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ABSTRACT

ECONOMIC GROWTH AND STRUCTURAL CHANGE IN TAIWAN—

1952-1972, A PRODUCTION FUNCTION APPROACH

by

THOMAS PEI-FAN CHEN 

A d v iser: P ro fe s so r  E l l i o t  Zupnick

T his s tu d y  a tte m p ts  to  p ro v id e  an a n a ly t ic a l  rev iew  o f  th e  p o s t ­

war Taiwanese economy from th e  p ro d u c tio n  p o in t  o f  view . The p ro ­

d u c tio n  fu n c tio n s  o f  th e  a g r i c u l tu r a l  s e c to r  and th e  m anufac tu ring  

s e c to r  a re  e s tim a te d . W ithin th e  framework o f  th e  n e o - c la s s ic a l  

th e o ry  o f  p ro d u c tio n , t h i s  s tu d y  m easures th e  te c h n o lo g ic a l  changes 

in  th e  a g r i c u l tu r a l  and m an u fac tu rin g  s e c to rs  and t h e i r  im pact on 

growth and s t r u c tu r a l  change. I t  a ls o  an a ly zes  th e  problem s o f  

unemployment and income d i s t r i b u t io n  o f  th e  economy d u rin g  th e  p ro ce ss  

o f  i t s  developm ent.



ACKNOWLEDGMENT

I am d eep ly  g r a te f u l  to  P ro fe s so r  E l l i o t  Zupnick f o r  h is  

gu id an ce , c o n s ta n t encouragem ent, and many k in d n e sse s . W ithout h is  

re a s s u ra n c e s , t h i s  s tu d y  may have n ev e r been f in is h e d  o r  s t a r t e d .

I a ls o  w ish  to  th an k  P ro fe s so r  Damodar G u ja r a t i .  H is guidance 

and ad v ice  re scu ed  me from com m itting  e r ro r s  as  w e ll as a v e r t in g  

im passes.

Many thanks to  P ro fe s s o r  B ernard  Okun f o r  h is  most h e lp fu l  

ad v ice .



TABLE OF CONTENTS

Page No.

1. INTRODUCTION 1

2. THEORETICAL ASPECTS 5
2 .1  B r ie f  Review o f  th e  M ethodology 5

2 .1 .1  P ro d u c tiv i ty  Index Method 5
2 .1 .2  S o low 's Measure 8
2 .1 .3  D ire c t E s tim a tio n  o f  a P ro d u c tio n  F u n ctio n  10

2 .2  T echno log ica l Change and Growth 11
2 .2 .1  N eu tra l and N o n -n eu tra l T ech n o lo g ica l

Change 11
2 .2 .2  D eterm inants o f  B iased T ech n o lo g ica l

Change 12
2 .2 .3  The E f fe c t  o f  T ech n o lo g ica l Change on

Economic Growth 14
2 .2 .4  D eterm inants o f  T ech n ica l B ias and th e

E f fe c t  o f  T ech n ica l Change on
Economic Growth under a  P u re ly
F a c to r  Augmenting Model 15

2 .3  T echno log ica l Change and th e  Problem s o f
Employment and Income D is t r ib u t io n  18

2 .3 .1  T echno log ica l Change and Employment 18
2 .3 .2  T echno log ica l Change and D is tr ib u t io n

o f  Income 20

2 .4  F i t t i n g  th e  P ro d u c tio n  F u n c tio n s  23
2 .4 .1  F i t t i n g  th e  Cobb-Douglas P ro d u c tio n

F unction  23
2 .4 .2  F i t t i n g  th e  CES P ro d u c tio n  F unction  25

3. AN ANALYSIS OF THE AGRICULTURAL SECTOR 30

3 .1  P ro d u c tiv i ty  Indexes and S olow 's M easure 31

3 .2  P ro d u c tio n  in  a Cobb-Douglas World in  th e
A g r ic u l tu r a l  S e c to r  33

3 .3  The A g r ic u l tu ra l  S e c to r  in  a CES World 37

3 .4  Cobb-Douglas v s . C onstan t E l a s t i c i t y  o f
S u b s t i tu t io n  39

v



Page No.

4 . AN ANALYSIS OF THE MANUFACTURING SECTOR 45

4 .1  P ro d u c tiv i ty  Indexes and Solow’s  M easure 46

4 .2  M anufacturing  P ro d u c tio n  in  th e  Cobb-Douglas
World 48

4 .3  M anufacturing  P ro d u c tio n  in  th e  CES World 50

4 .4  The P rocess  o f  I n d u s t r i a l i z a t i o n  53

5. THE PROBLEMS OF EMPLOYMENT AND INCOME DISTRIBUTION 59

5 .1  The Problem o f  Employment 60

5 .2  The Problem o f  Income D is tr ib u t io n  63

6. SUMMARY AND CONCLUDING REMARKS 70

6.1 The Purpose and M ethodology o f  t h i s  S tudy 70

6 .2  Summary o f  E m p irica l F ind ings 71

6 .3  Remarks 74

APPENDIX A: S t a t i s t i c a l  T ab les 76

APPENDIX B: L is t  o f  S e le c te d  E n g lish  P u b lic a tio n s
on T a iw an 's  Development 90

BIBLIOGRAPHY 92

v i



LIST OF TABLES

T able I 

T able I I

T able I I I

T able IV

T able V 

T able VI 

T able VII 

Table V III

T able IX

T able X 

T able XI 

T able X II :

Table X III

Page No.

G eneral S t a t i s t i c s  o f  th e  Taiwan Econmy 77

The P ro d u c tiv i ty  Indexes and th e  S olow 's M easure
o f th e  A g r ic u l tu r a l  S e c to r  78

Summary o f  th e  R egression  R e su lts  o f  th e  Cobb- 
Douglas P ro d u c tio n  F u n c tio n — The A g r ic u l tu r a l  
S ec to r  79

S u b sid ia ry  F T e s ts  f o r  S t ru c tu r a l  Breaks in  th e  
Cobb-Douglas P ro d u c tio n  F u n c tio n —
The A g r ic u l tu r a l  S e c to r  80

Epochal E s tim a tes  o f  th e  Cobb-Douglas P ro d u c tio n
F unction—The A g r ic u l tu r a l  S e c to r  81

Summary o f  th e  R egression  R e su lts  o f  th e  CES
P ro d u c tio n  F u n c tio n —The A g r ic u l tu r a l  S e c to r  82

The P ro d u c tiv i ty  Indexes and th e  So low 's M easure
o f  th e  M anufacturing  S e c to r  83

Summary o f  th e  R egression  R e su lts  o f  th e  Cobb- 
Douglas P ro d u c tio n  F u n c tio n —The M anufactu ring  
S e c to r  84

S u b sid ia ry  F T ests  f o r  S t ru c tu r a l  Breaks in  
th e  Cobb-Douglas P ro d u c tio n  F u n c tio n —The 
M anufacturing  S e c to r  85

Epochal E s tim a tes  of. th e  Cobb-Douglas
P ro d u c tio n  F u n c tio n —The M anufactu ring  S e c to r  86

Summary o f  th e  R egression  R e su lts  o f  th e  CES
P ro d u c tio n  F u n c tio n —th e  M anufacturing  S e c to r  87

C a p ita l  S tocks and th e  U t i l i z a t i o n  R ates in  
th e  A g r ic u ltu ra l  and M anufacturing  S ec to rs

The O utput Growth R ates  and P ro d u c tio n  E f f i ­
c ien cy  R ates in  th e  A g r ic u l tu r a l  and 
M anufacturing S e c to rs

88

89

vii



CHAPTER ONE

INTRODUCTION

Taiwan, s ta n d in g  in  th e  w est o f  th e  P a c i f ic  Ocean, i s  s e p a ra te d  

from m ainland China by th e  Taiwan S t r a i t .  The is la n d  has been  ru le d  

by th e  Dutch (1624-1661), th e  S pan ish  (1626-1630), G eneral Cheng, 

b e t t e r  known as Koxigo, (1661-1683), th e  M anchurian Empire (1683-1894), 

th e  Japanese  (1895-1945), and th e  N a t io n a l i s t  C hinese (1946- ) .

However, in  h i s t o r i c a l  l i t e r a t u r e  th e r e  i s  no su re  ev idence  to  in d ic a te  

when Taiwan was f i r s t  d isc o v e red  and by whom.

The i s la n d ,  w ith  an a re a  o f  35,961 sq u a re  k i lo m e te rs ,  i s  about
1

one t h i r d  th e  s iz e  o f  th e  S ta te  o f  V irg in ia  in  th e  U nited  S ta t e s .  

However, s ix te e n  m il l io n  hard -w ork ing  and p e a c e - lo v in g  p eo p le  in h a b i t  

t h i s  i s la n d .  Because o f  th e  sm all s iz e  o f  i t s  t e r r i t o r y ,  one may have 

d i f f i c u l t y  lo c a t in g  th e  i s la n d  on a  map. But in  term s o f  p o p u la tio n  

s i z e ,  Taiwan i s  l a r g e r  th a n  two t h i r d s  o f  th e  member n a t io n s  o f  th e  

U nited  N a tio n s . With th e s e  th in g s  in  mind, how can one ig n o re  th e  

e x is te n c e  o f  Taiwan and th e  fu tu r e  o f  i t s  p eo p le?

A lthough p eop le  may f a i l  to  r e a l i z e  T a iw an 's  e x is te n c e  o r  i t s  

geograph ic  lo c a t io n ,  Taiwan i s  v e ry  o f te n  m entioned by econom ists in  

d isc u s s io n s  o f  economic developm ent. U su a lly  Taiwan i s  s in g le d  o u t as 

an example o f  a  s u c c e s s fu l  d ev e lo p in g  co u n try  in  th e  p o s t-w a r p e r io d . 

During th e  p e r io d  1952-1972, w ith  a  p o p u la tio n  growth r a t e  as  h ig h  as 

3 .15  p e rc e n t p e r  y e a r ,  th e  g ro ss  dom estic  p ro d u c t in  r e a l  term s grew 

8.41 p e rc e n t p e r  y e a r ,  g iv in g  a growth r a t e  o f  5 .25 p e rc e n t an n u a lly  

in  r e a l  p e r  c a p i ta  g ro ss  dom estic  p ro d u c t (see  T able  I ) . T h is i s  one 

o f  th e  h ig h e s t  and b e s t  s u s ta in e d  growth r a t e s  in  th e  w orld .



What a r e  th e  f a c to r s  c o n tr ib u t in g  to  such a r a p id  economic growth

r a t e  in  Taiwan and how a re  th e y  o p e ra tin g ?  The answ ers to  such q u e s tio n s

a re  indeed  n o t ea sy . Numerous and v a r ie d  fo rc e s  i n t e r a c t  to  in f lu e n c e

growth and s t r u c t u r a l  change in  a s o c ie ty ,  such as th e  le v e l  o f  sav in g s

and changes in  th e  s t r u c tu r e  o f  f i n a l  demand, th e  e f f e c t s  o f  s p e c i f ic

re so u rc e  endowments, and th e  r o le  and im pact o f  n a t io n a l  economic 
2

p o lic y .  The purpose o f  t h i s  s tu d y  i s  to  p re s e n t  an a n a ly t ic a l  rev iew  

o f  T aiw an 's  economic growth d u rin g  th e  p a s t  two decad es . I t  i s  

r e s t r i c t e d ,  how ever, to  th e  measurement o f  te c h n o lo g ic a l  change and i t s  

im pact on grow th, employment, and income d i s t r i b u t i o n .  The e n t i r e  

a n a ly s is  i s  c a r r ie d  o u t w ith in  th e  framework o f  th e  n e o - c la s s ic a l  

th e o ry  o f  p ro d u c tio n  w ith  two broad  homogeneous c la s s e s  o f  in p u ts ;  

la b o r  c a p i t a l .  I t  i s  n e o c la s s ic a l  e s p e c ia l ly  in  th e  sen se  th a t  th e  

p ro d u c tio n  fu n c tio n  used  in  t h i s  s tu d y  a re  assumed to  be smooth and 

con tinuous and a re  a t  l e a s t  tw ice  d i f f e r e n t i a b l e ,  w ith  th e  m arg inal 

p ro d u c ts  o f  in p u ts  bo th  p o s i t iv e  and c o n tin u o u s ly  d im in ish in g .

S ince  th e  a g r i c u l tu r a l  s e c to r  i s  t r a d i t i o n a l l y  im p o rtan t in  a d e ­

v e lo p in g  economy, and th e  m an u fac tu rin g  s e c to r  u s u a lly  p la y s  a c e n t r a l  

r o le  in  th e  p ro c e ss  o f  i n d u s t r i a l i z a t i o n  and grow th, th e  a n a ly s is  o f  

th e se  two s e c to r s  may p ro v id e  us w ith  some in s ig h ts  in to  th e  d ev e lo p ­

ment p ro c e ss  o f  th e  economy. Thus, we f i r s t  e s tim a te  th e  p ro d u c tio n  

fu n c tio n s  o f  th e  two s e c to r s ,  and from th e re  we examine th e  e x te n t and 

b ia s  o f  te c h n o lo g ic a l  change. The e m p iric a l f in d in g s  o f  th e  p ro d u c tio n  

c h a r a c t e r i s t i c s  o f  th e  two s e c to r s  p ro v id e  us w ith  th e  fo u n d a tio n s  w ith  

which we ta c k le  th e  problem s o f  unemployment and income d i s t r i b u t io n  

a r i s in g  d u rin g  th e  developm ent s ta g e  o f  th e  economy.



C hap ter two i s  devoted  to  a  d is c u s s io n  o f  th e  t h e o r e t i c a l  a s p e c ts  

o f  t h i s  s tu d y . C hap ters th re e  and fo u r a re  devoted  to  th e  em p iric a l 

a n a ly s is  o f  th e  a g r i c u l tu r a l  s e c to r  and th e  m an u fac tu rin g  s e c to r  r e ­

s p e c t iv e ly .  In  C hap ter f iv e  we ana ly ze  th e  employment and income d i s ­

t r i b u t i o n  problem s d u rin g  th e  p ro cess  o f  T a iw an 's  developm ent.

In  t h i s  s tu d y  th e  p e r io d  chosen f o r  a n a ly s is  i s  1952-1972 f o r  th e  

fo llo w in g  main re a so n s ; 1) The N a t io n a l i s t  C hinese began to  govern 

Taiwan in  1945 and launched a s e r ie s  o f  fo u r  y e a r  economic p lan s  in  

1953. T his s tu d y  covers th e  p o s t-w ar p e r io d  and may se rv e  as a p a r t i a l  

rev iew  o f  th e  N a t io n a l i s t  Chinese economic achievem ent in  Taiwan.

2) A lthough Taiwan has been under th e  N a t io n a l i s t  C hinese r u le  s in c e  

1945, m ost s t a t i s t i c s  p u b lish ed  by th e  governm ents d u rin g  th e  war and 

th e  im m ediate p o s t-w ar p e r io d , 1940-1950, were m an ipu la ted  fo r  reaso n s  

o f  n a t io n a l  s e c u r i ty .  The sev ere  i n f l a t i o n  in  th e  e a r ly  y e a rs  o f  th e  

p o s t-w a r p e r io d  a ls o  p la ce d  th e  economic a c t i v i t i e s  in  a s t a t e  o f  

tu rm o il d u rin g  th a t  p e r io d . We th u s  s t a r t  w ith  th e  y e a r  in  which th e  

d a ta  i s  more r e l i a b l e  and economic a c t i v i t i e s  r e tu rn e d  to  norm al.



FOOTNOTES

1
The e n t i t y  o f  Taiwan in c lu d e s  76 sm all i s la n d s  w ith  a t o t a l  a re a  o f  

201 square  k ilo m e te rs . S ix ty - th r e e  o f  them a re  lo c a te d  about 64 k i l o ­
m eters  to  th e  w est o f  Taiwan p ro p e r  and a re  c o l le c t iv e ly  c a l le d  Penghu. 
O thers a re  s c a t te r e d  on a l l  s id e s  o f  th e  p r in c ip a l  i s la n d .

2
There a re  q u ite  a  few s tu d ie s  re g a rd in g  T aiw an 's developm ent. A l i s t  

o f  s e le c te d  E n g lish  p u b l ic a t io n s  in  t h i s  a re a  i s  g iven  in  th e  appendix .



CHAPTER TWO

THEORETICAL ASPECTS

2 .1 . B r ie f  Review o f  th e  M ethodology

There a re  th re e  methods o f  so u rc e s -o f-g ro w th  a n a ly s is ,  which 

a ttem p t to  d i s t r i b u t e  th e  c o n tr ib u t io n  o f  v a r io u s  c u r re n t  f a c to r  in p u ts  

to  c u r re n t  o u tp u t grow th. In  t h i s  s e c t io n  th e  p r o d u c t iv i ty  index  method 

Solow 's m easure, and th e  method o f  d i r e c t  e s tim a tio n  o f  a p ro d u c tio n  

fu n c tio n  w i l l  be b r i e f l y  d isc u s se d  in  tu rn .

2 .1 .1 .  P ro d u c tiv i ty  Index Method

Two ty p es  o f  p r o d u c t iv i ty  in d ex es can be p re se n te d .

1) A p a r t i a l  p r o d u c t iv i ty  in d ex : th e  r a t i o  o f  r e a l  o u tp u t to  

one o f  th e  in p u ts .  For exam ple, in  a tw o - fa c to r  p ro d u c tio n  

m odel, we can have th e  in d ex es o f  X/N and X/C, where X i s  

o u tp u t, N and C a re  in p u ts  o f  la b o r  and c a p i t a l  r e s p e c t iv e ly .

2) A t o t a l  f a c to r  p r o d u c t iv i ty  in d ex : th e  r a t i o  o f  r e a l  o u tp u t 

to  a  w eigh ted  iverage o f  th e  la b o r  and c a p i t a l  in p u ts .  The

w eigh ts a re  l a b o r 's  sh a re  and c a p i t a l 's  sh a re  o f  income. One
Qt 3

such index  may ta k e  th e  form M=X/(N; .c  ) , where M i s  th e  t o t a l  

f a c to r  p r o d u c t iv i ty  and a and 3 a re  l a b o r 's  sh a re  and c a p i t a l '  

sh a re  o f  income r e s p e c t iv e ly .

These two indexes a re  in te r p r e te d  as a m easure o f  th e  o u tp u t p e r  

u n i t  o f  re so u rc e  fo regone in  p ro d u c tio n . As K endrick p u ts  i t ,  "The 

in p u ts  a re  e s tim a te d  w ith o u t a llow ance f o r  changes in  t h e i r  q u a l i ty ,  

so t h a t  changes in  th e  r a t i o  o f  o u tp u t to  in p u ts  ( i . e . ,  th e  t o t a l  

f a c to r  p r o d u c t iv i ty  in d ex ) may be i n t e r p r e te d  as r e f l e c t i n g  a l l  th e



d iv e rse  fo rc e s  th a t  a f f e c t  th e  q u a l i ty ,  o r  'p ro d u c tiv e  e f f i c i e n c y ,1 o f  

th e  f a c t o r s . . . .  Movements o f  th e s e  'p a r t i a l  p r o d u c t iv i ty ' r a t i o  r e ­

f l e c t  s u b s t i tu t io n s  betw een f a c to r s  as w e ll as changes in  p ro d u c tiv e  
1

e f f i c i e n c y ."  By such f e a tu r e s ,  th e  p r o d u c t iv i ty  index  method i s  used  

to  q u a n tify  th e  im pact o f  p r o d u c t iv i ty  changes on economic a g g re g a te s  

and s t r u c tu r e s .

The main m e r it  o f  such a method i s  i t s  s im p l ic i ty .  But i t  i s  to o

w eig h ty . What a re  th e  so u rces  o f  changes in  th e s e  p r o d u c t iv i ty  indexes
2

I t  can be e a s i ly  shown th a t  changes in  th e  p a r t i a l  p r o d u c t iv i ty  index

may be due to  changes in  (a) economies o f  s c a le ,  (b) n e u t r a l  a n d /o r

n o n -n e u tra l  te c h n ic a l  change, and (c) th e  q u a n t i ty  o f  th e  o th e r  in p u ts .

T h e re fo re , th e  change o f  th e  p a r t i a l  p ro d u c t iv i ty  index  sh o u ld  n o t be

id e n t i f i e d  as a change in  e f f ic ie n c y  o f  t h a t  f a c to r  in p u t .

The t o t a l  p r o d u c t iv i ty  index  i s  th e  same as th e  Abramowitz 
3

R e s id u a l, which i s  th e  d iv e rg en ce  in  th e  growth o f  o u tp u t r e l a t i v e  to  

th e  growth o f  th e  combined f a c to r  in p u ts .  Given th e  p e rc e n ta g e  change 

in  o u tp u t over a p e r io d  o f  tim e , dX/X, th e  p e rc en ta g e  change in  la b o r  

in p u t dN/N, and th e  p e rce n ta g e  change in  c a p i t a l  in p u t dC/C, th e  r e s i ­

dual de term ines how much o f  dX/X i s  a t t r i b u t a b l e  to  som ething o th e r  

th an  dN/N and dC/C. S y m b o lica lly ,

^  _  ot —  -3  —  = r e s id u a l  (2 .1 .1 )
X N C

where a  and 3 r e p re s e n t  th e  sh a re s  o f  la b o r  and c a p i t a l  o f  income.
4

I n te g ra t in g  bo th  s id e s :

dX dN QdC \  J ,— _ a -------- 3—  ) d t = I ( re s id u a l)  d t
X N C '  I

o r =  J (Residual) d t > (2 .1 . 2)
N . C P



where t  i s  tim e . The tim e d e r iv a t iv e  o f  e q u a tio n  (2 .1 .2 )  i s

= r e s i d u a l . (2.1.2A )

Thus th e  t o t a l  p r o d u c t iv i ty  index  i s  s im i la r  to  th e  Abramov/itz 

r e s id u a l .

In  a s t a t i c  sen se  th e  t o t a l  f a c to r  p r o d u c t iv i ty  (a lso  c a l le d

m u l t i f a c to r  p ro d u c t iv i ty )  may re p re s e n t  th e  so u rce  o f  growth o th e r  th a n

th e  q u a n t i ty  changes in  in p u ts .  That i s ,  changes in  th e  t o t a l  f a c to r

p r o d u c t iv i ty  betw een any two p e r io d s  a re  tak en  as a com parison o f  th e

a c tu a l  r e a l  o u tp u t o f  p e r io d  I ,  to  th e  o u tp u t which would have been in

p e r io d  I I ,  had th e  p ro d u c t iv i ty  e f f ic ie n c y  o f  p e r io d  I p r e v a i le d .

A gain, th e  t o t a l  f a c to r  p ro d u c t iv i ty  in d ex  i s  to o  w eigh ty . I f  we

ta k e  th e  t o t a l  d i f f e r e n t i a l  o f  th e  t o t a l  f a c to r  p r o d u c t iv i ty ,  f o r

exam ple, u s in g  a  CES p ro d u c tio n  fu n c tio n  o f  th e  form  X=r*[kN p+ (1-k)

q-P"1-V where X i s  o u tp u t,  N i s  la b o r  in p u t ,  C i s  c a p i t a l  in p u t ,  r  
J  P

i s  p ro d u c tio n  e f f ic ie n c y  p a ram e te r, k i s  c a p i t a l  i n t e n s i t y ,  V i s  

econom ics o f  s c a le ,  and p .d e f in e s  e l a s t i c i t y  o f  f a c to r  s u b s t i tu t io n

a  = — , we see  from eq u a tio n  (2 .1 .4 )  t h a t  th e  change in  th e
1+p

t o t a l  f a c to r  p ro d u c t iv i ty  may be due to  te c h n o lo g ic a l  changes (n e u tra l  

a n d /o r  n o n -n e u tra l ) ,  a n d /o r  changes in  q u a n t i t i e s  o f  in p u ts .

In  e q u a tio n  ( 2 .1 .4 ) ,  th e  f i r s t  fo u r  term s r e f e r  to  th e  change o f  

o u tp u t a t t r i b u t a b l e  to  changes in  tech n o lo g y , w h ile  th e  l a s t  two term s 

r e f e r  to  th e  change a t t r i b u t a b l e  to  changes in  in p u ts .  I f  th e  l a s t

M = X  = rfkN-P + (1-k) C-P1~V/P (2 .1 .3 )

and

(2 .1 .4 )



two term s a re  n o n -z e ro , th e  t o t a l  f a c to r  p r o d u c t iv i ty  index  i s  a b ia se d

e s tim a te  o f  th e  c o n tr ib u t io n  o f  te c h n o lo g ic a l  change to  o u tp u t grow th.

As we s h a l l  see  l a t e r ,  i t  w i l l  be more f r u i t f u l  in  th e  a n a ly s is
5

i f  we a re  ab le  to  s e p a ra te  th e  fo rc e s  which make up th e  r e s id u a l

2 .1 .2  Solow 's m easure

In  th e  l i t e r a t u r e  o f  m easuring te c h n o lo g ic a l  change, one can n o t
6

overlook  Solow 's method. W ithout u s in g  a s p e c i f i c  p ro d u c tio n  fu n c tio n , 

So low 's te c h n o lo g ic a l  change r e f e r s  to  any k in d  o f  s h i f t  in  th e  p ro ­

d u c tio n  fu n c tio n  o f  th e  form:

X=F(C, N; t )  (2 .1 .5 )

A/here X i s  o u tp u t,  C i s  c a p i t a l ,  N i s  la b o r ,  and t  i s  tim e .

S olow 's m easure i s  a c a tc h - a l l  co n cep t, f o r  i t  combines a l l  

f a c to r s  in f lu e n c in g  o u tp u t o th e r  th an  changes in  th e  q u a n t i ty  o f  la b o r  

and c a p i t a l .

Assuming th e  te c h n ic a l  change i s  n e u t r a l ,  i . e .  s h i f t s  in  th e  p ro ­

d u c tio n  fu n c tio n  leav e  th e  m arg in a l r a t e  o f  f a c to r  s u b s t i t u t i o n  unchanged 

and sim ply  in c re a s e s  o r  d e c rease s  th e  o u tp u t,  th e  p ro d u c tio n  fu n c tio n  

can be r e - w r i t t e n  as

X =A (t)f(C , N) (2 .1 .6 )

where A (t) m easures th e  cum ulative  e f f e c t  o f  s h i f t s  over tim e.

I f  we d i f f e r e n t i a t e  eq u a tio n  (2 .1 .6 )  t o t a l l y  w ith  r e s p e c t  to  tim e 

t  and d iv id e  by X, we g e t

C2- l - 7)
X A ac X 3N X

And from th e  m arg ina l p ro d u c t iv i ty  c o n d it io n s ,  = £. and
3C P 3N P ’



where p i s  th e  o u tp u t p r ic e ,  and q and w a re  c a p i t a l  r e n ta l  and la b o r  

wage r e s p e c t iv e ly ,  we g e t th e  c a p i t a l  and la b o r  sh a re s  as

becomes

o r

W = v £  , and W = . II . And E quation  (2 .1 .7 )
bC * X m  X

! 4 +v t +v |  (2 - 1 *8),
r f -Wc§ (2.1.9).

N otice  eq u a tio n  (2 .1 .9 )  i s  th e  same as th e  Abramowitz r e s id u a l .

F u r th e r  assume th e  s e c to r  i s  o p e ra tin g  in  th e  range  o f  CRS

(c o n s ta n t r e tu rn s  to  s c a l e ) ,  and l e t  X m, d = k , and W =1-W .
N '  n

E quation  (2 .1 .8 )  th en  becomes

M _ A +wr -  ( 2 . 1 . 1 0 ) .
m A C k

In e q u a tio n  ( 2 .1 .1 0 ) ,  g iven  th e  tim e s e r i e s  o f  k , m, and W , we can

g e t th e  A (t) s e r i e s  which i s  a  rough p r o f i l e  o f  te c h n ic a l  change. And

X ( t) /N ( t)  g iv es  th e  o u tp u t p e r  la b o r  u n i t  i f  th e r e  had been no s h i f t  
A (t)

in  p ro d u c tio n  fu n c tio n . We may c a l l  i t  " c o r re c te d "  o u tp u t p e r  la b o r  

u n i t ,  o r  o u tp u t p e r  la b o r  u n i t  n e t  o f  te c h n ic a l  change.

Solow a lso  t e s t e d  w hether a n o n -n e u tra l  te c h n ic a l  change i s  p re -
7

s e n t by exam ining w hether A/A i s  c o r r e la te d  w ith  C/N.

From th e  above d is c u s s io n  we may see  t h a t  b o th  th e  Abramowitz 

r e s id u a l  and th e  Solow m easure a re  b a s ic a l ly  th e  same. However, Solow' 

method was used presum ably to  m easure on ly  th e  n e u t r a l  te c h n o lo g ic a l  

change under th e  assum ption th a t  th e  s e c to r  i s  o p e ra tin g  in  th e  range 

o f  CRS, w h ile  th e  Abramowitz r e s id u a l  h o ld s  f o r  any ty p e  o f  p ro d u c tio n  

fu n c tio n  and th e  r e s id u a l  in c lu d e s  more th a n  th e  p u re  elem ents fo r  

te c h n ic a l  change. N e v e r th e le s s , b o th  th e  Abramowitz r e s id u a l  and th e



Solow m easure a re  n o t ab le  to  decompose th e  r e s id u a l  in to  more 

d e ta i l e d  components which may c r e a te  n e u t r a l  o r  n o n -n e u tra l  ty p es  o f  

te c h n o lo g ic a l  change. As i t  w i l l  be shown in  s e c t io n  2 .2 .3 . ,  an a 

p r i o r i  s p e c i f i c a t io n  o f  on ly  n e u tr a l  te c h n ic a l  change in  a  p ro d u c tio n  

fu n c tio n  may cause a b ia se d  e s tim a tio n  o f  th e  c o n tr ib u t io n  o f  tech n o ­

lo g ic a l  change to  grow th. T h e re fo re , we tu rn  to  th e  method o f  d i r e c t  

e s tim a tio n  o f  a p ro d u c tio n  fu n c tio n  which y ie ld s  more f r u i t f u l  r e s u l t s .

2 .1 .3 .  D ire c t E s tim a tio n  o f  a  P ro d u c tio n  F unction

A p ro d u c tio n  fu n c tio n  ex p resses  th e  r e la t io n s h ip  betw een th e  

maximum q u a n t i ty  o f  o u tp u t and th e  in p u ts  re q u ire d  to  produce i t ,  and 

th e  r e la t io n s h ip  betw een th e  in p u ts  th em se lv es . With th e  a p p l ic a t io n  

o f  s t a t i s t i c a l  te ch n iq u e s  to  th e  d a ta  on o u tp u t and f a c to r  in p u ts ,  we 

can e s tim a te  th e  p a ram ete rs  o f  a  p a r t i c u la r  form o f  a p ro d u c tio n  

fu n c tio n . These p a ram ete rs  re v e a l  th e  c h a r a c t e r i s t i c s  o f  th e  p ro d u c tio n  

fu n c t io n , such as (a) th e  deg ree  o f  r e tu rn s  to  s c a le ,  (b) th e  tech n o lo g y  

o f  e f f ic ie n c y ,  (c) th e  degree  to  which th e  tech n o lo g y  i s  c a p i t a l  o r  

la b o r  in te n s iv e  and (d) th e  ease  w ith  which c a p i ta l  i s  a s u b s t i t u t e  fo r  

la b o r .  Changes in  th e  c h a r a c t e r i s t i c s  o f  a p ro d u c tio n  fu n c tio n  may 

cause th e  change o f  o u tp u t grow th. And i t  i s  r e l a t i v e ly  easy to  d e f in e  

a te c h n o lo g ic a l  change in  term s o f  changes in  th e  c h a r a c t e r i s t i c s  o f  a 

p ro d u c tio n  fu n c tio n . For exam ple, changes in  (a) and (b) may cause 

n e u t r a l  change w h ile  changes in  (c) and (d) may cause n o n -n e u tra l 

te c h n ic a l  change.

