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Introduction to the Regional Economic
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—Focus on the Controllability of the
Regional Income Disparity—

Etsuo Yamamura

Department of Regional Planning, Division of Environmental
Planning Graduate School of Environmental Science.
Hokkaido University, Sapporo, 060 Japan

Abstract

The intension of this paper is to bring out the concept of several regional economic growth
models which focus attention on the controllability of regional income disparity viz-the Neoclas-
sical-type model, the Rahman-type model and the Model reference adaptive model. Among three
models, the Model reference adaptive technique is conceived to be a useful method in specifying
the quantitative analysis of the adaptive process of regional economic development.

Key Words: Regional economic growth model, Regional income disparity, Neoclasslcal-type model,
Rahman-type model, Model reference adaptive model.

1. Introduction

The regional income disparity has been of great interest to many scholars
and policy makers as well in the history of every stage of development. Being the
major input in the process of regional development, deep analysis in the field
stemmed not only from academic motivation but also from the need for sound
policy formulation.

The intension of this paper is to bring out the concept of several regional
economic growth models which focus attention on the controllability of regional
income disparity viz—the Neoclassical-type model, the Rahman-type model and
the Model reference adaptive model.

2. Neoclassical-Type Model

The Neoclassical-type model is based on the growth theory by Samuelson

and Solow. This chapter reports two models such as Fukuchi model and Mera
model.

2.1 Fukuchi model?

This model represents a national economy which is divided into #n regions
with the following assumptions such as all regions have a Cobb-Douglas—type
production function, the regional growth rates of the production factors diverge
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from the overall average in proportion to the differences in productivity of the
respective factors in the respective regions, and the factors are fully employed.
The mathematical formation is as follows :

Yy =K, L, ( 1—]—&'2—1 @, a,>0) (2. 1)
(Z " 71)

4K; =K — Ko (r—i—;? 21 t-1) Koo (2.2)
(i= o)
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Liy=— Z L;,; (2- 10)
n i
Notations

K;.: the capital stock in the i-th region at time ¢.
L;,: the labor force in the i-th region at time &
Y;.: the output in the i-th region at time ¢

n @ the adjustment coefficients of the interregional movement of capital.
p ¢ the adjustment coefficients of the interregional movement of labor.
K, : overall average inputs of capital at time ¢.

[, : overall average inputs of labor at time ¢.

Y, : macroscopic average output at time £.

Zis + the divergences of the marginal productivities of capital at time z.
7;; : the divergences of the marginal productivities of labor at time ¢.

r . the average rates of growth of capital.

4 @ the average rates of growth of labor.
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The mechanism of the equations mentioned above is interpreted as follows :

(1) We abtain <_I§_1§3,_;_ i_lﬁé> according to the divergences of the marginal
it=1s 5 i,6—1

productivities of capital and labor at time ¢#—1(4; .1, mi01)

(2) We obtain {(—g };) <gz> } according to (4K, 4L;;) and (K, Ly,
i,t 1,

(3) We obtain (4;,, n;,) according to the overall average input of capital and labor
_ ‘ . 5 Y Y

at time ¢(K,, L,), macroscopic average output at time #(Y,) and {(-K—) <~1~>}

123 t

In the model, the marginal rates of growth of capital and labor in the developed

region must decrease according to moving the capital and labor from the developing

region to developed region for decreasing the regional income disparities such as

sl

Then, the globally stable condition is if and only if,
“1<T—ﬂ)<0(1,0+a’277<2+a’1(7’—/1> (2.11)

The application of the analysis to Japanese economy in the 1950’s and early
1960’s revealed that in spite of an increase in and which is favorable for the reduc-
tion of income disparities, the stability condition was not satisfied because of too
high a rate of growth. A

Fukuchi attempted to extend this model to a corresponding weak and strong
stability conditions of per-capita income in a multi-regional economy.?

2.2  Mera model®

This model is assumed to be perfectly mobile interregionally, i.e., the physical
location of every unit of labor and capital can be changed instantaneously without
cost. In such a system physical distribution of productive factors is determined
for any instant of time by the profit maximizing motive.

The growth path that maximizes the aggregate efficiency of the system, 2.

