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ABSTRACT

ECONOMIC GROWTH AND STRUCTURAL CHANGE IN TAIWAN--

1952-1972, A PRODUCTION FUNCTION APPROACH

by

THOMAS PEI-FAN CHEN

Adviser: Professor Elliot Zupnick

This study attempts to provide an analytical review of the post-
war Taiwanese economy from the production point of view. The pro-
duction functions of the agricultural sector and the manufacturing
sector are estimated. Within the framework of the neo-classical
theory of production, this study measures the technological changes
in the agricultural and manufacturing sectors and their impact on
growth and structural change. It also analyzes the problems of

unemployment and income distribution of the economy during the process

of its development.
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CHAPTER ONE

INTRODUCTION

Taiwan, standing in the west of the Pacific Ocean, is separated
from mainland China by the Taiwan Strait. The island has been ruled
by the Dutch (1624-1661), the Spanish (1626-1630), General Cheng,
better known as Koxigo, (1661-1683), the Manchurian Empire (1683-1894),
the Japanese (1895-1945), and the Nationalist Chinese (1946~ ).
However, in historical literature there is no sure evidence to indicate
when Taiwan was first discovered and by whom.

The island, with an area of 35,961 square kilometers, is about
one third the size of the State of Virginia in the United States.1
However, sixteen million hard-working and peace-loving people inhabit
this island. Because of the small size of its territory, one may have
difficulty locating the island on a map. But in terms of population
size, Taiwan is larger than two thirds of the member nations of the
United Nations. With these things in mind, how can one ignore the
existence of Taiwan and the future of its people?

Although people may fail to realize Taiwan's existence or its
geographic location, Taiwan is very often mentioned by economists in
discussions of economic development. Usually Taiwan is singled out as
an example of a successful developing country in the post-war period.
During the period 1952-1972, with a population growth rate as high as
3.15 percent per year, the gross domestic product in real terms grew
8.41 percent per year, giving a growth rate of 5.25 percent annually
in real per capita gross domestic product (see Table I). This is one

of the highest and best sustained growth rates in the world.



What are the factors contributing to such a rapid econemic growth
rate in Taiwan and how are they operating? The answers to such questions
are indeed not easy. Numerous and varied forces interact to influence
growth and structural change in a society, such as the level of savings
and changes in the structure of final demand, the effects of specific
resource endowments, and the role and impact of natiomal economic
policy.2 The purpose of this study is to present an analytical review
of Taiwan's economic growth during the past two decades. It is
restricted, however, to the measurement of technological change and its
impact on growth, employment, and income distribution. The entire
analysis is carried out within the framework of the neo-classical
theory of production with two broad homogeneous classes of inputs.
labor capital. It is neoclassical especially in the sense that the
production function used in this study are assumed to be smooth and
continuous and are at least twice differentiable, with the marginal
products of inputs both positive and continuously diminishing.

Since the agricultural sector is traditionally important in a de-
veloping economy, and the manufacturing sector usually plays a central
role in the process of industrialization and growth, the analysis of
these two sectors may provide us with some insights into the develop-
ment process of the economy. Thus, we first estimate the production
functions of the two sectors, and from there we examine the extent and
bias of technological change. The empirical findings of the production
characteristics of the two sectors provide us with the foundations with
which we tackle the problems of unemployment and income distribution

arising during the development stage of the economy.



Chapter two is devoted to a discussion of the theoretical aspects
of this study. Chapters three and four are devoted to the empirical
analysis of the agricultural sector and the manufacturing sector re-
spectively. In Chapter five we analyze the employment and income dis-
tribution problems during the process of Taiwan's development.

In this study the period chosen for analysis is 1952-1972 for the
following main reasons; 1) The Nationalist Chinese began to govern
Taiwan in 1945 and launched a series of four year economic plans in
1953. This study covers the post-war period and may serve as a partial
review of the Nationalist Chinese ecoromic achievement in Taiwan.

2) Although Taiwan has been under the Nationalist Chinese rule since
1945, most statistics published by the governments during the war and
the immediate post-war period, 1940-1950, were manipulated for reasons
of national security. The severe inflation in the early years of the
post-war period also placed the economic activities in a state of
turmoil during that period. We thus start with the year in which the

data is more reliable and economic activities returned to normal.



FOOTNOTES

1
The entity of Taiwan includes 76 small islands with a total area of

201 square kilometers. Sixty-three of them are located about 64 kilo-
meters to the west of Taiwan proper and are collectively called Penghu.
Others are scattered on all sides of the principal island.

2
There are quite a few studies regarding Taiwan's development. A list
of selected English publications in this area is given in the appendix.



CHAPTER TWO

THEORETICAL ASPECTS

2.1.  Brief Review of the Methodology

There are three methods of sources-of-growth analysis, which
attempt to distribute the contribution of various current factor inputs
to current output growth. In this section the productivity index method,
Solow's measure, and the method of direct estimation of a production

function will be briefly discussed in turn.

2.1.1. Productivity Index Method
Two types of productivity indexes can be presented.
1) A partial productivity index: the ratio of real output to
one of the inputs. For example, in a two-factor production
model, we can have the indexes of X/N and X/C, where X is

output, N and C are inputs of labor and capital respectively.

2) A total factor productivity index: the ratio of real output
to a weighted 1werage of the labor and capital inputs. The
weights are labor's share and capital's share of income. One
such index may take the form M=X/(N9,CB),where M is the total
factor productivity and o and B are labor's share and capital's
share of income respectively.

These two indexes are interpreted as a measure of the output per
unit of resource foregone in production. As Kendrick puts it, "The
inputs are estimated without allowance for changes in their quality,
so that changes in the ratio of output to inputs (i.e., the total

factor productivity index) may be interpreted as reflecting all the



diverse forces that affect the quality, or 'productive efficiency,' of
the factors.... Movements of these "partial productivity' ratio re-
flect substitutions between factors as well as changes in productive
efficiency’."1 By such features, the productivity index method is used
to quantify the impact of productivity changes on economic aggregates
and structures.

The main merit of such a method is its simplicity. But it is too
weighty. What are the sources of changes in these productivity indexes?
It can be easily shown i that changes in the partial productivity index
may be due to changes in (a) economies of scale, (b) neutral and/or
non-neutral technical change, and (c) the quantity of the other inputs.
Therefore, the change of the partial productivity index should not be
identified as a change in efficiency of that factor input.

The total productivity index is the same as the Abramowitz
Residual,swhich is the divergence in the growth of output relative to
the growth of the combined factor inputs. Given the percentage change
in output over a period of time, dX/X, the percentage change in labor
input dN/N, and the percentage change in capital input dC/C, the resi-

dual determines how much of dX/X is attributable to something other

than dN/N and dC/C. Symbolically,

Q%___m g%._efég.= residual (2.1.1)

where o and g represent the shares of labor and capital of income.
4
Integrating both sides:

j.@).(’i 95_3-_) dt -f (residual) dt

or H"EX“E = | (Residual) dt, (2.1.2)
N®.C

1



where t is time. The time derivative of equation (2.1.2) is

X
A W——
("7 é‘cc ) = residual. (2.1.2A7)

Thus the total productivity index is similar to the Abramowitz

residual.

In a static sense the total factor productivity (also called
multifactor productivity) may represent the source of growth other than
the quantity changes in inputs. That is, changes in the total factor
productivity between any two periods are taken as a comparison of the
actual real output of period I, to the output which would have been in
period II, had the productivity efficiency of period I prevailed.

Again, the total factor productivity index is too weighty. If we
take the total differential of the total factor productivity, for

‘example, using a CES production function of the form X=ra[kN'p+(1-k)
cf 'gu, where X is output, N is labor input, C is capital input, r
is production efficiency parameter, k is capital intensity, V is

economics of scale, and gp.defines elasticity of factor substitution

= 1
1+p

total factor productivity may be due to technological changes (neutral

we see from equation (2.1.4) that the change in the

2

and/or non-neutral), and/or changes in quantities of inputs.

M = kxl - - r[kN‘pk+ (1-k) cP1-V/e (2.1.3)
NT,CTT K,k
and
aM = Mgz o+ Mgy o+ Mgy o+ My o+ Mgy Mo (2.1.4)
or vV 3p ok N oC

In equation (2.1.4), the first four terms refer to the change of
output attributable tovchanges in technology, while the last two terms

refer to the change attributable to changes in inputs. If the last



two terms are non-zero, the total factor productivity index is a biased
estimate of the contribution of technological change to output growth.
As we shall see later, it will be more fruitful in the analysis

5
if we are able to separate the forces which make up the residual

2.1.2 Solow's measure
In the literature of measuring technological change, one can not
6
overlook Solow's method. Without using a specific production function,

Solow's technological change refers to any kind of shift in the pro-

duction function of the form:

X=F(C, N; t) (2.1.5)

s#here X is output, C is capital, N is labor, and t is time.

Solow's measure is a catch-all concept, for it combines all
factors influencing output other than changes in the quantity of labor
and capital.

Assuming the technical change is neutral, i.e. shifts in the pro-
duction function leave the marginal rate of factor substitution unchanged
and simply increases or decreases the output, the production function

can be re-written as

X=A(t)£(C, N) (2.1.6)
where A(t) measures the cumulative effect of shifts over time.
If we differentiate equation (2.1.6) totally with respect to time

t and divide by X, we get

-
S

of . N
A= . = =, L 2.1.7
A'@C. +A X ( )

e .
> .

2

And from the marginal productivity conditions, %%.: %.and %%.: %



where p is the output price, and q and w are capital rental and labor

wage respectively, we get the capital and labor shares as

W, = 95.% C , and WN =9X ., N  And Equation (2.1.7)
¢ X N X
becomes X A e i _
Y- ot We 2.1.8),
x A et Wy ( '
or .. . .
A _ X c N
~==-Wc=- =~ Wy 2.1.9).
A X ¢ TNy (2.1.9)

Notice equation (2.1.9) is the same as the Abramowitz residual.
Further assume the sector is operating in the range of CRS

(constant returns to scale), and let X _m, & - k, and Wn =1-WC.
N n

Equation (2.1.8) then becomes

k
k

M_ A

m A

+WC (2.1.10).
In equation (2.1.10), given the time series of k, m, and WC, we can

get the A(t) series which is a rough profile of technical change. And

X(t)/N(t) gives the output per labor unit if there had been no shift
A(t)

in production function. We may call it ''corrected' output per labor

unit, or output per labor unit net of technical change.

Solow also tested whether a non-neutral technical change is pre-
. 7
sent by examining whether A/A is correlated with C/N.

From the above discussion we may see that both the Abramowitz
residual and the Solow measure are basically the same. However, Solow's
method was used presumably to measure only the neutral technological
change under the assumption that the sector is operating in the range
of CRS, while the Abramowitz residual holds for any type of production
function and the residual includes more than the pure elements for

technical change. Nevertheless, both the Abramowitz residual and the
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Solow measure are not able to decompose the residual into more
detailed components which may create neutral or non-neutral types of
technological change. As it will be shown in section 2.2.3., an a
priori specification of only neutral technical change in a production
function may cause a biased estimation of the contribution of techno-
legical change to growth. Therefore, we turn to the method of direct

estimation of a production function which yields more fruitful results.

2.1.3. Direct Estimation of a Production Function

A production function expresses the relationship between the
maximum quantity of output and the inputs required to produce it, and
the relationship between the inputs themselves. With the application
of statistical techniques to the data on output and factor inputs, we
can estimate the parameters of a particular form of a production
function. These parameters reveal the characteristics of the production
function, such as (a) the degree of returns to scale, (b) the technology
of efficiency, (c) the degree to which the technology is capital or
labor intensive and (d) the ease with which capital is a substitute for
labor. Changes in the characteristics of a production function may
cause the change of output growth. And it is relatively easy to define
a technological change in terms of changes in the characteristics of a
production function. For example, changes in (a) and (b) may cause
neutral change while changes in (c) and (d) may cause non-neutral
technical change.

In this study two commonly used production functions, Cobb-Douglas
functiorn and the Constant Elasticity of Substitution (CES) function,
will be estimated for the agricultural sector and the manufacturing

sector. The estimates and the changes of the production parameters
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in these two sectors provide the basic foundation for the analysis of
the sources of growth and of potential problems in the developing

process.
2.2 Technological Change and Growth

2.2.1 Neutral and Non-Neutral Technological Change

The components of technological changes can be classified in a
variety of ways. But for cur purposes we focus on the set that tech-
nological change is specified as neutral technical change and non-
neutral technical change. Following the Hickson neutrality concept
which is concerned with the effects of technological progress during
a period in which input supplies are relatively fixed, a neutral
technical change in production does not affect the marginal rate of
factor substitution. Non-neutral change does. Non-neutrality can be
defined by the sign of the proportionate rate of change in the marginal
rate of factor substitution for a given factor ratio. In other words,
in a two-factor production model using labor and capital, if the pro-
duction function is altered between the two periods such that the
marginal product of capital increases relative to the marginal product
of labor for a given capital-labor ratio, there is a capital-using
(labor-saving) technological change. If the marginal product of
capital decreases relative to the marginal product of labor, there is
a capital saving (labor-using) technological change. Neutral change
results from the same rate of change in the marginal products of both

labor and capital, Symbolically, the marginal rate of substitution of

labor for capital MRSy = %%ng , and the bias of technology
d In MRSCN /B

B(t) = In the Hicksian sense, technical change is capital-

dt
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using if B(t) >0, is capital-saving if B(t)< 0, and is Hicksian

neutral if B(t)=0.

2.2.2 Determinants of Biased Technological Change

In terms of the characteristicg of the production function
specified in section 2.1.3., a neutral technical change may be due to a
change in the efficiency of a technology and/or a change in the
economics of scale. Variations in the capital intensity and/or the
elasticity of factor substitution can produce non-neutral technical
change, either capital-using or capital-saving depending on the relative
size of change.

In a Cobb-Douglas production function of the form:

X=A_eTt N*.CB (2.2.1),

the marginal rate of factor substitution is
MRS = Fc¢ -8 N 2.2.2).
o /?N T ( )

It is clear that the ratio of the output elasticity of capital to the

output elasticity of labor (8/o ) is the only determinant of Hicksian
8

neutrality.

If we specify the production function in a CES form as
X = A eTt[kC™P+(1-K)NP]"V/P (2.2.3),

where k is the capital intensity, v is the degree of homogeneity, and

-p defines the elasticity of factor substitution o as ¢ = I%éor'p;‘i'— 1,
o o
the marginal rate of factor substitution is

=k Nyl
MRS = £ (T ) (2.2.4).
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From equation (2.2.4) we see capital intensity and elasticity of factor
substitution are the determinants of Hicksian neutrality. If dMRSCN:>O
there is a capital-using technical change. dMRSCN<fO implies labor-
using. And d MRSCN=O means the technical change is neutral.

