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ABSTRACT 

T h i s  t h e s i s  i s  concerned p r i m a r i l y  w i t h  t h e  a n a l y s i s ' o f  changes  

i n  t h e  s t r u c t u r e  of t h e  Canadian economy between 1961  and 1966.  As a  
C 

I 
by-product of  t h e  major endeavour ,  i t  a l s o  examines t h e  n o t i o n  of  

' l i n k a g e s '  which have been u t i l i z e d  t o  i d e n t i f y  key i n d u s t r i e s  i n  t h e  . - 
economy. F u r t h e r ,  t h e  e m p i r i c a l  c o n t e n t  o f ' t h e  c o n c e p t  of b a l a n c e /  

imbalance  i n  growth t h e o r y  h a s  been a p p l i e d  t o  d e t e r m i n e  s e c t o r a l  

ba lance / imba lance  i n  t h e  economy d u r i n g  t h e  1960,'s. 
. . 

input-butput t a b l e s  of t h e  Canadian economy f o r  1961  and  1966  

p rov ide  t h e  framework of a n a l y s i s  f o r  t h i s  s t u d y .  T h e s e - t a b l e s  a r e  

based on a n  i n p u t - o u t p u t  model of t h e  Canadian economy p u b l i s h e d  by 

S t a t i s t i c s  Canada. 

F i n d i n g s  of t h e  a n a l y s i s  show t h a t  changes  i n  g r o s s  p r o d u c t i o n  

a n d - i n t e r m e d i a t e  o u t p u t s  a r i s e  n o t  o n l y  from changes  i n  t h e  b i l l  of  L 
f i n a l  demand, b u t  a r e  a l s o  due t o  changes  l i t h e  c o e f f i c i e n t s  of  pro^ 

d u c t i o n .  A n a l y s i s  of t h e  i n v e r s e  m a t r i c e s  i n d i c a t e s  i n t e r m e d i a t e  oug- 

p u t  r e q u i r e m e n t s  p e r  u n i t  of o u t p u t  have d e c l i h e d  f r w  1961  t o  1966 
t 

on a v e r a g e .  A n a l y s i s  of t h e  magni tude 'of change i n  d i r e c t  c o e f f i -  

c i e n t s  between 1961  and 1966, a t  t h e u i n d u s t r y  l e v e l ,  r e v e a l s  t h a t  
- . .  

.e- 

s m a l l  changes  o c c u r r e d  i n  60 o u t  of  t h e  75 i n d u s t r i e s  examined. The 

most pronounced changes  o c c u r r e d  i n  m e t a l  mines , '  p i p e l i n e  t r a n s p o r t ,  

r a d i o  and T.V.; and i n  two u t i l i t i e s ,  g a s  a n d  w a t e r .  Using weighted 

i n d i c e s  t o  measure t h e  d i r e c t i o n  of  cgange a t  t h e  i n d u s t r y  l g v e l ,  i t  

B 
i s  found t h a t  on t h e  a v e r a g e ,  i n p u t  r a t i o s  i n c r e a s e  by 0.4 p e r  c e n t .  

J 

9 
S J  
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R e s u l t s  o f -  t h e  a n a l y s i s  :of key  i n d u s t r i e s  show t h a t  t h e  number 
~ - 

of  key  i n d u s t r i e s  i d e n t i f i e d  w a s  l a r g e r  i n  1966 t h a n  i n  1961 .  Key 

i n d u s t r i e s  i d e n t i f i e d  on t h e  b a s i s  o f  t e c h n o l o g i c a l  c o n s i d e r a t i o n s  

were d i f f e r e n t  ' f rom t h o s e  i d e n t i f i e d  on t h e  , b a s i s  o f  f i n a l  dematid 

c o n s i d e r a t i o n s .  

The a n a l ' y s i s  o f  sectoral~balance/imbalance i n  t h e  Canad ian  V 

economy d u r i n g  t h e  1 9 6 0 ' s  i n d i c a t e s  t h a t  1 0  o u t  o f  a t o t a l  o f  72 

i n d u s t r i e s  examined d e v i a t e d  f rom t h e  o v e r a l l  r a t e  o f  g rowth  by more 

t h a n  1 0  p e r c e n t a g e  p o i n t s .  1 n c h d e d  among t h e s e  were :  m i s c e l l a n e o u s  

t r a n s p o r t  e q u h m e n t  w i t h  t h e  h i g h e s t  d e v i a t i o n  o f  72.9 p e r c e n t a g e  ' 

p o i n t s  f o l l o w e d  by t r u c k  b o d i e s  and t r a i l e r s  w i t h  a  d e v i a t i o n  o f  
7 L  

J 

35.2  p e r c e n t a g e  p o i n t s .  A n a l y s i s  o f  t h e  l i n k a g e - b a l a n c e d  g rowth  

p r o p o r t i o n s  r e v e a l s  t h a t  22 ( o u t  of  7 2 )  i n d u s t r i e s  d e v i a t e d  f rom 

l i n k a g e - b a l a n c e  by more t h a n  1 0  p e r c e n t a g e  p o i n t s .  Two i n d u s t r i e s  

6 showed v e r y  l a r g e  p o s i t i v e  d e v i - a t i o n s .  These  were: m i s c e l l a n e  u s  

t r a n s p o r t  equipmerit w i t h  a  d e v i a t i o n  o f  61 .3  p e r g e n t a g e  

f o l l o w e d  by t r u c k  b o d i e s  and t r a i l e r s  w i t h  a d e v i a t i o n  o f  22.7 
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a INTRODUCTION 
t - t  - '. 

1 

-. . , 
Th_ehqmrtatrt  r o l e  of i n t e r m e d i a t e  i n p u t s  i n  t h e  p r o d u € t i o n  ' . 

/ 
p r o c e s s  does  n o t  seem t o  have been r e f l e c t e d  i n  a  commensurate-weight  4 

' I 

of economic a n a l & i s . -  I n  f a c t ,  a  r e c e n t  volume on . f u n c t i o n s  - 

e d i t e d  by Brown (1967) -- impress ive  bo th  f o r  i t s  s i z e  and f o r  t h e  d i s -  
> - 

I * 

L i n c t i o n  of i t s  c o n t r i b u t o r s  -- d o e s  no t .  c o n t a i n  a s i n g l e  ~ e f e r e n c e  t o  

t h e  t r e a t m e n t  of i n t e r m e d i a t e  i n p u t s .  The ' g e n e r a l  p r a c t i c e .  is t o  

'b 
c 0 ~ 7 n t r a t e  upon l a b o u r  and c a p i t a l  t o  t h e  x c l u s i o n  of i n t e r m e d i 2 t e  f ." 
i n p u t s  f o r  which, a f t e r  a l l ,  i n f o r m a t i o n  i s  h a r d e r  t o  f i n d ,  more f r a g -  

mentary,  and more d i f f i c u l t  t o  p r o c e s s . ~ o w e v e r ,  many p r a c t i c a l  problems 

of % b u s i n e s s  and government r e q u i r e  an unders t and ing  of how, and a t  r h a t  - 
r a t e ,  t h e  u s e  of m a t e r i a l s  and s e r v i c e  i n p u t s  i s  changing.  Indeed,  i t  

i s  d i f f i c u l t  t o  conce ive  of s t u d y i n g  some c e n t p a l  a s p e c t s  of t e c h n i c a l  

change w i t h o u t  i n t r o d u c i n g  inpu t s ;  
. - 

Input-output  t a b l e s  p r b v i d e  a  de t -a i l ed  a c c o u n t i n g  o f : the  amdulats 

