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ABSTRACT
FACTOR SUBSTITUTABILITY, EFFICIENCY GROWTH, AND

RELATIVE WAGE INCOME SHARES IN THE KOREAN AGRICULTURAL
AND MANUFACTURING SECTORS, 1955-1974

By

Young Sik Kim

This study is based on the distributional problem which has attracted
increasing attention since the Korean economy has succeeded in achieving
growth objectives beyond expectations in the last decade or so. This study
is primarily interested in the changes in the relative position of wage
earners and the economic forces underlying such changes for the Korean
agricultural and manufacturing sectors during the last two decades.

The analytical framework of the study is based on the neoclassical
marginal productivity theory with a specified CES production function.
Using this theory, this study attempts to explain the behavior of the
actual wage income shares.

The estimate of wage income shares shows a significantly different
trend between the sectors: a decreasing trend for the agricultural
sector, and an increasing trend for the manufacturing sector.

For an explanation of the actual behavior of the wage income share,
we estimated the parameters determining the wage income share with
various different assumptions and estimation procedures. The major
estimation results are as follows. The elasticity of substitution is
greater than unity for the agricultural sector and less than unity for

the manufacturing sector. The capital augmenting parameter turned out
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to be greater than that of labor for both the sectors. The estimate of
the scale parameter was close to unity for both the sectors.

The bias of technical progress was measured. The technical progress
was capital-using for the agricultural sector and labor-using for the
manufacturing sector. It also showed that the technical progress has
been more significantly biased in the manufacturing sector than in the
agricultural sector.

The theoretical rate of change in the wage income share was pre-
dicted. The general direction of the predicted rates of the change is
consistent with the actual rates of the changes for both the sectors.
However, the major source of the change seems to be different between
the sectors. For the agricultural sector, the capital deepening factor
appears to be a main source of the change; but for the manufacturing
sector the biased technical progress has been more important in affect-
ing the change.

The estimated value of the marginal product of manufacturing labor
was far above the actual wage rate; thus wage earners are paid less
than their actual contribution to production. But the value of the
marginal product of agricultural labor was far below the wage rate;
thus the self-employed agricultural workers receive low returns for
their labor. The value of the marginal product of agricultural labor
is considerably lower than that of manufacturing labor for the whole
period.

The marginal productivity theory seems to be consistent with the

actual movement of wage income shares in their general directions, but
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there are considerable differences in actual magnitudes. This difference
may indicate that there are some other factors, or disequilibrium
factors, playing an important role in the Korean economy. However,
the importance of the disequilibrium factors within and between the
sectors seems to decrease over time. Thus the Korean economy may have
been in the process of adjusting to an equilibrium during the period
covered in this study.

However, the weakness in the data and possible errors in estima-
tion could mean that the economy may not have been in disequilibrium
as indicated by the results. More work on this possibility is needed.
If such a disequilibrium does in fact exist, there are various possible
disequilibrium factors in the process of the rapid growth of the Korean
economy in the last decade. The analysis of various possible causes of

disequilibrium will be another important subject to be investigated.
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CHAPTER I

INTRODUCTION

Background of the Study

During the last two decades, the Korean economy has drastically
changed its output growth énd input structure. The direction and rate
of change have been significantly different over time and between
sectors, particularly in the agricultural and manufacturing sectors,
which are covered in this study.

The growth rate of the economy has been phenomenal. The GNP grew
at about 5.0 percent annual rate in the first decade (1955-64) and
10.3 percent in the second decade (1965-74). The manufacturing sector
output grew at about a 9.8 percent annual rate in the first decade
and a 19.8 percent annual rate in the second decade, with an accelerat-
ing growth rate since the early 1960's. The agricultural sector out-
put grew at about a 3.5 percent annual rate with no significant trend.
Thus the manufacturing sector share of the GNP increased from about
11 percent for 1955-56 to about 27 percent for 1973-74, while that
of the agricultural sector was reduced from about 45 percent to
25 percent during the same period.

To achieve this remarkable output growth there were also sig-
nificant changes in the magnitude and the structure of resource
employment. For agricultural production, the labor input showed a
decreasing trend at an annual rate of about 2.7 percent‘since 1965.

For manufacturing production, the labor input increased steadly at an



annual rate of about 12.0 percent with no significant trend over time.
Capital input, measured at 1970 constant prices based on various sources,
also showed a significant change over time and between sectors. For
agriculture, the growth rate of capital input was 2.4 percent for the
first decade and 10.2 percent for the second decade. For the manufactur-
ing sector, it was 7.6 percent and 17.6 percent for the respective
periods. In the general trend for both sectors, the growth of labor
input was faster than that of capital input for the first decade, but
this trend changed to the opposite direction for the second decade.

Thus the capital-labor ratio has increased only after the mid-1960's.
Before that, the growth in the Korean economy was primarily due to
increased labor input.

As a result of these changes in output growth and input employment
structure, output per unit of input also changed significantly during
the period. Average productivity of labor, defined as output per unit
of labor input, showed rather a decreasing trend until the mid-1960's
in both sectors. But it changed its trend after the mid-1960's. The
growth rate of average labor productivity was about 5.8 percent for
agriculture and 8.6 percent for the manufacturing sector since 1965.
Considering the growth rate of output and inputs, particularly since
the mid-1960's, it seems clear that there were some factors other than
increase in physical inputs to sustain the continued high growth rate
of output, which may be called technical change or efficiency growth
of conventional inputs.

On the other hand, during the same period, the real wage rate

also changed, with a significant relationship to the average labor



productivity, which is consistent with the concave production function
and marginal productivity theory of wages. More detailed analysis of
the relationships between the economic variables mentioned above will
be dealt with in later chapters.

In the process of these significant changes in output growth,
resource employment, and economic structure, the distribution problems
of output may be considered in many different dimensions. For example,
how has distribution of output been changed between sectors, regions,

different resource ownership, and some other economic groups classified
by different interests. What have been the major economic forces caus-
ing these changes, and how does the distribution itself affect other
economic variables. This study is concerned with only one aspect of
these many potential distributional problems: namely, an analysis of
changes in the distribution of income between wage earners and capital
owners in the agricultural and manufacturing sectors. More detailed

scope and objectives of the study will be stated in the next section.