In  t h i s  s tu d y  two commonly used p ro d u c tio n  f u n c t io n s ,  Cobb-Douglas 

fu n c tio n  and th e  C onstan t E l a s t i c i t y  o f  S u b s t i tu t io n  (CES) fu n c tio n , 

w i l l  be e s tim a te d  f o r  th e  a g r i c u l tu r a l  s e c to r  and th e  m anufac tu ring  

s e c to r .  The e s tim a te s  and th e  changes o f  th e  p ro d u c tio n  p aram eters



in  th e s e  two s e c to rs  p ro v id e  th e  b a s ic  fo u n d a tio n  f o r  th e  a n a ly s is  o f  

th e  so u rces  o f  growth and o f  p o te n t i a l  problem s in  th e  dev elo p in g  

p ro c e s s .

2 .2  T ech n o lo g ica l Change and Growth

2 .2 .1  N eu tra l and N on-N eutral T ech n o lo g ica l Change

The components o f  te c h n o lo g ic a l  changes can be c l a s s i f i e d  in  a 

v a r ie ty  o f  w ays. But f o r  o u r pu rposes we focus on th e  s e t  t h a t  te c h ­

n o lo g ic a l  change i s  s p e c i f i e d  as n e u tr a l  te c h n ic a l  change and non­

n e u tr a l  te c h n ic a l  change. Follow ing th e  Hickson n e u t r a l i t y  concept 

which i s  concerned w ith  th e  e f f e c t s  o f  te c h n o lo g ic a l p ro g re s s  d u rin g  

a p e r io d  in  which in p u t s u p p lie s  a re  r e l a t i v e ly  f ix e d ,  a  n e u t r a l  

te c h n ic a l  change in  p ro d u c tio n  does n o t a f f e c t  th e  m arg ina l r a t e  o f  

f a c to r  s u b s t i t u t i o n .  N o n -n eu tra l change does. N o n -n e u tra li ty  can be 

d e f in e d  by th e  s ig n  o f  th e  p ro p o r t io n a te  r a t e  o f  change in  th e  m arg ina l 

r a t e  o f  f a c to r  s u b s t i t u t i o n  fo r  a  g iven  f a c to r  r a t i o .  In  o th e r  w ords, 

in  a tw o -fa c to r  p ro d u c tio n  model u s in g  la b o r  and c a p i t a l ,  i f  th e  p ro ­

d u c tio n  fu n c tio n  i s  a l t e r e d  between th e  two p e r io d s  such th a t  th e  

m arg ina l p ro d u c t o f  c a p i t a l  in c re a s e s  r e l a t iv e  to  th e  m arg ina l p ro d u c t 

o f  la b o r  fo r  a g iven  c a p i t a l - l a b o r  r a t i o ,  th e re  i s  a c a p i ta l - u s in g  

( la b o r-sa v in g )  te c h n o lo g ic a l  change. I f  th e  m arg ina l p ro d u c t o f  

c a p i t a l  d ec re a se s  r e l a t i v e  to  th e  m arg ina l p ro d u c t o f  la b o r ,  th e re  i s  

a c a p i t a l  sav in g  ( la b o r-u s in g )  te c h n o lo g ic a l  change. N eu tra l change 

r e s u l t s  from th e  same r a t e  o f  change in  th e  m arg ina l p ro d u c ts  o f  bo th  

la b o r  and c a p i ta l .  S y m b o lica lly , th e  m arginal r a t e  o f  s u b s t i tu t io n  o f  

la b o r  f o r  c a p i ta l  MRS^ = ffi/k p   ̂ an(j  th e  b ia s  o f  techno logy  

B (t)  = ^ in  ^ RSCN  ̂ H ick sian  sen s e ,  te c h n ic a l  change i s  c a p i t a l -



12.

u s in g  i f  B (t)  > 0 ,  i s  c a p i ta l - s a v in g  i f  B ( t)<  0 , and i s  H ick sian  

n e u tr a l  i f  B (t)= 0 .

2 .2 .2  D eterm inants o f  B iased T ech n o lo g ica l Change

In  term s o f  the c h a r a c t e r i s t i c s  o f  th e  p ro d u c tio n  fu n c tio n  

s p e c if ie d  in  s e c t io n  2 .1 .3 . ,  a n e u t r a l  te c h n ic a l  change may be due to  a 

change in  th e  e f f ic ie n c y  o f  a tech n o lo g y  a n d /o r  a change in  th e  

economics o f  s c a le .  V a r ia t io n s  in  th e  c a p i t a l  i n t e n s i t y  a n d /o r  th e  

e l a s t i c i t y  o f  f a c to r  s u b s t i tu t io n  can produce n o n -n e u tra l te c h n ic a l  

change, e i t h e r  c a p i ta l - u s in g  o r  c a p i ta l - s a v in g  depending on th e  r e l a t i v e  

s iz e  o f  change.

In  a Cobb-Douglas p ro d u c tio n  fu n c tio n  o f  th e  form:

X=Aoer t  Na -C3 ( 2 . 2 . 1 ) ,

th e  m arg ina l r a t e  o f f a c to r  s u b s t i t u t i o n  i s

MRS = FC /k T = & ( 2 .2 .2 ) .
CN N « C

I t  i s  c le a r  th a t  th e  r a t i o  o f  th e  o u tp u t e l a s t i c i t y  o f  c a p i t a l  to  th e

o u tp u t e l a s t i c i t y  o f  la b o r  ( 0 / a  ) i s  th e  on ly  d e te rm in an t o f  H ick sian  
8

n e u t r a l i t y .

I f  we s p e c ify  th e  p ro d u c tio n  fu n c tio n  in  a CES form as

X = Aq er t [kC"p+ (l-k )N ~ p ]~V/P ( 2 .2 .3 ) ,

where k i s  th e  c a p i t a l  i n t e n s i t y ,  v i s  th e  degree o f  hom ogeneity , and

p d e f in e s  th e  e l a s t i c i t y  o f  f a c to r  s u b s t i t u t i o n  a as o = - i - o r  p= -  -  1,
1+p a

th e  m arg ina l r a t e  o f  f a c to r  s u b s t i t u t i o n  i s

f 2 -2 -45-



From e q u a tio n  (2 .2 .4 )  we see  c a p i t a l  i n t e n s i t y  and e l a s t i c i t y  o f  f a c to r

s u b s t i tu t io n  a re  th e  d e te rm in a n ts  o f  H ick s ian  n e u t r a l i t y .  I f  dMRS > 0
Cn

th e re  i s  a  c a p i ta l - u s in g  te c h n ic a l  change. dMRS^< 0 im p lie s  la b o r-  

u s in g . And d MRS =0 means th e  te c h n ic a l  change i s  n e u t r a l .

We may conclude th a t  in  b o th  Cobb-Douglas and CES f u n c t io n s ,  s h i f t s  

in  th e  e f f i c i e n t  p a ram ete r r  a n d /o r  th e  degree  o f  hom ogeneity , a+$ o r 

v , w i l l  n o t p roduce n o n -n e u tra l  te c h n ic a l  change, s in c e  th ey  do no t 

appear in  th e  e x p re ss io n  o f  th e  m arg in a l r a t e  o f  f a c to r  s u b s t i t u t i o n .

On th e  o th e r  hand , v a r ia t io n s  in  c a p i t a l  i n t e n s i t y  k and e l a s t i c i t y  o f  

f a c to r  s u b s t i t u t i o n  cr w i l l  r e s u l t  in  b ia se d  te c h n ic a l  change.

Under th e  CES p ro d u c tio n  fu n c tio n  o f  th e  form X=A0 er1: [kC~p+ (l-k )N -p 

where a l l  th e  v a r ia b le s  X, N, and C a re  in  in d ex  number form , some

p r o p e r t ie s  o f  n o n -n e u tra l  te c h n ic a l  change can be d e r iv e d :

(1) Taking th e  p a r t i a l  d e r iv a t iv e  o f  e q u a tio n  (2 .2 .4 )  w ith  

re s p e c t  to  k , we g e t

3MRSCN/d k  =(N /C)1 /a . l / ( l - k ) ? > 0 ( 2 .2 .5 ) ,

s in c e  N >0, and k <1. T h e re fo re  an in c re a s e  in  c a p i t a l  i n t e n s i t y  
C

always r e s u l t s  a  c a p i ta l - u s in g  te c h n ic a l  change.

(2) A lso ta k in g  th e  p a r t i a l  d e r iv a t iv e  on e q u a tio n  (2 .2 .4 )  w ith  

re s p e c t  to  a ,  we g e t

MRScn /  ba = - (MRŜ jyj. In  (N/C) ) . 1 /a^  ( 2 .2 .6 ) .

S ince  MRSq  ̂ ^ 0 ,  MRS^/So w i l l  be g r e a te r  th an  zero  i f  (N/C) < 1 and

MRS /^b- w i l l  be sm a lle r  th an  zero  i f  (N/C) > 1 . That i s ,  th e  e f f e c t  
CN

o f  an in c re a s e  in  cr on n e u t r a l i t y  depends on th e  r e l a t i v e  growth r a t e  

o f  th e  two in p u t f a c to r s  in  th e  p ro d u c tio n  p ro c e ss  (s in c e  a l l  th e



v a r ia b le s ,  X, N, and C, in  eq u a tio n  (2 .2 .3 )  a re  in  index  number fo rm ,

— >1 im p lie s  la b o r  i s  growing f a c to r  th an  c a p i t a l ) .
C

(3) The t o t a l  d i f f e r e n t i a l  o f  eq u a tio n  (2 .2 .4 )  i s

dMRSCN = I ( W  1 /0 • V  d - k )  ] [ (1 / (1 -k) )d k - (k . In  (N/C) . l / a 2)dcr]

( 2 .2 .7 ) .
From eq u a tio n  ( 2 .2 .7 ) ,  we f in d :  A) Under th e  c o n d itio n  (N/C)<' 1, i . e .

c a p i t a l  i s  growing f a s t e r  th an  la b o r ,  in c re a s e s  in  b o th  k and a

(dk> 0 , dov>0) w i l l  r e s u l t  in  c a p i ta l - u s in g  te c h n ic a l  change, i . e .

d MRS > 0 .  I f  among k and a ,  one in c re a s e s  and th e  o th e r  d e c re a se s , 
CN

th e n  th e  s ig n  o f  dMRS w i l l  depend on th e  r e l a t i v e  fo rc e s  o f
CN

( l / ( l - k ) ) d k  and (k .In (N /C ) . 1 /a 2)d a . B) Under th e  c o n d itio n  

(N/C)>1 i . e  la b o r  i s  growing f a s t e r  th a n  c a p i t a l ,  th re e  outcomes a re  

p o s s ib le .  (1) I f  dk> 0, and do< 0, th en  dMRS > 0 , i . e .  th e  r e s u l tLli

i s  c a p i ta l - u s in g .  (2) I f  dk <0, and da> 0, th en  dMRS^ <0, i . e .  th e  

r e s u l t  i s  c a p i ta l - s a v in g .  (3) I f  b o th  k and a  in c re a s e  o r  d ec re a se  

in  th e  same d i r e c t io n ,  th e  s ig n  o f  dMRS^ depends on th e  r e l a t i v e  

fo rc e s  o f  ( l / ( l - k ) ) d k  and (k .In (N /C ) . 1 /a 2)d a .

2 .2 .3 .  The E f fe c t  o f  T ech n o lo g ica l Change on Economic Growth

The c o n tr ib u t io n  o f  a n e u tr a l  te c h n ic a l  change to  growth i s  un­

am biguous. An u p w a rd -sh if t  n e u tr a l  change c o n tr ib u te s  p o s i t iv e ly  to  

grow th. A dow nw ard-shift n e u t r a l  change c o n tr ib u te s  n e g a tiv e ly  to  th e  

g row th .

The c o n tr ib u tio n  o f  n o n -n e u tra l te c h n ic a l  change to  th e  growth 

i s  more ambiguous. An in c re a s e  in  c a p i t a l  i n t e n s i t y  im p lie s  th e r e  i s  

an in c re a s e  in  th e  m arg in a l p ro d u c t o f  c a p i t a l  r e l a t i v e  to  t h a t  o f  

la b o r ,  th e r e fo re  g iv in g  a c a p i ta l - u s in g  te c h n ic a l  change. But an 

in c re a s e  in  c a p i t a l  i n t e n s i t y  w i l l  r a i s e  th e  r a t e  o f  growth o n ly  i f



c a p i t a l  in p u t i s  growing f a s t e r  th an  la b o r  in p u t in  th e  p ro d u c tio n

p ro c e s s , because  i f  c a p i ta l  i s  r e l a t i v e l y  cheap, a new tech n o lo g y

c a l l in g  fo r  g r e a te r  c a p i ta l  i n t e n s i t y  g e n e ra te s  a h ig h e r  r a t e  o f  
9

grow th. An in c re a s e  in  th e  e l a s t i c i t y  o f  f a c to r  s u b s t i t u t i o n ,  a  , may 

r e s u l t  in  la b o r -u s in g  te c h n ic a l  change on ly  i f  la b o r  i s  growing f a s t e r  

th an  c a p i t a l  as shown in  eq u a tio n  ( 2 .2 .6 ) .  However, an in c re a s e  in
10

th e  e l a s t i c i t y  o f  f a c to r  s u b s t i tu t io n  always r a i s e s  th e  growth r a t e .

This i s  t r u e  b ecause  th e  same r a t e  o f  growth can always be m ain ta in ed  

a t  a low er u n i t  c o s t ,  i f  te c h n o lo g ic a l  p ro g re s s  p e rm its  th e  s u b s t i tu t io n  

o f  th e  r e l a t i v e l y  cheap f a c to r  f o r  th e  r e l a t i v e l y  ex pensive  one w ith  

g r e a te r  e a se . T h e re fo re , w ith  a f ix e d  budget o u tla y  a h ig h e r  r a t e  o f  

growth can be o b ta in e d . P u tt in g  th e s e  f a c to r s  to g e th e r  th e r e  i s  no 

g u a ran tee  t h a t  n o n -n e u tra l  te c h n ic a l  change w i l l  c o n tr ib u te  p o s i t iv e ly  

to  grow th. Hence, th e  a p r i o r i  assum ption  o f  on ly  n e u t r a l  te c h n ic a l  

change in  th e  p ro d u c tio n  p ro c e ss  may e i t h e r  under o r  over e s tim a te  th e  

c o n tr ib u t io n  o f  te c h n ic a l  change to  th e  grow th.

2 .2 .4 .  D eterm inants o f  T ech n ica l B ias and th e  E f fe c t  o f  T ech n ica l
Change on Economic Growth u nder a P u re ly  F a c to r  Augmenting Model

A p u re ly  f a c to r  augm enting CES p ro d u c tio n  fu n c tio n  w ith  c o n s ta n t 

r e tu rn s  to  s c a le  can be w r i t te n  as

X = [a ( e 6t C)"p+b(eXtN r Pr 1/p (2 . 2 . 8) ,

where X i s  th e  o u tp u t,  C and N a re  th e  n a tu r a l  u n i t s  o f  c a p i t a l  and

la b o r  in p u ts ,  e ^ C  and e ^ N  a re  th e  c a p i t a l  and la b o r  in p u ts  in

e f f ic ie n c y  u n i t s  which a re  growing a t  th e  r a t e s  6 and X r e s p e c t iv e ly ,
11

and p d e f in e s  th e  e l a s t i c i t y  o f  f a c to r  s u b s t i t u t i o n  a = l / ( l + p ) .



From eq u a tio n  (2 .2 .8 )  we can g e t:

FC t/F C = _p-6 (2 .2 .9 )

FNt/F N ’  (2 .2 .1 0 ) ,

where F- = —  , i=C, N., and F-. = — * And th e  H ick s ian  n e u t r a l i t y  
1 di xt dt

3 F /  F
can be ex p ressed  as B (t)= d ln  MRSQ>f/^ t=  p^" )  p^""

(2 ' 2 ' w '

E quation  (2 .2 .1 1 )  im p lie s  th a t  te c h n o lo g ic a l  b ia s  depends on th e  

r a t e  o f  f a c to r  augm entation  and th e  m agnitude o f  th e  e l a s t i c i t y  o f  

f a c to r  s u b s t i tu t io n .  For exam ple, i f  th e  p r o d u c t iv i ty  o f  la b o r  i s  

grow ing f a s t e r  r e l a t i v e  to  th a t  o f  c a p i t a l ,  (6-A ) < 0 ,  and a i s  le s s  

th a n  one , la b o r -s a v in g  te c h n ic a l  change w i l l  be th e  r e s u l t  (B (t)  > 0 ). 

I t  i s  g e n e ra lly  b e lie v e d  th a t  th e  i n d u s t r i a l  s e c to r  u s u a lly  in v o lv es  

la b o r -s a v in g  tech n o lo g y , i . e .  B (t)  > 0. Thus, u n d er th e  assum ption  

th a t  0 < . o <  1, th e  i n d u s t r i a l  s e c to r  must in c re a s e  th e  e f f ic ie n c y  o f  

la b o r  f a s t e r  th an  th a t  o f  c a p i t a l .

Using eq u a tio n  ( 2 .2 .8 ) ,  th e  o u tp u t growth r a t e  (R (t)) can be 

d e r iv e d  as:

R (t)  = Ft /F=d ln X /d t

=S.EC+ \.E N (2 .2 .1 2 )

=6.EC+X.(1-EC) (2 .2 .1 3 ) ,

where Ec = f a X / d C ) /  (X/C)=
-P

m f e ^  N l-pE = (dX/dN)/ (X/N)= ----- >-------- 1—

(e 6 tC )-p+(e^t N)^P 

1 N)~p 

(e 6 t C)~p + (eXt N)~p



which a re  th e  o u tp u t  e l a s t i c i t y  o f  c a p i t a l  and la b o r  r e s p e c t iv e ly .

N otice  t h a t  th e  o u tp u t  growth r a t e  i s  a w eighted average  o f  th e  r a t e s

o f  f a c t o r  augm entation which c o n t r ib u t e  p o s i t i v e l y  to  o u tp u t  growth

( i . e .  -t ffi.C?-).> 0 ) .  The w eigh ts  a r e  th e  o u tp u t  e l a s t i c i t i e s  o f  th e  
35 3X

i n p u t s .
and (2 . 2 . 12)

Equation  (2 .2 .1 1 )  ^iave im p o rta n t  im p l ic a t io n s  in  economic deve lop ­

ment p ro c e s s e s .  Let th e  s u b s c r ip t s  A and M r e f e r  to  th e  a g r i c u l t u r a l  

and m anufacturing  s e c t o r s .  Assuming th e  r a t e s  o f  e f f i c i e n c y  o f  la b o r  

and c a p i t a l  a re  th e  same in  b o th  th e  A and M s e c t o r s ,  th e  d i f f e r e n c e  

o f  th e  o u tp u t  growth r a t e s  in  th e  two s e c to r s  i s :

RM(t) -R A( t )  = (eJ-Ea ) .  (6- \  ) (2 .2 .1 4 )

Presumably, c a p i t a l  i s  more " im p o r ta n t"  o r  more s e n s ib l e  in  th e  manu-

c cf a c tu r in g  s e c t o r ,  i . e .  E -E >0. To g e t  R -R >0, we have to  g u aran tee
M A M A

>0, i . e .  c a p i t a l ' s  e f f i c i e n c y  i s  growing f a s t e r  th a n  l a b o r ' s .  In

o th e r  words, to  f u l f i l l  t h e  am bition  o f  i n d u s t r i a l i z a t i o n ,  a deve lop ing

coun try  has to  have a h ig h e r  e f f i c i e n c y  r a t e  in  c a p i t a l  than  t h a t  in  
12

la b o r .

However, th e  c o n d i t io n  g - \  >0 f o r  i n d u s t r i a l i z a t i o n  may c r e a te  a 

c o n f l i c t i n g  c o n d i t io n  f o r  la b o r - s a v in g  ( c a p i t a l - u s in g )  t e c h n ic a l  

p ro g re s s  in  th e  m anufac tu ring  s e c t o r .  Using th e  H icks ian  co n cep t,  th e

b ia s  B = (1- I ) ( 6-k )  w i l l  be l e s s  th a n  zero ( i . e .  l a b o r - u s in g ) ,  i f
a

we r e s t r i c t  0 to  a v a lu e  l e s s  th a n  one as g e n e ra l ly  b e l ie v e d  in

e m p ir ic a l  f in d in g s  and ( 6-k  )> 0 .

Of course  th e  assum ption t h a t  th e  r a t e s  o f  e f f i c i e n c y  o f  c a p i t a l

and la b o r  a re  th e  same in  bo th  th e  A and M s e c to r s  i s  u n n ecessa ry .  I f

6a  f  6 j^, k A /  then  th e  i n d u s t r i a l i z a t i o n  r a t e  i s



V t )  -RA (t)=■£ ( v > h ) -B= C6a-Xa) - cxA -iA) (2.2.15).

Assuming, a g a in ,  t h a t  a  i s  l e s s  th a n  one in  b o th  a g r i c u l t u r a l  and manu­

f a c tu r in g  s e c t o r ,  th e  only  case  which g u a ran tees  s u c c e s s fu l  i n d u s t r i a l i ­

z a t io n  i s  t h a t  la b o r  u s in g  te c h n o lo g ic a l  change p r e v a i l s  in  th e  manu-

2 .3 .  T echno log ica l  Change and th e  Problems o f  Employment and Income 
D i s t r i b u t i o n

2 .3 .1 .  T echno log ica l  Change and Employment

Employment i s  one o f  th e  m ajor concerns in  every  economic system .

As a member o f  th e  b lo ck  o f  Asian c o u n t r ie s ,  Taiwan ex p er ien ced  h igh

r a t e s  o f  p u p u la t io n  growth du rin g  1952-1972 (3.15 p e rc e n t  p e r  y e a r ) ,

a l though  i t s  fam ily  p la n n in g  program was reg a rd ed  as s u c c e s s fu l  d u r in g

th e  p a s t  decade. While a h igh  r a t e  o f  p o p u la t io n  growth a lone  can

p ro v id e  p o t e n t i a l  unemployment problems and e x e r t  a n e g a t iv e  impact

on p e r  c a p i t a l  o u tp u t  expansion , th e  in t r o d u c t io n  o f  la b o r - s a v in g

te c h n o lo g ic a l  b ia s  in  p ro d u c t io n  can cause th e  unemployment problem

in  deve lop ing  c o u n t r ie s  to  become more a c u te .  The purpose  o f  t h i s

s e c t io n  i s  to  show how te c h n o lo g ic a l  change a f f e c t s  employment. We

f i r s t  d e r iv e  th e  demand f o r  la b o r  as fo llo w s :

Under th e  o r i g i n a l  GES fu n c t io n  as  d e f in e d  above,

assuming th e  p ro d u cers  a re  p r o f i t  maximizers and a l l  m arkets a re  com­

p e t i t i v e ,  th e  expansion  p a th  in  e q u i l ib r iu m  i s

f a c tu r in g  s e c t o r ,  i . e .  ( 6^  -  0 , c a p i t a l - u s i n g  te c h n o lo g ic a l

change p r e v a i l s  i n  th e  a g r i c u l t u r a l  s e c t o r ,  i . e .  ( 5 - 0 , andA A

XA< k^. O therw ise , i n d u s t r i a l i z a t i o n  depends on th e  r e l a t i v e  fo rc e s

X=r[kC_p+(1-k)N “p ] ~ V^P ( 2 .3 .1 ) ,



q/W = [ k / ( l - k ) ] . ( N /C ),1/° ( 2 .3 .2 ) ,

where q i s  th e  r e n t  on a u n i t  o f  c a p i t a l  and w i s  th e  wage r a t e .  From 

eq u a tio n  ( 2 .3 .2 ) ,  we can g e t

" i. ~1S.

Equation  (2 .3 .3 )  combined w ith  e q u a tio n  (2 .3 .1 )  and so lv ed  f o r  N, 

y ie ld in g

which im p lie s  la b o r  demand i s  a fu n c t io n  o f  o u tp u t ,  X, and th e  p ro ­

d u c t io n  p a ram ete rs  r ,  v ,  k ,  and a .  N o tice  a l s o  t h a t  la b o r  demand i s  

homogeneous o f  degree 1/V in  o u tp u t ,  and t h a t  th e  e f f e c t  o f  th e  

r e l a t i v e  f a c t o r  p r i c e s  on la b o r  demand depends on th e  s i z e  o f  k and o 

The e f f e c t s  o f  th e  changes in  th e  param eters  on la b o r  demand can be

shown by th e  p a r t i a l  d e r iv a t iv e s  o f  e q u a tio n  (2 .3 .4 )  w ith  r e s p e c t  to

, 3N 1  , 3Neach p a ra m e te r ,  e .g .  — ■ , —  , and —  .
F  d a  3 k  3 r

Under a  f a c t o r  augmenting CES fu n c t io n  o f  th e  form:

( 2 .3 .3 ) .

N = v v .X'V [k (  Alii ) 1_a. (q/w}~a  + ( l - k ) ] CT/1~CT ( 2 .3 .4 ) ,
k

X = [a(C e 5 t  ) - p +b(N e X t  ) " p] “ 1/p ( 2 .3 .5 ) ,

in  e q u i l ib r iu m  we have,

MPC q _ a  r  C N-p-1 - p 6t+Xpt
I ' i V  - e ( 2 .3 .6 ) .

From eq u a tio n s  (2 .3 .6 )  a n d ( 2 .3 .5 ) ,  we can g e t

ln(N /C)=a ln (q /W )-a  l n ( a / b ) + ( l - a ) / ^  [ t . (6-X )] (2 .3 .7 )

and
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( 2 .3 .8 ) ,

which im p lie s  t h a t  t e c h n ic a l  change in c r e a s e s  th e  demand f o r  la b o r

( 2 .3 . 7 ) ,  ( 2 .3 .8 ) ,  and (2 .3 .9 )  w i l l  be used  to  an a ly ze  th e  la b o r  

a b s o rp t io n  problem in  th e  a g r i c u l t u r a l  and m anufac tu ring  s e c t o r s .

2 .3 .2 .  T echno log ica l Change and th e  D i s t r i b u t io n  o f  Income

Follow ing F e rg u so n 's  d e r iv a t io n ,  th e  p ro d u c t io n  fu n c t io n  w ith  

on ly  n e u t r a l  te c h n o lo g ic a l  change can be w r i t t e n  a s :

Under th e  assum ption t h a t  (1) th e  p ro d u c t io n  f u n c t io n  i s  homogeneous 

o f  deg ree  one, (2) b o th  m arg ina l p ro d u c ts  o f  la b o r  and c a p i t a l  a re

p o s i t i v e  (F^, F ^ > 0 )  and d e c re a s in g  ( F ^ ,  (3) th e  in p u t  and

o u tp u t  m arkets a re  co m p e ti t iv e ,  then  th e  r a t e  o f  change i n  l a b o r 's

r e l a t i v e  sh a re  can be expressed  as

CT

where S i s  l a b o r ' s  s h a re ,  g i s  th e  c a p i t a l - l a b o r  r a t i o ,  and a  i s  the  

e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n .

( in  n a t u r a l  u n i t s )  r e l a t i v e  to  c a p i t a l  on ly  i f  (a) 6-X > 0 when cr < 1 , 

o r  (b) 6-X <' 0 when a  > 1 .

I f  p ro d u c t io n  f u n c t io n  i s  o f  th e  Cobb-Douglas form, X=AQ.e r t .Na .C^, 

th e  la b o r  demand can be d e r iv e d  as

( 1/a+ p) O /a+P)

(A . er t ) “ (1 /a+^  . 0 / a ) “ CP/a+P) In  c h a p te r  f i v e ,  eq u a tio n swhere A

13

x = er t .F(C,N) (2 .3 .1 0 ) .

S/S = - (1“S) (1- ±  ) (g /g) (2 .3 .1 1 ) ,



N otice  t h a t  n e u t r a l  change has  no e f f e c t  on th e  r e l a t i v e  sh a re  

o f  l a b o r ,  s in c e  th e  o v e r a l l  o r  n e u t r a l  techno logy  p a ram ete r  r  does 

n o t  e n t e r  e q u a tio n  ( 2 .3 .1 1 ) .  N o tice  a l s o  t h a t  in  e q u a tio n  (2 .3 .1 1 )  

s in c e  ( 1 - S ) > 0 ,  i f  g /g  >0 ( i . e .  th e  r a t e  o f  c a p i t a l  accum ula tion  

exceeds th e  r a t e  o f  in c r e a s e  in  employed l a b o r ) , th en  S/S 0 as  c r  

^  1 . 0 r  s t a t e d  in  a n o th e r  way, i f  t e c h n ic a l  change i s  n e u t r a l ,  th e  

d i r e c t i o n  o f  change o f  r e l a t i v e  in p u t  s u p p l ie s  and th e  magnitude o f  

th e  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  a r e  th e  o n ly  f a c t o r s  govern ing  

th e  b e h a v io r  o f  r e l a t i v e  s h a re s .  In p a r t i c u l a r ,  an in c r e a s e  in  th e  

c a p i t a l - l a b o r  r a t i o  w i l l  be accompanied by an in c re a s e  o r  a d e c re a se  

in  l a b o r ' s  r e l a t i v e  sh a re  a s  1. I f  g /g  < 0  ( i . e .  t h e  r a t e  o f  i n ­

c re a s e  in  th e  employed la b o r  exceeds th e  r a t e  o f  c a p i t a l  a c c u m u la t io n ) ,
•

S/S ^  0 a s ^ > l .  And i f  a  =1 (as  in  Cobb-Douglas p ro d u c t io n  f u n c t io n ) ,  

th e n  changes in  the  r e l a t i v e  s u p p l ie s  o f  f a c t o r s  w i l l  have no e f f e c t  

on th e  r e l a t i v e  sh a re .

I f  te c h n o lo g ic a l  change i s  b ia s e d ,  th e  r a t e  o f  change in  l a b o r ' s  

r e l a t i v e  sh a re  can be exp ressed  as

S/S = - ( 1 -S ) [B ( t ) + (1- \  ) |  ] ( 2 .3 .1 2 ) ,

where B(t)  = d lnM R S^.,/d t = (F~ /F r ) - ^ -  N oting t h a t  when t e c h n ic a lC*'t Gt G
change i s  H ic k s - n e u t r a l , B ( t)= 0 , e q u a tio n  (2 .3 .1 2 )  red u ces  to  e q u a tio n  

(2 .3 .1 1 ) .
»

W ithout c o n s id e r in g  th e  b i a s ,  i f  <jr < 1 and g /g  > 0 , l a b o r ' s  

r e l a t i v e  sh a re  ten d s  to  in c r e a s e .  With th e  b i a s ,  l a b o r ' s  r e l a t i v e  

sh a re  i s  in c r e a s in g  o r  d e c re a s in g  as B (t)  ^  0. More s p e c i f i c ,  B ( t )>  0 

i s  a n e c e s sa ry  c o n d i t io n  f o r  d e c re a s in g  l a b o r ' s  r e l a t i v e  s h a re .  The 

s u f f i c i e n t  c o n d i t io n  f o r  d e c re a s in g  l a b o r ' s  sh a re  i s  t h a t  th e  s i z e  o f



ft m
B(t)  outw eighs th e  s i z e  o f  [ ( 1 - i )  -J^ su c h  t h a t  th e  te rm  [8 C6)-fO“ jR)JM

o  g ”
i s  n e g a t iv e .  Such c o n c lu s io n s  seem to  o f f e r  a  way o f  d e f in in g  b ia se d  

t e c h n ic a l  change; t h a t  i s  to  say t e c h n ic a l  change i s  l a b o r -u s in g ,  

n e u t r a l ,  o r  c a p i t a l - u s i n g  depending upon w hether th e  r e l a t i v e  sh a re  

o f  la b o r  in c r e a s e s ,  rem ains unchanged, o r  d e c re a s e s ,  i f  a  < 1 and 

(g /g) > 0 .

