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ABSTRACT
Title of Thesis: An Input-Qutput Forecasting Model of the Japanese
Economy
Young Sun Lee, Doctor of Philosophy, 1976

Thesis directed by: Professor Clopper Almon, Department of Economics,
- University of Maryland

The purpose of this study is to build an annual medium term input-
output forecasting model for the Japanese economy with sufficient com-
modity detail. The model forecasts year-by-year for ten years ahead,
industry output, employment, investment, inventory change, exports,
imports, wage rates, prices, and productivity within the framework of
an input-output table. The model is designed as a prototype country
model in the International I/0 Forecasting System at the University
of Maryland.

The main characteristics of the I/0 computation is consistency.
In this study, the consistency is pursued in three ways. Firstly, as
usual in I/0 models, consistent output is calculated in the sense of
intermediate demand and final demand. Secondly, consistent price is
calculated assuming optimal pricing behavior of firms. Thirdly, the
consistent relation between output and price is pursued by making the
output .ag a function of prices and by making the price .as a function
of output.

The technical and behavioral equations are formulated for all the
economic variables to be forecasted. The main efforts are made to

estimate wage rate equations, labor requirement equations, consumption



equations, price equations, and investment equations. After the
structure of the model is described, each chapter will explain the
theoretical basis, the mathematical formulation, and the empirical
results of each equation. In the last chapter, predictive performance
of the model is tested by simulation. Also, the limitations of the
model and some possibilities for improvement are discussed in the last

chapter,
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CHAPTER 1

Introduction

This study presents an annual national econometric model for
interindustry forecasting of the Japanese economy. It is built for
the purpose of medium--or long-term analysis. Curreantly, the inter-
dustry forecasting group at the University of Maryland is working on
a dynamic world input-output forecasting system in which eleven country
models and one central trade model are included. This dissertation is
designed to make a prototype country model for the system. The
Computer Forecasting Program, called 'FORP'l, which was developed by
this study, will be used as a basic 'housekeeping' program for all
country forecasting models in the system. This model is designed as
the first of a series of INFORUM models for countries other than the
U.s.

Another purpose of the study is to show a possibility of modi-
fication of INFORUM type input-output forecasting models. Since the

book, 1985: Interindustry Forecasts of the American Economy was

published, there has been criticism as well as appreciation.2 The

1poRP was originally written by Clopper Almon and was debugged,
changed, and expanded by the author. ‘

2Almon, C. et al, 1985: Interindustry Forecasts of the American
Economy. Reviewed by Wigley, K.J. in the Economic Jourmal, 1975, June,
by Anne Carter, JEL, 1975; and by Stiglitz, J.E. in The Brookings Model:
Perspective and Recent Developments. ed. by Fromm, G and L.R. Klein.
North-Holland Publishing Co. 1975.




main criticisms focus on statistical method and on theoretical structure.
This study tries to respond to those criticisms.

This model is based on the U.S. INFORUM (Lgperindustry Forecasting
Project at the University of Maryland) model. As in the U.S. INFORUM
model, the basic idea is to forecast, year-by-year for temn years ahead,
industry output, employment, investment, prices, and productivity within
the framework of an input-output table. However, the present model de~
viates from the U.S. INFORUM model in several points., It attempts to
respond creatively to some of the valid criticisms of the U.S, INFORUM
model.

In the international system, country models will be linked to the
central trade modell through the price mechanism, Therefore, the model
should include price model as well as real model which forecasts output.
The old version of the INFORUM model forecast relative prices with time
trend, and the new version forecasts monthly wholesale prices with
lagged rates of labor costs, costs of materials, and output, Neither
of these methods could be applied to this model, because we should
forecast absolute prices instead of relative prices, and because we
do not expect to find enough information to estimate the lag structure
with monthly data in Japan or other countries. Accordingly, the optimal
pricing theory within input-output framework is employed to forecast
annual prices. Labor market conditions, demand pressures, and material

costs are considered in the price formation equation. Considering the

lNyhus, D.E. "The Trade Model of a Dynamic World Input-Output
Forecasting System'" INFORUM Research Report No. 14,



linkage of the country models to the trade model, the feed-back effect
of world price change to domestic price is incorporated in the price
model. Openness of the economy is much greater in other countries than
in the U.S.A.

The price model in INFORUM is separated from the real model.
Price and output are not solved simultaneously year by year, but
rather iteratively. Because of the expense of the iterative solution;
price and output are solved each year in this model,

A special effort was made to specify the laﬁor market equations.
The labor market variables such as wage rate, employment, man-hours
per employee, and productivity have three important roles in this
model. These are the determination of wage inflation, the substitution
for capital, and the determination of potential output. In many
countries, wage inflation dominates price inflation. However, it is
not generally accepted that the Japanese price inflation was of cost-
push type.1 The prices did not grow up as fast as the wage rates
because productivity grew so fast. On the other hand, the nominal
wage rates grew fast owing to the rapid growth of productivities.
Therefore, an equilibrium wage rate equation was formulated using
the marginal productivity principle. The fact that the Japanese
economy had enjoyed a full employment until 1973 and the supply of

labor had been the major constraint on the economic growth makes the

) 1Ackley, G and H. Ishi, "Fiscal, Monetary, and Related Policies'
in Asia's New Giant ed. by H. Patrick and H. Rasonsky. The Brookings
Institution, 1976.