1 
- 

of goods>&d s e r v i c e s  t h a t  i n d i v i d u a l  i n d u s t r i e s  buy from and s e l l  t b , @ a c h  

o t h e r ,  and t h e r e f o r e  c o n s t i t 6 t e  a  u s e f u l  medium f o r  t h e  a n a l y s i s  o f  i n t k r -  
r .  8 

* .  

i n d u s t r y  r e l s t i o n s h i p s .  The s t r u c t u r e  of- prb"duction o f - a n  economy, i n  an 
. , 

I .  

i npu t -oh tpu t  framework, i s  r e p r e s e n t e d  by i n p u t - o u t p u t  (1-0) coef f i - c i en t s ,  - 
e - 6  a 

Given t h e  1-0 t y p e  p r o d u c t i o n  r e l a t i o n s h i p s  over  t i m e ,  changes, i n  t h e  

u n d e r l y i n g  l s t r u c t u r e  can be  ana lyzed .  S i n c e  t h e  pione,ering work of 
I - 

Leont i e f  (19'53) a number of s t u d i e s  a n a l y z i n g  s t r u c t u r a l  change i n s a n  1.-0 

framework have appea ied ' . l )  Notable  among t h e s e  i s  .an e x h a u s t i v e  s t u d y  by ' 

' 

, 

1) These  s t u d i e s  a r e  reviewed i n  c h a p t e r  2 of t h i s  s t u d y .  



b- 
, C a r t e r  (19701,  who h a s  a n a l y z e d  changes  i n  t h e  s t r i i i ' t u r e  of  t h e  U . S .  I 

'a 
economy i n  a L e o n t i e f  1-0 framework. The p r i n  

( 1 9 7 0 ) . s t u d y  l i e s  i n  i t s  e x p l i c i t  c o n c e r n  w i t h  i n t e r m e d i a t e  i n p d t s  i n  - 
t h e  a n a l y s i s  of chang ing  economic s t r u c t u r e .  

The a n a l y s i s  of  s t r u c t u r a l  change i n  t h e  Canadian  economy 

- - p r e s e n t e d  i n  t h i s  s t u d y  r e l i e s  i n  p a r t  on t h e  a n a l y t i c a l  framework 

s u g g e s t e d  by C a r t e r  (19703. Un l ike  h e r  a n a l y s i s ,  o u r s  is  based  on  a  

r e c t a n g u l a r  1-0 framework.  I t  i s ,  a s  f a r  a s  t h e  a u t h o r - i s  aware ,  t h e  

f i r s t  s t u d y  of t h i s  k i n d  t o  examine s t r u c t u r a l  change  i n $  Canadian a. - 

economy. T h i s  s t u d y  i s  - i n t e n d e d  t o  be  p r i m a r i l y  empir$da$ i n  n a t u r e ,  

a d  no d i s t i n c t i o n  i s  made be tween s t r u c t u r a l  change  and  t e c h n o l o g i c a l  
I: 

change .  A c o n s i d e r a b l e  l i t e r a t u r e  d e a l i n g  w i t h  t h i s  d i s t i n c t i o n  a t  a  

h i g h l y  t h e o r e t i c a l  l e v e l  e x i s t s ,  and economic p r a c t i t i o n e r s  l i k e  Manne 

and Markov i t z  (1963) and C a r t e r  (1970) d i s c u s s  v a r i o u s  p h a s e s  of t h e  

r e l a t i o n  between t echno logy  and  economic p r o d u c t i o n  f u n c t i o d s .  I n  , 

o p t i n g  f o r  t h e  n e u t r a l  and bnambiguous term 09 " s t r u c t u r a l  change" w e  

a r e  f o l l o w i n g  c o n v e n t i o n  i n  e m p i r i c a l  work and s e e k  t o  s t u d y  changes  

i n  p a r a m e t e r s  of a  p a r t i c u l a r  form of p r o d u c t i o n  f u n c t i o n ,  t h e  1-0 

t y p e .  
73 

The p r i n c i p a l  o b j e c t i v e  of t h e  s t u d y  i s  t o  a n a l y z e  changes  i n  

t h e  s t r u c t u r e  of t h e  Canadian economy u s i n g  i n p u t - o u t p u t  t a b l e s  f o r  t h e  

1) See Solow (1957) on t h i s  p o i n t .  



y e a r s  1961 and 1966. TWQ broad a s p e c t s  of s t r u c t u r a l  change which a r e  

examined d i r e c t l y  are: (a )  changes i n  t h e  g r o s s  p r o d u c t i o n  v a l u e s  

a r i s i n g  bo th  o u t  of c h a n i e s  i n  t h e  b i l l  of f i n a l  demand and from changes  

i n - T h e , + o e f f i c i e n t s  of p r o d u c t i o n ;  and (b)  changes i n  t h e  i n t e r m e d i a t e  

o l t p u t  l e v e l s  r e q u i r e d  t o  " s a t i s f y  a g iven  b i l l  of f i n a l  demand. ~ o w & e r ,  
. + 

t h e s e  d i r e c t  measures  which i d e n t i f y , s o u r c e s  of s t r u c t u r a l  change tend 

t o  r e l y  on the  i n v e r s e  m a t r i c e s  of the  i n p u t  c o e f f i c i e n t s  employed. Conse-; 

q u e n t l y ,  s t r u c t u r a l  c h a n g e S i s  measured through an  a n a l y s i s  of t h e  i n v e r s e  

m a t r i s e s  themselves .  Follow Rasmussen (1957) ,  we u t i l i z e  "summary 

measures" of s t r u c t u r a l  change. 

Even Ehough t h e  main o b j e c t i v e  is a n  a n a l y s i s  of s t r u c t u r a l  

\ 

change,  i t  i s  demonst ra ted  t h a t  t h e  inpu t -ou tpu t  framework proves  u s e f u l  
.I 

47 
i n  two a d d i t i o n a l  d imensions .  F i r s t ,  t h e  a n a l y s i s  of s t r u c t u r a l  change 

based on i n v e r s e  m a t r i c e s  a l l o w s  t h e  p o s s i b i l i t y  of e x p l o r i n g  t h e  n o t i o n s  

of ' l i n k a g e s '  and 'key i n d u s t r i e s ' .  Accordingly,  measures ana logous  t o  

Hirschmants  (1938) 'backward' and ' fo rward '  l i n k a g e s  a r e  developed and 

used t o  de termine  key i n d u s t r i e s  ' i n  t h e  Canadian economy. Since.  ano the r  

\ manner i n  which key i n d u s t r i e s  have been ,de te rmined  i s  by t h e  u t i l i z a t i o n  
* 9 

o r T i n a 1  demand, t h e  r e s u l t s  of t h e s e  i d e n t i f i c a t i o n  p rocedures  a r e  

c o n t r a s t e d .  