Scope and Objectives of the Study

There is a wide variety of distribution problems in economics, each
corresponding to a different division of society into social groups,
classes, or regions. According to the literature, economists have
concentrated their attention on two bases for such divisions.

The major distribution problem has been the so-called functional
distribution. By functional distribution is meant the division of
income as between income from labor and income from property (nonhuman

capital, wealth, or assets). The secondary distribution problem as



seen by economists has been personal distribution. By personal distri-
bution is meant division of income or wealth by size brackets of the
income or wealth of economic units. There are many other bases for
income distribution such as occupational distribution, geographical

or regional distribution, international distribution, racial distribu-
tion, and so on.

At the macroeconomic level, the distributional question of greatest
interest concerns the behavior of aggregate relative income shares
or income distribution to each productive resource. The total income
to the supplier of any productive input or service depends upon the
quantity of that input employed and its return per unit. It is with
this functional income distribution that this study is concerned.

Distribution of income between different productive factors alone
may have limited meaning to the contemporary question of personal or
size distribution. For many individuals or groups, income consists of
both labor and capital income, even though there are some differences
in the proportions of the sources of income. This will be particularly
true in the agricultural sector in which most of the farmers are self-
employed.

Thus the distributional question between any groups or individuals,
which are not classified as pure wage earmer or capitalist, is related
to the income distribution between productive resources, and also to
the distribution of resource ownership. But assuming that the owner-
ship of some resources is more equitably distributed than others, then
a more favorable income share to the first resource will lead to

more equitable distribution of income as a whole.



Income is created in production, and factors of production
collaborate to bring about a product. In the course of this process,
returns are paid out to the productive factors. In other words,
income is created and distributed in the same process. This primary
income distribution comes about in the process of production.

Another concept of distribution is the so-called secondary income
distribution, which ultimately occurs after the government has levied
taxes and paid out subsidies and so on. Between the primary and
secondary income distribution are the income transfers. Thus criticism
of the primary income distribution is criticism of a system, a mechanism,
and a production process. But the criticism of the secondary distribu-
tion is related to a deliberate policy. This study is basically con-
cerned with the primary income distribution that is more fundamental
to the distribution problem.

As mentioned, this study is basically limited to the distribution
of income among productive factors which is determined by the production
process. The determination of prices and employment levels in the
factor markets gives us the functional distribution of income into
factor shares. For policy purposes, however, one may be interested in
the distribution of personal income. For this one needs to examine
the distribution of income-earning factors among individual households
or groups. But this falls outside the scope of this study.

With the general directions outlined above, this study is mainly
concerned with how the relative positions of wage earners have been

changed and with what were the major economic forces for this change



in the process of the various changes of output growth, resources
employment, and economic structure.

Various theories have been developed to explain the income distri-
bution among different resource owners; these will be reviewed in the
next section. Two theories dominate in recent economic literature.

The first is the marginal productivity theory with production function,
and the second is the so-called neo-Keysian Macro distribution theory
with the equilibrium relationship of saving and investment. Both theories
are basically long-run equilibrium theories. But a main distinction
between the two theories is that one assumes that the wage rate will
equilibrate the labor market and the other assumes that the wage

rate will clear the product market. Acceptability of both theories is
at least subject to empirical test, This study is basically concerned
with a test of the marginal productivity theory of distribution for the
last two decades in both the agricultural and manufacturing sectors

of the Korean economy.

As mentioned, the marginal productivity theory of distribution is
a long-run equilibrium theory. Thus we cannot fully rely on the theory
in order to explain the behavior of various economic variables which
may have been affected by various short-run disequilibrium elements or
certain institutional constraints. In the economies which havg a
relatively abundant labor force, a low wage policy is often suggested
as a means of absorbing more labor into industry. Iﬁ is also a fact
that particularly in the development planning economy, the capital
market is often more or less rationed rather than perfectly price-

regulated. Organized trade unions also are frequently an important



determinant of wages. But the fact that we may consider various
disequilibrium elements does not imply that we can completely ignore
the economic forces of competitive equilibrium. This study, while
making use of equilibrium assumptions as a part of the analysis, also
attempts to measure the degree of disequilibrium and its behavior over
time and between sectors.

More specific objectives of the study can be stated as follows:

1. To estimate the wage income shares for the last two decades
in the Korean agricultural and manufacturing sectors

2. To explain the forces affecting the changes in wage income
shares under the marginal productivity theory of wages

3. For the purpose of explaining the sources of changes in wage
income shares, to estimate the factor substitutability and factor
saving bias of technical change

4. To measure the disequilibrium of marginal productivity and
wages and examine the behavior of its change over time and between

sectors.

Review of Distribution Theories

There are numerous theories dealing with functional income distri-
bution. Although various criteria for classifying these theories exist
in the literature, at least four different kinds of theories can be
distinguished, some of which contain important sub-groups
(Bronfenbrenner, 1971; Jan Pen, 1971; Dobb, 1973). These are the
Ricardian or classical theory, the Marxian theory, the neo-Keynsian

theory, and the neo-classical or marginalist theory.




The Ricardian theory was based on two separate principles which
are termed the marginal principle and the surplus principle, respectively
(Kaldor, 1956; Dobb, 1973). Under the assumption of the law of diminish-
ing returns (in agriculture), the marginal principle serves to explain
the division of output between rent and the other two shares (wages and
profits). The surplus principle serves to divide the residual (the
produce minus rent) into wages and profits.

The marginal product of labor is not equal to the wages. It is
essential to distinguish between the ''nmatural' price and "market" price
for labor in Ricardo's theory. The natural wage is the level of wages
toward which the actual or market wage will tend in the long run, and
which just maintains the size of the labor force intact. Thus in
the long run the wage rate is determined quite independently of marginal
productivity by the supply price of labor, which Ricardo assumed to be
constant at a ''matural" rate of wages.* This assumption implies an
infinitely elastic supply curve of labor at the given supply price,
which is basically based on the Malthusian theory of population.