In th e  s p e c i f i c  case  o f  a  f a c t o r  augmenting model i n  th e  CES 

form X  ~ [a(C*e5t ) - p +b(N*e^t ) " p] “ 1//(> » r e l a t i v e  f a c t o r

sh a re  i s

(q.C)/(W.N) = ^ . (  ^ i e (6t - X t ) ( l -  1 ) ( 2 .3 .1 3 ) ,
b N

and th e  e f f e c t s  o f  a s h i f t ,  in  th e  f a c t o r  e f f i e n c y  r a t e  can be 

ex p ressed  as

OS < r ^ |  ( 2 .3 .1 5 ) .

That i s ,  w hether improvements in  f a c t o r  e f f i c i e n c y  w i l l  in c r e a s e  t h a t  

f a c t o r ' s  r e l a t i v e  sh a re  o r  n o t  depends on th e  magnitude o f  th e  e l a s t i ­

c i t y  o f  f a c t o r  s u b s t i t u t i o n .

The a g g re g a te  e f f e c t s  o f  changes in  l a b o r ' s  and c a p i t a l ' s  

e f f i c i e n c y  r a t e s  on th e  f a c t o r  sh a re  can be ex p ressed  as

and

~,(4-C  )  - s f 't-C  \
LN )]=^ w ^ _ w d < r

d [ ( q - c ) / ( w   w —

= t ' W ^ - C1“ 5 : K d 6 - <iX:i
( 2 .3 .1 6 ) .



That i s ,  th e  changes o f  th e  r e l a t i v e  f a c t o r  sh a re  depend on th e  mag­

n i tu d e  o f  th e  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  and th e  r e l a t i v e  s i z e s  

o f  th e  changes in  th e  f a c t o r ' s  e f f i c i e n c y  r a t e s .

One should  be aware t h a t  th e  above r e l a t i o n s  we have d e r iv e d  a r e  

p u re  p ro d u c t io n  phenomena and th e y  may n o t be e m p i r ic a l ly  confirm ed. 

The d is c re p a n c ie s  between th e  pure  p ro d u c t io n  e s t im a te s  and th e  a c tu a l  

d i s t r i b u t i o n  o f  f a c t o r  income sh a re  may be ex p la in e d  by m arket fo rc e s  

which a re  beyond th e  scope o f  t h i s  s tu d y .  However, th e se  r e l a t i o n s  

may p ro v id e  some t h e o r e t i c a l  guidance to  th e  government in  making 

p o l i c y  concern ing  income d i s t r i b u r i o n .

2 .4 .  F i t t i n g  the  P ro d u c tio n  F unc tions

2 .4 .1 .  F i t t i n g  th e  Cobb-Douglas P ro d u c tio n  F unc tion

In th e  e s t im a t io n  o f  th e  Cobb-Douglas p ro d u c t io n  fu n c t io n  in  th e  

a g r i c u l t u r a l  s e c to r  and th e  m anufac tu ring  s e c t o r ,  we s p e c i fy  th e  

fu n c t io n  as

X = AQ. e r t .Na .CP ( 2 .4 .1 ) ,

where X i s  o u tp u t ,  N i s  man days employed, and C i s  u t i l i z e d  c a p i t a l .  

N o tice  th e  f u n c t io n  i s  " n e u t r a l l y "  s h i f t i n g  r  p e rc e n t  p e r  u n i t  o f  

tim e d u r in g  th e  p e r io d  under  c o n s id e ra t io n .

Taking th e  f i r s t  d i f f e r e n c e  o f  each v a r i a b le  a f t e r  ap p ly in g  a 

lo g a r ith m  tra n s fo rm a t io n  on eq u a t io n  (2 .4 .1 )  to  e l im in a te  th e  c o r r e ­

l a t i o n  o f  t  and C and th e  p o s s ib l e  s e r i a l  c o r r e l a t i o n  in  th e  

r e g r e s s io n ,  we ge t

/a In  X = r+a ^dn N+0 A InC (2 .4 .2 )



In  a v a i l a b l e  d a ta ,  we have o n ly  c a p i t a l  s to ck  based  on th e  in v e n to ry  

method. Using th e  c a p i t a l  s to c k  as  th e  c a p i t a l  in p u t  in  t h e  r e g re s s io n

(2 .4 .2 )  may r e s u l t  in  a b ia se d  e s t im a t io n  o f  th e  p ro d u c tio n  fu n c t io n

because n o t  a l l  o f  th e  c a p i t a l  s to c k  a re  a c t u a l l y  employed. We th e r e -
14

fo re  u t i l i z e  the Wharton method t o  f in d  ou t th e  c a p a c i ty  u t i l i z a t i o n  

r a t e s ,  S, and r e v i s e  e q u a tio n  ( 2 .4 .2 )  as

A In X= r+a A In  N+0 A ( In  S+ In  K) (2 .4 .3 )

where K i s  th e  c a p i t a l  s to c k .  I f  t h e  r e s id u a l  e r r o r  o f  eq u a tio n

( 2 .4 .3 ) ,  U, i s  s i g n i f i c a n t l y  c o r r e l a t e d  w ith  c a p a c i ty  u t i l i z a t i o n ,

th en  th e  i n i t i a l  ad justm en t f o r  c a p a c i ty  u t i l i z a t i o n  i s  in a d e q u a te ,
15

and f u r t h e r  ad justm en t i s  r e q u i r e d .  According to  Brown, th e

o r ig i n a l  ad justm en t f o r  c a p a c i ty  u t i l i z a t i o n  o f  th e  c a p i t a l  s to c k  i s

in ad eq u a te  by an amount t h a t  i s  equa l to  th e  c o n t r ib u t io n  g iven  by th e

c a p a c i ty  u t i l i z a t i o n  v a r i a b l e  S to  th e  e x p la n a t io n  o f  th e  r e s i d u a l  U.

We th u s  ru n  a r e g r e s s io n  on A In U= U +U,»ln S, and f u r t h e r  a d ju s to 1
th e  r e g re s s io n  (2 .4 .3 )  as

A In  X = r*+a * ^  In  N+p« a  [(1+Uj ) In  S+ In  K] (2 .4 .4 )

N o tice  th e  r e s u l t s  o f  th e  r e g r e s s io n  on e q u a tio n  (2 .4 .3 )  o r

eq u a tio n  (2 .4 .4 )  w i l l  e s t im a te  o n ly  th e  r a t e  o f  n e u t r a l  t e c h n ic a l

change and the  p a r t i a l  e l a s t i c i t y  o f  th e  two f a c t o r  in p u t s .  To see

i f  d i f f e r e n t  t e c h n ic a l  epochs e x i s t  d u r in g  th e  e n t i r e  p e r io d  1952-
16

1972, we fo llow  th e  approach developed by Brown to  i s o l a t e  th e se

p e r io d s .  We e s t im a te  th e  p ro d u c t io n  fu n c t io n s  o f  s e v e ra l  su b -p e r io d s

by u s in g  th e  r e g re s s io n  (2 .4 .3 )  o r  ( 2 .4 .4 ) ,  whichever i s  a p p r o p r ia te ;
17

and then  ap p ly in g  the  Chow t e s t  to  see whether th e  e s tim a te d



p aram eters  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t l y  d i f f e r e n t  among th e  sub ­

p e r io d s .  I f  th e y  a r e ,  we conclude t h a t  th e  two s u b -p e r io d s  embrace

d i f f e r e n t  te c h n o lo g ie s .  F i n a l l y ,  th e  dummy v a r i a b l e  approach developed 
18

by D. G u ja r a t i  i s  used to  e s t im a te  th e  p ro d u c t io n  fu n c t io n  o f  th e  

d i f f e r e n t  t e c h n ic a l  epochs d e te c te d .

2 .4 .2  F i t t i n g  th e  CES P ro d u c tio n  Function

In s e c t io n s  (2 .2 .2 )  and 2 .2 .4 )  we show t h a t  a  , th e  e l a s t i c i t y  

o f  f a c t o r  s u b s t i t u t i o n ,  i s  a l s o  a d e te rm in a n t  o f  b ia s e d  t e c h n ic a l  

change and w i l l  a f f e c t  th e  growth r a t e  o f  o u tp u t .  S ince  cr in  a 

Cobb-Douglas p ro d u c t io n  fu n c t io n  always e q u a ls  u n i t y ,  s e r io u s  l i m i ­

t a t i o n s  in  th e  a n a ly s i s  may a r i s e .  To avo id  l i m i t a t i o n s  and f o r  

purposes  o f  com parison, a CES p ro d u c t io n  fu n c t io n  i s  a l s o  e s t im a te d .

Since we a re  d e a l in g  w ith  h ig h ly  a g g reg a te  r e l a t i o n s h i p s  in  t h i s  

s tudy , th e  meaning o f  economies o f  s c a le  may become v ery  vague. In 

a d d i t io n ,  in  tim e s e r i e s  a n a l y s i s ,  i t  i s  v e ry  d i f f i c u l t  to  d i s t i n g u i s h  

between economies o f  s c a le  and t e c h n ic a l  p r o g re s s .  Thus, in  our 

e m p ir ic a l  f i t t i n g  o f  a  CES p ro d u c t io n  f u n c t io n ,  we use a c o n s ta n t  

r e tu r n s  to  s c a le  s p e c i f i c a t i o n .

In  o rd e r  to  avo id  th e  u n n ecessa ry  r e s t r i c t i o n  t h a t  t e c h n ic a l  

change a f f e c t s  th e  p r o d u c t i v i t i e s  o f  c a p i t a l  and la b o r  in  th e  same

manner as  presumed in  th e  o r ig i n a l  CES f u n c t io n  o f  th e  form 
X=r[kN"P + (l-k )C "P  ]"^ /P ,w e  s p e c i fy  th e  CES p ro d u c t io n  fu n c t io n  a s :  

X=[a(C.e5 t )~P + b (N .eXt) -P  ] - l / p  ( 2 .4 .5 ) ,

where C and N a re  th e  c a p i t a l  and la b o r  in p u ts  in  n a tu r a l  u n i t s  

r e s p e c t iv e ly ,  e ^ C  and e ^ N  a re  th e  c a p i t a l  and la b o r  in p u ts  in  

e f f i c i e n c y  u n i t s ,  and p d e f in e s  th e  e l a s t i c i t y  o f  s u b s t i t u t i o n  cr =

1 /  (1+p) • The e s t im a te s  o f  § and X , in c o rp o ra te d  w ith  th e  s i z e  o f



show th e  d i r e c t i o n  o f  t e c h n ic a l  b i a s e s .  However, because  o f  th e  non-

l i n e a r i t y  and c o m p l ic i ty  o f  e q u a tio n  ( 2 .4 .5 ) ,  th e  p a ram ete rs  cannot be
19

d i r e c t l y  e s t im a te d .  To so lv e  t h i s  problem , we assume (1) p e r f e c t  

c o m p e ti t io n  i n  th e  f a c t o r  and p ro d u c t  m ark e ts ,  t h e r e f o r e  making f a c t o r  

p r i c e s  p re d e te rm in e d ,  and (2) th e  p ro d u cers  a re  m o tiv a ted  by p r o f i t  

m axim ization . The second assum ption  g iv e s :

W* = P . FN = P.X1+P.bN"C1+P) e "pXt ( 2 .4 .6 ) ,

where W*is m arg ina l c o s t  o f  l a b o r ,  p i s  o u tp u t  p r i c e ,  and FN = 3X/3N.

. Tr\
S ince  W* i s  n o t  o b se rv a b le ,  we l e t  W =W* e , where W i s  th e  observed  

wage r a t e .  And a p p ly in g  a  lo g a r i th m ic  t r a n s fo rm a t io n  to  eq u a tio n

( 2 .4 .6 ) ,  we g e t

In  (X/N) = -cr In  b+o In  (W/P) + (l-cr)Xt+orD ( 2 .4 .7 )*

which i s  a  n o n - l i n e a r  form i n  th e  p a ram ete rs  and may g iv e  th e  e s t im a te s

o f  a  (and th e r e f o r e  p ) ,  X and r  .

Equation  (2 .4 .5 )  can be r e w r i t t e n  as

(C/X)p - b [C /(N .e U ) ] p = a . e " 6p t ( 2 .4 .8 )

o r  as

A A

In  [(C/X)P - b (  —£-5— )P -  In  a  -  p6t  ( 2 .4 .9 ) ,
N.e

where th e  p a ram ete rs  w ith  th e  symbol * a r e  th e  e s t im a te s  from eq u a t io n

( 2 .4 .7 ) .  The r e g r e s s io n  on eq u a tio n  (2 .4 .9 )  w i l l  g ive  th e  e s t im a te  

o f  th e  rem ain ing  p a ram ete r  6 .



FOOTNOTES

1
John W. Kendrick, "Post-War P r o d u c t iv i ty  Trends in  th e  U. S . ,  1948-1969." 

NBER, 1973, p .  4.

2
In a CES p ro d u c tio n  f u n c t io n ,  th e  p a r t i a l  p r o d u c t iv i t y  index o f  la b o r

i s  AP = — Y[kc + (l-k )N  ] — w]ie re  x: o u tp u t ,  N: l a b o r ,  C: c a p i t a l >
N N N p

k: c a p i t a l  i n t e n s i t y ,  r :  p ro d u c t io n  s h i f t i n g  p a ram ete r ,  v: degree  o f  
homogeneity, p : d e f in e s  th e  e l a s t i c i t y  o f  s u b s t i t u t i o n  0 = —  . I t s  
t o t a l  d i f f e r e n t i a l  i s

dA P .  d r  ♦  ^ N d v +  ♦  2 ^  ♦  2 ^ d c  ♦  — 1
N BY Bv Bk Ba Be BN

The f i r s t  two terms show th e  im pacts o f  th e  n e u t r a l  te c h n ic a l  change 
and th e  economies o f  s c a le  on th e  p a r t i a l  p r o d u c t iv i t y .  The t h i r d  and
th e  fo u r th  terms r e p re s e n t  th e  e f f e c t s  o f  n o n -n e u tra l  t e c h n ic a l  change
on th e  p a r t i a l  p r o d u c t iv i t y .  The l a s t  two terms show th e  e f f e c t s  o f  
changes in  th e  q u a n t i t i e s  o f  in p u t s .

3
Moses Abramowitz, "Resource and Output Trends in  th e  U, S. s in c e  1870." 

AER, May 1956.

4
Two k inds  o f  t o t a l  f a c t o r  p r o d u c t iv i t y  have been commonly used:

X/(Na . C^) and X/( a.N+ £5.C). The form er, w eighted  by th e  f a c t o r  s h a re s ,  
was recommended by E. Domer, "On T o ta l  P r o d u c t iv i ty  and A ll  T h a t" ,  JPE, 
December 1962. The l a t t e r ,  used by Kendrick, u t i l i z e s  a l i n e a r  combi­
n a t io n  o f  la b o r  and c a p i t a l  w ith  f a c t o r  p r i c e s  as w e ig h ts .  The Domar 
form i s  based on a Cobb-Douglas p ro d u c t io n  f u n c t io n ,  w hile  K endrick ’s 
fo rm u la t io n  r e q u i r e s  only  t h a t  t h e  u n d e r ly in g  p ro d u c tio n  fu n c t io n  be 
homogeneous o f  degree  one.

5
John Kendrick b e l ie v e s  th e  measure o f  t a n g ib le  f a c t o r  in p u t s ,  u n ­

a d ju s te d  fo r  q u a l i t y  change, and th e  a s s o c ia te d  t o t a l  and p a r t i a l  
p r o d u c t iv i ty  measure remain a u s e fu l  p o in t  o f  d e p a r tu re  f o r  a n a ly s is  
o f  growth and change in  economic ag g reg a tes  and s t r u c t u r e .  However, 
th e  approach o f  Z. G r i l i c h e s  and D. W. Jo rgenson  in  "The E xp lan a tio n  
o f  p r o d u c t iv i ty  Change", R. E. S tu d ie s ,  J u ly ,  1967, n o t  only  a d ju s te d  
la b o r  in p u t  f o r  th e  f a c to r s  s e l e c t e d  by E. Danison in  "The Sources o f  
Growth and S t r u c tu r a l  Change in  U. S. and th e  A l te r n a t iv e  Before Us", 
b u t  a lso  a d ju s te d  c a p i t a l  in p u t  f o r  q u a l i t a t i v e  improvements and f o r  
changes in  th e  r a t i o  o f  c a p a c i ty  u t i l i z a t i o n ,  as w ell as  b e ing  c o r r e c te d  
f o r  s e v e ra l  o th e r  a l l e g e d  " e r r o r s "  in  th e  measurement o f  o u tp u t  and 
in p u t s .  G r i l ic h e s  and Jo rgenson , t h e r e f o r e ,  found th e  r e s id u a l  v a n ish e d .  
Hence they  even q u e s t io n  th e  u s e f u ln e s s r o f  th e  concept o f  te c h n o lo g ic a l  
advance on economic growth.



6
R. Solow, "T echn ica l Change and th e  Aggregate P ro d u c tio n  F u n c tio n " ,  

R. E. S t a t i s t i c s ,  August, 1957.

7
Such a t e s t  f o r  th e  e x is te n c e  o f  n o n -n e u tra l  t e c h n ic a l  change i s  no t 

ad eq u a te .  In h i s  r e p ly  to  W. P. Hogan, "Technical P ro g ress  and P ro ­
d u c t io n  F u n c tio n " ,  R. E. S t a t i s t i c s ,  November, 1958, Solow h im se lf  
p o in te d  o u t t h a t  th e  c a p i t a l - l a b o r  r a t i o  can change in  such a way as 
to  a llow  th e  p r o p o r t io n a l  changes in  th e  p ro d u c t io n  fu n c t io n  to  be zero , 
w h ile  s t i l l  a l low ing  f o r  n o n -n e u tra l  te c h n ic a l  change.

8
The r a t i o  P / o t  a lso  denotes  th e  c a p i t a l  i n t e n s i t y  in  th e  p ro d u c tio n  
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CHAPTER THREE

AN ANALYSIS OF THE AGRICULTURAL SECTOR

The a g r i c u l t u r a l  s e c t o r  i s  i n i t i a l l y  a dominant s e c t o r  i n  th e

deve lop ing  c o u n t r ie s ,  n o t  o n ly  because  th e  s e c t o r  c o n ta in s  most o f

th e  economy’s p o p u la t io n  b u t a l s o  because  i t  c o n s t i t u t e s  th e  m ajor

p a r t  o f  th e  n a t i o n ' s  income, l a b o r  f o r c e ,  and c a p i t a l  r e s o u rc e s .  Such

f a c t s  combined w ith  t h e  b e l i e f  t h a t  a g r i c u l t u r a l  and r u r a l  p ro d u c tio n

can be r a i s e d  r a p i d ly  w ith  l i t t l e  c a p i t a l ,  and t h a t  r a p id  and la r g e

r e tu r n s  in  th e  a g r i c u l t u r a l  s e c t o r  a r e  p o s s ib le  w ith  r e l a t i v e l y  minor

changes in  te c h n iq u e s ,  le a d  some econom ists  to  argue t h a t  hav ing  a

developed a g r i c u l t u r a l  s e c t o r  i s  e s s e n t i a l  f o r  o v e r a l l  economic

development. These econom ists  conclude t h a t  an a g r i c u l t u r a l  r e v o lu t io n

and a  subsequen t r i s e  in  a g r i c u l t u r a l  p r o d u c t iv i t y  a r e  p r e r e q u i s i t e s  to

g e n e ra te  th e  su rp lu s  t o  p ro v id e  th e  needed c a p i t a l  and to  r e l e a s e  th e

la b o r  fo rc e  f o r  th e  expansion  o f  o th e r  s e c t o r s ,  presum ably th e  manu-
1

f a c tu r in g  s e c t o r .  During th e  Jap an ese  Occupation (1896-1945), Taiwan1

a g r i c u l t u r a l  s e c to r  was h ig h ly  emphasized and was a b le  to  en joy  a  high

growth r a t e .  A ccording to  Dr. T. H. Lee, d u r in g  th e  p e r io d  1911-1940

Taiw an 's  a g r i c u l t u r a l  s e c t o r ,  w ith  r e l a t i v e l y  l i t t l e  c a p i t a l  investm ent

was growing a t  a  r a t e  o f  3.1 p e rc e n t  p e r  y e a r ,  and, on th e  av erag e ,

e x p o r t in g  14.14 p e rc e n t  o f  i t s  n e t  dom estic  p roduc t t o  th e  n o n -a g r i -  
2

c u l t u r a l  s e c t o r .  However, t h e  emphasis on th e  a g r i c u l t u r a l  s e c to r  

d u r in g  th e  Japanese  o ccu p a tio n  was a  Japanese  c o lo n ia l  p o l i c y  p u rsu in g  

th e  s o - c a l l e d  "an i n d u s t r i a l i z e d  Japan  and an a g r i c u l t u r a l  Taiwan" 

p o l i c y ,  r a t h e r  than  a  p o l i c y  o f  pav ing  th e  way f o r  a p u rp o se fu l  

i n d u s t r i a l i z a t i o n .



A f te r  th e  Second World War, th e  s t r u g g le  f o r  i n d u s t r i a l i z a t i o n  

became v e ry  fa sh io n a b le  among th e  deve lop ing  c o u n t r ie s .  Taiwan was no t 

an ex c e p t io n .  The economy s h i f t e d  i t s  emphasis from a g r i c u l tu r e  to  

in d u s t r y .  This  p o l ic y  s h i f t  co in c id e d  w ith  th e  s h i f t  o f  th e  r u l in g  

power from th e  Japanese  to  th e  N a t i o n a l i s t  Chinese who launched a s e r i e s  

o f  f o u r -y e a r  economic p la n s  in  1953. During th e  p e r io d  1952-1972, 

a l th o u g h  th e  a g r i c u l t u r a l  o u tp u t  in  Taiwan was s t i l l  growing a t  an 

average r a t e  o f  4 .36  p e rc e n t  w ith  th e  c a p i t a l  in p u t  in c r e a s in g  5 .26 

p e rc e n t  p e r  y e a r  and th e  la b o r  in p u t  in c r e a s in g  0 .87 p e rc e n t  p e r  y e a r ,  

t h e  economy as  a  whole was growing even f a s t e r ,  a t  8 .41 p e rc e n t  p e r  

y e a r  (see  Table 1 ) .  The m anufac tu ring  s e c to r  was growing a t  a r a t e  o f  

12.77 p e rc e n t  p e r  y e a r  d u r in g  th e  same p e r io d .  C onsequently , th e  

r e l a t i v e  im portance o f  th e  a g r i c u l t u r a l  s e c t o r  to  th e  economy in  terms 

o f  th e  v a lu e  o f  o u tp u t  was d e c l in in g .  However, i t  was n o t  u n t i l  1969 

t h a t  th e  g ross  m anufac tu ring  dom estic  p ro d u c t su rp assed  th e  g ro ss  

dom estic  p ro d u c t o f  th e  a g r i c u l t u r a l  s e c to r .

In  t h i s  Chapter we use  th e  th e o r i e s  d isc u sse d  in  Chapter Two to  

an a ly ze  th e  f a c t o r s  t h a t  c o n t r ib u te d  to  th e  a g r i c u l t u r a l  growth du ring  

th e  p e r io d  o f  1952-1972. The p r o d u c t iv i t y  index  approach , Solow 's 

m easure, p ro d u c tio n  under a Cobb-Douglas w orld , and th e  p ro d u c t io n  

under a CES world a re  p re se n te d  in  th e  subsequent s e c t io n s .  The d i s ­

c u ss io n  o f  th e  e f f e c t s  o f  t e c h n ic a l  change on employment and on income 

d i s t r i b u t i o n  in  th e  a g r i c u l t u r a l  s e c to r  w i l l  be p re se n te d  in  Chapter 

F ive .

3 .1 .  P r o d u c t iv i ty  Indexes and Solow 's Measure

Let us examine th e  p r o d u c t iv i ty  t r e n d s  f i r s t .  The r e a l  g ross  

dom estic  p ro d u c t ,  which i s  th e  num erator o f  th e  p r o d u c t iv i t y  r a t i o s ,



in c r e a s e d  a t  an average r a t e  o f  4 .36  p e rc e n t  p e r  y e a r  between 1952-1972

(see  Table  I I ) .  Labor i n p u t ,  in  term s o f  man days employed, ro se  a t  a

r a t e  o f  0 .87 p e rc e n t  p e r  y e a r .  C a p i ta l  in p u t ,  i n  term s o f  r e a l

c a p i t a l  s to c k ,  in c re a se d  5 .26 p e rc e n t  p e r  y e a r .  Based on Domar's

fo rm u la t io n   X  i t  can be shown t h a t  th e  t o t a l  f a c t o r  p r o d u c t iv i t y
Na . CP

ro s e  by 1.63 p e rc e n t  p e r  y e a r  over  th e  p e r io d  1952-1972. S in c e ,  in  

t h i s  s e c to r  th e  la b o r  in p u t  was growing s low ly  r e l a t i v e  to  th e  c a p i t a l  

accum ulation  d u r in g  t h i s  p e r io d ,  t h i s  p r o d u c t iv i t y  in c r e a s e  may r e s t  

w ith  a l a b o r - s a v in g  t e c h n ic a l  change. Such a h y p o th e s is  can be f u r t h e r  

supported  by th e  f a c t s  t h a t  th e  r e a l  o u tp u t  p e r  man-day was r i s i n g  a t  

an average annual r a t e  o f  3 .49 p e rc e n t  w h ile  th e  c a p i t a l ,  - l a b o r  r a t i o  

was growing a t  4 .39  p e rc e n t  p e r  y e a r ,  as in d ic a te d  in  Table I I .  The 

la b o r - s a v in g  b ia s  o f  t e c h n ic a l  change d u r in g  t h i s  p e r io d  w i l l  be t e s t e d  

ag a in  by th e  method o f  p ro d u c t io n  fu n c t io n  e s t im a t io n .

The r e s u l t s  o f  th e  Solow 's measure a re  a l s o  p re se n te d  in  Table I I .

A kAccording to  Solow (eq u a tio n  (2 .1 .1 0 )  = — + W tt th e  A (t)  s e r i e s  i sC| A

a rough p r o f i l e  o f  t e c h n o lo g ic a l  change. Solow 's measure shows t h a t

te c h n ic a l  change has in c re a se d  p r o d u c t iv i t y  by 22.25 p e rc e n t  between

1953 and 1972. S ta te d  i n  a  d i f f e r e n t  way, th e  p ro d u c t io n  fu n c t io n  was

s h i f t i n g  upward about 1 .057 p e rc e n t  p e r  y e a r  d u r in g  t h a t  p e r io d .  Since

th e  c o e f f i c i e n t  o f  d e te rm in a tio n  (R^) o f  A/A and C/N i s  only  0.0288, we

may f e e l  com fortab le  to  i n t e r p r e t  th e  1.057 p e rc e n t  annual upward

s h i f t  i n  th e  p ro d u c tio n  as th e  n e u t r a l  s h i f t  which i s  presumed in  th e
3

Solow fo rm u la t io n .  Follow ing Solow 's  e x p la n a t io n ,  th e  " c o r r e c te d  GDP

(gross  dom estic  p ro d u c t)  p e r  man-day, o r  th e  GDP p e r  man-day n e t  o f  th e

s h i f t  i n  techno logy  (sy m b o lic a l ly  X ( t ) / N ( t ) ) in  th e  a g r i c u l t u r a l  s e c to r
A (t)



was growing a t  a  r a t e  o f  1 .94 p e rc e n t  p e r  y e a r  ( t h e ' l a s t  column 

o f  Table  I I ) .  Examining t h i s  from a d i f f e r e n t  a n g le ,  th e  NT $35.08 

($89.53 minus $54.45) o f  th e  NT $55.01 ($109.46 minus $54.45) in c r e a s e

in  th e  r e a l  GDP p e r  man-day can be inp u ted  to  in c re a se d  c a p i t a l  (about
4

64%), and th e  rem ainder to  in c re a se d  p r o d u c t iv i t y  (about 36%). In

o th e r  words, c a p i t a l  fo rm ation  r a t h e r  than  p r o d u c t iv i ty  in c r e a s e  i s

th e  m ajor c o n t r ib u to r  to  th e  o u tp u t  growth in  th e  a g r i c u l t u r a l  
5

s e c to r .

As mentioned in  S ec t io n  2.1  bo th  th e  Solow measure and th e  t o t a l  

p r o d u c t iv i ty  index  use  th e  same concept as th e  Abramowitz r e s i d u a l . 

However, ou r  f in d in g s  i n d i c a t e  t h a t  s h i f t  in  p ro d u c t io n  e f f i c i e n c y  

based  on th e  Solow measure i s  lower than  th e  Doman fo rm u la t io n .  This 

d isc re p a n c y  can , however, be e x p la in e d .  R e c a l l in g  th e  v e ry  c h a r a c t e r ­

i s t i c s  o f  th e  two methods, Solow’s method i s  used presum ably to  measure 

o n ly  th e  n e u t r a l  te c h n o lo g ic a l  change under th e  assum ption t h a t  th e  

s e c to r  i s  o p e ra t in g  in  th e  range o f  c o n s ta n t  r e tu r n s  to  s c a l e ,  w hile  

th e  p r o d u c t iv i t y  index method i s  des igned  to  r e f l e c t  a l l  th e  d iv e r s e  

fo rc e s  t h a t  a f f e c t  th e  q u a l i t y  o f  f a c t o r  in p u t s ,  and hence in c lu d e s  more 

than  th e  pu re  e lem ents  o f  te c h n ic a l  change. In th e  a g r i c u l t u r a l  s e c to r  

c a p i t a l  was growing f a s t e r  th an  la b o r .  I f  th e  te c h n o lo g ic a l  change i s  

in  th e  r i g h t  d i r e c t i o n  - i . e .  c a p i t a l  u s in g  - Solow1s measure w i l l  

s u r e ly  u n d e r -e s t im a te  th e  c o n t r ib u t io n  o f  t e c h n ic a l  change to  th e  

growth r a t e  as  d isc u s s e d  in  S ec tio n  2 .2 .3 .

3 .2  P ro d u c tio n  under a  Cobb-Douglas World in  th e  A g r ic u l tu r a l  S e c to r

In t h i s  s e c t io n ,  by e s t im a t in g  th e  Cobb-Douglas p ro d u c t io n  

f u n c t io n ,  we a t tem p t to  i d e n t i f y  both  th e  f a c t o r s  and th e  way th e se



f a c t o r s  a f f e c t  th e  growth o f  a g r i c u l t u r a l  p ro d u c t io n .  The p rocedure  

in v o lv es  th e  e s t im a t io n  o f  th e  Cobb-Douglas f u n c t io n  o f  th e  form

Ain X = r+aA In  N+|3A In C (2 .4 .2 )  >

In o rd e r  to  e l im in a te  th e  e f f e c t s  o f  c y c l i c a l  f l u c tu a t i o n s  and t h e r e ­

f o r e  to  reduce  th e  b ia s e s  in  th e  e s t im a t io n ,  we in s t e a d  e s t im a te  

e q u a tio n  (2 .4 .3 )

Ain X = r+aA lnN+$A(ln S+ln k) ( 2 .4 .3 ) ,

where X i s  th e  r e a l  g ro ss  p ro d u c t ,  N i s  th e  man days employed, S i s  th e
6

c a p a c i ty  u t i l i z a t i o n  r a t e ,  and K i s  th e  r e a l  c a p i t a l  s to c k .  The r e ­

g re s s io n  r e s u l t s  o f  e q u a tio n  (2 .4 .3 )  f o r  d i f f e r e n t  p e r io d s  a r e  summarized 

in  Table I I I .

