CHANGES IN JAPAN’S INDUSTRIAL STRUCTURE
' - SINCE THE OIL CRISIS

Yuxkio KANEKO
INTRODUCTION

manufacturing industries in Japan since the first oil crisis. |
In the first section of this paper, we give a descriptive analysis of the
macroscopic outlook of the Japanese economy and of change in the Japanese
industrial structure, with the focus mainly on manufacturing industries.

The second section studies the factors that have made possible such adjust-
ment of the industrial structure, using the “degree of dependency of production
of each sector on each item of final demand” on the basis of the Leontief model.

In the third and final sections, the industrial adjustment that has occurred
since the first oil crisis is put into relief through analysis of the factors of change
in the industrial structure, using a mode] formulated on the basis of the Leontief
model.

THE purpose of this paper is to analyze the industrial adjustment processvof

I. THE FIRST OIL CRISIS AND CHANGE IN THE INDUSTRIAL
STRUCTURE | , '

In 1980 was held the sixth summit conference of the world’s developed capitalist
countries in a series initiated by French President Giscard d’Estaing for the
purpose of rebuilding the world economy after the first oil crisis. Still fresh in
our memories are the expectations given rise to by the “locomotive theory,” set
forth at the London summit in 1977, which held that the U.S., Japanese, and
West German economies should have the role of pulling the other national
economies along, and by the idea espoused at the Bonn summit in 1978 that
each country should do its part toward correcting the imbalances in international
payments. Then at the Tokyo summit in 1979, energy problems were the main
subject on the agenda, all of the participating countries being well aware of the
need for industrial adjustment with a view to reducing energy consumption.

At the present time, all of the developed capitalist countries with the exception
of Japan are looking more and more like they are.in a recession. Japan, on the
other hand, although having experienced growth stagnation immediately after the
first oil crisis, with negative growth of 0.5 per cent in GNP in 1974 and positive
growth of only 1.4 per cent in 1975, subsequently experienced a pickup in
economic conditions mainly due to private demand supported by plant and
equipment investment and exports and has since then registered steady GNP
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TABLE 1
GNP GROWTH RATE (REAL)
= Year _ — 3 j
< 1973 1974 1975 1976 1977 - 1978 1979

Sector T A ' <
Gross national expenditure - -10.0. —0.5 = -14 . 64 . 52 5.7 6.1
Private final consumption - o Core o

expenditure . 9.5 0.8 4.2 4.4 3.8 6.2 5.0
Governmental final consumptlon ) )

expenditure T 55 34 62 3.7 - 43 5.6 3.4
Private housing investment 164 —12.7 2.4 9.5 1.3 27 =16
Private investment in plant

and equipment 186 —61 —69 06 1.1 11.1 13.0

Public fixed capital formation 83 —13.8 5.2 37 104 159 —14
Private inventory investment 26.7 254 —952 4770 299 165.9 88.0

Increase in public inventories —_ — 4745 -—21.5 17.1 —-7.6 —95.2
Exports : 8.6 22.4 3.9 20.0 11.3 —14 14.1
Imports 253 104  —9.1 80 —35 13.8 12.8

Note: Figmés calculated on the basis of information given in Economic Planning
Agency, Kokumin keizai kezsan nempéo [National economic St'l’[lStlcal yearbook]
(1980).

growth: 6.4 per cent in 1976, 5.2 per cent in 1977, 5.8 per cent in 1978, and
6.1 per cent in 1979. This has been due to a marked increase in exports in
1976, exports and government investment in 1977, private investment in plant
and equipment and exports in 1979, as indicated in Table I, and to the ap-
propriate” industrial adjustment undertaken in relation to such increases.

There are three factors behind the fact ‘that prlvate investment in plant and
equipment has. shown the high rate of increase in past several years. First of
all, there is the fact that replacement investment became very active because
of the obsolescence of production facilities that resulted from the couple of years
during which businesses held back their investment in plant and equipment,
contributing to the economic recession. Secondly, there has been a great deal
of investment. for the purpose of reducing energy consumption in view of the
high price thereof, and thirdly, automobile, electrical machinery, and other manu-
facturers that have been doing well in exports as a result of greater international
competitiveness have been investing to expand their production capacities.

In the course of these developments, the Japanese industrial structure has
undergone pronounced change. Table IT and Figure 1 show such change over
the eighteen years between 1960 and 1978 in terms of productlon figures for
different. industries.

The repercuss1ons of the oil crisis that occurred at the end of 1973 caused
a 0.5 per cent decline in GNP, a 12.7 per cent decline in private housing invest-
ment, a 6.1 per cent decline in private investment in plant and equipment, and
a 13.5 per cent decline in government investment in 1974 in comparison to the
year before, and under these recession conditions, there was a pronounced slump
in industrial activity in 1975, total production of manufacturing industries
declining by about 1,900 billion yen from about 140,000 billion yen in 1974
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Fig. 1. Change in the Industrial Structure
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Sources: See Table II.

to about 138,600 billion yen in 1975. Particularly serious production slumps
occurred in the electrical machinery, iron and steel, metal products, and trans-
portation equipment industries. ,

However, being supported by self-help corporate efforts and industrial adjust-
ment through the market mechanism, in 1976 and 1977 business conditions
recovered chiefly owing to private demand, and industrial activity regained its
vitality, and in 1978 the level of total production reached 179,600 billion yen,
for a high average annual growth rate of 13.68 per cent from 1965.
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Let us now take a brief look at the change in the Japanese industrial structure
over those years.

