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Abstract

The primary purpose of this paper is to examine the industrial
structure of Shikoku region, which is geographically isolated from
other regions, but economically highly interrelated ' with them in
Japan. Shikoku’s foremost economic problem so far has been to
create a large number of jobs and to raise the level of income re-
ceived by its residents, since per capita incomes have been some-
what below those found in most other regions. Particularly, in re-
cent years, this income gap has been w1despread1ng again.

In order to take off from the continuing lower level of economic
activities in Shikoku region, we first clarify the crucial barrlers to
economic growth with which the Shikoku economy is now confront-
ing. We, then, evaluate the recent growth perform_ance, since fu-
ture economic expansion builds on paét trends, ceteris paribus.
Next, we present some conceptual advances in interregionval input-
output analysis. Particularly our attention is paid to ,dervive two
kinds of matrix multipliers (i.e., 9X,/0F, and 3X,/9F,), which show
the changes in the level of output produced in Shikoku region (i.e.,
X,) induced by changes in the final demand vectors in not only
Shikoku region (i.e., F)) but also the other region (i.e., F.). By
using data from the 1975 & 1965 interregional input-output tables,
we offer quantitative estimates of those multipliers, and finally eval-
uate the interregional repercussion effects for the region under
study. ‘

% This paper was originally prepared for and read at the Second Tsukuba
Conference on World Regional Development and Planning, held at the Uni-
versity of Tsukuba, August 10—14, 1981.



—194— COBNKEEWES HEER 210 1982
An Economic Analysis of
Interregionai Repercussion Effects

Industrial Structure of the Shikoku Regional Economies
- Growth and Change in: the Shikoku Regional Economies
Economic Analysis of Interregional Repercussion Effects

=W

Concluding Remarks

1. Industrial Structure of the Shikoku Regional Economies

The regional classification used for 1975 interregional input-output
table of Japan is based on a partition of the country into nine re-
gions. Figure 1 shows the names of these regions together with
the names of urban and rural prefectures. A brief outline of each
regional economy is given in Table 1. From this table, it can be
seen that about 65% of the Japanese now live in the Kanto, Kinki,
and Chubu regions and the products of these regions amount to70%
of the gross national product. Furthenndre there is every likelihood
that these shares will be maintained or even increased in the near
future. _ ,

In contrast to these populous regions, the rest of the country
exhibits many of the characteristics common to economically under-
developed regions that are stagnant at a lower stage of development.
Among them, we focus our attention on Shikoku region so as to
consider the reason why it leads to differing rate of economic
growth.

The data of Table 2 show that Shikoku is an island with an area
of 18,798 square kilometers, accounting for 5.0% of the total land
area of Japan. It also turns out that only 3.6% of the Japanese
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Figure 1. Regional classification used for 1975 interregional ‘input-output
:-tables of Japan

HOKKAIDO

TOHOKU

[ SHIKOKU

Note: Regions are divided into prefectures as follows:

of
Region Prefectures
Hokkaido Hokkaids
? Tohoku Aomori, Iwate, Miyagi, Akita,
e Yamagata, Fukushima
. Kanto Ibaraki, Tochigi, Gunma, Saitama,
Chiba, Tokyo, Kanagawa, Niigata,
f?'OKINAWA Yamanashi, Nagano, Shizuoka
oﬂ ° Chiitbu Toyama, Ishikawa, Aichi, Gifu, Mie
Kinki Fukui, Shiga, Kyoto, Osaka, Hysgo
Nara, Wakayama
Chugoku Tottori, Shimane, Okayama,
Hiroshima, Yamaguchi
Shikoku Tokushima, Kagawa, Ehime, Kochi
Kyusha Fukuoka, Saga, Nagasaki, Kumamoto,

Qita, Miyazaki, Kagoshima
Okinawa Okinawa
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live there, and its portion of net product income is 3.3%. In terms
of share in the net product income, primary ‘industry accounts for
9.6% ; secondary industry, 31.2% ; and tertiary industry, 59.4%. It
should be noted that the portion of the service sector has no differ-
ence between Shikoku and all Japan, but per capita income gap still
exists. In fact, a resident of Shikoku received 220 thousand yen
less income in 1978 than did his national counterpart. The differ-
ences in earnings accounted for about 15% of the national average.