Phillips curve type wage study invalid for the Japanese economy, One
of the criticisms on INFORUM model in the literature was that the
investment equation and the labor requirement equation were not based
on the same production function. If we allow substitution between
labor and capital, it is consistent to use the same elasticity of
substitution to calculate investment and labor according to the price
change., In this model, the labor requirement equation is derived from
a C.E.S. production function on which the investment equation is also .
based. The labor requirement derived from the production function
depends on the real wage. There is a significant evidence of the sub-
stitution of capital for labor as the real wage increased over time in
Japan.

The potential output growth of an economy can be approximated
by its productivity growth and its employment growth. In order to
avoid the simple projection of the productivity into the future from
the historical productivity growth, which might overpredict the
ﬁroductivity owing to the Japanese experience of rapid growth in the
past, we employ a Gompertz function which could allow the productivity
to slow down in the future as a labor augmenting factor in production
function. The exponential function which is used in usual production
function tends to overpredict productivity in the future. The man-
hours per employee equation is formulated to incorporate the downward
trend of working hours in a week in determining the potential output.

In real side of the model, various econometric formulations and

techniques are tried in order to get a reasonable model with relatively



poor existing data. In a large model like INFORUM, a 'loving care'
estimation approach is almost impossible. The so called 'firm-handed'
estimation method may be inevitable. However, in this model the author
tries to reduce the arbitrary assumptions as much as possible, and to
use some 'loving care'. The use of alternative formulation of the
investment function is an example. The consumption function is so
formulated that complementarity could affect éonsumption projections.
The traditional commodity demand equation which has only its own
relative price to the overall consumer price as price variable fails
to catch up the cross-price effect in commodity demand. The bias
from neglecting the complementality is not negligible.

This report consists of four parts. The first part looks over
the structure of the model and the solution procedure. In part two,
the equations in the price block of the system will be presented., All
the final demand equations and trade equations will be discussed in
part three. In part four, simulation with the model will be reported.
Possible improvement and extensions of the model will also be suggested

in part four.



CHAPTER II

Structure of the Japanese Model

This model consists of over eight hundred regression equations,
an input-output coefficient matrix (A), a capital flow coefficient
matrix (B), and a government demand distribution matrix (G). The re-
gression equations explain consumer demand, investment activities,
exports and imports, labor requirements, wages, manhours per employee,
prices, and input-output coefficient changes.

Following the Japanese 1970 I/0 table, commodity production is
classified into 156 sectors. Private investment activities, labor
requirements, and wages are classified into twenty industry groups.
Construction activities are classified into eight groups. Prices are
formed for the 156 sectors. The distribution of the 156 products is
explained in Figure II-1,

In the first section of this chapter, we will see how the equations
are related. The procedure used to solve the system will be explained
in the second section. In the third section, the formulation of the

equations is described.

Interrelations of the Equations

As we can see in Figure II-2, the whole system is divided into
two big blocks, namely the price determination block on the left and
the output determination block on the right., The price block includes

wage equations, labor requirement equations, and price equations. The
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output block includes consumption, investment, inventory change, import
and export, and some other final demand components.

Although the two blocks seem to be separated, they are related
through various functional relations., First of all, to get consistent
output and price, the same A matrix is used in both blocks. After the
coefficient forecast is made by logistic curves and/or by price induced
substitution, which will be discussed later, price and output are cal-
culated with that A matrix., Therefore, coefficient changes affect both
outputs and prices. The effect of prices on outputs is obvious. The
prices forecasted in the price block will be transformed to be used in
various final demand equations. For the consumption equation, the
output price will be transformed to the relative price with the appro-
priately weighted consumer price index, For the investment equation,
the B matrix is used to get the PDE deflator from output price, and the
expected inflation rate is calculated with a distributed lag system,
Also, the domestic output price goes to the import and export equations
where it is used relative to foreign price, Labor productivity is
presumed to determine the potential level of disposable income, which
determines consumer demands and some other final demands.

There also exists the effect from output to price. The output
from the I/0 computation should be interpreted as an equilibrium output
reflecting influences of both demand and supply. Therefore, that value
cannot enter the price equation directly as a demand measure because we
cannot identify output as demand effect or as supply effect. However,
in this study the output affects prices through capacity utilization

variable or through a proxy for demand measure. The desired output
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capital ratio and the expected change of output are used to determine
the long term trend of the markup ratio in the price equation. Also,
the output affects prices through wage equation. In order to increase
output, more labor should be employed, which increases demand in the
labor market. Instead of using absolute employment change in the wage
equation, the change in employment share of a certain industry is used
to see the real labor market demand pressure in the sense of competition
with other industries.