First of all, one is struck by the sharp decline during that period in the share
of total production represented by light industry, and particularly textile manu-
facturlng 1ndust1y, which was suffered’ from growing power of international
competition in: newly 1ndustr1ahzed countries and from a decline in exports due
to ‘the high exchange rate of ‘the yen to the .dollar. In 1978, textile products
represented only 6.16 per cent. of the total production of Japanese manufacturing
industries, whereas they accounted for a full 12.23 per cent in 1960. Likewise,
food products experienced a decline from 18.85 per cent to 13.25 per cent over
the same period.

On the other hand, Japan’s heavy and chemical industrialization, with emphasis
on the chemical industry, was largely completed during this period, and par-
. ticularly between 1965 and 1970, the government promoting this heavy and
chemical industrialization through corcrete policies for (1) concentration of
capital, funds, raw materials, etc. in strategic industries; (2) protection and
fostering of such industries with import restrictions, protective tariffs, low-
interest‘ﬁnancing, and tax breaks; and (3) concentration of public investment
in the fields of industrial infrastructure. In addition, there were such advantages
in terms of international competitiveness as a very low exchange rate of 360
yen to the dollar, available of large quantities of petroleum at low prices, and
the nonexistence of strong competitors among other Asian “countries. Under
these background, the Japanese government formulated a Medium-term Economic
Plan (Chiiki keizai keikaku) in January 1965 and a Socioeconomic Development
Plan (Keizai shakai hatten keikaku) in March 1967, both under cabinets headed
by Prime Minister Satd, which set the. target rate of growth of GNP as 8.1 per
cent and 8.3_per cent, respectively. The actual growth rates, however, were a
much higher 10.8 per cent and 10.9 per cent, being supported by private invest-
ment in plant and equipment and government investment. Looking at individual
industries;-we see that there were marked increases in the percentages share
of total production of iron and steel, metal products, machinery, and other heavy
mdustrles between 1965 and 1970: iron and steel from 12.34 per cent to 14.48
per cent, metal products from 6.29 per cent to 7.23 per cent, and machinery
from 25.93 pér cent to 31.66 per cent, with particularly great increases in the
cases of general machinery and electrical machinery, from 8.13 per cent to 10.68
per cent and 7.01 per cent to 9.79 per cent, respectively.

As we have already seen in Table I, the sudden oil crisis of 1973—74 brought
about a sharp decline in corporate enthusiasm for investment in plant and equip-
ment. Under such business conditions, such industries as iron and steel, electrical
machinery, and general machinery could do nothing to prevent their shares of
total Japanese industrial production from declining again, to 13.83 per cent in
1975 in the case of the iron and steel industry, versus 14.48 per cent in 1970,
7.64 per cent versus 9.79 per cent in the case of the electrical machinery industry,
and 9.79 per cent versus 10.88 per cent in the case of the general machinery
industry.
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TABLE III

PERCENTAGE OF ALL JAPANESE INDUSTRY CONSTITUTED
BY HEAVY AND CHEMICAL INDUSTRY

. -Sector S
- Light Industry . .~ Heavy Industry

1960 _ 40.68 59.32

T 1965 38.29 61.71
1970° 30.31 69.69
1974 29.13 70.87
1975 30.56 69.46
1978.." 28.88 : 71.12

Source: Calculated from Table IL

Of these three industries, the electrical machinery and general machinery
industries recovered its activities around 1976 mainly depending upon private
investment in plant and equipment at home and upon exports, and their produc-
tion shares returned to 8.80 per cent and 10.01 per cent, respectively, by 1978.

Prior to about 1973, the exchange rate of yen to-the dollar had been highly
valued for quite some time, but for a time after the oil crisis it did not do so
well. In 1976, however the exchange rate rose again owing to steadily increasing
exports, reaching a peak in 1978. In addition, around 1978 the problem of the
so-called structural recession industries such as electric open-hearth furnace steel
manufacture, aluminum refining, synthetic fiber, shipbuilding, and spinning were
coming to a head under, c1rcumstances of, among other things, higher and higher
oil prices and the mountmg challenge posed by the newly industrialized countries.
Around the middle of 1978, however, the government began to provide policy
guidance in the direction®of adjustment of the industrial ‘structure on the basis
of newly enacted laws such as the Temporary Measures Law for Stabilization
of Particular . Recession Industries (tokutei fukyo sangyo antei rinji sochi ho)
and the Temporary Measures Law for Relief of Smaller Businesses in Particular
Recession Areas (tokutei fukyd chiiki chusho—kzgyo taisaku rinji sochz “ho) in
order to cope with such structural recession.