Table 1.  The Basic Structure of the Regional Economy in Japan 1975

Name of Population Regional Regional Ratio of Regional
region Area (km*) (thousands) Products Shipments Shipments to
(100 mil. yen) (100 mil. yen)  Regional Products(%

Hokkaido ~ 83,515(22.1) 5,338( 4.8) 140,769 ( 4.3) 18,325 13.4
Tohoku 66,904 (17.7) 9.233( 8.2) 202,466 ( 6.2) 32,485 16.0
Kanto 70,729(18.7)  41,340(36.9) 1,252,978(38 2) 187,333 15.0
Chubu 29,943( 7.9) 11,558(10 3) - 397,775(12 1) 105,450 26.5
Kinki 31,466 ( 8.3) 19,605 (17 5) 614,772(18.8) - 136,226 222
Chugoku 31,767( 8.4) 7,366 ( 6 6) 260,843( 8.0) 61,364 235
Shikoku 18,798( 5.0) 4,040 ( 3.6) 103,179(-3,1) 27,176 263
Kyushu 42,112(11 2) 12,417(11 1) 285,786( 8.7) 39,675 13.9
Okinawa 2,249( 0.6) 1,043( 0.9) 18,762( -0.6) 1,621 8.6
TOTAL 377,643 111,940 3,277,331 609,655 18.6 «

Note: The figures in parentheses are the relative shares of the total value.
Population as of October 1, 1975
The figure with % is the mean ratio of the total regxonal shipments to gross national product

Table 2. Industrial Structure of the Shikoku Economy
(Unit: at 1975 prices)

Economic Indicators Shikoku All Japan . Shikoku in all Japan
Area (km®) 18,798 377,643 50%
Population (thousands} 4,183 115,287 3.6%
Employment (thousands) 2,029 54,737 3.7%
Net-Product Income(100 mil. yen)
Primary Industries 4,773 75,584 6.3%
Secondary Industries 15,587 544,746 2.9%
Tertiary Industries 29,559 904,512 3.3%
TOTAL 48,120 «+  1.471,584 » 3.3%
Per -Capita Income (1,000 yen) 1,203 1,513 (85.5%)

Note: Figures on Population and Employment are all for 1979, while figures

on Net-Product Income are for 1977 '

Per Capia Incomé is baséd on 1978 data

Classification of indurtries is as follows:
Primary industries: agriculture, forestry, and fishing industries
Secondary- industries: mining, manufacturing, and construction industries
Tertiary industries: public works, commerce, and service industries.

Figures with the mark ' " exclude Imputed Interest.”
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Table 3 shows the Census of manufacturing industries of Shikoku
region in 1978. It can be seen by this table that the induétrial
structure of the Shikoku region is considerably diversified, ‘ though
its relative position in total value of shiﬁments of Japan is as low
as 2.7%. on average. k

As a matter of fact, Japanese industry has made continuous ef-
forts to modernize production systems and fascilities. -However, we
still face various problems, such as difference in spatial distribu-
tion, imbalance in development between large and small enterprises,
environmental disruption, and/or traffic congestion. Particularly,
the resources problem highlighted through recent developments indi-
cates reorganization of the entire economic structure. As a re-
sult, our country is changing in the new direction in which resource-
saving industries and knowledge-oriented industries occupy principal
positions. : , .

The industrial structure of Shikoku region is somewhat different
from this new direction. For the region is highly dependent on
such resource-based industries as Chemical & allied products (the
percentage of total value of shipments is 11.5% ), Petroleum &
coal products (8.0% ), and Non-ferrous metals & products(6.3% ).
But, the relative share of technology-based industry, say Machinery,
shows 19.7%, which is far léss than 33.5% of the éorrespéndi‘ng
national average. The location quotients of those manufacturing
industries are shown in Table 4, which corraborates the results of

Table 3.
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2.. Growth and Change in the Shikoku Regional Economies

Since future economic expansion builds on past trends, to;’1 effec-
tively plan for economic growth, it is necessary to evaluate the
recent growth p’erforniance’ of the region under study. Thhs the
task of this section will be to examine briefly the Shikoku economy’s
growth record. ‘

Growth rates have by no means been uniform throughout the
country. Table 5 shows the difference in the average annual rates of
growth between Shikoku and the nation as a whole. As shown in
this table, the developmental stages for Shikoku region can be

grouped roughly into three periods.