The growth is determined by soluing the following problem : To maximize

o= lim So (1—s) [AlFl(LZIIj)L j AF(Ly K], 2.12)
subject to
L= Li+ Ly = (Lig+ Ly) ¢* (2.13)
K=K +K, (2.14)
R =s[ AiF, (L, Ki)+ AoFo(Le, Ko) |~ (K, + Ks), Kiy Ko >0 (2. 15)
0<s<1 (2. 16)
K, (0)+K.(0) = K, (2.17)

Notations
K;: the capital located all in region i. (i=1, 2)
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L;: the labor located all in region 7. (i=1, 2)
F;: the production function of ¢ region. (i=1,2)
A;: the technology efficiency of 7 region (i=1,2)

0 : the depreciation expense rate.
s: the saving rate.

Compare the above problem with one of a system of two isolated regions
without subsidy programs. The aggregate efficiency of the system of isolated re-
gions is defined by :

o [ US) ARL K1) AR K 2.1
Let

s=39Fs5(1—q) (2. 19)

= A (220
Next, three additioned constraints is as follows :

Li = Lyet (2.21)

— 3K, < K, < A F,— 38K, (2.22)

K (0) =Ky ‘ (2.23)

Therefore, the aggregate efficiency is greater with mobile factors than with
immobile factors

21> 22

Furthermore, Mera tried to analyze the disparities of regional income arising
from the regional production functions. The case of Japan can be concluded that
when per worker incomes are equalized among prefectures or major sectors and
regions through the redistribution of social capital, the national income would be
less by about 30 percent in the short run and by about 12 percent in the long
run than would be achieved through the traditional distribution of social capital,
and that the national income cannot be increased much by redistributing social
capital from the observed patern. Therefore, although the interregional income
equalization is a difficult task and costly in terms of foregone productions, the
improvements in interregional income differential can be achieved without sacrificing
much in the aggregate production by a proper mix of available policy measures.

3. Rahman-Type Model

Rahman-type model is treated by using some optimal techniques arising from
Rahman model. This chapter reports four models such as Rahman model, Sakashita
model, Yamamura model and Fujita model.
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3.1 Rahman model*®

This first oriented study of theoretical research on the regional income dispari-
ties is treated by a centralized economic model.

The aim of this model is to analyze, in aggregative terms, the logic of regional
allocation of investment in a two-region economy where the following conditions
hold :

(1) the central control and planning of investment are aimed at maximizing the
national income at the end of the planning period.

(2) the regional sentiments demand that the process of economic growth should
pot bring about any wide disparity in the regional living standards.

(3) the productivity of investment and the rate of saving both differ in the two
regions.

(4) the planned saving equals planned investment through central direction.

From the condition (4), we obtain the following equation.

(xmk I—x,) + (yz+1k Z—yt) = sz, s, (3.1)
(f“—'l, 2, e, 7‘)
Notations

x,: the regional income of region 1 at time ¢z
9, the regional income of region 2 at time Z.
k. the productivity of investment of region 1.
ky: the productivity of investment of region 2.
s;: the saving ratio of region 1.

s, the saving ratio of region 2.

%,: the national income at time £

In the equation (3.1), the left-hand side represents the total investment and
the right-hand side represents the total saving in the whole country at time #.
And all the coefficients s, s, &k and k, are positive. Further, without loss of
generality we assume region 1 to be the more productive of the two, so that
to get a given increase of income less investment is required in region 1 than in
region 2.

In other words, % >k,. (3.2)
The non-disinvestment constraints is expressed as:
Ty =2, and Y >, (3.3)

From the condition (2), the political constraints are expressed in the following
form :

(’.l/t+1/$z+1> >n and (xm/ym) =1y 0<p, <<l (3.4)

The problem is the maximize 2r=x,+%¥,, subject to the condition (3. 2), (3. 3)
and (3. 4).
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The following proposition are analyzed by the application of Bellman’s Principle

of Optimality.

(1)
(2

(3)

and

can

and

In general, the optimum income combination lies at an extreme every time.
If s,k >k, then the optimum program favors the more productive region 1,
throughout the entire plan- period.

In order that the optimum program may favor the less productive region 2,
in any time at all, s must exceed s,4.

If in any particular time the optimum position favors the less productive region,
then in all earlier times, if any, the same region must be favored.

Given sk >sk, and a plan-period sufficiently large, the optimum program
must favors the less productive region in a number of initial times.

.2 Sakashita model®

Rahman model was modified into a mixed economy which consists of private
public sectors in the case of two-region by Sakashita model.