We may conclude that in both Cobb-Douglas and CES functions, shifts
in the efficient parameter r and/or the degree of homogeneity, atg or
v, will not produce non-neutral technical change, since they do not
appear in the expression of the marginal rate of factor substitution.

On the other hand, variations in capital intensity k and elasticity of
factor substitution o will result in biased technical change.

Under the CES production function of the form‘X=Aoert[kc‘p+(1-k)N'°3%
where all the variables X, N, and C are in index number form, some
properties of non-neutral technical change can be derived:

(1) Taking the partial derivative of equation (2.2.4) with

respect to k, we get

1l/0

MRS - /2k =(N/C) .1/(1-k)*‘2 >0 : (2.2.5),

since N >0, and k <1. Therefore an increase in capital intensity
always results a capital-using technical change.
(2) Also taking the partial derivative on equation (2.2.4) with

respect to o, we get

MRSy / 36 = -(MRSgy.1n (N/C) ) .1/02 (2.2.6).

Since MRSCNI>O, MRSCN/BQ will be greater than zero if (N/C) < 1 and

MRSCN/aﬁ will be smaller than zero if (N/C) >1. That is, the effect
of an increase in 0 on neutrality depends on the relative growth rate

of the two input factors in the production process (since all the
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variables, X, N, and C, in equation (2.2.3) are in index number form,

§->1 implies labor is growing factor than capital).
C ' ' .

(3) The total differential of equation (2.2.4) is

aMRS = V/C) 10,1/ (1-) 1 [ (1/ (1-K) ) dk- (k. In (N/C) . 1/0%) do]

(2.2.7).
From equation (2.2.7), we find: A) Under the condition (N/C)< 1, i.e.

capital is growing faster than labor, increases in both k and ¢

(dk> 0, do>0) will result in capital-using techmnical change, i.e.

d MRSCN > 0. If among k and o, one increases and the other decreases,
then the sign of dMRSCN will depend on the relative forces of
(1/(1-k))dk and (k.1n(N/C).1/0%)do. B) Under the condition
(N/C)>1 i.e labor is growing faster than capital, three outcomes are

possible. (1) If dk> 0, and do< 0, then dMRS , i.e. the result

o ©
is capital-using. (2) If dk <0, and do> 0, then dMRSCN <0, i.e. the

result is capital-saving. (3) If both k and 0 increase or decrease

in the same direction, the sign of dMRSc depends on the relative

N
forces of (1/(1-k))dk and (k.In{(N/C).1/0%)do.

2.2.3. The Effect of Technological Change on Economic Growth

The contribution of a neutral technical change to growth is un-
ambiguous. An upward-shift neutral change contributes positively to
~growth. A downward-shift neutral change contributes negatively to the
growth.

The contribution of non-neutral technical change to the growth
is more ambiguous. An increase in capital intensity implies there is
an increase in the marginal product of capital relative to that of
labor, therefore giving a capital-using technical change. But an

increase in capital intensity will raise the rate of growth only if
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capital input is growing faster than labor input in the production
process, because if capital is relatively cheap, a new technology
calling for greater capital intensity generates a higher rate of
’growth.g An increase in the elasticity of factor substitution, ¢ , may
result in labor-using technical change only if labor is growing faster
than capital as shown in equation (2.2.6). However, an increase in

the elasticity of factor substitution always raises the growth rate.lo
This is true because the same rate of growth can always be maintained
at a lower unit cost, if technological progress permits the substitution
of the relatively cheap factor for the relatively expensive one with
~greater ease. Therefore, with a fixed budget outlay a higher rate of
~growth can be obtained. Putting these factors together there is no
~guarantee that non-neutral technical change will contribute positively
to growth. Hence, the a priori assumption of only neutral technical
change in the production process may either under or over estimate the
contribution of technical change to the growth.

2.2.4. Determinants of Technical Bias and the Effect of Technical
Change on Economic Growth under a Purely Factor Augmenting Model

A purely factor augmenting CES production function with constant

returns to scale can be written as
X = [a(e tc) Peb(ertny~P171/P (2.2.8),

where X is the output, C and N are the natural units of capital and
labor inputs, e%tC and N are the capital and labor inputs in
efficiency units which are growing at the rates § and X respectively,

11
and p defines the elasticity of factor substitution ¢ = 1/T1+p).
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From equation (2.2.8) we can get:

= _ 2.2.9
Fet/Fo = -0 (2.2.9)
. = - 2. ,
FNt/FN p.A (2.2.10)
. oF . _ oF . . ..
where Fi = — , i=C, N, and Fit = —*_, And the Hicksian neutrality

oi

i B 3 . F /’F
:a = ._C. -—C--
can be expressed as B(t)=9ln MRSCN/ﬁt Bt(:FN ) FN

=FCt/FC~FNt/FN=(1—%9(S—A) (2.2.11).

Equation (2.2.11) implies that technological bias depends on the
rate of factor augmentation and the magnitude of the elasticity of
factor substitution. For example, if the productivity of labor is
~growing faster relative to that of capital, (§-2 ) < 0, and ¢ is less
than one, labor-saving technical change will be the result (B(t) > 0).
It is generally believed that the industrial sector usually involves
labor-saving technology, i.e. B(t) > 0. Thus, under the assumption
that 0 <.g< 1, the industrial sector must increase the efficiency of
labor faster than that of capital.

Using equation (2.2.8), the output growth rate (R(t)) can be

derived as:

R(t) = F¢/F=d InX/ot
=5.EC+\.EN (2.2.12)

=5.EC+\. (1-EC) (2.2.13),

where EC=(oX/50)/ (x/C)= {e2E0)~7
(thC)-p+(eZtN)=p s

(eXt N) P

EN= (aX/2N) / (X/N) =
@5t )P 4t WP
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which are the output elasticity of capital and labor respectively.
Notice that the output growth rate is a weighted average of the rates

of factor augmentation which contribute positively to output growth

(i.e. agét) ,agit)> C). The weights are the output elasticities of the

inputs.
. and (2.2.12) . . . .
Equation (2.2.11) jhave important implications in economic develop-
ment processes. Let the subscripts A and M refer to the agricultural
and manufacturing sectors. Assuming the rates of efficiency of labor

and capital are the same in both the A and M sectors, the difference

of the output growth rates in the two sectors is:

R,(£)-R, (t) = (By-Ep) * (- ) (2.2.14)

Presumably, capital is more "important'" or more sensible in the manu-
facturing sector, i.e. E;-E; >0. To get RM--RA >0, we have to guarantée
5-\ >0, i.e. capital's efficiency is growing faster than labor's. In
other words, to fulfill the ambition of industrialization, a developing
country has to have a higher efficiency rate in capital than that in
labor.12

However, the coﬁdition 8-\ >0 for industrialization may create a
conflicting condition for labor-saving (capital-using) technical
progress in the manufacturing sector. Using the Hicksian concept, the
bias B = (1-_3)(5-x) will be less than zero (i.e. labor-using), if
we restrict goto a value less than one as generally believed in
empirical findings and ( &6-\ )>.0.

Of course the assumption that the rates of efficiency of capital

and labor are the same in both the A and M sectors is unnecessary. If

85 # Sy» Mp F Mys then the industrialization rate is
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RM(t)~RA(t)=E;(6M—xM)-E§ (8p-Ma) - (g=2y) (2.2.15).

Assuming, again, that ¢ is less than one in both agricultural and manu-
facturing sector, the only case which guarantees successful industriali-
zation is that labor using technological change prevails in the manu-
facturing sector, i.e. ( Syt T‘XM)> 0, capital-using technological

change prevails in the agricultural sector, i.e. ( 6A— )A)< 0, and

XA< XM. Otherwise, industrialization depends on the relative forces

i C ... -C
f R s E d E-.
Of 85 M» Gy Ny » By and B

2.3. Technological Change and the Problems of Employment and Income

Distribution
2.3.1. Technological Change and Employment

Employment is one of the major concerns in every economic system.
As a member of the block of Asian countries, Taiwan experienced high
rates of pupulation growth during 1952-1972 (3.15 percent per year),
although its family planning program was regarded as successful during
the past decade. While a high rate of population growth alone can
provide potential unemployment problems and exert a negative impact
on per capital output expansion, the introduction of labor-saving
technological bias in production can cause the unemployment problem
in develeping countries to become more acute. The purpose of this
section is to show how technological change affects employment. We

first derive the demand for labor as follows:

Under the original CES function as defined above,

X=r[kC P+ (1-k)N"P]V/P (2.3.1),

assuming the producers are profit maximizers and all markets are com-

petitive, the expansion path in equilibrium is
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1/0
q/W =[k/(1-k)]-N/C)" (2.3.2),

where g is the rent on a unit of capital and w is the wage rate. From
equation (2.3.2), we can get

C = N( % 1—153{ )~ (2.3.3).

Equation (2.3.3) combined with equation (2.3.1) and solved for N,

yielding
N=rV XV [k( _1{(_1& 0 @ +a- 1t (2.3.4),

which implies labor demand is a function of output, X, and the pro-
duction parameters r, v, k, and o. Notice also that labor demand is
homogeneous of degree 1/V in output, and that the effect of the
relative factor prices on labor demand depends on the size of k and o
The effects of the changes in the parameters on labor demand can be

shown by the partial derivatives of equation (2.3.4) with respect to

9N ©ON oN
each parameter,.e.g. — , — nd — .
paraueter, e85 kMo

Under a factor augmenting CES function of the form:
X = [a(C &9t yPspv &Mt )Py /P (2.3.5),
in equilibrium we have,

C <-p-1 =pBt+\
f;\p TPOtTARE (2.3.6).

- a
MPy MP- -1 -
N _C_4q._ C y-p-1 -pdt+ipt
s (:N ) .e

From equations (2.3.6) and(2.3.5), we can get

in (N/C)=0 1n(q/W)-0 1n(a/b)+(1-0)/d* [t. (6-\)] (2.3.7)

and
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dIn(N/C) -, l-o - . ‘
gé ) (020)“@_7\) (2.3.8),

which implies that technical change increases the demand for labor

(in natural units) relative to capital only if (a) &6-\ > O when o<1,
or (b) 6~ < 0 when o > 1.

Tt NO.cP

If production function is of the Cobb-Douglas form, X=A,.e

s

the labor demand can be derived as

N = A xQ/B gy (B/0HB) (2.3.9),

where A = (Aooert)'(l/“+ﬁ).(B/G)'(ﬁ/a+5), In chapter five, equations
(2.3.7), (2.3.8), and (2.3.9) will be used to analyze the labor

absorption problem in the agricultural and manufacturing sectors.
2.3.2. Technological Change and the Distribution of Income
13

Following Ferguson's derivation, the production function with

only neutral technological change can be written as:

X = &'t E(C,N) (2.3.10).

Under the assumption that (1) the production function is homogeneous
of degree one, (2) both marginal products of labor and capital are
positive (FC, FNZ}O) and decreasing (FCC, FNN<O), (3) the input and
output markets are competitive, then the rate of change in labor's

relative share can be expressed as

5/ = -(1-8) (1- L) (g/g) (2.3.11),
g

where S is labor's share, g is the capital-labor ratio, and ois the

elasticity of factor substitution.



Notice that neutral change has no effect on the relative share

of labor, since the overall or neutral technology parameter r does
not enter equation (2.3.11). Notice also that in equation (2.3.11)
since (1-S)> 0, if é/g >0 (i.e.ﬁfhe rate of capital accumulation
exceeds the rate of increase in employed labor), then é/S % 0 as g~

%; 1. Or stated in another way, if technical change is neutral, the
direction of change of relative input supplies and the magnitude of
the elasticity of factor substitution are the only factors governing
the behavior of relative shares. In particular, an increase in the
capital-labor ratio will be accompanied by an increase or a decrease
in labor's relative share as o~ 1. If é/g»< 0 (i.e. the rate of in-
crease in the employed labor exceeds the rate of capital accumulation),
é/S% 0 as 0%1. And if 5 =1 (as in Cobb-Douglas production function),
then changes in the relative supplies of factors will have no effect
on the relative share.

If technological change is biased, the rate of change in labor's

relative share can be expressed as

é/S = -(1-5) [B(t)+(1- :.5) 1 (2.3.12),

Qg e

where B(t) = g lnMRSCN//dt = (FCt/FC)'ggs' Noting that when technical
change is Hicks-neutral, B(t)=0, equation (2.3.12) reduces to equation
(2.3.11).

Without considering the bias, if ¢ < 1 and é/g > 0, labor's
relative share tends to increase. With the bias, labor's relative
share is increasing or decreasing as B(t);§ 0. More specific, B(t)> 0
is a necessary condition for decreasing labor's relative share. The

sufficient condition for decreasing labor's share is that the size of



B(t) outweighs the size of [(l-l)_ ._é]such that the term [B(‘(:)-l-(l-f;)-géa
is negative. Such conclusions :eémgto offer a way of defining biased
technical change; that is to say technical change is labor-using,
neutral, or capital-using depending upon whether the relative share

of labor increases, remains unchanged, or decreases, if ¢ < 1 and

(e/g) > 0.

In the specific case of a factor augmenting model in the CES
form X = [a(C.e®t)-P+bN.et)-P1~1/P , the relative factor
share is

(q.C)/(W.N) = 2. &) e(6t-2t)(1- (17:) (2.3.13),
b N :

and the effects of a shift, in the factor effiency rate can be

expressed as

(S .C
=t (- k) T2

=z 0,0 02| (2309,

and

‘C
3
g%f =-t (k- ) %—%>O as ©Z | (2.3.15).

That is, whether improvements in factor efficiency will increase that
factor's relative share or not depends on the magnitude of the elasti-

city of factor substitution.

The aggregate effects of changes in labor's and capital's
efficiency rates on the factor share can be expressed as

3(""C)J>\+ 2 )dc("

d[(q.C)/ (W.N)]=

...L’%, (1- ..E.L... ) (d6-dM) (2.3.16).

£l



That is, the changes of the relative factor share depend on the mag-
nitude of the elasticity of factor substitution and the relative sizes
of the changes in the factor's efficiency rates.

One should be aware that the above relations we have derived are
pure production phenomena and they may not be empirically confirmed.
The discrepancies between the pure production estimates and the actual
distribution of factor income share may be explained by market forces
which are beyond the scope of this study. However, these relations
may provide some theoretical guidance to the government in making

poiicy concerning income distriburion.
2.4. Fitting the Production Functions

2.4.1. Fitting the Cobb-Douglas Production Function

In the estimation of the Cobb-Douglas production function in the
agricultural sector and the manufacturing sector, we specify the

function as
X = Ao-ert.Na.CB (2.4.1),

where X is output, N is man days employed, and C is utilized capital.
. Netice the function is 'meutrally" shifting r percent per unit of
time during the period under consideration.