Although the shipbuilding industry had to be reorganized because of the
seriousness of its structural recession, the transportation equipment industry as
a whole has increased its share of total production under such conditions, largely
owing to the good showing of the motor vehicle industry, from 9.78 per cent
in 1970 to 11.40 per cent in 1974 and 11.99 per cent in 1978, with only a dip
in 1975 to 10.81 per cent as a consequence of the shipbuilding recession.

Thus, in spite of a setback in 1975 right after the first oil crisis, Japanese
heavy and chemical industrialization continued to make steady headway in the
1970s, as shown in Table III.

Using the figures in Table II, let us define the rate of contribution to mdustnal
growth of each industry as being its increase in production, 4X;, divided by the
total increase in production for all industries, 2. 4X;. This is, in other words, the
degree to which the growth of a particular industry contributes to the growth
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Fig. 2. Rate of Contribution to Industrial Growth and Deviation of Growth
Rate by Industries
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of all industry. Furthermore, let us define the difference between the rate of
growth of a particular industry, 4X:/X;, and the rate of growth of all industry,
24X:/ 2 X, as the deviation of growth rate of that industry. Figure 2, in which
the deviations of growth rate of particular industries are plotted with respect
to the vertical axis and their rates of contribution to growth with respect to the
horizontal axis, compares how each industry stood in terms of these values during
the five-year period, 1965-70, during which Japanese heavy and chemical
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industrialization was completed, as indicated in Table II, to how it stood in the
three-year period 1975-78, during which the industrial adjustment after the first
oil crisis was completed. .

From Figure 2 it is possible to make a list of the leading industries, i.e., those
that are both large in scale and high in growth rates. These are the industries
belonging to Group 1, i.e., all of the machinery industries, as one can see in
the figure. From the fact that the transportation equipment industry in particular
has a shift in coordinate position between the two periods in the direction of
the upper right-hand corner, it is clear that it played a leading role in the superb
recovery of the Japanese economy from the first oil crisis. Furthermore, of the
industries belonging to Group 1 during the period 1965-70, the iron and steel
industry fell to Group 2 in the period 1975-78, the group of large-scale industries
that are stagnating, which shows that the iron and steel industry is in a structural
recession.

Although the chemical industry belonged to Group 2 in the period 1965-70,
it jumped up to Group 1 in the period 1975-78 to become one of the leading
industries in the Japanese economy.

Group 3 and Group 4 can be characterized as growing small-scale industries
and stagnating small-scale industries, respectively. Although the coal products
industry belonged to Group 3 in 1965-70, it was relegated to Group 4 in 1975
78, and the precision machinery industry made the reverse advancement be-
tween the two periods.

As we have seen, the first oil crisis was the occasion for a fairly drastic
industrial adjustment within the Japanese economy, which had already just about
completed its heavy and chemical industrialization, and depending upon that
industrial adjustment the Japanese economy was able to make -an admirable
comeback.

II. THE CHANGE IN THE INDUSTRIAL STRUCTURE AND
THE STRUCTURE OF FINAL DEMAND

In the preceding section, we gave a brief summary of the Japanese industrial
structure by taking a look at the statistical breakdown of production by industry.
In this section, we are going to analyze the factors comprising that industrial
structure with the help of Leontief’s input-output model [2].

In a national economy, relations of mutual interdependence are established
among different industries with different " technological structures through the
input of raw materials. In the motor vehicle industry, for example, production
would be impossible without the supply of chassis, glass, rubber, and so on, and
iron and steel is necessary for the production of chassis while limestone, soda
ash, and bleaching powder are necessary in the production of glass, and caustic
soda, magnesium carbonate, and benzol are necessary in the production of
rubber. The motor vehicle industry therefore has indirect relations of inter-
dependence with the production of benzol, for example. »

Leontief model, of course, is a system for determining the total amounts
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of different products needed directly and indirectly by different industries in
accordance with their technological structures in order to meet the final demand
such as consumption, investment, and exports.

By multiplying the inverse matrix coefficients in the Leontief model by column
vectors of the final demand (consumption, investment, exports, etc.), one obtains
the amount of production induced in each industry by each item of final demand.
This amount for each item of final demand divided by the total amount of
production of a particular industry gives us a coefficient indicating the degree
to which the production of that industry is dependent on each item of final
demand. The mathematical definition of such coefficients is as follows [1, pp. 88—
891: ' ; :

(a) The degree of dependency of the production of sector i on consumption

- E bi,Cy/ X 5
(b) The degree of dependency of the production of sector i on investment
| :j=2"1 bl /X s
(© The degree of dependency of the production of sector i on exports
=j=2nl byE;/ X ;

where by is the row i, column j element of the Leontief inverse matrix, and C;j,
I;, and E; are the amounts of product j going to consumption, investment, and
exports, respectively.

