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Abstract

Induced technical progress, distinguishing neutral and biased factors, is estimated on a sectoral
basis and then incorporated as endogenous variables into a large scale multi-sectoral econometric
model of Japanese economy with the Leontief type input-output framework. The sectoral
technical progress is explained by neutral non-price factor, neutral price factor (or barometer of
market competition), and biased factors induced by relative factor prices. Two growth alternatives
are explored with the model with a special emphasis on (a) import promotion and (b) increased
leisure in the context of induced technical progress, output, and employment on a 64-sectoral basis.
The importance for growth of the increased competition by imports is emphasized as its policy
implication.

1. Introduction

Recent empirical studies on technical progress on a sectoral basis have indicated substantial
differences in terms of levels and speeds among different sectors in almost all industrialized or semi-
industrialized nations. A relatively slower pace in the primary sector and a faster growth in the
secondary, especially in high technology sectors, are commonly observed, though there are marked
differences among countries according to the stage of development, factor endowment, market
performance, educational and cultural background, government policies on technology, etc.

However, impacts of such sectoral technical progress on different sectors in terms of relative
prices, output, employment, investment, and foreign trade have not been specifically formulated
and anlyzed in an integrated system where interdependence among different sectors is explicitly and
consistently taken into account.

Furthermore, a feedback mechanism from these economic changes to sectoral technical progress
has not been analyzed on a quantitative basis, so that the degree of inducement in sectoral technical
progress cannot be specified in an integrated system.

This paper aims to explicitly incorporate sectoral changes in technical progress in terms of total
factor productivity (TFP) in the framework of the Leontief model with 64 sectors. The paper then
attempts to endogenize these technical changes in order to analyze the interdependence between
technical progress and conventional economic variables, especially factor prices.

In the latter part of the paper our multi-sectoral model is simulated for two alternative scenarios
[(a) import promotion and (b) increased leisure] to evaluate the Japanese growth alternatives for
medium term, during 1990 and 1995. Special emphasis is placed upon policy impacts on sectoral
technical progress and structural changes in output, employment, and foreign trade. The importance
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of the impacts of foreign competition upon the promotion of domestic technical progress (or
negative impact of protectionism), is emphasized in the context of this scenario. The second
alternative scenario, with special reference to leisure, is discussed. This is compared with the first
scenario in terms of technical progress and policy implications, etc.

2. Model?

The model presented in this paper is a large scale multi-sectoral econometric model based on a
Leontief framework which has been developed by the International University of Japan (previously
by the University of Tsukuba) since 1985. The model is an annual dynamic econometric model with
64 sectors and about 3500 equations, consisting of seven sub-blocks: (1) wages, (2) technical progress
and prices, (3) macro-economic variables, (4) final demand, (5) output and input, (6) value added
and its components, and (7) social and demographic variables.

The main features of the present version, JLM-G1, can be summarized in the following.

First, the annual model consists of sectoral variables, such as output, intermediate input,
employment, capital stock, capacity output, output prices, export and import prices, wages and user
costs of capital, and technical progress. These are integrated within a Leontief type input-output
framework with a 64 x 64 technical coefficient matrix and a 64 x 22 final demand matrix. What
distinguishes the present model from the ordinary multi-sectoral model with a Keynesian type
mechanism is an annual updating system of an input-output (or technical) coefficient matrix based
on an algorithm named V-RAS D1 which is a dynamic version of the static V-RAS used at the
beginning of this research project.? Given technical progress, or total factor productivity (TFP) and
primary factor prices, such as wage rates, user cost of capital and import prices on a sectoral basis,
both saving (s) and substitution (r) parameters as well as output prices can be estimated simul-
taneously through RAS computation procedure. Note in this case that a rectangular technical
coefficient matrix, including several rows for primary inputs, is employed instead of the ordinary
square matrix so as to link the inverse of TFP (1/TFP) to the s parameter for each input column.
Accordingly, the method enables us to evaluate the Leontief type forward effect of the output price
reduction caused by technical progress generated in a specific sector.

Second, by means of this updating system of technical coefficient matrix and forecasts on final
demand variables, the input-output table can be compiled for each year in both real and nominal
terms. This type of information has proved to be highly useful for business, in particular, as
medium-term information for marketing and cost-profit analysis.

Third, the interdependence between sectoral output and prices can be analyzed explicitly with this
general-equilibrium type model, since almost all quantity variables are made price-sensitive with
respect to private consumption, foreign trade, intermediate and primary inputs, and technical
progress which will be discussed later in more detail.

Fourth, the model also covers macroeconomic variables including those on fiscal and monetary
policy instruments, money flows, interest rates, taxes and transfers, income distribution etc.
Accordingly, the Keynesian type analysis can also be made on the dynamic multipliers as well as
sectoral analysis in a consistent framework of the Leontief system.

2QOriginal model based on a 548 x 409 technology 1-O matrix, was a statics type growth model [7], [9]. The model was
then transformed into an annual econometric model with a dynamic adjustment mechanism. For use of this model see
(11 [2].

3In V-RAS DI, annual changes in (r) and (s) parameters were estimated in the formula of dynamic adjustment of lagged
explanatory variables on the basis of their annual time series. The static version was built on five-year intervals, assuming
a static equillibrium. For details, see F.G. Adams and S. Shishido [1] and Shishido et al. [7] and [9].
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Finally, since the previous version of the JLM-F8 model?, a demographic block has been newly
added so that the information on labor supply and population structure can be analyzed by sex and
by each cohort, mostly grouped by five years. The interdependence between economic variables and
these demographic variables can be explicitly analyzed. Technical progress can also be studied in
context to these socio-demographic variables, especially aging, sex, educational background, etc.

3. Impacts of Technical Progress on Sectoral and Macroeconomic Changes

As mentioned in the previous section, technical progress in terms of TFP has an important role in
the model in determining both quantity and price variables at both the sectoral and macroeconomic
level. Figure 1 illustrates the model’s causal flows. Technical progress in a specific sector first reduces
the cost and the price of the output, thus causing the expansion of demand, whether intermediate,
final, or external, and increasing the output, employment and investment of the sector concerned.
This is a bright side to technical progress at the microeconomic level. It also tends to produce an
indirect, secondary impact on industries using such newproducts, e.g. telecommunication based on
glass fiber system. The prices of such “using” sectors tend to fall as an indirect impact of technical
progress. Forward linkage or spill over of technical progress through such price cuts is particularly
noteworthy as observed in Japan’s micro-electronic revolution since the late 1970s.5 Capital, energy
and labor costs of electronic and related sectors have been dramatically reduced.

In contrast to this positive side of technical progress, there is a negative impact on employment,
capital service, and raw materials and fuels. The broken line in the Figure 1 denotes this negative
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4See F.G. Adams and S. Shishido [2].
$See Shishido et al.’[7], [9].
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flow which can also be observed for competitive sectors, e.g. natural fiber substituted by synthetic
fiber, and fossil fuels, such as coal and petroleum, substituted by atomic or solar energy. The net
positive impact of technical progress, after offsetting these negative ones, can be analyzed in the
model along the direction of backward linkage. A complicated interaction between these forward
and backward linkage effects (or price and quantity impacts), as induced by technical progress, can
be properly analyzed in the Leontief type system of the present model.

As for the macroeconomic impact, as shown in the right side of the figure, technical progress of
a specific sector creates the expansion of private consumption due to increased real disposable
income and business investment as a result of increased profit expectation. As widely recognized,
the latter variable is particularly important in analyzing the business cycle from Schumpeterian
dynamics on technical progress. The greater becomes the macroeconomic impact, the stronger
technical progress tends to occur in a cluster in the related industries, as in the case of micro-
electronics.

Regarding foreign trade, technical progress tends to strengthen competitiveness through price
reduction, thus stimulating exports as shown in the figure. This is a typical case of forward linkage.
On the other hand, there is another case in reducing imports as a negative effect of technical progress
(e.g. reduced imports of iron ores substituted by new synthetic material). In both cases, the trade
surplus tends to increase with a negative impact on foreign countries, especially if the macro-
economic impact of technical progress and the induced imports is not strong enough to offset the
rise in trade surplus. In most cases, however, technical progress is likely to occur as a cluster with
a strong induced investment, as pointed out by C. Freeman et al.,% and a fairly positive, expan-
sionary effect is usually observed on the world trade as well.

4. Factors Inducing Technical Progress

We have concentrated so far on the effects of technical progress on sectoral and macroeconomic
variables. The next question is how such technical progress is induced by economic variables.
Although there have been many attempts to formulate endogenized technical progress,® few
contributions have been made using TFP as a quantitative measure of technical progress in the
framework of the multi-sectoral model.

In view of fairly wide fluctuations of relative prices, including factor prices, and significantly
growing differentials of technical progress between different sectors in the Japanese economy since
1970, we attempted to estimate TFP functions directly for all sectors of the economy by using the
following hypothesis.