Secondly,  t h e  l a t t e r  analys ' i s  i n  t u  ,n s u g g e s t s  a  u s e f u l  c* 
approach t o  a  q u a n t i t a t i v e  d e s c r i p t i o n  of an economy over  t ime.  Swamyg 

\ (1967),  and Y o t ~ p o u l o s  and Lau (1970) d e f i n e d  o p e r a t i o n a l l y  t h e  concep t  
I 

*- 

of s e c t o r a l  imbalance i n  te rms of t h e  d i s p e r s i o n  of s e c t o r a l  growth 

r a t e s  from t h e  o v e r a l l  r a t e  of growth of an  economy. Yotopoulos and 

Nugent (1973) modif ied  t h i s  measure of s e c t o r a l  imbalance b y , i n c o r p o r a t i n g  

, 
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t 

- i n t o  i t  l i n k a g e  e f f e c t s  of t h e  1-0 t y p e .  T h e i r  mo"df i ca t ion  c o n s i d e r s "  

a maximum d e g r e e  o f  imba lance  t h a t  r e f l e c t s  a l s o  t h e  s e c t o r a l  l i n k a g e  

index :  a  s e c t o r  grows d i f f e r e n t i a l l y  from o t h e r  s e c t o r s  p r e c i s e l y  due 

t o  e x i s t i n g  d i f f e r e n c e s  i n  l i n k a g e  i n d i c e s .  P r e v i o u s  s t u d i e s  have  

i n v e s t i g a t e d  c r o s s - s e c t i o n a l  d i f f e r e n c e s  i n  s e c t o r a l  g rowth  r a t e  

imba lances  among a  number of  c o u n t r i e s  ove r  t i m e .  We r e l y  on some 

of  t h e  f o r m y l a t i o n s  employed i n  t h e s e  s t u d i e s  t o  i n v e s t i g a t e  imbalance  

i n  one cotir$ry, Canada, d u r i n g  t h e  p e r i o d  of  1 9 6 0 ' s .  ~ n d u s t r i e s  which 

a r e  s t r o n g  c o n t r i b u t o r s  t o  imbalance  a r e  d i s t i n g u i s h e d .  

I n  c h a p t e r s  2 t o  5 t h e  a n a l y s i s  of s t r u c t u r a l  change i s  

p r e s e n t e d .  A b r i e f  r ev i ew of some of t h e  e a r l i e r  s t u d i e s  t h a t  d e a l  w i t h  - -  

t h e  a n a l y s i s  o f  s t r u c t u r a l  change i n  a n  1-0 f r a m e w o r k - i s  p r e s e n t e d  i n  

c h a p t e r  2 .  Chap te r  3 d e a l s  f i r s t  w i t h  t h e  t h e o r e t i c a l  a s p e c t s  of t h e  

1-0 model t h a t  u n d e r l y , t h e  c o n s t r u c t i o n  of r e c t a r g u l a r  1-0 t a b l e s  f o r  

t h e  Canadian economy. V a r i o u s  i n d i c e s  a r e  t h e n  f o r m u l a t e d  f o r  t h e  , 

measurement of s t r u c t u r a l  changz  i n  the 'economy.  I n  c h a p t e r  4 ,  e m p i r i c a l  

f i n d i n g s  based  on t h e s e  i n d i c e s  a r e  p r e s e n t e d  and d i s c u s s 5 d .  Fo rmula t ion  

of  t h e  i n d i c e s  of change  i n  c h a p t e r  3 ,  and d i s c u s s i o n  of  f i n d i n g s  based  

t h e r e o n  i n  c h a p t e r  4 ,  n e c e s s i t a t e  a n  e x a m i n a t i o n  of  t h e  changes  i n  d i r e c t  
CI 

c o e f f i c i e n t s  o f  p r o d u c t i o n  themse lves  a s  p r e c u r s o r s  of  change .  C h a p t e r  5 

t h e r e f o r e  p r e s e n t s  a n  a n a l y s i s  of changes  i n  t h e  c . o e f f i c i e n t s  of t h e  

t echno logy  m a t r i x  between 1 9 6 1  and 1966.  Chap te r  6 d e a l s  w i t h  s t r u c t u r a l  
PJ 

l i n k a g e s  gnd i d e n t i f i e s  key  i n d u s t r i e s  i n  t h e  Canadian economy from t h e  

v i e y p o i n t  of t echno logy  and f i n a l  demand. I n  c h a p t e r  7 we f i r s t  d i s c u s s  

b r i e f l y  some e m p i r i c a l  s t u d i e s  d e a l i n g  w i t h  t h e  c o n c e p t  of ba l ance l im-  
/' 



b a l a n c e  ; s e c o n d l y ,  t h e s e  c o n c e p t s  a r e  u t i l i z e d  t o  d e s c r i b e  

q u a n t i t a t i v e l y - t h e  g r o w t h  p a t t e r n  o f  t h e  C a n a d i a n  economy d u r i n g  ,. 

+' 
t h e  1 9 6 0 ' s . "  C h a p t e r  8 i s  a c o n c l u d i n g  c h a p t e r  i n  w h i c h  some i m p l i -  < 
c a t i o n s  o f  t h e % a j o r  f i n d i n g s  o f  t h e  s t u d y  a r e  d i s c u s s e d .  
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CHAPTER 2 

A BRIEF REVIEW OF SOME EARLIER STUDIES 

OF STRUCTURAL CHANGE USING THE INPUT-OUTPUT APPROACH 

While economics 'sf technological/structural change h a s , o n l y  

r e c e n t l y  become f a s h i o n a b l e ,  t h e r e  i s  a l r e a d y  a  growing body of ~ i t e r a t u r e  

t h a t  c l e a r l y  d i s t i n g u i s h e s  i t s e l f  from o t h e r  s p e c i a l i z a t i o n s  i n  economics 

.. . ( s e e  Lave (1966) f o r  a t h i r t e e n  page b i b l i o g r a p h y  on t h e  s u b j e c t ) .  Input-  

o u t p u t  ana lys i+s  h a s ,  ove r  t h e  y e a r s ,  found an  impor tan t  a p p l i c a t i o n  i n  

t h e  s t u d y  of s t r u c t u r a l  change. The s t r u c t u r e  of p r o d u c t i o n ,  i n  a n  inpu t -  

o u t p u t  framework, i s  r e p r e s e n t e d  by inpu t -ou tpu t  c o e f f i c i e n t s .  And, 

a l t h o u g h  t h e  t e c h n i c a l  q h a r a c t e r i s t i c s  of t h e  p a r t i c u l a r  sys tem may v a r y ,  

t h e s e  c o e f f i c i e n t s  a r e  g e n e r a l l y  termed " t e c h n i c a l  c o e f f i c i e n t s "  of 

* 
p r o d u c t i o n .  Given inpy t -ou tpu t  type  p roduc t ion  r e l a t i o n s h i p s  over  two 

. %. 

o r  more p o i n t s  i n  t i m a  one 

,d .,' " ,. . Economic sys tems 

b e  s a i d  t o  be s t r u c t u r a l l y  

a  change i n  t h e  s t r u c t u r a l  

can d i s c e r n  changes i n  t h e  u n d e r l y i n g  s t r u c t u r e .  

w i t h  i d e n t i c a l  sets of i n p u t  c o e f f i c i e n t s ,  can 

i d e n t i c a l .  S t r , w t u r a l  change,  t h e r e f o r e ,  i s  

mat-rix of t h e  system ( L e o n t i e f ,  1953) .  According 
\ 

t o  t h i s  te rminology a n  i n c r e a s e  o r  d e c r e a s e  i n  t h e  o u t p u t  o P a n y  i n d u s t r y  

can be  caused by: ( a )  a  change i n  t h e  g iven  b i l l  of f i n a l  demand; (b)  a  

change i n  t h e  p r o d u c t i o n  s t r u c t u r e  of t h e  system; o r  ( c )  by a  combinat ion  
d 
%: 

of bo th .  