This model is considered a two-region economy is which the central government
impose current income taxes within a certain limit anytime it wishes.

The equations of Sakashita model are as follows;

d.
“gf = qA(1—7) (sx+sy) + dur(sxe+sy) (3. 5)
dy
- = 01— (1—7) (sx+sy)+0(1—u) risz+sy) (3.6)
Notations

x: the regional income of the first region.
9 : the regional income of the second region.
¢;: the average propensities of consumption in region i(i=1, 2)

s;»  the saving ratio in region 1, (i=1, 2).

o;: the incremental output-capital ratio of the private investment in region
i(i=1, 2).

d;: the incremental output-capital ratio of the public investment in region
i(1=1, 2).

A: the proportion of private investment shared to the first region.
u: the proportion of public investment shared to the first region.

<r<¢
0<aL1 (3.7)
0<u<l1

g, 05 s; and A are constant coefficients and « and r are instrumental variables

for the central government.

By the adoption of new variables, 6, =ur and 6 =(1—u)r, the system of equa-

tions (3.5) and (3.6) is rewritten as
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‘C’]f = {011(1 —0,—0,) +5101} CEEX) (3.8)
%ZL = {02(1 —(1—-6, —02)+5202} (six+s2y) (3.9)

where
(3.10)

0<6,, 0<6,, 040, <0

The target is to maximize the national income at the final time period, t=7T,
starting with a set of initial conditions, x, and %, at =0 under the constraints of

(3. 8) and (3.9).
dx | dy

Maximize {x(T) +y(T)} So( ----- + 2{) dt+(xo+ o) (3.11)

This problem should be solved by the use of the Pontrijagin maximum principle.

The Hamiltonian is defined as follows;

ay
¢o< ar + dt>+¢‘ dr + ¢ — dt (3.12)
where
do, ¢y and ¢, are auxiliary variables whose behaviors are given by

[(ddy _

dr =0

d _0H

4 - o
dgy _ 0H

dt oY

At t=T, we see that ¢(T)=—1 and ¢ (T)=¢(T)=0 by the transversality
conditions at the terminal point. (3.12) and (3. 13) are rewrited by the introduction

of new auxiliary variables, ¢, =1+¢; and ¢,=1+ .

H={[0¢:+0,(1— sl + (6, — 0. — (1~ 2] 01

+[— 01+ (0 — (1) ¢u] o} (s:2+ 520) (3. 14)

g

ci?tl 31{[012(1"01—02)"{‘5151] ¢1+[0'2(1—/2)(1—l91 02 +5202] ¢2

dés = —~sg{[012(1——l91-492)+51191] ¢+ [0 (1= 2) (1 — 6, — 03) + Ga0] ¢2}
(3. 15)

The two equations in (3.15) are mutually dependent, so that ¢ and ¢, are

linearly dependent on each other.
If the following relative sizes of parameters are assumed, the following properties

of the optimum solution to the regional allocation problem are observed.
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0y <0, <y <y
8101 <5101 < 820, < 5,0 (3. 16)
5101 A+ 8205 (1 — 2) < 5,05

As indicated by assumptions (3. 16), the public investment in one of the regions
will be justified during some phase of the planning period, even if it is less
productive than the private investment in the same region. The reason is
that the central government can directly control the interregional flow of
public funds outside the market mechanism and can concentrate its public
investment on the region with greater growth potential.

If T is very large, the public investment should be almost persistently con-
centrated to the second region. as far as there is no change in the value of
relevant parameters.

The resultant optimum solution is very sensitive to the relative sizes of such
parameters as s;, o;, 0;(1=1,2), and A Then, if there is some slight change
in them by means of social overhead investment, we may observe a drastic
change of the optimum solution.

This model was extented into n-region model by Ohtsuki, Y.?

.3 Yamamura Model®®

Rahman model was extended into the regional economic growth model under

the condition that any wide of the regional income disparities did not result at the

end

1)

(2)

of the planned period by Yamamura model.

The mathematical formation of this model holds the following conditions.
The allocation of regional investment is aimed at maximizing the national
income under the condition that the terminal regional incomes at the planned
period are equalized.

The supply of funds for investment will be limited to the sum of savings in
each region.