First, in our theoretical hypothesis, technical progress in terms of TFP is assumed to be accounted
for by three factors: (a) exogenous factor or non-price factor based on remarkable product-
innovation or revolutionary scientific technology and vintage of capital stock which can affect
technical progress irrespective of the price changes, (b) net output price factor, which is negatively
or positively related to technical progress, depending on the degree of market competition, and (c)
biased price factor in favor of saving a specific factor (or input) per unit of output. Besides these
three factors, R&D expenses, which are increasingly important in Japan, are not explicitly
included in our formula, because of the lack in database consistency. But they are implicitly

6See C. Freeman et al. [4].
"See S. Shishido et al., [7] and [9].
8See H.P. Binswanger and V.W. Ruttan [3], D.W.J Jorgenson and B.N. Fraumeni [5], and H. Wago [11].
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involved in our model, as mentioned later. As the database becomes more consistent, it is to be
directly included in our formula in the near future.

As easily noticed, factors (a) and (b) are well known, neutral technical progress in the Hicksian
sense, but factor (b) needs to be further explained. Here, net output price is defined as px/p-, the
ratio of output price (px) to total unit cost (pz). In the case of perfect competition with no profit,
p:Z=pxX holds, where Z is total input, and X output, both in real terms, and TFP=X/Z, or
7. In usual cases with a highly competitive market, the decrease in net output price due to the
decline in output price or increase in factor prices (e.g. wage rate, capital cost, etc.), tends to exert
a strong pressure to technical advancement or cost reduction, thus accelerating technical progress.
In other words, as the market becomes more restrictive due to some entry barriers, there is a
growing tendency where the parameter of this factor (b) nears zero or even turns negative, as
discussed later.

In factor (c), a biasedness in technical progress has been discussed by many economists, as in
robotics for labor saving, softwares for capital and energy saving, etc.

Considering these three factors, our TFP function was estimated using the following formula.

In TFP=c+\In (p./p)+aln (W/p)+B1In (p./pk) 71v+ vt 1)

where p, = user cost of capital, w=wage rate, p,=input price of intermediate input (including
energy), v=vintage factor, f=time.

The sign conditions of this equation are: A <0 for competitive sector, A\ >0 for non-competitive
sector, S0, S0, v1>0 and v,>0. In context to our theoretical hypothesis, v, and y: relate to
factor (a), non-price neutral factor; A relates to factor (b), neutral price factor; and « and 3 imply
factor (c), factor price indicating biasedness. Since a homogeneity constraint of degree zero is
imposed on factor (c), the parameter of p, is implied to be — (a+ ).

In the following, we first take up the meaning of parameters and in the context to biased
technical progress and later discuss \.

With respect to the property of the production function underlying these parameters, we impose
no restrictions in our model such as those in Cobb-Douglas, CES, or Translog, except the
restriction of homogeneity of degree zero for demand elasticity of factor price, as mentioned
above. This implies that we are assuming a fairly flexible and generalized formula of a non-
homothetic type in our production function. The technical progress function in equation (1),
therefore, is derived from the following unit factor demand function based on such general
formula of the production function. Unit factor demand (Fi/X) for a specific factor in the
Leontief mode thus is made dependent on factor prices (p;) and time trend (t) as shown below.
(In our empirical expression, Fi=K,L,R. pj=W, p«, p, as in equation (1).)

In % = f(n py, In ps, ..1n pu, £) )
af/dInp; = ¢ 3)
.IZ 97 0 iJj=1, 2,“"”) (4)

Considering business behavior in the real world, the demand elasticity for many factors e, i.e.
demand elasticity of a factor i with respect to a factor price j, is preferably assumed to be affected
by two aspects: (a) short-term factor adjustment e, and (b) long-term factor adjustment with
biased technical progress e5. (See Appendix for detail.) While the former relates to current
production, the later relates to strategic costs, such as R&D expenditures, investment adjustment
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costs, overhead expenses, etc., which are more or less based on long-term management strategy
at the head office level. In aggregating equation (2) to obtain total unit factor cost or an inverse
of TFP, it is convenient to assume a symmetry condition of the rate of substitution o for 5 and
a non-symmetry one for e5. This implies that for short-term factor adjustment weighted vertical
aggregation of e gives zero value for each factor price, as shown below.

D=0 )
;:-Sj = aj; 6)
€ = wjod @)
2 wie =0 ®)

where w, denotes cost share of factor i.

Accordingly, equation (7) indicates that, as far as €} is concerned, there is no reason to expect
that total unit factor cost, 1/75 (= 2 »? In F?/X) is dependent on relative factor prices,
although in current production each factor input is likely to be adjusted in response to relative factor
price changes in the short-term.

For long term business decisions, as shown below, a weighted vertical aggregation of ¢} provides
no-zero values for technical progress 7L in the absence of a symmetry condition as in the
short-term.

Sleb =0 ®
wiej # 0 (10)
—-In7t = waeﬁ lnpi+zw§’BiLt 1n

Turning back to equation (1), the TFP function, it now becomes clear that the factor price
parameters «, (8, exactly correspond to Z wh eé , implying the long-term responsiveness to relative
factor prices in business decisions for technical progress.

Next, we modify the above model in order to dynamize its adjustment process under a more
realistic assumption. This is an attempt to introduce parameters A, v, and v, into equation (1).

The neutral price factor, \, is of great importance as it can identify the competitive condition of
a specific sector of the economy according to A % 0. As shown in Figure 2, highly competitive sectors
tend to indicate a negative value for A, while oligopolistic or protected sectors show a positive value.

Since 1/TFP, or total unit cost, can be regarded as an average cost (AC) at given factor prices,
a competitive industry tends to reduce AC by adopting new technology or improving the production
process, when the market price of its output falls for some reasop or other, e.g. new entry of foreign
competitors or decline of domestic demand, etc. The equilibrium point then moves from P to Q and
both output and TFP increase correspondingly, as shown in Case A in Figure 2.

Less competitive, oligopolistic or protected sectors tend to adjust their output in the face of the
fall in market price, still keeping their high profit. The equilibrium point moves from P to Q with
higher AC or 1/TFP, as shown in Case B. This behavior of a downward adjustment of output will
be continued until the output price reaches the level of A, the lowest point of the AC curve. Since
R&D expenses also depend on profit in these types of industries, the fall of output price tends to
discourage their effort to improve technology. Schumpeterian hypothesis (Mark II) holds exactly
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A. Competitive Market Case B. Non Competitive Market Case
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Figure 2 Cost-Price Relation

in this case,’ since the price increase with higher profit encourage R&D efforts, enabling a
reduction in AC of 1/TFP. If the expected maximum profit is sufficient, the sector attempts not
only to expand its output, but also to move the AC and MC curves downward by accelerating its
technical progress.

Second, a modification of the neutral factor in technical progress function is made in the context
of v, and v; of equation (1). vy, represents vintage factor of capital stock which is approximated
by the ratio of business investment to capital stock during the past several years. In a sense this
factor could be regarded as factor augmentation for capital input accompanied by a long time lag.
72, therefore, is a pure non-price parameter of time, representing an innovation of revolutionary
technology, invention of a new product, TQC and management improvement, etc., as noted
earlier.

5. Empirical Results on Induced Technical Progress

For empirical implementation of the theoretical model in the previous section, we made a
regression analysis of sectoral TFP on the basis of annual data developed for our multi-sector
model, JLM Gl, for the sample period of 1970 through 1983.

As summarized in Table 1 the result of the regression analysis relates to 58 sectors, covering
almost all sectors of the economy on a 64 sectoral basis. (See Table 2 for further details.) Regarding
the sign of \, competitive position, more than half of the sectors indicate negative signs, suggesting
that competitive sectors exceed non-competitive sectors in number. The secondary sector, i.e.
manufacturing industry, dominantly shows negative signs implying that about two-thirds of this
sector is highly competitive because of its heavy dependence on the international market.
Particularly noticeable is the concentration of negative signs in high technology sectors and light
manufacturing sectors which are now under keen competition with the Asian NIES. General
machineries, electronics, automobiles, other transport equipment (mostly shipbuilding), textiles,
and apparels are typical examples. Less competitive or oligopolistic sectors show positive signs as
usually expected. They are mostly primary sectors, and hlaf of the tertiary sectors, such as

°See J.A. Schumpeter [6].



8 Journal of Applied Input-Output Analysis, Vol.1, No.1, 1992

Table 1 TFP Functions: Parameters with Positive or Negative Values
in Terms of the Number of Sectors

A a B 1-af R )
(sign) + - 0 + - 0 + - 0 + - 0 + o+
Primary 7 1 1 5 3 1 3 4 2 5 3 1 5 2
Secondary 10 22 2 17 17 0 27 6 1 10 23 1 7 13
Tertiary 7 7 1 3 7 5 12 2 1 4 11 0 7 5
Total 24 30 4 25 27 6 42 12 4 19 37 2 19 20

Note: In TFP=a+\ In % +alhe+8Inp + (T-af) NP + 71V + 72t

construction, public utilities, finance and other services.

Regarding parameters «, 8, and 1-a-3, biased responses factors in technical progréss, the results
show significantly positive signs for 3, relating to material price (including energy price), and strong
negative signs for (1-a-3), the capital cost. Sectors with positive signs for «, the response parameter
of wage rate, account for only about fifty percent. The ’s positive signs, however, are dominant
in the primary sectors and high technology sectors, while an opposite tendency is observed in the
tertiary sectors. Exceptionally, the positive signs of 1-a-3, the capital cost, are indicated for capital-
intensive industries such as mining, beverage and tobacco, oil refineries, iron and steel, electric
power, and railway transportation. This is highly in accordance with the factor intensity based on
their technology.