In th e  Cobb-Douglas w orld , d u r in g  th e  e n t i r e  p e r io d  under c o n s id e r ­

a t i o n  (1953-1972), th e  r e s u l t s  show: (a) t h e r e  i s  a  0 .03  p e rc e n t  p e r  

y e a r  upward n e u t r a l  s h i f t  in  p ro d u c t io n ;  (b) w ith  a one p e rc e n t  in c r e a s e  

in  la b o r  in p u t ,  o u tp u t  w i l l  be in c re a se d  by 0.5956 p e r c e n t ,  and a one 

p e rc e n t  in c r e a s e  in  c a p i t a l  w i l l  in c r e a s e  o u tp u t  by 0.7086 p e r c e n t ;

and (c) th e  s e c t o r  i s  behaving  under a  s i t u a t i o n  c h a r a c te r iz e d  by in -
7

c re a s in g  r e tu r n s  to  s c a l e .  As w i l l  be seen  below, t h e r e  a r e  d i f f e r e n t  

s t r u c t u r a l  epochs w i th in  th e  e n t i r e  p e r io d .  T h e re fo re  th e se  f e a t u r e s ,  

which a re  th e  r e s u l t  o f  th e  a g g re g a t io n  o f  d i f f e r e n t  s t r u c t u r e s ,  may 

n o t  be very  m ean ingfu l.

From th e  r e g r e s s io n  r e s u l t s  p r e se n te d  in  Table I I I ,  i t  seems, a t  

f i r s t  g la n c e ,  t h a t  t h e r e  i s  a c l e a r  d i v i s i o n  in  th e  p ro d u c t io n  

c h a r a c t e r i s t i c s  between th e  f i r s t  te n  y e a rs  and th e  l a s t  te n  y e a r s .

The f i r s t  t e n  y e a rs  (1953-1962) were a s s o c ia te d  w ith  an upward n e u t r a l



s h i f t  in  th e  p ro d u c t io n  f u n c t io n ,  w ith  a more o r  l e s s  c o n s ta n t  r e tu rn s  

to  s c a l e  p ro d u c t io n ,  and w ith  a n e g a t iv e  la b o r  c o n t r ib u t io n  to  th e  p ro ­

d u c t io n  p ro c e s s .  The l a t t e r  te n  y e a rs  (1963-1972) showed a downward 

n e u t r a l  s h i f t  in  th e  p ro d u c t io n  fu n c t io n  and in c r e a s in g  r e t u r n s  to  

s c a le  w ith  p o s i t i v e  c o n t r ib u t io n s  o f  b o th  la b o r  and c a p i t a l  to  th e  

p ro d u c t io n .  However, when we app ly  Chow t e s t s  to  sea rc h  f o r  th e  

s t r u c t u r a l  changes , th e  above im press ion  o f  th e  s e c to r  i s  changed.

In s e a rc h in g  f o r  th e  s t r u c t u r a l  changes, we b eg in  by e s t im a t in g  

e q u a tio n  (2 .4 .3 )  A i n  X=r+aAln N+0A(ln S+ln k ) ,  w ith  o b s e r ­

v a t io n s  s t a r t i n g  a r b i t r a r i l y  w ith  th e  p e r io d  1953-1957. We s e t  every  

f i v e  y e a rs  as  a su b p e r io d .  The r e s u l t s  o f  th e  Chow t e s t s  in  d e t e c t in g  

th e  s t r u c t u r a l  changes among th e  su b -p e r io d s  a re  p re se n te d  in  Table IV. 

At th e  f iv e  p e rc e n t  l e v e l  o f  s ig n i f i c a n c e  we f in d  t h a t  th e r e  a r e  t h r e e  

d i f f e r e n t  s t r u c t u r a l  epochs - -  1953-1957, 1958-1967, and 1968-1972.

The e s t im a te s  o f  th e  Cobb-Douglas p ro d u c t io n  fu n c t io n  o f  th e  th r e e  

epochs by u s in g  th e  dummy v a r i a b l e  approach developed by D. G u ja r a t i  

a r e  summarized in  Table  V.

Among th e  t h r e e  epochs, th e  e s t im a te d  p a ram ete rs  d i f f e r  s i g n i f i ­

c a n t ly .  In  th e  f i r s t  t e c h n o lo g ic a l  epoch, 1953-1957, th e  p ro d u c t io n  

was c h a r a c te r iz e d  bvr d e c re a s in g  r e t u r n s  to  s c a le  w ith  a  v e ry  h igh  o u t ­

p u t  e l a s t i c i t y  o f  c a p i t a l  (2.498) b u t  a  n e g a t iv e  o u tp u t  e l a s t i c i t y  o f  

l a b o r .  The phenomenon can be i n t e r p r e t e d  to  r e f l e c t  th e  e x is te n c e  o f

a redundan t la b o r  fo rc e  (d is g u ise d  unemployment) and o f  a  c a p i t a l
8

s c a r c i t y  in  th e  a g r i c u l t u r a l  s e c to r  d u r in g  t h a t  p e r io d .  N e v e r th e le s s ,  

d u r in g  t h a t  p e r io d  th e  s e c to r  was en jo y in g  th e  n e u t r a l  type  o f  tech n o ­

l o g ic a l  p ro g re s s  a t  a  r a t e  o f  4 .03  p e rc e n t  a n n u a l ly .



As th e  s e c to r  evolved in t o  th e  second epoch (1958-1967), th e  p r o ­

d u c t io n  c h a r a c t e r i s t i c s  changed. The o u tp u t  e l a s t i c i t y  o f  la b o r  

in c re a se d  s h a rp ly ,  a l th o u g h  i t  s t i l l  remained n e g a t iv e .  On th e  o th e r  

hand, th e  o u tp u t  e l a s t i c i t y  o f  c a p i t a l  d ec reased  from 2.498 to  0 .878 .

I t  i s  a  type  o f  d e c re a s in g  r e t u r n s  t o  s c a l e ,  and the  r a t e  o f  n e u t r a l  

te c h n o lo g ic a l  p ro g re s s  was reduced  to  1.17 p e rc e n t  p e r  y e a r .

During th e  t h i r d  te c h n o lo g ic a l  epoch (1968-1972). p ro d u c t io n  was 

in  in c r e a s in g  r e tu r n s  to  s c a le  r a n g e ,  w ith  p o s i t i v e  o u tp u t  e l a s t i c i t i e s  

fo r  bo th  c a p i t a l  and l a b o r .  The o u tp u t  e l a s t i c i t y  o f  la b o r  (1 .267) has 

su rp assed  th e  o u tp u t  e l a s t i c i t y  o f  c a p i t a l  (0 .6 1 6 ) ,  and th e  r a t e  o f  

n e u t r a l  te c h n o lo g ic a l  p ro g re s s  i s  n e g a t iv e  ( -2 .3 2  p e rc e n t  p e r  y e a r ) .

From th e  pure  p ro d u c t io n  p o in t  o f  view, under a Cobb-Douglas 

w orld , th e  f a c t o r ' s  e l a s t i c i t y  o f  p ro d u c t io n  i s  a lso  th e  f a c t o r ' s  

income sh a re .  In a l l  o f  th e  t h r e e  d i f f e r e n t  p ro d u c t io n  s t r u c t u r e s ,  

th e  s i z e s  o f  th e  e l a s t i c i t i e s  o f  l a b o r  and o f  c a p i t a l  a re  d i f f e r e n t  

from what we would expect on th e  b a s i s  o f  t h e i r  r e l a t i v e  income sh a re s  

(see  Table I I ) .  This i s  due to  th e  f a c t  t h a t  o u r  e s t im a t io n  o f  th e  

e l a s t i c i t i e s  o f  p ro d u c tio n  i s  a  te c h n o lo g ic a l  r e l a t i o n s h i p  and the  

d isc rep an cy  may be e x p la in ed  by th e  m arket f o r c e s .  However, s in c e  th e  

o u tp u t  e l a s t i c i t y  o f  l a b o r  in c re a s e d  r e l a t i v e  to  the  o u tp u t  e l a s t i c i t y  

o f  c a p i t a l  in  th e  th re e  t e c h n ic a l  epochs, i t  su g g es ts  t h a t  th e  p ro ­

d u c t io n  in  th e  a g r i c u l t u r a l  s e c t o r  was moving toward a  la b o r  u s in g  

technology d u r in g  th e  p e r io d  1953-1972. And s in c e ,  d u r in g  t h i s  p e r io d ,  

th e  c a p i t a l  in p u t  was growing f a s t e r  (5 .26 p e rc e n t  p e r  y ear)  than  la b o r  

(about 0 .87 p e rc e n t  p e r  y e a r ) ,  th e  c u r r e n t  la b o r  u s ing  te c h n o lo g ic a l  

change was n o t  in  the  r i g h t  d i r e c t i o n  to  s t im u la te  th e  o u tp u t  growth.

On th e  c o n t r a ry ,  i t  was making a  n e g a t iv e  c o n t r ib u t io n  to  o u tp u t  growth.



3 .3  The A g r ic u l tu r a l  S e c to r  under a CES World

The e s t im a t io n  p rocedure  o f  a  f a c t o r  augmenting CES fu n c t io n  has 

been d isc u s se d  in  S e c t io n  2 .3 .2 .  The p a ram ete rs  o f  th e  CES f u n c t io n

X=[a(ke^t ) -p +b(Ne^t ) - p ] ' ' ’*Vp a r e  e s t im a te d  in  two s te p s  by runn ing  

th e  r e g re s s io n  on th e  fo llo w in g  two e q u a t io n s ;

ln(X/N)=-crlnb+aln(W/P)+arD+ ( l - a )  t  (2 .4 .8 )

/s
A A A

ln [(K /X )p-b (K /N .eu ) p]= ln  a-pfit (2 .3 .9 )

9
The r e g re s s io n  r e s u l t s  a re  summarized in  Table VI. Three i n t e r e s t i n g  

f e a tu r e s  a r e  worth m ention ing  from th e  r e s u l t s  o f  th e  r e g re s s io n  on 

th e  p e r io d  1952-1972.

(1) During th e  e n t i r e  p e r io d  under o b s e rv a t io n ,  c a p i t a l  e f f i c i e n c y

was d e c l in in g  a t  th e  r a t e  o f  0 .96 p e rc e n t  p e r  y e a r  w hile  l a b o r ' s  e f -
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f i c i e n c y  was improving a t  7 .09 p e rc e n t  p e r  y e a r .  In s e c t io n  2 .2 .4

we mentioned t h a t  AfojJL) t ffiCJl) > q. In our p r e s e n t  c a se ,  th e  d e c l in in g
36 3 A

e f f i c i e n c y  o f  c a p i t a l  in  th e  a g r i c u l t u r a l  s e c to r  im p lies  t h a t  th e  

c a p i t a l  in p u t  was making a  n e g a t iv e  c o n t r ib u t io n  to  th e  o u tp u t  growth 

in  th e  a g r i c u l t u r a l  s e c t o r ,  a l th o u g h  th e  m arginal p ro d u c t o f  c a p i t a l  

remains p o s i t i v e .  T h e re fo re ,  i t  le a v e s  th e  in c r e a s e  in  th e  e f f i c i e n c y  

o f  l a b o r  th e  main c o n t r ib u to r  to  th e  a g r i c u l t u r a l  growth.

(2) The e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  i s  0.55 in  th e  p e r io d  

1952-1972. This f ig u r e  i s  r a t h e r  sm a ll .  The t r a d i t i o n a l  r u r a l  s e c to r  

i s  s a id  to  be engaged in  p r e s e n t  a g r i c u l t u r a l  p ro d u c t io n  w ith  a wide 

range o f  tech n iq u es  and a l t e r n a t i v e  com binations o f  la b o r  and c a p i t a l .  

That i s ,  th e  a g r i c u l t u r a l  s e c to r  has a  la rg e  magnitude o f  e l a s t i c i t y  o f



f a c t o r  s u b s t i t u t i o n .  Our f in d in g  i s  c o n t r a ry  to  such a  g e n e ra l  b e l i e f .

However, a t  a n o th e r  p o in t  to  be d isc u s se d  below, we do confirm  Baldwin1

th e o ry  t h a t  a s  a g r i c u l t u r e  becomes more s p e c ia l i z e d  in  th e  co u rse  o f

developm ent, one may ex p ec t i t s  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  to  
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be d e c l in in g .

(3) Based on th e  c r i t e r i a  B = (1™) in  t e s t i n g  th e  b ia s  o f

te c h n ic a l  change d u r in g  1952-1972, th e  a g r i c u l t u r a l  s e c to r  was ex ­

p e r ie n c in g  a  c a p i t a l - u s i n g  type  te c h n ic a l  change, s in c e  th e  e l a s t i c i t y  

o f  s u b s t i t u t i o n  was l e s s  th an  one and la b o r  becoming more e f f i c i e n t  

r e l a t i v e  to  c a p i t a l .  Again, t h i s  i s  c o n t r a ry  to  what has been b e l ie v e d  

in  th e  l i t e r a t u r e —t h a t  a g r i c u l t u r a l  te c h n iq u e s  in  lower income 

economies a r e  endogenously developed w ith  la b o r -u s in g  b ia s  to  r e f l e c t  

th e  e x i s te n c e  o f  th e  r e l a t i v e  abundance o f  l a b o r .

The above th r e e  f in d in g s  may n o t  be m ean ingfu l,  because d u r in g  

th e  tw enty-one y e a rs  o f  o b s e rv a t io n  th e  p ro d u c t io n  s t r u c t u r e  may have 

changed, and hence an ag g reg a te  o f  th e  d i f f e r e n t  s t r u c t u r e s  can d i s t o r t  

th e  r e a l  p i c t u r e .  In f a c t ,  when we d iv id e  th e  e n t i r e  p e r io d  i n to  two 

su b -p e r io d s ,  th e  e s t im a te d  p ro d u c t io n  p aram eters  do d i f f e r  (see  

Table V I ) .

The p ro d u c t io n  in  th e  f i r s t  te n  y e a rs  shows th e  fo llo w in g  f e a tu r e s

(1) The e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  i s  s u b s t a n t i a l l y  

g r e a t e r  th an  one. This seems to  confirm  th e  th e o ry  t h a t  in  th e  e a r ly  

s ta g e  o f  development a g r i c u l t u r a l  p ro d u c tio n  i s  u s u a l ly  c h a r a c te r iz e d  

by a w ider range o f  s u b s t i t u t i o n  between c a p i t a l  and la b o r ,  because  th e  

techno logy  invo lved  i s  p r im i t iv e .

(2) The e f f i c i e n c y  r a t e  o f  c a p i t a l  (5 .53  p e rc e n t  p e r  y e a r)  i s  

much h ig h e r  than  t h a t  o f  la b o r ,  which i t s e l f  i s  n o t  s i g n i f i c a n t l y



d i f f e r e n t  from z e ro ,  in  t h i s  su b p e r io d .  This may se rv e  as ev idence

t h a t  th e r e  e x i s t s  a la b o r  s u rp lu s  in  th e  s e c to r  and th e  in c r e a s e  in

'the e f f i c i e n c y  o f  c a p i t a l  i s  th e  le a d in g  f a c t o r  c o n t r ib u t in g  to  o u tp u t£ *

growth d u r in g  t h a t  p e r io d .

(3) The a r t  o f  p ro d u c t io n  i s  b ia se d  towards b e ing  c a p i t a l  u s in g ,  

s in c e  th e  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  i s  g r e a t e r  than  one and th e  

r a t e  o f  c a p i t a l  e f f i c i e n c y  i s  h ig h e r  than  t h a t  o f  l a b o r .  This i s  a 

phenomenon t h a t  c o n t r a d i c t s  th e  g e n e ra l  b e l i e f  concern ing  lower income 

econom ies.

During the  l a t t e r  e lev en  y e a r  p e r io d ,  th e  e l a s t i c i t y  o f  f a c t o r  

s u b s t i t u t i o n  f e l l  t o  0 .337 . F urtherm ore , n o t  o n ly  has th e  e f f i c i e n c y  

r a t e  o f  la b o r  su rp assed  th e  e f f i c i e n c y  r a t e  o f  c a p i t a l ,  bu t th e  e f f i ­

c ien cy  r a t e  o f  c a p i t a l  has become n e g a t iv e .  Thus, r e v e r s in g  th e  p re v io u s  

t r e n d ,  the  in c r e a s e  in  th e  e f f i c i e n c y  o f  la b o r  i s  th e  main f a c t o r  con­

t r i b u t i n g  to  th e  a g r i c u l t u r a l  growth in  th e  su b p e r io d .  In terms o f  th e  

d i r e c t i o n  o f  the  b i a s ,  th e  s e c to r  was c o n t in u o u s ly  s tay e d  in  a s t a t e  o f  

c a p i t a l  u s in g  te c h n o lo g ic a l  change.

3 .4  Cobb-Douglas v s .  C onstan t E l a s t i c i t y  o f  S u b s t i t u t i o n

In  th e  above two s e c t io n s ,  we have a p p l ie d  th e  same s e t  o f  d a ta  to  

e s t im a te  th e  p ro d u c t io n  fu n c t io n s  in  th e  Cobb-Douglas and CES forms in  

th e  a g r i c u l t u r a l  s e c to r .  The c o n c lu s io n s  we drew from th e se  two p r o ­

d u c t io n  fu n c t io n s  do n o t  r e in f o r c e  each o th e r .  Below i s  a b r i e f  

summary o f  t h e i r  d i f f e r e n c e s .

(1) The f in d in g s  from th e  e s t im a t io n  o f  th e  CES f u n c t io n  do n o t  

confirm  th e  presum ption  im p lied  in  th e  Cobb-Douglas fu n c t io n  t h a t  th e  

e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  i s  equal to  th e  v a lu e  o f  one. (2)

While th e  e s t im a t io n  o f  th e  Cobb-Douglas fu n c t io n  shows t h a t  th e r e  was



a la b o r  u s in g  techno logy  d u r in g  th e  p e r io d  1952-1972, th e  f in d in g s  in  

th e  CES s e t t i n g  i n d i c a t e  t h a t  th e  te c h n ic a l  change was becoming b ia se d  

towards a  c a p i t a l  u s in g  one in  t h a t  p e r io d .  (3) However, b o th  s e t t i n g s  

su g g es t  t h a t  in  th e  e a r l i e r  s ta g e  o f  development in  th e  a g r i c u l t u r a l  

s e c to r ,  c a p i t a l  was th e  main c o n t r ib u t in g  f a c t o r  to  th e  o u tp u t  growth. 

But in  th e  l a t e r  s t a g e ,  la b o r  re p la c e d  c a p i t a l  as th e  main c o n t r ib u to r  

to  t h i s  growth.

In t h i s  s tu d y  we make no a t te m p t to  e x p lo re  th e  reaso n s  t h a t  le a d  

to  th e  d i f f e r e n c e s  in  th e  c o n c lu s io n s .  S ince th e r e  a re  d i f f e r e n t  p r e ­

sumptions im plied  in  th e  two p ro d u c t io n  f u n c t io n s ,  which make them 

non-comparable in  some r e s p e c t s ,  we do n o t  a t te m p t to  r e c o n c i l e  th e  

d i f f e r e n c e .  However, i t  can be u s e fu l  to  ag a in  remind o u r se lv e s  o f  

some o f  th e  b a s ic  f e a tu r e s  o f  th e  two p ro d u c t io n  fu n c t io n s .

Both o f  th e  p ro d u c tio n  f u n c t io n s  p o sse s s  th e  d e s i r a b l e  neo­

c l a s s i c a l  p ro d u c t io n  p r o p e r t i e s  t h a t  th e  m arginal p ro d u c t o f  each f a c t o r  

in p u t  i s  p o s i t i v e  and d e c l in in g .  The Cobb-Douglas p ro d u c t io n  f u n c t io n  i s  

a t t r a c t i v e  f o r  i t s  s im p l i c i t y  - i t  i s  easy  to  comprehend and i s  

economical to  ap p ly .  However, i t  g ives  us on ly  th e  e s t im a t io n  o f  

n e u t r a l  te c h n ic a l  change, u n le s s  we a r e  a b le  to  d e t e c t  d i f f e r e n c e s  in  

th e  p e r io d s  o f  p ro d u c t io n  s t r u c t u r e ,  from which we may i n v e s t i g a t e  th e  

p o s s ib le  b ia s  o f  t e c h n ic a l  change. F urtherm ore , th e  s u b s t i t u t i o n  b e ­

tween commodities o r  between f a c t o r s  o f  p ro d u c t io n  i s  th e  p rim ary  

p o in t  o f  emphasis o f  n e o c la s s i c a l  economics, b u t  th e  Cobb-Douglas 

p ro d u c t io n  fu n c t io n  compels th e  e l a s t i c i t y  o f  s u b s t i t u t i o n  between

la b o r  and c a p i t a l  to  ta k e  on a v a lu e  on ly  o f  u n i ty .  The CES p ro d u c t io n
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fu n c t io n  r e la x e s  t h i s  l i m i t a t i o n .  But a l e s s  r e s t r i c t i v e  s p e c i f i ­

c a t io n  such as t h i s  i s  n o t  w ith o u t c o s t .  As mentioned in  S e c t io n  2 .4 .2 ,



in  th e  case  o f  th e  CES s p e c i f i c a t i o n ,  th e  p ro d u c t io n  p a ram ete rs  cannot 

be d i r e c t l y  e s t im a te d  in  a s in g le  s t e p .  Not on ly  a r e  e x t r a  assum ptions 

and s id e  r e l a t i o n s h i p s  needed b e fo re  we can a c t u a l l y  f i t  th e  d a ta  to  

th e  p ro d u c t io n  fu n c t io n ,  b u t  in  th e  u l t im a te  reduced form d e r iv e d  above, 

i t  i s  s t i l l  a  n o n - l in e a r  f u n c t io n  whose e s t im a t io n  l i a b i l i t y  s t i l l  i s  

n o t  g e n e r a l ly  ag reed  upon. Of course  one may argue t h a t  th e  CES 

fu n c t io n  i t s e l f  may n o t  be r e s p o n s ib le  f o r  such a d isa d v a n ta g e  and t h a t  

i t  i s  p r im a r i ly  a  q u e s t io n  o f  th e  s t a t e  o f  th e  a r t  o f  s t a t i s t i c a l  

te c h n iq u e .

I t  seems f a i r  to  say t h a t  between th e  two p ro d u c t io n  f u n c t io n s ,  

th e  sho rt-com ings  o f  one a re  th e  m e r i ts  o f  th e  o t h e r ,  and v ic e  v e r s a .  

T h e re fo re ,  i t  becomes obvious t h a t  n e i t h e r  o f  them can c la im  s u p e r i o r i t y  

to  th e  o th e r .  The l e s s  r e s t r i c t i v e  CES f u n c t io n  has been s e v e re ly  

reduced  in  i t s  d e s i r a b i l i t y  by th e  com plex ity  and g r a v i ty  o f  i t s  

e s t im a te d  f i t t i n g .  In a d d i t io n ,  th e  fu n c t io n  r e l e a s e s  on ly  th e  r e ­

s t r i c t i o n  o f  a  u n i t a r y  e l a s t i c i t y ,  b u t  does n o t  a l low  th e  e l a s t i c i t y
13

to  v a ry  w ith  th e  r a t i o  o f  f a c t o r  i n p i t s .  Perhaps th e  most v a lu a b le  

le s s o n  le a rn e d  in  th e  comparison o f  th e  r e s u l t s  o f  th e  Cobb-Douglas and 

th e  CES p ro d u c t io n  fu n c t io n s  i s  t h a t  i t  i s  q u i t e  p o s s ib le  f o r  us to  

draw v e ry  d i f f e r e n t  c o n c lu s io n s  from th e  same s e t  o f  d a ta  i f  we app ly  

them to  d i f f e r e n t  s p e c i f i c a t i o n s  o f  p ro d u c t io n  f u n c t io n s .
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FOOTNOTES

1
For example, A r th u r  L e w is 's  "Economic Development w ith  U nlim ited  

Supply o f  Labor", and F e i - R a n i s ' s  "Development o f  th e  Labor S urp lus  
Economy", a l l  ana lyzed  th e  accum ula tion  o f  needed c a p i t a l  and r e l a t i o n ­
s h ip  o f  a g r i c u l t u r e  and in d u s t r y  f o r  developm ent. Bruce F. Johnston  
and John W. M e lle r  in  t h e  a r t i c l e  "The Role o f  A g r ic u l tu r e  in  Economic 
Development", AER, September 1961, com peten tly  summarized f i v e  p ropo­
s i t i o n s  t o  show th e  im portance  i n  which in c re a se d  a g r i c u l t u r a l  o u tp u t  
and p r o d u c t iv i ty  c o n t r ib u t e  to  o v e r - a l l  economic growth. They a r e :

A. Economic development i s  c h a r a c te r iz e d  by a s u b s t a n t i a l  in c r e a s e  
in  th e  demand f o r  a g r i c u l t u r a l  p r o d u c ts , and f a i l u r e  to  expand 
food s u p p l ie s  in  pace w ith  th e  growth o f  demand can s e r io u s ly  
impede economic grow th.

B. Expansion o f  e x p o r ts  o f  a g r i c u l t u r a l  p ro d u c ts  may be one o f  th e  
most prom ising  means o f  in c r e a s in g  income and f o re ig n  exchange 
e a rn in g s ,  p a r t i c u l a r l y  in  th e  e a r l i e r  s ta g e s  o f  development.

C. The la b o r  fo rc e  f o r  m anufac tu ring  and o th e r  expanding s e c to r s  
o f  th e  economy must be drawn m ainly  from a g r i c u l t u r e .

D. A g r ic u l tu r a l  s e c t o r  can and should  make a n e t  c o n t r ib u t io n  to  
th e  c a p i t a l  r e q u i re d  f o r  overhead investm en t and expansion o f 
secondary  in d u s t r y .

E. R is in g  n e t  cash incomes o f  th e  farm p o p u la t io n  may be im portan t 
as a s tim u lu s  to  i n d u s t r i a l  expansion .

2
T. H. Lee, I n t e r s e c t o r a l  C a p i ta l  Flow in  th e  Economic Development o f  

Taiwan, 1895-1960, C o rn e l l  U n iv e r s i ty  P r e s s ,  I th a c a ,  New York, 1971.

3
Such a t e s t  f o r  th e  e x i s t e n c e  o f  n o n -n e u tra l  te c h n ic a l  change i s  n o t  

adeq u a te .  See F oo tno te  7 o f  Chapter  Two.

4
As Solow h im se lf  p o in te d  o u t ,  ' t h i s  i s  n o t  meant t o  su g g es t  t h a t  th e  

observed  r a t e  c f  t e c h n ic a l  p ro g re s s  would have p e r s i s t e d  even i f  the  
r a t e  o f  investm ent had been much s m a l le r  o r  had f a l l e n  to  z e r o ' .  
"T echn ica l  Change and th e  A ggregate  P ro d u c tio n  F u n c tio n " ,  R. E. 
S t a t i s t i c s ,  August 1957, p . 316. O bviously , in n o v a t io n  must be em­
bodied  in  new p la n t  and equipment to  be r e a l i z e d  a t  a l l .

5
Solow 's  s tu d y  f o r  th e  American economy f o r  th e  f o r ty - y e a r  p e r io d  

b eg inn ing  in  1919 shows t h a t  t e c h n ic a l  change accounted  app rox im ate ly  
f o r  n in e - te n th s  o f  th e  t o t a l  change in  la b o r  p r o d u c t iv i ty ,  th e  rem ainder 
be ing  accounted f o r  by th e  growth c a p i t a l .



6
The c o r r e l a t i o n  between th e  r e s i d u a l s  o f  e q u a tio n  (2 .4 .3 )  and th e  

c a p a c i ty  u t i l i z a t i o n  r a t e  i s  no t s i g n i f i c a n t  (R2=0.1749). We a re  
t h e r e f o r e  c o n f id e n t  t h a t  th e  u t i l i z a t i o n  r a t e  we d e r iv e d  i s  p ro p e r  
f o r  ad jus tm en t o f  c a p a c i ty  u t i l i z a t i o n .

7
Changes in  th e  economies o f  s c a le  can r e s u l t  from two so u rc e s - -a n  

expansion  in  th e  s c a le  o f  o p e ra t io n s  f o r  a  g iven  techno logy , o r  g iven  
th e  s c a le  o f  o p e r a t io n s ,  a change in  tech n o lo g y .  But we have no way 
o f  s e p a ra t in g  th e se  two f o rc e s .

8
Rangnar Nurkse gave th e  s im p le s t  d e f i n i t i o n  o f  " d isg u ise d  unemployment" 

as  t h a t  some la b o r  could  be withdrawn from th e  p ro d u c t io n  w ith o u t  r e ­
ducing  th e  volume o f  o u tp u t . In t e c h n ic a l  te rm s ,  th e  m arg ina l produc­
t i v i t y  o f  la b o r  i s  b e l ie v e d  to  be z e ro .  "Excess P o p u la t io n  and C a p i ta l  
C o n s t ru c t io n " ,  Malayan Economic Review, O ctober 1957. However, as 
A. Lewis d e s c r ib e s  i t ,  in  some s i t u a t i o n s  th e  long run  m arg ina l p ro ­
d u c t i v i t y  o f  la b o r  could  be zero o r  n e g a t iv e .  Lewis. The Theory o f  
Economic Growth. Homewood, 1955, pp. 327-328.

9
The r e g re s s io n  on equation . (2 .4 .8 )  was execu ted  by th e  n o n - l in e a r  r e ­

g re s s io n  program w r i t t e n  by D. A. M eeter,  u s in g  D. W. M a rq u a rd t 's  
maximum neighborhood method. The r e g r e s s io n  on equation  (2 .4 .9 )  was 
executed  by an o rd in a ry  l e a s t  squared  program. The s ta n d a rd  o u tp u t  o f
th e  n o n - l in e a r  f i t t i n g  does n o t  in c lu d e  th e  R2 . We c a lc u l a t e d  th e  R2
o f  th e  n o n - l in e a r  r e g r e s s io n  by runn ing  a r e g r e s s io n  o f  th e  observed  
in  X/N a g a in s t  th e  e s tim a ted  in  X/N o f  e q u a t io n  ( 2 .4 .8 ) .  B es id es ,  th e  
t  v a lu es  o f  th e  n o n - l in e a r  r e g re s s io n s  a r e  below th e  u su a l  s ta n d a rd .
But as  i t  i s  s t i l l  an i s s u e ,  th e  meaning o f  th e  t  v a lu e  in  a  non­
l i n e a r  r e g re s s io n  i s  v e ry  vague.

10
We a re  aware t h a t  th e  r e g re s s io n  in  e s t im a t in g  th e  c a p i t a l  e f f i c i e n c y  

r a t e  was perform ing p o o r ly .  The R2 i s  as low as  0 .28 .

11
R. E. Baldwin, Economic Development and Export Growth--A Study o f  

N orthern  R hodesia , p .  59. When we p a r t i t i o n  th e  1952-1972 in to  two 
su b -p e r io d s  1952-1961 and 1962-1972, th e  e s t im a te s  o f  o a r e  1.51 and 
0.3367 r e s p e c t iv e ly  in  th e  a g r i c u l t u r a l  s e c t o r .

12
CES p ro d u c tio n  func tion assumes t h a t  changes in  r e l a t i v e  f a c t o r  in p u t  

and p r ic e s  do n o t a l t e r  th e  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n .  The 
e l a s t i c i t y  i s  determ ined  by th e  u n d e r ly in g  techno logy  and remains 
c o n s ta n t  du ring  th e  o b s e rv a t io n  p e r io d ,  b u t may not n e c e s s a r i l y  be equal 
to  t h e  v a lu e  o f  one.
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13
We do n o t in te n d  to  say  t h a t  t h e r e  i s  a s e n s ib l e  d e f i n i t e  r e l a t i o n ­

s h ip  between th e  e l a s t i c i t y  o f  s u b s t i t u t i o n  and th e  r a t i o  o f  f a c t o r  
in p u t s .  However* se v e ra l  v a r i a b l e  e l a s t i c i t y  fu n c t io n s  have been 
developed to  ta k e  c a r e  o f  such problem s.