(38) The productivity of investment, saving ratio and local autonomy rate are given
through the central government.
(4) The investment for the dissolution of the maximum income disparity is given
by the mutual consents of all regions.
The performance equations from condition (2) are as follows:
M . . . M R .
2 X=X Py =2 S7TIXT (3.17)
= =
(Z"_“l) 2) Tty N)
where
M
Xj—Xi7 = P{U(1=7) (3 S5 X5 |+ PirS Xp (3.18)
j=1

The boundary condition are as follows:

;=X (3.19)
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Di<UiI<1— ¥ D, (3. 20)
kg

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

N — i g (3.21)

M
J = 7Y~ Max (ZN =5 X;V> « (3. 22)
J=1
Notations

P} the productivity of investment of region j at time 7.

Si: the saving ratio of region j at time 4.

U}l: the proportion of investment shared to the region j at time 1.

C;;U;.—«_l, i=1, z,--.,N) (3. 23)

7: the local autonomy rate.
M: the number of regions.
N: the plan period time.
X}: the regional income of region j at time i.

(X;'—XIJ_I) ZO’ <Z=17277N’ ]:1>2,,M) (324)

C,;,=X}: the regional income of region j at initial time.

D}: the minimum porportion of investment of region j at time 4.

(0<Di<1/M) (3. 25)
2': the national income at time ¢.
(zszx i=1, 2,---,N> (3. 26)
Min X}: {(1+7P}SY X3+ Pi(1—7) ( JZ[ S X;?) D} (3.27)
Max X35 {(1+7P}S] X3+ Pi(1—7) ( JZS X;?) -3 D) (3. 28)

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

The main results are as follows.

Assume that S}=S,; D}=D; and P}=P;(i=1,2,---,N, j=1,2,---, M). The
controllability of the minimum proportion of investment (D,) is not realized if
at least one of the following two cases such that X;>Min X and X} <Max X}
does not hold.

Assume P, >F, §=.5, C,=C, when the disparity of productivity of invest-
ment between P, and P, increases on the local autonomy rate increases, the
limit point of controllability (D,) decreases and also the feasible region of con-
trollability of D, decreases.

Assume P, >F,, 8§,=.95, C >C,, when the disparity of the regional income at
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initial time between C; and C, increases the plann period time N decreases,

the limit point of controllability (D,) decreases and also the feasible region of

controllability of D, decreases.

The discrete formation of this regional economic growth model was reformed

to a continous case formation without essential difficulty,”? and to a more
generalized model for the redistribution policy of population.®?

3.4  Fujita Model®
Fujita model was developed a generalization of the Rahman model by introduc-
ing scale economies and diseconomies in the production process.
The mathematical formations are as follows ;

Maximize :Zl F<K¢(T)> (3. 29)
subject to
K, =0, s ;élF(Kj(t)) i=1,2, - n (3. 30)
éﬁi(t)zl, 0,)>0, i=1,2 - n 0<t<T (3.31)
K=K, i=1,2-n (3. 32)
Notations

Y.()=F(K,(t): the regional production function of region 1.
K, (): the amount of capital in region ¢ at time ¢.
K?: the amount of capital in region 7 at the initial time, =0,
6;(t): the values of investment ratio of region 7 at time ¢.
s: saving ratio.

Chose values of investment ratio. 6,(#), i=1, 2, ---,n, at each time so as to
maximize the total income in the final period.

The alternative assumption on the form of regional production function F are
as follows :
(i) decreasing return to scale, namely,

F'(K)>0 and F"(K)<0 for all K>0.
(ii) constant returns to scale, namely,

F(K)=aK for all K where a is a positive constant.
(iii) increasing returns to scale, namely,

F'(K)>0 and F"(K)>0 for all K.
{iv) variable return to scale, namely,

F'(K)>0 for all K>0, and F"(K)>0 for o<K<K*,

F'"(K)=0 for K=K*, F'(K)<0 for K>K*.

In addition, assume in all cases that F(0)>0 and F(K) is twice continously
differentiable at each K>0.