Non-price neutral factors, v; and v, also turn out to be significant, but their numbers are rather
limited, about one-third of the total, respectively. Vintage effects v, are indicated in rather slow
growing sectors and some of them are not highly significant as shown in Table 2. This probably
represents the fact that fast growing or high technology oriented sectors tend to always maintain
young vintage capital stock employing new technology because of their rapid pace of investment.
It is also because technical progress in these sectors tends to depend more on R&D rather than on
the vintage effect.

With respect to \,, purely neutral factor for technical progress, rapid rates of increase of about
3 to 6% are indicated for high technology sectors, trade, and finance, while a modest growth of
1 to 3% is observed for some of the food processing, textiles, apparels, etc. While +, is limited in
number, it should be emphasized that its impact on the entire economy becomes increasingly
important in view of their growing share in Japan’s economy.

Table 3 focuses on manufacturing sectors, distinguishing three types: (1) high technology
(machineries and chemicals), (2) capital-intensive (iron and steel, non-ferrous metals, coal and
petroleum products, and cement) and (3) others. In summary, the high technology sectors’ TFP is
highly competitive, labor and material saving, and capital using. Capital-intensive sectors show a
rather reversed tendency, although parameter signs are mixed. They are characterized as less
competitive and capital saving. Other sectors indicate a similar pattern to high technology sectors,
but parameter signs are weaker.

Finally, in the context of the conventional Leontief type analysis of direct and indirect dependence
on primary factors, parameter can be further broken down into primary factor parameters of wage
rate, capital cost and import price under the homogeneity constraint as noted before. This means
that on a primary factor price basis TFP =f* (w, px, pm), where p,, is import price of raw materials
and fuels. Although not explicitly estimated, it can be safely stated that, as far as biasedness is
concerned, Japan’s technical progress as a whole is characterized as labor and import saving, and
capital using. This conclusion suggests two important macroeconomic policy implications:
1) Relatively lower capital cost through monetary or tax incentives will accelerate technical
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Table 3 Technical Progress in Manufacturing Sectors
in Terms of Parameters of TFP Functions

\ o B 1-a-B 11 v2
1. High technology - + + - +
2. Capital intensive + + + + (+)
3. Others - * + - (+) (+)

Note: See Note in Table 1 (+) denotes weakly positive.

progress of the economy as a whole; and 2) Material saving tendency in our study seems tp strongly
suggest a remarkable performance in energy saving, especially that of crude oil. The tendency will
have to be further strengthened in view of global considerations on energy and environment.

6. Simulation Analysis on Import Promotion and Increased Leisure

The new version of our multi-sectoral model (JLM G1) incorporating endogenized TFP functions,
as discussed above, has been used for various alternative scenario analyses. In the following we
present two important scenarios to evaluate the impacts of (a) import liberalization and (b)
increased leisure in the context of sectoral technical progress, output, employment and prices as
well as macroeconomic growth alternatives including GNP, the current account balance, the rate
of inflation, etc.

Before discussing alternative forecasts, we shall briefly describe the results of baseline forecast.
In order to evaluate normal growth patterns, the model was simulated for the period 1990 to 1995
on the assumption that exogenous variables tend to grow along each trend in recent years, as
shown in Table 4. World trade was assumed to grow around 4% and exchange rates to gradually
rise from ¥150 in 1990 to ¥133 in 1995 in terms of the yen against the dollar. Regarding macro-
economic policy, fiscal expenditures such as public consumption and investment were assumed to
grow on the normal trend, about 3.1% and 4.7% respectively. In light of the recent Structural
Impediments Initiative Talk between Japan and the United States, the growth for public
investment is fairly modest. The discount rate of the Bank of Japan was assumed to continue at
the recent level. Despite recent new developments, the oil price was assumed to grow modestly.

Table 4 Exogenous Variables (Base Line Forecast)
Rate of change (%)

1990 1991 1992 1993 1994 1995

1. World trade (Mw) 53 4.0 3.9 3.8 37 3.6
2. World import price (Pm*, $) 20 20 2.0 2.0 2.0 2.0
3. Crude oil (Pm10, $) 116 -08 0.5 0.4 0.4 0.3
4. Exchange rate index (REX)* 2.39 2.47 2.52 2.58 2.63 2.69
5. do. (¥/$)* 150.0 145.0 142.0 139.0 136.0 133.0
6. Government investment (/ges) 7.4 4.7 47 47 4.6 4.6
7. Government consumption (Cg) -03 3.1 3.1 3.1 31 3.1
8. Official discount rate (IN)* 5.16 5.25 5.25 5.25 5.25 5.25
9. Corporate tax rate (R1*)* 0.49 0.47 0.45 0.43 0.43 0.43

*denotes level.



Table 5 Macroeconomic Variables (Base Line Forecast)

SELZCIED ECONOMIC INDICATORS == JAPAN MODEL, VEISIIN_S51

1989 1990 2CHG 1991 2CHG 1992 XCHS 1993 ICHG 1994 ICHS 1995 XCHG
SRISS_NALL_£XPN SNEDS___ 395133, 429279, 8.4 464750 8.3 495721.  HeT 523462._ 5.6 557059. 5e%.__597553.___Te3___
REAL GNE SHE 346692. 362950. be4 378806, 4.6 397054. 4.3 415331. beb 4£39265. 5«3 463902. 5.6
SNE_DEELAIIR -] 112,45 114.73 1.9 116.15. lal 119,08 2.0 120.83____ 1.5 122,69 1.5 125.63 204
PERS TINS DEFL PCP 116.46 121.95 4.7 125.67 3.9 128.72 2.4 131.02 1.8 133.51 1.9 137.13 2.7
——NWHILESALE PRICE P _§1.320 __91.464 bal 93.564. 2.3 94..7417. 1.3 954205 0e5___ 950832 0.7 97.231___1e5____
LASOR FORCE \NL 6414.0 6522.9 1.7 6528.9 0.1 6511.7 =-0.3 6514.5 0.0 6530.4 0.2 6541.0 0.2
POSYLATIAN N 12632 12439 0.5 12543 O.b 12592 O.t 12531, Dol 126TT.e__ N3 12708. 0.2
UNEMPLOY RATE us 2.8890 2.9578 2.4 3.0369 2.7 3.1285 3.0 3.2337 3.4 3.3245 2.3 3.414% 2.7
———8ANK_LENDSG _RATE. 1 5.9807 5.9851 _15.8 7.0235 0.5 7.0238___0.0__ 7.0147 =-0.1__ 7.0005__=0.2 T1.0292___ 0.4 __
caep 3FOOL 57.450 50.416 -12.2 56.014 1l.1 52.643 -b6.0 57.517 9.3 69.873 21.5 78.623 12.5
—  GOVI_SUR2LUS 3G =14021 =141867 =1.0__ —=1434%4S =4.83__=-1579}) —bel  =151T3e__ =24 =16083.___0.6__=15634. 2.8
WASE RATE L] 49.144 51.791 5.4 54.020 4.3 56.192 4.0 53.059 3.3 59.86% 3.1 61.741 3.1
I _EAZTIR _POOTVY hda) 4225085 £.2709 0.2 4.2730 Dol 4.2798 0.2 402344 0e) 45,2890 0.l 442944 Ol

SRISS_NATIONAL EXPENDIYTURE 3Y CAIEGORY (80_Y)