The p rocedures  adopted  t o  measure s t r u c t u r a l  change i n  t h i s  

s t u d y  f i n d  t h e i r  precedence  i n  t h e  e a r l i e r  works of  Leon t i e f  (1953) ;  C a r t e r  

(1967, 1970) ;  Vaccara (1970) and S t a g l i n  and Wessels  (1972) .  A b r i e f  

review of t h e  r e l e v a n t  a s p e c t s  of t h e s e  s t u d i e s  is p r e s e n t e d  below. I n  

g e n e r a l ,  t h e s e  s t u d i e s  examine two spec i f i c  q u e s t i o n s :  how has t h e  
\ 
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s t r u c t u r e  of  p r o d u c t i o n  ( d e p i c t e d  i n  i n p u t - o u t p u t  t a b l e s )  of a n  economy 

a c t u a l l y  changed be tween two o r  more p o i n t s  i n  t ime ,  and ( i i )  how d i d  

t h i s  change  a f f e c t  t h e  o u t p u t s  of s e p a r a t e  i n d u s t r i e s .  An e n q u i r y  i n t o  
:t 

t h e  c a u s e s  of s t r u c t u r a l  change  i n  i t s e l f  i s  o m i t t e d .  T h i s  c o u l d  o n l y  be  

s t u d i e d  i n  a  more comprehens ive  t h e o r e t i c a l  framework. 

a p p l i c a t i o n  of  t h e  i n p u t - o u t p u t  t e c h n i q u e  t o  t h e  .. - 
I 

, . 
z n a l y s i s  o f  s t r u c t u r a l  change  i s  a t t r i b u t a b l e  t o  L e o n t i e f  (1953) .  He 

a n a l y z e d  t h e  s t r u c t u r e  of  t h e  American economy f o r  t h e  d e c a d e s  of  1919-29 
- 

and 1929-39. Changes i n  dire& . I  t e c h n i c a l  c o e f f i c i e n t s  were  f i r s t  q x p l a i n e d  
1 

a s  t h e  d i f f e r e n c e  be tween o r i g i n a l  and f i n a l  magn i tudes  - i n  a  bake y e a r  

. and a subsequen t  y e a r ,  r e s p e c t i v e l y .  He demons t r a t ed  t h a t  a n e g a t i v e  

change - i . e . ,  a r e d u c t i o n  i n  t h e  i n p u t  r e q u i r e m e n t s  p e r  u n i t  o f  o u t p u t ,  

can  b e  l o o s e l y  . d e s c r i b e d  as a n  i n c r e a s e  i n  p r o d u c k i v i t y .  S i n c e  t h e  

d i s t r i b u t i o n s  computed were  n e a r l y  normal  h e  used  t h e i r  means a s  a  

s t a t i s t i c a l  measure  of t h e  magni tude  of  o v e r a l l  change .  H e  found tha- t  

from 1919-29 t h e  i n p u t  c o e f f i c i e n t s  i n  a l l  i n d u s t r i e s  were  on gverage,  

r educed  by 14  p e r  c e n t ;  h e r e a s  i n  t h e  f o l l o w i n g  decade  of 1929-39 t h e  r 

4 1 )  L e o n t i e f  h a s  u sed  t h e  f o l l o w i n g  f o  i f  aik and a i k  a r e  t h e  two 
magn i tudes  of a p a r t i c u l a r  i n p u t  t h e n  t h e  i n d e x  of t h e  
r e l a t i v e  change  Hik i s  g i v e n  by i ( a  - a l k )  / (aik + a i k )  For  t h e  
computed d i s t r i b u t i o n  of  r e l a t i v e  c i k n g e  i n  t e c h n i c a l  c o e f f i c i e n t s ,  
t h e s e  i n d i c e s  of  change ,  Zik, a r e  e n t e r e d  w i t h  t h e  w e i g h t s  (xik + x i k ) / 2 .  - 
a ik  and  a j k  a r e  t e c h n i c a l  c o e f f i c i e n t s  t h a t  show, f o r  b o t h  b a s e  y e a r  
and  c u r r e n t  y e a r  r e s p e c t i v e l y ,  t h e  amount of  e a c h  p a r t i c u l a  i n p u t  ab- 

, s o r b e d  by t h a t  i n d u s t r y  pe-t of i t s  o u t p u t .  x i k  and a t h e  
c o r r e s p o n d i n g  amounts  of  p r o d u c t s  o f  i n d u s t r y  i abso rbed  by i n d u s t r y  k  
( i  = 1 ,..., m; k  = 1 ,..., m). 

P 



\ 
4 .  

r e d u c t i o n  r e g i s t e r e d  amounted t o  on ly  11 per- c e n t .  Thus i t  was concluded" 
it 

t h a t  t h e  r a t e  o f  t e c h n i c a l  progr-ess was s l e w e r  i n  the p e r i o d  of t h e  great 
i 

d e p r e s s i o n  than d u r i n g  t h e  p reced ing  y e a r s  of  t h e  g r e a t  boom: Although 
- i 

0 

* "  
-D 

< .a 

t h e  i n p u t  r a t i o s  i n  most cases .  showed a  cons is teQt  d e a l i n e ,  f o r  a l m o b i  
b . 

id. ' 8 > 

every  i n d i v i d u a l  indus t r ;  some r a t i o s  were i n c r e a s i n g  w h i l e  a t h e &  2 ,  

- + -  8 - -dec l ined .  Th i s  phenomenon r e l a t e s  d i r e c t l y  t o  t h e '  q u e s t i o d  ~f  f a c t o r  
r li 

3 

T i  ' * 0 .  

s u b s t i t u t i o n  v i s -a -v i s  t e c h n i c a l .  c h k g e .  l )  . Without  empliasis, *an$ +n a  
J g  *- * 

very  c a u t i o u s  manner, L e o n t i e f  conc ludes  t h a t  a r e d u c t j o n  imcany o n e t o r .  , 
I . - 

m o r e o c o e f f i c i e n t s ,  w i t h  t h e  -rest of t h e  s t r u c t u r a l  m a f r i x  r e m a i p i n g  t h e  

I * 

* same, w i l l  a lways  r e s u l t  i n  a  more e f f i c i e n t  u t i l i z a t i o n  of r e s o u r e ( s  . 8 ' 

. . J  ' 

( ~ e o n t i e f  , 1955, ,p. 32) . This  a l l o w s  t h e  p r o d u c t i o n  s l s t e m  t o  -prdduee " . 