To obtain the optimality conditions, the following Hamiltonian function H is
defined by applying the maximum principle.
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H((Pa (K 001) = 5 Pk =(5 0.P) (s £ FK)) (3. 33)

Suppose that {(K, (¢))1}¢ and {(6:(2)7}4 are respectively, an optimal growth path
and an optimal allocation path. Then there exits a price path {(P;(£)?}¥ which
satisfied the next three conditions.

a)  H((P:(a)t,(K:()F, (0:(0)1) =max {HP; @) (K: (), 021/ i 0;=1,6,>0,i=1,2,---, n}

for 0<t<T (3. 34)
(b)  Pult)=—dH(Pse)k, (K(e)t, (0:(0)7)/0K:

for i=1,2,.--,n and 0<¢<T (3. 35)
(¢) PT)=F(K(T)) for i=1,2,-,n

where P,(t) = dP(t) dt (3. 36)

represents the incremental amount of the final income which is obtained by exoge-
nously increasing the stock of capital in region 7 by one unit at time ¢ on the
optimal path. Namely, P;(¢) represents the accounting price (shadow price) of a unit
of capital in region 7 at time ¢ in terms of the final income.
According to (3. 34), the optimal rule for investment allocation is given by
30t =1 (3. 37)

i€ ()
where

P(t) = max Pi(t)
’ (3. 38)
= (6)={ilP:(t) = P(1)

That is, at each time, all of the investment fund of the economy should be
allocated among regions which have the highest price of capital at that time.
According to (3. 35), '

Pl =—( £ 0,60 P,0)5F (Kio) (3.39)
i=1,2,--,n, at each ¢, 0<¢<T
From (3.38) to (3. 39),
Pu)=—P) sF' (K(t),  i=1,2,-,n (3. 40)

In any of the cases (i) to (iv), P;(#)>0 and P;{t)<0 for each i, i=1,2, -, n,
and all £>0.

Furthermore, Fujita tried to analyze the case of n regions and variable returns
to scale, and concluded the following results. If the investment allocation is free
in the competitive economy, the allocation of investment will be switched from the
more developed region to the less developed region only after the more developed
region becomes so congested that agglomeration economies accumulated in the
initial stages are completely outweighed by agglomeration diseconomics accumulated
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in the later stages. To achieve the optimal growth path in the competitive economy
the government should improve a sufficiently high congestion tax on investment
in the more developed region so as to discourage the over-accumulation of capital.

4. Model Reference Adaptive Mode]®:¥,19,16,10

Economic development, a branch-of economics, may be defined as the quantita-
tive analysis in its relation to control science and the scope of applications of it
has broadened greatly to the economic development.

However, only a relatively small amount of research has been made on the
use of adaptive control techniques. It was R. E. Murphy, Jr. who first oriented
the study on adaptive process in economic systems. And he treated one of the
adaptive techniques such as stochastic information control techniques. ‘

Among various altternative method for adaptive control technique, the use of
the technique known as Model reference adaptive technique was oriental one of the
most feasible approaches possible for the regional economic growth analysis by
Yamamura, E.

The basic scheme of a Model reference adaptive system is called a parallel
model reference adaptive system in order to differentiate it from other Model
reference adaptive model configurations.

The adaptation of this type is due to the fast that a measure of the difference
between the given index of performance specified by the reference model and the
index of performance of the adjustable system is obtained directly by the comparison
of states of the model with those of the adjustable model.

Model reference adaptive system :

Reference model

Yo = Jfaultt, Pop, Zag, 1)
Where P, are parameters of the reference model.
ys :f:?(u’ Ps, xs’ t)

Where P, are parameters of the adjustable model.
Index of performance which expresses the difference between the given index
of performance specified by the model and that of the adjustable model.

JIP:F(S’ P}_Ps: e, l)

Where
e=Yu—Ys
€ = Ty — Ly

Model reference adaptive system minimizes the J;p defined above by parameter
adaptation or by signal-synthesis adaptation via the adaptation mechanism that his
the generalized error as one of its inputs.

The typical economic development system is such as the reference model speci-
fied by the developed region economy and the developing region economy specified
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by the adjustable model.

The aim of this economic development system is how to develop the economic
level form the developing region economy to the developed region economy. Namely,
the economic development system minimizes the J;p defined above by parameter
adaptation or by signal-synthesis adaptation via the adaptation mechanism.

The patameter adaptive is represented in an industrial structure change to
develop the developing region industrial structure such as the developed region
economy.

The signal-synthesis adaptation is represented in an allocation changes of invest-
ments between industrial sectors to develop the output of developing region economy
to the same level of developed region economy.

The another typical economic policy system is such as the real economic system
specified by the reference model and the economic planning model specified by the
adjustable model and also the reverse specification.