1989 1990 XCHG 1991 XCHG 1992 ICHG 1993 XCHG 1994 ICHS 1995 XCHG

—  CONSUMPRTIN=PRIVT L2 131403..-200133 4062095651 %e8._218316, bob227515e 4.0__236743a____4.0___246159. 4.0
CONS-NONPROFIT CNP 2560.6 2636.1 4.9 2817.7 4.9 2955.8 4.9 3100.6 4.9 3252.5 4.9 3411.9 4.9
——CONS=S0VERNMENT. 5 30542 30479 =0,3 314213 3.1 32396._-_ 3.1 33393 3.1 34429. 3.1 35492.__ 3.1
INVESTMENT-BUSN 1? 75369. 81199. T.7 84551, 4.1 83874« 5.1 93117. 4.8 99421. 6.3 107999. 8.0
—  _INVES=RESIDENIL I 23330 22299 =hot 2403Bo T.8_ 25606a_— 505 26525 36 _2TT6ba____4.1 29209« 5.2
INVES~-GOVERNMNT 15 25289. 27152. T4 28446 4.7 29781. 4.7 31170. 4.7 32614. 4.6 34116. 4.6
— INVENLIRY=PRIVI. 1P 2231.0 145222 =35.1___2736.6__83.4 3990.145.3 4£359.2 9.3 __5408.7__2%4.1__ 6182.3__14.3.___
INVT=3JVERNMENT J3 305.90 305.90 0.0 305.90 0.0 305.90 0.0 305.30 - 0.0 305.90 0.0 305.90 0.0
NET EXPORTS SLNKY0) . 0.0000___0.0000 0.0  0.0000 __0.0___0,0000___0.0__0.0000 0..0. 0..0000. 0.0____0.0000___0.0_____
EXPORTS E 66376. 74203. 11.8 79492. T.1 82326. 3.6 863817. 5.5 94558. 8.9 100899. 6.7
IMRORTS. A 20740. 728b3.——10.1____84651 BaZ. 81998._ 3.9 91077a_ 3.5 95243 4.6 99871e __ 4.9 . ._
GRISS _NATIONAL EX2ENDITURE _BY_CATEGORY_(CURR_Y) . B
1989 1990 ICHG 1991 ICHG 1992 %CHG 1993 XCHG 1994 XCHE 1995 XCHG
CONSUMPTN-PRIVY LPOS  222901.  244072. 9.S 263461e 7.9 281658. 6.9 298217. 5.9 315083. _ 6.0__337566. 6.8
CONS-NONPROFIT CNPOS 3150.5 3352.1 6.4 3566.6 6o 3794.9 64 4037.8 6ot 4296.2 6.4 4571.2 6ol
CONS=3DVERNMENT £5DS. 374693 39411 baob. 42113 549, 44835 6.5 47431e__ 5.8 _ 50110._ S5.5___53003.___ 5.8
INVESTMENT-3USN 1PDS 70086. 78892. 12.6 85190. 8.0 90663 b4 95434« 5.3 102486. T4 112648, 9.9
— INVES-3ESIDENTL IHDS 25324._ 25494 0.7 28184.—10.6__30119. 6.9 309Td._2.8___32450. 4.8 34322.__ 5.8
INVES~-GOVERNMNT 160S 25560. 28T45. 12.5 31369. 9.1 33485- 6.7 35464 5.9 37s501. ST 39828. 6.2
- Jans __  _1583.8 1053.1_=32.7 204849 94,56 299622 6456.2° 3212.5 1.2 3935.4___22.5 4463.0__13.4
INVT-30VERNMENT JGO0S 327.00 327.00 0.0 327.00 0.0 327.00 0.0 327.00 0.0 327.00 0.0 327.00 0.0
BLNK202 __ 0.0000___0.0000___0.0___ 0.0000___0.0_ 0.0000___0.0___0.0000___0.0__ 0.0000 0.0 ___0.0000___0.0____
EXPORTS EDS 55586« 65428. 17.7 T70505. 7.9 72671 2.9 75823, 4.3 80684« 6.4 85335. 5.8
IMPORTS MDS. 47008 57495.__22e3___ 521154 3.0____54828.__ 4.4 61465 4.1 70813e____5.0___74511e__Se2_ .. _

General Footnote to Table 5

GNP and its‘ components are in either current billion yen or 1980 billion yen. Demographic variables

(NL,N) are in 'ten. lho'us.and people. Unemployment rate and interest rate are in %. Current account

balance (CBP) is in billion US dollars. Wage rate is in 100 thousand yen per year. Total factor productivity (TQ)

is an index in

logarithm,
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Table 6 Output for Selected Sectors

(Base Line) (1980 Bil )
1990 1995 (%)

1. General crops 7,986 7,304 -18

5. Forestry 1,412 1,232 -27
13. Meat and dairy products 5,392 6,441 3.6
15. Manufactured seafood 2,939 3,302 24
21. Other textiles 6,855 8,073 3.3
30. Final chemicals 9,871 13,848 7.0
31. Petroleum products 21,891 27,210 4.4
36. Steel 16,219 17,241 12
40. General machinery 35,959 53,083 8.1
41. Electrical machinery 55,625 87,220 9.4
42. Automobiles 25,398 36,577 7.6
47. Housing construction 20,803 26,748 5.2
51. Electric power 11,126 14,360 5.2
54. Wholesale & retail trade 71,589 97,147 6.3
57. Road transportation 10,825 12,568 3.0
63. Other services 55,863 64,718 3.0
Total 721,536 930,608 5.2

As shown in Table 5, Japan’s economy in this base line forecast grows at 4.4 to 5.8% during 1990
and 1995. The growth rate seems to be fairly normal in view of the recent performance of 4.6 to
5.7% during 1987 and 1989. The index of GNP deflator tends to increase gradually at 1.9 to 2.4%
but is relatively stable by the international standard. The current account balance, however, tends
to grow again after a small decline in 1989 and 1990. This is rather against recent growing optimism
on this variable, although it is likely to be overvalued if the recent rising tendency by foreign direct
investment is fully taken into account. The adjusted amount, nevertheless, would be rather limited,
since there are some indications that the foreign direct investment has already hit its peak in 1989.
Population and labor force estimates for the coming six years are 0.5 to 0.2% and 0.3% respectively.
This deceleration in the demographic growth rate is a recent feature mostly due to the fast pace of
aging of population. This tendency provides a basis for our second scenario on increased leisure.

As for the sectoral level, Table 6 indicates changes in output only for selected sectors. In response
to macroeconomic growth, structural changes in output level are particularly noticeable for final
chemicals, general machinery, electrical machinery, and automobiles. Most of the other sectors,
representing each industry, shows a 4 to 6% of growth, which is near the average growth rate of
5.2%. A fairly stagnant growth is observed for textiles, food processing, steel and road transporta-
tion, while negative growth is noticeable for general crops and forestry.

Regarding TFP of the selected sectors in Table 7, electrical machinery shows the highest rate of
2.9%, while other sectors, such as general machinery, wholesale and retail trade, also indicate the
relatively higher rate of growth of technology. General crops in agriculture also shows a higher rate
of 1.8%, which, however, is based on heavy agricultural price support of the government.

6.1. Impacts of Import Promotion'®

The Japanese current account, though having declined slightly in 1989 and 1990, still continues
to have a huge surplus and it is likely to grow again according to our base line forecast, as noted
before.

®For manufacturing sectors based on different assumptions, see S. Shishido and O. Nakamura [8], and for details on
automobiles, see S. Shishido [10].



Induced Technical Progress and Structural Adjustment 13

Table 7 TFP for Selected Sectors

(Base line)

1990 1995 (%)

1. General crops .7266 .7954 1.8
5. Forestry .9889 .9619 -0.6
13. Meat and dairy products 1.0217 1.0551 0.6
15. Manufactured seafood 1.1090 1.1815 13
21. Other textiles .7366 7741 1.0
30. Final chemicals 1.3713 1.4635 1.3
31. Petroleum products 1.1212 1.0935 -05
36. Steel 1.3458 1.3643 0.3
40. General machinery 1.1976 1.3119 1.8
41. Electrical machinery 1.3081 1.5109 2.9
42. Automobiles 1.1085 1.1139 0.1
47. Housing construction 1.1390 1.1688 0.5
51. Electric power .6358 .6137 -07
54. Wholesale & retail trade 1.2932 1.4037 1.7
57. Road transportation 1.0750 1.1358 1.1
63. Other service .8245 7752 -12

In order to reduce it and to eliminate international frictions we need an alternative policy
scenario aiming at highly dynamic fiscal, trade and structural policies. Here we assume a combined
policy of (a) substantial import promotion of foods and manufacturings, (b) domestic demand
promotion by active fiscal policy, especially through public investment, and (c) price reduction in
the distribution system through deregulation and government guidance.

Regarding import promotion, we temporarily assume a more than 50% cut of current account
surplus, i.e. about $35 billion reduction by 1992. In nominal terms of the yen this amounts to
approximately ¥5 trillion, or a 15% increase in the 1989 imports. The breakdown of this additional
increase are food imports amounting to 5% and 10% of domestic production of agricultural food
and processed food, respectively, and a 35% increase in manufacturing imports." In accordance
with this adjustment, the constant terms of import function were shifted upward. The increased
amounts are sustained until 1995.

Public investment is assumed to be boosted additionally by 2.4% of GNP, about ¥9 trillion
annually in 1980 prices. This aims to not only offset deflationary impacts of import liberalization
from a macroeconomic point of view, but also to minimize social frictions due to structural
adjustments caused by imports. Accordingly, it also covers various capital expenditures on
retraining and vocational facilities to enhance the mobility of employment and to encourage
regional development for promoting employment in rural areas.?

The third policy measure concerns the government’s price reduction in the distribution system
to eliminatte differentials between domestic and imported products. Since it is difficult to quantify
the amount of the direct policy impact, we temporarily assume that the constant terms of sectoral
output price equations are reduced by 5% for food and 3% for non-food manufactured products.

The result of our combined policy package is shown in Table 8 for macroeconomic and
demographic variables. Real GNP is shown to increase by 1.1% in 1990 and 3.4 to 3.8 during 1991

Sectors selected for import promotion are 1, 13, 14, 15, 16, 17, 18, 21, 22, 24, 27, 30, 35, 36, 40, 41, 42, 43, 44, 45, and
46. (For Sector Numbers see Table 2.)

2In the context of the Structural Impediments Initiativese Talk, the U.S. government also urged Japan to adopt a similar
policy measure to promote imports and social infrastructure. But the amount suggested was modest, as compared with
this simulation.



