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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. Model2

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 Dl which is a dynamic version of the static V-RAS used at the

beginning of this research project.3 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.

2Original model based on a 548x409 technology I-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

[1] [2].

3In V-RAS Dl, 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 equilibrium. 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 model4, 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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of imports
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Figure 1 Causal Flows of Technical Progress

4 See F.G. Adams and S. Shishido [2],

5SeeShishidoetal.*[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.,6 and a fairly positive, expan

sionary effect is usually observed on the world trade as well.7

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,8 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].

7See 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 asp*//?*, the

ratio of output price (px) to total unit cost (pz). In the case of perfect competition with no profit,

pzZ=pxXholds, where Z is total input, and A"output, both in real terms, and TFP = X/Z, or

r. 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 + X In (px/pz) + a In (w/pk) + 0 In (pr/Pk) yiv + y2t (1)

where pk = user cost of capital, w = wage rate, pr = input price of intermediate input (including

energy), v = vintage factor, £ = time.

The sign conditions of this equation are: \<0 for competitive sector, X>0 for non-competitive

sector, a^O, ]3^0, 71 >0 and 72 >0. In context to our theoretical hypothesis, 71 and 72 relate to

factor (a), non-price neutral factor; X relates to factor (b), neutral price factor; and a and /3 imply

factor (c), factor price indicating biasedness. Since a homogeneity constraint of degree zero is

imposed on factor (c), the parameter of pk is implied to be -{a + 13).

In the following, we first take up the meaning of parameters and in the context to biased

technical progress and later discuss X.

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 (/?,) and time trend (t) as shown below.

(In our empirical expression, Fi = K,L,R. pj = w, pk, pr, as in equation (1).)

jp /?i, ln/72, ...\npn, t) (2)

df/dlnPj = ej (3)

?e' = ° (U = 1. 2.....I.) (4)

Considering business behavior in the real world, the demand elasticity for many factors e//, i.e.

demand elasticity of a factor / with respect to a factor pricey, is preferably assumed to be affected

by two aspects: (a) short-term factor adjustment efj, and (b) long-term factor adjustment with

biased technical progress efj. (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 au for efj and

a non-symmetry one for efj. This implies that for short-term factor adjustment weighted vertical

aggregation of efj gives zero value for each factor price, as shown below.

24 = 0 (5)
j

°l = aft (6)

el = coM (7)

S«M = 0 (8)

where o)t denotes cost share of factor /.

Accordingly, equation (7) indicates that, as far as efj is concerned, there is no reason to expect

that total unit factor cost, l/rs (= S uf In Ff/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 efj provides

no-zero values for technical progress rL in the absence of a symmetry condition as in the

short-term.

S4 = 0 (9)

S u^u * ° 0°)

-In/ = SakJlnpy+XJttfa,1-/ (11)

Ilirning back to equation (1), the TFP function, it now becomes clear that the factor price

parameters a, /?, exactly correspond to 2 wfe,y, 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 X, 71 and y2 into equation (1).

The neutral price factor, X, is of great importance as it can identify the competitive condition of

a specific sector of the economy according to X -^- 0. As shown in Figure 2, highly competitive sectors

tend to indicate a negative value for X, 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

AC

B. Non Competitive Market Case

'>V\ MC

j^kj-Q.

>v \

X \
X v

MR

'MR

AC

/ -

D

•D'

X

Figure 2 Cost-Price Relation

in this case,9 since the price increase with higher profit encourage R&D efforts, enabling a

reduction in AC of 1/TFR 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 71 and 72 of equation (1). 71 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 X, 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

9See J.A. Schumpeter [6].
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Table 1 TFP Functions: Parameters with Positive or Negative Values

in Terms of the Number of Sectors

(sign)

Primary

Secondary

Tertiary

Total

+

7

10

7

24

X

1

22

7

30

0

1

2

1

4

+

5

17

3

25

a

3

17

7

27

0

1

0

5

6

+

3

27

12

42

(3

4

6

2

12

0

2

1

1

4

+

5

10

4

19

1-ot-jS

3

23

11

37

0

1

1

0

2

71

+

5

7

7

19

72

+

2

13

5

20

Note: In TFP = a + X In -A- + a In o> + (3 In pr + (1-a-jS) In pk + y^v + y2\

construction, public utilities, finance and other services.