The fundamental long run behavior of relative shares can be seen
by analysis of what takes place as output expands in the economy's
agricultural sector. As the attempt is made to expand agricultural
output through the increased employment of labor and capital, the rents

will necessarily increase because rent is the difference between average

*Ricardo's '"natural rate of wages'" is different from the Malthusian
"subsistence level of wages'" which is determined only biologically.
The '"natural rate of wages'" is the rate at which population could
remain stationary and from which wages can only deviate temporarily.
This rate may be interpreted as the socio-cultural minimum wage.
(Kaldor, 1956).



and marginal product of the combined input of labor and capital (note
that agriculture is characterized by diminishing returns because land
is limited). This development will be reflected in a growing value for
rent per unit of output as the employment is expanded. At the same
time, wages as a share of total output will also have to increase
because the natural wage rate in real terms will not be changed.

In the process what will happen to profit is readily apparent:
as output expands, the share of profit continuously decreases, and
finally it disappears completely at the employment level where the
marginal product of the combined input of labor and capital is equal
to the natural wage rate. This is the "stationary" state of classical
theory, a situation in which all capital accumulation, population
growth and output growth cease.

This behavior of the relative shares of output takes place in
the agricultural sector because of the diminishing returns on land,
but the same tendency will be at work in the manufacturing sector of
the economy, even though the latter may not be subject to diminishing
returns (Peterson, 1967, pp. 461-491). The profit will have to be
the same in both sectors as long as mobility of capital is assumed.
Thus this classical system would lead to an increase in the relative
share of wages in the total output, and this would come at the expense
of profit.

The Marxian distribution theory is essentially based on capitalist
power and Ricardo's surplus theory. But Marx's analysis reaches very
different conclusions about the behavior of relative income shares as

the level of income and employment changes. To Marx, capitalist power
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is identical with ownership of the means of production. The wage is
determined by the supply price of labor: a subsistence rate of wages.
The Marxian theory rests on the concept of the "labor theory
of value" which asserts that the value of a commodity or service is
determined by the labor time necessary for its production. Marx's
labor theory of value is basically a cost of production theory, which
is sometimes said to be an "objective" theory of value in contrast to
modern exchange value theory which is in part "subjective'" because it
depends upon the consumer's utility as well as upon the cost conditions.
This labor theory of value was applied to the determination of the
value of labor itself. That is, the supply price for labor is determined
by the amount of labor power necessary to produce the commodities
and services that will just permit the labor force to survive and
reproduce itself, which is a minimum rate of subsistence. This is
crucial because it forms the basis for Marx's theory of '"surplus" value
which in turn provides the fundamental key to an understanding of the
process of income distribution.
Surplus value exists because labor will produce more economic
value than the cost of labor itself as measured by the supply price
of labor. This surplus value is expropriated by the capitalists who
are owners of the physical means of production. Surplus value is the
source of all profit, thus the amount of surplus value will determine

the relative share of profit.*

*Note that Marx did not believe in the principle of diminishing
returns, and thus he did not distinguish in his analysis between rents
and profit (Kaldor, 1956).
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Marx believed that the most important force in the capitalistic
economy is the effort of the capitalists to increase the rate of
exploitation of labor, and that the relative share of profit increases
as the labor productivity grows by the accumulation of capital and
technical progress. Capital accumulation is a necessary structural
feature of the economic system which results from the intensity of
competition among capitalists seeking to increase the rate of exploita-
tion (Kaldor, 1956; Dobb, 1973).

The market wage tended to remain at the subsistence rate because
a vast industrial '"reserve army'" of unemployed workers prevents the
market wage from rising above the minimum wage level. The fruits of
increase in productivity go entirely to the owners of the physical
means of production. Accordingly the income share of labor falls and
exploitation increases. Thus the economic growth leads to the "increas-
ing misery of the working class.'" But empirical facts are not recon-
cilable with Marxian theory. Increasing exploitation in the Marxist
sense does not occur. Real wages keep on rising. They are far above
any biological minimum.

Neo-Keynesian distribution theory is based on the Keynesian pro-
ducts market equilibrium condition: the equality of investment (I) and
savings (S). Kaldor assumed that income is divided into two broad
categories, wages (W) and profit (P). The important difference
between them is in the corresponding propensities to save. The pro-
pensity to save out of wage income (sw) is smaller than that out of
profit income (sp). This assumption is a necessary condition for both

stability in the entire system and an increase in the share of profit
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in income when the investment-output ratio increases (Kaldor, 1956).
Under these assumptions, the relative wage income share (SL) is uniquely
determined. The average propensity to save (s) will be a weighted

L
From this simple identity and the equilibrium assumption of the

average of the two groups' saving rates, i.e., s = S Sy + (1 - SL)sp.

equality of saving and investment, the relative share of profit income

can be derived by simple algebraic manipulation as

That is, the share of profit ( % ) is determined by the two partial
propensities to save and the ratio of investment to income. This rela-
tion merely follows from the accounting identities, given the assump-
tions of the model. Thus it is often criticized that it is not an
analytical conclusion (Ferguson, 1971).

From the above relation, it can be seen that an increase in the
investment-output ratio (I/Y) will result in an increase in the profit
share (-% ) as long as sp > s . Let us examine the underlying economic
meaning of this relation. Under full employment conditions an increase
in investment expenditure must bring about an increase in both the
ratio of investment to output (I/Y) and also an increase in the ratio
of saving to output (S/Y). This is a necessary condition if a new
equilibrium is to be obtained. If the saving-output ratio did not
rise, the result would be a continuous upward movement of the general
level of prices.

With a higher absolute level of investment, the continued

equilibrium can only be achieved either by a change in the propensity
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to save itself, or by a shift in the distribution of income from the
class with the lower propensity to save to the class with the higher
propensity to save. But Kaldor rules out the first possibility by
his assumption that both s, and sp are constant. Here we can see
how important the assumption of differential saving propensities
between wage earner and profit earner plays in this theory. This is
the essential feature of this macro distribution theory.