Table 8 Import Promotion Scenario: Macroeconomic Variables

SELECTED_ZCONOMIC_INDICATIORS_==_JAPAN .MODELs. VERSION G1

1989 1990 ICHG 1991 ICHG 1992 XCHG 1993 XCHG 1994 XCHG 1995 ICHS

SROSS_NATIL_EXON. GNEOS 0 =4505.  —1.0 1107. 0.2 S431. lal 9010« 1T 1054%6e 1.9  11684s 2.0
REAL 3NE GNE 0. 4055, lel 12865. 3.4 14811. 3.7 15824« 3.3 15539. 3.5 16410. 3.5
_GNE DEFILATOR P 0.000____=3,310__=2.9 =4a569__=3.9 ___=3.623__=3.0___=2,3317 =2.% =2.,2B5_~1.9 =20059__-le.6__
PERS CONS DEFL PCP 0.000 ~3.043 -2.5 -4e232 -3.4% -4.084 =3,2 ~3.725 =2.8 =3.407 -2.6 -3.419 -2.5
_WHOLESALE _PRICE. PN 0,000 ___=3,135__=3.4% =3e827 _=6el ___=3.429 _=3.6__._=3.233__=3.4 =2.958__=3,.1 —24999__-3.1
LABOR FORCE NL 0.000 -0.129 0.0 1.855 0.0 47.215 0.7 620529 1.0 61.246 0.9 57T.184 0.9
_POPUMLAYION N 0.000 5.703 0.0 12.520. 0.1 17.832 0.1 22.555 0.2 27.066 0.2 32.223 03
UNEMPLOY RATE us 0.0000 -0.0202 =-0e7 =0e0757 =25 =-0e1128 =-3.6 -0e1327 <=4.1 -0.1324 -4.0 -0.1267 -3.7
—_BANK LENJIG RATE. d 0.0000 =0.0835 =1a3_ _=0e1250._=1.8__=0.0136 =02 0,043l 0e6__ 0.0320___ 0.5 __0.0210 0.3
cap 8FDOL 0.00 -19.10 -37.9 ~30e53 -54.5 -33.18 -63.0 -36.31 -64.0 ~41.10 -58.8 —44.14 -5S6.1
—_60VY SURSLUS BG. Da =4760e___33.6___ ~BB96e__59.92 =B491. _53.8 —B253.__S1.1 =8192« _50e9 _ —8190e_ 524
WAGE RATE L] 00000 =-0e3975 =068 -004528 -0.8 =-0.1687 <-0.3 0.1359 0.2 04266 0.7 0.6557 lel
T _EACINR PROTVT IQ 0.0000 0.0006 0.0 0.0013 0.0 -0.0007 0,0 0.0011 0,0 0.0012 0.0 0.0009 0.0

GROSS_NATIONAL FXPENDITURE BY CATEGORY_(80_Y)
1989 1990 XZCHG 1991 ICHG 1992 XCHG 1993 CHG 1994 2CHG 1995 ICHG
_CONSUMPTN=PRTIVT. ZP 0.0 Bl6.S Ok 2985.6 lah  4£913.T 2.2 64215 2.8 T599.2 3.2 8384.9 3.4
CONS-NONPROFIT CNP 0.0000 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0
_CONS=SOVERNMENT. N of 0000 0.0  0.0000 0.0 0.0000 0.0 -0.000Q 0.0 0.0000 0.0
INVESTMENT-BUSN IP 0.0 -460.0 -0.6 1108.9 1.3 1937.4 262 3022.0 3.2 27884 2.8 2951.9 2.7
_INVES=RESTDENTL. IH 0.0 55649 2.5 197445 8.2 283201 1lel_ 2578¢6___9.7 2233.9___ 8.0 _ 1978+5 6.8
INVES-GOVERNMNT 16 0.0 45076 1646 9136.9 32,1 9137.0 30.7 9136.9 29.3 9136.9 28.0 9136.9 26.8
_INVENTORY=-PRIVT JP 0.0 527 a6 3663 1312,0__4Te9_____1062.0__26e6____ 4Tlel 10.8  276¢T  Sel  254e) %Sl
INVT-50VERNMENT JG 0.0000 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0
_NET EX202TS 8INK60D  0.0000 0.0000 0.0  0.0000 0.0 0.0000 0.0 0.0030 0.0 0,0000 0.0 0.0000 0.0
EXPORTS E 0.0 425.9 0.6 1118.6 le& 156146 1.9 997.7 lel 433.9 0.5 923.4 0.9
— IMPORYS M 0.0 2319.2 3.0, £TT1e9 5.6 6631e9 1.5 6803.8 TS5 ___6830.3  T.2 T212.2 Ta.2
GROSS _NATIONAL EXPENODITURE BY CATEGORY_(CURR_Y)
1989 1990 XCHG 1991 XCHG 1992 XCHG 1993 XCHG 1994 2CHG 1995 ZCHG
_CONSUMPIN=PRIVT L£Le0S 0000 0. =8119. 2,1 -§24ba =2.0 -2812. -1, = = O. 796, 0.8
CONS~-NONPROFIT NPDS 0.0000 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0
_CONS=50VERNMENT 308 0.0 =632.0 _=1a.1 =525e0___~1.2 =341.5 -Qa8 =149¢5_ _—-0.3 463 0.1 189.8 [P
INVESTMENT-BUSN IPDS O. -1183. -1l.5 -71le -0.8 20. - 0.0 15438. le6 1597. 1.6 1850. leb
_INVES-RESIDENTL. IHDS 0.0 2715.3 1.1 1953e8 __ 649 3271.1__10.9 30948 10.0 2744.0 8.5 2441.1 Tl
INVES-50VERNMNT 1608 0.0 4428.2 154 9050.0 28.8 9160.1 274 9469.2 26.7 97215 25.9 9950.4 25.0
- 1PDS 0.0 390.6 371 1011.7 49,4 89Sal__29.9 4£68.3 14:6 3369 8.6 327.0 T.3
INVT-GOVERNMENT JGDS 0.0000 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0
—_NEY _EXPORTS -BLNK4OD ___0.0000 _ _0.0000___ _0.0___0.0000. 0.0____0.0000___0.0 0.0000 0.0 00000 0.0 0,0000 0.0
EXPORTS EDS 0. -1046. —1l.6 =731 -1.0 372. 0.5 9%. 0.l -332. -0.4 -340. =-0.4
__1IMPORTS MDS 0.0 1820.4. 3.2 3696.6___6.0___5082.9 1.8 5210.1 TeT 52579 T4 553065 T4

See general footnote at the end of Table 5.
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to 1993 and 3.5% for the last two years. In terms of the change in the rate of growth, the growth
rate accelerates 1.1, 2.3, 0.3, 0.1% each year during 1990 to 1993 and slightly decelerates by 0.3%
in 1994. Except for 1991, the growth rate of real GNP stands at about 5.0 to 5.5%, which is not
unrealistic in terms of recent performances. The exceptional 7% growth in 1991 represents an
initial shock of our policy package mostly due to arise in public investment. The increased imports
exert a contractionary impact on the economy, since they rapidly grow until the third year, and
stay at the same level until 1995. Surprisingly, exports also start to rise because of the fall in prices.
The current account balance, the most important target of this simulation, falls rapidly by $30 to
$44 billion, as expected before. The average TFP at the macroeconomic level shows significantly
positive signs. Sectoral details are discussed later.

Table 9 Import Pronomion Scenario: Sectoral Output

1333 1730 CNG 191 LAS 1992 SCHS 1993 LKHG 1794 ICHS 1335 TCHS
xR01__ Qa0 =322a2 =had _ =630e0_=5,1__ =56306__=T,2 =639.1 =8¢ _=583.1__=3.1 =5230e2  =3e5___
XRO2 0.000 =3.129 =0.6 -l.726 -0.3 3.316 0.6 11.890 2.1 13.516 3.2 26.T16 44
XRO3 . ___ _0.0000.__2.0000 __0+0...0.32000 ._0.0 ..0,0000 ._0.0.__0.0000.__0.0.__0.0000___0.0___ 0.2900__ 0.3 ___
XRO& 0.9 -1060% =2.5 =119.1 =-2.7 =123.3 =2.3 -105.0 -2.3 -80.1 -1.7 =739 -1l.5
XR0S— .. 0«2000_...0.0000..._0«0 _..0.0000.__.0.0.._0.0000 __0.0.._0,0000__0.0...0.0000___0.0__ 0.0000 __ 0.d___
XRO6 0.00 -58.76 =2.3 =53.66 -2.1 =62.29 ~2.4 ~49.71 -1.8 -42.63 -l.6 ~42.34 ~1l.>
XRO7T 0.00Q 2,619 1.2 3,118 3,913,712 5.9 17,359 __ 7.1 9513 _ 4.1 1Se.