CHAPTER FOUR

AN ANALYSIS OF THE MANUFACTURING SECTOR

Since  th e  end o f  th e  second world war, th e  l e s s  developed  c o u n t r ie s

have spared  no e f f o r t  in  p u rsu in g  a r a p id  growth r a t e  f o r  t h e i r

economies. P a s t  h i s t o r y  and p r e v a i l in g  f a c t s  su g g es t  t h a t  t h e r e  i s  a

s t ro n g  r e l a t i o n s h i p  between a c o u n t ry ’s s t r e n g th  and i t s  degree  o f

i n d u s t r i a l i z a t i o n .  T h e re fo re ,  most n a t io n s  in  p u rsu in g  growth rank

i n d u s t r i a l i z a t i o n  as one o f  t h e i r  h ig h e s t  n a t io n a l  p r i o r i t i e s .  To th e

l e s s  developed n a t i o n s ,  i n d u s t r i a l i z a t i o n  i s  e q u iv a le n t  to  economic

development and i s  reg a rd ed  as th e  b e s t  a l t e r n a t i v e  to  g e t  r i d  o f  the

shame o f  be ing  poor and underdeveloped. I t  may be d i f f i c u l t  t o  g ive

one p r e c i s e  meaning to  th e  term  economic development. However, growth

and development econom ists  r e p e a te d ly  p o in t  ou t t h a t  economic develop-
1

ment i s  no t e q u iv a le n t  to  i n d u s t r i a l i z a t i o n .  Not on ly  because  p ro g re s s  

in  in d u s t r y  i s  h ig h ly  dependent upon a g r i c u l t u r a l  development b u t  th e  

c o n c e n tra t io n  o f  p ro d u c tio n  in  th e  p rim ary  s e c t o r  i s  in  i t s e l f  no t  a 

cause o f  n a t io n a l  p o v e r ty .

The r a t e  o f  i n d u s t r i a l i z a t i o n  can be in d ic a te d  by changes in  th e  

r e l a t i v e  im portance o f  m anufac tu ring  o u tp u t  i n  th e  p ro d u c t io n  o f  th e  

economy, o r  by th e  d i f f e r e n c e  in  th e  growth r a t e s  o f  m anufac tu ring
2

p ro d u c tio n  and a g r i c u l t u r a l  p ro d u c tio n  as d e f in e d  in  Equation  ( 2 .2 .1 4 ) .

Taiwan i s  one o f  th e  c o u n t r ie s  p u rsu in g  i n d u s t r i a l i z a t i o n  in  th e  

p o s t  war e r a .  S ince  1953 th e  n a t i o n a l i s t  reg iire  in  Taiwan has  launched 

a s e r i e s  o f  f o u r -y e a r  economic p la n s  on th e  i s l a n d .  I n d u s t r i a l i z a t i o n  

and c r e a t io n  o f  an i n t e r n a t i o n a l  t r a d e  market a re  p o in t s  o f  n a t i o n a l i s t  

Chinese p o l ic y  em phasis. T h e ir  e f f o r t s  have shown fa v o ra b le  r e s u l t s .



During the p e r io d  1952-1972, th e  m anufac tu ring  s e c to r  in  Taiwan was

growing a t  an average  r a t e  o f  12.77 p e r c e n t  p e r  y e a r .  Although in  1952

m anufac tu ring  p ro d u c t io n  was on ly  about one t h i r d  o f  a g r i c u l t u r a l

p r o d u c t io n , in  1968 m anufac tu ring  p ro d u c t io n  su rp assed  a g r i c u l t u r a l

p ro d u c t io n .  The n a t i o n a l i s t s  thus  were proud to  announce t h a t  th e

Taiwan economy had reached  th e  " s t a t e  o f  t a k e - o f f "  in  Rostow 's sense

and t h a t  Taiwan had s tepped  in to  and jo in e d  th e  club o f  th e  i n d u s t r i a l - 
3

ized  c o u n t r ie s .

In t h i s  c h a p te r ,  as  in  th e  p re v io u s  c h a p te r ,  we a t te m p t to  examine 

f e a tu r e s  o f  m anufac tu ring  p ro d u c t io n  and to  i d e n t i f y  t h e  f a c t o r s  and 

th e  way th e s e  f a c to r s  c o n t r ib u te  to  o u tp u t  growth. The r e s u l t s  o f  

p r o d u c t iv i t y  in d ex es ,  Solow’s measure, p ro d u c t io n  in  th e  Cobb-Douglas 

w orld , and p ro d u c t io n  in  th e  CES w orld  a r e  p re se n te d  in  t u r n .  In  th e  

l a s t  s e c t io n  we reviewed th e  p ro c e ss  o f  th e  i n d u s t r i a l i z a t i o n  in  Taiwan.

4 .1  P r o d u c t iv i ty  Indexes and Solow 's Measure

During th e  p e r io d  1952-1972, th e  m anufac tu ring  s e c to r  was growing 

a t  a r a t e  o f  12.77 p e rc e n t  p e r  y e a r .  As shown in  Table V II ,  th e  f a c t o r  

in p u ts  o f  c a p i t a l  and la b o r  f o r  th e  m anufac tu ring  s e c to r  were in c re a s in g  

a t  r a t e s  o f  3.80 p e rc e n t  and 7 .46  p e rc e n t  r e s p e c t iv e ly  du ring  th e  same 

p e r io d .  O bviously , th e  ra p id  o u tp u t  growth r a t e  cannot be f u l l y  

ex p la in ed  by th e  in c re a s e s  in  th e  f a c t o r  in p u ts .

According to  Domar's fo rm u la t io n  o f  th e  t o t a l  p r o d u c t iv i t y  index , 

p r o d u c t iv i ty  in  th e  m anufac tu ring  s e c t o r  was growing 7.34 p e rc e n t  p e r  

y e a r ,  as compared w ith  1.63 p e rc e n t  in  th e  a g r i c u l t u r a l  s e c to r  du r in g  

t h e  p e r io d  1952-1972. The p a r t i a l  f a c t o r  p r o d u c t iv i t i e s  show t h a t  in  

th e  m anufac tu ring  s e c to r  th e  r e a l  o u tp u t  p e r  worker was growing 5.32 

p e rc e n t  p e r  y ea r  and th e  r e a l  o u tp u t  p e r  u n i t  o f  c a p i t a l  was in c r e a s in g



8.98 p e rc e n t  p e r  y e a r .  The c a p i t a l - l a b o r  r a t i o  was d e c l in in g  a t  a r a t e  

o f  3 .66  p e rc e n t  p e r  y e a r .  These f ig u r e s  su g g es t  t h a t  th e  r a p id  growth 

in  m anufac tu ring  p ro d u c t io n  was l a r g e ly  due to  improvement o f  p ro d u c tio n  

techno logy  and t h a t  th e  t e c h n ic a l  change, as we d isc u s se d  in  S e c t io n  

2 .2 .3 ,  should  be o f  c a p i t a l  sav in g  type  to  g iv e  a p o s i t i v e  c o n t r ib u t io n  

to  th e  o u tp u t  g row th .

Table VII a lso  c o n ta in s  Solow’s m easures. According to  Solow’s

app ro ach , p ro d u c tio n  e f f i c i e n c y  in  th e  m anufac tu ring  s e c to r  between

1953-1972 has in c re a se d  by 29.54 p e r c e n t . The p ro d u c t io n  fu n c t io n  has

been n e u t r a l l y  s h i f t e d  upward by a 4 .37 p e rc e n t  p e r  y e a r .  Solow 's

measure a l s o  in d ic a te d  th a t  th e  r e a l  g ro ss  dom estic  p ro d u c t p e r  w orker,

n e t  o f  the  s h i f t  in  techno logy  (X/N)/A(t) , was growing a t  a r a t e  o f

1 .10  p e r c e n t  p e r  y e a r ,  and t h a t  among th e  NT$ 35,579 (NT$54,351-NT$

18,772) in c r e a s e  in  th e  r e a l  g ross  dom estic  p ro d u c t p e r  worker in  1952-

1972, 13.80 p e rc e n t  o f  th e  amount can be inp u ted  to  in c re a se d  c a p i t a l

and th e  rem aining  86.20 p e rc e n t  to  th e  improvement in  p ro d u c t io n  te c h -  
4

nology. Thus te c h n o lo g ic a l  change i s  th e  major c o n t r ib u to r  to  the 

o u tp u t  growth.

These f in d in g s  from Solow 's  measure in  th e  m anufac turing  s e c to r  

a r e  d i f f e r e n t  from what we found in  th e  a g r i c u l t u r a l  s e c t o r .  In th e  

same p e r io d  u s in g  Solow 's m easure, a g r i c u l t u r a l  p ro d u c t io n  was en joy ing  

an upward n e u t r a l  s h i f t  in  p ro d u c t io n  by 1.057 p e rc e n t  p e r  y e a r ,  and 64 

p e rc e n t  o f  th e  in c re a s e  in  th e  r e a l  g ross  dom estic  p ro d u c t p e r  u n i t  o f  

la b o r  was c o n t r ib u te d  by th e  in c r e a s e  in  c a p i t a l .  The rem aining  36 p e r ­

c e n t  was c o n t r ib u te d  by improvement in  p ro d u c t io n  techno logy .

As was th e  case  in  th e  a g r i c u l t u r a l  s e c to r ,  Domar’s fo rm u la t io n  

and Solow’s measure each im plied  d i f f e r e n t  degrees  o f  in c re a s e s  in  

p ro d u c tio n  in  th e  m anufac tu ring  s e c to r  e f f i c i e n c y .  Domar' s fo rm u la t io n  

shows t h a t  t h e r e  was a 7 .34  p e rc e n t  annual s h i f t  in  p ro d u c tio n



e f f i c i e n c y ,  w h ile  Solow 's measure shows t h a t  p ro d u c t io n  e f f i c i e n c y  

s h i f t e d  4 .37  p e rc e n t  p e r  y e a r .  As ex p la in e d  in  S e c t io n  3 .1 ,  such a 

d isc re p a n c y  can be a t t r i b u t e d  to  th e  a c tu a l  ty p e  o f  t e c h n ic a l  changes 

p r e v a i l in g  d u r in g  th e  p e r io d ,  and to  th e  more r e s t r i c t i v e  assum ptions  

u n d e r ly in g  Solow’s m easure, namely t h a t  p ro d u c t io n  was in  th e  range  o f  

c o n s ta n t  r e tu r n s  to  s c a l e  and t h a t  th e r e  were o n ly  n e u t r a l  t e c h n ic a l  

changes in  p ro d u c t io n .  Should th e  p r e v a i l in g  te c h n o lo g ic a l  changes be 

in  th e  r i g h t  d i r e c t i o n ,  in  our case  a  c a p i t a l  s a v in g  techno logy  in  th e  

m anufac tu ring  s e c t o r ,  Solow 's measure may have u n d e re s t im a te d  th e  con­

t r i b u t i o n  o f  t e c h n ic a l  change to  o u tp u t  growth.

4 .2  M anufacturing  P ro d u c tio n  in  th e  Cobb-Douglas World

The r e g r e s s io n  c o e f f i c i e n t s  o f  e q u a tio n  (2 .4 .3 )  g ive  th e  e s t im a te s

o f  th e  p a ram ete rs  o f  th e  Cobb-Douglas p ro d u c t io n  f u n c t io n  s p e c i f i e d  as

e q u a tio n  ( 2 .4 .1 ) .  The r e g r e s s io n  r e s u l t s  o f  eq u a t io n  (2 .4 .3 )  f o r  th e
5

m anufac tu ring  s e c t o r  a r e  summarized in  Table V I I I .

During th e  p e r i o d  1 .  p ro d u c t  ion  in  th e  m anufac tu rin g  s e c t o r  

under th e  Cobb-Douglas s p e c i f i c a t i o n  shows t h a t  e f f i c i e n c y  o f  p ro d u c t io n  

was growing 9 .58  p e r c e n t  p e r  y e a r  w ith  d e c re a s in g  r e tu r n s  to  s c a l e  and

t h a t  th e  o u tp u t  e l a s t i c i t i e s  o f  c a p i t a l  and la b o r  a r e  0.6994 and 0.0711

r e s p e c t i v e l y .  I f  we a r b i t r a r i l y  d iv id e  th e  20 y e a rs  o f  o b s e rv a t io n  in to  

two s u b -p e r io d s ,  1953-1962 and 1963-1972, th e  r e s u l t s  r e v e a le d  by th e  

r e g re s s io n s  a r e  s im i l a r  to  th e  o b s e rv a t io n  f o r  th e  e n t i r e  p e r i o d - - t h a t  

i s ,  a  h ig h  growth r a t e  o f  p ro d u c t io n  e f f i c i e n c y  p r e v a i l e d  and c a p i t a l  

was more im p o rtan t  than  la b o r  in  p ro d u c tio n  (ou tpu t e l a s t i c i t y  o f  

c a p i t a l  i s  h ig h e r  th an  t h a t  o f  l a b o r ) . However, when we app ly  th e  F 

t e s t s  as  in  th e  l a s t  c h a p te r  to  d e t e c t  th e  p o s s ib le  p ro d u c t io n  s t r u c t u r a l



changes , we f in d  t h a t  th e r e  a r e  two d i f f e r e n t  s t r u c t u r a l  epochs,
6

1953-1957 and 1958-1972.

Using th e  dummy v a r i a b l e  approach  developed by D» G u j a r a t i ,  we f in d  

t h a t  th e  Cobb-Douglas p ro d u c t io n  f u n c t io n  o f  th e  two s t r u c t u r a l  epochs 

r e v e a l  th e  fo llo w in g  p r o p e r t i e s  in  m anufac tu ring  p ro d u c t io n  (see 

T ab le  X ):

(1) In  both  epochs th e  e f f i c i e n c y  r a t e  o f  p ro d u c t io n  remained 

very  h igh  -more th an  8 p e rc e n t  p e r  y e a r .

(2) Labor was more p ro d u c t iv e  th an  c a p i t a l  in  th e  f i r s t  sub- 

p e r io d .  In  th e  second s u b -p e r io d ,  la b o r  p r o d u c t iv i t y  was reduced 

s h a rp ly  and c a p i t a l  became more p ro d u c t iv e  th an  la b o r .

(3) In c re a s in g  r e t u r n s  to  s c a le  were observed  in  p ro d u c t io n  in  

th e  f i r s t  su b -p e r io d  b u t  n o t  in  th e  second su b -p e r io d .

(4) S ince th e  o u tp u t  e l a s t i c i t y  o f  c a p i t a l  in c re a se d  r e l a t i v e  to  

t h a t  o f  la b o r  in  th e  two s u b -p e r io d s ,  p ro d u c t io n  techno logy  had been 

moving toward a c a p i t a l  u s in g  ty p e .  And s in c e  th e  la b o r  in p u t  was growing 

f a s t e r  than  t h a t  o f  c a p i t a l ,  th e  u n d e r ly in g  c a p i t a l  u s in g  te c h n o lo g ic a l  

change was n o t  in  a d i r e c t i o n  which would a c c e l e r a t e  o u tp u t  grow th. In 

o th e r  words, th e  c a p i t a l  u s in g  te c h n o lo g ic a l  change in  th e  m anufac tu ring  

s e c to r  had made a  n e g a t iv e  c o n t r ib u t io n  to  o u tp u t  growth d u r in g  th e  

p e r io d  1953-1972.

The above f in d in g s  f o r  m anufac tu ring  p ro d u c t io n  under th e  Cobb- 

Douglas s p e c i f i c a t i o n  a re  d i f f e r e n t  from th o se  o f  th e  a g r i c u l t u r a l  s e c t o r .  

As mentioned in  S e c t io n  3 .2 ,  in  th e  a g r i c u l t u r a l  s e c t o r  t h e r e  a r e  th r e e  

d i f f e r e n t  s t r u c t u r a l  epochs in  th e  p e r io d  1952-1972. A g r ic u l tu r a l  

p ro d u c t io n  was c h a r a c te r iz e d  by d e c re a s in g  r e tu r n s  to  s c a l e ,  and th e  

m arginal p ro d u c t o f  la b o r  was n e g a t iv e  in  th e  f i r s t  two s t r u c t u r a l  epochs



(1952-1967). M arginal a g r i c u l t u r a l  la b o r  was unab le  to  make a 

p o s i t i v e  c o n t r ib u t io n  to  p ro d u c t io n  u n t i l  as l a t e  as 1968. Perhaps 

in  comparing th e  e m p ir ic a l  f in d in g s  between th e  a g r i c u l t u r a l  s e c to r  

and th e  m anufac tu ring  s e c t o r  under  th e  Cobb-Douglas p ro d u c t io n  s p e c i ­

f i c a t i o n ,  th e  most im portan t r e v e l a t i o n  i s  t h a t  th e  a g r i c u l t u r a l  s e c to r  

exper ienced  a la b o r  u s in g  te c h n o lo g ic a l  change w hile  th e  m anufac tu ring  

s e c to r  ex p er ien ced  a  c a p i t a l  u s in g  te c h n o lo g ic a l  change. Such a d u a l-

i s t i c  p ro d u c t io n  phenomenon was w idely  p r e d ic te d  by many econom ists as
7

a p r e v a i l in g  scene  among th e  d ev e lop ing  c o u n t r ie s .  One o f  th e  most 

im p o rtan t  e f f e c t s  o f  dualism  i s  i t s  in f lu e n c e  on th e  p a t t e r n  o f  employ­

ment. We w i l l  an a ly ze  t h i s  problem in  th e  l a s t  c h a p te r .

4 .3  M anufacturing  P roduc tion  in  th e  CES World
O A .

The p ro d u c t io n  p a ram ete rs  o f  th e  CES f u n c t io n  X = [a(Ke ) “p +

b(Ne^t ) -P ]~  ^ a r e  e s t im a te d  by r e g r e s s io n  on eq u a tio n s  ( 2 .4 .4 . )  and 
8

2 . 4 .9 ) .  These r e s u l t s  a r e  summarized in  Table XI.

I f  we r e g a rd  a l l  th e  o b s e rv a t io n s  d u r in g  th e  p e r io d  1952-1972 as 

a s in g le  p ro d u c t io n  s t r u c t u r e ,  th en  p ro d u c t io n  in  th e  m anufacturing  

s e c to r  has th e  fo llo w in g  th r e e  p r o p e r t i e s .

(1) The e f f i c i e n c y  r a t e  f o r  c a p i t a l  i s  8 .27  p e rc e n t  p e r  y e a r  and 

i s  7.71 p e rc e n t  p e r  y ea r  f o r  l a b o r .  The two e f f i c i e n c y  r a t e s  do no t 

d i f f e r  g r e a t l y .  This means t h a t  th e  improvements in  th e  e f f i c i e n c y  o f  

c a p i t a l  and la b o r  have made an a lm ost equal c o n t r ib u t io n  to  ou tpu t 

growth. This i s  d i f f e r e n t  from th e  co n c lu s io n  we drew from th e  

a g r i c u l t u r a l  s e c t o r .  A g r ic u l tu r a l  p ro d u c t io n  in d ic a t e s  t h a t  th e  c a p i t a l  

e f f i c i e n c y  r a t e  i s  a n e g a t iv e  number, so t h a t  improvement in  la b o r  

e f f i c i e n c y  i s  th e  major c o n t r ib u to r  to  o u tp u t  growth.



(2) The e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  eq u a ls  o f  0 .4366. The 

l e s s  e l a s t i c  f a c t o r  s u b s t i t u t i o n  g iv es  su p p o rt  to  th e  th e o ry  t h a t  b e ­

cause o f  s p e c i a l i z a t i o n  in  p ro d u c t io n ,  th e  e l a s t i c i t y  o f  f a c t o r  

s u b s t i t u t i o n  in  th e  m anufac tu ring  s e c to r  i s  u s u a l ly  l e s s  th an  one. Our 

f in d in g s  a l s o  su p p o rt  th e  th e o ry  t h a t  th e  e l a s t i c i t y  o f  f a c t o r  s u b s t i ­

t u t i o n  in  th e  m anufac tu ring  s e c to r  i s  l e s s  th a n  t h a t  i n  th e  a g r i c u l t u r a l  

s e c to r .  In  our c a se ,  th e  m anufac tu ring  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  

i s  0.4366 and th e  a g r i c u l t u r a l  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  i s  0 .5487.

(3) We have shown in  s e c t io n  2 .2 .4  t h a t  in  a  p u re ly  f a c t o r  aug ­

menting model th e  ty p e  o f  t e c h n ic a l  b ia s  i s  determ ined  by th e  m agnitudes 

o f  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  and th e  f a c t o r  e f f i c i e n c y  r a t e .

The b ia s  i s  exp ressed  as B (t)  = (1 -1 /a )  (5 -X ). S ince  in  our case  th e  

c a p i t a l  e f f i c i e n c y  r a t e  i s  g r e a t e r  th a n  th e  la b o r  e f f i c i e n c y  r a t e  and 

th e  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  i s  l e s s  th an  one, th e  p ro d u c t io n  

techno logy  invo lved  in  t h i s  p e r io d  i s  o f  a la b o r  u s in g  type  (B ( t)< 0 ) .  

R e c a l l in g  our  f in d in g  in  th e  a g r i c u l t u r a l  s e c t o r ,  i t  shows t h a t  a g r i ­

c u l t u r a l  p ro d u c t io n  i s  o f  a c a p i t a l  u s in g  ty p e .

V arious i n t e r e s t i n g  r e s u l t s  were o b ta in e d  when we b i s e c te d  th e

p e r io d  1952-1972 in t o  th e  two s u b -p e r io d s ,  1952-1961 and 1962-1972 
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(see Table IX ) . The e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  in  th e  f i r s t  

t e n  y e a r  p e r io d  and th e  l a t e r  e leven  y ea r  p e r io d  a re  a l l  around th e  

v a lu e  o f  0 .4 9 .  This f ig u r e  i s  n o t v e ry  d i f f e r e n t  from th e  v a lu e  o f  

0 .44 which was e s t im a te d  f o r  th e  e n t i r e  p e r io d  1952-1972. However, in  

th e  f i r s t  t e n  y e a r s ,  th e  la b o r  e f f i c i e n c y  r a t e  i s  17.27 p e rc e n t  p e r  

y e a r  which i s  h ig h e r  than  c a p i t a l ' s  12.36 p e rc e n t  p e r  y e a r .  In c re a se s  

in  b o th  c a p i t a l  and l a b o r ' s  e f f i c i e n c y  r a t e s  make g r e a t  c o n t r ib u t io n  

t o  o u tp u t  growth in  t h i s  p e r io d .  In  term s o f  th e  type  o f  p ro d u c t io n



techno logy  in vo lved , th e  f i r s t  t e n  y ea rs  were under c a p i t a l  u s in g  

techno logy  ( B ( t ) = ( l - l / a ) ( 6 - A ) > 0 ) . In th e  l a t e r  e lev en  y e a r s ,  th e  

p ro d u c t io n  techno logy  seems to  be a n e u t r a l  one (B (t)=0) because o f  

th e  a lm ost e q u a l i ty  o f  the two f a c t o r  i n p u t s '  e f f i c i e n c y  r a t e s .  The 

sw itc h  o f  the  p ro d u c t io n  techno logy  from c a p i t a l  u s in g  to  n e u t r a l  seems 

to  c o n f l i c t  w ith  t h e  co n c lu s io n  drawn from th e  o b s e rv a t io n  f o r  th e  

e n t i r e  p e r io d  t h a t  th e  p ro d u c tio n  techno logy  d u r in g  1952-1972 was a 

la b o r  u s in g  ty p e .  However, we may pu t a s id e  th e  c o n c lu s io n s  drawn 

from th e  o b se rv a t io n s  f o r  th e  e n t i r e  p e r io d  1952-1972 as a  s in g le  

p ro d u c t io n  s t r u c t u r e ,  because  an a g g re g a t io n  o f  d i f f e r e n t  p ro d u c tio n  

s t r u c t u r e s  may d i s t o r t  th e  r e a l  p i c t u r e .

In  comparing th e  co n c lu s io n s  concern ing  th e  m anufac tu ring  s e c to r  

and th e  a g r i c u l t u r a l  s e c to r  drawn from th e  b i s e c t i n g  o f  th e  p e r io d  

1952-1972, th e  fo llo w in g  p o in t s  a r e  worth m entioning:

(1) The e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  in  a g r i c u l t u r a l  

p ro d u c t io n  in  t h e  f i r s t  t e n  y ea rs  i s  1 .52 , a v a lu e  no t o n ly  g r e a t e r  

th a n  t h a t  o f  0 .48 f o r  th e  co rrespond ing  m anufac tu ring  p ro d u c t io n  bu t 

g r e a t e r  than  th e  v a lu e  o f  one. This lends  su p p o rt  t o  th e  th e o ry  t h a t  

t h e  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  i s  g r e a t e r  in  a g r i c u l t u r a l  

p ro d u c t io n  than  in  m anufac tu ring  p ro d u c t io n .  However, in  th e  l a t e r  

e le v e n  y e a r s ,  th e  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  in  th e  m anufac tu ring  

s e c t o r  i s  g r e a te r  than  t h a t  o f  th e  a g r i c u l t u r a l  s e c t o r .  This i s  a 

c o n t r a d i c t io n  to  th e  g en e ra l  b e l i e f .

(2) As f o r  th e  r a t e  o f  f a c t o r  e f f i c i e n c y ,  i t  shows s e c t o r a l  d i f ­

f e r e n t i a l s .  In t h e  f i r s t  te n  y ea rs  t h e  la b o r  e f f i c i e n c y  r a t e  o f  th e  

m anufac tu ring  s e c to r  (17.27 p e rc e n t  p e r  y ear)  i s  h ig h e r  than  i t s  

c a p i t a l  e f f i c i e n c y  r a t e  (12.36 p e rc e n t  p e r  y ea r)  and th e  la b o r  e f f i c i e n c y  

r a t e  o f  the  a g r i c u l t u r a l  s e c to r  which i s  no t s i g n i f i c a n t l y  d i f f e r e n t  

from zero  . In th e  a g r i c u l t u r a l  s e c to r ,  th e  c a p i t a l  e f f i c i e n c y  r a t e  i s



53.

h ig h e r  th an  t h a t  o f  la h o r  in  th e  f i r s t  t e n  y e a r s .  In  th e  l a t e r  e lev en  

y e a r s ,  th e  a g r i c u l t u r a l  la b o r  e f f i c i e n c y  r a t e  i s  h ig h e r  th a n  t h a t  o f  

c a p i t a l  (a n e g a t iv e  f ig u r e )  b u t  s t i l l  l e s s  than  th e  la b o r  e f f i c i e n c y  

r a t e  o f  th e  m anufac tu ring  s e c to r .  In f a c t ,  bo th  la b o r  and c a p i t a l  

e f f i c i e n c y  r a t e s  in  th e  m anufac tu ring  s e c t o r  a re  h ig h e r  th a n  th e  c o r ­

respond ing  r a t e  in  th e  a g r i c u l t u r a l  s e c t o r .

(3) In th e  f i r s t  t e n  y e a r s ,  th e  p ro d u c t io n  techno logy  i s  o f  a 

c a p i t a l  u s in g  type  in  bo th  th e  a g r i c u l t u r a l  s e c t o r  and th e  m anufac tu ring  

s e c to r .  In  th e  l a t e r  e lev en  y e a r s ,  t h e  p ro d u c t io n  tech n o lo g y  in  th e

a g r i c u l t u r a l  s e c t o r  s t i l l  rem ains as c a p i t a l  u s in g ,  b u t  i n  th e  manu-
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f a c tu r in g  s e c t o r  i t  changes to  a n e u t r a l  ty p e .

4 .4  The P rocess  o f  I n d u s t r i a l i z a t i o n

I t  i s  t r u e  t h a t  i n d u s t r i a l i z a t i o n  may a c c e l e r a t e  economic growth

v ia  improvement in  p r o d u c t iv i t y  and hence r a i s e  th e  p e r  c a p i t a  GNP.

However, econom ists  ag ree  t h a t  th e  c o n c e n t r a t io n  o f  a l a r g e  p e rc e n ta g e

o f  p ro d u c t io n  in  th e  p rim ary  s e c to r  i s  in  i t s e l f  n o t a  cause  o f  p o v e r ty

and t h a t  w hether o r  n o t  an i n d u s t r i a l  s o c ie ty  en joys a  s u p e r io r  way o f
11

l i f e  i s  a non-economic q u e s t io n .  The q u e s t io n  to  be asked shou ld  be 

w hether a g r i c u l t u r a l  development o r  i n d u s t r i a l  development i s  th e  

a p p ro p r ia te  s t r a t e g y  to  a c c e l e r a t e  th e  c o u n t r y 's  economic development.

In  t h i s  s e c t io n  we an a ly ze  th e  f a c t o r s  a f f e c t i n g  th e  i n d u s t r i a l i z a t i o n  

p ro c e ss  in  Taiwan. The a n a ly s is  i s  c a r r i e d  ou t s o l e l y  from th e  p ro ­

d u c tio n  techno logy  p o in t  o f  view.

Economists have suggested  a g r e a t  v a r i e t y  o f  i n d u s t r i a l i z a t i o n  

s t r a t e g i e s  to  th e  develop ing  c o u n t r ie s .  The p o l i c y  adopted  by th e  

N a t i o n a l i s t  Chinese regime can be d e s c r ib e d  by t h e i r  s lo g an  used  in



th e  1950’s and 1 9 6 0 's — "Using a g r i c u l tu r e  to  su p p o rt  in d u s t r y " 1 . 

R h e to r i c a l ly ,  such a p o l i c y  emphasizes th e  i n d u s t r i a l  s e c t o r  w ithou t 

d e p re s s in g  th e  a g r i c u l t u r a l  s e c t o r .  In  r e a l i t y  i t  i s  e q u iv a le n t  to  

th e  w ell  known p o l ic y  o f  " squeez ing  a g r i c u l tu r e  to  sup p o rt  i n d u s t r i a l  

ex p an s io n "-  The theme o f  such a p o l i c y  i s  c o n c e n tra te d  on th e  

a c q u i s i t i o n  o f  needed c a p i t a l  and th e  prom otion o f  a h igh  p r o f i t  r a t e ,  

th rough  p r i c e  m a n ip u la t io n ,  t o  f a c i l i t a t e  i n d u s t r i a l  expansion . 

E v a lu a tio n  o f  such a  p o l i c y  i s  n o t a t tem p ted  h e r e ,  f o r  i t  in v o lv e s  n o t 

on ly  economic a n a ly s i s  b u t  a l s o  v a lu e  judgm ents, such as  th e  q u e s t io n  

o f  e q u i ty  and th e  j u s t i f i c a t i o n  f o r  m a in ta in in g  a h igh  r a t e  o f  

i n d u s t r i a l  p r o f i t  a t  th e  c o s t  o f  low ering  th e  fa rm e r ’s r a t e  o f  p r o f i t .  

However, we would l i k e  to  r e p e a t  th e  fo llo w in g  f a c t s :  t h a t  under th e  

p o l i c y  o f  so c a l l e d  " u s in g  th e  a g r i c u l tu r e  to  su p p o rt  i n d u s t r y " ,  th e  

m anufac tu ring  s e c t o r  was a b le  to  grow a t  a  r a t e  o f  12 p e rc e n t  p e r  y e a r ;  

t h a t  m anufac tu ring  p ro d u c t io n ,  which was o n ly  one t h i r d  o f  a g r i c u l t u r a l  

p ro d u c tio n  a t  th e  beg inn ing  s ta g e ,  su rp a sse d  a g r i c u l t u r a l  p ro d u c t io n  

in  f i f t e e n  y e a r s ;  t h a t ,  i n s t e a d  o f  s h r in k in g ,  a g r i c u l t u r a l  p ro d u c t io n  

was growing a t  a r a t e  o f  4 p e rc e n t  p e r  y e a r  du r in g  th e  same p e r io d .

The t h e o r e t i c a l  a s p e c ts  o f  th e  im pacts o f  a g r i c u l t u r a l  and manu­

f a c tu r in g  p ro d u c t io n  te c h n o lo g ie s  on i n d u s t r i a l i z a t i o n  were d isc u s se d  

in  s e c t io n  2 .4  o f  C hapter Two. Let us d is c u s s  th e  im p l ic a t io n s  o f  th e  

th e o r y .