The equations‘in the price block are interrelated. First, the wage
rate is affected by the previous years' productivity from the labor re-
quirement equation, and by the previous year's consumer price index and
output price from the price equations. Labor requirement is affected by
the real wage rate. Wage rates, labor requirements, markup ratio, and
the A matrix determine the output prices. Also, there is a feedback
effect from price to input-output coefficients which is changed when the
relative prices change. However, this study does not cover the price-
induced-coefficient change.

The structure of the output block is rather simple. The demands
are explained by demographic variables, real income, stocks, and price
variables. Each equation will be discussed in the following chapters

in great detail.

Solution Procedure

As the model consists of two big blocks, it can be solved by a
block-recursive type method. As Wald says, an economy is a large re-
cursive system if the time period is very short. In an annual model

like this, however, the applicability of the pure recursive system is



11

questionable., Simultaneous determination of the variables in some
blocks of the model is inevitable., Therefore, the variables in the
model are clustered into a few blocks. The variables within each
block are solved simultaneously and the different blocks are sclved
recursively. The simultaneous solution of the variables within each
block should be gotten by the way in which the economy sclves, not by
the mathematical solution. The economy can use only iterative methods.

Unfortunately, the cost of the iterative solution between price
and output is quite large. If we can break the simultaneity between
output and price without great loss of information, it is worth trying.
The simple way out of the simultaneity problem is through the use of a
one period lag. It is generally believed that wage adjustments are
sluggish. If all the explanatory variables in the wage rate equation
are only lagged variables of the system and other exogenous
values, the simultaneity between price and output is broken. As will
be seen in the wage rate equation chapter, the Japanese wage rate
equations work well with lagged explanatory variables. Historically,
their fast érowing wage rates were always behind the faster growing
productivity increases. Therefore, we can start to solve the wage
rate eqauations with only the predetermined varibles.

The solution procedure consists of the following five blocks:

l. w=f; (z°) wage rate block
2. 2= 1, (w,p,2%) , price block

a = f3 (29)

P= f4 (w, 2 'aij’ e, 20)

a=fg (p,z°)



All the predetermined or exogenous

f6 (P,zo)

X = f7 (pszo)

is= fs (P’q,zo)

o= f9 (P:q’zo)

v = £, (q,2%

q= fll (i’msvsc’x’zo)

= flz (q:zo)

e = f13 (g, ¢ ,t,z°;

z°. The symbols are:

w

£

wage
labor requirement

price

markup

consumption

export

investment

import

inventory

output

input-output coefficient
monthly manhours per employee

employment

12

consumption and export block

Output block

employment block

variables are represented by
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The solution procedure starts from the wage block. The wage
rate which is calculated in the wage rate block will be given to the
price block. The labor requirement and the prices of output are
determined in the price block. Once price is given, we can calculate
consumption and export. In the output block, output, import, inven-
tory change, and investment are then determined. Using the calculated
output, employment is calculated in the employment block.

The variables determined in the previous blocks will be given
as exogenous to the current block., The equations of each block
should be solved simultaneously. The main simultaneity problems
occur in the price block and ﬁhe output block., Besides the simultaneous
determination of the output prices, which can be solved by the Seidel
procedure, there is simultaneity between price and labor requirements
within the price block, The labor requirement is a function of the
real wage which is nominal wage divided by current price. Therefore,
an iterative method is necessary to solve this problem. On the first
iteration, we start by extrapolating the previous year's price change
to be used in the labor requirement equation. If price-induced sub-
stitution is allowed in the coefficient change forecast, another big
simultaneity occurs between price and the input-output coefficients.
In this case, labor requirement, price, and input coefficients should
be determined simultaneously; this simultaneous determination can be
achieved only by the large iterative method, which is quite expensive
computationally.,

A more complicated simultaneity problem occurs in the output

block. Investment, import, and inventory depend upon the current
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output. A solution procedure for this kind of problem is found in
INFORUM., First, investment is calculated by extrapolating the previous
output, With the final demands which were calculated in the previous
blocks and with the investment, we solve for the output by the Seidel
iterative process. Import and inventory are determined in every
iteration using the new value of output. The new output is compared
with the previous output and the process is repeated until the new
output converges to the previous output, Once the new outputs of all
sectors are gotten by the iterative method, we go back to the invest-
ment calculation. The new investment is calculated using the current
output. Once again, the current investment is used to calculate the
final output. Triangulization of the A matrix can speed up the con-
vergence, Triangulization can be done by entering the sectors in
decreasing order of the final demand ratio to output. Also, the
extrapolation of the previous year's output in the first iteration
speeds up the convergence.

The final block of the solution procedure is employment deter-
mination. Using the output and the labor requirements which were
calculated in the previous blocks, the necessary employment is found
using the manhour equation. The income side of the model is not
designed in this dissertation, Accordingly, the employment should
play a role to determine whether the exogenous assumption about the
disposable income is reasonable or not, because employment can repre-
sent potential income level, If we have an unreasonable employment
projection, the assumption should be revised and all the procedure

should be repeated.
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Functional Forms of the Equationms

1.