XRO08 0.0000 0.000¢ 0.0 0.9000 0.0 0.0000 0.0 0.0090 0.0 0.0000 0.9 0.3000 0.d
XRO9. . __0.0000__ _0.0000..__.0.0.. _.0.0000 0.0._0.0000_ _0.0___0.0000.___0.0___0.0000___0.0___0.0000__ 0.0 __
XR10 0.0000 3.9000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.9
XRLL . 0a0000.._2.0000.._0.0 .._0.0000..._0,0_._.0.0000 .. .0.9....0,0000___0.0___0.,0000__ 0.0___0.0000 __0.d __
XR12 0.30 111.73 Se8 23123 11.5 264013 12.5 273.38 13.1 251.9% 11.8 26766 1ll.4
X213 0.3 =14%a3 =3} =23202 =422 __=2620h4 =81 =210u6 =3.6__ =16keI__=2,6__ =1562e8 =242
XR1& 0.0 -165.2 =643 -292.1 -<T7.5 =359.5 =-9.6 -384.7 -10.3 =38l.2 -10.3 =3398.0 -9.7
XR1S. . 0.0.._=185.1 _=5.3 =272.0. =940 ._ .=33601 ~10.9.__=334.7 ~10e6_._.=329+2_-10.2__ _=330.2 =10.90__.
XR16 0.20 -44.77 =-0.3 -27.83 -0.2 164.21 1.3 =70.30 -0.5 112.36 0.9 -17.82 =0.1
XRYT_ . o 0a00.__143a5C __207._ __ 6657 . .102 _...112.69 _._1.9.__ 8325 .__1e3._..139.91 __2.2__ 13097 ___2.0
XR18 0.900 510345 2.3 34.402 1.2 49.020 1.3 366739 1e3 52.221 1.8 464585 le6
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Table 10 Import Promotion Scenario: Sectoral TFP
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TFPS6 0.0000 --0.0026 <=D.5 <=0.0040 =0.7 =0.0022 =-0o.4 =0.0005 =0.1 =0.0002 0.0 =0.0006 =-0.l
_IERST _ 0.0000__=0.,0013__=0.l =0.0011 =0ol _=0.0002 0,0 __ 0.0005__0.0.___0.0005 _0.0__ 0.0003 0. o
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As for prices, the GNP deflator drops by about 3 to 4% in 1990 and 1991 and gradually recovers
during 1992 to 1995. Consumer price and wholesale price follow a similar pattern, but the former
drops less sharply and recovers more slowly as compared with the GNP deflator. The latter falls
a little more deeply and recovers only slightly.

Private consumption continues to rise during the entire period due to a substantial increase in
real disposable income. The induced amount in 1995 is almost as high as public investment. Private
housing investment responds more quickly with a peak in 1992, while business investment grows
more slowly, but steadily, with a much greater impact on the economy.

On the demographic side, total population and labor force increase by 0.3 and 0.9% respectively
in 1995. The major cause for this increase is the rise in real wage which stimulates the birth rate
of the female population and also the rise in labor participation ratio of a productive age
population. Real wage rises by 3.6% in 1995 with an annual average rate of acceleration of 0.7%.

Structural changes in sectoral output and employment need a special attention, as it is closely
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related to the future course of Japan’s industrial policy. As shown in Table 9, construction sectors,
especially public work construction, shows the highest impact from this policy package. Related
sectors, such as iron and steel, cement and ceramic products, wood products, coal product and
mining, and other mining (including ceramic clay, stone quarry, etc.), also indicate high responses
in terms of percent deviation from base line scenario. Other industries which respond strongly are
in the high technology sectors, particularly electrical machinery, general machinery, and auto-
mobiles, which also induce additional demand for steel. Service sectors including trade and finance
also respond fairly actively.

In sharp contrast to the above positive impacts, it is noteworthy that primary sectors (except
mining), food manufacturing, textiles, and apparels suffer greatly from an import promotion
policy, indicating negative values in their responses. In other words, the negative impact is stronger
than a positive impact on these sectors. In terms of percent contribution in 1995, construction and
related sectors account for 47.6%, high technology sectors for 28%, services sectors for 21.4%,
other minor sectors for 9.8% and the above negative sectors for —6.8%.

As for the changes in TFP, a similar remarkable contrast between competitive sectors and non-
competitive, or protected sectors, can be observed in Table 10. As described in the previous section,
a decline of net output price caused by import promotion results in a positive impact in technical
progress in competitive sectors, while a negative impact is observed for non-competitive or
protected sectors. The result of our simulation clearly indicates that 19 sectors selected for import
liberalization follow exactly our theoretical hypothesis with only one exception, the apparel
industry. In the automobiles and aircraft sectors, for example, TFP increases by 2.2 and 2.9%
respectively in 1995. The steel industry, also with liberalized imports in our scenario, indicates an
increase in TFP by 1.8%, while the iron industry shows a deterioration of TFP by —0.6%, both
in 1995, indicating a sharp contrast in competitive response in both sectors. More conservative
responses are noticeable in agriculture and food manufacturing, where the TFP falls significantly,
i.e. —5.5% in general crops and — 5.0% in dairy products in 1995. Deterioration of terms of trade
clearly discourages technical progress in those sectors.

For other sectors which are not directly targeted for import promotion, TFP responses seem
tobe rather mixed, depending on the value noted in Table 2 and the results of net output price
(px/pz). Strong positive responses in communication and trade sectors are caused by the fall in
net output prices, but a similar rise in manufactured gas is mostly due to the rise in net output
price. Real estate and railway transportation, which are fairly competitive, show negative
responses mostly because of the fall in net output prices. For similar reasons, TFP declines in
petroleum and coal products.

For the employment structure, a substantial change is caused by this policy package. The
increase in employment is most noticeable in construction, amounting to 192,000. The next highest
increase is 183,000 in the service sectors and 88,000 in the high technology sectors. Metal products
shows an increase of 13,000, but basic metal industries indicates rather negative figures. On the
other hand, reduction of employment is noted in the primary sector, including mining, amounting
to 238,000. This clearly exceeds an employment increase in construction but can be accommodated
by the total increase, including those in the service and high technology sectors. Textile sectors also
indicate negative figures of — 52,000, but food processing sectors indicate a rather positive
increase of 4,000. In summing up, it can be stated that on the average a fairly sizable increase in
employment opportunity has enabled the accomodation of the employment released from the
agriculture and textiles despite increased technical progress.



Table 11 Increased Leisure Scenario: Macroeconomic Variables
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INVT=3OVERNMENT J& 0.0000 03000 0.0 0.0000 0.0 0.0000 0.9 0.0000 0.0 0.0000 0.0 0.0000 0.0
£xo BLNKS? 00 0.0 0.0000 Q. .
EXPIRTS € 0.0 4.3 0.0 8.7 0.0 27el 0e0 =109+6 =0.1 =16le3 =3.2 -93.3 =-0.1
IMPNATS M N.00 3s.00 0.1 1‘-!.‘& 12 [V PNS £19.87 0.5 393,31 [\ Y'Y £59,94 D.5 S5Q46.00 Q.5
GROSS NATIONA!L EX2SNOITURE 3Y CATEGAORY (CURR Y)
1989 1990 ZHG 1991 XCHS 1992 XCHG 1993 XCHG 1994 XCH6 1995 XCHG
H -2 [oll 153N 0.0 =306.T7 _=0.1 =30a.1 Na.N 577_.5 0.2 12464.9 Da& - 194446 08 252546 0.3
CONS-NINPROFIT CNPOS 0.0000 0.0000 0.0 0.0000 0.0 0,0000 0.0 0.0000 0.0 0.0000 0.2 0.0000 0.)
=3 a = - - -0 O.
INVESTMENT-3USN 1P0S 0.0 728e% 0e9 222402 246 259lek 30 3011.7 3.2 3175.4 3.1 34537 3.l
_INVES=2ESTIENT! ¥
INVES-3SOVERINMNT 160S 0.00 ~7e95 000 =29¢31 =0el -3T7.73 =0.1 —20.39 -0.1 "0.85 0.0 17.44 0.0
= . 2 . -
INVT-30VERNMENT JGDS 0.0000 0.0000 0.3 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 000000 0.0
MNET EX20RYS 0000 0.0 0.0000__ Q. 0.0000 0
EXPORTS EDS 0.00 ~-1l6.16 0.0 33.63 0.0 71.81 0.l 2.50 0.0 -0.19 0.0 6.00 0.0
a 2 242 .48 Dale 32S.12 0.5 305,12 0.5 343.75 0.9 51%4.75 0.5

See general footnote at the end of Table 5.
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6.2. Impacts of Increased Leisure

The second policy simulation deals with a policy to reduce working hours and to promote
expenditures related to leisure. This policy measure has been taken in the past several years with
special reference to working hours. Local governments have also taken various policy measures,
such as regional development for resort areas, strengthening welfare facilities, etc. Here we take
up a scenario which is not directly linked to such policy instruments but is related to changes in
consumers’ behavior as influenced by such policies in order to evaluate the impact on the economy
as a whole. In other words, this is an alternative scenario in which consumers place more emphasis
on leisure-oriented service expenses than other conventional consumers expenditures. We
temporarily assume in this new scenario that the component of private consumption for “63.
Other service” is raised by about ¥4 trillion, 15%, and that other components are reduced by the
same amount, leaving total expenditure unchanged.