Table 5. Difference in the Average
Rates of Growth (Real)

Shikoku All Japan
1955~1965 7.4 9.2
1965~1970 113 11.6
1970~1973 8.4 7.8

The first period from 1955 to 1970 is characterized by a rapid
growth era not only in Shikoku but also in the rest of the country.
It was during this period that new industrial sites began to be con-
structed near large cities, and a remarkable industrial growth, par-
ticularly in the chemical, metal, and engineering industries, was also
in process. The second period was from 1970 to 1973, when the
quickend pace of economic activity in Shikoku accelerated closing
of the relative income gap. In 1965, for example, the average resi-
dent of Shikoku region had an income approximately 80% of his
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national counterpart, various factors including rapid national eco-
nomic expansion in 1960’s accelerated the regional economic growth.
Hence, by the early of 1970’s the per capita income level had risen
to almost 90% of the Japanese average. Table 6 shows this kind
of transition briefly. But, the so-called “oil crisis” which occurred
in the fall of 1973 changed considerably the domestic as well as
international economic conditions.

Table 6. Change in the Dominant Economic Indicators

1965 1’970 1973 1978

Population (thousands)

Shikoku 3,975 3,904 3,973 4,121

All Japan 98,275 103,720 109,104 115,174

Shikoku as a percent

of all Japan 4,05 3.77 3.62 3.57
Per Capita. Income

(thousands yen)

Shikoke 539 963 1,171 = 1,29’3 *

All Japan 669 1,100 1,329 «+ 1,513 »

Shikoku as a percent

of all Japan (% 80.6 87.5 88.1 75.5

‘Note; Figures with “%” are estimated by the New System of
National Accounts.

Since our economic structure was highly dependent on overseas
sources of raw materials, this meant a sharp deterioration in terms
of trade. As such, the regional economy became even worse and
noticeably less stable than it had been in the 1960’s. In fact,
Shikoku’s rate of growth remarkably slowed down in the late of
1970’s, which was presumably due to the harsh recession of ship
building industries. As a result, the relative income gap has been
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opening again during the third period, started from the . year of
1973 onwards. : ,

Table 7 shows the change in the value of manufacturing  ship-
ments during 1965 through 1978. Due to the decline in the growth
rate, the various problems came to unravel themselves. The first
of them is the imbalance in development between large and small
enterprises. The second problem is. the lack of intersectoral
linkages within the region under study. The third problem is the
fact that such underdeveloped region as Shikoku lag behind in pro-

Table 7. Change in the Value of Manufacturing Shipments
(Unit: at 1975 prices)

1965 1970 1973 1978
Value of shipments
(100 mil. yen)
Shikoke 12,594 26,844 36,209 41,950
All Japan 496,302 1,013,064 1,337,552 1,541,518
Relative shares(%) 2.54 2.65 2.71 2.72
Number of persons engaged
(thousands)
Shikoku 288 346 366 339
All Japan 9,941 11,680 11,961 10,890
Relative shares(%) 2.90 2.96 3.06 3.11
Value of shipments per )
person (thousands yen)
Shikoku 4,373 7,758 9,893 12,375
All Japan 5,003 8,673 11,183 14,155
Relative shares (%) 87.4 89.5 88.5 87.4
viding with sound infra-structures. The fourth problem is the

need for adjustments in employment, particularly providing care for
an aging population in the future. The last but not least problem
is the heightend difficulty of public finance. With a slower growth
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! rate, we can no longer expect the traditionary large natural incre-
ments in tax revenues, nor sufficient amounts of subsidy for the
sake of relatively underdeveloped regions in Japan. In short, we
are just facing the time of transition from rapid growth to pro-
longed slower growth, and hence obliged to cbnsider how to main-
tain the vitality of the Shikoku regional economies.
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3. Economic Analysis of Interregional Repercussion  Effects
Since multiplier impacts are important outputs expected from
region-oriented economic development program, we shall consider
the intersectoral multipliers ‘for dévelopmental planning policy. . For
convenience we assume an economic system which consists of only
two regions (i. e, Shikoku as region 1 and the rest of the country
as region 2, respectively).. Then, the interregional input coefficient
matrix can be written as follows:
A= [An Aw]
A?l A22
where
A A are submatrices of coefficients showing the input require-
ments of the first region’s products in region 1 and region 2,
respectively. Similar explanations can be given to 4, and A.,.
If X denote the column vector of outputs produced in region 1,
X; denote the column vector of outputs produced in region 2, and if
F, and F; denote the column vectors of final demands in region 1
and region 2, respectively, then the following demand-supply equilib-
rium equations hold:

X1=A11X1+A12X2+F1 (1)
X2=A21X1+A22X2+F2 (2)
Now, looking at the equation (1) of the first region, we have:

%=(I-An) "AuXe+(I— 4w 'R (3)
Here, on putting

( ]—Au)_lzBu (4)
We can rewrite the above equation (3) as follows:

X1=Bu A X.+ Bu Fy (5)

Note that the term, 5., may be called the ‘“internal matrix multi-
plier” as to region 1, since it can be obtained simply by taking
9X/3F in equation (5).
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Incidentally, if we take 3X,/3X, in the same equation (5), we have

% = By, Au O (6)

which represents the change in total output in region 1 induced by
the change in total output in region 2. Since this term, B A, is
also a useful economic measurement as a partial multiplier, we may
call it the “coefficient matrix of inducement to production” of region
2 on region 1.