Whenever there is a rise in the investment-output ratio, the only
way the economy can stay in equilibrium is to increase the saving-output
ratio for the whole economy by the redistribution of income in favor
of the profit earner. The mechanism to redistribute income for new
equilibrium is essentially that of the price level. The increase in
investment expenditure under full employment conditions leads initially
to a general rise in prices. But in the absence of the economic force
to equalize marginal productivity the real wage rate, no mechanism
exists to insure that money wages rise at the same rate as prices
(Sen, 1963; Kaldor, 1956).

The failure of money wages to keep pace with the rise in the
general price level will thus reduce the real income of wage earners.
This inflation-induced shift in the distribution of income in favor of
profits will raise the overall level of real saving in the economy.
This process will continue until the saving-output ratio is once
again in equilibrium with the investment-output ratio. But the
critical assumption of this theory is that the propensity to save of
the profit earner is greater than that of the wage earner. Without

this assumption, any change in the distribution of income will not
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affect the saving-output ratio, and thus the system would be
unstable.

One of the logical slips in Kaldor's theory was pointed out and
corrected by Pasinetti (Pasinetti, 1962). He pointed out that when
any individual saves a part of his income, he must also be allowed to
own it, otherwise he would not save at all. Thus it is clear that some
part of total profits must accrue to workers as a result of their past
savings. Pasinetti reformulated the original Kaldor model so as to
reflect this observation. But his basic system of relations is rather
similar to that of Kaldor.

The neo-classical distribution theory is the generalization of
Ricardo's marginal principle distribution theory, so as to make this
principle hold true for any factor. Under competitive conditions,
any factor variable in supply will obtain a remuneration which must
correspond to its marginal product. Thus this theory requires the
assumption that the production function be homogeneous of the first
degree for all factors. All factor prices and employment are determined
by market forces. Given quantities of each factor employed, the total
product is determined by the production function. Total output is
distributed to the factors in the production process. The shares of
the factors are determined by their relative quantities and their
relative prices; the price ratios, in turn, are equal to the respective
marginal rate of substitution between the factors.

With a given technology, the factor shares may change as a result
of changes in their relative quantities, changesin their relative

prices (or marginal rates of substitution), and the relationships
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between these two kinds of change. This leads to the important concept
of elasticity of substitution: the ratio of proportional change of the
factor ratio to the proportional change of the marginal rate of sub-
stitution, or to the proportional change of the factor price ratio
under competitive conditions at a given isoquant. For example, unit
elasticity of substitution between capital and labor in two factor
production implies constancy of the relative income shares. For
another example, if the elasticity of substitution is greater than one,
say two, a change of one percent in the factor price ratio will be
followed by a two percent change in the ratio of factor employment.
Therefore, it will result in a one percent change in the relative
factor share ratio. In other words, the competitively imputed share

in output of the more rapidly growing factor rises. The opposite is
the case, if the elasticity of substitution is less than one.

The second possibility is that in the course of time the tech-
nology changes, i.e., the whole production function shifts, or the
quality of factors changes. The direction and magnitude of the changes
of the marginal rate of substitution at given factor ratios will depend
on the characteristics of technical change. This is Hick's criterion
of classifying technical progress. At given factor ratios, technical
progress is capital-using, neutral, or labor-using, according as the
marginal rate of technical substitution of capital for labor decreases,
remains unchanged, or increases. At a given input price ratio, capital-
using technical change will provide an incentive to substitute capital

for labor, i.e., to increase the capital-labor ratio.
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From the above discussion, we can easily derive two important neo-
classical propositions about the relative income shares. The first holds
that a factor-saving technical progress, other things constant, reduces
the relative share of the income, or the output elasticity of that
factor (Hicks, 1932, p. 122). The second maintains that if one factor
increases in supply more rapidly than another, and if the elasticity
of substitution is less than unity, then the relative share of the
first factor decreases (Hicks, 1932, p. 115).

This study uses the neoclassical framework of income distribution.
By specifying the form of production function and the representation
of technical change in the production function, the above relations of
the marginal productivity theory of distribution will be discussed more

specifically in Chapter III.



CHAPTER II

ANALYTICAL FRAMEWORK OF THE STUDY

Primary distribution of income is basically the result of produc-
tion and consumption decisions. Individual incomes are aggregate rewards
for productive services at a given distribution of resource ownership.
Given their production functions, production units attempt to employ
factor services and produce products in such a way as to maximize their
flows of profit. These decisions determine demand functions for factor
services and supply functions for products in terms of factor and pro-
duct prices as parameters. On the other hand, consumption units attempt
to offer factor services and purchase products in such a way as to
attain maximum utility flows. These decisions determine demand func-
tions for products and supply functions for factor services in terms of
factor and product prices as parameters.

Given the demand and supply functions determined by the production
and consumption units, the market adjusts toward a set of prices for
factor services and products that clear all product and factor markets.

In the process of the above relations of economic forces, output
is produced and distributed to the resource owners. Each factor
receives its price which is determined in the market based on its
marginal productivity. This chapter will review some relationships of
production parameters to the distribution.

In the first section we will discuss some distributional aspects
of production functions, particularly the CES (Constant Elasticity of
Substitution) function which will be used in this study. The second

17
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section will discuss some alternative formulations of technical change
which are widely used in empirical work, and a factor-augmenting
assumption of technical change will be introduced in our production
relation. The final section will derive distributional relationships
with our specified production function and technical change under the

marginal productivity theory of wages.

Aggregate Production Function

A production function is an attempt to describe the physical facts
of a given technology, showing the relation by which the services of
productive factors are transformed into output. The conceptual
basis for believing in the existence of a simple and stable relation-
ship between measures of aggregate inputs and a measure of aggregate
output is not very sound. But an aggregate production function is a
very convenient concept in many economic areas, and it has served as
a basic framework for many empirical studies.

The simplest form of a production function widely used in neo-
classical macrodistribution analysis is the Cobb-Douglas function.