Taking the first difference of each variable after applying a
logarithm transformation on equation (2.4.1) to eliminate the corre-
lation of t and C and the possible serial correlation in the

regression, we get

o 1n X = r+a 4ln N+B & InC (2.4.2)
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In available data, we have only capital stock based on the inventory
method. Using the capital stock as the capital input in the regression
(2.4.2) may result in a biased estimation of the production function
because not all of the capital iZOCk are actually employed. We there-

fore utilize the Wharton method to find out the capacity utilization

rates, S, and revise equation (2.4.2) as

Aln X=r+a A 1n N+8 & ( In S+ 1n K) (2.4.3)

where K is the capital stock. If the residual error of equation
(2.4.3), U, is significantly correlated with capacity utilization,
then the initial adjustment for capacity utilization is inadequate,
and further adjustment is required. According to Brown,15 the
original adjustment for capacity utilization of the capital stock is
inadequate by an amount that is equal to the contribution given by the
capacity utilization variable S to the explanation of the residual U.

We thus run a regression on & 1n U= U0+U «ln S, and further adjust

1
the regression (2.4.3) as

A ln X = rr+gr 4 In N+gt 4 [(1+U1) 1n S+ 1n K] (2.4.4)

Notice the results of the regression on equation (2.4.3) or
equation (2.4.4) will estimate only the rate of neutral technical
change and the partial elasticity of the two factor inputs. To see
if different technical epochs exist during the entire period 1952-
1972, we follow the approach developed by Brown16 to isolate these
periods. We estimate the production functions of several sub-periods
by using the regression (2.4.3) or (2.4.4), whichever is appropriate;

17
and then applying the Chow  test to see whether the estimated
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parameters are statistically significantly different among the sub-

periods. If they are, we conclude that the two sub-periods embrace

different technologies. Finally, the dummy variable approach developed
18

by D. Gujarati is used to estimate the production function of the

different technical epochs detected.

2.4.2 Fitting the CES Production Function

In sections (2.2.2) and 2.2.4) we show that o , the elasticity
of factor substitution, is also a determinant of biased technical
change and will affect the growth rate of output. Since ¢ in a
Cobb-Douglas production function always equals unity, serious limi-
tations in the analysis may arise. To avoid limitations and for
purposes of comparison, a CES preduction function is also estimated.

Since we are dealing with highly aggregate relationships in this
study, the meaning of economies of scale may become very vague. In
addition, in time series analysis, it is very difficult to distinguish
between economies of scale and technical progress. Thus, in our
empirical fitting of a CES production function, we use a constant
returns to scale specification.

In order to avoid the unnecessary restriction that technical
change affects the productivities of capital and labor in the same

manner as presumed in the original CES function of the form
X=r[kN"P + (1-k)C™P ]'l/P,we specify the CES production function as:

X=[a(C.eSt)"P + b(N.eM)y-p ]-1/p (2.4.5),
where C and N are the capital and labor inputs in natural units
respectively, e%tc and eMN are the capital and labor inputs in
efficiency units, and p defines the elasticity of substitution o =

l/’(1+p). The estimates of § and A , incorporated with the size of
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show the direction of technical biases. However, because of the non-
linearity and complicity of equation (2.4.5), the parameters cannot be
directly estimated. To solve this problem, we assume (1) perfect
competition in the factor and product markets, therefore making factor
prices predetermined, and (2) the producers are motivated by profit

maximization. The second assumption gives:
W¢ = P.Fy = P.XL1TP.bN"(1TP) P (2.4.6),

where W#is marginal cost of labor, p is output price, and Fy = oX/ON.

D

Since W* is not observable, we let W* =W-e ", where W is the observed

wage rate. And applying a logarithmic transformation to equation

(2.4.6), we get
In (X/N) = ~o ln b+c 1n (W/P)+(1l-o)\t+orD (2.4.7)

which is a non-linear form in the parameters and may give the estimates

of o (and therefore p), A and r.

Equation (2.4.5) can be rewritten as

€/X)° - b€/ (N.e )P = a.eOPt (2.4.8)
or as
In [(€/X)P - b( N_Z,E ) = 1n a - pét (2.4.9),

where the parameters with the symbol ~ are the estimates from equation
(2.4.7). The regression on equation (2.4.9) will give the estimate

of the remaining parameter O .
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on the partial productivity. The last two terms show the effects of
changes in the quantities of inputs.
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was recommended by E. Domer, "On Total Productivity and All That", JPE,
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John Kendrick believes the measure of tangible factor inputs, un-
adjusted for quality change, and the associated total and partial
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of growth and change in economic aggregates and structure. However,

the approach of Z. Griliches and D. W. Jorgenson in "The Explanation

of productivity Change', R. E. Studies, July, 1967, not only adjusted
labor input for the factors selected by E. Danison in "The Sources of
Growth and Structural Change in U. S. and the Alternative Before Us'",
but also adjusted capital input for qualitative improvements and for
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inputs. Griliches and Jorgenson, therefore, found the residual vanished.
Hence they even question the usefulnessrof the concept of technological
advance on economic growth.



28.

6
R. Solow, "Technical Change and the Aggregate Production Function",
R. E. Statistics, August, 1957.

7

Such a test for the existence of non-neutral technical change is not
adequate. In his reply to W. P. Hogan, "Technical Progress and Pro-
duction Function'", R. E. Statistics, November, 1958, Solow himself
pointed out that the capital-labor ratio can change in such a way as

to allow the proportional changes in the production function to be zero,
while still allowing for non-neutral technical change.

8
The ratio B/ a also denotes the capital intensity in the production

? .
process. Consider at equilibrium, %= B: ,I%—':g* g'-
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price ratio, the larger is B/ , the smaller will be N/C.

, where q and w
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As the production factors became more productive, a given amount of
factor inputs in natural unit may produce more output. Or a given
output can be obtained from a reduced amount of factor inputs in
natural unit. To show the technological change of this form one may
specify the factor inputs in efficiency unit instead of natural unit
in the production function. The forms ¢Otc and ¢Mpy mean that the
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productivities of capital and labor are growing at a constant pro-
portional rate 6 and A overtime respectively. We thus define & and A
as the production efficiency rate of capital and labor.
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Here we define industrialization as the manufacturing sector growing
faster than the agricultural sector. Others may define industrialization
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than the agricultural sector.
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Between Sets of Coefficients in Linear Regression', American
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19

The independent variable of the logarithmic form of equation (2.4.5)
still contains unknown parameters. A non-linear regression program
can not be successfully applied directly to equation (2.4.5), because
the production function is not very sensitive to mismeasurement of the
elasticity of substitution, unless the observations include very
different capital-labor ratio. The elasticity of substitu tion measures
the curvature of the production isoquants and it is difficult to
distinguish between different curves unless the observations span a
wide range of capital-labor ratio.



30.

CHAPTER THREE

AN ANALYSIS OF THE AGRICULTURAL SECTOR

The agricultural sector is initially a dominant sector in the
developing countries, not only because the sector contains most of
the economy's population but also because it constitutes the major
part of the nation's income, labor force, and capital resources. Such
facts combined with the belief that agricultural and rural production
can be raised rapidly with little capital, and that rapid and large
returns in the agricultural sector are possible with relatively minor
changes in techniques, lead some economists to argue that having a
developed agricultural sector is essential for overall economic
development. These economists conclude that an agricultural revolution
and a subsequent rise in agricultural productivity are prerequisites to
generate the surplus to provide the needed capital and to release the
labor force for the expansion of other sectors, presumably the manu-
facturing sector.1 During the Japanese Occupation (1896-1945), Taiwan's
agricultural sector was highly emphasized and was able to enjoy a high
growth rate. According to Dr. T. H. Lee, during the period 1911-1940
Taiwan's agricultural sector, with relatively little capital investment,
was growing at a rate of 3.1 percent per year, and, on the average,
exporting 14.14 percent of its net domestic product to the non-agri-
cultural Sector-z However, the emphasis on the agricultural sector
during the Japanese occupation was a Japanese colonial policy pursuing

the so-called "an industrialized Japan and an agricultural Taiwan"

policy, rather than a policy of paving the way for a purposeful

industrialization.
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After the Second World War, the struggle for industrialization
became very fashionable among the developing countries. Taiwan was not
an exception. The economy shifted its emphasis from agriculture to
industry. This policy shift coincided with the shift of the ruling
power from the Japanese to the Nationalist Chinese who launched a series
of four-year economic plans in 1953. During the period 1952-1972,
although the agricultural output in Taiwan was still growing at an
average rate of 4.36 percent with the capital input increasing 5.26
percent per year and the labor input increasing 0.87 percent per year,
the economy as a whole was growing even faster, at 8.41 percent per
year (see Table 1). The manufacturing sector was growing at a rate of
12.77 percent per year during the same period. Consequently, the
relative importance of the agricultural sector to the economy in terms
of the value of output was declining. However, it was not until 1969
that the gross manufacturing domestic product surpassed the gross
domestic product of the agricultural sector.

In this Chapter we use the theories discussed in Chapter Two to
analyze the factors that contributed to the agricultural growth during
the period of 1952-1972. The productivity index approach, Solow's
measure, production under a Cobb-Douglas world, and the production
under a CES world are presented in the subsequent sections. The dis-
cussion of the effects of technical change on employment and on income
distribution in the agricultural sector will be presented in Chapter

Five.

3.1. Productivity Indexes and Solow's Measure

Let us examine the broductivity trends first. The real gross

domestic product, which is the numerator of the productivity ratios,
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increased at an average rate of 4.36 percent per year between 1952-1972
(see Table II). Labor input, in terms of man days employed, rose at a
rate of 0.87 percent per year. Capital input, in terms of real

capital stock, increased 5.46 percent per year. Based on Domar's

formulation __X o it can be shown that the total factor productivity
N . C

rose by 1.63 percent per year over the period 1952-1972. Since, in
this sector the labor input was growing slowly relative to the capital
accumulation during this period, this productivity increase may rest
with a labor—saviﬁg technical change. Such a hypothesis can be further
supported by the facts that the real output per man-day was risigg at
an average annual rate of 3.49 percent while the capital. -labor ratio
was growing at 4.39 percent per year, as indicated in Table II. The
labor~saving bias of technical change during this period will be tested
again by the method of production function estimation.

The results of the Solow's measure are also presented in Table II.

According to Solow (equation (2.1.10) %-: %- + WC%- the A(t) series is

a rough profile of technological change. Solow's measure shows that
technical change has increased productivity by 22.25 percent between
1953 and 1972. Stated in a different way, the production function was
shifting upward about 1.057 percent per year during that period. Since
the coefficient of determination (RZ) of A/A and C/N is only 0.0288, we
may feel comfortable to interpret the 1.057 percent annual upward

shift in the production as the neutral shift which is presumed in the
Solow formulation.3 Following Solow's explanation, the 'corrected GDP

(gross domestic product) per man-day, or the GDP per man-day net of the

shift in technology (symbolically X(t)/N(t)) in the agricultural sector
A(t)
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was growing at a rate of 1.94 percent per year (the last column
of Table 11). Ekamining this from a different angle, the NT $35.08
- ($89.53 minus $54.45) of the NT $55.01 ($109.46 minus $54.45) increase
in the real GDP per man-day can be inputed to increased capital (about
64%), and the remainder to increased productivity (about 36%).4 In
other words, capital formation rather than productivity increase is
the major contributor to the output growth in the agricultural
sector.5

As mentioned in Section 2.1 both the Solow measure and the total
productivity index use the same concept as the Abramowitz residual.
However, our findings indicate that shift in production efficiency
based on the Solow measure is lower than the Doman formulation. This
discrepancy can, however, be explained. Recalling the very character-
istics of the two methods, Solow's method is used presumably to measure
only the neutral technological change under the assumption that the
sector is operating in the range of constant returns to scale, while
the productivity index method is designed to reflect all the diverse
forces that affect the quality of factor inputs, and hence includes more
than the pure elements of technical change. In the agricultural sector
capital was growing faster thamn labor. If the technological change is
iﬁ the right direction - i.e. capital using - Solow's measure will
surely under-estimate the contribution of technical change to the

growth rate as discussed in Section 2.2.3.

3.2 Production under a Cobb-Douglas World in the Agricultural Sector

In this section, by estimating the Cobb-Douglas production

function, we attempt to identify both the factors and the way these



factors affect the growth of agricultural production. The procedure

involves the estimation of the Cobb-Douglas function of the form
Aln X = r+aA In N+BA In C (2.4.2)

In order to eliminate theeffects of cyclical fluctuations and there-
fore to reduce the biases in the estimation, we instead estimate

equation (2.4.3)

Aln X = r+ga 1InN+BA(1n S+ln k) (2.4.3),

where X is the real gross product, N is the man days employed, S is the
capacity utilization rate, and K is the real capital stock.6 The re-
gression results of equation (2.4.3) for different periods are summarized
in Table III.

In the Cobb-Douglas world, during the entire period under consider-
ation (1953-1972), the results show: (a) there is a 0.03 percent per
year upward neutral shift in production; (b) with a one percent increase
in labor input, output will be increased by 0.5956 percent, and a one
percent increase in capital will increase output by 0.7086 percent;
and (c) the sector is behaving under a situation characterized by in-
creasing returns to scale.7 As will be seen below, there are different
structural epochs within the entire period. Therefore these features,
which are the result of the aggregation of different structures, may
not be very meaningful.

From the regression results presented in Table III, it seems, at
first glance, that there is a clear divigion in the production

characteristics between the first ten years and the last ten years.

The first ten years (1952-1962) were associated with an upward neutral
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shift in the production function, with a more or less constant returns
to scale production, and with a negative labor contribution to the pro-
duction process. The latter ten years (1963-1972) showed a downward
neutral shift in the production function and increasing returns to
scale with positive contributions of both labor and capital to the
production. However, when we apply Chow tests to search for the .
structural changes, the above impression of the sector is changed.

In searching for the structural changes, we begin by estimating
equation (2.4,3) 4 1n X=r+aldln N+BA(ln S+In k), with obser-
vations starting arbitrarily with the period 1953-1957. We set every
five years as a subperiod. The results of the Chow tests in detecting
the structural changes among the sub-periods are presented in Table IV.
At the five percent level of significance we find that there are three
different structural epochs -- 1953-1957, 1958-1967, and 1968-1972.

The estimates of the Cobb-Douglas production function of the three
epochs by using the dummy variable approach developed by D. Gujarati
are summarized in Table V.

Among the three epochs, the estimated parameters differ signifi-
cantly. In the first technological epoch, 1953-1957, the production
was characterized kv decreasing returns to scale with a very high out-
put elasticity of capital (2.498) but a negative output elasticity of
labor. The phenomenon can be interpreted to reflect the existence of
a redundant labor force (disguised unemployment) and of a capital
scarcity in the agricultural sector during that period.8 Nevertheless,
during that period the sector was enjoying the neutral type of techno-

logical progress at a rate of 4.03 percent annually.