As d e r iv e d  in  S e c t io n  2 .2 .4  th e  i n d u s t r i a l i z a t i o n  r a t e  can be
13

expressed  by eq u a t io n  (2 .2 .1 5 ) :

I t  shows t h a t  i f  t h e  v a lu e  o f  th e  e l a s t i c i t y  o f  s u b s t i t u t i o n  i s  l e s s  

than  one in  bo th  th e  a g r i c u l t u r a l  s e c t o r  and th e  m anufac tu ring  s e c t o r ,



th e  on ly  s u f f i c i e n t  c o n d i t io n  f o r  a s u c c e s s fu l  i n d u s t r i a l i z a t i o n  i s  t h a t  

th e  m anufac tu ring  s e c t o r  makes use o f  a  la b o r  u s in g  tech n o lo g y ,  th e  

a g r i c u l t u r a l  s e c t o r  makes use o f  a c a p i t a l  u s in g  tech n o lo g y , and th e  

la b o r  e f f i c i e n c y  r a t e  in  th e  m anufac tu ring  s e c to r  be h ig h e r  th an  in  th e  

a g r i c u l t u r a l  s e c t o r .  O therw ise , i n d u s t r i a l i z a t i o n  depends on th e  r e l a ­

t i v e  fo rc e s  o f  6 , X ., <S„, X,., Ef. and e£ .A’ A M’ M’ M A

In C hap te rs  Three and Four, th e  e m p ir ic a l  f in d in g s  o f  th e  CES 

p ro d u c t io n  f u n c t io n  in d ic a te d  t h a t  t h e r e  p r e v a i le d  c a p i t a l  u s in g  

techno logy  in  b o th  su b p erio d s  in  th e  a g r i c u l t u r a l  s e c t o r ,  w h ile  i n  th e  

m anufac tu ring  s e c t o r  th e  f i r s t  subperiod  was c h a r a c te r iz e d  by c a p i t a l  

u s in g  tech n o lo g y  and th e  second subperiod  was c h a r a c te r iz e d  by n e u t r a l  

te c h n o lo g ic a l  change. The f in d in g s  a ls o  p rov ided  us w ith  th e  fo llo w in g  

in fo rm a tio n :

?A aM SA °M XA *  M

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

O bviously , th e  above mentioned s u f f i c i e n t  c o n d i t io n  f o r  a  s u c c e s s fu l  

i n d u s t r i a l i z a t i o n  does no t f i t  our s i t u a t i o n .  I f  we s u b s t i t u t e  th e  

above e s t im a te d  p a ram ete r  v a lu e s  in to  eq u a tio n  ( 2 .2 .1 5 ) ,  t h e  fo llo w in g  

r e s u l t s  a re  o b ta in e d :

1952-1961: RM(„t)- RA( t)=  E^C -0.04091 ) -  e£ c 0.05529 ) + 0.17269 

1962-1972: RM( t ) -  R . ( t ) «  EC( -0 .0006 )+ EC( 0.0792 ) + 0.0217
™ a  m a

Some c o n c lu s io n s  can be drawn from th e s e  r e l a t i o n s h i p s .



Cl) In  both  o f  th e  two s u b p e r io d s , th e  la b o r  e f f i c i e n c y  r a t e  i s  

h ig h e r  in  th e  m anufac tu ring  s e c t o r  th an  in  th e  a g r i c u l t u r a l  s e c t o r .

This i s  a f a v o ra b le  f a c t o r  in  th e  i n d u s t r i a l i z a t i o n  o f  th e  e n t i r e  p e r io d ,  

f o r  i t  has made th e  term  [OXa  ̂ a  p o s i t i v e  number.

(2) In  th e  second su b p e r io d ,  th e  la b o r  e f f i c i e n c y  r a t e  i s  g r e a t e r  

th an  th e  c a p i t a l  e f f i c i e n c y  r a t e  in  th e  a g r i c u l t u r a l  s e c t o r .  This i s  

a l s o  a  fa v o ra b le  f a c t o r  in  th e  i n d u s t r i a l i z a t i o n  o f  th e  second p e r io d ,  

f o r  th e  term  [ -E ^ (6^- ) ] i s  a  p o s i t i v e  number.
C

(3) In  th e  f i r s t  s u b -p e r io d ,  th e  term [ -E^(6  ^  - X^ ) ] i s  a

n e g a t iv e  number because th e  c a p i t a l  e f f i c i e n c y  r a t e  i s  h ig h e r  th an  th e  

l a b o j ^ f f i c i e n c y  r a t e  in  th e  a g r i c u l t u r a l  s e c t o r .  And in  th e  manu­

f a c tu r in g  s e c t o r ,  t h e  c a p i t a l  e f f i c i e n c y  r a t e  i s  h ig h e r  th a n  th e  la b o r
C

e f f i c i e n c y  r a t e  in  bo th  s u b -p e r io d s ,  so  t h a t  th e  term ^  ~ X^) ]

i s  a l s o  n e g a t iv e  in  bo th  s u b p e r io d s .  These a r e  u n fa v o ra b le  fo rc e s  in  

th e  i n d u s t r i a l i z a t i o n  p ro c e s s .

(4) I n d u s t r i a l i z a t i o n  became p o s s ib le  because  th e  u n fav o rab le  

fo rc e s  g en era ted  in  th e  p ro d u c t io n  p ro c e ss  had been outweighed by th e  

fa v o ra b le  f o rc e s .



FOOTNOTES

1
J u s t  to  g iv e  two examples h e re .  Gunnar Myrdal conceives  economic d e ­

velopment to  be "An upward movement o f  th e  e n t i r e  s o c ia l  system ", as 
exp ressed  in  Asian Drama, New York, 1968, p .  1869. C. E. Black exp ressed  
economic development as th e  a t ta in m e n t  o f  a  number o f  id e a l s  o f  m oderni­
z a t io n  such as a r i s e  in  p r o d u c t iv i t y ,  s o c ia l  and economic e q u a l i z a t io n ,  
modern knowledge, improved i n s t i t u t i o n s  and a t t i t u d e s ,  and a r a t i o n a l l y  
co o rd in a te d  system o f  p o l i c y  measures t h a t  can remove th e  h o s t  o f  
u n d e s i r a b le  c o n d i t io n s  in  th e  s o c ia l  system  t h a t  have p re p e tu a te d  a s t a t e  
o f  underdevelopm ent. The Dynamics o f  M o d ern iza t io n , New York, 1966, 
pp . 55-60.

2
However, o th e r s  may sim ply d e f in e  i n d u s t r i a l i z a t i o n  as  th e  non- 

a g r i c u l t u r a l  s e c to r  growing, n o t  n e c e s s a r i l y  f a s t e r  th a n  th e  
a g r i c u l t u r a l  s e c t o r .

3
P ro fe s s o r  W. W. Rostow, S tages  o f  Economic Growth, Cambridge U n iv e r s i ty  

P re s s ,  1960. I t  i s  an h i s t o r i c a l  s ta g e  approach in  th e  cou rse  o f  
developm ent. A ccording to  Rostow, th e r e  a r e  f i v e  s ta g e s  o f  grow th— 
t r a d i t i o n a l  s o c ie ty ,  p r e c o n d i t io n s  f o r  t a k e - o f f ,  th e  t a k e - o f f ,  s u s ta in e d  
growth, and mass consumption. The t a k e - o f f  i s  meant t o  be th e  c e n t r a l  
n o t io n  in  Rostow 's scheme, and has r e c e iv e d  th e  most a t t e n t i o n .

4
See F oo tno te  4 in  C hapter Three.

5
The r e g r e s s io n  r e s u l t s  m ostly  s a t i s f y  g e n e ra l  s t a t i s t i c a l  s ta n d a rd s .

The dummy v a r i a b l e  approach o f  th e  r e g r e s s io n  on th e  two s t r u c t u r a l  
epochs, 1953-1957 and 1958-1972, has f u r t h e r  improved th e  s t a t i s t i c a l  
r e l i a b i l i t y  as r e f l e c t e d  in  Table X.

6
The r e s u l t s  o f  th e  F t e s t s  a r e  p re se n te d  in  Table  IX. The e s t im a te s  

o f  th e  p a ra m e te rs ,  u s in g  th e  dummy v a r i a b l e  approach , a r e  p re se n te d  
in  Table X.

7
There a r e  many views o f  dualism . V arious arguments have been p re se n te d  

on th e  b a s i s  o f  d i f f e r e n c e s  in  (a) s o c ia l  system , (b) r a c i a l  o r  e th n ic  
background, (c) p ro d u c t io n  c o n d i t io n ,  (d) demographic b e h a v io r ,
(e) consumer e x p e n d itu re  and consumer sav in g s  b e h a v io r ,  and ( f )  th e  
dom estic  and f o re ig n  s e c t o r .  Ours i s  on th e  b a s i s  o f  p ro d u c t io n  con­
d i t i o n  d i f f e r e n c e .

8
As p re v io u s ly  n o ted ,  th e  r e g re s s io n  on eq u a t io n  (2 .4 .8 )  was perform ed 

w ith  th e  n o n - l in e a r  r e g r e s s io n  program des igned  by D. A. M ecter, u s in g



D. W. M a rq u a r t 's  maximum neighborhood method. The r e g r e s s io n  on e q u a t io n  
(2 .4 .9 )  was performed by an o rd in a ry  l e a s t  squared  program.

9
The d i v i s i o n  o f  th e  tw enty-one  y ea rs  o f  o b s e rv a t io n s  i n to  two groups 

i s  a r b i t r a r y  and may n o t  be a p ro p e r  one. However, s in c e  th e r e  a r e
two s te p s  in  t h e  e s t im a t io n  o f  th e  param eters  in  th e  CES p ro d u c t io n
f u n c t io n  and one o f  th e  s te p s  i s  a n o n - l in e a r  r e g r e s s io n ,  t h e  F t e s t s
performed in  th e  Cobb-Douglas ca se  canno t be d u p l ic a te d  h e re  in
d e te c t in g  th e  s t r u c t u r a l  changes.

10
Although th e  p ro d u c t io n  techno logy  i s  c a p i t a l  u s in g  in  bo th  o f  t h e  two 

s u b -p e r io d s  in  th e  a g r i c u l t u r a l  s e c t o r ,  th e  deg ree  o f  c a p i t a l  u s in g  in  
th e  second su b -p e r io d  i s  d eep er  th an  in  th e  f i r s t  su b -p e r io d ,  as r e ­
f l e c t e d  by th e  v a lu e  o f  B (t)  = (l-<j ) . (  ) .  The v a lu e  o f  B (t)  i s
0.0186 f o r  th e  f i r s t  s u b -p e r io d  and i s  0 .156 in  th e  second s u b -p e r io d .

11
The answer to  th e  q u e s t io n  w hether economic development always b r in g s  

an in c r e a s e  in  s o c ia l  w e lfa re  i s  never  a c l e a r  one, l e t  a lo n e  th e  
q u e s t io n  as to  w hether an i n d u s t r i a l  s o c ie ty  en joys a  s u p e r io r  way o f  
l i f e .  Granted t h a t  t h e r e  a r e  no measurement problems o f  GNP, e .g .  
q u a l i t y  and q u a n t i ty ,  and exchange c o n v e rs io n ,  what development 
econom ists  a r e  concerned w ith  i s  growth o f  o u tp u t  p e r  c a p i t a  o f  p r o ­
d u c t io n ,  no t s a t i s f a c t i o n  o r  h a p p in e ss .  The advan tage  o f  economic 
growth i s  n o t t h a t  w ea lth  in c r e a s e s  hap p in ess  b u t  t h a t  i t  i n c r e a s e s  
th e  range o f  human c h o ic e .  I t  i s  v e ry  hard  to  c o r r e l a t e  w ea lth  and 
h ap p in ess .  F u r th e r ,  o u tp u t  p e r  c a p i t a  may be in c re a se d  by (a) p ro lo n g in g  
th e  working h o u rs ,  (b) e n la rg in g  th e  working p o p u la t io n ,  (c) in te rv e n in g  
in  t h e  m arke t,  (d) imposing compulsory sav ing  and fam ily  p lan n in g  . 
Without some k ind  o f  v a lu e  judgment, a s o c ia l  w e lfa re  fu n c t io n  cannot 
be c o n s t ru c te d ,  and optimum w e lfa re  and hap p in ess  cannot be d e te rm in e d .

12
Taiwan’s a g r i c u l tu r e  was w ell  developed d u r in g  th e  Japenese  Occupation 

1895-1945. This i s  a  r e s u l t  o f  th e  Japanese  c o lo n ia l  p o l ic y  in  Taiwan 
to  b u i ld  ”an a g r i c u l t u r a l  Taiwan, and an i n d u s t r i a l  J a p a n .” The d ev e lo p ­
ment o f  the  a g r i c u l t u r a l  s e c to r  in  Taiwan du ring  th e  Japanese  o c c u p a tio n  
has been analyzed  by Y. Ho, A g r ic u l tu r a l  Development o f  Taiwan, 1903-
1960, V a n d e rb i l t  U n iv e r s i ty  P re s s ,  1966, and S. C. Hsieh and T. H. Lee,
An A n a ly t ic a l  Review o f  A g r ic u l tu r a l  Development in  Taiwan-An In p u t-  
Output and P r o d u c t iv i ty  Approach, Chinese-American J o in t  Commission 
on Rural R e c o n s t ru c t io n ,  1958.

13
The n o ta t io n s  in  t h i s  eq u a tio n  were d e f in e d  b e fo re .  For conven ience , 

we r e p e a t  them h e re .  The s u b s c r ip t s  M and A deno te  th e  m anufac tu ring  
s e c to r  and th e  a g r i c u l t u r a l  s e c to r  r e s p e c t iv e ly .  R ( t)  i s  th e  o u tp u t  
growth r a t e .  EC i s  th e  o u tp u t  e l a s t i c i t y  o f  c a p i t a l .  X and 6 a re
th e  e f f i c i e n c y  r a t e s  o f  la b o r  and c a p i t a l  r e s p e c t iv e ly .



CHAPTER FIVE

PROBLEMS OF EMPLOYMENT AND INCOME DISTRIBUTION

There a re  two main purposes  o f  t h i s  s tu d y —to  measure te c h n o lo g ic a l  

change in  th e  a g r i c u l t u r a l  and m anufac tu ring  s e c to r s  and to  a c c e s s ,  a t  

l e a s t  q u a l i t a t i v e l y ,  th e  impact o f  te c h n o lo g ic a l  change on o u tp u t  growth, 

employment, and income d i s t r i b u t i o n .  In th e  two p rev io u s  c h a p te r s ,  we 

have measured te c h n o lo g ic a l  change and i t s  impact on th e  o u tp u t  growth 

o f  th e  a g r i c u l t u r a l  and m anufac tu ring  s e c t o r s .  In t h i s  c h a p te r  we w i l l  

an a ly ze  th e  rem aining  two e m p ir ic a l  a p p l i c a t io n s  o f  te c h n o lo g ic a l  

change—i t s  impact on employment and income d i s t r i b u t i o n .

The need to  c r e a te  employment w hile  a t  th e  same tim e r a i s i n g  

f a c t o r  p r o d u c t iv i t y  and o u tp u t  by employing new techno logy  i s  w idely  

reco g n ized  in  deve lop ing  c o u n t r ie s .  In f a c t ,  a l l  economic systems a re  

concerned w ith  employment and alm ost a l l  economic th e o r i e s  have focused  

on t h i s  problem, f o r  a lm ost every  measure o f  s o c ia l  w e l l -b e in g  in v o lv es  

employment in  some way. In th e  th e  Keynesian view, o u tp u t  has a sub ­

s t a n t i a l  e f f e c t  on employment. The c l a s s i c i s t s  emphasize two f a c to r s  

r e l e v a n t  to  employment--the r a t e  o f  sav ing  i n  r e l a t i o n  to  p o p u la t io n  

growth and te c h n o lo g ic a l  p ro g re s s .  The p ro d u c t io n  fu n c t io n  approach 

used in  t h i s  s tudy  has th e  p o t e n t i a l  to  han d le  bo th  th e  fo rc e s  o f  o u tp u t  

and te c h n o lo g ic a l  change a f f e c t i n g  employment.

As f o r  th e  problem o f  income d i s t r i b u t i o n ,  i . e .  th e  e x p la n a t io n  

o f  th e  beh av io r  o f  th e  sh a re  o f  t o t a l  income t h a t  acc ru es  to  la b o r  

r e l a t i v e  to  th e  sh a re  t h a t  goes to  th e  owners o f  c a p i t a l ,  a v a r i e t y  o f  

t r a d i t i o n a l  economic in s tru m e n ts  have been co n s id e red  in  th e  l i t e r a t u r e .  

They a r e  r e l a t i v e  f a c t o r  p r i c e s ,  p ro d u c t p r i c e s  ( in f lu e n c e d  d i r e c t l y



th rough  p r i c e  f i x i n g ,  t a x e s ,  s u b s id i e s ,  degree  o f  monopoly, a n d /o r  

world p r i c e s ) ,  r a t io n i n g  o f  p ro d u c ts  and s e r v i c e s ,  r a t io n i n g  o f  c r e d i t ,  

t r a d e  p o l i c y ,  government ta x e s  and t r a n s f e r ,  i n f l a t i o n ,  and techno logy . 

Our a n a ly s i s  i s  aga in  s o le l y  from th e  p ro d u c t io n  techno logy  p o in t  o f  

view.

5.1 The Problem o f  Employment

Two fo rc e s  g en e ra te d  by p ro d u c t io n  techno logy  may c r e a t e  

unemployment: la b o r  sav in g  techno logy  and in c re a s e  in  p ro d u c t io n  

e f f i c i e n c y .

I t  has been argued t h a t  induced la b o r  sav in g  te c h n o lo g ic a l

change, e s p e c i a l l y  in  th e  i n d u s t r i a l  s e c t o r ,  has caused employment

problems which a re  p a r t i c u l a r l y  a c u te  in  th o se  c o u n t r ie s  f a c in g  r a p id

p o p u la t io n  and la b o r  fo rc e  growth, f o r  th e  o u tp u t  expansion  does n o t
1

always have th e  c a p a b i l i t y  to  absorb  th e  la b o r  re p la c e d  by c a p i t a l .

Our e m p ir ic a l  s tu d y  o f  th e  p ro d u c tio n  o f  th e  a g r i c u l t u r a l  and manu­

f a c tu r in g  s e c t o r s ,  u s in g  th e  s p e c i f i c a t i o n  o f  th e  Cobb-Douglas fu n c t io n ,  

in d ic a te d  t h a t  Taiwan f e l l  in to  th e  ca te g o ry  o f  dualism  in  p ro d u c t io n .  

The m anufac tu ring  s e c to r  was employing la b o r  sav in g  tech n o lo g y , w hile  

th e  a g r i c u l t u r a l  s e c to r  was employing la b o r  u s in g  tech n o lo g y . However, 

because o f  th e  huge expansion  in  m anufac tu ring  o u tp u t ,  th e  n e g a t iv e  

e f f e c t  on employment o f  th e  la b o r  sav in g  te c h n o lo g ic a l  b ia s  in  th e  

s e c to r  has been w ell  o f f s e t .

The n e g a t iv e  e f f e c t  o f  an in c r e a s e  in  p ro d u c t io n  e f f i c i e n c y  on 

employment can be shown in  p ro d u c t io n  w ith  a Cobb-Douglas fu n c t io n  

s p e c i f i c a t i o n .  In S e c t io n  2 .3 .2  we in d ic a te d  t h a t  la b o r  demand i s  a 

fu n c t io n  o f  p ro d u c t io n  e f f i c i e n c y ,  o u tp u t  l e v e l ,  and economies o f  s c a le



(N=(A0er t ) “1/^ a+^  . (B/oO~^// â+^  .x ly^ a+^  . S p e c i f i c a l l y ,  a

one p e rc e n t  in c r e a s e  in  p ro d u c t io n  e f f i c i e n c y  may reduce employment by
2

*__  p e r c e n t .  However, t h i s  fo rc e  can be o f f s e t  by o u tp u t  expansion .
a+3

And s in c e  31n N /  3In  N i f  th e  o u tp u t  growth r a t e  i s  h ig h e r  th a n
3r /  31n X ’

th e  r a t e  o f  p ro d u c t io n  e f f i c i e n c y ,  th e  employment l e v e l  can be 

in c r e a s e d .  In our  c a s e ,  i t  has been shown t h a t  th e  o u tp u t  growth r a t e s  

in  b o th  th e  a g r i c u l t u r a l  and m anufac tu ring  s e c t o r s  a re  g r e a t e r  th a n  th e  

p ro d u c t io n  e f f i c i e n c y  r a t e s  (see  Table  X I I I ) . T h e re fo re ,  employment in  

bo th  s e c to r s  would be expec ted  to  r i s e .  However, th e  in c r e a s e  in

employment may n o t  be a b le  to  absorb  th e  in c re a se d  la b o r  f o r c e ,  and
, >

hence unemployment may in c r e a s e .

In  th e  s i t u a t i o n  t h a t  p ro d u c t io n  i s  under th e  f a c t o r  augmenting 

CES f u n c t io n  s p e c i f i c a t i o n ,  th e  demand f o r  la b o r  r e l a t i v e  to  c a p i t a l  

depends on th e  magnitude o f  th e  f a c t o r  e f f i c i e n c y  r a t e  and th e  magni­

tude  o f  th e  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n ,  as in d ic a te d  in  Equation

(2 .3 .8 )  (<5-A) . More s p e c i f i c a l l y ,  t e c h n ic a l  changes

in c re a s e  demand f o r  la b o r  r e l a t i v e  to  c a p i t a l  o n ly  i f  (a) th e  c a p i t a l  

e f f i c i e n c y  r a t e  i s  g r e a t e r  than  t h a t  o f  l a b o r  when th e  e l a s t i c i t y  o f  

f a c t o r  s u b s t i t u t i o n  i s  s m a l le r  th an  one, o r  (b) th e  c a p i t a l  e f f i c i e n c y  

r a t e  i s  s m a l le r  than  th e  la b o r  e f f i c i e n c y  r a t e  when th e  e l a s t i c i t y  o f  

f a c t o r  s u b s t i t u t i o n n  i s  g r e a t e r  than  one.

U t i l i z i n g  th e  e s t im a te d  p ro d u c t io n  p a ram ete rs  and eq u a t io n  ( 2 .3 . 8 ) ,  

th e  fo llo w in g  co n c lu s io n  emerges w ith  r e g a rd  to  th e  a g r i c u l t u r a l  s e c t o r -  

t h a t  in  th e  p e r io d  1952-1961, th e  demand f o r  la b o r  d ec rease d  r e l a t i v e  

to  th e  demand f o r  c a p i t a l ,  because th e r e  was a wide range o f  s u b s t i t u t i o n  

between c a p i t a l  and la b o r  and th e  c a p i t a l  e f f i c i e n c y  r a t e  was h ig h e r



th an  t h a t  o f  l a b o r .  However, in  th e  p e r io d  1962-1972, s u b s t i t u t i o n  b e ­

tween c a p i t a l  and la b o r  was s u b s t a n t i a l l y  reduced  (maybe because  o f  

m odern iza tion  in  p r o d u c t io n ) , w h ile  la b o r  e f f i c i e n c y  was in c re a se d  and 

c a p i t a l  e f f i c i e n c y  trem endously  d ec re a se d .  T h e re fo re ,  th e  demand f o r  

la b o r  co n tinued  to  remain low r e l a t i v e  to  th e  demand f o r  c a p i t a l .

The suppressed  demand f o r  la b o r  r e s u l t i n g  from p ro d u c t io n  t e c h ­

nology may e x a c e rb a te  th e  unemployment problem in  t h a t  s e c t o r .  In 

term s o f  th e  i n d u s t r i a l i z a t i o n  o f  th e  economy, th e  reduced  demand f o r  

la b o r  in  th e  a g r i c u l t u r a l  s e c t o r  may r e l e a s e  la b o r  fo rc e  to  th e

i n d u s t r i a l  s e c t o r ,  i f  th e  economy has reach ed  th e  s o - c a l l e d  "commerical 
3

p o i n t . "  But in  an economy w ith  su rp lu s  l a b o r ,  l a b o r  sav in g  techno logy  

i s  u n n ecessa ry  and may be u n d e s i r a b le .  On th e  o cher  hand, th e  r e l a t i v e l y  

s t ro n g  demand f o r  c a p i t a l  in  th e  a g r i c u l t u r a l  s e c to r  w i l l  g e n e ra te  

co m p e ti t io n  f o r  c a p i t a l  between th e  a g r i c u l t u r a l  and m anufac tu ring  

s e c to r .

In th e  m anufac tu ring  s e c t o r ,  because  th e  s u b s t i t u t i o n  between 

c a p i t a l  and la b o r  was low and th e  la b o r  e f f i c i e n c y  r a t e  was h ig h e r  th an  

th e  c a p i t a l  e f f i c i e n c y  r a t e  d u r in g  th e  p e r io d  1952-1961, th e  demand f o r  

la b o r  d ec rease d  r e l a t i v e  to  c a p i t a l .  A ccording to  th e  induced in n o ­

v a t io n  th e o ry ,  such a c a p i t a l  u s in g  techno logy  in  th e  m anufac tu ring  

s e c to r  i s  t y p i c a l  o f  th e  p ro c e ss  o f  developm ent. In th e  p e r io d  1962- 

1972, because  o f  th e  n e a r  e q u a l i t y  o f  th e  e f f i c i e n c y  r a t e s  o f  c a p i t a l  

l a b o r ,  th e  demand f o r  la b o r  r e l a t i v e  to  c a p i t a l  remained th e  same.

S ince bo th  th e  a g r i c u l t u r a l  and th e  m anufac tu ring  s e c t o r  were 

employing c a p i t a l  u s in g  techno logy  in  p ro d u c t io n  d u r in g  th e  tw enty  one 

y e a rs  o f  o b s e rv a t io n s ,  our e m p ir ic a l  f in d in g s  u s in g  th e  CES s p e c i f i ­

c a t io n  do n o t  su p p o rt  th e  induced in n o v a tio n  h y p o th e s is .  On th e



c o n t r a ry ,  th e  degree  o f  c a p i t a l  u s in g  in  th e  m anufac tu ring  s e c t o r  was 

s low ing down in  th e  p e r io d  1962-1972 w hile  i t  was f u r t h e r  a c c e l e r a t i n g  

in  th e  a g r i c u l t u r a l  s e c t o r .  These f a c t o r s  n o t  on ly  s t im u la te  an 

economy wide demand f o r  c a p i t a l  b u t  a l s o  e x a c e rb a te  th e  problem o f  

unemployment.

5 .2  The Problem o f  Income D i s t r i b u t i o n

Some development s t r a t e g i s t s  have argued t h a t  in  o rd e r  to  expand 

i n d u s t r i a l  p ro d u c t io n  a huge amount o f  c a p i t a l  investm ent i s  needed 

and a h igh  r a t e  o f  r e t u r n  i s  n e c e s sa ry  to  g ive  in c e n t iv e  f o r  in v es tm en t.  

C onsequently , th e r e  i s  c o n c e n t ra t io n  o f  w e a lth .  But c o n c e n t r a t io n  o f  

w ealth  i s  n o t  worrisome acco rd in g  to  th e se  t h e o r i s t s .  On th e  c o n t r a ry ,  

th ey  f u r t h e r  argue t h a t  c o n c e n t r a t io n  o f  w ea lth  i s  f a v o ra b le  f o r  

re in v e s tm e n t  which w i l l  s t im u la te  growth. The r e s u l t i n g  p o v e r ty ,  th ey  

say , can be e l im in a te d  as th e  economy d ev e lo p s .

Not a l l  a re  ig n o r in g  g r e a t e r  w ealth  e q u a l i t y  in  th e  p ro c e ss  o f  

developm ent. Nor was i t  emphasized in  s p e c i fy in g  th e  goals  o f  d ev e lo p ­

ment, f o r  i t  had been assumed t h a t  g r e a t e r  e q u a l i t y  o f  w ea lth  i s  

p o s i t i v e l y  c o r r e l a t e d  w ith  growth. I t  i s  dubious to  have such an o p t i ­

m i s t i c  view. Adelman and M orris  p ro c la im  " t h a t  th e  p rim ary  impact o f  

economic development on income d i s t r i b u t i o n  i s ,  on th e  ave rage , to  

d ec re a se  bo th  th e  a b s o lu te  and th e  r e l a t i v e  income o f  th e  poor.  Not 

on ly  i s  th e r e  no au tom atic  t r ic k le -d o w n  o f  th e  b e n e f i t  o f  developm ent; 

on th e  c o n t r a ry ,  th e  development p ro c e ss  le a d s  t y p i c a l l y  to  a t r i c k l e -  

up in  fa v o r  o f  th e  m iddle c l a s s e s  and th e  r i c h .  The a b s o lu te  income o f  

th e  poor b eg ins  to  r i s e  w ith  development o n ly  when th e  n a t io n  moves 

w ell  in to  th e  in te rm e d ia te  l e v e l  o f  developm ent. F urtherm ore , even



h e re  improvement i s  n o t  a u to m a tic .  The p o o re s t  segments o f  th e  

p o p u la t io n  t y p i c a l l y  b e n e f i t  from economic growth on ly  when th e  govern ­

ment p la y s  an im portan t economic r o l e  and when w ide -sp read  e f f o r t s  a re
4

made to  improve th e  human re so u rc e  base ."

In th e  case  o f  Taiwan, th e  c a p i t a l  sh a re  f o r  th e  e n t i r e  non-farm

s e c t o r  shows no t r e n d  b u t  f l u c t u a t e s  between 47 p e rc e n t  and 51 p e rc e n t
5

o f  income d u r in g  th e  p e r io d  1952-1972. However, th e  s t a b l e  r e l a t i v e  

f a c t o r  income sh a re  d u r in g  th e  tw enty  one y e a rs  does n o t  n e c e s s a r i l y  

mean t h a t  t h e r e  was no c o n c e n t r a t io n  o f  w ea lth  in  th e  development 

p ro c e ss  in  Taiwan. There i s  no d e f i n i t e  r e l a t i o n s h i p  between r e l a t i v e  

f a c t o r  sh a re  and w ea lth  c o n c e n t r a t io n .  Wealth c o n c e n t r a t io n  can be th e  

r e s u l t  o f  l e s s  p e rso n s  h o ld in g  a c o n s ta n t  p o r t io n  o f  n a t io n a l  w e a l th .  

The e x -p o s t  s t a b l e  r e l a t i v e  f a c t o r  income sh a re  in  Taiwan r e f l e c t s  th e  

f i n a l  r e s u l t s  o f  th e  in f lu e n c e  o f  a l l  th e  v a r io u s  f a c t o r s  l i s t e d  a t  th e  

b eg in n in g  o f  t h i s  c h a p te r .  N e v e r th e le s s ,  i n v e s t i g a t i o n  o f  th e  impact 

o f  t e c h n o lo g ic a l  change on r e l a t i v e  f a c t o r  income s h a re s  may h e lp  us 

u n d e rs tan d  th e  problem.
6

I t  was in d ic a te d  in  S e c tio n  2 .3 .2  t h a t  under an id e a l  s i t u a t i o n  

th e  r a t e  o f  change in  l a b o r ' s  r e l a t i v e  sh a re  can be ex p ressed  as

S / S = - ( l - S ) [ B ( t ) + ( l - - ) ^ ]  (2 .3 .1 2 )
o g

That i s ,  i f  th e  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  i s  l e s s  th an  u n i ty  

and c a p i t a l - l a b o r  r a t i o  i s  in c r e a s in g ,  th en  th e  r a t e  o f  change in  l a b o r '  

r e l a t i v e  sh a re  depends on th e  magnitude o f  th e  te c h n o lo g ic a l  b i a s .  I f  

te c h n o lo g ic a l  change i s  n e u t r a l ,  B(t)=Q, an in c re a se  in  th e  c a p i t a l - 

la b o r  r a t i o  w i l l  be accompanied by an in c re a s e  o r  a d ec re a se  in  l a b o r ' s  

x’e l a t i v e  sh a re  as In th e  s p e c ia l  case  t h a t  B (t)=0 and 0 = 1 ,i . e .