The constant exponent parameters of this function are direct criteria of
distribution between factors. Thus the relative share of labor, or

the elasticity of production with regard to labor, is independent of

the capital intensity or capital accumulation relative to labor input.
This relationship can be seen as follows. From the CD function,

Y=a La KB, we can derive the marginal productivities of labor and
capital as MPL = a(Y/L) and MPK = B(Y/K), where Y is output, L and K

are labor and capital inputs respectively, and a, o and B are parameters.
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Assuming competitive markets, a(Y/L) = W/P and B(Y/K) = R/P, or

a = (L*W)/(Y°P) and B = (R°K)/(Y:-P), where W and R are money wage rate
and per unit return to capital, respectively and P is price of output.
Thus in equilibrium, the coefficients o and B will directly measure
the share of total receipts paid to labor and capital.

Another critical feature of the CD function is the extent to
which it permits the substitutability between factors. We can see
this by examining the marginal rate of substitution of labor for
capital as MRS ., = MPL/MPK = @+K)/(B*L). From this one may easily see
that the elasticity of substitution, which is defined as the pro-
portionate change in the ratio of capital to labor divided by the pro-
portionate change in the ratio of marginal productivities, is unitary
in the CD function.* Thus for any level of output and inputs of the
CD function, one input can always be substituted for another input at
a fixed elasticity of unity.

But many production processes may have very low elasticities of
substitution, or one may prefer a function with fixed requirements
of each input in order to produce a unit of output, which is called
the Leontief production function. Or at the other extreme, it may be
possible to imagine processes where the extent of substitution is very
high indeed. The isoquants may be nearly flat. Unitary elasticity

of substitution is required for constancy of relative shares, since it

*From the expression of MRS In(K/L) = 1n(B/a) + 1n(MPL/MPK).

LK’

_ dln(K/L) -1
" dln(MPL/MPK) °

Thus by definition, o
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implies that the relative quantities of inputs vary by the same pro-
portions as their relative prices. Thus the CD function is not able
to explain the movements of relative factor shares.

The CES production function does not assume that the elasticity
of substitution is unitary, but does assume that it is constant. There-
fore, the CES function can allow for, and suggest the direction of,
changes in relative shares. The rest of this section will review the
basic form and some properties of the CES production function which
will be used in this study.

The general two-factor CES production function can be written as:

- oY
Y = y[6KP + 1-8)L7°)7 P (2-1)

where y, 8§, p and v are respectively the parameters of efficiency,
capital intensity or distribution, substitution, and degree of returns

to scale. This CES function was derived from an empirical relationship
between average productivity of labor and the real wage rate (logarithmic
relation) and from the assumptions of competitive equilibrium (Arrow,

et al., 1961).

The interpretation of the efficiency parameters, y, can be easily
seen. Clearly this varies according to the units in which output and
input are measured. But if we use the same units for measuring inputs
and output, and we compare production functions with different Y's, the
one with the higher y will have the more efficient production relation.
It will also be easy to observe the meaning of the scale parameter v.
The increase in both inputs by a factor A will give rise to an expansion
of output of Av, and so when v > 1 there will be increasing returns to

scale, and when v < 1 there will be decreasing returns.
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If there are constant returns to scale (v=1), then the marginal

product relations can be written as:

1
MPL = (1-8)y P (v/1)° (2-2)
1
MPK = &y P (Y/K)° (2-3)

where ¢ = (1+p)-1. o is the elasticity of substitution between capital
and labor, as will be shown below. The Cobb-Douglas (CD) function is
the special case with p=0, in which case the exponents are § and (1-6)
respectively; this accounts for calling § the distribution parameter.

The CES production function has all the properties of the neo-
classical production function and includes the Cobb-Douglas and Leontif
production functions as special cases. From (2-2) and (2-3) it is
obvious that the CES function satisfies the condition that marginal
product of each input, MPL and MPK, are positive. It also can be shown
that 3MPL/5L and 3MPK/3K are negative for reasonable values of the
scale parameter v, including v=1. For sufficiently large values of v,
these partial derivatives become positive, but such large values of v
are not likely (Brown, 1966). Also if p is positive, the CES function
does reach a finite maximum as one factor increases while the other
is held constant. Hence limits do exist when o, the elasticity of
substitution, is less than unity. However, when the elasticity of sub-
titution is greater than unity, the function does not have a limit.

We have mentioned above that when p=0, i.e., the elasticity of
substitution is unity, the CES reduces to a CD function. The relation

between the two functions can be shown by means of a Taylor series
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approximation of the CES function; this approximation may also be used
in one method of estimating the parameters of the CES function

(see Chapter V). From the CES function (2-1), the following can be

defined:
Z@) = 6K° + (1-6)-L°, and
¢(p) = 1n Z(p).

The term ¢ (p) can now be expanded around the value p=0 in a Taylor
Series approximation. Then, disregarding the terms of third and
higher orders, the expansion becomes

2
$(0) + po' (0) + 5 4" (0) + .

¢(p)

2
= —p[6ln K + (1-8)In L] + 2 521"6) (InK+1nL)2 +. ...

Taking logs of the CES function (2-1), we get

In Y =1n Yy - E—ln Z(p), i.e.,

InY=1ny + vé In K+ v(1-8) In L - l)E-§—§l-:-§—)--(1n K- 1n L)2
(2-4)

This form is linear in the unknown parameters and allows direct
estimation of parameters; this estimation method was proposed by
Kmenta (Kmenta, 1967). Setting p=0 in equation (2-4), we get

In Y=1nvy + vé 1In K + v(1-8) 1n L. (2-5)
Thus when p=0 the CES function is a CD function.

The marginal rate of substitution of labor for capital can be
derived by taking the ratio of the marginal product of labor to the
marginal product of.capital. From (2-2) and (2-3), the marginal rate

of substitution of labor for capital (MRSLK) can be expressed as:
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1
MRS, = oK _MPL _ (1-8) K,
SIk = 3L ~ MK 5 @ (2-6)

This equation suggests some important relations. A small value of §
implies that the production process has labor intensive characteristics.
For a small value of §, the marginal product of labor is high relative
to that of capital for é given capital-labor ratio. Thus a unit reduc-
tion in the labor input has to be compensated for by a larger increase
in the rate of capital than if the process were less labor intensive
(larger value of §). In this sense, § is a measure of capital intensity
of the technology.