As the sector evolved into the second epoch (1958-1967), the pro-
duction characteristics changed. The output elasticity of labor
increased sharply, although it still remained negative. On the other
hand, the output elasticity of capital decreased from 2.498 to 0.878.
It is a type of decreasing returns to scale, and the rate of neutral
technological progress was reduced to 1.17 percent per year.

During the third technological epoch (1968-1972), production was
in increasing returns to scale range, with positive output elasticities
for both capital and labor. The output elasticity of labor (1.267) has
bsurpassed the output elasticity of capital (0.616), and the rate of
neutral technological progress is negative (-2.32 percent per year).

From the pure production point of view, under a Cobb-Douglas
world, the factor's elasticity of production is also the factor's
income share. In all of the three different production structures,
the sizes of the elasticities of labor and of capital are different
from what we would expect on the basis of their relative income shares
(see Table II). This is due to the fact that our estimation of the
elasticities of production is a technological relationship and the
discrepancy may be explained by the market forces. However, since the
output elasticity of labor increased relative to the output elasticity
of capital in the three technical epochs, it suggests that the pro-
duction in the agricultural sector was moving toward a labor using
technology during the period 1953-1972. And since, during this period,
the capital input was growing faster (5.26 percent per year) than labor
(about 0.87 percent per year), the current labor using technological
change was not in the right direction to stimulate the output growth.

On the contrary, it was making a negative contribution to output growth.
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3.3 The Agricultural Sector under a CES World

The estimation procedure of a factor augmenting CES function has
been discussed in Section 2.3.2. The parameters of the CES function
x=[a(kest)'9+b(Nelt)'p]“l/p are estimated in two steps by running

the regression on the following two equations;

In(X/N)=-olnb+cln (W/P)+orD+(1-0) t (2.4.8)
In[ (K/X)P-b (K/N.ert)P]=1n a-pst (2.3.9)
9
The regression results are summarized in Table VI. Three interesting

features are worth mentioning from the results of the regression on

the period 1952-1972.
(1) During the entire period under observation, capital efficiency
was declining at the rate of 0.96 percent per year while labor's ef-

10
ficiency was improving at 7.09 percent per year. In section 2.2.4

we mentioned that ?gét) ,3§£§) > 0. In our present case, the declining
efficiency of capital in the agricultural sector implies that the
capital input was making a negative contribution to the output growth
in the agricultural sector, although the marginal product of capital
remains positive. Therefore, it leaves the increase in the efficiency
of labor the main contributor to the agricultural growth.

(2) The elasticity of factor substitution is 0.55 in the period
1952-1972. This figure is rather small. The traditional rural sector
is said to be engaged in present agricultural production with a wide

range of techniques and alternative combinations of labor and capital.

That is, the agricultural sector has a large magnitude of elasticity of



factor substitution. Our finding is contrary to such a general belief.
However, at another point to be discussed below, we do confirm Baldwin's
theory that as agriculture becomes more specialized in the course of
development, one may ekpect its elasticity of factor substitution to
be declining.11

(3) Based on the criteria B = (1—%9(6-x) in testing the bias of
technical change during 1952-1972, the agricultural sector was ex-
periencing a capital-using type technical change, since the elasticity
of substitution'was less than one and labor becoming more efficient
relative to capital. Again, this is contrary to what has been believed
in the literature--that agricultural techniques in lower income
economies are endogenously developed with labor-using bias to reflect
the existence of the relative abundance of labor.

The above three findings may not be meaningful, because during
the twenty-one years of observation the production structure may have
changed, and hence an aggregate of the different structures can distort
the real picture. In fact, when we divide the entire period into two
sub-periods, the estimated production parameters do differ (see
Table VI).

The production in the first ten years shows the following features:

(1) The elasticity of factor substitution is substantially
greater than one. This seems to confirm the theory that in the early
stage of development agricultural production is usually characterized
by a wider range of substitution between capital and labor, because the
technology involved is primitive.

(2) The efficiency rate of capital (5.53 percent per year) is

much higher than that of labor, which itself is not significantly
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different from zero, in this subperiod. This may serve as evidence
that there exists a labor surplus in the sector and the increase in
the efficiency of capital is the leading ﬁgctor contributing to output
growth during that period.

(3) The art of production is biased towards being capital using,
since the elasticity of factor substitution is greater than one and the
rate of capital efficiency is higher than that of labor. This is a
phenomenon that contradicts the general belief concerning lower income
economies.

During the latter eleven year period, the elasticity of factor
substitution fell to 0.337. Furthermore, not only has the efficiency
rate of labor surpassed the efficiency rate of capital, but the effi-
ciency rate of capital has become negative. Thus, reversing the previous
trend, the increase in the efficiency of labor is the main factor con-
tributing to the agricultural growth in the subpericd. In terms of the
direction of the bias, the sector was continuously stayed in a state of

capital using technological change.

3.4 Cobb-Douglas vs. Constant Elasticity of Substitution

In the above two sections, we have applied the same set of data to
estimate the production functions in the Cobb-Douglas and CES forms in
the agricultural sector. The conclusions we drew from these two pro-
duction functions do not reinforce each other. Below is a brief
summary of their differences.

(1) The findings from the estimation of the CES function do not
confirm the presumption implied in the Cobb-Douglas function that the
elasticity of factor substitution is equal to the value of one. (2)

While the estimation of the Cobb-Douglas function shows that there was



4U.

a labor using technology during the period 1952-1972, the findings in
the CES setting indicate that the technical change was becoming biased
towards a capital using one in that period. (3) However, both settings
suggest that in the earlier stage of development in the agricultural
sector, capital was the main contributing factor to the output growth.
But in the later stage, labor replaced capital as the main contributor
to this growth.

In this study we make no attempt to explore the reasons that lead
to the differences in the conclusions. Since there are different pre-
sumptions implied in the two production functions, which make them
non-comparable in some respects, we do not attempt to reconcile the
difference. However, it can be useful to again remind ourselves of
some of the basic features of the two production functions.

Both of the production functions possess the desirable neo-
classical production properties that the marginal product of each factor
input is positive and declining. The Cobb-Douglas production fumction is
attractive for its simplicity - it is easy to comprehend and is
economical to apply. However, it gives us only the estimation of
neutral technical change, unless we are able to detect differences in
the periods of production structure, from which we may investigate the
possible bias of technical change. Furthermore, the substitution be-
tween commodities or between factors of production is the primary
point of emphasis of neoclassical economics, but the Cobb-Douglas
production function compels the elasticity of substitution between
labor and capital to take on a value only of unity. The CES production

12

function relaxes this limitation. But a less restrictive specifi-

cation such as this is not without cost. As mentioned in Section 2.4.2,



in the case of the CES specification, the production parameters cannot
be directly estimated in a single step. Not only are extra assumptions
and side relationships needed before we can actually fit the data to
the production function, but in the ultimate reduced form derived above,
it is still a non-linear function whose estimation liability still is
not generally agreed upon. Of course one may argue that the CES
function itself may not be responsible for such a disadvantage and that
it is primarily a question of the state of the art of statistical
technique.

It seems fair to say that between the two production functions,
the short-comings of one are the merits of the other, and vice versa.
Therefore, it becomes obvious that neither of them can claim superiority
to the other. The less restrictive CES function has been severely
reduced in its desirability by the complexity and gravity of its
estimated fitting. In addition, the function releases only the re-
striction of a unitary elasticity, but does not allow the elasticity
to vary with the ratio of factor inyats.ls Perhaps the most valuable
lesson learned in the comparison of the results of the Cobb-Douglas and
the CES production functions is that it is quite possible for us to
draw very different conclusions from the same set of data if we apply

them to different specifications of production functionms.
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FOOTNOTES

1

For example, Arthur Lewis's "Economic Development with Unlimited
Supply of Labor'", and Fei-Ranis's 'Development of the Labor Surplus
Economy', all analyzed the accumulation of needed capital and relation-
ship of agriculture and industry for development. Bruce F. Johnston
and John W. Meller in the article '""The Role of Agricul ture in Economic
Development', AER, September 1961, competently summarized five propo-
sitions to show the importance in which increased agricultural output
and productivity contribute to over-all economic growth. They are:

A. Economic development is characterized by a substantial increase
in the demand for agricultural products, and failure to expand
food supplies in pace with the growth of demand can seriously
impede economic growth.

B. Expansion of exports of agricultural products may be one of the
most promising means of increasing income and foreign exchange
earnings, particularly in the earlier stages of development.

C. The labor force for manufacturing and other expanding sectors
of the economy must be drawn mainly from agriculture.

D. Agricultural sector can and should make a net contribution to
the capital required for overhead investment and expansion of
secondary industry.

E. Rising net cash incomes of the farm population may be important
as a stimulus to industrial expansion.

T. H. Lee, Intersectoral Capital Flow in the Economic Development of
Taiwan, 1895-1960, Cornell University Press, Ithaca, New York, 1971,

3
Such a test for the existence of non-neutral technical change is not
adequate. See Footnote 7 of Chapter Two.

4

As Solow himself pointed out, 'this is not meant to suggest that the
observed rate ¢f technical progress would have persisted even if the
rate of investment had been much smaller or had fallen to zero'.
"Technical Change and the Aggrc¢gate Production Function'", R. E.
Statistics, August 1957, p. 316. Obviously, innovation must be em-
bodied in new plant and equipment to be realized at all.

5

Solow's study for the American economy for the forty-year period
beginning in 1919 shows that technical change accounted approximately
for nine-tenths of the total change in labor productivity, the remainder
being accounted for by the growth capital.
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6

The correlation between the residuals of equation (2.4.3) and the
capacity utilization rate is not significant (R%2=0.1749). We are
therefore confident that the utilization rate we derived is proper
for adjustment of capacity utilization.

7

Changes in the economies of scale can result from two sources--an
expansion in the scale of operations for a given technology, or given
the scale of operations, a change in technology. But we have no way
of separating these two forces.

8

Rangnar Nurkse gave the simplest definition of '"disguised unemployment"
as that some labor could be withdrawn from the production without re-
ducing the volume of output. In technical terms, the marginal produc-
tivity of labor is believed to be zero. 'Excess Population and Capital
Construction', Malayan Economic Review, October 1957. However, as
A. Lewis describes it, in some situations the long run marginal pro-
ductivity of labor could be zero or negative. Lewis. The Theory of
Economic Growth, Homewood, 1955, pp. 327-328.

9

The regression on équation. (2.4.8) was executed by the non-linear re-
gression program written by D. A. Meeter, using D. W. Marquardt's
maximum neighborhood method. The regression on equation (2.4.9) was
executed by an ordinary least squared program. The standard output of
the non-linear fitting does not include the R2. We calculated the R?
of the non-linear regression by running a regression of the observed
in X/N against the estimated in X/N of equation (2.4.8). Besides, the
t values of the non-linear regressions are below the usual standard.
But as it is still an issue, the meaning of the t value in a non-
linear regression is very vague.

10
We are aware that the regression in estimating the capital efficiency
rate was performing poorly. The RZ is as low as 0.28.

11

R. E. Baldwin, Economic Development and Export Growth--A Study of
Northern Rhodesia, p. 59. When we partition the 1952-197Z into two
sub-periods 1952-1961 and 1962-1972, the estimates of ¢ are 1.%Z1 and
0.3367 respectively in the agricultural sector.

12

CES production func tion assumes that changes in relative factor input
and prices do not alter the elasticity of factor substitution. The
elasticity is determined by the underlying technology and remains
constant during the observation period, but may not necessarily be equal
to the value of onme.
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13
We do not intend to say that there is a sensible definite relation-

ship between the elasticity of substitution and the ratio of factor
inputs. However, several variable elasticity functions have been
developed to take care of such problems.

L YERRRAY
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CHAPTER FOUR

AN ANALYSIS OF THE MANUFACTURING SECTOR

Since the end of the second world war, the less developed countries
have spared no effort in pursuing a rapid growth rate for their
economies. Past history and prevailing facts suggest that there is a
strong relationship between a country's strength and its degree of
industrialization. Therefore, most nations in pursuing growth rank
industrialization as one of their highest national priorities. To the
less developed nations, industrialization is equivalent to economic
development and is regarded as the best alternative to get rid of the
shame of being poor and underdeveloped. It may be difficult to give
one precise meaning to the term economic development. However, growth
and development economists repeatedly point out that economic develop-
ment is not equivalent to industrialization.1 Not only because progress
in industry is highly dependent upon agricultural development but the
concentration of production in the primary sector is in itself not a
cause of national poverty.

The rate of industrialization can be indicated by changes in the
relative importance of manufacturing output in the production of the
economy, or by the difference in the growth rates of manufacturing
production and agricultural production as defined in Equation (2.2.14).2

Taiwan is one of the countries pursuing industrialization in the
post war era. Since 1953 the nationalist regire in Taiwan has launched
a series of four-year economic plans on the island. Industrialization

and creation of an international trade market are points of nationalist

chinese policy emphasis. Their efforts have shown favorable results.



During the period 1952-1972, the manufacturing sector in Taiwan was
growing at an average rate of 12.77 percent per year. Although in 1952
manufacturing production was only about one third of agricultural
production,in 1968 manufacturing production surpassed agricultural
production. The nationalists thus were proud to announce that the
Taiwan economy had reached the "state of take-off' in Rostow's sense
and that Taiwan had stepped into and joined the club of the industrial-
ized countries.3

In this chapter, as in the previous chapter, we attempt to examine
features of manufacturing production and to identify the factors and
the way these factors contribute to output growth. The results of
productivity indexes, Solow's measure, production in the Cobb-Douglas

world, and production in the CES world are presented in turn. In the

last section we reviewed the process of the industrialization in Taiwan.

4.1 Productivity Indexes and Solow's Measure

During the period 1952-1972, the manufacturing sector was growing
at a rate of 12.77 percent per year. As shown in Table VII, the factor
inputs of capital and labor for the manufacturing sector were increasing
at rates of 3.80 percent and 7.46 percent respectively during the same
period. Obviously, the rapid output growth rate cannot be fully
explained by the increases in the factor inputs.

According to Domar's formulation of the total productivity index,
productivity in the manufacturing sector was growing 7.34 percent per
year, as compared with 1.63 percent in the agricultural sector during
the period 1952-1972. The partial factor productivities show that in
the manufacturing sectcr the real output per worker was growing 5.32

percent per year and the real output per unit of capital was increasing



8.98 percent per year. The capital-labor ratio was declining at a rate
of 3.66 percent per year. These figures suggest that the rapid growth
in manufacturing production was largely due to improvement of production
technology and that the technical change, as we discussed in Section
2.2.3, should be of capital saving type to give a positive contribution
to the output growth.