Wage Rate

/

) *agb!
t-1 |

t=-1
+ 1 -2 i-1
ag ( ) T A A VAPt-i + a

=Hi=

+ a0 (CPI)t—l

é'(Wt) = a; + a_ A ( :
/ t-1

= e

6 A

Here A stands for the percentage change. W denotes nominal wage
rate, L the employment of an industry, L the total employment of
the economy. W is the average nominal wage rate of the economy
and CPI is the consumer price index. VAP stands for the value
of average product. The wage rate equation tests the three
hypotheses, the equilibrium hypothesis, the disequilibrium
hypothesis, and the bargaining power hypothesis.

The equilibrium hypothesis is tested by the variable, VAP,
the disequilibrium hypothesis is tested by the variable, employ-
ment share (LI:'), and the bargaining power hypothesis By thelcon—
sumer Price Index (CPI), and the relative wage rate(%) . The
value of average product is assumed to affect the wage rate
through the distributed lag scheme. The form of the distributed
lag is Koyck. The infinite lag tail problem is treated by a

special method which will be discussed in Chapter III.

Labor Requirement
The labor requirement equation is defived from a C.E.S

production function. The C.E.S. production function employed
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here is subject to constant returns to scale and it has labor
augmenting technological change. Gompertz curve, instead of
exponential curve which is growing without bound over time, is
used to fit the labor augmenting technological change. With

the partial adjustment mechanism, the regression equation turned

out to be
\ rw o, { E
ALN[ E} + o ALN!—! - (1 - ALN | =
(Q] \P /¢ 1 -w) L Q-1
[E} (u ) JE
by - b, (L¥|g Jo + LN S 1 -u) LN\ 7 1)

Here, E denotes manhcurs, %; refers to real wage. o is elasticity
of substitution estimated in investment equation, and u is the

rate of adjustment. y is estimated by iterative method.

Price
e
= Z - a W . s
A Pj = Tay ((Q-m P +m B+ ULC?t o 4t
e
- Qt e
. = + +C, A +C, t
B Otjt Cl C = 3 —Qt 4
t-1
e a
= - -+ A
C. Pjt Co + (1 -u) Pjt M ?J -1
where

i=1l..000...156
j = 100000100156

There are three different notations for prices. P®€ stands



17

for the domestic equilibrium price which is calculated by the
I/0 computation. The normal unit labor cost (ULCN), and the
material costs are used to get the domestic equilibrium prices.

The markup ratio is related to the desired output capital ratio

e
(fﬁ;. and to the expected rate of output change (é_Q:). These
Ke-1

variables are explained in the Price Chapter. P¥ stands for the

world price. Since the large portions of the materials are im-
ported, imported méterial costs are considered in equilibrium

‘price calculation. The ratio of amount of imports to total domestic
use (m) is used as a weight. After the domestic equilibrium
price is calculated, the actual output price is gottemn through

the behavioral relation. In the behavioral relation, the actual
prices are related to the equilibrium prices through distributed
lag system. Koyck lag scheme is used because we believe that

the equilibrium price of the current period has the strongest

effect on the actual current price.

Personal Consumption Expenditure

y B

Pie 1 Pci;.t :
Cip = (4 +4d, Y, +dy 8Y, +4d, ¢t) - -
it t

Here C;, stands for the per capita personal consumption expendi-
ture for commodity i in year t and Yt is personal disposable
income. All commodities are classified into several groups.
Pgt refers to the price of the group to which ith commodity

belongs. Relative price is decomposed into two price variables;
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its own price relative to the group price, and group price rela-
tive to the total consumer price index (ft). The decomposition
of the relative price is designed to consider the complemen-
tarity in the consumer demand within groups.

The demand system must satisfy the budget constraint. In
forecasting, the total consumption plus savings must add up to
disposable income. 1In order to solve the adding up problem, we

define P, such that

) =
i cit (Pt) + 8, Yt

where

P T

8¢ is per capita savings and Yz denotes permanent income, Y:

refers to transitory income, and Rt is real interest rate.

Investment

The investment equation is derived from the standard C.E.S.
production function. The equation has the neo-classical stock
adjustment form. The optimal capital stock, K*, which is de-
rived by equating the rental rate and the marginal product of
the capital, is assumed to affect the net investment through a

distributed lag.

N _ *
I, 1§o w, AR,
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where

K* = ¢ RO q
The lag weights, w's, are geometrically declining by the factor) ,
after the first two periods. 1§ denotes the net investment in
year t, and Qt stands for the output in year t, while Res 0 Kes
and c refer to the capital cost, the elasticity of substitution,
the capital stock, and a constant, respectively. As we can see
in the equation, the main burden of the estimation is the lag
weights., Since we have infinite tail of lag weights and rela-

tively small number of observations, the equation is transformed

into an appropriate form for the estimation purposes.

Import and Export

e

f3
= + *

Here M; and X, denote merchandise imports and exports at year t.
U, stands for the domestic use of a good at year t, which is
defined by output plus imports less exports. F, is the foreign
demand index which is available from the World TIrade Model. The
last term of each equation is the relative price level (foreign
price to domestic price for imports, and domestic price to
foreign price for exports). Hence ey and f3 are the respective
price elasticities. The form of these equations are borrowed

from the INFORUM models.
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7. Housing Construction

9.