0 - 
9 

any g i v e n  b i l l ~ o f  goods w i t h  s m a l l e r  t o t a l  o u t p u t s  (and s i n c e  Che b i l l r  
". 

, , 

of goods i s  f i x e d ,  w i t h  s m a l l e r  t o t a l  i n p u t s  a l s o )  o f  a l l  c b m o d i t i e s  and a 
< " ,  " ? <  

s e r v i c e s .  g %=&- F - 
%* .a 

L 

e 

The phenomenon of 'bbserved i n c r e a s e  i~ i n p u t  r a t i o ;  d e s e r v e s  
3 

s p e c i a l  mention.  I n  most c a s e s ,  the: i n c r e a s e  i n  t h e  t e c h n i c a l  c o e f f i c i e n t s  
'a D 

of c e r t a i n  k i n d s  of i n p u t s  i s  a s s o c i a t e d  w i t h  a  r e d u c t i o n  of t h e  i n p u t  
P 

r a t i o s  of  some o t h e r  cornrnod~ties 6r s e r v i c e s  absorbed by tITe same i n d u s t r y .  

8' 

- 
The a d o p t i o n  of a  new method of  p r o d u c t i o n  i n v o l v e s  a  s imul taneous  change 

i 

i n  a l l  i n p u t  r a t i o s  and t h e  , r educ t ion  of some could  n o t  be  r e a l i z e d  w i t h o u t  
I L . 8 < - - 

cor respond ing  i n c r e a s e s  i n  o t h e r s .  I n  s h o r t ,  + a  whole new column of < ::r 

l% b f  

1 )  T h i s  problem has  been thorough ly  and d e f i n i t i v e l y  e x p l o r e d  by t h e  
t r a d i t i o n a l  t h e o r y  of b r o d u c t i o n ;  l i n e a r  programming w i t h  a l t e r n a t i v e  
f a c t o r  c m b i n a t i o n s  r e f o r m u l a t e s  t h e  same problem a s  w e l l .  



c o e f f  i c i e h t s  - r e p r e s e n t i n g  ( w i t h i n  t h e  s t r u c t u r a l  , m a t r i x  of t h e  whole 

economy) t h e  t e c h n i c a l  c h a r a c t e r i s t i c s  of  t h e  p a r t i c u l a r  i n d u s t r y  - i s  

being s u b s t i t u t e d  f o r  t h e  o l d  one. Other columns might  o r  might  n o t  be 

changed a t  t h e  same t ime.  

L e o n t i e f ,  hav ing  tEus d e f i n e d  s t r u c t u r a l  change,  performed a  
- .  

' s e r i e s  df computafions t o  measure t h e  e f f e c , t s  of  s t r u c h a n g e .  The 

u n d e r l y i n g  assumption i s  t h a t  i n d i v i d u a l  i n d u s t r i e s  a r e  s t r u c t u r a l l y  
I \ 

independent  of each o t h e r  i n  t h e  s e n s e  t h a t  t h e  t e c h n i c a l  p , o s s i b i l i t y  of 
" .  

b E 

s u b s t i t u t i n g  a 'new s e t  of c o e f f i c i e n t s  i n  any one column of a g iven  

i 

s t r u c t u r a l  m a t r i x  is i n  no way c o n d i t i o n e d  by t h e  changes which might  
6 

b 

, t a k e  p l a c e  i n  any o t h e r  column of t h e  same m a t r i x .  The comput'ations, 
, s 

d e s c r s b i n g  t h e  changes i n  t o t a l  o u t p u t s  requi red)  t o  produce some f i x e d  

b i l l  o f '  i i n a l  demand, show t h e  s e p a r a t e  and combined e f f e c t s  of s t r u c t u r a l  , 
c- . 

i( 

chang,e t h a t  a c t u a l l y  took  p l a c e  i n  t h e  p r o d u c t i v e  s e c t o r s  of  t h e  American 

economy .during t h e  p e r i o d  i n  q u e s t i o n .  Leon t i e f  showed t h a t  ' t he  1939 b i l l  of ., 

f i n a l  demand, i Y  produced on t h e  b a s i s  of 1929 t e c h n i q u e s ,  would have 
. - 

r e q u i r e d  1287 b i l l i o n  man-hours more than  were a c t u a l l y  absorbed.  L e o n t i e f ' s  

major c o n t r i b u t i o n  i s  t o  show t h a t ,  i n  a n  1-0 f r amework , ' t he  t o t a l  change 

w i t h i n  a n  open gystem can be  f a c t o r e d  o u t  i n  two p a r t s :  one due t o  i t s  

s t r u c t u r a l  v a r i a t i o n s  and t h e  o t h e r  n e c e s s a r i l y  a s s i g n e d  t o , t h e  change i n  
? 

the  b i l l  of goods i t s e l f .  

C a r t e r  (1967),  a l o n g  t h e  l i n e  of  L e o n t i e f ' s  (1953) work, s t u d i e d  
0 

changes iri t h e  s t r u c t u r e  of t h e  ~ m e r i c a n  economy f o r  t h e  p e r i o d  1947-58 
' 6 

. 

- -- and 1962. Applying t h e  1947 and 1958 t e c h n o l o g i e s  t o  t h e  f i x e d  b i l l  of goods 

of 1962,  t h e  o v e r a l l  changes i n  d i r e c t  and i n d i r e c t  r equ i rements  t o  



produce t h i s  b i l l  of goods were determined.  Changes i n  t h e  o u t p u t  l e v e l s  

of 73 i n d u s  were ana lyzed .  ~ l t h o u g h .  t h e  approach used i n  t h i s  

s t u d y  is  s i m i l a r  t o  t h a t  of Leon t i e f  (1953) ,  a n  i n t e r e s t i n g  f e a t u r e ' o f  

C p r t e r ' s  a n a l y s i s  is t h e  examinat ion  of changes i n  t h e  p r o d u ~ t i o n  s t r u c t u r e  " 
4 

based on t h e  t en -o rde r  d i s a g g r e g a t i o n  of t h e  f i n a l  demand v e c t o r , i n  te rms 

- -of end-product  g roups .  She n o t i c e d  marked d i f f e r e n c e s  i n ~ t h e  impac t s ,o f  

t e c h n o l o g i c a l  change on t h e  i n p u t s  r e q u i r e d  t o  produce d i f f e r e n t - t y p e s  of 

end p r o d u c t s .  The g e n e r a l  c o n c l u s i o n  of t h e  s t h d y  i s  t h a t  t h o s e  s e c t o r s  
C 

which change most ( i . e . ,  t h o s e  w i t h  g r e a t e s t  r e l a t i v e  change) change i n  

t h e  same d i r e c t i o n .  2)  

i n d i r e c t  requi&ments 

r e l a t i v e l y  l e s s  t o t a l  

and c o n s t r u c t i o n .  I n  

R e l a t i v e l y  g r e a t e r  t o t a l c c h a n g e  a f f e c t s ' d i r e c t  p l u s  
I .  

f o r  d u r a b l e  goods d e l i v e r i e s  t o  f i n a l  demand, and 

i 
change a f f e c t s  d e l i v e r i e s  of  food,  t e x t i l e s ,  s e r v i c e s  

f a c t  t h e r e  h a s  been a  n e t  i n c r e a s e  i n  t o t a l  i n p u t  

r equ i rements  (an i n c r e a s e  i n  t h e  " i n d i r e c t n e s s "  of  p r o d u c t i o n )  f o r  a l l  
1 