Table VII also contains Solow's measures. According to Solow's
approach, production efficiency in the manufacturing sector between
1953-1972 has increased by 29.54 percent. The production function has
been neutrally shifted upward by a 4.37 percent per year. Solow's
measure also indicated that the real gross domestic product per worker,
net of the shift in technology (X/N)/A(t) , was growing at a rate of
1.10 percent per year, and that aﬁong the NT$ 35,579 (NT$54,351-NT$
18,772) increase in the real grossidomestic product per worker in 1952-
1972, 13.80 percent of the amount can be inputed to increased capital
and the4remaining 86.20 percent to the improvement in production tech-
nology. Thus technological change is the major contributor to the

output growth.

These findings“from Solow's measure in the manufacturing secter
are different from what we found in the agricultural sector. In the
same period using Solow's measure, agricultural production was enjoying
an upward neutral shift in production by 1.057 percent per year, and 64
percent of the increase in the real zross domestic product per unit of
labor was contributed by the increase in capital. The remaining 36 per-
cent was contributed by improvement in production technology.

As was the case in the agricultural sector, Domar's formulation

and Solow's measure each implied different degrees of increases in
production im the manufacturing sector efficiency. Domar's formulation

shows that there was a 7.34 percent annual shift in production
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efficiency, while Solow's measure shows that production efficiency
shifted 4.37 percent per year. As eiplained in Section 3.1, such a
discrepancy can be attributed to the actual type of technical changes
prevailing during the period, and to the more restrictive assumptions
underlying Solow's measure, namely that production was in the range of
constant returns to scale and that there were only neutral technical
changes in production. Should the prevailing technological changes be
in the right direction, in our case a capital saving technology in the
manufacturing sector, Solow's measure may have underestimated the con-

tribution of technical change to output growth.

4.2 Manufacturing Production in the Cobb-Douglas World

The regression coefficients of equation (2.4.3) give the estimates
of the parameters of the Cobb-Douglas production function specified as
equation (2.4.1). The regression results of equation (2.4.3) for the
manufacturing sector are summarized in Table VIII.5

During the period lgééﬁigzgﬁwpxoduction in the manufacturing sector
under the Cobb-Douglas specification shows that efficiency of production
was growing 9.58 percent per year with decreasing returns to scale and
that the output elasticities of capital and labor are 0.6994 and 0.0711
respectively. If we arbitrarily divide the 20 years of observation into
two sub-periods, 1953-1962 and 1963-1972, the results revealed by the
regressions are similar to the observation for the entire period--that
is, a high growth rate of production efficiency prevailed and capital
‘was more important than labor in production (output elasticity of

capital is higher than that of labor). However, when we apply the F

tests as in the last chapter to detect the possible production structural



changes, we find that there are two different structural epochs,
1953-1957 and 1958-1972.6

Using the dummy variable approach developed by D. Gujarati, we find
that the Cobb-Douglas productien function :of the two structural epochs

reveal the following properties in manufacturing production (see

Table X):

(1) In both epochs the efficiency rate of production remained
very high -more than 8 percent per year.

(2) Labor was more productive than capital in the first sub-
period. In the second sub-period, labor productivity was reduced
sharply and capital became moie productive than labor.

(3) Increasing returns to scale were observed in production in
the first sub-period but not in the second sub-period.

(4) Since the output elasticity of capital increased relative to
that of labor in the two sub-periods, production technology had been
moving toward a capital using type. And since the labor input was growing
faster than that of capital, the underlying capital using technological
change was not in a direction which would accelerate output growth. In
other words, the capital using technological change in the manufacturing
sector had made a negative contribution to output growth during the

period 1953-1972,

The above findings for manufacturing production under the Cobb-
Douglas specification are different from those of the agricultural sector.
As mentioned in Section 3.2, in the agricultural sector there are three
different structural epochs in the period 1952-1972. Agricultural
production was characterized by decreasing returns to scale, and the

marginal product of labor was negative in the first two structural epochs
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(1952-1967). Marginal agricultural labor was unable to make a
positive contribution to production until as late as 1968. Perhaps

in comparing the empirical findings between the agricultural sector

and the manufacturing sector under the Cobb-Douglas production speci-
fication, the most important revelation is that the agricultural sector
experienced a labor using technological change while the manufacturing
sector experienced a capital using technological change. Such a dual-
istic production phenomenon was widely predicted by many economists as
a prevailing scene among the developing countries.7 One of the most

important effects of dualism is its influence on the pattern of employ-

ment. We will analyze this problem in the last chapter.

4.3 Manufacturing Production in the CES World
The production parameters of the CES function X = [a(Kedt )P+

_ 21
b(N@At) b ] /pare estimated by regression on equations (2.4.4.) and

8
2.4.9). These results are summarized in Table XI.

If we regard all the observations during the period 1952-1972 as
a single production structure, then production in the manufacturing
sector has the following three properties.

(1) The efficiency rate for capital is 8.27 percent per year and
is 7.71 percent per year for labor. The two efficiency rates do not
differ greatly. This means that the improvements in the efficiency of
capital and labor have made an almost equal contribution to output
growth. This is different from the conclusion we drew from the
agricultural sector. Agricultural production indicates that the capital
efficiency rate is a negative number, so that improvement in labor

efficiency is the major contributor to output growth.
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(2) The elasticity of factor substitution equals of 0.4366. The
less elastic factor substitution gives support to the theory that be-
cause of specialization in production, the elasticity of factor
substitution in the manufacturing sector is usually less than one. Our
findings also support the theory that the elasticity of factor substi-
tution in the manufacturing sector is less than that in the agricultural
sector. In our case, the manufacturing elasticity of factor substitution
is 0.4366 and the agricultural elasticity of factor substitution is 0.5487.

(3) We have shown in section 2.2.4 that in a purely factor aug-
menting model the type of technical bias is determined by the magnitudes
of elasticity of factor substitution and the factor efficiency rate.

The bias is expressed as B(t) = (1-1/0)(8-1A). Since in our case the
capital efficiency rate is greater than the labor efficiency rate and
the elasticity of factor substitution is less than one, the production
technology involved in this period is of a labor using type (B(t)<0).
Recalling our finding in the agricultural sector, it shows that agri-
cultural production is of a capital using type.

Various interesting results were obtained when we bisected the
period 1952-1972 into the two sub-periods, 1952-1961 and 1962-1972
(see Table IX).9 The elasticity of factor substitution in the first
ten year period and the later eleven year period are all around the
value of 0.49. This figure is not very different from the value of
0.44 which was estimated for the entire period 1952-1972. However, in
the first ten years, the labor efficiency rate is 17.27 percent per
year which is higher than capital's 12.36 percent per year. Increases
in both capital and labor's efficiency rates make great contribution

to output growth in this period. In terms of the type of production



52,

technology involved, the first ten years were under capital using

technology (B(t)=(1-1/0)(8-1)>0). In the later eleven years, the

production technology seems to be a neutral one (B(t)=0} because of

the almost equality of the two factor inputs' efficiency rates. The
switch of the production technology from capital using to neutral seems
to conflict with the conclusion drawn from the observation for the
entire period that the production technology during 1952-1972 was a
labor using type. However, we may put aside the conclusions drawn
from the observations for the entire period 1952-1972 as a single
production structure, because an aggregation of different production
structures may distort the real picture.

In comparing the conclusions concerning the manufacturing sector
and the agricultural sector drawn from the bisecting of the period
1952-1972, the following points are worth mentioning:

(1) The elasticity of factor substitution in agricultural

production in the first ten years is 1.52, a value not only greater

than that of 0.48 for the corresponding manufacturing production but

greater than the value of one. This lends support to the theory that

the elasticity of factor substitution is greater in agricultural
production than in manufacturing production. However, in the later

eleven years, the elasticity of factor substitution in the manufacturing
sector is greater than that of the agricultural sector. This is a

contradiction to the general belief.

(2) As for the rate of factor efficiency, it shows sectoral dif-
ferentials. In the first ten years the labor efficiency rate of the
manufacturing sector (17.27 percent per year) is higher than its
capital efficiency rate (12.36 percent per year) and the labor efficiency

rate of the agricultural sector which is not significantly different

from zero. In the agricultural sector, the capital efficiency rate is
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higher than that of labor in the first ten years. In the later eleven
years, the agricultural labor efficiency rate is higher than that of
capital (a negative figure) but still less than the labor efficiency
rate of the manufacturing sector. In fact, both labor and capital
efficiency rates in the manufacturing sector are higher than the cor-
responding rate in the agricultural sector.

(3) In the first ten years, the production technology is of a
capital using type in both the agricultural sector and the manufacturing
sector. In the later eleven years, the production technology in the
agricultural sector still remains as capital using, but in the manu-
facturing sector it changes to a neutral type.10
4.4 The Process of Industrialization

It is true that industrialization may accelerate economic growth
via improvement in productivity and hence raise the per capita GNP.
However, economists agree that the concentration of a large percentage
of production in the primary sector is in itself not a cause of poverty
and that whether or not an industrial society enjoys a superior way of
life is a non-economic question.11 The question to be asked should be
whether agricultural development or industrial development is the
appropriate strategy to accelerate the country's economic development.
In this section we analyze the factors affecting the industrialization
process in Taiwan. The analysis is carried out solely from the pro-
duction technology point of view.

Economists have suggested a great variety of industrialization
strategies to the developing countries. The policy adopted by the

Nationalist Chinese regime can be described by their slogan used in



the 1950's and 1960'S -~ "Using agriculture to support industry"
Rhetorically, such a policy emphasizes the industrial sector without
depressing the agricultural sector. In reality it is equivalent to
the well known policy of 'squeezing agriculture to support industrial
expansion'“ The theme of such a policy is concentrated on the
acquisition of needed capital and the promotion of a high profit rate,
through price manipulation, to facilitate industrial expansion.
Evaluation of such a policy is not attempted here, for it involves not
only economic analysis but also value judgments, such as the question
of equity and the justification for maintaining a high rate of
industrial profit at the cost of lowering the farmer's rate of profit.
However, we would like to repeat the following facts: that under the
policy of so called '"using the agriculture to support industry", the
manufacturing sector was able to grow at a rate of 12 percent per year;
that manufacturing production, which was only one third of agricultural
production at the beginning stage, surpassed agricultural production
in fifteen years; that, instead of shrinking, agricultural production
was growing at a rate of 4 percent per year during the same period.

The theovetical aspects of the impacts of agricultural and manu-
facturing production technologies on industrialization were discussed
in section 2.4 of Chapter Two. Let us discuss the implications of the
theory.

As derived in Section 2.2.4 the industrialization rate can be
expressed by equation (2.2.15):13

Ry(t) - Ry (t) = By (Sy=hy ) = Bx (85-2, ) = O=nyy )

It shows that if the value of the elasticity of substitution is less

than one in both the agricultural sector and the manufacturing sector,
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the only sufficient condition for a successful industrialization is that
the manufacturing sector makes use of a labor using technology, the
agricultural sector makes use of a capital using technology, and the
labor efficiency rate in the manufacturing sector be higher than in the
agricultural sector. Otherwise, industrialization depeuds on the rela-
tive forces of GA’ AA, GM’ AM’ Eﬁ and Eg .

In Charters Three and Four, the empirical findings of the CES
production function indicated that there prevailed capital using
technology in both subperiods in the agricultural sector, while in the
manufacturing sector the first subperiod was characterized by capital
using technology and the second subperiod was characterized by neutral

technological change. The findings also provided us with the following

information:

I M Sa °M A AM

1952-1961 1.51 0.4818 0.0553 0.1236 0.00001 0.1727

1962-1972  0.3367 0.4933 -0.0370 0.0633 0.0422 0.0639

Obviously, the above mentioned sufficient condition for a successful
industrialization does not fit our situation. If we substitute the
above estimated parameter values into equation (2.2.15), the following

results are obtained:

C C
E)- R, E)=E( 5 _ J-E (& _x )= (x )
fu A M- Sy - Ay M® A TTp NG
1952-1961:  Ry(t)- R, (t)= Eﬁ( -0.04091 )- EX( 0.05529 ) + 0.17269

) _C C
1962-1972:  Ry(t)- R,(t)= E.( -0.0006 )+ EA( 0.0792 ) + 0.0217

Some conclusions can be drawn from these relationships.
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(1) In both of the two subperiods, the lahor efficiency rate is
higher in the manufacturing sector than in the agricultural sector.
This is a favorable factor in the industrialization of the entire period,

for it has made the term [(-Ay —kM) ] a positive number.

(2) In the second subperiod, the labor efficiency rate is greater
than the capital efficiency rate in the agricultural sector. This is
also a favorable factor in the industrialization of the second period,
~ for the term [ —Eﬁ(dAf XA ) ] 1is a positive number.

(3) In the first sub-period, the term [ -Ei(d'A - XA )] is a
negative number because the capital efficiency rate is higher than the
labggmgffigisncy rq&gH?n the agricultural sector. And in the manu-

facturing sector, the capital efficiency rate is higher than the labor

efficiency rate in both sub-periods, so that the term [Eﬁ(s M XM) ]

is also negative in both subperiods. These are unfavorable forces in
the industrialization process.

(4) Industrialization became possible because the unfavorable
forces generated in the production process had been outweighed by the

favorable forces.



FOOTNOTES

1

Just to give two examples here. Gunnar Myrdal conceives economic de-
velopment to be "An upward movement of the entire social system", as
expressed in Asian Drama, New York, 1968, p. 1869. C. E. Black expressed
economic development as the attainment of a number of ideals of moderni-
zation such as a rise in productivity, social and economic equalization,
modern knowledge, improved institutions and attitudes, and a rationally
coordinated system of policy measures that can remove the host of
undesirable conditions in the social system that have prepetuated a state
of underdevelopment. The Dynamics of Modernization, New York, 1966,

pp. 55-60.

2

However, others may simply define industrialization as the non-
agricultural sector growing, not necessarily faster than the
agricultural sector.

3

Professor W. W. Rostow, Stages of Economic Growth, Cambridge University -
Press, 1960. It is an historical stage approach in the course of
development. According to Rostow, there are five stages of growth--
traditional society, preconditions for take-off, the take-off, sustained
growth, and mass consumption. The take-off is mesant to be the central
notion in Rostow's scheme, and has received the most attention,

4
See Footnote 4 in Chapter Three.

5

The regression results mostly satisfy general statistical standards.
The dummy variable approach of the regression on the two structural
epochs, 1953-1957 and 1958-1972, has further improved the statistical
reliability as reflected in Table X.

6

The results of the F tests are presented in Table IX. The estimates
of the parameters, using the dummy variable approach, are presented
in Table X.

7

There are many views of dualism. Various arguments have been presented
on the basis of differences in (a) social system, (b) racial or ethnic
background, (c) production condition, (d) demographic behavior,

(e) consumer expenditure and consumer savings behavior, and (f) the
domestic and foreign sector. Ours is on the basis of production con-
dition difference.