I - 1 t-1 ] l t
(ﬁ')t h; (H )t +h, Z (1-6)1 (H)t_i +hy (1-9

This is a partial stock adjustment equation. The Housing Con-
struction expenditure per household (I/H) is assumed to be some
fraction of the gap between the desired stock and the actual
stock. The desired stock is assumed to be a function of the dis-
posable income per household, Y/H. The actual stock is calculated
by the one bucket reservoir system, which will be described in
Chapter VIII. The housing expenditure per household is investi-
gated because the decision unit for housing expenditure is the

household.

Inventory change
Ve = (8 Q¢ - Vs,)

The Accelerator principle is employed in the inventory change
equation. Vt denotes the inventory change at year t, and VSt
the inventory stock, ¢ is the constant speed of closing the

gap between the desired stock and the actual stock, Desired

stock is assumed to be proportionmal to outpﬁt (e Q).

Manhours per Employee

ME, =h; +hy AQ +h, T



10.

11.
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The Manhours per employee (MH) are related to the percentage
change in output and to the time trend (T). The Socio-economic
factors, captured by the time trend, hgve & great influence on

the manhours per employee.

Coefficient Change

a

C
ic 1-A e8Pt
where
i=1l.....'..ls6

The equation is the INFORUM method of forecasting the Across-the-
row coefficient change in which Cit is the coefficient of the ith
row in year t, a is the asymptote of the logistic growth curve,
A is the constant of integration and b is the constant rate of
the percentage change of the gap betweencitamd a. The across-
the~row coefficient change method is designed to investigate the

coefficient change due to technical change and to product mix

change over time.

Output Determination

o - s

=1 13 Q. +F -M

3 i i

where



F, = %0 b, I. + g G, + C + V + %8 H
i 351 Ti3 3 371 Big s j521 Piy
All the final demand components, namely personal consumption
expenditure (C), investment (I), government expenditure (G),
construction (H), inventory change (V), imports (M), and

exports (X), are combined to calculate output.
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CHAPTER III

Wage Rate Equation

Theory

There have been three approaches to wage rate adjustment, These
are:

1. Disequilibrium study, which is commonly presented by the

Phillip's curve, )
2. Equilibrium study, which is based on the marginal productivity
principle, and

3. Bargaining power hypotheses.
All of these hypotheses are employed in the formulation of the Japanese
industry wage rate equation. |

In usual disequilibrium study, the rate of unemployment or the
change in the unemployment rate is considered as a measure of dis-
equilibrium, Exzcess demand in the labor market is measured by the um-
employment rate, whether it is an aggregate macro model or an industry
level model. Certainly there is no objection to use of the unemploy-
ment rate as a measure of excess demand in an aggregate macro study.
Its use is questionable, however, in disaggregated models. The extent
of disequilibrium of the whole economy does not necessarily indicate
its extent in a certain industry. Furthermore, the Japanese statistics
of the unemployment rate show not much variation for the past 15 years,
although the industrial structure has changed very much,

Therefore, the unemployment rate is not expected to be significant
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in the industry level wage rate determination. Now, the problem is

to find an appropriate proxy for the measure of disequilibrium for
each industry. The measure of disequilibrium in an industry should
cover not only the flow of labor between the employed and the un-
employed, but also the flow of the employed laborers between indus-
tries,

When unemployment is not very great, job competition between
the employed and the une;nployed is weak, Money wage rate will be
only weakly affected by the employment level., Furthermore, if there
exists excess demand for labor so that labor becomes a constraint on
growth, the actual situation in Japan recently, the employers should

compete to get the laborers who are already employed. Therefore,
upemployment rate could not be a significant variable in the wage
equation.

The change in the employment share of each industry over the
total employment of the economy is chosen as the proxy fbr the measure
of demand pressure in the labor market, There has been a big .change in
employment shares of AgricdYture, Other services, Wetal, and Machinery in-
‘dustries, Those changes are presumed to have been possible only
through shifts of labor among industries. Table III-1 compares the
employment shares in 1958 and in 1972,

In an equilibrium situation, the marginal productivity principle
says that the nominal wage is equal to the value of marginal product.

This productivity approach to empirical wage equations was suggested



TABLE III-1. EMPLOYMENT SHARE*

Industry Name 1958
1. Agriculture, Forestry and Fishery 33.15
2, Mining 1.06
3. Foods and Tobacco 2.19
4, Textile 4.74
5. Pulp and paper 0.70
6. Chemical Products 1.14
7. Primary Metals 1.17
8. Metal Products 1.35
9. Non-electrical Machinery 1.33
10. Electrical Machinery 1.25
1l. Transportation Equipment 1.16
12, Miscellaneous Manufacturing 6.12
13. Construction 5.25
14, Electricty, Gas and Water Supply .52
15. Wholesale and Retail Trade 16.91
16. Real Estate 0.17
17. Transport and Communication ) 4.61
18. Finance and Insurance 1.68
19. Other Services 15.51
‘ Ei
*Employment share is —— * 100, -Where E

TE i

and TE is total employment.
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1972
14,78
.31
2.07
4.39
0.74
1.21
1.52
2.66
2,22
2.66
2.06
7.50
8.45
.57
20.53
0.64
6.37
2,28

19.06

is ith industry employment
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by Kuhl

as a criticism of the disequilibrium theory relying on the
Phillip's curve.