The macroeconomic result of this structural shift of private consumption in favor of leisure-
oriented services is indicated in Table 11. Although there is no macroeconomic stimulus, the
economy starts to grow in 1990. Real GNP grows about 1% in terms of deviation from the base
line forecast. This is mostly because of the active response of private business investment in the
tertiary sector, especially in other services. Stimulated by this tertiary sector’s investment, private
housing, private consumption, and imports start to grow with a certain time lag. The current
account surplus declines by about $1.5 to $3.0 billion, indicating a favorable direction of this
scenario. Employment also increases more than the previous scenario, although induced GNP is
only one-third of the previous case. Prices are fairly stable, particularly for the first three years,
though they tend to rise slightly thereafter.

As for sectoral break-down of output, there is a marked contrast between growing and stagnant
sectors, as shown in Table 12. Obviously, the highest positive response is shown in the other services
sector, amounting to ¥4.0 to ¥3.5 trillion, 5.4% increase (in 1995), in terms for deviation from the
base line forecast. Investment-oriented sectors also show higher percent deviations: about 2% in
construction, 1.0 to 1.6% in machineries, and 1.5 to 2.4% in basic metal, ceramics and other
mining. Pulp and paper also rises because of their dependence on services. Negative responses of
—0.2 to —0.9% are noted for general crops, food processing, and textiles all of which are
negatively affected by the change in consumption components.

Sectoral changes in employment also follow the pattern of output. As compared with the
previous scenario, however, the changes are relatively more significant. Employment in the other
services sector rises 4.1%, the highest among 64 sectors. Here the increased employment amounts
to about 600,000, about 80% of the total increased employment. The rest of the increase is
accoutned for mostly by investment-oriented sectors, such as construction and machineries.
Negative responses are indicated in agriculture, food, and textiles, but the reduced employment
is rather negligible.

As expected, sectoral price changes are generally small, except in other services, construction,
coal products, and pulp and paper products where the output prices rise 1.5 to 2.5% in response
to the demand increase in 1995.

Regarding sectoral technical progress, the changes are again very small, except for other services
and communication. The former’s increase is affected by the rise in net output price, while the
latter’s rise is mostly due to the fall in net output price. This contrast is based on the difference
in their parameters \. Cement, belonging to the former group, also shows a small increase in TFP.

In summing up, this scenario deals with a structural change in demand pattern in favor of
leisure-oriented service activities. The result, therefore, is characterized as (1) service orientation
and structural shift in output and employment, (2) demand increase centering investment in the
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Table 12 Increased Leisure Scenario: Sectoral Output

1989 1990  ilHS 1991  3CHG 1992  %CHS 1993 sCAS 1994  XCHG 1995  CH3
XAR01 0400 =39.25 =0.5  ~24.9& =0e3  =40e09 =0.5 =51,35__=0e1 _ =35.68 =0¢5__ =22,64 =0.3
XR92 0.000 -6.663 =lob ~4.083 =-0ed -2.447 =0.5 =-0.317 =0.1 0.585 0.l 1594 0.3
X203 0.0000___0.0000_._0as0_._0.0000...0.0..0.0000...0s0___0.0000___0.0.__0.0000 __0.0 _0.0000.__ 0.3 __
XRO& 0.00 ~25.52 =0.6 ~7.47 -0.2 -1.59 0.0 ~1.29 0.0 0.50 0.0 0.73 0.2
XRO5____ 0.0000___0.,0000._ 0.0 0.0000__ 0.0' _0.0000___0.9.__0.0000__0.0__0s0000___0.0___0.0000 __0.)___
XR06 0.000 9.344 0ot 0.443 0.0 =-5.650 -0.2 =-84372 -0.3 -5.551 =-0.2 -1.8l16 =-0.1
X207 N.0000 00,3010 Oal 1.6510 Nel 2.8650 1.2 170900 0.8 224170 1.0 2.,1310 1ol
XR08 0.0000 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0
XRQ9.______0.0000___0.0000__._0s0__0.0000 __0.0___0.0000_. _0.0___0.0000 __ 0.0___0.0000 ._0.0__ 0.0000____0.0 __
XR10 0.0000 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.2
_XR1l__ _ 0.0000_._0.0000___0e0___0.0000.__0.0__0,0000.__.0.0__.0.0000___ 0.0 __0.0000 __0.0___0.0000__ 0.3
XR12 0,000 11.495 0e6 28.883 lob 37.720 1e3 404852 2.0 41.473 1.9 43.480 1.3
XR11 0,00 ~50,79 =0.9 -30.90 _-0.6__ -18.21 -0.3  -10.71__-0.2 -9.94 -0.2 -12.68 -0.2
XR14 0.00 =-30e85 =0e8 -29.47 =-0.8 =39.28 =-l.1 =43.75 =-1.2 =-38.52 =-1.0 -29.08 =-0.7
XRLS__ . 0400__=19.78_.=9e7.__=15e51__=0e5 _ =15410_ =0.5___ =16.14 _ =0.5.. _=15422_.=0.5 _ -14el6 = _
XR16 0.0 -106.6 -0.3 -68.6 =0.5 -84.3 -0.6 -78.1 -0.6 -47.7 -0.4 -24e4
XRLT . _0.000. _25¢343.. 0e5__.__0e867.__0e0___15¢523..__0e3 _ =3¢752 . =0.1___.2.433 _0.0 _-8.152 .-
XR18 000 -49.1% =-1e8 =38459 -leb =-25.86 =-0.9 =-27.13 -0.9 =-23.82 =-0.8 -27.48
X219 0.00 =15.09 ~1a.3 =7.47 =0Q.9 =3,65 __=0.4 =2e51_ =043 ~le&T =0.2 0.16
XR20 0.000 =5.892 =1¢5 =3.309 -0.8 =3.211 =-0.3 =~1.758 =05 =1327 -0.3 -0.633
XR2L_ ____0.D0_ =87.09._ =leb _ =15e99._=0e2__ =12.70_ =0e2 _=14.79 _=0.2_ =10.93_=0.2_ . =4.29__30.1_
XR22 0.0 -110.8 -1l.6 =637 =0.9 -39.2 -0.5 -42.2 -0.6 ~44.7 -0.6 -47.9 -0.5
XR23 0400 135.30.. 246 162.05.__2.6_ 145.92 2.3 11011 _ leb6 106466 les 125.46_ 1.5
XR24 0,000 19.561 0.5 44.102 1.0 464953 1ol  47.500 lel 484656 1.0 53.645 1.l
XR2S 0.00 $29.08 bhald 343,20 3.9 225412 225 163.61 1a5 14580 ) Y 182.79 le
XR26 0.00 186.99 2.2 119.03 1.4 67.84 0.8 30.35 0.3 31.22 0.3 50.67 0.5
XR21 2.000  -6.208 =1al  =3.354 =0.6__ =113 _=0o2_ =0.339__=-0.1 =-0.920_-=0.2_ =1.155_=0.2
XR28 0.000 =7.952 =-0e3 12.231 0.5 12859 0.5 11.264 0.4 13.5456 0.5 19.063 0.6
XR29_____ 0.000___ £.590___0.0__ 67.039___Oek __66e863 Db 64816 Qo3  71.711  0es 84.895 0.4
XR30 0.00 =36.73 -0ek -2BeT7B =-0e3 =26.75 =0.2 =~21.83 -0.2 ~-16.42 -0.1 -6.18 0.0
XR31 0.00 =32.51 =01 28490 0.1 S0.82 042 ls.lﬂ 0.3 mg.g' 3 O.% 14659 0.5
XR32 0.000 11.514 0.6 48.006 2.4 37136 1.8 31.789 1.5 37.634 1.7  40.956 1.7
XR33_ 0.000  S5.336 0.5 16,667 1ok 19.545 1.1 18.947 1.7 17251 14 18738 1.5
XR34 0.90 43,11 0.5 11695 1.3  148.57 1.6 147.96 1.7 151.24 1.6 159.16 1.6
X238 0.00 45.63 [N 261,50 3.2 181,34 2.5 157,00 2.2 17707 2.4 196e11 2.4
XR36 0.00 30499 002 233.93 1.5 285.28 1e8  240.67 1.5 232.87 leb&  262.24 1.5
XRi7 ____ 0.0000 _0.0000 0.0 _0.0000 0.0 0,0000 0.0 0.0000 0,0 0.0000 0,0 0.0000 0.0
XR38 0.00 13.59 0.2 7738  1e0 116634 le4 103.79 1.2 91.32 1.0 93.39 0.9
XR39. 0.00 £7.73___0.3__ 186437 102 21Q.08__ 1.3 213.66_ 1e2  209.92 Lol 227.51 _l.l
XR40 0400 233423 0.6 638.26 1e6 69137  1ob 694056 1.5  T45.37 1.5 84B8.69 1.6
XR41L 0.0. 22646 Dok B46.T- 1ok 980.3_ 1.5 _ 1080.6__ 1.5 1178.8____1e5___ 1364.4 1.6
XR&2 0.00 =25.20 -0o1 113.92 0.4 119.65 O.% 115.18 0«4 137.76 Oe¢4  182.00 0.5
XR&3___ 0.0000 __0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0,0 0.0000 0.0 0.0000 0.0
XR&4 04000 =5.643 =0e1 374109 0.8 47.961 1.0 53.949 1.1 58.598 1.l  67.551 1.3
XRAS. 0.000___10.813 0.2 43,418 0.8 S1.145 0.3 560430 _0.9__ 5B.0S1l__ 0.9 _ 64.309 0.9
XR46 0.00 264026 0.2 73.32 0.6 T1.02 0.6 70.03 0.5 8le47 0.5 107.85 0.7
_XRAZ 0.00___106.93___0.5___#01.23.___1.8___ 61682 2.6 SBA06__ 2,4 50701 2.0 64037 1.6
XR48 0400 133.31 0.5 44386 1o7 543065 2.0 598.69 2.1 61745 2.0 662.20 2.0
XRAS. 0.000 7.914 __0al  22.547 0.1 27,610 0.2 30,027 0.2 30.609 0.2 32.336 0.2
XRSO 0.00 96.16 0.6 273.90 1.5 332.96 1.7 36430 1.8 372.02 1.8 392.88 1.3
XRS1____ 0.000 9,535 Dol 42,617 D¢k __ 29,4661 _0a2 186553 __ Qel _ 29+TTT 0.2 542293 0.4
XR52 0000 -3.436 -0e2 -2.649 -0.2 ~-6.054 -0o3 -84591 =05 —6.745 -0o3 =-2.571 -0.l
XRS3..__ 0.000__ 2.830___0el___ 3.215__ Oel._ =2.578__=0ol___=6¢379_=0.1 _-3.957 =0O.l  2.121 0.0
XRS4 0.0 =-2Bl.7 =0.4 442 Ol 107.4 0.1 42.3 0.1 98.8 O.l 301.2 0.3
XRS5 0,0 _ =523.5 -lak =385,8_ =1.0_ -29%.) =-0,7 =-203,5 =05 =109.3 =0.2 -13.3 0.2
XR56 000 -44e13 -1.3 =33.88 =-1.0 =32.61 =-0.9 =31el1 =09 =-2423T7 =07 =-14.77 -0.4
XRST___ 0400 =42.42 =0.4 =7.42__=0.1 =5.28___0.0___=10e32_=0el___ =-1.55___0.0  16.03_ 0.1
XRS3 0.00 -léob4 -0.2 10.31 0.2 6462 0.1 4.08 0.l 16.40 0.2 35.94 0.5
XRS9____ 0.000 =6.316 =0al 12,410 0.2  10.633___ 0.l B.S12 0.l 22.984 0.3 49.291 0.5
XR60 0.00 -47.31 =-0.2 21.09 0.l 20.48 0.1 11.70 0.0 37.39 0.1 87.91 0.3
XR61 0.0000 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0
XR62 0.0 ~406.5 =09 =-423.8 =-0.9 =-342.9 =-0.7 =231.7 =-0.5 =-216.9 =-0.4 =-220.5 ~-0.%
XR63___ 0.0.__3915.3__ T.0___3949.4 _ 6.8.__4029.3__ _6.8___3921.6_ bek_ 3731o6__ 5.9 350l.1l _ Sk
XR64 0.00 32.05 0.3 17.66 0.7 83.70 0.8 84.06 0.7 96.66 0.8 117.99 0.3
XR5S 0.0 3898.4% 0.5 158S.2 1.0 B633,8 1,1 B35hal 1.0 8696.6 1.0 Q536.4 1.9