65.

th e  p ro d u c t io n  i s  under th e  Cobb-Douglas s p e c i f i c a t i o n ,  changes in  

r e l a t i v e  f a c t o r  supp ly  w i l l  have no e f f e c t  on th e  r e l a t i v e  f a c t o r  

w i l l  have no e f f e c t  on th e  r e l a t i v e  f a c t o r  s h a re s ,  and th e  r e l a t i v e

f a c t o r  s h a re s  become s t a b l e .

U t i l i z i n g  th e  e m p ir ic a l  f in d in g s  in  th e  a g r i c u l t u r a l  and th e  

m anufac tu ring  s e c to r s  under th e  Cobb-Douglas s p e c i f i c a t i o n ,  we can draw 

two co n c lu s io n s  w ith  r e g a rd  to  income d i s t r i b u t i o n .  (!)  In  th e  a g r i ­

c u l t u r a l  s e c t o r ,  du r in g  th e  p e r io d  1953-1972 a la b o r  u s in g  te c h n o lo g ic a l  

change was o c c u r r in g ,  hence i t  would be expected  t h a t  l a b o r ' s  sh a re  o f  

income would in c r e a s e .  I f  we b e l ie v e  t h a t  a g r i c u l t u r a l  p ro d u c t io n  can 

be t r u l y  d e sc r ib e d  by th e  Cobb-Douglas fu n c t io n ,  th e n  th e  e x -p o s t  s t a b l e  

income sh a re  o f  la b o r  i s  a r e f l e c t i o n  o f  th e  f a c t  t h a t  m arket fo rc e s  and 

governmental p o l i c i e s  to g e th e r  have o f f s e t  th e  fo rc e  c r e a te d  by th e  

te c h n ic a l  change in  fa v o r  o f  th e  income sh a re  o f  la b o u r .  (2) In  th e  

m anufac tu ring  s e c t o r ,  th e  p r e v a i l in g  c a p i t a l  u s in g  techno logy  du r in g  

th e  p e r io d  1952-1972 would have in c re a s e d  th e  s e c t o r ' s  c a p i t a l  sh a re .  

This would have been a f a v o ra b le  fo rc e  f o r  i n d u s t r i a l i z a t i o n ,  p rov ided  

market fo rc e s  a n d /o r  governm ental p o l i c i e s  had n o t  i n t e r f e r r e d .

In th e  f a c t o r  augmenting CES s p e c i f i c a t i o n ,  th e  impact o f  te ch n o ­

lo g i c a l  change on income d i s t r i b u t i o n  can be ex p ressed  as

7

(2 .3 .1 4 )

(2 .3 .1 5 )
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and

d[(q.C^W.N)J = t .j (q .^ W .N 3 |.  ( 1 - 1 / ct) . (dS- dA) ( 2 . 5 . 1 6 )

That i s ,  a  r i s e  in  th e  f a c t o r  e f f i c i e n c y  r a t e  w i l l  in c r e a s e  (d ec rease )  

t h a t  f a c t o r ' s  income s h a re ,  a s  th e  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  

i s  g r e a t e r  ( le s s )  th a n  one; and th e  ag g re g a te  e f f e c t  o f  changes in  

la b o r  and c a p i t a l  e f f i c i e n c y  r a t e s  on th e  f a c t o r  sh a re  depends on th e  

magnitude o f  th e  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  and th e  r e l a t i v e  

m agnitudes o f  changes in  th e  r a t e s  o f  f a c t o r  e f f i c i e n c y .

In C hapter  Three we o b ta in e d  th e  fo llo w in g  v a lu e s  o f  th e  CES 

f u n c t io n  p ro d u c t io n  p aram eters  in  th e  a g r i c u l t u r a l  s e c to r :

a  6 X

1952-1961 1.52 5.53% 0.001%

1962-1972 0.3361 -0.037% 4.22%

They imply t h a t  in  th e  a g r i c u l t u r a l  s e c to r  d u r in g  th e  p e r io d  1952-1961 

th e  r a t e  o f  la b o r  e f f i c i e n c y ,  which i t s e l f  i s  n o t  s i g n i f i c a n t l y  d i f ­

f e r e n t  from ze ro ,  does n o t  have a s i g n i f i c a n t  e f f e c t  on th e  f a c t o r  

income sh a re .  The h igh  c a p i t a l  e f f i c i e n c y  r a t e  in c re a s e s  c a p i t a l ' s  

income sh a re  because o f  th e  wide range o f  f a c t o r  s u b s t i t u t i o n .  In  the  

p e r io d  1962-1972 bo th  th e  in c r e a s in g  la b o r  e f f i c i e n c y  r a t e  and th e  

d e c re a s in g  c a p i t a l  e f f i c i e n c y  r a t e  r e s u l t e d  in  an in c re a se d  income 

sh a re  o f  c a p i t a l ,  a s  th e  e l a s t i c i t y  o f  f a c t o r  s u b s t i t u t i o n  i s  l e s s  

th an  u n i t y .  In summary, p ro d u c t io n  techno logy  was c o n t in u o u s ly  push ing  

up th e  income sh a re  o f  c a p i t a l  in  th e  a g r i c u l t u r a l  s e c to r  d u r in g  th e  

e n t i r e  p e r io d  1952-1972.



The s i t u a t io n  in  th e  m an u fac tu rin g  s e c to r  i s  somewhat d i f f e r e n t  

from th e  a g r ic u l tu r a l ,  s e c to r .  The m anufac tu ring  s e c to r  under th e  f a c to r  

augm enting CES fu n c tio n  had th e  fo llo w in g  p a ram ete rs  d u rin g  th e  p e r io d

1952-1961; a-= 0 .4818 , X = 17.27%, and 6 = 12.36%. The la b o r  e f f ic ie n c y  

r a t e  was growing f a s t e r  th a n  th e  c a p i t a l  e f f ic ie n c y  r a t e .  T h e re fo re , 

th e  income s h a re  o f  c a p i t a l  in c re a se d  r e l a t i v e  to  th e  income sh a re  o f

la b o r .  In th e  p e rio d  1962-1972, th e  CES p ro d u c tio n  fu n c tio n  param eters
A=6 39^

were as fo llo w s : a  = 0 .4 9 3 3 ,/fi"= 6.33%. S ince  th e re  i s  no s ig n i f i c a n t

d if f e r e n c e  between th e  c a p i t a l  e f f ic ie n c y  r a t e ,  th e  r e l a t i v e  income 

sh a re s  o f  th e  f a c to r s  a re  expected  to  be s t a b l e .

One o f  th e  common scenes in  a develop ing  economy i s  th e  e x is te n c e  

o f  an in te r n a l  la b o r  m ig ra tio n  from th e  r u r a l  to  th e  u rban  a re a  and a 

r u ra l-u rb a n  income d i f f e r e n t i a l .  Taiwan i r  e x p e rie n c in g  t h i s  p a t te r n  

a ls o .  Perhaps our e m p iric a l f in d in g s  in  th e  f a c to r  income sh a re s  may 

p ro v id e  a p a r t i a l  e x p la n a tio n  fo r  such phenomena. That i s ,  th e  p r e ­

v a i l in g  p ro d u c tio n  tech n o lo g y  has caused th e  r e l a t i v e  income sh a re  o f  

la b o r  to  d e c lin e  in  th e  a g r i c u l tu r a l  s e c to r  d u rin g  th e  l a t e r  s ta g e  and 

th e  r e l a t i v e  income sh a re  o f  la b o r  in  th e  m an u fac tu rin g  s e c to r  to  

rem ain s ta b l e .  This im p lie s  t h a t  p ro d u c tio n  tech n o lo g y  was c r e a t in g  

a fo rc e  push ing  up th e  unemployment le v e l a n d /o r  p re s s in g  down th e  r e a l  

wage le v e l  in  th e  a g r i c u l tu r a l  s e c to r  r e l a t i v e  to  th a t  o f  th e  manu­

f a c tu r in g  s e c to r .  T h e re fo re  an in c e n tiv e  fo r  r u r a l  la b o r  to  m ig ra te
8

in to  th e  u rban  a re a  emerged.

With re g a rd  to  th e  im pact o f  te c h n o lo g ic a l  change on th e  d i s t r i ­

b u tio n  o f  income, th e  c o n c lu s io n s  drawn from th e  Cobb-Douglas 

s p e c i f i c a t io n  and th e  CES s p e c i f ic a t io n  a re  d i f f e r e n t .  A gain, th e  

d isc re p a n c ie s  a re  due to  th e  d i f f e r e n t  assum ptions used  in  th e



s p e c i f ic a t io n s  o f  th e  two p ro d u c tio n  fu n c tio n s ,  and i t  i s  n o t in ten d ed  

h e re  to  judge which one o f  th e  two fu n c tio n s  i s  s u p e r io r .



FOOTNOTES

1
For exam ple,C . Kennedy, "Induced B ias in  In n o v a tio n  and th e  Theory 

o f  D is t r ib u t io n " ,  Economical J o u rn a l ,  Septem ber 1964.

2
More s p e c i f i c a l l y ,  a in  N /3r = l / (a + 3 )  and 31n N/91n X = l / ( a + 3 ) .

3
See F e i and R an is , Development o f  th e  Labor S u rp lu s  Economy, Theory and 

P o l ic y , pp . 200-211. When th e  a g r i c u l tu r a l  s e c to r  reach ed  t h i s  s ta g e ,  
th e  red u n d an t a g r i c u l tu r a l  la b o r  fo rc e  d isa p p e a re d  and th e  i n d u s t r i a l  
em ployers had to  compete w ith  th e  la n d lo rd  f o r  th e  su p p ly  o f  la b o r .

4
I .  Adelman, "Development Economics—A R eassessm ent o f  G oal", AER 

Paper and P ro ceed in g s , May 1975, c i t e d  from I .  Adelman and C. T.
M o rris , Economic Growth arid S o c ia l E q u ity  in  D eveloping C o u n tr ie s , 
S ta n fo rd , 1973.

5
The c a p i t a l  sh a re  f o r  th e  farm  s e c to r  i s  in o b ta in a b le .  The on ly  

com pensation to  employees p u b lish e d  by th e  government in  th e  farm  
s e c to r  i s  a v a i la b le  on ly  to  h i r e d  la b o r  d u rin g  th e  se a so n a l peak load  
p e r io d . Com pensation to  se lf-em p lo y ees  i s  n o t  in c lu d e d .

6
Three assum ptions were made in  d e r iv in g  e q u a tio n  ( 2 .3 .1 2 ) .  They a re  

(a) th e  p ro d u c tio n  fu n c tio n  i s  homogeneous o f  deg ree  one (b) th e  
m arg ina l p ro d u c ts  o f  f a c to r s  a re  p o s i t iv e  b u t d e c l in in g ,  and (c) th e  
in p u t and o u tp u t m arkets a re  c o m p e titiv e .

7
Many econom ies, Taiwan b e in g  one o f  them, a re  showing a s ta b le  r e l a t i v e  
f a c to r  income sh a re  o v er tim e . Some eco n o m ists , th e r e f o r e ,  have 
p roposed  th a t  a g g re g a te  p ro d u c tio n  can be d e sc r ib e d  by th e  Cobb-Douglas 
fu n c tio n . However, i t  i s  w orthw hile  to  r e p e a t  t h a t  th e  e x -p o s t 
r e l a t i v e  f a c to r  sh a re  i s  th e  f i n a l  r e s u l t  o f  v a r io u s  in f lu e n c e s ,  o f  
which p ro d u c tio n  tech n o lo g y  i s  o n ly  one.

8
In  th e  e s tim a tio n  o f  th e  CES fu n c t io n ,  we a ls o  c o n s tru c te d  th e

Y * J j

r e l a t io n s h ip  o f  th e  e q u il ib r iu m  wage and th e  observed  wage as  W*= We , 
where W*is e q u ilib r iu m  wage, W i s  observed  wage and D i s  i d l i n g  r a t e  
(D = 1 - c a p a c ity  u t i l i z a t i o n  r a t e ) . I t  was e s tim a te d  th a t  in  th e  
p e r io d  1962-1972 th e  observed  a g r i c u l tu r a l  wage r a t e  d i f f e r s  more from 
th e  e q u ilib r iu m  wage r a t e  th an  th a t  in  th e  m an u fac tu rin g  s e c to r .  
N u m erica lly , r  = 2.4312 f o r  th e  a g r i c u l tu r a l  s e c to r  and r  = 0.8766 f o r  
th e  m an u fac tu rin g  s e c to r  (see  T ab les VI and X I) .



CHAPTER SIX

SUMMARY AND CONCLUDING REMARKS

6.1  The Purpose and M ethodology o f  t h i s  Study

The p o s t-w a r economic developm ent o f  Taiwan i s  v e ry  o f te n  

c i t e d  as  a s u c c e s s fu l  example o f  d ev e lo p in g  c o u n t r ie s .  There 

a re  num erous, i n t e r a c t in g  f a c to r s  in f lu e n c in g  economic grow th. 

S u c c in tly , t h i s  s tu d y  i s  an a ttem p t to  answer th re e  q u e s tio n s  

from p ro d u c tio n  p o in t  o f  view  re g a rd in g  Taiw an’s economic 

developm ent: 1 / th e  c o n tr ib u t io n  o f  te c h n o lo g ic a l  change to

growth in  th e  p ro cess  o f  economic developm ent, 2 / th e  ty p es  o f  

te c h n o lo g ic a l  changes in v o lv ed  d u rin g  th e  tw en ty -one y e a rs  o f  

o b s e rv a t io n s ,  3 / th e  im p lic a tio n s  o f  te c h n o lo g ic a l  changes in  

re g a rd  to  th e  problem s o f  unemployment and income d i s t r i b u t io n  

in  developm ent. As th e  a g r i c u l tu r a l  and th e  m an u fac tu rin g  

s e c to r s  p la y  a c e n t r a l  r o le  in  th e  p ro c e ss  o f  developm ent, we 

an a ly ze  th e  above th re e  q u e s tio n s  w ith  r e s p e c t  to  th e s e  two 

s e c t o r s .

Two s e ts  o f  f a c to r s  le a d  to  an in c re a s e  in  p ro d u c tio n : th e  

in c re a s e s  in  th e  amount o f  f a c to r  in p u ts  and th e  in c re a s e s  in  

th e  p r o d u c t iv i t i e s  o f  f a c to r  in p u ts .  Many f a c to r s  may in c re a s e  

th e  amount o f  f a c to r  in p u ts .  For exam ple, th e  d isco v e ry  o f  

n a tu r a l  r e s o u rc e s ,  th e  m o b iliz a tio n  o f  th e  e x i s t in g  re so u rc e s  

th rough  governm ental p o l ic y ,  and changes in  consumer and p ro d u cer 

b e h a v io r . However, th e  in c re a s e  in  p ro d u c tio n  due to  th e  in c re a s e  

in  th e  amount o f  f a c to r  in p u t i s  n o t th e  concern  o f  t h i s  s tu d y .



R ath e r, we a re  concerned  w ith  th e  second s e t  o f  f a c to r s :  th e  

in c re a s e s  in  th e  p r o d u c t iv i t i e s  o f  f a c to r  in p u ts  which r e s u l t  

from th e  changes o f  p ro d u c tio n  te c h n o lo g ie s . We u t i l i z e  two 

m ethods, p r o d u c t iv i ty  indexes and th e  Solow m easure, to  m easure 

th e  so c a l le d  p ro d u c tio n  r e s id u a l s .

In  o rd e r  to  decompose th e  p ro d u c tio n  r e s id u a ls  and to  d e te c t  

th e  ty p e s  o f  p ro d u c tio n  techno logy  changes, we a ttem p t to  e s tim a te  

th e  p ro d u c tio n  fu n c tio n s  o f  th e  a g r i c u l tu r a l  and m anufac tu ring  

s e c to r s .  For com parison p u rp o ses , we e s tim a te  th e  two most f r e ­

q u e n tly  used p ro d u c tio n  fu n c tio n s ,  th e  Cobb-Douglas fu n c tio n  and 

th e  CES fu n c t io n ,  f o r  th e  two s e c to r s .

The e s tim a te s  o f  th e  p ro d u c tio n  p a ram ete rs  n o t o n ly  re v e a l 

th e  ty p es  o f  te c h n o lo g ic a l  changes, b u t a ls o  p ro v id e  us w ith  th e  

fo u n d a tio n  to  an a ly ze  th e  problem s o f  unemployment and income 

d i s t r i b u t io n  in  th e  p ro c e ss  o f  developm ent.

Summary o f  E m p irica l F ind ings

P ro d u c tiv i ty  in d ex es and Solow1s approach have been used  to  

m easure th e  p ro d u c tio n  r e s id u a l s .  D if fe re n t  assum ptions were 

im p lied  in  th e s e  two ap p ro ach es, and we o b ta in e d  d i f f e r e n t  r e s u l t s .  

In  th e  a g r i c u l tu r a l  s e c to r ,  th e  p ro d u c t iv i ty  indexes approach  

in d ic a te d  th a t  th e  p ro d u c tio n  r e s id u a l  was growing by 1 .63  p e rc e n t 

p e r  y e a r  d u rin g  th e  p e r io d  1952-1972, w h ile  th e  Solow m easure 

showed th e  p ro d u c tio n  was s h i f t in g  upward by 1.057 p e rc e n t a n n u a lly  

d u rin g  th e  same p e r io d , o f  which 64 p e rc e n t was c o n tr ib u te d  by 

c a p i t a l  in c re a s e  and 36 p e rc e n t was c o n tr ib u te d  by p ro d u c t iv i ty  

in c re a s e .  In  th e  m an u fac tu rin g  s e c to r ,  th e  p r o d u c t iv i ty  indexes



in d ic a te d  th a t  th e  p ro d u c tio n  r e s id u a l  was growing by 7 .34  p e rc e n t 

a n n u a lly . The Solow measure in d ic a te d  th a t  th e re  was a 4 .3 7  p e r ­

cen t annual upward s h i f t  in  th e  p ro d u c tio n , o f  which 13.80 p e rc e n t 

was c o n tr ib u te d  by c a p i t a l  in c r e a s e ,  and th e  rem ain ing  86 .20  p e r ­

cen t by p ro d u c t iv i ty  in c re a s e .

From th e  e s tim a tio n  o f  th e  Cobb-Douglas p ro d u c tio n  fu n c tio n , 

we f in d  th e r e  a re  th re e  te c h n o lo g ic a l  b reak s  in  th e  a g r i c u l tu r a l  

s e c to r ,  1953-1957, 1958-1967, and 1968-1972. The o u tp u t e l a s t i c i t y  

o f  la b o r  was in c re a s in g  w h ile  th e  o u tp u t e l a s t i c i t y  o f  c a p i t a l  

was d e c l in in g  in  th e s e  th r e e  te c h n o lo g ic a l  p e r io d s  im ply ing  th a t  

th e  te c h n o lo g ic a l  change was la b o r  u s in g  in  th e  a g r i c u l tu r a l  s e c to r .

There a re  two te c h n o lo g ic a l  b reak s  in  th e  m an u fac tu rin g  s e c to r ,

1953-1957 and 1958-1972. C o n tra ry  to  what was happen ing  in  th e  

a g r i c u l tu r a l  s e c to r ,  th e  o u tp u t e l a s t i c i t y  o f  c a p i t a l  was i n ­

c re a s in g  w h ile  th e  o u tp u t e l a s t i c i t y  o f  la b o r  was d e c l in in g  in  

th e se  two te c h n o lo g ic a l  p e r io d s .  T h e re fo re  we conclude th a t  

th e re  was a c a p i ta l  u s in g  te c h n ic a l  change in  th e  m an u fac tu rin g  

s e c to r .

The assum ptions im p lied  in  th e  CES p ro d u c tio n  fu n c tio n  a re  

d i f f e r e n t  from th o se  im p lied  in  th e  Cobb-Douglas fu n c tio n . The 

e s tim a te  o f  th e  CES p ro d u c tio n  p a ram ete rs  in d ic a te  t h a t  th e r e  was 

p r e v a i l in g  c a p i t a l  u s in g  te c h n o lo g ic a l  b ia s  in  b o th  th e  p e r io d s  

o f  1952-1961 and 1962-1972 in  th e  a g r i c u l tu r a l  s e c to r .  In  th e  

m anufac tu ring  s e c to r ,  based  on th e  e s tim a te s  o f  th e  CES p ro d u c tio n  

fu n c tio n , th e re  was c a p i t a l  u s in g  te c h n o lo g ic a l  change in  th e  

p e r io d  1952-1961. The p ro d u c tio n  tech n o lo g y  in  th e  p e r io d  1962- 

1972 was o f  a n e u t r a l  ty p e .



I t  i s  c l e a r ly  in d ic a te d  by th e  e s tim a tio n  o f  th e  Cobb-Douglas 

p ro d u c tio n  fu n c tio n  th a t  dualism  p re v a ile d  in  p ro d u c tio n : la b o r  

u s in g  in  th e  a g r i c u l tu r a l  s e c to r  and c a p i t a l  u s in g  in  th e  manu­

f a c tu r in g  s e c to r .  The h ig h  r a t e  o f  au to m atio n , i . e .  th e  s h i f t  o f  

th e  p ro d u c tio n  e f f ic ie n c y  p a ra m e te r, in  b o th  s e c to r s  c re a te d  th e  

fo rc e  to  reduce employment. F o r tu n a te ly  t h i s  fo rc e  was o u t­

weighed by th e  o u tp u t growth r a te s  in  b o th  s e c to r s .  However, 

based  on th e  e s tim a te s  o f  th e  CES p ro d u c tio n  fu n c t io n ,  because  o f  

th e  n a tu re s  o f  th e  e l a s t i c i t y  o f  f a c to r  s u b s t i t u t i o n  and th e  

e f f i c ie n c y  r a t e s  o f  c a p i t a l  and la b o r ,  th e  demand f o r  la b o r  was 

reduced  in  b o th  s e c to r s  r e l a t i v e  to  th e  demand f o r  c a p i t a l  d u rin g  

th e  e n t i r e  p e r io d  o f  o b s e rv a tio n .

With re g a rd  to  th e  d i s t r i b u t i o n  o f  incom e, th e  e s tim a tio n  o f  

Cobb-Douglas p ro d u c tio n  fu n c tio n  showed th a t  l a b o r 's  income sh a re  

shou ld  have in c re a se d  in  th e  a g r i c u l tu r a l  s e c to r ,  w h ile  c a p i t a l 's  

income sh a re  shou ld  have in c re a se d  in  th e  m an u fac tu rin g  s e c to r .  

However, th e  c o n c lu s io n  drawn from th e  CES p ro d u c tio n  fu n c tio n  

p ro v id ed  a  d i f f e r e n t  p i c tu r e .  That i s ,  in  th e  a g r i c u l tu r a l  s e c to r ,  

c a p i t a l 's  income sh a re  shou ld  have in c re a s e d , and in  th e  manu­

f a c tu r in g  s e c to r ,  th e  c a p i t a l 's  income sh a re  shou ld  a ls o  have 

in c re a se d  in  1952-1961, w h ile  rem ain ing  c o n s ta n t in  1962-1972.

Assuming th e  CES p ro d u c tio n  fu n c tio n  was o p e ra tin g  in  th e

economy, two fa v o ra b le  fo rc e s  have c o n tr ib u te d  to  th e  su ccess  o f

in d u s t r i a l i z a t i o n  in  Taiwan. They a re  1 / th e  la b o r  e f f ic ie n c y

r a t e  was h ig h e r  in  th e  m an u fac tu rin g  s e c to r  th an  in  th e  a g r i c u l tu r a l

s e c to r  d u rin g  th e  e n t i r e  p e r io d  1952-1972, and 2 / in  th e  p e r io d

1962-1972 th e  la b o r  e f f ic ie n c y  r a t e  was g r e a te r  th a n  th e  c a p i t a l  

e f f ic ie n c y  r a t e  in  th e  a g r i c u l tu r a l  s e c to r .



Remarks

D if fe r e n t  c o n c lu s io n s  emerged when we a p p lie d  th e  p ro d u c t i ­

v i t y  in d ex es  and th e  Solow m easure in  m easuring th e  p ro d u c tio n  

r e s id u a ls .  T his i s  due to  th e  f a c t  t h a t  th e  two approaches have 

used  d i f f e r e n t  assum ptions in  t h e i r  fo rm u la tio n s , a lth o u g h  bo th  

approaches proved to  be u s in g  th e  same concept o f  th e  Abram ovitz 

r e s id u a l .  For exam ple, Solow’s m easure i s  under th e  assum ption  th a t  

th e  p ro d u c tio n  fu n c tio n  i s  homogeneous w ith  c o n s ta n t r e tu r n s  to  

s c a le ,  which th e  p r o d u c t iv i ty  ind ex es  approach does n o t assum e.

The e s tim a te s  o f  th e  p ro d u c tio n  p aram eters  o f  th e  Cobb-Douglas 

fu n c tio n  and th e  CES fu n c tio n  have been used in  d e te rm in in g  th e  

ty p es  o f  te c h n o lo g ic a l  changes and t h e i r  im p lic a tio n s  in  employment 

and income d i s t r i b u t i o n .  In  th e  p ro c e ss  o f  th e  e s tim a tio n  o f  th e s e  

two p ro d u c tio n  fu n c t io n s ,  we f in d  th e  m e r its  o f  one fu n c tio n  a re  

th e  shortcom ings o f  th e  o th e r  fu n c tio n . T h e re fo re , we in te n d  n o t 

to  c la im  any s u p e r io r i ty  betw een th e se  two fu n c tio n s .  However, 

i t  i s  i n t e r e s t i n g  to  d isc o v e r  t h a t  th e  co n c lu s io n s  we draw from 

th e  e s tim a te s  o f  th e  two fu n c tio n s  do n o t r e in fo rc e  each o th e r .

The d is c re p a n c ie s  a re  due to  th e  d i f f e r e n t  p resum ptions im p lied  

in  th e  two p ro d u c tio n  fu n c t io n s ,  which make them non-com parable 

in  c e r t a in  r e s p e c ts .  Hence, we do no t a ttem p t to  r e c o n c i le  th e  

d i f f e r e n c e s .

In  th e  t e x t  o f  t h i s  s tu d y , we r e p e a te d ly  em phasize t h a t  th e  

a n a ly s is  on th e  problem s i s  c a r r ie d  ou t p u re ly  from th e  p ro d u c tio n  

p o in t o f  view . We a re  aware o f  th e  l im i ta t io n  o f  such an approach  

and would l ik e  to  r e p e a t  t h i s  p o in t  h e re . The a u th o r  hopes th e  

theme o f  t h i s  s tu d y  can be analyzed  in  a more g e n e ra l m odel. In



a d d i t io n ,  th e  s tu d y  i s  an a ly z in g  two h ig h ly  ag g reg a ted  s e c to r s .  

When th e  same a n a ly t ic a l  te c h n iq u e s  a re  a p p lie d  to  each  le s s  

ag g reg a ted  in d u s try  in d iv id u a l ly ,  p erhaps somewhat d i f f e r e n t  

co n c lu s io n s  can be drawn.



APPENDIX A:

STATISTICAL TABLES

The fo llo w in g  th i r t e e n  pages c o n ta in  th e  S t a t i s t i c a l  T ab les 

m entioned in  t h i s  s tu d y .



Table I .  General S ta t is t ic s  o f th e  Taivan Economy

1 2
A g ric u l­ 3 4 Groks 6 7 8 9

t u r a l Domest ic P ercen ­ P ercen ­ Gross P erso n s
G ross G ross Mfg. Gross P roduct ta g e  o f ta g e  o f Domestic o f  Work­

Domestic Domestic Domestic Popula­ p e r  P e r­ C o l. 2 C o l. 3 C a p ita l in g  Age
Product* Product* Product* t io n son* to  C o l. to  C o l. Form ation* 15-59**

Year (M il.IIT$) (Mil.NT$) (Mil.NT$) (1000 p ro ) (HT$) 1 (* ) 1 (*) (Mil.KT$) (1000 p rs )

1952 42,077 1 3 ,1 7 1 .6 1*, 221 .9 8 ,128 5,176 31 .30 10 .0 3 6,226 4,352
1953 1*5,887 15,288.1* 1* ,7 5 9 .5 8,1*38 5,1*38 33.31 10 .37 6 ,700 4,493
X951* 1*9,669 13 ,3 0 9 .7 6,1*91.1* 8,71*9 5,677 26 .79 13 .0 6 7 ,575 4,630
1955 53,758 IU .8U5 .5 6 ,6 7 3 .2 9 ,078 5,921 27 .61 12 .41 6,362 4,772
1956 56,262 11*,787.5 7 ,3 3 7 .5 9 ,390 5,991 26 .28 13 .04 7,508 4,892
1957 60,1*07 15,771*.8 8 ,5 2 2 .2 9,690 6,233 26.11 14 .10 7 ,439 5,013
1958 61*, 395 1 6 ,6 0 7 .7 8,911.1* 10,039 6 , 1*11* 25 .79 13 .8 3 8,780 5,157
1959 69,090 1 7 ,5 1 1 .3 1 0 ,8 7 3 .2 10,1*31 6,623 25.34 15 .73 10,352 5,330
I 960 73,351 2 0 ,1 7 1 .2 1 1 ,1 3 2 .5 10 ,792 6,796 27.1*9 15 .17 12 ,576 5,439
1961 78,711* 2 0 ,9 3 2 .9 1 2 ,0 8 6 .5 11,11*9 7 ,060 26 .59 15 .35 14,395 5,566
1962 81*, 1*95 20, 1*06 .0 1 2 ,7 6 7 .5 11 ,512 7 ,339 24 .15 15 .11 15,397 5,729
1963 92,577 20 , 831 .6 16,31*7.1 11,881* 7 ,7 9 0 22 .50 17 ,65 16 ,502 5 ,926
1964 103,799 2U,806 .3 19,51*2.7 12,257 8 , 1*68 23 .89 18 .8 2 20,111 6,148
1965 115,990 26,1*65.8 2 1 ,0 7 5 .9 12,628 9,185 22.81 18 .17 26,154 6,393
1966 125,883 27,1*03.0 2 3 ,0 5 2 .0 12,993 9,688 21 .76 18.31 29,155 6,602
1967 138,735 28 , 628.7 26 , 12 8 .2 13,297 10,1*33 20 .63 18 .8 3 35,713' 6 ,918
1968 151,81*1 29,901*.5 29 ,563 .7 13,650 11,123 19 .6 9 19 .47 41,341 7,203
1969 161*, 817 2 7 ,5 0 8 .2 3 3 ,3 7 3 .6 1>*,335 11,1*97 16 .6 9 20.24 44,124 7,838
1970 183,271 2 9 ,0 3 5 .5 38,351*.2 l i t , 676 12,1*87 15 .84 20 .92 54,454 8 ,120
1971 20U,097 2 9 ,2 8 1 .5 1*6,863.3 I**,995 13,611 14 .34 22 .96 60,675 8,419
1972 226, 1*142 3 1 ,535 .8 5 li,308 .0 15,289 l i t , 810 13 .92 23 .98 63,975 8 ,668

Annual
G rovth

R ate 8 .U1? >*.36? 12.77* 3.15? 5.25* 3.44?

• * The f ig u r e s  a r e  i n  te rm s o f  1966 NT$ v a lu e .

* • S ince  1969 th e  f ig u r e s  in c lu d e  m i l i t a r y  p e rs o n n e l ,  hence th e  a n n u a l g ro v th  r a t e  o f  p e rso n s  o f  v o rk in g
age  i s  o v e re s t im a te d .

D ate so u rc e : Columns 1 ,  2 ,  3 and 8 a r e  com piled  from n a t io n a l  Income o f  t h e  R epublic  o f  C h in a. 1973.
Column 4 i s  d ig e s te d  from T aivan  S t a t i s t i c s  A b s tr a c t ,  1973.



Table I I .  The P roductivity  Indexes and the  Solov's Measure of the  A gricu ltu ra l Sector
(A ll  th e  m onetary  te rm s a r e  a t  1966 S .T .$  v a lu e .)