Furthermore, in order to take account of the interregional reper-
cussion effects in the context of two-region economic system, we
shall derive two important multipliers: 9X./3F, and 3X\/9F,.
Namely, they show the changes in the level of output produced in
region 1 induced by changes in the final demand vectors in region
1 and region 2, respectively. Using the “internal matrix multiplier”
for region 2, i.e., Bn=(I—An)’} we can first rewrite the equa-
tion (2) as follows:

Xe=BunAuXi+ Bz F (7)
Next, if we substitute this relation (7) for the X, of the right-hand
side of equation (5), then it becomes: ,
Xi= Bnsz(Bzz A X1+ B F2)+ Bu Fy (8)
FurtheTmore, rearranging this equation (8) yields the following one:
—( I Bll A12 BZZ AZl) Bll F1 ol .
+( I=Bu Az Bae An) ™ Bu Au Bn Fo 9)

Therefore, if we put

( I~ B Az Bz Azl)_] = Kfl (10)
then, the above equation (9) can be expressed simply as

Xi =Kf; Bu F,+ K?; Bii Az Be: F : . (11)

‘Note that the term, K%, may be called the “external matrix multi-
plier” for region 1.
Eventually, taking partial derivatives of X, with respect to F,
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and F, in equation (10, we can obtain the aforementioned multipliers

as follows:
g—%{_: = K121 Bu v (12)
%—%{—2: K121 B Asz Bez ' V ) (13)
‘Moreover, if we express ,
K}Zl Bu= B121 (1 )

we can find interesting properties in.it: For expression (14 can be
converted in the following way:
B121 = K-lzl Bu =( I— Bu A B Azx)—l‘( 11— Au)u1
={(I—A11)(I"BIIA12B22’A21)}_1 :
= { I“( A+ A B A2l) : o (15)

Thus, if we define anew ,
A+ Az Bez An = Alzl . . : (16)

then, B2 is readily found to be ( J—A%)™.

Let us consider the meaning of the left-hand side of the above
definition (16), according to the economic causal process. The pro-
duction activity in region 1, to begin with, needs its own goods-input
( An). At the same time, region 1 also needs a certain amount of
the second region-geods-input ( A;) to support its production. - And
this supply for region 1 from region 2 induces the effect of produc-
tion activity on region 2 ( B;). To realize this production activity,
region 2 needs in turn a certain amount of the first region-goods-
input ( A.). Thus, we can find that the input coefficient to region
1 eventually becomes augmented by A Ba: Az

In this sense, we may call A} in expression (16 the “augmented
input -coefficient.” And if we use this concept, B2 in. equation (15
may be given a new interpretation. Namely, it shows the ultimately
total effect of repercussions, in which the above-defined “augmented
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input coefficient”( A%) plays the role of .interregional repercussion
factor.

Now, let us give some interpretations to our calculated results
for those matrix multipliers. Industrial classification used in this
section is shown in Table 8, and our calculated results are tabu-
lated in Table 9 through Table 15. ‘

First of all, take note of the “internal matrix multiplier”  of
Shikoku region, which was defind by epuation (4): As shown by the
figures in Table 9, those industrial sectors which induce relatively
large repercussion effects within the region are Priméry nonferrous
metal manufacturing, Pulp, paper & paper prodﬁcts, and Chemicals.

In addition, the industrial sectors whose sensitivity of disper-
sion (i.e., the row sum in Table 9) shows relatively high value
are Agriculture, forestry & fisheries, Coal, lignite & mining, and
Finance, real estate & other services. This means that those in-
dustries are likely to be much affected by an expansion in any sys-
tem of industries of Shikoku region. It should be noted, however,
that the power of dispersion (i.e., the column sum in Table 9) of
those industries does not show a high value at all.