Based on Kaldor's> suggestion, various studies tried to find the
role of profits in wage determination. Kaldor argued that the Phillip's
empirical results arose from a spurious correlation between unemploy-
ment rates and profits,

Nevertheless, the role of profits in wage determination is not
directly justifiable from neoclassical theory. There is in neoclassical
theory no reaosn why employers increase wages as profits go up. This
theoretical gap between profit and wage was bridged by Kuh's produc-
tivity approach. As Kuh states, "profit might be a proxy for a more
fundamental determinant of wages, the marginal value productivity of
labor, according to neoclassical price theory., Profit markup can be
written as MU = %ﬁ (where PX is value added, W the wage rate, M man-
hours). The average value productivity of labor is~§§, and may
readily be conceived to be systematically correlated with the marginal
value productivity of labor, which is the determinant of labor demand
in neoclassical theory,"

The value of marginal product is decomposed into two parts, the

price of output and the marginal product. Because the marginal

1Kuh, E., "A Productivity Theory of Wage Levels; an Alternative
to the Phillip's Curve." The Review of Economic Studies. Vol. XXXIV
(4), No. 100 (Oct., 1967).

Zgaldor, N., "Economic Growth and the Problem of Inflation,"”
Part II. Economica. Vol. 26 (1959). pp. 287-298.
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productivity is not directly observable, we need one more step to get
appropriate data for that variable, There are two alternative ways

to deal with this problem, Firstly, from the production function which
is estimated using various assumptions, we can calculate the marginal

productivity of labor.1

Secondly, rather than resort to a two-stage
estimation procedure by first estimating a production function and
then a wage rate equation with marginal productivity, average produc
tivity could instead serve as a proxy, since the two are likely to be
systematically related over observed ranges of variation. 2

If the postulated production relation is Cobb=-Douglas with
neutral technical change, marginal and average productivity differ
only by a multiplicative constant. However, a C.E.S. pfoduction
function is utilized in this study. As we can see in the labor re-
quirement equation derivation, the marginal productivity of labor is
some function of the average productivity of labor. In this case, the
only thing we should assume is that the elasticity of output with re-

spect to labor is constant within certain ranges of that production

function so that the systematical relation between average productivity

11n 1abor requirement equation estimation, we estimated some
parameters of production which make it possible to calculate marginal
productivity, even though we did not estimate the production function
itself.

2Kuh, E., "A Productivity Theory of Wage Levels - An Alternative
to the Phillip's Curve." The Review of Economic Studies. Vol. XXXIV
(4), No. 100 (Oct., 1967).
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and marginal productivity can be approximated by a linear relation.l

The assumption involved in using average productivity is, therefore,
not more critical than those used in estimating production functionms,

The price of output and the proxy for marginal productivity
could both enter the wage equation as independent variables., But
with the small number of observations, in order to save degrees of
freedom we generate the proxy for the value of marginal product by
multiplying the price of output by the average productivity. So,
actually, the formulation implies that the nominal wage is a linear
function of the value of average product.

At this point, the price variable in the wage rate equation
needs same further explanation., In a multisector model a distinction
must be made between the consumer price index and the price of output.
The consumer price index as a cost of living index has been commonly
used in wage studies. But the implication of these two prices in the
wage equation is quite different. The consumer price index is used

to get real wages free from money i1llusion; it relates to the supply

1E1asticity of output in a C.E.S. production function with
constant returns to scale is -

32 « L =1 .a () ”° &°
oL Q Bp L

(see page 45 in this dissertatiom).

So, if we assume output varies proportionally to employment within a
certain observable range of the production function, the elasticity
of output is constant. .

Q.L = 30, 9
2L Q “kso S TEkY
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side of the labor product, The price of output is the relevant
measure for value of labor productivity, which relates to the demand
side. However, there is a statistical problem in disentangling the
effects of those prices in the wage equation because the consumer
price index is related to the price of output through an identity
relation.

So far, we presume that the most :meortant‘conpment of steady
state wage is labor productivity. The most reasonable interpretation
of the labor productivity theory implies a long run wage elasticity
with respect to labor productivity of unity. Labor productivity in-
creases in the long run for various reasoms, including technical
change and education. The money wage adjusts to it, but with a lag.
Therefore, there is a time delay in wage adjustment to the equili-
brium level. The specific lag structure will be described later in
the formal wage equation.