Another aspect to note in the equation (2-6) is how the elasticity
of substitution, o, affects the marginal rate of substitution. At a
given factor ratio, a high value of o means that capital can be easily
substituted for labor. In other words, if we reduce the rate of capital
input by one unit we have to increase the rate of labor input by a
greater amount when the factors are not easily substituted for each
other, other things being constant. A high value of ¢ means greater
similarity between inputs, and vice versa. Equation (2-6) also implies
that when the value of 0 is low, diminishing returns to labor set in
more rapidly than when the value of ¢ is at a higher level.

To show that o is the elasticity of substitution, let us take

the equation (2-6) in logarithms. We get

1-§

1n (MPL/MPK) = 1> +% In (%). (2-7)

Taking the derivative with respect to %, we get

d (MPL/MPK)
MPL/MPK

d(K/L)

=1
o K/L



24

The solution for o is

o = d (K/L) / d (MPL/MPK)

K/L MPL/MPK (2-8)
which is the definition of the elasticity of substitution.
When there exists equilibrium in the market, we can write
Equation (2-6) as
1-6 K'% w
S @0 =< (2-9)

where r is the real rental of a unit of capital and w is the real

wage rate. Multiplying‘ﬁ in both sides of Equation (2-9), we get

k-8 (f) (2-10)

The expression (w+:L)/(r-K) is the relative share of labor to capital.
Clearly, as the value of o goes to unity, the relative share of

labor to capital approaches to the value of (1-§)/8. Hence, in a
Cobb-Douglas production function, the ratio of relative factor shares
can be represented by the ratio of the exponents, or production
elasticities of the factors.

But with the CES production function, § is not sufficient to
determine the distribution of income between factors. We also require
a knowledge of the substitution parameter, o. In the CD function, we
found that the distribution of income between factors depends on only
the coefficients of the production function, and thus the distribution
did not vary with the factor ratio. With the CES production function,

however, we see that the distribution is a function of the factor ratio.
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The greater the deviation of o from zero, the greater the effect of
the factor ratio on the distribution of income.

So far, our production function has been related to physical
output and physical inputs, in which the relation was assumed stable
over time. But many empirical works show that there is an important
factor which changes the production relation and thus changes output
or the productivities of physical inputs at given factor inputs. This
intangible factor is named simply technical change. Sometimes it is
interpreted as an aggregate effect of missing inputs in the production
relation, such as investment in research and extension, education and
other social investments which change the environment on which the
production relations are based. There are numerous empirical studies
which have attempted to incorporate these various input variables in
production relations. The next section will discuss some possible
alternative hypotheses which represent the variable, so-called technical

change, in a production function framework.

Representation of Technical Change

In empirical work, technical progress may be formulated as
"embodied" or 'disembodied." '"Disembodied" technical progress applies
equally to all resources in current use. But in "embodiment"
assumption, technical progress is embodied only in the new capital
equipment of improved design or in new labor of enhanced skill as
opposed to existing machines or to labor trained at earlier times.
Thus the investment in new equipment or new skills is the essential

carrier of new technology.
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A general way to represent technical change is to write
Y = F(L, K; T), where Y is output, L and K are inputs measured by
physical unit, and T is a parameter or a vector of parameters, each
value of which corresponds to a different level of technology. If
we conceive of technical change altering the production function, then
the parameters of that function must change with different levels of
T, e.g., in our CES case, §, p, Yy and v. Any one of the parameters
can be thought of as a function of T, or simply a smooth or discrete
function of time. The discrete concept of technical change was used
to measure technical change by Brown who refers to technical epochs
(Brown, 1966).

One very restrictive but convenient specification of technical
change is that the effects of technical progress are neutral or uniform
in the sense that marginal rates of substitution do not change with
different levels of technology at a given capital-labor ratio. 1In
that case, we could write the shifting production function as Y = a(t) F(K,L).
The production function shifts over time simply by a uniform upward dis-
placement of the whole function without disturbing the balance between
capital and labor in current production. It implies that the distribu-
tion of income remains unchanged at the same capital-labor ratio in a
competitive economy. This formulation was used by Solow (Solow, 1957)
to estimate the rate of technical change after testing neutrality.

This formulation implies that all technical progress is a way of
improving the organization and operation of inputs without reference to

the nature of inputs themselves. Technical change is disembodied.
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The isoquant contours of the production function shift inward toward
the origin as time passes. "It floats down from the outside."
(Solow, 1959).

Another assumption to represent technical progress is that
technical advance takes the form of making labor and capital input
more productive. Formally, we could write Y = F(a(t)K, b(t)L) where
a(t) and b(t) are factor augmentation rates (Solow, 1967). Thus
a(t)X and b(t)L are interpreted as inputs of K and L in efficiency
units. Under this assumption, we can write the production function as
stable by adjusting inputs in efficiency units. But if we take input
variables as natural units, the production function will shift over
time.

Technical change is said to be purely labor augmenting if

a(t) = 0 and b(t) > 0,* whereas it was purely capital augmenting if
B(t) = 0 and a(t) > 0. It is equally capital and labor augmenting if
a(t) = b(t) > 0. These definitions of technical change are related to

the various classifications of technical change, which are based on its
eéffect on the relative factor shares.

The theory of marginal productivity is used to analyze the effects
of technical change on factor income. For this reason, the technical
change has been classified according to its neutrality in terms of its
effect on the relative shares of labor and capital: neutral, capital-

saving, or labor-saving technology.

*The dot over a variable indicates the proportional rate of change
(or growth rate) of the variable, for example,
> _d1ln X _ dX

1
X="3 % a-
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Hicks classified the factor saving bias of technical change at a
constant capital-labor ratio (Hicks, 1932). His definition of
neutrality means that the technical change does not affect the marginal
rate of substitution of capital for labor at a given capital-labor
ratio. Thus in competitive conditions, it implies that the distribution
of income remains unchanged at the same capital-labor ratio. This
definition of neutrality is equivalent to the above definition of the
equally capital and labor augmenting technical change. Technical

change is said to be labor-saving (or capital-using) if the relative

share of labor is decreasing at a constant capital-labor ratio. Technical

change is said to be capital-saving (or labor-using) if the relative
share of labor is increasing at a constant capital-labor ratio.

