyzy=al & Sexy+b Xz (3.6)

where,
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N N
[Si = Z Zij Dj =) Zij
i=1 i=t

i M N N N

Es=fo=£ 5w

i=1 j=t
Compare the two costs of C; and G,

N N

G.—C, :(z 5 t“-xij~j§ tioj-Dj)—i—a{(;Zjl Si) (z Dj)——ii Sg} (3.8)

i=1 j=1
If G,—C <0, the total cost of N supplies and N demands is less than the one
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 into the following inequality.

N N N
> iD= 20 2 iy xuy
ag B AL (3.9
(Ls)-% s
i=1 i=1

The coefficient a represents the cost reductive rate with the mass production.
If the right hand side of the inequality (3.9) is larger than the coefficient a, it is
possible to redistribute the plant location. The denominator of the inequality (3. 9)
is positive and constant. Then, the numerator can become the larger value by
the two methods that #,; increases and #;; decreases. The method with the in-
crease of t;,; is very difficult. Then, we can adopt the method with the decrease
of z;;.

This method represents the transport policies such as the decrease of transport
cost of intraregion and interregion by the improvement of transport facilities.

In our country, the large scale transportation network such as the highway
and 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 t; ;. Then, this improvement method is very difficult
to redistribute the plant location.

The most important improvement method of transport facilities for the redistri-
bution of plant location is the construction of the transport network of intraregion
and interregion between the local regions by the highway and new railway.

4. Conclution

We considered the regional allocation model of public investments for the
redistribution 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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increases of differences of the regional incomes at initial time and the redistribu-
tion policy of population.

(3) When the planning period time decreases, the extreme point of controllability
shows a rapidly decreasing rate by the increases of differences of the regional
incomes at initial time and the redistribution policy of population.

(4) It is impossible to redistribute of population as the degree of local autonomy
only increases, but it is possible to redistribute of population as the saving ratio
of low productivity region 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 income shows a small decreasing rate as the degree of local autonomy
and the saving ratio of low productivity region increases.

(6) The most important improvement method of transport facilities for the redistri-
bution of plant location is the construction of the transport network of intraregion
and interregion between the local regions by the highway and new railway.
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