The bargaining hypothesis commonly attributes w'agelincreases
to consumer price increases. In this study, both the relative wage
rate and the consumer price index are used for the bargaining basis.
Only one of them will be used in an industry wage rate equation. If
we have the fast growing consumer price index and the value of average
product as the independent variables, the forecasts of wage rates of
different industries may diverge very much. The Japanese wage differ-
entials between industries have been quite stable, although there has

been a slight tendency to narrow interindustry differentials, as
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Bluementhall pointed out. Table III-2 shows the trend of wage differ-
entials over time; the standard deviation declines slightly. Therefore,
in order to avoid the divergence in wage rate in forecasting, relative
wage rate change is preferred to the consumer price index as the basis
for bargaining., The negative sign on the coefficient of the relative
wage rate will make the wage level of an industry low if the relative
wage level of the last year was high.

Wage differentials in the manufacturing sector of an economy at
a given time may be attributed to some combination of the following
factors: age, sex, education and training, industry, occupation, work
status, region, degree of unionization and scale of firm. Wage differ-
entials are determined by social variables as well as economic vari-
ables. As time goes on, we could presume that wage differentials move
towards a stable equilibrium which depends only on the long term cost
of education and training for specific industries and some other
stable institutional factors. Therefore, we can hypothesize that
laborers are more sensitive to changes of their relative wage position
than to simple wage differentials between industries. If the wage
structure changed in the previous year so that the relative wage in
a certain industry decreased, its trade union is assumed to bargain
more strongly. Cost of living, which is represented by the consumer

price index is also considered for this hypothesis, but it will be

lBluementhal, T, "The Effect of Socio~economic Factors on Wage
Differentials in Japanese Manufacturing Industries." Economic Studies
Quarterly. Vol. XVII, No. 1 (Sept., 1966).
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employed only if the relative wage does not work very well. This is

because of the statistical difficulty which was mentioned above.
Summarizing all three hypotheses and considering the one-period

lag of wage adjustment which was described in Chapter II, we have the

formal wage equations following:

@

(1) AW, =ap+o) A LSy +op AR, +og I w(l) 4 VAP, 3

+
Ye

(2) & Wt =0, to3 ALS. 3 +to,d CPI._,

o

+ a3 igo w (i) AVAPt-l—i -t-ut

where
4 stands for percentage change
Wt = nominal wage level of an industry at time t.
1S = employment share of an industry over total employment
(LS =I:I:‘- where L is the total employment of the economy )
RWt = ;elative wage of an industry
(RW, = =w=1t-;’ where W is average wage of the non-farm industries’)

VAP, = P_ % AP
t t

Py = output price index

1

Agricultural wage and wage of Other services are excluded in
calculating relative wages because of the differences in the nature
of labor between manufacturing industries and agriculture.



TABLE III-2 - RELATIVE WAGES ¥

Industry Name

1. Mining

2. Foods and tobacco

3. Textile

4. Pulp and paper

5. Chemical products

6. Primary Metals

7. Metal products

8. Non-electrical machinery

9. Electrical machinery
10. Transportation equipment
11, Miscellaneous manufacturing
12. Construction
13, Electricity, gas, water
14, Wholesale & retail trade

15. Real estage

. 16. Transport & communication

17, Finance and insurance

Standard deviation

1960
1.054
0.782
0.558
0.933
1.273
1.323
0.797
0.977
0.896
1.221
0.778
0.791
1.568
0.926
1.806
1.112

1.466

0.328

Year
1965
1.019
0.838
0.605
0.960
1.182
1.192
0.863
0.953
0.834
1.082
0.827
0.827
1.618
0.921
1.223
1.138

1.404

0.310

1970
1.018
0.849
0.651
0.947
1.214
1.244
0.915
1.037
0.878
1.066
0.847
0.847
1.502
0.917
1,351
1.098

1.268

0.214

32

0.206

*The relative wage is defined by the nominal wage divided by the average

wage of the economy,
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APt = average productivity
w(i) = weights of lag scheme, with £ w(i) =1

u, = stochastic disturbance term.

The rate of wage adjustment is measured by the percentage change
of the nominal wage level. The only difference between equation (1)
and (2) is the bargaining variable. The productivity variable with
lag system can be considered as the standard productivity change trend
which is calculated from a weighted average of past productivity
changes, The expected signs are positive for LS, negative for RW,

positive for CPI, and positive for VAP,

Empirical Results

In order to estimate the wage adjustment equation, we posit
that the lag weight structure w(i) is geometrically declining in i.
Using this lag scheme we can rewrite the wage rate equations in the

special forml:

-3 .
= + - 1
(1) A wt a + oy A LSt_ + a, A RW + a,. (1-)) igo 2t A VAP

1 2 = "t-1 3 t-1-1
+ u,
(2) AW, = a toAlS 3ty é'CPIt-l
ta, 0 T abavar ) +u

11, general Koyck lag structure, we do not see the (1-) ) factor
which appears in the equation above., If we do not multiply by (1-1 ),
the sum of these weights is not equal to unity. In order to see the
total effect of a one unit change of the explanatory variable over the
whole time period, we have to make the sum of the weights unity.
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where X is the geometrically declining rate of the lag system in a
sector.,

For the estimation of equations like these, two econometric
problems have to be faced. First, the last variable is an infinite
sum while we have only a finite amount of data. Second, the equation
is nonlinear in the parameters cx3 and A . The first problem was
solved by the following procedure which was originally suggested by
Klein! and developed by Sargent.2

The summation in the last term of the equation can be written

as follows:
t-1

LI
i%o LVAP 1 F sk S S O |

Substituting i = k + t in the second term gives for that term

t ¢ L,k = 5t
AL AT A VAP 1 =2Fn

k=0 o]

where

This n, can be considered as the initial condition of the difference

equation.

lgjein, L.R., "The Estimation of Distributed Lags." Econometrica.
Vol. 25. (Oct., 1958).