8
As previously noted, the regression on equation (2.4.8) was performed
with the non-linear regression program designed by D. A. Mecter, using



D. W. Marquart's maximum neighborhood method. The regression on equation
(2.4.9) was performed by an ordinary least squared program.

9

The division of the twenty-one years of observations into two groups
is arbitrary and may not be a proper one. However, since there are
two steps in the estimation of the parameters in the CES production
function and one of the steps is a non-linear regression, the F tests
performed in the Cobb-Douglas case cannot be duplicated here in
detecting the structural changes.

10

Although the production technology is capital using in both of the two
sub~periods in the agricultural sector, the degree of capital using in
the second sub-period is deeper fhan in the first sub-period, as re-
flected by the value of B(t)=(1-z ).( -2 ). The value of B(t) is
0.0186 for the first sub-period and is 0.156 in the second sub-period.

11

The answer to the question whether economic development always brings
an increase in social welfare is never a clear one, let alone the
question as to whether an industrial society enjoys a superior way of
life. Granted that there are no measurement problems of GNP, e.g.
quality and quantity, and exchange conversion, what development
economists are concerned with is growth of output per capita of pro-
duction, not satisfaction or happiness. The advantage of economic
growth is not that wealth increases happiness but that it increases

the range of human choice. It is very hard to correlate wealth and
happiness. Further, output per capita may be increased by (a) prolonging
the working hours, (b) enlarging the working population, (c) interveéning
in the market, (d) imposing compulsory saving and family planning
Without some kind of value judgment, a social welfare function cannot

be constructed, and optimum welfare and happiness cannot be determined.

12

Taiwan's agriculture was well developed during the Japenese Occupation
1895-1945, This is a result of the Japanese colonial policy in Taiwan

to build "an agricultural Taiwan, and an industrial Japan.'" The develop-
ment of the agricultural sector in Taiwan during the Japanese occupation
has been analyzed by Y. Ho, Agricultural Development of Taiwan, 1903-
1960, Vanderbilt University Press, 1966, and S. C. Hsieh and T. H. Lee,
An Analytical Review of Agricultural Development in Taiwan-An Input*
OQutput and Productivity Approach, Chinese-American Joint Commission

on Rural Reconstruction, 1958.

13

The notations in this equation were defined before. For convenience,
we repeat them here. The subscripts M and A denote the manufacturing
sector and the agricultural sector raspectively. R(t) is the output
growth rate. EC is the output elasticity of capital. A and & are
the efficiency rates of labor and capital respectively.



CHAPTER FIVE

PROBLEMS OF EMPLOYMENT AND INCOME DISTRIBUTION

There are two main purposes of this study--to measure technolegical
change in the agricultural and manufacturing sectors and to access, at
least qualitatively, the impact of technological change on output growth,
employment, and income distribution. In the two previous chapters, we
have measured technological change and its impact on the output growth
of the agricultural and manufacturing sectors. In this chapter we will
analyze the remaining two empirical applications of technological
change--its impact on employment and income distribution.

The need to create employment while at the same time raising
factor productivity and output by employing new technology is widely
recognized in developing countries. In fact, all economic systems are
concerned with employment and almost all economic theories have focused
on this problem, for almost every measure of social well—Béing involves
employment in some way. In the the Keynesian view, output has a sub-
stantial effect on employment. The classicists emphasize two factors
relevant to employment--the rate of saving in relation to population
growth and technological progress. The production function approach
used in this study has the potential to handle both the forces of output
and technological change affecting employment.

As for the problem of income distribution, i.e. the explanation
of the behavior of the share of total income that accrues to labor
relative to the share that goes to the owners of capital, a variety of
traditional economic instruments have been considered in the literature.

They are relative factor prices, product prices (influenced directly



through price fixing, taies, subsidies, deégree of monopoly, and/or
world prices), rationing of products and services, rationing of credit,
trade policy, government takes and transfer, inflation, and technology.
Qur analysis is again solely from the production technology point of

view.

5.1 The Problem of Employment

Two forces generated by production technology may create
unemployment: labor saving technology and increase in production
efficiency.

It has been argued that induced labor saving technological
change, especially in the industrial sector, has caused employment
problems which are particularly acute in those countries facing rapid
population and labor force growth, for the output expansion does not
always have the capability to absorb the labor replaced by capital.l
Our empirical study of the production of the agricultural and manu-
facturing sectors, using the specification of the Cobb-Douglas function,
indicated that Taiwan fell into the category of dualism in production.
The manufacturing sector was employing labor saving technology, while
the agricultural sector was employing labor using technology. However,
because of the huge expansion in manufacturing output, the negative
effect on employment of the labor saving technological bias in the
sector has been well offset.

The negative effect of an increase in production efficiency on
employment can be shown in production with a Cobb-Douglas function

specification. In Section 2.3.2 we indicated that labor demand is a

function of production efficiency, output level, and econcmics of scale



(N=(A ety "L/ (46D (g qy=B/ (048] 1/ (e8] Specifically, a

one percent increase in production efficieney may reduce employment by

2

18 percent. However, this force can be offset by output expansion.
ot

or 3ln X ’
the rate of production efficiency, the employment level can be

And since 3ln ﬁ///aln N __;, if the output growth rate is higher than

increased. In our case, it has been shown that the output growth rates
in both the agricultural and manufacturing sectors are greater than the
production efficiency rates (see Table XIII). Therefore, employment in
both sectors would be ekpected to rise. However, the increase in
employment may not be able to absorb the increased labor force, and
hence unemployment may increase. }

In the situation that production is under the factor augmenting
CES function specification, the demand for labor relative to capital

depends on the magnitude of the factor efficiency rate and the magni-

tude of the elasticity of factor substitution, as indicated in Equation

(2.3.8) aéz N/C. i;c (8-2) . More specifically, technical changes
increase demand for labor relative to capital only if (a) the capital
efficiency rate is greater than that of labor when the elasticity of
factor substitution is smaller than one, or (b) the capital efficiency
rate is smaller than the labor efficiency rate when the elasticity of
factor substitutionn is greater than one.

Utilizing the estimated production parameters and equation (2.3.8),
the following conclusion emerges with regard to the agricultural sector-
that in the period 1952-1961, the demand for labor decreased relative
to the demand for capital, because there was a wide range of substitution

between capital and labor and the capital efficiency rate was higher
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than that of labor. However, in the period 1962-1972, substitution be-
tween capital and labor was substantialiy reduced (maybe because of
modernization in production), while labor efficiency was increased and
capital efficiency tremendously decreased. Therefore, the demand for
labor continued to remain low relative to the demand for capital.

The suppressed demand for labor resulting from production tech-
nology may exacerbate the unemployment problem in that sector. In
terms of the industrialization of the economy, the reduced demand for
labor in the agricultural sector may release labor force to the
industrial sector, if the economy has reached the so-called "commerical
point."3 But in an economy with surplus labor, labor saving technology
is unnecessary and may be undesirable. On the other hand, the relatively
strong demand for capital in the agricultural sector will generate
competition for capital between the agricultural and manufacturing
sector.

In the manufacturing sector, because the substitution between
capital and labor was low and the labor efficiency rate was higher than
the capital efficiency rate during the period 1952-1961, the demand for
labor decreased relative to capital. According to the induced inno-
vation theory, such a capital using technology in the manufacturing
sector is typical of the process of development. In the period 1962-
1972, because of the near equality of the efficiency rates of capital
labor, the demand for labor relative to capital remained the same.

Since both the agricultural and the manufacturing sector were
employing capital using technology in production during the twenty one
years of observations, our empirical findings using the CES specifi-

cation do not support the induced innovation hypothesis. On the
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contrary, the degree of capital using in the manufacturing sector was
slowing down in the period 1962-1972 while it was further accelerating
in the agricultural sector. These factors not only stimulate an
economy wide demand for capital but also exacerbate the problem of

unemployment.

5.2 The Problem of Income Distribution

Some development strategists have argued that in order to ekpand
industrial production a huge amount of capital investment is needed
and a high rate of return is necessary to give incentive for investment.
Consequently, there is concentration of wealth. But concentration of
wealth is not worrisome according to these theorists. On the contrary,
they further argue that concentration of wealth is favorable for
reinvestment which will stimulate growth. The resulting poverty, they
say, can be eliminated as the economy develops.

Not all are ignoring greater wealth equality in the process of
development. Nor was it emphasized in specifying the goals of develop-
ment, for it had been assumed that greater equality of wealth is
positively correlated with growth. It is dubious to have such an opti—
mistic view. Adelman and Morris proclaim '‘that the primary impact of
economic development on income distribution is, on the average, to
decrease both the absolute and the relative income of the poor. Not
only is there no automatic trickle-down of the benefit of development;
on the contrary, the development process leads typically to a trickle-
up in favor of the middle classes and the rich. The absolute income of
the poor begins to rise with development only when the nation moves

well into the intermediate level of development. Furthermore, even



here improvement is not automatic. The'poorest segments of the
population typically benefit from economic growth only when the govern-
ment plays an important economic role an%lwhen wide-spread efforts are
made to improve the human resource base."

In the case of Taiwan, the capital share for the entire non-farm
sectocr shows no trend but fluctuates between 47 percent and 51 percent
of income during the peried 1952—1972.5 However, the stable relative
factor income share during the twenty one years does not necessarily
mean that there was no concentration of wealth in the development
process in Taiwan. There is no definite relationship between relative
factor share and wealth concentration. Wealth concentration can be the
result of less persons holding a constant portion of natiohal wealth.
The ex-post stable relative factor income share in Taiwan reflects the
final results of the influence of all the various factors listed at the
beginning of this chapter. Nevertheless, investigation of the impact
of technological change on relative factor income shares may help us
understand the problem. ¢

It was indicated in Section 2.3.2 that under an ideal situation

the rate of change in labor's relative share can be expressed as

S/S=—(1—S)[B(t)+(l-§)§] (2.3.12)
That is, if the elasticity of factor substitution is less than unity
and capital-labor ratio is increasing, then the rate of change in labor's
relative share depends on the magnitude of the technological bias. If
technological change is neutral, B(t)=0, an increase in the capital-
labor ratio will be accompanied by an increase or a decrease in labor's

relative share as (3551. In the special case that B(t)=0 and o=1,i.e.
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the production is under the Cobb-Douglas specification, changes in
relative factor supply will have'no effect on the relative factor
will have no effect.on the relative factor shares, and the relative
factor shares become stable.7

Utilizing the empirical findings in the agricultural and the
manufacturing sectors under the Cobb-Douglas specification, we can draw
two conclusions with regard to income distribution. (1) In the agri-
cultural sector, during the period 1953-1972 a labor using technological
change was occurring, hence it would be expected that labor's share of
income would increase. If we believe that agricultural production can
be truly described by the Cobb-Douglas function, then the ex-post stable
income share of labor is a reflection of the fact that market forces and
governmental policies together have offset the force created by the
technical change in favor of the income share of labour. (2) In the
manufacturing sector, the prevailing capital using technology during
the period 1952-1972 would have increased the sector's capital share.
This would have been a favorable force for industrialization, provided
market forces and/or governmental policies had not interferred.

In the factor augmenting CES specification, the impact of techno-

logical change on income distribution can be expressed as

a@qqy(qu))/aa=t (1-1/0)[(qc}(w)_] (2.3.14)

a@.d/{w.l\n)/ax =-t(1-1/¢) .Eq.g(w,Nj (2.3.15)



and

d[(q.%«'.N)] =t.[(q.c)6v.N_)]. (1-1/0) . (d6- dA) (2.5.16)

That is, a rise in the factor efficiency rate will increase (decrease)
that factor's income share, as the elasticity of factor substitution
is greater (less) than one; and the aggregate effect of changes in
labor and capital efficiency rates on the factor share depends on the
magnitude of the elasticity of factor substitution and the relative

magnitudes of changes in the rates of factor efficiency.

In Chapter Three we obtained the following values of the CES

function production parameters in the agricultural sector:

o] ) A
1952-1961 1.52 5.53% 0.001%
1962-1972 0.3361 -0.037% 4.22%

They imply that in the agricultural sector during the period 1952-1961
the rate of labor efficiency, which itself is not significantly dif-
ferent from zero, does not have a significant effect on the factor
income share. The high capital efficiency rate increases capital's
income share because of the wide range of factor substitution. In the
period 1962-1972 both the increasing labor efficiency rate and the
decreasing capital efficiency rate resulted in an increased income
share of capital, as the elasticity of factor substitution is less

than unity. In summary, production technology was continuously pushing
up the income share of capital in the agricultural sector during the

entire period 1952-1972.



The situation in the manufacturing sector is somewhat different
from the agricultural sector. The manufacturing sector under the factor
augmenting CES function had the following parameters during the period
1952-1961;0.= 0.4818, A = 17.27%, and § = 12.36%. The labor efficiency
rate was growing faster than the capital efficiency rate. Therefore,
the income share of capital increased relative to the income share of
labor. In the period 1962-1972, the CES produc;ion function parameters
were as follows: ¢ = 0.4933?73'39§.33%. Since there is no significant
difference b;tween the capital efficiency rate, the relative income
shares of the factors are expected to be stable.

One of the common scenes in a developing economy is the existence
of an internal labor migration from the rural to the urban area and a
rural-urban income differential. Taiwan is experiencing this pattern
also. Perhaps our empirical findings in the factor income shares may
provide a partial explanation for such phenomena. That is, the pre-
vailing production technology has caused the relative income share of
labor to decline in the agricultural sector during the later stage and
the relative income share of labor in the manufacturing sector to
remain stable. This implies that production technology was creating
a force pushing up the unemployment level and/or pressing down the real
wage level in the agricultural sector relative to that of the manu-
facturing sector. Therefore an incentive for rural labor to migrate
into the urban area emerged.8

With regard to the impact of technological change on the distri-
bution of income, the conclusions drawn from the Cobb-Douglas

specification and the CES specification are different. Again, the

discrepancies are due to the different assumptions used in the



specifications of the two production functions, and it is not intended

here to judge which one of the two functions is superior.
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FOOTNQTES

1 . .
For example,C. Kennedy, "Induced Bias in Innovation and the Theory
of Distribution", Economical Journal, September 1964.

2
More specifically, 3ln N/dr = 1/(a+B) and 91ln N/31ln X = 1/(a+B).

3

Policy, pp. 200-211. When the agricultural sector reached this stage,
the redundant agricultural labor force disappeared and the industrial
employers had to compete with the landlord for the supply of labor.

4
I. Adelman, ''Development Economics--A Reassessment of Goal', AER
Paper and Proceedings, May 1975, cited from I. Adelman and C. T.

Stanford, 1973.

5 :
The capital share for the farm sector is inobtainable. The only
compensation to employees published by the government in the farm
sector is available only to hired labor during the seasonal peak load
period. Compensation to self-employees is not included.

6

Three assumptions were made in deriving equation (2.3.12). They are
(a) the production function is homogeneous of degree one (b) the
marginal products of factors are positive but declining, and (c) the
input and sutput markets are competitive.