Regarding parameters a, j8, and l-a-/3, biased responses factors in technical progress, the results

show significantly positive signs for /?, relating to material price (including energy price), and strong

negative signs for (l-a-/3), the capital cost. Sectors with positive signs for a, the response parameter

of wage rate, account for only about fifty percent. The a'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 l-a-0, 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, 71 and 72, also turn out to be significant, but their numbers are rather

limited, about one-third of the total, respectively. Vintage effects 71 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 X2, 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 72 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 =/* (w, pki pm), where pm 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



Table 2 TFP Functions
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Table 3 Technical Progress in Manufacturing Sectors

in Terms of Parameters of TFP Functions

X a 0 1-a-jS

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 Gl) 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)

1. World trade (/Ww)

2. World import price (Pmw, $)

3. Crude oil (Pmio, $)

4. Exchange rate index (REX)*

5. do. (Y/$)*

6. Government investment (/g65)

7. Government consumption (Cg)

8. Official discount rate (IN)*

9. Corporate tax rate (/V)*

1990

5.3

2.0

11.6

2.39

150.0

7.4

-0.3

5.16

0.49

1991

4.0

2.0

-0.8

2.47

145.0

4.7

3.1

5.25

0.47

1992

3.9

2.0

0.5

2.52

142.0

4.7

3.1

5.25

0.45

1993

3.8

2.0

0.4

2.58

139.0

4.7

3.1

5.25

0.43

Rate of

1994

3.7

2.0

0.4

2.63

136.0

4.6

3.1

5.25

0.43

change (%)

1995

3.6

2.0

0.3

2.69

133.0

4.6

3.1

5.25

0.43

* denotes level.
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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 thousand 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

1. General crops

5. Forestry

13. Meat and dairy products

15. Manufactured seafood

21. Other textiles

30. Final chemicals

31. Petroleum products

36. Steel

40. General machinery

41. Electrical machinery

42. Automobiles

47. Housing construction

51. Electric power

54. Wholesale & retail trade

57. Road transportation

63. Other services

Total

Output for Selected

(Base Line)

1990

7,986

1,412

5,392

2,939

6,855

9,871

21,891

16,219

35,959

55,625

25,398

20,803

11,126

71,589

10,825

55,863

721,536

Sectors

1995

7,304

1,232

6,441

3,302

8,073

13,848

27,210

17,241

53,083

87,220

36,577

26,748

14,360

97,147

12,568

64,718

930,608

(1980 Bil Y)

(0/0)

-1.8

-2.7

3.6

2.4

3.3

7.0

4.4

1.2

8.1

9.4

7.6

5.2

5.2

6.3

3.0

3.0

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 Promotion10

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.

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

automobiles, see S. Shishido [10].
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Table 7

1. General crops

5. Forestry

13. Meat and dairy products

15. Manufactured seafood

21. Other textiles

30. Final chemicals

31. Petroleum products

36. Steel

40. General machinery

41. Electrical machinery

42. Automobiles

47. Housing construction

51. Electric power

54. Wholesale & retail trade

57. Road transportation

63. Other service

TFP for Selected Sectors

(Base line)

1990

.7266

.9889

1.0217

1.1090

.7366

1.3713

1.1212

1.3458

1.1976

1.3081

1.1085

1.1390

.6358

1.2932

1.0750

.8245

1995

.7954

.9619

1.0551

1.1815

.7741

1.4635

1.0935

1.3643

1.3119

1.5109

1.1139

1.1688

.6137

1.4037

1.1358

.7752

(0/0)

1.8

-0.6

0.6

1.3

1.0

1.3

-0.5

0.3

1.8

2.9

0.1

0.5

-0.7

1.7

1.1

-1.2

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.11 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.12

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.)

l2In 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.
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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 a rise 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
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Table 10 Import Promotion Scenario: Sectoral TFP
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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.
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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 X. 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
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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 (pr) 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 (Fi) and time (/)• Factors are divided into F5

and P- for short-term and long-term operation, respectively. /?, denotes factor price divided by

output price and a* share parameter on each factor F,. Z denotes total factor input, X output,

and r factor productivity (TFP).

X=f(FhF2, ...F«, t) (1)

(/j = 7, ... ri)
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F,=Fi+Ff (2)

X=f(Fs,....Fsn, ... Fj... FLn, t) (3)

Z = ZS + ZL (4)

zs= 2/>/*"? (5)

(6)

(7)

wf=p,Ff/ZL (8)

2<of=l (10)

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.

¥si/X=gs(p1)p2t ...pn, t) (11)

Ff/X=gL(phP2, ...Pn, t) (12)

Aggregation of these equations into an average unit factor cost, an inverse of r (TFP), for each

group provides the following relations in logarithmic form.

) (14)
** i

„ , zL
2 «/ = In -ir (15)

ZL
In -1tf- = ^L (2 "fej lnp/, E «^/" 0 (16)

01 = XJw,-0/ (17)

02 = Sw^'f (18)

z zs zL z5
ln^ = wln^^ + a-a) In At- (o> = 4^)

(20)
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Note that in (14) weighted average term, %<aUsu In pj, is dropped, since they are all zero. As
described in the text in Section 4 (equation (8)), 4 are based on symmetry condition of 6^ = 6*

elasticity of substitution.
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