But Harrod measures the bias of technical change along a constant
capital-output ratio, and Solow measures it along a constant labor-
output ratio. By these classifications, Harrod's neutrality is
equivalent to pure labor augmenting, and Solow's neutrality is
equivalent to pure capital augmenting technical change (Uzawa, 1961;
Allen, 1968). Thus factor augmenting specification of technical change
is a generalization of various definitions of neutrality.

It seems usual to think of technical change as occurring through
time, perhaps smoothly, particularly at the macro level, as knowledge
accumulates. Technical progress proceeds at a proportional rate %—%%,
generally varying over time. If it is at a constant proportional
rate m, then i-%% = m, with a=1 at t=0. Hence a(t) = emt. This assump-

tion has been widely used in empirical work. It may be doubtful that

inventive and innovative processes within a single firm can be
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represented by smooth exponential time trends. However, when many
discrete and almost random influences are aggregated, it seems reasonable
to suppose that aggregate technical change can be represented by a
smooth time trend.

With the above specification of fac;or augmenting technical change,

the CES production function may be written as
1

Y = y[8a(t)K)™P + (1-8)(b(t)L) ] P (2-11)

where a(t) and b(t) represent efficiency indexes of the conventional
inputs of capital and labor. L and K represent conventional measures
of the physical flow of labor and capital inputs.

The changes in a(t) and b(t) through time are interpreted as
capital-augmenting and labor-augmenting technical changes, although
this says nothing about the sources of such efficiency growth. Note
that the neutral component of technical progress is also embodied in
a(t) and b(t) if we assume that the neutral efficiency parameter y is
constant over time. The increase in a(t) or b(t) has the same effect
on output és an equiproportional increase in inputs. Therefore factor
augmentation restricts technical change so that it cannot alter the
form or the parameters of the production function. It enters by
changing the quantity of the effective factor unit.

The course of technical progress is often described by an index
of the rate of progress (R) and an index of its bias (B). The rate of

technical progress, R, is defined as
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Considering F as homogeneous of degree one in the two inputs, the rate

of change can be rewritten as*

KF, + LF . .
Kt Lt _ . _ .
KF, + LF, =Sy FL +a SL) F

R = (2-12)

K

where FKt and FLt are the changes over time of the marginal products of

capital and labor respectively, and S. is the wage income share. Thus

L
the rate of technical progress is the share-weighted sum of the pro-
portional changes in the marginal products of each factor.

Using the Hicksian manner, the bias of technical progress B is

defined as the proportional change in the marginal rate of substitution

of labor for capital, i.e.,

=4 -F - -
B=9-1n (F/F) =F - F (2-13)

Note that FK and FL are functions of time. It shows what happens to
the marginal rate of substitution between L and K for a fixed
capital-labor ratio as the level of technology t changes.

With the production function (2-11) the bias of technical progress

(B) can be expressed in terms of a and b by using the definition of

bias. **

B = (1-1)(@-b) (2-14)
From the above expression, it is apparent that the concept of

factor augmenting technical progress is related to the Hicksian concept

*MPL and Fy both refer to the marginal product of labor. We shall
use whatever symbol is most convenient in each context. A similar
remark applies to the symbols MPK and Fg for the marginal product of
capital.

l**From production function (2-11), ﬁK = —pa and ?L = -pb, where
p=_—lo
G
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of neutral, labor-using and capital-using technical progress. The
equality of the rates of growth of labor and capital efficiency, or
unitary elasticity of substitution, is exactly equivalent to neutrality
in Hick's sense. Technical progress is labor-using if the elasticity
of substitution is less than unity and the rate of capital augmentation
exceeds the rate of labor augmentation, or if the elasticity of sub-
stitution is greater than unity and the rate of labor augmentation
exceeds the rate of capital augmentation. Similar statements apply to
capital-using technical progress.

The form of factor augmentation needs to be specified when stat-
istical estimation is attempted. One common specification is to assume
that factor augmentation occurs at a constant exponential rate
(David, 1965; Ferguson, 1969). But Lianos specified a(t) and b(t)
as a(t) =a°ta and b(t) = botB (Lianos, 1971). This formulation implies
that the rate of factor augmentation is declining since a = at_l and
b= Bt_l. Fishelson explained that this formulation is less restrictive

than constant exponential specification (Fishelson, 1974).

Marginal Productivity and Distribution Theory

Based on the specified formulation of the production function and
technical change, this section will derive the relationships under-
lying the sources of change in the relative wage income share, which
we will apply to explain its behavior. For doing this we need to
review the general economic mechanism of distribution of output to
the resource owners under the marginal productivity theory. The
distribution mechanism in marginal productivity theory is basically

the micro-economic problem of the determination of the employment and

&;
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the prices of the factors of production. Thus the distribution theory
has come to mean the process by which factor prices are determined
through the interplay of the producer's demand for the factors and
the supply conditions for these factors.

We assume thereiexists an aggregate production function with
smooth factor substitutability and marginal productivities as

Y = F(K, L) (2-15)
where F is homogeneous of first degree in the homogeneous inputs,
capital (K) and labor (L). By its homogeneity property, the production

function may be written in a per capita form as

y = f(k) (2-16)
here = Z-and k =-E By assumption, £, > 0 d £ <o
where y L L y umption, f, an Kk .

The per capita form is specific to the linear and homogeneous
function, i.e., to the case of constant returns. It is also assumed
that production is based on profit maximization under perfect competi-
tition. The necessary conditions for profit maximization imply that
production should be pushed to the point where the marginal products
are equal to the corresponding factor prices. From Equation (2-16)
these conditions may be written as

MPL

£(k) - kE, (k) = w (2-17)

MPK fk(k) =r (2-18)
where w and r denote the real wage rate and the rate of return on
capital. These equations are the derived input demand equations.

The above conditions provide for the distribution of output to the

factors. From the equations (2-17) and (2-18), we have
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rk + w = kfk(k) + f(k) - kfk(k) =y

Hence the output divides in per capita terms as y = rk + w. Multiplying
by L on both sides, it can be seen that total output is distributed as

Y = rK + wL. Thus with constant returns to scale under the competitive
equilibrium, the total product is just sufficient to pay each input

its marginal product.