Table IV gives the coefficients of the degree of dependency of the production
of major industrial sectors on household consumption, gross domestic fixed capital
formation, and exports for 1970, 1974, 1975, and 1978 for comparison before
and after the oil crisis as calculated on the basis of input-output tables published
by the government (1970 and 1975) and the Ministry of International Trade and
Industry (1974 and 1978).

As can be seen in Table IVA, only the production of consumer-goods sectors
such as food products, textile products, and printing and publishing is highly
dependent on household consumption among major manufacturing industries.
Looking at the change in these coefficients over time, the degree of dependency
of the production of food product sectors on household consumption has been
rising, as has that of such sectors as spinning and clothing, except for a decline
in 1975. Leather products and petroleum products have also shown a steady
rise in such degree of dependency between 1970 and 1978 in spite of the oil
crisis, with rather high coefficients of 0.728 and 0.516, respectively, in 1978.

Such degree of dependency of iron and steel, general machinery, electrical
machinery, transportation equipment, and other heavy industry sectors has also
been rising, that of the transportation equipment industry in particular, with the
motor vehicle industry figuring most prominently, rising from 0.168 in 1970 to.
0.239 in 1974 and 0.258 in 1978 after a slight decline in 1975 to 0.236 as a
result of the oil crisis.
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TABLE 1V

A. DEGREE OF DEPENDENCY OF THE PRODUCTION OF DIFFERENT
SECTORS oN HOUSEHOLD CONSUMPTION

493

Year :
\ 1970 1974 1975 1978
Sector -
Butcheries, meat, and-dairy products 0.912 0.903 0.936 0.928
Fishery products 0.822 0.834 0.880 0.880
Refined grains and meals 0.946 0.915 0.962 0.937
Personal effects 0.734 0.832 0.871 0.881
Natural fiber spinning 0.592 0.636 0.637 0.623
Chemical fiber spinning 0.562 0.584 0.558 0.595
Woven goods and other textile products 0.636 0.679 0.645 0.670
Pulp and paper 0.442 0.400 0.525 0.519
Printing and publishing 0.578 0.543 0.599 0.604
Leather and leather products 0.651 0.682 0.724 0.728
Petroleum products 0.449 0.431 0.478 0.516
Coal products 0.113 0.057 0.095 0.119
Ceramic, earthenware, and
stone products 0.154 0.148 0.149 0.147
Pig iron and crude steel 0.111 0.091 0.102 0.129
Primary steel products 0.116 0.104 0.104 0.125
Primary nonferrous products 0.183 0.165 0.177 0.178
Metal products 0.210 0.193 0.219 0.217
General machinery 0.074 0.096 0.085 - 0.089
Electrical machinery 0.170 0.155 0.204 0.171
Transportation equipment 0.168 0.239 0.236 0.258
Precision machinery 0.344 0.342 0.334 0.304
B. DEGREE OF DEPENDENCY OF THE PRODUCTION OF DIFFERENT SECTORS
. ON GRosS DOMESTIC FIXED CAPITAL FORMATION
Year
\ 1970 1974 1975 1978
Sector i
Butcheries, meat, and dairy products 0.012 0.013 0.013 0.014
Fishery products 0.008 0.010 0.009 0.010
Refined grains and meals - 0.010 0.015 0.009 0.011
Natural fiber spinning 0.087 0.086 0.098 0.101
Chemical fiber spinning 0.086 0.082 0.089 0.099
Woven goods and other textile products 0.087 0.086 0.100 0.109
Petroleum products 0.295 0.266 0.223 0.247
Coal products 0.533 0.384 0.460 0.551
Ceramic, earthenware, and
stone products : 0.681 0.665 - 0.694 0.716
Pig iron and crude stee] 0.499 0.334 0.390 0.492
Primary steel products 0.520 0.377 0.418 0.492
Primary nonferrous metal products 0.444 0.320 0.455 0.471
Metal products 0.560 0.540 0.594 :0.694
General machinery 0.709 0.612 0.628 0.604
Electrical machinery 0.528 0.517 0.515 0.496
Transportation equipment . 0.528 0.371 0.321 0.324
Precision machinery 0.253 0.193 0.266 0.264
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TABLE IV (Continued)
C. DEGREE 0F DEPENDENCY OF THE PRODUCTION OF DIFFERENT
SECTORS ON EXPORTS

Year
\ 1970 1974 1975 1978
Sector

Butcheries, meat, and dairy products 0.014 0.012 0.014 0.016
Fishery products 0.106 0.081 0.074 0.063
Refined grains and meals 0.016 0.009 0.007 0.006
Natural fiber spinning 0.234 0.213 0.199 0.167
Chemical fiber spinning 0.269 0.250 0.280 0.222
Woven goods and other textile products 0.196 0.181 0.185 0.151
Petroleum products 0.135 0.164 0.217 0.167
Coal products 0.258 0.404 0.434 0.338
Ceramic, earthenware, and

stone products 0.091 0.092 0.115 0.101
Pig iron and crude steel 0.303 0.450 0.469 0.393
Primary steel products 0.291 0.435 0.455 0.372
Primary nonferrous metal products 0.255 0.347 0.321 0.336
Metal products 0.107 0.122 0.146 0.141
General machinery 0.147 0.213 0.265 0.282
Electrical machinery 0.189 0.241 0.279 0.302
Transportation equipment 0.238 0.322 0.418 0.384
Precision machinery 0.289 0.352 0.390 0.401