3)  sub-vectors  of f i f n a l  demand, excep t  t h e  s e r v i c e s  sub-vec to r .  However, 

the  i n c r e a s e  i n  i n d i r e c t n e  s i s  s m a l l e r  f o r  d r u g s ,  s o a p s  and paber ,  and f 
e l e c t r i c a l  machinery t h a  /it is f o r  o t h e r  k i n d s  of  p r o d u c t s  

y, 

I n  h e r  s t u d y  n e i t h e r  t h e  1-0 t a b l e  nor  t h e  f i n a l  demand f o r  1962 were 
a v a i l a b l e .  Ac tua l  o u t p u t s  a r e  t aken  t o  r e p r e s e n t  t h e  t o t a l  d i r e c t  p l u s  
i n d i r e c t  r equ i rements .  The b i l l  of goods f o r  1962 is  a n  e s t i m a t e .  
Output  l e v e l s  f o r  1947 and 1958 have been e s t i m a t e d  by m u l t i p l y i n g  t h e  , 

e s t i m a t e d  1962 f i n a l  demand v e c t o r  w i t h  r e s p e c t i v e  ( I  - A ) ' i n v e r s e  
m a t r i c e s .  

T h i s  i s  p a r t l y  a  m a t t e r  of a r i t h m e t i c  - n e t  change t e n d s  t o  be  g r e a t e s t  
where a l l  t h e  change i s  i n  t h e  same d i r e c t i o n  ( C a r t e r ,  1967,  p.214) 

The sub-vec to r s  of f i n a l  demand a r e :  food and tobacco;  t e x t i l e s  and - 
c l o t h i n g ;  d r u g s ;  f u r n i t u r e ;  consumers'  a p p l i a n  
e l e c t r . i c a 1  p r o d u c e r s '  d u r a b l e s ;  t r a n s p o r t  e q u i  \ / 

e x c l u d i n g  u t i l i t i e s .  \ 



I t  is  shown f u i t h e r  i n  t h e  a n a l y s i s  o f  s t r u c t u r a l  change t h a t  

c h a n g i n g  m e t h o d s  o f  p r o d u c t i o n  w a r r a n t  a new d i v i s i o n  o f  l a b o u r  amodg . 

+ i n d u s t r i e s .  A s  new i n d u s t r i a l  s p e c , i a l i z a t i o n  p a t t e r n s  become a d v a n t a g e o u s ,  
5 

, "  
t h e y  g r a d u a l l y  s u p p l a n t  t h e  o l d  o n e s ;  I n  t h i s  c o n n e c t i o n  C a r t e r  (1967)  a 

d i s c u s s e s  t w o - t r e n d s  th-at emerge  f r o m  t h e  a n a l y s i s :  ( a )  t h e  r i s e  i n  t h e  
'-* 

i m p o r t a n c e  o f - g e n e r a l  i n p u t s ,  a n d  (b) c h a n g i n g  p a t t e r n s  o f  m a t e r i a l  u s e .  1 )  
\ 

A c o m p a r i s o n  h a s  b e e n  made o f  t h e  a m o u n t s  o f  g e n e r a l  i n p u t s ,  c h e m i c j l s ,  
-4 

m a t e r i a l s  and m e t a l - w o r k i n g  C n p u t s  r e q u i r e d  t o  p r o d u c e  t h e  1962  b i l l  o i  - 
", ~ 

f i n a l  demand w i t h  1947 ,  1958 a n d  1962  t e c h n o l o g i e s .  Her f i n d i h g s  a r e  t h a t  
1 

b e t w e e n  1947  and  1958, and  a g a i n  b e t w e e n  1958  and  1 9 6 2 ,  t h e  t h r e e  k i n d s  o f  

g e n e r a l  i n p u t s  ( e n e r g y ,  p ; i n t i n g  arid p u b l i s h i n g ;  a n d  s e r v i c e s )  a n d  c h e m i c a l  
$ d 

r e q u i r e m e n t s  i n c r e a s e ,  w h i l e  materials d e c r e a s e  i n  gene'i-a1 i m p o r t a n c e  a n d  
, 

t h e  t o t a l  v o i ~ e  o f  m e t a l - w o r k i n g . . a c t i v i t y  r e m a i n s  Q i r t u a l l y  c o n s t a n t  . The 
. b  

r e a s o n s  f o r  t h e  i n c r e a s e  i n  g e n e r a l  i n p u t s  a r e  obvious":  a f i r m i k e e p s  
C '  /' 

r e c a r d s ,  communica tes  w i t h  o t h e  f i r m s  a n d ' m a r k e t s  i t s  p r o d d c t s ;  a n d  i t  Pi- 4 

b u y s  t h e  s e r v i c e s  o f  l a b o u r  a n d  c a p i t a l ,  u s e s  b u i l d i n g s  and  equ ipment  t h a t  

mus t  b e  m a i n t a i n e d ,  h e a t e d  a n d  powered.  C h e m i c a l s  s h a r e ' f e a t u r e s  o f  b o t h  
8 

g e n e ' r a l  i n p u t s  and  m a t e r i a l  i n p u t s  as  t h e y  a re  b o u g h t  d i r e c t l y  by a g r e a t  

m a j o r i t y  o f  i n d u s t r i e g .  The r e a s o n  f o r  t h e  d e q l i n e  i n  t h e  u s e  o f  m a t e r i a l s  , ,  
Y > 

B 
( f e r r o u s  a n d  n o n - f e r r o u s  m e t a l s ,  s t o n e  and  c l a y  p r o d u c t s ,  p l a s t i c s  and 

r u b b e r  e t c . )  i s  t h e  marked t e d e n c y  t o w a r d s  d i v e r s i f i c a t i o n .  With  o n e  minor  
> 

c 

1 )  ~ e n l e r a l  i n p u t s  are t h o s e  t h a t  i n c l u d e  e n e r g y ,  p r i n t i n g  and  p u b l i s h i n , g ,  
- a n d  s e r v i c e s  a s  b e i n g  u s e d  by a l l  s e c t o r s  o f  t h e  economy. O t h e r  

( s p e c i f i c )  i n p u t s  a r e  c a t e g o r i z e d  as c h e m i c a l s ,  m a t e r i a l s  ( p l a s t i c s  and  
s y n t h e t i c s )  and  m e  t a l - w o r k i n g  i n p u t s  ( e l e c  t r o t i i c  components ,  s t r u c t u r a l  
metals  e t c . ) .  

1 1 



(3- e x c e p t i o n  (non- fe r rous  meeals i n  e l e  t r i c a l  machinery)  t h e  p e r c e n t a g e  s h a r e  

o f  t h e  most i m p o r t a n t  m a t e r i a l  i s  a lways  s m a l l e r  w i t h  1958 t h a n  w i t h  1947 

J t e chno logy .  