Under the optimum position, the above relationships of determina-
tion of factor prices and distribution of output can be seen more clearly
in Figure 1. Given the per capita production function, y = f(k),
which describes technical conditions of production, the rate of return
on capital (r), wage rate (w) and output per capita (y) are determined
by the selection of factor ratio (k). The rate of return on capital
is the slope of the tangent at the point P, and the wage rate is the
intercept OW which is equal to f(k) - kfk(k). Thus the share of wage
income is also determined by g%, and g% is the share of capital income.

For a given stable production function, Figure 1 shows the inter-
relationships among these variables: wage rate, returns to capital,
capital-labor ratio, and output per unit of labor input. Any one of
those variables is determined; the rest of the variables are also
uniquely determined. Thus, assuming no technical change in the pro-
duction, the distribution of output is determined purely by the shape
of production function and the capital-labor ratio.

It was also shown that, from Figure 1, the wage rate (w) is the
distance OW, and the rate of return to capital (r) is the slope of
the tangent line Wr in the competitive equilibrium. The slope of the

tangent line can be expressed as the ratio of OW to OB. But note that
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Figure 1. The Distribution of Output
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the distance OW is the wage rate. Thus, r = %E’ or OB = %u From

this we can easily see the effect of the capital-labor ratio on the
distance 0B, which is the ratio of the wage rate and the rate of return
to capital. The higher capital-labor ratio is associated with the
higher value of %3 Thus the capital-labor ratio has a positive
relation with %-and a negative relation with éu That is, k = f(%).
The elasticity of this curve, as a usual definition, is the elasticity
of substitution which we defined as the responsiveness of the capital-
labor ratio (k) to the prices of capital and labor. We can also see
the relationship between the elasticity of substitution and the ratio
of relative shares by writing the ratio of relative shares as

== ®/L)/ /).

From Figure 1 it also can be seen that higher capital-labor
ratios are associated with lower values of r and with higher values of
w. This implies an inverse relationship between the wage rate and
the rate of return to capital, which is called "Factor price frontier"
or "Wage frontier" (Samuelson, 1962). It is important to note that
the slope of the w-r curve (g%) at any point is equal to the capital-

labor ratio (k). From Equation (2-17) %% = -kf > 0 and from

kk
dr _ - dw _dw ,dr _ _
Equation (2-18) ik - fkk < 0. Hence (dw)/(@dr) = ar - ax ! I k < 0.
It is therefore clear that the elasticity of the wage frontier
(- £-é!) must equal Iy = 55, i.e., the ratio of relative shares of
w dr w wL

capital and labor.
So far we have examined the marginal productivity theory of
distribution with a stable production function and the assumption

of competitive market. The theory tells us that the distribution
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of output is changed by the changes in the factor ratio for a given
stable production function. This theory also implies that if the
economy gorws in the steady state equilibrium path, or at constant
capital-labor ratio and constant output-labor ratio, then the
distribution of output remains constant.

But when the economy is out of a long-run steady-state equi-
librium growth path, there always exists the possibility to change
the distribution of output as the capital-labor ratio changes, depend-
ing on the nature of the production technology. There is also the
possibility that the production technology is changed and biased,
which may shift the production function and thus lead to a change in
distribution. Under the assumptions we made in the above, the relation-
ship of the relative wage income share can be derived in terms of
changes in capital-labor ratio and technical progress.

The share of labor (SL) is defined simply as S. = (wL)/Y.

L
Assuming the competitive equilibrium conditions, then the real wage
rate is equal to the marginal product of labor, and thus the relative
share of labor SL can be written as

LF

= L. -
S, = —y = MPL/APL (2-19)

Equation (2-19) says that the wage income share is equal to the ratio
of the marginal product of labor to the average product of labor.

It also shows how important the law of diminishing returns is to the
distribution.

Equation (2-19) may also be written as

wn
|l
[}
c:lo:
)<
~
e



37

This is the definition of the elasticity of production with regard to
labor. It says that the relative factor share of income is equal to
the elasticity of production with regard to each factor.

From the concepts introduced above, the important relationship
of the rate of change in wage income share can be derived by the
following procedure. This derivation procedure is based on Ferguson
(Ferguson, 1968). First, the proportional time changes in the marginal
products of labor and capital can be solved from Equations (2-12) and

(2-13) as functions of the rate and bias of technical progress:*

_Ke _ R+ S.B (2-20)
F L

K

F
Lt _ g _ (1-s.)B (2-21)
FL L

Next, the rates of growth of the marginal products and of output
may be expressed as functions of the rate and bias of technical
progress, the elasticity of substitution, and the rates of change in

the capital and labor:#**

*In what follows, when a subscript is attached to a functional
notation, it indicates partial differentiation. Thus, for example,
F, = oF/3t. A superior dot denotes the proportional rate of change
(or growth rate) of the variable, for example,

. dlnF _1 _ dF JF

dF ~
F=———7r——== Note that TS # Ft =3 For example,

dF dK dL
ac - Fe ¥ Fpac ¥ FLac

**From the assumption of linear homogeneity, -LFrj = KFpg - KFyy
dF

= LF,, o=KL . See Allen (1938, pp. 340-343). Note that Ik _

F FKL dt

dK dL
FKt + FKK dt + FKL dt °
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. 1. o | -
FK =R + SLB -5 SL(K L) (2-22)
. _ l _ .—. _
FL =R - (l-SL)B + o(l SL)(K L) (2-23)
F=R+ (1-5,) (K-L) + L . (2-24)

Finally, from the definition of the wage income share, the rate
of change in the labor share can be expressed as

. + . + . _ .

SL FL L-F
Substituting Equations (2-23) and (2-24) into above equation, we may
get our main expression for the rate of change in labor's relative

share.

. 1o, =
SL = -(l—SL)[B + (l—g)(K—L)] (2-25)

Equation (2-25) shows that the rate of change of the wage income
share depends on the bias of technical change (B), on the value of the

elasticity of substitution, o, and on the direction of change in the

Thus

. LF. FF, . . F S. ..
Fp =3 - (R-L) = === - —= (k-L).

Substituting Equation (2-20) into the above equatio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>