Thus, the Japanese economy has been able to overcome the oil crisis largely
owing to industrial adjustment in the direction of raising the dependence of the
production of not just consumer-goods industries but also heavy industry sectors
on household ‘consumption. In other words, the various industries concerned
have been able to undergo industrial adjustment successfully in the direction of
conforming to changing household needs in the course of rise of the level of
income. v ' _

As can be seen in Table IVB, it is mainly the production of heavy industry
products that has been highly dependent on gross domestic fixed capital formation
among manufacturing industries. Nevertheless, that of transportation equipment,
electrical machinery, and others has been declining since 1970. Such degree of
dependency of ceramic, earthenware, and stone products; primary iron and steel
products; precision machinery; and others, on the other hand, has been steadily
rising after a decline in 1974.

The fact that the degree of dependency of the production of such leading
industries in the Japanese economy as the transportation equipment industry,
the electrical machinery industry, the general machinery industry, and other
heavy industries on gross domestic fixed capital formation has been declining
means that the dependency of the production of such industries on other categories
of final demand has been rising.! This in turn is an indication that after the oil

1 For the period prior to the oil crisis, see Yukio Kaneko, “Sengo Nihon keizai no k6zd ni
kansuru sangy® renkan bunseki” [Input-output analysis on the structural change of Japa-
nese economy in the postwar period], Waseda seiji-keizaigaku zasshi [The Waseda journal
of political science and economics], No. 259-60 . (November 1979).
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crisis the Japanese economy recovered, depending upon a background of change
in its particular demand structure, by adjusting its industrial structure to such
change in its demand structure. There were a rapid departure from an industrial
structure in which the industrial activities of heavy and chemical industry de-
pended mainly upon gross domestic fixed capital formation and a corresponding
shift of dependency upon other demand, and as a result of such industrial adjust-
ment the Japanese economy was able to stage a recovery in business conditions
after the oil crisis. As we will mention below, this “other demand” has been
exports.

As can be seen in Table IVC, there has been a sharp rise, particularly since
1974, in the dependency of the production of heavy and chemical industries
other than iron and steel on exports. In the case of transportation equipment,
there was a decline in this respect in 1978, but this was due to the special
circumstance of exacerbation of U.S.-Tapan trade conflicts at that time, with a
resultant shift in the demand structure of the motor vehicle industry and a cor-
responding rise in the dependency of transportation equipment industry produc-
tion on gross domestic fixed capital formation. ’

As for the iron and steel industry, the dependency of its production on exports
rose from 1970 to 1974 to 1975, but it declined in 1978 as a result of the
abnormally high exchange rate of the yen to the dollar and U.S.-Japan trade
conflicts. As it so happened, in September of that year a supplementary budget
amounting to 2,500 billion yen for public investment for the purpose of relieving
recession industries was approved, and this resulted in a shift in the demand
structure of iron and steel in the direction of domestic capital formation, raising
the dependency of its production on that category of final demand and lowering
it with respect to exports.

In the 1970s, the system of flexible exchange rates was adopted, and under
this system the exports of products of heavy industries, which rose the dependency
of their production on exports, widened the surplus in Japan’s balance of pay-
ments and brought about an unusually high exchange rate of the yen to the
dollar. As a result of this, there was a corresponding decline after 1974 in the
dependency of the production of such industries as fishery products; spinning;
woven goods; petroleum products; coal products; ceramic, earthenware, and stone
products; and metal products on exports. Of these industries, spinning, woven
goods, petroleum products, and coal products were able to maintain their produc-
tion levels by raising their dependency on household consumption, and ceramic
ecarthenware, and stone products and metal products were able to do the same
by raising their dependency on gross domestic fixed capital formation.

Thus, as we have seen in spite of soaring crude oil prices, as a result of the
oil crisis and the high exchange rate of the yen to the dollar the Japanese economy
has successfully adapted to such change on the basis of industrial adjustment
for an appropriate combination of shifts between the three types of demand
structure: that of primary dependency on exports, as in the case of such industries
as transportation equipment and electrical machinery; that of primary dependency
on gross domestic fixed capital formation, as in the case of iron and steel and
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ceramic, earthenware, and stone products; and that of primary dependency on
household consumption, as in the case of food products, woven goods, petroleum
products, and coal products. This high capacity for adjustment of its industrial
structure can be considered to be the main factor underlying the stable growth
of the Japanese economy.