service sector, (3) technical progress in the tertiary sectors, and (4) a fall in current account surplus.
7. Concluding Remarks

We have discussed the role of sectoral technical progress in the framework of the multi-sector
econometric model of Leontief type from both a theoretical and an empirical point of view. Now
we briefly summarize the conclusions, which can be derived from the present research, and
propose future research.

First, the sectoral technical progress was explicitly incorporated into our multi-sectoral model
in order to evaluate its forward linkage effect within the Leontif framework which is based on the
V-RAS algorithm as developed by our group.

Second, sectoral technical progress functions were estimated and endogenized in the present
model. The sectoral technical progress was explained by neutral non-price factor, neutral price
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factor (or barometer of competitiveness), and biased factors induced by relative factor prices.
Although there are marked differences in the types of technical progress, it is generally observed
that Japan’s technical progress is mostly labor and material (including energy) saving and capital
using. In regard to the neutral factor, a sharp contrast can be observed between competitive and
less competitive or protected sectors in terms of net output price effect. Japan’s rapid technical
progress since the 1970s in high technology oriented-sectors is partly attributable to the negative
response to net output price. Technical progress has been stagnant or even falling in those sectors
having positive responses to such changes.

Third, the multi-sectoral model was used for two alternative scenarios through inter-sectoral
interactions between forward and backward linkage effects with respect to demand, output,
foreign trade, employment, technical progress, prices (including factor prices), as well as macro-
economic growth alternatives.

The first policy scenario indicates that a promotion of import liberalization with appropriate
fiscal policy further strengthens the competitiveness of Japan’s industries, especially in the high
technology sectors, and it helps to substantially reduce the current account surplus. The structural
unemployment issue can be resolved as long as fiscal and structural policy is strong enough to
enlarge employment opportunities.

The second scenario aims to change Japan’s consumption pattern from conventional type to
more leisure-oriented type expenditures. Structural changes take place with an emphasis shifting
from conventional to more service-oriented output and employment. Furthermore, aggregate
demand is boosted as a result of the substantial rise in investment in the service sectors. The current
account surplus declines significantly. The total employment effect is greater than in the first
scenario.

In view of the growing demand for Japan’s import promotion and domestic demand expansion,
an optimum policy-mix for alternative growth would be the one combining the above two
scenarios, which satisfies both efficiency and welfare requirements.

Finally, with respect to future research, the TFP function needs to be elaborated upon with
special reference to time lag structure and R&D expenditure, etc. For factor price, a database on
price of material (p,) should also be strengthened by distinguishing energy and non-energy factor
prices, thus enabling the analysis of energy impact on technical progress.

Output price function needs to be further strengthened with respect to the link between import
dependency and domestic prices. This will ensure a greater elaboration in import liberalization
analysis.

Interaction between economic and socio-demographic variables should be analyzed in more
detail in view of the growing importance of the aging population issues. The relationship between
technical progress and the aging issue needs to be made more specific and more elaborated in the
model framework. This would probably be one of the most challenging areas in model building
if cross disciplinary research collaboration is to be successfully achieved.

Appendix

We assume a production function with n factors (F;) and time (f). Factors are divided into FS
and F* for short-term and long-term operation, respectively. p; denotes factor price divided by
output price and w; share parameter on each factor F;. Z denotes total factor input, X output,
and 7 factor productivity (TFP).

X=f(F, F, ... F,, t) ¢))
Gj=1, ... n)
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Unit factor demand, which is dependent on factor prices and time, is derived from an ordinary
profit maximization procedure with constraints on total cost and production function.

an

(12)

Aggregation of these equations into an average unit factor cost, an inverse of 7 (TFP), for each
group provides the following relations in logarithmic form.

13)

(14

(15)

(16)

a7
18)

(19)

(20)
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Note that in (14) weighted average term, ;wfef,- In p;, is dropped, since they are all zero. As
described in the text in Section 4 (equation (8)), €3 are based on symmetry condition of 65 =55
elasticity of substitution.

References

(1]

(2]

131
[4]
(5]
6]
(71
(8l

(9

[10]

(1]

Adams, F.G. and S. Shishido (1988), Structure of Trade and Industry in the US-Japan Economy, NIRA
Output NRS-85-1, February.

Adams, F.G. and S. Shishido (1990), Structure of Trade and Industry in the US-Japan Economy, Phase
II — Integration with Project LINK and Simulation Applications, NIRA Research Output Vol. 3, No.
1.

Binswanger, H.P. and V.R. Ruttan (1978), Induced Innovation, Baltimore and London, The Johns
Hopkins University Press.

Freeman, C., J. Clark, and L. Soete (1982), Unemployment and Technical Innovation, London,
Frances Printer.

Jorgenson, D.W. and B.N. Fraumeni (1981), “Relative Prices and Technical Change”’, in Modeling and
Measuring Natural Resource Substitution, ed. E. Berndt and B. Field, Cambridge, Mass., MIT Press.
Schumpeter, J.A. (1943), Capitalism, Socialism and Democracy New York, Harper & Row.
Shishido, S., et al. (1986), Studies on Long-Term International Impacts of Japan’s High-Technology
Industries, (NRS-84-13), Foundation of Advancement of International Science, pp.1-242, (in
Japanese).

Shishido, S. and O. Nakamura (1992), “Commercial Policy and Restructuring the International
Economy”, Journal of Asian Economics, Vol. 3, No. 1, pp.97-109.

Shishido, S., K. Harada and Y. Matsumura (1991), “Technical Progress in an Input-Output Framework
with Special Reference to Japan’s High Technology Industries””, W. Peterson, ed., Advances in Input-
Output Analysis: Technology, Development and Planning, Proceedings of Eighth International
Conference on Input-Output Techniques, London: Oxford University Press.

Shishido, S. (1990), “Innovation and Input-Output Analysis”, Innovation & I-O Technique, Vol. 1, No.
2 (April), (in Japanese).

Wago, H. (1983), “Energy Price, Substitution Elasticities and Technical Change — Econometric
Analysis by Translog Cost Function”, Journal of Japan Statistical Association, Vol. 13, No. 1, pp.
73-88, (in Japanese).