L Over t h e  y e a r s  a number of  economis t s  have  h e l d  t h e  view t h a t  i n  

B s e v e r a l  deve loped  economies t h e r e  e x i s t  c e r t a i n  e s s e n t i a l l y  i ndependen t  

.. - 
p r o d u c t i v e  complexes o r  b l o c k s ,  e a c h  o r i e n t e d  toward t h e  p r o c e s s i n g  $f a 

p a r t i c u l a r  m a t e r i a l . ' )  The r e s u l t s  of  Carter's s t u d y  r u n  c o u n t e r  t o  t h i s  

v iew.  She h a s  shown t h a t  t h e  / d i v e r s i f i c a t i o n  of m a t e r i a l s  r,educes t h e  in-  
I 

/ 

dependence of i n d i v i d u a l  b locks ,  i n  t h e  American 1-0 t a b l e s  a n a l y z e d .  

C a r t e r  a l s o  p u b l i s h e d  e x h a u s t i v e  s t u d y  (1970)  i n  which 1-0 

t a b l e s  of t h e  U.S. economy f o r  t h e  y e a r s  1939 ,  1947 and 1958 were  a n a  Ved* 
P a r t  I of t h e  book d e a l s  w i t h  s t r u c t u r a l  change i n  i n d u s t r i a l  s p e c i a l i z a -  

t i o n  i n  t e rms  of- i n t e r m e d i a t e  i n p u t  structure. The method o f  a n a l y s i s  and 

t h e  f o r m a t  of p r e s e n t a t i o n  of t h e  r e s u J t s  a r e  similar t o  h e r  1967 s t u d y  

d e s c r i b e d  e a r l i e r .  The summary measu res  of s t r u c . t u r a 1  change  t h a t  have  been 

computed f o l l o w  t h e  same l o g i c :  what  would be  t h e  amounts of i n d i v i d u a l  

i n p u t s  r e q u i r e d  t o  d e l i v e r  a  f i x e d  b i l l  of f i n a l e d e m a n d  w i t h  t h e  i n p u t -  r 

1 )  Simpson and ~ s u k u i  (1965) ,  i n  a n ' i h t e r n a t i o n a l  -:omparison o f a  1-0 t a b l e s ,  
have  demons t r a t ed  t h a t  t h e r e  are c e r t a i n  fundamenta l  e l e m e n t s  which may 
b e  found i n  t h e  p r o d u c t i v e  s t r u c t u r e  of  moaern economic sys t ems  t o  be  
p u r e l y  t e c h n i c a l  i n  c h a r a c t e r .  Although t h e  economic s y s t e m s  of J apan  
and t h e  U.S. a r e  o p e r a t i o n a l l y  d i s s i m i l a r  t h e y  obse rved  a lmos t  i d e n t i c a l  
p a t t e r n s  o f  i n d u s t r i e s .  The most  s t r i k i n g  f e a t u r e  n o t i c e d  was t h e  
e x i s t e n c e  of s e p a r a b l e  b l o c k s  of  p r o d u c t i o n ,  such  a s  b l o c k s  composed 
of  metal i n d u s t r i e s ,  e n e r g y  i n d u s t r i e s ,  s e r v i c e s  i n d u s t r i e s ,  e t c .  



4 
'1 ?- 

o u t p u t  c o e f f i c i e n t s  of s u c c e s s i v e  y e a r s .  Many v a r i a n t s  of  t h i s  t y p e  
, 

of measure a r e  s t u d i e d  and d i s c u s s e d .  n e r a l  c o n c l u s i o n s ,  s i m i l a r  
% 

t o  he r  e a r l i e r  f i n d i n g s ,  a r e :  ove r  economic s y s t e m  r e q u i r e s  

l e s s  and less l a b o u r  and c a p i t a l  t o  psoduce a  f i x e d  f i n a l  demand, and 
\ 

% 
l abour  and c a p i t a l  p r o d u c t i y i t y  improve; and t o t a l  i n t e r m e d i a t e  o u t p u t s  

- -qu i red  t o  produce a  f i x e d  f i n a l  demand remain f a i r l y  s t a b l e  and i n q r e a s e  

s l i g h t l y  o v e r  t ime  - implying t h a t  somewhat g r e a t e r  i n d i r e c t n e s s  o r  

s p e c i a l i z a t i o n  comes w i t h  t e c h n o l s g i c a l  change. 23. 

J-s. - P a r t  I1 of C a r t e r  (1970) d e a l s  w i t h  s t r u c t u r a l  change and economic 
d 

e f f i c i e n c y .  The a n a l y s i s  of  change i s  p r e s e n t e d  i n  te rms of t o t a l  primary 
.'\ 

f a c t o r  r eqh i rements  - l a b o u r ,  c a p i t a l  and replacemdnt c o e f f i c i e n t s  have 
/' J 

been used.  She f i n d s  t h a t  b o t h  l a b o u r  and c a p i t p l  c o e f f i c i e n t s  a r e  f a l l i n g  
DF 

i n  most s e c t o r s ,  w i t h  c a p i t a l  f a l l i n g  g e n e ~ a l l y  more s lowly .  No evidence  
. 

i s  found of improvement i n  l a b o u r  p r o d u c t i v i t y  i n  p r o p o r t i o n  t o  t h e  changing ' 

c a p i t a l  i n t e n s i t y ,  however. With in  t h e  same rea lm s h e  d i s t g S g u i s h e s  

d i r e c t  pr imary  f a c t o r  s a v i n g  from ( 'adapt ive  change". The l a t t e r a  t%rm 
r 

i m p l i e s  ec homies i n  pr imary  f a c t o r s  a r i s i n g  from r e s h u f f l i n g  i h t e r m e d i a t e  
ff' -4 

4 C 

1 )  Each y e a r ' s  i n v e r s e  m a t r i x  measures t o t a l  r equ i rements  w i t h  t h a t  y e a r ' s  
i n p u t  s t r u c t u r e  i n  a l l  s e c t o r s ,  p e r  u n i t  d e l i v e r y  t o  f i n a l  demand. 
M u l t i p l y i n g  t h e  i n v e r s e  c o e f f i c i e n t s  a10 g  each row by a  f i n a l  demand 
v e c t o r  of g iven  l e v e l  and 'composi t ion  y ' e l d s  e s t i m a t e s  of t o t a l  o u t p u t  
r equ i rements  t o  d e l i v e r  t h a t  p a r t i c u  4 a r  b i l l  of f i n a l  demand. T o t a l  
i n t e r m e d i a t e  r equ i rements  from each s e c t o r  a r e  o b t a i n e d  by s imply  sub- 
t r a c t i n g  t h e  s p e c i f i e d  f i n a l  demand v e c t o r  from t h e  e s t i m a t e d  v e c t o r  of 
t o t a l  o u t p u t  r e q u i r e m e n t s .  Thus i t  is  p o s s i b l e  t o  p o s t u l a t e  any g i v e n  
h i s t o r i c a l  o r  h y p o t h e t i c a l  b i l l  o f  f i n a l  demand and s t u d y  how in terme-  
d i a t e  r equ i rements  f o r  any s e c t o r ' s  o u t p u t  change w i t h  changing inpu t -  
o u t p u t  s t r u c t u r e .  