2Sargent, T., "Some Evidence on the Small Sample Properties of
Distributed Lag Estimations in the Presence of Autocorrelated Distur-
bances." Review of Economics and Statistics. Vol. XIX, (Feb., 1968).
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Substituting into (1') and (2') gives

l =
aa") éﬂt o + a _A__LSt 4+ o, A RW

1 -1 2 =""t-1
t-1 1 ¢
+ - . + -
ay (1=2) jL A7 A VAP, . 4 oy (-2 2" n

2" _I_X_Wt = a + ay ALS .y +oagd CPIt—l
t-1
+oy (12 ) 480 AT A VAP 4 + oy (-2 ) af n
Considering (1 =~ At as a variable we can estimate no simulta-
neously with the other parameters of the equation, so that we can
avoid the problem associated with the infinite tail of the lag.1
The second problem can be solved easily by employing search

procedures suggested by Hildreth and Lu.2 The Hildreth-Lu scheme

searches over Afor that value which minimizes the sum of squared

residuals, So, the selected value of 2 , the paramters a g al, a3
and n, can be determined. The regression results are shown in
Table III-3,

1

This kind of equation has an advantage in computation of fore-
cast and also in regression., We do not need to keep the memory of all
past history of VAP, Using the relation

t-1

A = YVAD = z i
_YAPt+1 A(_é_VAPt + é_VAPt+1) where éYAPt j21 A (é_VAPt_i)

we only have to remember the previous year's , Vap,

2Hildreth, C. and J.Y, Lu., "Demand Relations With Autocorrelated
Disturbances." Technical Bulletin. Vol. 276. Michigan State Uni-
versity, Agricultural Station (East Lansing, Mich., 1960).
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1.

3.

4.

5.

6.

7.

8.

10.

Industry Name

Agriculture, forestry, fishery

Mining

Foods and tobacco

Textile

Pulp and paper

Chemical products

Primary metals

Metal products

Non-electrical machinery

Electrical machinery

TABLE III-3 - WAGE RATE EQUATION REGRESSION

Constant

-.003

.092
(3.139)

.126
(1.370)

.131
(7.081)

.064
(4.533)

.099
(.538)

.128
(2.859)

.113
(3.606)

.087
(3.433)

+349
(2.830)

ARW A CPI

2.359

(1.868)
- 144
-.159
(-.920)
""o169

.536

(1.166)
1,021
(-1.762)

ALS

140
(1.045)

.635
(1.136)

<539
(1.544)

.686
(3.706)

.526
(1.004)

478
(1.386)

.033
(.690)

AVAP

.107
(.168)

.285
(1.613)

.281
(.302)

.197
(1.307)

.661
(6.466)

1,364
(.929)

.067
(.195)

.173
(.925)

174
(2.234)

641
(1.025)

n
o

e 274

-.423

-0590
(1.272)

“e 558
(~3.554)

-0490
(-6.404)

-.751
(~.193)

—0696
(-1.779)

-.911
(-6.148)

e 700

(-3.210)

.40

45

.70

o715

«30

.950

«347

524

«339

«550

914

.780

.322

« 792

574

.910

D.w.

1.659

1.061

1.201

.838

2,508

1.815

1.214

1.760

1.600

1,672
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11.

12,

13,

14,

15.

16.

17.

18.

19.

Industry Name

Transportation equipment

Miscellaneous manufacturing

Construction

Electricity, gas, and water

Wholesale & retail trade

Real estate

Transport and communication

Finance and insurance

Other services

Constant
.069
(1.653)

.068
(2.159)

.061
(1.957)

.030
(.761)

.084
(1.880)

047
(1.245)

.070
(3.511)

.105
(4.287)

.107
(3.454)

TABLE III-3 (CONTINUED)

ARW A CPI A LS

782

(1.421)

-.782 .689

(-.974) (1.781)
-.249
(-.634)
-.,683
(-1.871)
-.199
-.573
(-2.194)

-.388 .072

(~.663) (.184)

-.412 .226

(-.586) (.450)

.332

(.582)

A VAP

112
(.575)

.501
(2.440)

.629
(2.747)

+655
(2.571)

.299
(1.341)

.830
(2.334)

«531
(4.295)

.041
(.619)

Mo
-.632
(-2.705)

-.577
(-3.212)

-0079

-.077

-.271
(-1.271)

-443.6
(2.330)

e 246

-.463

.30

«30

+266

«695

528

.680

.251

«798

.237

-0058

.913

1,138

1,740

2,600

1.189

1.686

2,651

1,201

1.549











































































































































































































































































































































































































































