III.  ANALYSIS OF THE FACTORS UNDERLYING CHANGE
IN THE INDUSTRIAL STRUCTURE

According to the Leontief model, the change in the amount of production of any
industry consists of two factors, i.e., variation in input-coefficients and the shift
in final demand. The latter can in turn be classified into the shift due to change
in the total amount of demand, to change in the relative percentages of the
different categories of final demand (consumption, investment, exports, etc.), and
to change in the percentage breakdown of each of the categories of final demand
by product item. Let X; be the amount of production of sector i, b; be the row
i, column j element of the Leontief inverse matrix, and Cj, I;, and E; be the
amounts of consumption, investment, and export, of product item j, respectively.
The following relationship holds,

4%=3" byAC;+ A+ AE )+ 33 dbi(C0+ 1,0+ E/P)
j= =

—!—an Abij(ch+AIj+AEj) > ( 1 )
Jj=

where the symbol 4 means the increment, and the superscript O indicates that
the quantity concerned is for a base year prior to the change in question. Denoting
the relative percentages of total consumption, total investment, and total exports
in the total amount of final demand as «, g, and 7, respectively, and the per-
centage breakdown by product item of consumption, investment, and exports
as fi, g, and i, respectively, we get the following relationship:

AC= 10+ 41)(a?+ o) 0+ 31 4P, )~ e (3 o)

J=1

=10a0( 347, )+ dtt(31F0) + 104 S F )
o Afm( Jg_l F,O) + fmm( é}dF,) + Afia°< E‘l AF,)

+ AfMa(éldFj) : (2)

Here F; stands for the total final demand (=C;+I;+E;) for product j. Simi-
larly, we obtain the following equations for 4I; and 4E; by substituting g and
h; for f;, and g and y for a:

AIi—_—giOIB()(éAFj)+Agiﬂo<éle(;>+gi0Aﬂ(éFjo>+AgiAﬂ<éFjo>

+804p( 547, )+ du o (314 ,) + de g 5, 47, (3
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AEizhiorO(ﬁ AF,-)+ AhM(ﬁ Fj°> +hi°Ar(ﬁFj°>
‘ =1 Jj=1 i=1
+ ity (SF7)+ho sy (3347,)+ dhyo (3347,
J= J=

+ Ay 4T<EAFJ) | (4

Next, substituting expressions (2), (3), and (4) in equation (1), we obtain the
following equation:

4%,=3bpfao(( 3 4F, )+ 2 Abi,fi°a°<i‘Fj°)
= j=i =
+3 by (35 4F, )+ 31 butfo da( F)
+ 3100008 547,)+ 3 abus oo 1)
)+

+ 2 biJOAgiﬂ()(Z F;® Z bwogIOA,B<2F
J=1 J=1

3By y O(ﬁ AF,) 30 AbihOy 0( S F,0>
= =t j=1 i=1

+3 bijOAhiyo(éF;O) + 33 bushodr (3 Fj°)+ . (5)
= =1 = =

Here ; represents the cross term of the elements of the increment as indicated
in the following equation:

=3 bit{ it 33F0) + 04 33,47, ) + (5 aF)
+ dnde( 33 4F;) + 2845 ( 3, Fp)+804p( 547,
+ g (3348,) + de:dp(3) 47 )+ dhudy )
+himr(jz:;1 AF,.) + Ahp (}ém) + dhdy (fizzpj)}

+3 Abiy(4C, -+ A+ AEy) (6)
J=

As is evident if one reads expression (5), the change in the amount of produc-
tion in each industry can be resolved into the following thirteen items:
(1) Change in the amount of production inducement by consumption, due

n
to change in the total amount of final demand, 3} 4F; ;
J=1
(2) Change in the amount of production inducement by consumptlon, due
to change in the input coefficient, 4by;
(3) Change in the amount of production inducement by consumption, due
to change in the percentage breakdown of consumption by item, 4fi;
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TABLE
A. FACTOR BREAKDOWN OF CHANGE IN
\\~ N 2 "_mcuon'“ll;(;‘é‘z(l;;g Household Consumption
.
~. n n
F\ait\or oéhange jz=:1 AF; Aby; Afs da Total EIAFj

Sector TT~—0 D (2) 3) 4 (5
Fishery products 68.5 12.4 43.3 —2.1 122.1 0.9
Woven goods and

other textile products 108.4 0.8 —16.6 —3.3 89.3 17.5
Basic chemical pharmaceutics 61.7 17.9 —13.3 -~1.9 64.4 22.4
Petroleum products 73.2 —54 4.2 —2.2 69.8 34.9
Coal products 16.4 -84 —-4.7 -0.5 2.8 49.1
Ceramic, earthenware, and

stone products 14.8 8.3 —4.8 —0.5 17.8 61.8
Pig iron and crude steel 314 —-3.3 -9.1 —1.0 18.0 103.4
Primary steel products 12.6 6.1 —1.4 -0.4 16.9 45.6
Primary nonferrous metal products 17.1 12.4 —3.3 —0.5 25.7 44.4
Metal products 19.7 1.2 =33 —0.6 17.0 48.9
General machinery 11.6 0.8 —0.7 —0.4 113 70.8
Electrical machinery 14.6 0.9 —59 —0.5 9.1 34.9
Transportation equipment 18.3 4.2 1.0 —0.6 22.9 24.5
Precision machinery 244 3.0 —6.7 —0.8 19.9 19.5