7

Many economies, Taiwan being one of them, are showing a stable relative
factor income share over time. Some economists, therefore, have
proposed that aggregate production can be described by the Cobb-Douglas
function. However, it is worthwhile to repeat that the ex-post
relative factor share is the final result of various influences, of
which production technology is only one.

8

In the estimation of the CES function, we also constructed the
relationship of the equilibrium wage and the observed wage as W*= WerD,
where W*is equilibrium wage, W is ohserved wage and D is idling rate

(D = 1 - capacity utilization rate). It was estimated that in the
period 1962-1972 the observed agricultural wage rate differs more from
the equilibrium wage rate than that in the manufacturing sector.
Numerically, r = 2.4312 for the agricultural sector and r = 0.8766 for
the manufacturing sector (see Tables VI and XI).
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CHAPTER SIX

SUMMARY AND CONCLUDING REMARKS

6.1 The Purpose and Methodology of this Study

The post-war economic development of Taiwan is very often
cited as a successful example of developing countries. There
are numerous, interacting factors influencing economic growth.
Succintly, this study is an attempt to answer three questions
from production point of view regarding Taiwan's economic
development: 1/ the contribution of technological change to
growth in the process of economic development, 2/ the types of
technological changes involved during the twenty-one years of
observations, 3/ the implications of technological changes in
regard to the problems of unemployment and income distribution
in development. As the agricultural and the manufacturing
sectors play a central role in the process of development, we
analyze the above three questions with respect to these two
sectors.

Two sets of factors lead to an increase in production: the
increases in the amount of factor inputs and the increases in
the productivities of factor inputs. Many factors may increase
the amount of factor inputs. For example, the discovery of
natural resources, the mobilization of the existing resocurces
through governmental policy, and changes in consumer and producer
behavior. However, the increase in production due to the increase

in the amount of factor input is not the concern of this study.

w
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Rather, we are concerned with the second set of factors: the
increases in the productivities of factor inputs which result
from the changes of production technologies. We utilize two
methods, productivity indexes and the Solow measure, to measure
the so called production residuals.

In order to decompose the production residuals and to detect
the types of production technology changes, we attempt to estimate
the production functions of the agricultural and manufacturing
sectors. For comparison purposes, we estimate the two most fre-
quently used production functions, the Cobb-Douglas function and
the CES function, for the two sectors.

The estimates of the production parameters not only reveal
the types of technological changes, but also provide us with the
foundation to analyze the problems of unemployment and income

distribution in the process of development.

Summary of Empirical Findings

Productivity indexes and Solow's approach have been used to
measure the production residuals. Different assumptions were
implied in these two approaches, and we obtained different results.
In the agricultural sector, the productivity indexes approach
indicated that the production residual was growing by 1.63 percent
per year during the period 1952-1972, while the Solow measure
showed the production was shifting upward by 1.057 percent annually
during the same period, of which 64 percent was contributed by
capital increase and 36 percent was contributed by productivity

increase. In the manufacturing sector, the productivity indexes



indicated that the preduction residual was growing by 7.34 percent
annually. The Solow measure indicated that there was a 4.37 per-
cent annual upward shift in the production, of which 13.80 percent
was contributed by capital increase, and the remaining 86.20 per-
cent by productivity increase.

From the estimation of the Cobb-Douglas production function,
we find there are three technological breaks in the agricultural
sector, 1953-1957, 1958-1967, and 1968-1972. The output elasticity
of labor was increasing while the output elasticity of capital
was declining in these three technological periods implying that
the techmnological change was labor using in the agricultural sector.

There are two technological breaks in the manufacturing sector,
1953-1957 and 1958-1972. Contrary to what was happening in the
agricultural sector, the output elasticity of capital was in-
creasing while the output elasticity of labor was declining in
these two technological periods. Therefore we conclude that
there was a capital using technical change in the manufacturing
sector.

The assumptions implied in the CES production function are
different from those implied in the Cobb-Douglas function. The
estimate of the CES production parameters indicate that there was
prevailing capital using technological bias in both the periods
of 1952-1961 and 1962-1972 in the agricultural sector. In the
manufacturing sector, based on the estimates of the CES production
function, there was capital using technological change in the
period 1952-1961. The production technology in the period 1962~

1972 was of a neutral type.



I Ja

It is clearly indicated by the estimation of the Cobb-Douglas
production function that dualism prevailed in production: labor
using in the agricultural sector and capital using in the manu-
facturing sector. The high rate of automation, i.e. the shift of
the production efficiency parameter, in both sectors created the
force to reduce employment. Fortunately this force was out-
weighed by the output growth rates in both sectors. However,
based on the estimates of the CES production function, because of
the natures of the elasticity of factor substitution and the
efficiency rates of capital and labor, the demand for labor was
reduced in both sectors relative to the demand for capital during
the entire period of observation.

With regard to the distribution of income, the estimation of
Cobb-Douglas production function showed that labor's income share
should have increased in the agricultural sector, while capital's
income share should have increased in the manufacturing sector.
However, the conclusion drawn from the CES production function
provided a different picture. That is, in the agricultural sector,
capital's income share should have increased, and in the manu-
facturing sector, the capital's income share should also have
increased in 1952-1961, while remaining comstant in 1962-1972.

Assuming the CES production function was operating in the
economy, two favorable forces have contributed to the success of
industrialization in Taiwan. They are 1/ the labor efficiency
rate was higher in the manufacturing sector than in the agricultural
sector during the entire period 1952-1972, and 2/ in the period

1962-1972 the labor efficiency rate was greater than the capital

efficiency rate in the agricultural sector.
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6.3 Remarks

Different conclusions emerged when we applied the producti-
vity indexes and the Solow measure in measuring the production
residuals. This is due to the fact that the two approaches have
used different assumptions in their formulations, although both
approaches proved to be using the same concept of the Abramovitz
residual. For example, Solow's measure is under the assumption that
‘the production function is homogeneous with constant returns to
scale, which the productivity indexes approach does not assume.

The estimates of the production parameters of the Cobb-Douglas

function and the CES function have been used in determining the
types of technological changes and their implications in employment
and income distribution. In the process of the estimation of these
two production functions, we find the merits of one function are
the shortcomings of the other function. Therefore, we intend not
to claim any superiority between these two functions. However,
it is interesting to discover that the conclusions we draw from
the estimates of the two functions do not reinforce each other.
The discrepancies are due to the different presumptions implied
in the two production functions, which make them non- comparable
in certain respects. Hence, we do not attempt to reconcile the
differences.

In the text of this study, we repeatedly emphasize that the
analysis on the problems is carried out purely from the production
point of view. We are aware of the limitation of such an approach
and would like to repeat this point here. The author hopes the

theme of this study can be analyzed in a more general model. 1In
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addition, the study is analyzing twc highly aggregated sectors.
When the same analytical techniques are applied to each less
aggregated industry individually, perhaps somewhat different

conclusions can be drawn.



APPENDIX A:

STATISTICAL TABLES

The following thirteen pages contain the Statistical Tables

mentioned in this study.

76.



Table I. General Statistics of the Taiwan Fconomy

1 Agr;zcul- 3 4 Cross 6 7 8 9
tural) Domestic Percen~ Percene Gross Persons
Gross Cross Mfg. Gross Product tage of tage of Domestice of Work-
Domestie Domestie Domestic Popula=- per Per- Col. 2 Col. 3 Capital ing Age
Product® Product® Product®* tion son® to Col. to Col. Formation®* 15-59%®
Year (Mil.nT$) (Mi1,nNT$) (Mi1.NT$) (1000 pre) {rT$) 1 (%) 1 (%) {Mi1.5T$) (1000 prs)
1952 42,077 13,171.6 4,221.9 8,128 5,176 31.30 10.03 6,226 4,352
1953 45,887 15,208.4 4,759.5 8,438 5,438 33.31 10.37 6,700 ,h93
1954 k9,669 13,309.7 6,491 .k 8,749 5,677 26.79 13.06 7,575 4,630
1955 53,758 14,845.5 6,673.2 9,078 5,921 27.61 12.h1 6,362 4,772
1956 56,262 24,787.5 T,337.5 9,390 5,991 26,28 13.04 7,508 4,892
1957 60,k07 15,TT:.8 8,52:.2 9,690 6,233 26.11 1k,10 7,439 5,013
1958 64,395 16,607.7 8,011.4 10,039 6,1k 25.79 13.83 8,780 5,157
1959 69,090 17,511.3 10,873.2 10,431 6,623 25.34 15.73 10,352 5,330
1960 73,351 20,171.2 11,132.5 10,792 6,796 27.49 15.17 12,576 5,k39
1961 78,714 20,932.9 12,086.5 11,149 T,060 26.59 15.35 14,395 5,560
1962 84,495 20,406.0 12,767.5 11,512 7,339 24,15 15.11 15,397 5,729
1963 92,577 20,831.6 16,347.1 11,88% 71,790 22.50 17,65 16,502 5,926
196k 103,799 24,806.3 19,542.7 12,257 8,468 23.89 18.82 20,111 6,148
1965 115,990 26,465.8 21,075.9 12,628 9,185 22.81 18.17 26,154 6,393
1966 125,883 27,403.0 23,052.0 12,993 9,688 21.76 18.31 29,155 6,682
1967 138,735 28,628.7 26,128.2 13,297 10,433 20.63 18.83 35,713 6,918
1968 151,841 29,90L,5 29,563.T 13,650 11,123 19.69 19.47 h1,34) 7,203
1969 164,817 27,508.2 33,373.6 14,335 11,497 16.69 20.2k Lk, 120 7,838
1970 183,271 29,035.5 38,354.2 14,676 12,487 15.84 20.92 sL,hsh 8,120
1971 204,097 29,261.5 46,863.3 14,995 13,611 1h.34 22.96 60,675 8,k19
1972 226,bh2 31,535.8 5%,308.0 15,289 1k,810 13.92 23.98 63,975 8,668
Annual
Growth :
Rate 8.h1% L.36% 12.77% 3.15% 5.25% 3.bu4%

. ® The figures are in terms of 1966 NT$ value.
#% Since 1969 the figures include military personnel, hence the 3.h4% annual growth rate of persons of working

age is overestimated.

Date source:

Columns 1, 2, 3 and 8 are compiled from National Income of the Republic of China, 1973.
Column 4 is digested from Taiwvan Statistics Abstract, 1973.
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Tabtle II. The Productivity Indexes and the Solow's Measure of the Agricultural Sector
(A1l the monetary terms are at 1966 ¥.T.$ value.)
L < 3 L b 7 ] kJ 10, T
Real Output Total
Man Real Product per Capital- ' Factor X
Real Gross Days Capital Per Unit o Labor Capital® Produc- ﬁfA(t)
Product (Mi1. Input Man-Day Capital Ratio Share tivity
Year (Mil.NT$) Days) (Mil.NT$) 1i/2 1/3 3/2 % Index Residual At) L/10
1952 13,171.6 241.9 1%,596.3 54,45 0.902 60,34 48.02 100.00
1953 15,288.4 246.6 14,970.7 61,99 1.021 60.70 50.33 103.25 .1186 100.00 61.99
1954 13,309.7 2u6.1 15,817.4 54,08 0.8%1 64,27 %6.48 102.73 =.1721 111.86 48.33
1955 1k4,845,5 2k2.8 16,057.5 61.1h 0.92h 60.13 47,32 110.65 .1021 9k%.65 64,60
1956 14,787.5 251.7 16,773.9 58.75 0.881 66,64 k6,15 111.27 -.0hkh2 104.86 56.03
1957 15,774.8 268.6 17,331.5 58.72 0.910 64,52 47.18 108.16 L0151 100,k 58.46
1958 16,607.7 275.5 17,803.7 60.28 0.932 64,62 46.97 111.91 .0250 101.95 59.13
1959 17,511.3 2747 18,096.8 63.7h 0.967 65.87 50.89 99.52 LOkL6 10k.45 61.02
1960 20,171.2 269.7 18,271.8 Th.79 1.103 67.74 k7.00 135.63 .1346 108.91 68.67
1961 20,932.9 267.0 19,167.3 78.40 1.092 T1.78 k7.75 133.99 L0191 122.37 6L, 07
1962 20,406.0 267.8 19,647.6 76.19 1.038 73.36 46.80 134.25 -.0389 124,28 6h.31
1963 20,831.6 275.0 20,803.5 75.75 1.001 75,64 h9.01 115.00 -.0209 120.39 62,92
196k 24,806.3 283.0 22,077.6 87.65 1.123 78.01 48,81 137.48 .1210 118.30 Th.09
1965 26,465.8 300.7 23,hli5.2 88.01 1.128 77.96 k6,53 152.50 L0043 130.40 67.49
1966 27,403.0 307.5 24,939.0 89.11 1.098 81.10 47,23 1h7.01 -.0059 130.83 68.11
1967 28,628.T 303.7 26,713.7 94.26 1.071 87.96 47.53 147.66 L0175 1.30.25 72.37
1968 29,904,5 304.7 29,957.8 98.14 0.998 98.31 48,01 142,64 -.0110 132.00 Th.35
1969 27,508.2 298.6 31,585.9 92,12 0.870 105.78 48,91 123.96 -.0998 130.90 70.37
1970 29,035.5 295.5 33,b7h.5 98.25 0.867 113.28 49,58 123.87 .0296 120.92 81.25
1971 29,281.5 299.0 34,821.8 97.93 0.8k 116.46 L7.46 134,69 -.0163 123.88 79.05
1972 31,535.8 288.1 41,794.3 109.46 0.754 145,06 LT7.0L 138.51 .0125 122,25 89.53
Annual
Growth
Rate k.36% 0.87% 5.26% 3.49% 4.39% 1.63% 1.057% 1.94%

*This is a figure for the entire non-farm sector.

Data Sources:

Columns ) and 7 are compiled from National Income of the Republic of China, 1973.
Columns 2 and 3 are the estimated figures by T.H. Lee and Y.E. Chen, 'Growth Raete of Taiwvan's
Agriculture, 1911-1972," Paper presented in the Conference of Agricultural Growth in Jepan,

Korea, and the Philippines, Feb. 1973, Honolulu, Hawaii.