Table 8. Industrial Classification used for Input-Output Analysis
Agriculture, forestry & fisheries

Coal, lignite & mining

Food and kindred products

Textile products

Lumber & wood products

Pulp, paper & paper products

Leather, leather products & rubber products

Chemicals

© XN oA W

Petroleum & coal products

—_
e

Ceramic, clay & stone products
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11. Primary iron & steel manufacturing
12. Primary non-ferrous metal manufacturing
13. Metal products
14. Machinery (not electric)
15. Electric machinery
16. Transportation equipment
17. Precision machinery
18. Miscellaneous manufacturing
-19. Construction
20. Electricity, gas, water & sanitary services
21. Wholesale & retail trade
29, Finance, real estate & other service
23. Transportation & warehousing
24. Unallocated
Note: Though “Coal & lignite” was originally separated from

“Mining” in officially published table (composed of 25-
industry-group), we have consolidated those two sectors
into one, denoted by 2, in this table.
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Above conclusions are all based on the internal matrix multi-
plier only. Actually, however, production activity in Shikoku region
does not end with the amount of its internal matrix multiplier.. Fur-
thermore, it always induces industrial activity in other region.
Therefore, we shall next interpret our numerical results of inter-
regional repercussions. Table 10 shows the. calculated results for
the “external matrix multiplier ” which was defined by equation {10).
Clearly, they indicate the Shikoku’s feedback effects through other
region. '

Although the diagonal elements are more influencial than the off-
diagonal elements in the external matrix multiplier, they do not much
differ in unity, excepting a few industries such as Textile products,
Chemicals, Pulp, paper & paper products, and Primary iron &
steel manufacturing. Therefore, so far as we consider the inter-
regional feedback effects of Shikoku region, the external matrix
multiplier turns out to be quite small in value, and hence, the
changes in the level of output produced in Shikoku region induced
by changes in the final demands. in the same region (i.e., 39X, /9F:
= K2 By = B, in Table 11) are mainly determined by the corre-
sponding internal matrix multiplier (i.e., B;, in Table 9). This
conclusion can well be corroborated by comparing Table 9 with
Table 11.

Finally, what about the changes in the output level of Shikoku
region accruing from the changes in the final demands in other re-
gion (i.e., 9X\/0F:=K,% Bu Az B.z)? As shown by the figures in
Table 12, the multipliers of this type take on different values ac-
cording to each industrial sector. Above all, it can be clarified
that such industries as Primary nonferrous metal manufacturing,
Chemicals, Pulp, paper & paper products, Coal,lignite & mining, and
Petroleum & coal products of Shikoku region are much affected by
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the changes in final demand in other region. As a result, the inter-
regional repercussion effects of their own productive activities are
further enlarged due to this comparatively strong inducing relation-
ship with other region. These empirical findings well coincide with
our initial anticipations that the Shikoku regional economies are
highly dependent on other region’s economic activities.

The changes in repercussion effect in the past decade can be
made clearer if the figures in Tables 9 to 12 are compared with
the figures in Tables 13 to 15. As a result, we may state the
following points:

1) So far as our calculated results for the internal matrix mul-
tiplier are concerned, intraregional repercussion effects of Shikoku
region are generally small in scale, and come to show even de-
creasing-trend over time.

2)  Particularly, the remarkable decreases in repercussion-: ef-
fects are generated in such industries as Primary iron & steel
manufacturing, and Textile & food products.

3) This fact tells us the weakness of intraregional repercus-
sion effects of Shikoku region as well as the importance of inter-
regional relationship with other region for developmental planning

policy.
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4. Concluding Remarks ‘

This paper has sought to analyze the industrial structure of
Shikoku region, which is geographically isolated from other regions,
but economically highly interrelated with them in Japan.

In order to take off from the continuing lower level of economic
activities, we first clarified the crucial barriers to economic growth
with which the Shikoku economy is now confronting. We, then,
evaluated the recent growth performance, since future economic ex-
pansion builds on past trend, ceteris paribus.

Keeping those empirical findings in our minds, we also presented
some  conceptual advances in interregional input-output analysis. We,
then, applied our formulae to the data from the 1975 & 1965 inter-
regional input-output tables. From our calculated results, we have
arrived at the following conclusions. First, with respect to our
internal matrix multiplier, iniraregional repercussion effects of Shi-
koku region are generally small in scale. Second, most industries
in Shikoku are likely to be much affected by the changes in final
demand in other region. ;

'Thus, for the purpose of further closure of the per capita income
gap, powerful pushing towards raising the multiplier effects in in-
traregional as well as interregional repercussions is most keenly
required. In other words, it should be taken to keep improving the
infra-structures of Shikoku region, (particularly the construction of
interprefectural highways) as the most desirable measures for sound

regional developmental program.
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