B. FACTOR BREAKDOWN OF CHANGE IN

Production-inducing

Factor Household Consumption

Factor of R4F; by df e Tol 3 4F,
J= =

Sector (D (2) 3) “ (3)
Fishery products . 91.1 1.5 24.6 22 1194 1.1
Woven goods and

other textile products : 125.6 24 —289 3.0 102.1 20.3
Basic chemical pharmaceutics 874 —12 —13.8 2.1 74.5 31.7
Petroleum products 202.00 —95.5 6.9 4.9 118.3 96.2
Coal products 475 —23.6 —8.3 1.1 16.7 142.7
Ceramic, earthenware, and ,

stone products 12.9 3.4 2.4 0.3 19.0 539
Pig iron and crude steel 49.8 —27 —6.1 1.2 422 164.2
Primary steel products 14.5 4,7 —0.1 0.4 19.5 52.5
Primary nonferrous metal products 24.1 7.1 —1.8 0.6 30.0 62.4
Metal products 247 —28 —0.8 0.6 21.7 61.3
General machinery 11.3 -0.9 0.3 0.3 10.4 69.2
Electrical machinery 15,6 —04 —3.9 0.4 11.7 37.2
Transportation equipment 20.4 6.2 2.5 0.5 29.6 27.4
Precision machinery 234 2.1 0.9 0.6 27.0 18.7

 (4) Change in the amount of production inducement by consumption, due
to change in the percentage of consumption to final demand, de;
(5) Change in the amount of production inducement by investment, due to

change in the total amount of final demand, é AF;;
J=1
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\'
THE AMOUNT oF PRODUCTION, 1975-77 (Rate of contribution, %)
Gross Domestic Fixed Capital .
Formation Exports Cross Term
n and Other
4bi; dgi 4B Total X 4F; 4dby 4l Ay Total Final
=1 Demand
6 O] ® : 9 (109 (i1 (12) .
1.4 -0.1 -0.1 2.1 5.2 0.6 -0.6 1.0 6.2 —30.3
—3.1 —0.2 —2.9 11.3 29.1 -09 —12.0 5.6 21.8 —22.5
9.4 -30 | =37 25.1 40.2 6.1 —274 7.8 26.7 —16.4
4.4 —0.9 —5.7 327 . 307 0.1 —18.9 6.0 17.9 —20.2.
256 —10.2 —8.0 56.5 41.7 111 —27.5 8.1 334 7.3
6.5 3.8 —10.1 62.1 104 0.1 1.6 20 14.1 6.1
104 —314  —169 65.5 1095 —143 —722 21.2 442 -27.9
26.1 —52 —7.4 59.1 47.6 7.6 —29.2 9.2 35.2 —11.2
326 —234 —7.2 46.4 25.9 16.3 14.3 5.0 61.5 —33.5
24.0 —5.7 —8.0 59.2 123 —03 3.2 2.4 17.6 6.2
49 —19.6 —11.6 44.5 29.0 0.5 7.4 5.6 42.5 1.7
3.5 0.1 —5.7 32.8 18.1 1.4 18.9 35 423 16.0
37 -—113 —4.0 12.9 28.1 3.0 18.6 5.5 552 8.9
1.7 7.3 —3.2 253 24.1 1.9 22.3 4.7 53.0 1.8
THE AMOUNT oF PRODUCTION, 1975-78 (Rate of contribution, %)
Gross Domestic Fixed Capital -
Formation Exports Cross Term
- and Other
4bi; Agi 4ap Total >, 4F; Abg; dhi Ay Total Final
=1 Demand
6 ) ®) ® (10 an (12) ‘
0.5 -0.1 —0.0 1.5 6.9 0.0 -—1.0 —1.9 4.0 —24.9
—1.4 —0.7 —0.4 17.8 33.7 —-0.9 —18.7 -93 4.8 —24.6
09. —18 —0.6 30.2 56.9 -2.1 —32.0 -—157 7.1 —11.7
—36.8 0.0 —1.7 577 84.8 —354 —46,5 —234 —205 —55.3
147 —14.38 —-2.5 140.1 1212 —12.6 —62.4 —33.5 12.7 —69.7
15.7 2.2 —1.0 70.8 9.0 0.2 1.0 —25 7.9 7.1
192 —252 —29 1553 173.9 —2.9 —928 —48.0 3020 —127.7
19.0 —-2.1 —0.9 68.5 54.9 69 —27.1 -—152. 19.5 —-7.5
19.7 —133 —1.1 67.7 36.4 10.1 17.8 —-10.0 54.3 —52.0
—-1.2 —0.2 —11 58.8 154 —-1.8 3.7 —4.3 13.0 6.4
—0.1 —13.6 —-1.2 54.3 18.3 —12 146 —7.8 23.9 1.4
—0.8 8.0 —0.7 437 19.3 -0.2 19.1 —53 32.9 11.7
52 —5.6 —0.5 - 265 314 4.1 118 —87 38.6 5.3
—0.1 7.9 =03 26.2 23.1 0.7 22.5 —~6.4 399 6.9
(6) Change in the amount of production inducement by investment, due to
change in the input coefficient, 4by; '
(7) Change in the amount of production inducement by investment, due to
change in the percentage breakdown of investment by item, 4gi;
(8) Change in the amount of production inducement by investment, due to
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change in the percentage of investment to final demand, 48; v
(9) Change in the amount of product1on inducement by exp01ts, due to change

_in the total amount of ﬁnal demand 2 dF;;
J=1

1o .P'Change in the amount of production inducement by exports, due to change

in the input coefficient, 4bi; . .