A reliable figure for the farm sector vas not obteirable,
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Table III.

of the Regression Results of the Cobb~Douglas
mmmanmumsum=%ammtﬁA(mamq

=~ Agricultural Sector-

A A A Durbin- Degree
T A B 2 ‘Watson  of .
Year (£ value) (t value) (t value) R Stet. Freedom
1953-1972 0.0003 0.5956 0.7086 0,5328 2.22 17
(0.020) (1.295) . (4.341)
1953-1962 10,0151 -0.1563 1.2997 0.7242 2.65 7
1963-1972 -0,0222 1.1049 0.6843 0.8405 2.46 7
(~1.565) (3.212) (5.708)
1953-1957 0.0403 -1.6002 . 2.4984 0.9820 2,48 2
(3.345) (~4.009) (10.353) |
1958-1967 0,0117 -0.1389 0.8788 0.8874 1.67 7
- (1.262) (-0.463) (7.422)
1968-1972 -0.0232 41,2678 0.6165 0.9185  2.28 2




Table IV. Subsidiary F Tests for Structural Breaks
in the Cobb-Douglas Production Function
- Agricultural Sector - :

Sum of Squared Degree of '
Years Residuals Freedor  Calculated F  Theoretical F

1953-57 vs. 1958-62
1953-1957 0.000916

1958-1962 0.00139 g 9.1667 6.59
1953-1962 0.01816 :

1958-62 vs, 1963-67
1958-1962 0.00139 3 _
1963-1967 0.00038 m 1.2263 -~ 6.59
1958-1967 0.00339 .

1958-67 vs, 1968-72 ‘
1963-1967 0,00038
1958-1962 0.00139
1968-1972 0.00126 %- 9.6303 4,76

- 1958-1972 0.01762

s



Table V. Epochal Estimates of the cobb-noug;as
: Production Function: AlnX: Y+ LA bnN+ }gA C@nf -f—ﬁn/( )
- Agricultural Sector -
A ’ : .
A A A B Durbin- Degree
Y 5 A A ——— Watson of
Epoch  (t ratio)  (t ratio) (t ratio) R A+6B [+ Stat, Freedon
1953-57 0.0403 -1.6002 24984
(3.180) (-3.811) (9.843) 0.9456 0.8982 2.7815 = 2,11 11
1958-67 0.0117 -0,1389 0.8789 | :
(1.137) (-0.463) (7.263) 0.,9456 0.7399 1.1877 2.11 11
(-1.656) (5.282)  0.9456  1.8843  0.3271 2.11. 11

(1.951)

LA X aY



Table VI.

Summary of the Regression Results of the CES Production

Function: X = Z;(KeJ£ Y'P4-b(Ne3$)-f7Pﬁ5

-~ Agricultural Sector -

In==fub+ In-+ 0~y D+ (I-0)NE

W) b)) hh a-pd |

Degree Degree
o~ ' > of d s of
Year | (t value (t value) (t value) R Freedon| (% value) R Freedom
. 1952~
1972 0.5487 0.0709 1.8338 0.978 17 -0,0096 0.275% 19
1952~ : V
1961 1.51 0.00001 1.1164 0.252 6 0.0553 0.7410 8
(1.0) (0.2} (2.0) (&.784) :
1962~
1972 0.3367 0.0422 2.4312 0.972 7 -0,0370 0.8456 g9
(0.9) (1.7) (0.8) (-7.022)




Table VII.

The Productivity Indexes and the Solow's Measure of the Manufacturing Sector

(ALl the monetary terms sre at 1966 X.T.$ value.)

1 2 3  Réa  outfut 6 7 Total 9 10 1
Labor Real Product per Capitale Factor
Real Gross Input Capital per Unit ¢f Labour Capital® Produc- X A(t)
Product (1000 Input Worker Capitsl Ratio Share tivity N

Year (Mil.KT$) prs.)  (Mil.AT$)  (RT$) 1/3 3/2 % Index  Residual  A(t) . 4/10
1952 h,221.9 22k.9  112,221. 18,772  0.033 498.96 48.02  100.00

1953 L,759.5  247.7  113,k43 19,214 0.0h2  457.99  50.33 92.58 .0680  100.00 19,21h
195k 6,491.4 275.8 114,469 23,536 0.057 k15.0k 46,48 150.31 .2317 106.80 22,037
1955 6,673.2 277.7 115,737 24,030 0.058 416.77 47,32 1h5.60 .0185 129.97 18,489
1956 7,337.6  281.6 117,323 26,056  0.063  L16.63  Lk6.15  169.kk 0779  131.82 19,766
1957 8,522.2 263.0 118,793 30,113 0.072 b19.75 47.18  183.38 1312 139.61 21,569
1958 8,911.4 281.5 120,753 31,656  0.0TY% 428.96  46.9T  193.27 .0386  152.73 20,727
1959 10,873.2 28h .4 122,242 38,231 0.08% 429,82 50.89 183,86 -1709 156.59 24,388
1960 11,132.5 289.0  125.263 38,520  ©0.08  h33.4h - LT7.00  233.60 .,0036  173.68 22,179
1961 12,086.5 375.8 128,539 32,162 0.09% 3b2.08 - L7.75 208.67 -.0701 174.03 18,481
1962 12,767.5 375.2 131,427 34,028 0.097 350.29 L6.80 230.77 .0k38 167.02 20,37h
1963  16,347.1  402.5 134,267 k0,613  0.122  333.58 L49.91  235.23 1871 1Ti. b0 23,695;
1964 19,542.7 478.0 139,038 40,884 0.1l 290.87 48,81 269.87 .0782 190.11 21,505
1965  21,075.9  553.b 1k6,450 38,084 0.14% 264 .64 46,53  298.97 -.0273  197.93  19,2h1
1966  23,052.0  616.T 153,71k 37,379 0.150  2k9.25 47.23  290.29 .0102  195.20 19,149
1967 26,128.2 695.7 164,783 37,556 0.153 236,86 47.53 293.91 .0295  196.22 19,139
1968 29,563.7 730.3 176,86k Lo, 481 0.167 242,18 48.01 305.32 20617 199.17 20,32k
1969 33,373.6 816.0 188,146 k0,899 0.177 230.57 48,91 300.7h +0348 205.35 19,916
1970 38,354.3 848.4 205,841 45,207 0.185 242,62 49,68 312.53 .0706 208.82 21,648
1971 146,868.3 873.1 221,748 53.680  0.211 253.98 47,46  L07.98 .1366  215.88  2b,865
1972 54,308.0  999.2 239,715 54,351 0.277 239.91  bT.04 434,28 .0399  229.5k4 23,678
Annual

Growth .

Rate 12.77%  T.hé% 3.80% 5.32% 8.98%  -3.66% 7.34% 4,37% 1.10%

#%This is a figure for the entire non-farm sector.

Data Sources:

A figure for the farm sector was not obtainable,

Columns 1 and 7 are compiled from the National Income of the Republic of China, 1973.
Column 2 is compiled from Taiwan Reconstruction Statistics, 1973, and various issues
of the Quarterly Labor Productivity Survey.

Column 3 is compiled from the Commercisl and Industrial Census of 1966 and 1971,
and National Income of the Republic o. China, 19{3.




Table VIII. Summary of the Regression Results of the Cobb-Douglas
Production Function: A lnx =Y +d 4 InK + B4 (InS+InkK)

- Manufacturing Sector -

A A A © Durbin- Degree
Y B 2 Watson of
Year (t value) (t value) (t value) R Stat. Freedon
1953-1972 0,0958- 0.0711 0.699% 0.6444 1,10 17
- (6.143) (0.476) (5.454) '
1953-1962 0.1048 0.2323 0.8887 0.7213 0.81 7
(5.195) (1.098) (4.126) '

1963-1972 0.0857 -0.0356 0.7563 0.7156 1.7% 7
(2.577) (~0.157) (3.873)

1953-1957 0,0883 1.1634 . 0.,7415 0.9924 2,10 2
(10.924) (9.311) (311.931)

1958-1972  0.0817 0.0264 0.7720 0.8184 1.91 12
(0.256) (7.348)

(6.434)




Table IX. Subsidiary F Tests for Structural Breaks
in the Cobb-Douglas Production Function

- Manufacturing Sector -

Sum of Squared Degree of
Year Residuals Freedon Calculated F

Theoretical F

1953=57 vs. 1958-62

1953-1957 ‘ 0.000321
1958-1962 0.002387 -% 8.5864
1953-1962 0.02015
1958-62 vs. 1963-67
1958-1962 0.002387
1963-1967 0.001316 g- 0.7356
1958-1967 0.005746 -
1958-67 vs. 1968-72
1958-1962 0.002387
1963-1967 0.001316
1968-1972 0.002248 %- 1.4683 .
1958-1972 0.01032

6.59

6.59

‘cQ



Table X. Epochal Estimates of the Cobb-Douglas
Production Function: a £nX: V+hAlnAl+PA (ﬁnf-f.&z./()

- Manufacturing Sector - -

Epoch

A A 2? : Durbin- Degree
Y / A A Watson of
(t ratio) (% ratio) (t ratio)  R® A +8 z Z Stat. Freedom

| 1953-1957

1958-1972

0.0883 1.1634 0.7415 »
(5.022) (4.280) (5.485) 0.8957  1.9049  0.3892 2,13 1%

6.844) (0.272) (7.816) 0.8957 0.,798%  0,9669 2.13 14

L e YaY



Table XI., Summary of the Regression Results of the CES Production

Function: X =(a(ke ) T +b (/o) Y~ 1/F)

- Manufacturing Sector =

Jn 2oz~ Ja b+ T+ oD+ ( (- TINE

b)) fa- %

Degree Degree
o A Y 5 of f > of
Year | (+ value) (t value) (t value) R Freedom || (t value) R Freedom
1952~ .
1972 0.4366 0.0771 0.3278 0.844 17 0.0827 0.973 19
(0.4) (0.5) (0.2) (26.074) :
1952~ ’ o
1961 0.4818 0.1727 2.8122 0.941 6 0.1236 0.962 8
(0.6) (0.6) (0.6) (14.240)
1962~ _ _
1972 0.4933 0.0639 0.8766 0.666 7 0.0633 0.9861 9
(0.3) (0.3) (0.3) (25.226)

‘.8
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Table XIXI. Capital Stocks and the Utilization Rates
in the Agricultural and the ufactur,
Sectors
Agricultural Sector Manufacturing Sector
Capital Utilization Capital Utilization

Year Stock* Rate Stock* Rate

1952 14,5663 +9760 112,221 1.0000
1953 14,970.7 1.0000 113,443 .8814
1954 15,817.4 8820 114,469 1.0000
1955 16,057.5 8890 115,737 +9055
1956 16,773.9 8499 117.323 8948
1957 17,331.5 8715 118.793 9365
1958 17,803.7 8834 120,753 9187
1959 18,096.8 8980 122,242 1.0000
1960 18,271.8 09961 125,263 8906
1961 19,167.3 1.0000 128,539 8452
1962 19,647.6 .9151 131,427 7980
1963 20,803.5 8790 134,267 +9236
1964 22,077.6 .9883 139,038 1.0000
1965 23,445.2 1.0000 146,450 <9537
1966 24,939.0 <9929 153,714 « 9409
1967 26,713.7 - 991 164,783 9641
1968 29,957.8 1.0000 176,864 1.0000
1969 31,585.9 «9079 188,146 .9322
1970 33,474,.5 U227 205,841 <9154
1971 34,821.8 +9385 221,748 - 97Uk
1972 41,794.3 1.0000 239,715 1.0000

*In million NT$ at 1966 price lev

el.



Production
Efficiency Output
Rate Growth Rate
First Epoch 4,03% 0.63%
Second Epoch 1.17% 5.45%
Third Epoch -2.32% 1.06%

Sources:

TABLE XIII

63.

The OQutput Growth Rates and Production Efficiency

Rates in the Agricultural and Manufacturing Sectors

Agricultural Sector

Manufacturing Sector

See Table II and Table VII

Production

Efficiency Qutput
Rate Growth Rate
8.83% 11.65%
8.17% 18.97%
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APPENDIX B:

LIST OF SELECTED ENGLISH PUBLICATIONS
ON TAIWAN'S DEVELOPMENT

Barclay, G. W., Colonial Development and Population in Taiwan,
Princeton University Press, 1954,

Council for International Economic Cooperation and Development,
The Republic of China's Fifth Four Year Plan for Economic
Development of Taiwan, 1969-1972, Taipei, 1969.

Freedman, R., and Others, Family Planning in Taiwan: An Experiment
in Social Change, Princeton University Press, 1969.

Ginsburg, N. S., The Economic Resources and Development of Formosa,
New York Institute of Pacific Relations, 1953.

Grajdanzev, A. J., The Economic Development of Formosa, Shanghai,
Kelly and Walsh, 1941.

Ho, Y., Agricultural Development of Taiwan, 1903-1960, Vanderbilt
University Press, 1966.

Ho, S. P., Development Alternatives: The Case of Taiwan, Ann Arbor,
Michigan University Microfilms, 1965.

Hsing, M., "Taiwan: Industrialization and Trade Policies,'" in The
Phillipines and Taiwan, published for the Development Centre of
the Organization for Economic Co-operation and Development by
Oxford University Press, 1971.

Jacoby, N. H., United States Aid to Taiwan: A Study of Foreign Aid,
Self-help, and Development, New York, Frederick A. Praeger, 1966.

Kerr, G. H., Formosa Betrayed, Boston, Massachusetts, Houthton
Mifflin, 1965.

Koo, A. Y., The Role of Land Reform in Economic Development:
A Cace Study of Taiwan, New York, Frederick A. Praeger, 1968.

Lee, T. H., Intersectoral Capital Flows in the Economic Development
of Taiwan, 1895-1960, Cornell University Press, 197 .

Lee, T. H., and C. Hsieh, Agricultural Development and Its
Contributions to Economic Growth in Taiwan - Input-Output and
Productivity Analysis of Taiwan Agricultural Development,
Taipei, Taiwan, 1966.




14.

15.

16.

17.

18'

19.

20.

21.

22,

23.

24.

Mancall, M., Formosa Today, New York, Frederick A. Praeger, 1964.

Mendel, D. H., The Politics of Formosan Nationalism, Bevkeley,
California University Press, 1970.

Psilos, D. D., and Others, Economic Development Issues:
Greece, Israel, Taiwan, Thailand, 1968.

Raper, A. F., Rural Taiwan: Problem and Promise, Chinese-American
Joint Commission on Rural Reconstruction (JCRR), Taipei, 1954.

Riggs, F. W., Formosa under Chinese Nationalist Rule, New York,
Macmillan, 1952. '

Schreiber, J. C., U. S. Corporate Investment in Taiwan,
Cambridge, Massachusetts, University Press of Cambridge, 1970.

Schultz, T. P., Evaluation of Population Policies: A Framework
for Analysis and Its Application to Taiwan's Family Planning
Program, Santa Monica, California, 1971.

Speare, A., The Determinants of Ruwai to Urban Migration in Taiwan,
Ann Arbor, Michigan University Microfilms, 1970.

U. S. Economic Cooperation Administrative Mission to China,
U. S. Economic Assistance to Formosa, 1 January to 31 December
1950, Washington, 1951.

Yang, M., Socio-Economic Results of Land Reform in Taiwan,
Honolulu, East-West Center Press, 1970.

Wu, R., The Strategy of Economic Development: A Case Study of
Taiwan, Louvain, Vanderbilt, 1971.
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