1 , j U
Real Output

----- 6-------- .......  7 '  1 -----8--------
T o ta l

------9-------- - w , ----- » —

Man Real Product p e r C a p i ta l - ' F a c to r Y
R eal G ross Days C a p ita l Per U nit o f Labor C a p ita l» Produc­ f / A ( t )

Product (M il. In p u t Man-Day C a p ita l R a tio Share t i v i t y
Year (M il.U Tt) Days) (Mil.NT$) i /2 1 /3 3 /2 * Index R esid u a l A (t) 1*/10

1952 1 3 ,1 7 1 .6 21*1.9 l 1*, 596.3 5>*.1*5 0.902 60 . 3I1 1*8 .0 2 100 .00
1953 1 5 , 288. 1* 21*6 .6 ll* ,9 7 0 .7 61 .99 1.021 60 .70 50.33 103 .25 .1186 1 00 .00 61 .99
1951* 1 3 ,3 0 9 .7 2U6.1 15,817.1* 51* .08 O.8U1 6U. 27 1*6 . 1*8 102.73 -.1 7 2 1 111 .86 1*8.33
1955 11*,8U5 .5 21*2 .8 1 6 ,0 5 7 .5 61. lU 0.921* 60 .13 1*7.32 110.65 .1021 9>*.65 6U.60
1956 1**,787.5 251.7 1 6 ,7 7 3 .9 58.75 0.881 66. 6U 1*6.15 111.27 - . 01*1*2 10U.86 56.03
1957 15,77**.8 268.6 17 ,3 3 1 .5

17 ,8 0 3 .7
58.72 0.910 6U. 52 1*7.18 108 .16 .0151 100. UH 58.1*6

1958 16 ,6 0 7 .7 275.5 60.28 0.932 61*. 62 1*6.97 111.91 .0250 101 .95 59.13
1959 1 7 ,5 1 1 .3 271*.7 1 8 , 096.8 63.7** 0.967 65.87 50.89 99 .52 . 01*1*6 10U.I*5 61.02
I 960 2 0 ,1 7 1 .2 269.7 1 8 ,2 7 1 .8 71*.79 1 .1 0 3 6 7 .71* 1*7.00 135.63 .13U6 108.91 68.67
1961 2 0 ,9 3 2 .9 267 .0 1 9 ,1 6 7 .3 78.1*0 1 .092 71 .78 1*7.75 133 .99 .0191 122.37 6U. 07
1962 20, 1*06 .0 267 .8 19,61*7.6 76 .19 1.038 7 3 .3 6 1*6 .60 13U.25 -.0 3 8 9 12l*.28 61*. 31
1963 2 0 ,8 3 1 .6 275 .0 2 0 ,8 0 3 .5 75 .75 1.001 7 5 .6U **9-91 115.00 -.0 2 0 9 120 .39 62.92
196U 21*,806 .3 283.0 2 2 ,0 7 7 .6 87 .65 1 .1 2 3 78 .01 1*8 .81 137.1*8 .1210 118 .30 71*.09
1965 2 6 , 1*6 5 .8 300.7 23,1*1*5.2 88 .01 1.128 77 .96 1*6.53 152 .50 .001*3 130.1*0 67. **9
1966 27,1*03.0 307.5 21*, 939 .0 8 9 . l l 1 .098 81 .1 0 1*7.23 11*7.01 -.0 0 5 9 130 .83 68.11
1967 2 8 ,628 .7 303.7 2 6 ,7 1 3 .7 9**.26 1.071 87 .96 1*7.53 11*7.66 .0175 130 .25 72 .37
1968 29,901*. 5 301* .7 2 9 ,9 5 7 .8 98 . lU 0.998 98 .31 1*8 .0 1 11*2.61* -.0 1 1 0 132 .00 7l*.35
1969 2 7 ,5 0 8 .2 298 .6 3 1 ,5 8 5 .9 92 .12 0 .870 105.78 1*8.91 123.96 -.0 9 9 8 130 .90 70 .37
1970 2 9 ,0 3 5 .5 295 .5 33,l*7li.5 98 .25 0.867 113 .28 1*9.58 123.87 .0296 120.92 81.25
1971 2 9 ,2 8 1 .5 299 .0 31* , 821 .8 97 .93 0.81*0 116. 1*6 1*7.1*6 13>*.69 -.0 1 6 3 123.88 79 .05
1972 3 1 ,5 3 5 .8 288.1 1*1,791*.3 109.1*6 0 .7 5 1* 11*5.06 1*7.01* 138 .51 .0125 122 .25 89 .53

Annual
G rovth

R ate 1*. 36? 0.87% 5 . 26? 3.1*9* •*.39* 1 .63* 1.057S 1.9>*<

*This i s  a  f ig u re  f o r  th e  e n t i r e  non-farm  s e c to r .  A r e l i a b l e  f ig u r e  f o r  th e  farm  s e c to r  was n o t o b ta in a b le .

D ata S o u rc e s ; Columns 1 and 7 a re  com piled  from N a tio n a l Income o f  th e  R epublic  o f  C h ina. 1973.
Columns 2 and 3 a re  th e  e s tim a te d  f ig u r e s  by T .H . Lee and I .E .  Chen, "Growth R ate  o f  Taivan*a 
A g r ic u ltu re ,  1911-1972 ," Paper p re se n te d  in  th e  C onference o f  A g r ic u l tu r a l  G rovth in  Ja p a n , 
K orea, and th e  P h i l ip p in e s ,  Feb . 1973 , H onolu lu , H a v a ii.



T a b l e  I I I ,  Sum m ary o f  t h e  R e g r e s s i o n  R e s u l t s  o f  t h e  C o b b - D o u g la s  
P r o d u c t i o n  F u n c t i o n :  a  l u x  <=T 4 ^ 4  ln N  + f t  A  ( lti.S + 2 /r ic )

— A g r ic u l tu r a l  S e c to r -  -

Y e a r

Anr
( t  v a l u e )

A
c A  

( t  v a l u e )

A

/  0 -  \ ( t  v a l u e ) R2

D u r b i n -
W a tso n
S t a t .

D e g r e e
o f

F r e e d o m

1 9 5 3 - 1 9 7 2 0.0003
( 0 . 0 2 0 )

0 . 5 9 5 6
( 1 . 2 9 5 )

0 . 7 0 8 6  

- ( 4 . 3 4 1 )
0 . 5 3 2 8 2 . 2 2 1 7

1 9 5 3 - 1 9 6 2 0 . 0 1 5 1
( 0 . 8 0 7 )

- 0 . 1 5 6 3
( - 0 . 2 4 0 )

1 . 2 9 9 7
( 4 . 2 8 5 )

0 . 7 2 4 2 2 . 6 5 7

1 9 6 3 - 1 9 7 2 - 0 . 0 2 2 2
( - 1 . 5 6 5 )

1 . 1 0 4 9
( 3 . 2 1 2 )

0 . 6 8 4 3
( 5 . 7 0 8 )

0 . 8 4 0 5 2 . 4 6 7

1 9 5 3 - 1 9 5 7 0 . 0 4 0 3
(3.345)

- 1 . 6 0 0 2
( - 4 . 0 0 9 )

• 2 . 4 9 8 4  

( 1 0 . 3 5 3 )
0 . 9 8 2 0 2 . 4 8 2.

1 9 5 8 - 1 9 6 7 0.0117
( 1 . 162 )

- 0 . 1 3 8 9
( - 0 . 4 6 3 )

0 . 8 7 8 8
( 7 . 4 2 2 )

0 . 8 8 7 4 1 . 6 ? 7

1 9 6 8 - 1 9 7 2 - 0.0232
( - 1 . 4 8 4 )

• I .2678
( 1 . 7 4 8 0 )

0 . 6 1 6 5
( 4 . 7 3 4 )

0 . 9 1 8 5 2 . 2 8 2



Table IV. Subsidiary F Tests for Structural Breaks
i n  t h e  C o b b - D o u g la s  P r o d u c t i o n  F u n c t i o n  

-  A g r i c u l t u r a l  S e c t o r  -

Y e a r s
Sum o f  S q u a r e d  

R e s i d u a l s
D e g r e e  o f  

F r e e d o m C a l c u l a t e d  F  T h e o r e t i c a l  F

1 9 5 3 - 5 7  v s .  1 9 5 8 - 6 2  
1 9 5 3 - 1 9 5 7  
1 9 5 8 - 1 9 6 2  
1 9 5 3 - 1 9 6 2

0.000916 
0 . 0 0 1 3 9  
0.01816

9.1667 6.59

1958-62  v s .  1963-67
1 9 5 8 - 1 9 6 2
1 9 6 3 - 1 9 6 7
1 9 5 8 - 1 9 6 7

0 . 0 0 1 3 9
0.00038
0 . 0 0 3 3 9

1.2263 6.59

1958-67  v s .  1968-72 
1963-1967 
1958-1962 
1968-1972 
1958-1972

0.00038
0.00139
0.00126
0.01762

2
6 9.6303 4.76



T able V. Epochal E s tim a te s  o f  th e  Cobb-Douglas
P ro d u c tio n  F u n c tio n : A ln>C - Y+J .A b n fil- t-p A  ( J ln f  ■i-£nf<C') 

-  A g r ic u l tu r a l  S e c to r  -

A / \  £  $  D urb in - Degree
y  P  2 /  £  ~a — a  Watson o f

Epoch ( t  r a t i o )  ( t  r a t i o )  ( t  r a t i o )  R p  £  +  p  S t a t .  Freedom

1 9 5 3 - 5 7 0 . 0 4 0 3
( 3 . 180)

- 1.6002
( - 3 . 811 )

2 . 4 9 8 4
( 9 . 8 4 3 ) 0 . 9 4 5 6 0.8982 2 . 7 8 1 5 2.11 11

1 9 5 8 - 6 7 0 . 0 1 1 7
( 1 . 1 3 7 )

- 0 . 1 3 3 9
( - 0 . 4 6 3 )

0 . 8 7 8 9
( 7 . 2 6 3 ) 0 . 9 4 5 6 0 . 7 3 9 9 1 . 1 8 7 7 2.11 11

1 9 6 3 - 7 2 - 0.0232
( - 1 . 656 )

1.2678
( 1 . 9 5 1 )

O.6165
( 5 . 282 ) 0 . 9 4 5 6 1 . 8 8 4 3 0 . 3 2 7 1 2.11 11



Table VI. Summary of the Regression Results of the CES Production
F u nctions X « ) ~ ^ +  b (N e ^ )  ^ ]~ T

-  A g r ic u l tu r a l  S e c to r  -

Ufrr-O^SU b  +  c r ir t J r  + ^ r p + ( i - ^ ) X ‘t

Year
(T'

( t  v a lu e ) ,  X  /( t  v a lu e )
Y "

( t  v a lu e ) R2

D egree
o f

Freedom
<r

( t  v a lu e ) R2

Degree
o f

Freedom

1 9 5 2 -
1 9 7 2 0 . 5 4 8 7

( 1 . 8 )
0 . 0 7 0 9

( 1 . * )

1 . 8 3 3 8
( 1 . 8 )

0 . 9 7 8 1 7 -O .O O 96
( - 2 . 6 8 7 )

0 . 2 7 5 4 1 9

1 9 5 2 -
1 9 6 1 1 . 5 1

( 1 . 0 )
0 . 0 0 0 0 1

( 0 . 2 )
1 . 1 1 6 4
( 1 . 0 )

0 . 2 5 2 6 0 . 0 5 5 3
( 4 . 7 8 4 )

0 . 7 4 1 0 8

1 9 6 2 -
1 9 7 2 0 . 3 3 6 7

( 0 . 9 )
0 . 0 4 2 2

( 1 . 7 )

2 . 4 3 1 2
( 0 . 8 )

0 . 9 7 2 7 - 0 . 0 3 7 0
( - 7 . 0 2 2 )

0 . 8 4 5 6 9



T ab le  V II. The P r o d u c t iv i ty  In d ex es and th e  Solow1a M easure o f  th e  M anufac tu ring  S e c to r  

(A ll  th e  m onetary te rm s a r e  a t  1966 S .T .$  v a lu e .)

Year

1

R eal Gross 
P roduct 

(Mil.HT$)

2
Labor
In p u t
(1000
p r s . )

3
R eal

C a p ita l
In p u t

(Mil.NT$)

R eal
P roduct

p e r
Worker
(NT$)

O utput 
p e r 

U n it o f  
C a p ita l

1 /3

6
C a p i ta l -

Labour
R a tio

3 /2

7

C a p ita l*
Share

?

8
T o ta l
F a c to r
Produc­
t i v i t y
Index

9

R esid u a l

10

A (t)  /

11

| / A ( t )

1*/10

1952 >1,221.9 22U.9 112,221 ■ 18,772 0.033 1*98.96 1*8.02 100 .00
1953 U .759.5 2>*7.7 113,1*1*3 19,211* 0.0>i2 1*57.99 50.33 92 .58 .0680 100 .00 19,2ll»
195k 6,1*91.1* 275.8 l i l t , 1*69 23,536 0.057 1*15.0U 1*6.1*8 150 .31 .2317 106 .80 22,037
1955 6 ,6 7 3 .2 277.7 115,737 2l*,030 0.053 1*16.77 1*7.32 11*5.60 .0185 129 .97 18,1*89
1956 7 ,3 3 7 .6 281 .6 117 ,323 26,056 0.063 1*16.63 1*6.15 169.1*1* .0779 131 .82 19 ,766
1957 8 , 522.2 283 .0 118,793 30,113 0.072 1*19.76 1*7.18 183 .38 .1312 139 .61 21,569
1958 8,911.'* 281 .5 120,753 31,656 0 .0 7 ’4 1*28.96 1*6.97 193.27 .0386 152.73 20,727
1959 1 0 ,8 7 3 .2 28U.1* 122,21*2 38,231 O.O89 1*29.82 50.89 183 .86 .1709 156 .59 21*, 381*
I960 1 1 ,1 3 2 .5 289 .0 125.263 38,520 0.089 1*33.1*1* • 1*7.00 233.60 .0036 173.68 22,179
1961 12 , 086.5 375.8 128,539 32,162 0 .0 9 s* 3l*2.0l* 1*7.75 208.67 -.0 7 0 1 171*. 03 1 8 , 1*81
1962 1 2 ,7 6 7 .5 375 .2 131,1*27 3!*, 028 0.09T 350.29 1*6 .80 230.77 .01*38 167.02 20,371*
1963 16,31*7.1 1*02.5 13U.267 1*0,613 0.122 333.58 1*9.91 235.23 .1871 171.1*0 2 3 ,6 9 5 ;
X96U 19,5 '*2.7 1*78.0 139,038 1*0,881* 0.11*1 290.87 1*8 .8 1 269.87 ,0782 190.11 21,505
1965 2 1 ,0 7 5 .9 553.1* 11*6,1*50 38,081* 0 . 11*1* 261*. 6U 1*6.53 298.97 -.0 2 7 3 197.93 19,21*1
1966 2 3 ,0 5 2 .0 616.7 153,711* 37,379 0 .150 21*9.25 1*7.23 290 .29 .0102 195.20 19,11*9
1967 2 6 , 128.2 695.7 161* ,783 37,556 0 .159 236 .86 1*7.53 293.91 .0295 196 .22 19 ,139
1968 2 9 ,5 6 3 .7 730 .3 176,861* 1*0, 1*81 0.167 21*2 .18 1*8 .01 305.32 .0617 199.17 20,321*
1969 3 3 ,3 7 3 .6 816.O 188 , 1U6 1*0,899 0.177 230.57 1*8.91 300.71* .031*8 205.35 1 9 ,916
1970 38.35U .3 81*8.1* 205,81*1 1*5,207 0 .185 21*2 .62 1*9.68 312.53 .0706 208.82 2i,61i8
1971 U6, 868 .3 873.1 221,71*8 53.680 0 .211 253.93 1*7.1*6 1*07.98 .1366 215.88 2 k ,865
1972 5U, 308.0 999.2 239,715 5l>,351 0.277 239.91 1*7.01* 1*3>*.28 .0399 229. S'* 23,678

Annual
Growth

R ate  1 2 .77?  7 .1*6? - 3 .80?  5 .32? 8 . 98*  -3-665^ 7.j,h% '♦•37515 1 .1 0 ?

•T h is  i s  a  f ig u r e  f o r  th e  e n t i r e  non-farm  s e c to r .  A f ig u r e  f o r  t h e  farm  s e c to r  was n o t o b ta in a b le .

D ata  S o u rc e s ; Columns 1 and 7 a r e  com piled from  th e  R a tio n a l  Income o f  th e  R epublic  o f  C h in a . 1973.
Column 2 i s  com piled  from Taiwan R e c o n s tru c tio n  S t a t i s t i c s .  1973 , and v a r io u s  i s s u e s  
o f  th e  Q u a r te r ly  Labor P r o d u c t iv i ty  Survey .
Column 3 i s  com piled  from th e  Commercial and I n d u s t r i a l  Census o f  1966 and 1973, 
and N a tio n a l Income o f  th e  R ep u b lic  o;.’ C hina. 1973.



T a b l e  V I I I *  Sum m ary o f  t h e  R e g r e s s i o n  R e s u l t s  o f  t h e  C o b b - D o u g la s  

P r o d u c t i o n  F u n c t i o n : A Ifi'x  -  Y+ckA In N  +/3A ( if iS + ln J C )

-  M a n u f a c t u r in g  S e c t o r  -

A A /\ D u r b i n -  D e g r e e
y  2 W a tso n  o f

Y e a r  ( t  v a l u e )  ( t  v a l u e )  ( t  v a l u e )  R S t a t .  F r e e d o m

1953-1972 0 . 0 9 5 8
( 6 . 1 4 3 )

0 . 0 7 1 1  
. ( 0 . 4 7 6 )

0 . 6 9 9 4

( 5 . W )

0 . 6 4 4 4 1 . 1 0 1 7

1953-1962 0 . 1 0 4 8
( 5 . 1 9 5 )

0 . 2 3 2 3
( 1 . 0 9 8 )

0 . 8 8 8 7
( 4 . 1 2 6 )

0 . 7 2 1 3 0 . 8 1 7

1963-1972 0 . 0 8 5 7
( 2 . 5 7 7 )

- 0 . 0 3 5 6
( - 0 . 1 5 7 )

0 . 7 5 6 3
( 3 . 8 7 3 )

0 . 7 1 5 6 1 . 7 4 7

1953-1957 0 . 0 8 8 3
( 1 0 . 9 2 4 )

1 . 1 6 3 4

( 9 . 3 1 1 )
0 . 7 4 1 5

( 1 1 . 9 3 1 )

0 . 9 9 2 4 2 . 1 0 2

1958-1972 0 . 0 8 1 7
( 6 . 4 3 4 )

0 . 0 2 6 4
( 0 . 256)

0 . 7 7 2 0
( 7 . 3 4 8 )

0 . 8 1 8 4 1 . 9 1 1 2



T a b l e  I X .  S u b s i d i a r y  F  T e s t s  f o r  S t r u c t u r a l  B r e a k s  
I n  t h e  C o b b - D o u g la s  P r o d u c t i o n  F u n c t i o n

-  M a n u f a c t u r in g  S e c t o r  -

Y e a r
Sum o f  S q u a r e d  

R e s i d u a l s
D e g r e e  o f  

F r e e d o m C a l c u l a t e d  F T h e o r e t i c a l  F

1 9 5 3 - 5 7  v s .  1 9 5 8 - 6 2  
1 9 5 3 - 1 9 5 7  
1 9 5 8 - 1 9 6 2  
1 9 5 3 - 1 9 6 2

0 .0 0 0 3 2 1
0 .0 0 2 3 8 7
0 .0 2 0 1 5

2
4

8 . 5 8 6 4 6 . 5 9

1 9 5 8 - 6 2  v s .  1963-67
1 9 5 8 - 1 9 6 2  
1 9 6 3 - 1 9 6 7  
1 9 5 8 - 1 9 6 7

0 .0 0 2 3 8 7
0 . 0 0 1 3 1 6
0 . 0 0 5 7 4 6

2
4

0 . 7 3 5 6 6 . 5 9

1 9 5 8 - 6 7  v s ,  1 9 6 8 - 7 2  
1 9 5 8 - 1 9 6 2  
1 9 6 3 - 1 9 6 7  
1968-1972
1 9 5 8 - 1 9 7 2

0 . 0 0 2 3 8 7
0 . 0 0 1 3 1 6
0 .0 0 2 2 4 8
0.01032 . 1 . 4 6 8 3 4 . 7 6



T a b l e  X . E p o c h a l  E s t i m a t e s  o f  t h e  C o b b - D o u g la s
P r o d u c t i o n  F u n c t i o n ? T~-t-<LAjlnAl+pA (GnC+ 0n.fiQ

-  M a n u f a c t u r in g  S e c t o r  -

A  a  A  „  D u r b i n -  D e g r e e
y  cL P 2 A o  W a ts o n  o f

E p o c h  ( t  r a t i o )  ( t  r a t i o )  ( t  r a t i o )  R cL P  £ / .  §  S t a t .  F r e e d o m

1 9 5 3 - 1 9 5 7  0 . 0 8 8 3  1 . 1 6 3 4  0 . 7 4 1 5
( 5 . 022)  ( 4 . 2 8 0 )  ( 5 . 4 8 5 )  0 . 8 9 5 7  1 . 9 0 4 9  0 , 3 8 9 2  2 . 1 3  1 4

1 9 5 8 - 1 9 7 2  0 . 0 8 1 7  0 . 0 2 6 4  0 . 7 7 2 0
( 6 . 8 4 4 )  ( 0 . 272 )  ( 7 . 816)  0 . 8 9 5 7  0 . 7 9 8 4  0,9669  2 . 1 3  1 4



T a b l e  X I*  Sum m ary o f  t h e  R e g r e s s i o n  R e s u l t s  o f  t h e  CES P r o d u c t i o n  

F u n c t i o n :  X  = fc (K ecf6)~f -+ b> ( V e A t

-  M a n u f a c t u r in g  S e c t o r  -

-7̂ +  ( r r o -*■((- M ~ > r )  -k b r & s f 'i'z L b--t<f-b

Y e a r
0^

( t  v a l u e )
A

( t  v a l u e )
Y *

( t  v a l u e ) R2

D e g r e e
o f

F r e e d o m
<r

( t  v a l u e ) R2

D e g r e e
o f

F r e e d o m

1 9 5 2 -
1 9 7 2 0 . 4 3 6 6

( 0 . 4 )
0 . 0 7 7 1
( 0 . 5 )

0 . 3 2 7 8
( 0 . 2 )

0 . 8 4 4 1 7 0 . 0 8 2 7
( 2 6 . 0 7 4 )

0 . 9 7 3 1 9

1 9 5 2 -
1961 0 . 4 8 1 8

( 0 . 6 )
0 . 1 7 2 7
( 0 . 6 )

2 . 8 1 2 2
( 0 . 6 )

0 . 9 4 1 6 0.1236
( 1 4 . 2 4 0 )

0 . 9 6 2 8

1 9 6 2 -
1 9 7 2 0 . 4 9 3 3

( 9 . 3 )
0 . 0 6 3 9
( 0 . 3 )

O.8766
( 0 . 3 )

0 . 6 6 6 7 O .O 633
( 25 . 226 )

0 . 9 8 6 1 9
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T able X II . C a p ita l  S tocks and th e  U t i l i z a t i o n  R ates 
i n  th e  A g r ic u l tu r a l  and th e  M anufactu ring  

S e c to rs

A g r ic u l tu r a l  S e c to r M anufactu ring  S e c to r

Year
C a p i ta l
S tock*

U t i l i z a t i o n
R ate

C a p i ta l
S tock*

U t i l i z a t i o n
R ate

1 9 5 2 1 4 , 5 9 6 . 3 .9 7 6 0 112,221 1.0000

1 9 5 3 1 4 , 9 7 0 . 7 1.0000 1 1 3 , 4 4 3 . 8 8 1 4

1 9 5 4 1 5 , 8 1 7 . 4 .8820 1 1 4 , 4 6 9 1 .0000

1 9 5 5 1 6 , 0 5 7 . 5 .8890 1 1 5 , 7 3 7 . 9 0 5 5

1 9 5 6 1 6 , 7 7 3 . 9 .8 4 9 9 1 1 7 . 3 2 3 . 8 9 4 8

1 9 5 7 1 7 , 3 3 1 . 5 . 8 7 1 5 1 1 8 . 7 9 3 . 9 3 6 5

1 9 5 8 1 7 , 8 0 3 . 7 .8 8 3 4 1 2 0 , 7 5 3 . 9 1 8 7

1 9 5 9 18 , 096.8 .8980 1 2 2 , 2 4 2 1.0000

i 960 18 , 271.8 . 9 9 6 1 125,263 .8906

1961 1 9 , 1 6 7 . 3 1.0000 1 2 8 , 5 3 9 .8 4 5 2

1 9 6 2 1 9 , 6 4 7 . 6 . 9 1 5 1 1 3 1 , 4 2 7 . 7 9 8 0

1 9 6 3 2 0 , 8 0 3 . 5 . 8 7 9 0 1 3 4 , 2 6 7 . 9 2 3 6

1 9 6 4 2 2 , 0 7 7 . 6 .9 8 8 3 1 3 9 , 0 3 8 1.0000

1 9 6 5 2 3 , 4 4 5 . 2 1*0000 1 4 6 , 4 5 0 . 9 5 3 7

1966 2 4 , 9 3 9 . 0 .9929 1 5 3 , 7 1 4 .9 4 0 9

1 9 6 7 2 6 , 7 1 3 . 7 . 9 9 4 1 1 6 4 , 7 8 3 . 9 6 4 1

1 9 6 8 2 9 , 9 5 7 . 8 1.0000 1 7 6 , 8 6 4 1.0000

1 9 6 9 3 1 , 5 8 5 . 9 . 9 0 7 9 1 8 8 , 1 4 6 . 9 3 2 2

1 9 7 0 3 3 , 4 7 4 . 5 . 9 4 2 7 2 0 5 , 8 4 1 . 9 1 5 4

1 9 7 1 3 4 , 8 2 1 . 8 .9 3 8 5 2 2 1 , 7 4 8 . 9 7 4 4

1 9 7 2 4 1 , 7 9 4 . 3 1.0000 2 3 9 , 7 1 5 1 .0000

*In million NT$ at i960 price level.



TABLE XIII

The O utput Growth R ates and P ro d u c tio n  E f f ic ie n c y  

R ates in  th e  A g r ic u l tu r a l  and M anufacturing  S ec to rs

F i r s t  Epoch 

Second Epoch 

T h ird  Epoch

A g r ic u l tu r a l  S e c to r
P ro d u c tio n
E f f ic ie n c y

R ate
O utput 

Growth R ate

0.63%4.03%

1.17%

-2.32% 1.06%

5.45%

M anufacturing  S e c to r
P ro d u c tio n
E f f ic ie n c y

R ate

8.83%

8.17%

O utput 
Growth Rate

11.65%

18.97%

S ources: See T able I I  and T able VII
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APPENDIX B:

LIST OF SELECTED ENGLISH PUBLICATIONS 

ON TAIWAN’S DEVELOPMENT

1. B arc lay , G. W., C o lo n ia l Development and P o p u la tio n  in  Taiw an,
P r in c e to n  U n iv e rs ity  P re s s ,  1954.

2. C ouncil f o r  I n te r n a t io n a l  Economic C oopera tion  and Development,
The R epub lic  o f  C h in a’s F i f th  Four Year P lan  f o r  Economic
Development o f  Taiw an, 1969-1972, T a ip e i,  1969.

3. Freedman, R ., and O th e rs , Fam ily P lan n in g  in  Taiwan: An Experim ent
in  S o c ia l Change, P r in c e to n  U n iv e rs ity  P re s s ,  1969.

4. G insburg , N. S . ,  The Economic R esources and Development o f  Formosa,
New York I n s t i t u t e  o f  P a c i f ic  R e la t io n s ,  1953.

5. G rajdanzev , A. J . ,  The Economic Development o f  Formosa, Shanghai,
K elly  and W alsh, 1941.

6 . Ho, Y ., A g r ic u l tu r a l  Development o f  Taiwan, 1903-1960, V a n d e rb ilt
U n iv e rs ity  P re s s ,  1966.

7. Ho, S. P . ,  Development A l te r n a t iv e s :  The Case o f  Taiw an, Ann A rbor,
M ichigan U n iv e rs i ty  M ic ro film s , 1965.

8. H sing , M ., "Taiwan: I n d u s t r i a l i z a t i o n  and Trade P o l i c i e s , "  in  Hie
P h i l l ip in e s  and Taiw an, p u b lish e d  f o r  th e  Development C en tre  o f  
th e  O rg a n iza tio n  f o r  Economic C o -o p era tio n  and Development by 
Oxford U n iv e rs i ty  P re s s ,  1971.

9 . Jacoby , N. H ., U n ited  S ta te s  Aid to  Taiwan: A Study o f  F o re ign  A id ,
S e l f - h e lp ,  and D evelopm ent, New York, F re d e ric k  A. P ra e g e r , 1966.

10. K err, G. H ., Formosa B etray ed , B oston, M assach u se tts , H outhton
M if f l in ,  1965.

11. Koo, A. Y ., The Role o f  Land Reform in  Economic Developm ent:
A Case Study o f  Taiw an, New York, F re d e ric k  A. P ra e g e r, 1968.

12. Lee, T. H ., I n te r s e c to r a l  C a p ita l  Flows in  th e  Economic Development
o f  Taiwan, 1895-1960, C o rn e ll U n iv e rs i ty  P re s s ,  197 .

13. Lee, T. H ., and C. H sieh , A g r ic u l tu r a l  Development and I t s
C o n tr ib u tio n s  to  Economic Growth in  Taiwan -  In p u t-O u tp u t and 
P ro d u c tiv i ty  A n a ly s is  o f  Taiwan A g r ic u l tu r a l  Developm ent,
T a ip e i,  Taiwan, 1966.
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14. M ancall, M., Formosa Today, New York, F re d e ric k  A. P ra e g e r , 1964.

15. M endel, D. H ., The P o l i t i c s  o f  Formosan N a tio n a lism , B erk e ley ,
C a l i f o rn ia  U n iv e rs ity  P re s s ,  1970.

16. P s i lo s ,  D. D ., and O th e rs , Economic Development I s s u e s :
G reece, I s r a e l ,  Taiwan, T h a ila n d , 1968.

17. R ap er, A. F . , R ural Taiwan: Problem and P ro m ise , C hinese-A m erican
J o in t  Commission on R ural R e c o n s tru c tio n  (JCRR), T a ip e i ,  1954.

18. R iggs, F. W., Formosa under C hinese N a t io n a l i s t  R u le , New York ,
M acm illan, 1952.

19. S c h re ib e r , J .  C ., U. S. C orpo ra te  Investm en t in  Taiw an,
Cam bridge, M assac h u se tts , U n iv e rs i ty  P re ss  o f  Cam bridge, 1970.

20. S c h u ltz , T. P . ,  E v a lu a tio n  o f  P o p u la tio n  P o l ic ie s :  A Framework
f o r  A n a ly s is  and I t s  A p p lic a tio n  to  Taiw an’s Fam ily P lan n in g  
Program , S an ta  M onica, C a l i f o rn ia ,  1971.

21. S p eare , A ., The D eterm inants o f  R ural to  U rian  M ig ra tio n  in  Taiw an,
Ann A rbor, M ichigan U n iv e rs i ty  M ic ro film s , 1970.

22. U. S. Economic C oopera tion  A d m in is tra tiv e  M ission  to  C hina,
U. S. Economic A ss is ta n c e  to  Formosa, 1 Jan u ary  to  51 December 
1950, W ashington, 1951.

23. Yang, M., Socio-Econom ic R e su lts  o f  Land Reform in  Taiwan,
H onolulu , E ast-W est C en te r P re s s , 1970.

24. Wu, R ., The S tra te g y  o f  Economic Development: A Case Study o f
Taiw an, Louvain , V a n d e rb il t ,  1971.
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