(11) Change in the amount of production inducement by exports, due to change
in the percentage breakdown of exports by item, 4hi;

(12) Change in the amount of production inducement by exports, due to change
in the percentage of exports to final demand, 47; and

(13) The cross term of these incremental change.

In this section, we analyze empirically the change in production in each produc-
tion sector by the factors involved, by using above formulation and the input-
output tables of Japan for 1975, 1977, and 19782 This kind of factor analysis
makes it possible to determine from a standpoint of functional analysis the extent
to which each factor has contributed to the steady adjustment of the Japanese
industrial structure that has been taking place since the first oil crisis.

In Table V, the factors of change in the amount of production of different
major manufacturing sectors (this change being equivalent to adjustment of the
industrial structure) are shown by using equation (5).

As one can see in these tables, a considerable portion of the change in the
amount of production of food, textile products, and other light industries both
between 1975 and 1977 and'bvetweﬂen 1975 and 1978 was due to the household
consumption category of final demand, the major factor being change in the
breakdown by item of household consumption in the case of food products and
change in the scale of final demand in the case of textile products. Moreover,
this tendency was more pronounced between 1975 and 1978 than between 1975
and 1977. As for change in the amount of production of ceramic, earthenware,
and stone products; pig iron and crude steel; primary steel products; and general
machinery, during both periods it was due largely to change in gross domestic
fixed capital formation and particularly the change in gross domestic fixed capital
formation due to change in the total amount of final demand. Furthermore, the
industries in which there was considerable change in the amount of production
due to-exports were in both periods electrical machinery, transportation equip-
ment, and general machinery, with the change in the item breakdown of exports
being most responsible.

In both periods, the change in the amount of production of petrolenm products
mostly depends upon the consumption which is due to change in the total
amount of final demand. As a result of energy-saving strategies, the change in
the amount of production of petroleum products induced by change in the input

2 In the following analysis, “consumption” and “investment” mean household consumption
and gross domestic fixed capital formation, respectively. We include, therefore, the effects
on change in the amount of production exerted by business consumpt1on and by et
increase in inventories in the cross term ez
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coefficient is negative, but the positive change in the amount of production
induced by change in the total amount of final demand is large enough for the
overall change in the amount of production to be positive.

In the period 1975-77, the change in the amount of production induced by
exports, which is due to change in the percentage of exports to final demand,
is positive for all sectors. In the period 1975-78, however, it was negative for
all sectors. This is a reflection of the fact that whereas one of the major factors
in 1977 in recovery of business conditions after the oil crisis was a rise in the
percentage of exports to final demand, that percentage declined again in 1978
owing to U.S.-Japan trade conflicts caused by too much amounts of Japanese
exports. The industries for which this trend was particularly pronounced were
pig iron and crude steel, primary steel products, and transportation equipment.

In the case of petroleum products, the change in the amount of production
induced by all three categories of final demand, i.e., household consumption,
gross domestic fixed capital formation, and exports, due to change in input
coefficients scored a large negative change in the period 1975-78. This was not
true, however, of any of the other sectors, the explanation being that the input
coefficient change due to efforts to save energy was limited almost entirely to
the petroleum products industry, the other industries being able to establish
systems of stable supply of raw materials on that basis.

A detailed study of the empirical figures obtained from equation (5) above
will put in relief the industrial adjustment that has been taking place since the
oil crisis as well as the background thereof. As a general summation, it can be
said, on the one hand, that around 1977 the Japanese economy staged a recovery
in business conditions, being primarily supported by gross domestic fixed capital
formation and exports. In this process, such industries as the machinery, metal
products, iron and steel took an important role. At the same time, Japanese
economy made progress in terms of energy conservation as required by the high
price of petroleum. On the other hand, in 1977 and 1978, adjustment of the
Japanese industrial structure took place as an aftermath of the first oil crisis,
with transportation equipment and electrical machinery which had strong inter-
national competitiveness coming to account for a higher percentage of Japanese
exports.

REFERENCES

1. KaNERoO, Y., and YosHIDA, M. Nikon no sangyd renkan [Japanese inter-industry relations]
(Tokyo: Shunjiisha, 1969).

2. LEeoONTIEF, W. W. The Structure of the American Economy, 1919-1939 (London: Oxford
University Press, 1951).