The aim of this economic policy system is how to control the index of per-
formance which expresses the difference between the given index of performance
specified by real economic system and that of the economic planning model. Namely,
the economic policy system minimizes the J;» defined above by parameter adaptation
or by signal-synthesis adaptation via the adaptation mechanism.

The parameter adaptation is represented in an minimization of any norm of
the difference between the state sector of real economic system and the economic
planning mode!.

The signal-synthesis adaptation is represented in an input control that minimizes
the difference between the output of the real economic-system and the economic
planning model.

There are also many economic control studies for various applications of Model
reference adaptive techniques.

5. Conclusion

We considered the Neoclassical-type model, the Rahman-type model and the
Model reference adaptive model.

Among three models, the Model reference adaptive technique is conceived to
be a useful method in specifying the quantitative analysis of the adaptive process
of regional economic development. And this model was extended the adaptive
process of the regional economic development by using the Model reference adaptive
technique with the uncertainty concerning the values of the adjustable model’s
parameters, and also the parametric identification and adaptive state observation.’®®

References

1) Fukuchi, T. and M. Nobukuni (1970): An Econometric Analysis of National Growth and
Regional Income Equality: International Economic Review, Vol. 11, No. 1, 84-100.

2) Fukuchi, T. (1983): Growth and Stability of Multi-Regional Economy: International Eco-
nomic Review, Vol. 24, No. 2, 509-520.



14

10)

11)

12)

13)

14)

15)

16)

17)

Environmedtal Science, Hokkaido Vol. 9, No. 1, 1986

Mera, K. (1975): Income Distribution and Regional Development: University of Tokyo
Press, 207-236.

Rahman, M. A. (1963): Regional Allocation of Investment —An Aggregative Study in the
Theory of Development Programming—: Quarterly Journal of Economics, Vol. 77, No.
1, 26-39.

Rahman, M. A. (1966): Regional Allocation of Investment —The Continous Version—:
Quarterly Journal of Economics, Vol. 80, No. 1, 159-160.

Sakashita, N. (1967): Regional Allocation of Public Investment: Papers of Regional Science
Association, Vol. 19, 161-182.

Ohtsuki, Y. (1971): Regional Allocation of Public Investment in an n-Regional Economy:
Journal of Regional Science: Vol. 11, No. 2, 225-233.

Yamamura, E. (1972): A Basic Study on Regional Income Disparity Arising from Regional
Allocation of Public Investment: Proceedings of the Japan Society Civil Engineers, No.
203, 93-102.

Yamamura, E. (1975): A Basic Study on the Controllability of the Rigional Income Dis-
parity Arising from the Second Optimal Policy: Proceedings of the Japan, Society Civil
Engineers, No. 238, 99-109.

Miyata, Y. and E, Yamamura (1983): A Study on Regional Income Disparity Arising {rom
Regional Allocation of Investments in Continous Case: Environmental Science, Hokkaido,
Graduate School of Environmental Science, Hokkaido University, Vol. 5, No. 2, 131-150.

Yamamura, E. and M. Ohta (1985): A Study on Regional Allocation of Investments for
Redistribution Policy of Population: Environmental Science, Hokkaido, Graduate School
of Environmental Science, Hokkaido University, Vol. 8, No. 1.

Fujita, M. (1978): Spatial Development Planning: North Holland, 119-248.

Yamamura, E. (1983): Optimal and Reference Adaptive Process on Controllability of Resional
Income Disparity: 8th Pacific Regional Science Conference, Tokyo.

Yamamura, E. (1983): A Study on Model Reference Adaptive Control in Economic Deve-
lopment (I): Environmental Science, Hokkaido, Graduate School of Environmental
Science, Hokkaido University, Vol. 6, No. 2, 281-299.

Yamamura, E. (1984): A Stndy on Model Reference Adaptive Control in Economic Develop-
ment (II): Environmental Science, Hokkaido, Graduate School of Enviromental Science,
Hokkaido University, Vol. 7, No. 2, 1-13.

Yamamura, E. (1985): Model Reference Adaptive Process in Regional Economic Develop-
ment: 9th Pacific Regional Science Conference, Hawaii.

Yamamura, E. (1985): Optimal and Reference Adaptive Processes for the Control of Regional
Income Disparities: Papers of the Regional Science Associtation, Vol, 56, 201-213.

(Received 30. Oct. 1985)