2 )  This  i s  i n  c o n t r a s t  t o  t h e  "golden age' '  p r o p o r t i o n a l  growth t h e s i s  
(Phe lps ,  1966) .  C a r t e r  f i n d s  decided changes i n  t h e  r e l a t i v e  impor tance  
of i n d i v i d u a l  i n t e r m e d i a t e  s e c t o r s  i n  t h e  t o t a l .  



i n p u t  r e q u i r e m e n t s  t o  . take adv,antage of  d i f f e r e n t i a l  r a t e s  of improvement 
,, . . 

, . 
B 

i n  o t h e r  s e c t o r s .  The c o n c l u s i o n ' - i s  r e a c h e d  t h a t  a d a p t i v e  change  depends  

on t h e  p r i c e  mechanism. Fo r  p u r p o s e s  o f  min ing  t h e  e f f i c i e n c y  of 

t h e  p r o d u c t i v e  sys,tem s h e  make$. u s e  of t h e  l i n e a r  programming t e c h n i q u e ,  
. 

D 

and computes  t o p t i m a l  mix o f  new and o l d  i n p u t  s t r u c t u r e s .  The 1 9 4 7  3 * 

Y 
and 1958 s t r u c t u r e s  a r e  t r e a t e d  a s  a l t e r n a t i v e s  f o r  e a c h  s e c t o r .  I t  i s  

i P ' 
i 

d e m o n s t r a t e d  t h a t  a  s i g n i f i c  n t  p o r t i o n  of s t r u c t u r a l  change  be tween  1941 \ 
@ f 

and 1958 r e s u l t e d  from t&e a s s i m i l a t i o n  of new t e c h p i q u e s  r a t h e r  t han  
r . . 

c l a s s i c a l  s u b s t i t u t i o n .  W i t h i n  a  wide  r a n g e  o f  p r i m a r y  F a c t o r  p r i c e  v a r i a -  

,' .d 
t i o n s ,  most 1958  i n d u s t r i a l  k t r u c t u r e s  were s u p e t i o r  t o  t h o s e  o f  1947.  

I ' 

Using h y b r i d  m a t r i c e s  - 'composed of  1947 s t r u c t u r e s  f o r  some s e c t o r s  an'd 

c 1958 s t r u c t u r e s  f o r  o t h e r s  - s h e  d e t e r m i n e s  t h e  e x t e n t  t o  which t h e  ad- 

v a n t a g e  of a  new s t r u c t u r e  i n  one  s e c t o r  depends  on t h e  i n t r o d u c t i o n  of new 

s t r u c t u r e s  i n  o t h e r s .  ~ e <  f i n d i d s  i s  t h a t ,  by and l a r g e ,  e a c h  new s t r u c -  
..- 

' - I  I 

t u r e  i s  b e t t e r  t h a n  i t s  o l d e r  c o u n t e r p a r t , , e v e n  i g n o r i n g  deve lopmen t s  

e l s e w h e r e  i n  t h e  s y s t e m .  A d a p t i v e  change  a d d s  t o  i t s  a d v a n t a g e  b u t  d o e s  

n o t  change  i t s  d i r e c t i o n .  T h i s  i s  based  on 

t h e  r e l a t i v e  i m p o r t a n ~ e  of  t u r a l  change  

o f  most  s e c t o r s .  - 
I n  summary, t h e  ma jo r  f i n d i n g s  of h e r  s t u d y  a r e :  t h e  o v e r a l l  

p r o p o r t i o n  of i n t e r m e d i a t e  t o  f i n a l  p r o d u c t i o n  showed l i t t l e  change ,  bu t  

s y s t e m a t i c  s h i f t s  d i d  a  t h e  r e l a t i v e  c o n t r i b u t i o n  of  i n d i v i d u a l  

i n d u s t r i e s ;  most s t r u c t u r a l  e t ibge  was t h e  r e s u l t  of a s s i m i l a t i o n  of new 

4 , "i 
t e c h n i q u e s  r a t h e r  t h a n  c l a s s i c a l  s u b s t i t u t i a n ;  -an$.+ i n  g e n e r a l ,  d i r e c t  

l a b o u r - s a v i n g  y a s  l a r g e  r e l a t i v e  t o  changes  i n  c a p i t a l  and  i n t e r m e d i a t e  



r equ i r -en t s .  Th i s  i s  t h e  f i r s t - s t u d y  of  t h e  U.S.,economy i n  wh 
' , 

. 4 .  L 

cof icre te  developments i n  technology have been t i e d  t o  the broader.  economic 

/' * Changes o v e r  t ime i n  inpu t -ou tpu t  c o e f f i c i e n t s  f o r  t h e  United . 

S t a t e s  have a l s o  been s t u d i e d  by ,Vaccara  (1970).  I n  t h i s  s t u d y  v a r i o u s  
A - -, " r l  

me&ures of .the deg;ee and d i r e c t i o n  of c o e f f i c i e n t  change o v e r  t ime a r e  

a p p l i e d .  I t  f o l l o w s  t h e  earl ier  approaches  t o  measur ing change i n  t h a t  i t  

compares t h e  o u t p u t s  r e q u i r e d  from each i n d u s t r y  t o  p r  e  a  f i x e d  b i l l  

\ ,of f i n a l .  demands ( t h a t  of 1958) w i t h  -1947, 1958 and 1961  t e c h n o l o g i e s .  

F Vaccarafound t h a t ,  on t h e  a v e r a g e  (and i g n o r i n g  s i g n s ) ,  t h e r e  was a  1 6  pe r  
i 

c e n t  d i f f e r e n c e  i n  t h e  o u t p u t s  r e q u i ~ e d  from each i n d u s t r y  t o  produce t h e  
6 

,' 

1958 b i l l  of  gqpds w i t h  t h e  1958 technology,  a s  compared t o  t h e  1947 tech-  

../ nology.  ~ ~ t w i ~ t h s t a n d i n ~  t h i s  a v e r a g e  impact ,  f o r  a  feiw i n d u s t r i e s ,  such a s  

pf a s  t i c s  and s y n t h e t i c  m a t e r i a l s ,  and machine s%op p r o d u c t s ,  t h e s e  d i f f e r -  
lh- 

ences  i n  o u t p u t  r equ i rements  exceeded 75 per  c e n t .  O n  t h e  o t h e r  hand, f o r  

many impor tant  i n d u s t r i e s ,  such a s  paper  and pe t ro leum p r o d u q t s ,  t h e  change- 

i n  o&ut r equ i rements  was l e s s  t h a n  5 p e r  c e n t .  1 > 
\ 

G 
I 

I t  was shown t o  b e  a  more meaningful  t o  examine t h e  impact on 
L - 

- p r o d u c t i o n  of changes i n  1-0 c o e f f i c i e n t s  over  t ime by c o n c e n t r a t i n g  on 

1 )  S i n c e  t h e  p rocedure  used i n v o l v e s  t h e  a p p l i c a t i o n  of same s e t  of f i n a l  
deeands  t o  d i f f e r F  i n v e r s e  m a t r i c e s  i t  i s  t o  b e  expec ted  g e n e r a l l y  
t h a t  i n d u s t r i e s  s e l l i n g  p r i m a r i l y  t o  f i n a l  consumers w i l l - r e g i s t e r  
s m a l l e r  p e r c e n t a g e  changes over  t i m e  i n  t o t a l  r equ i rements  - new 
c o n s t r u c t i o n ,  f o r  example, se l ls  i t s  o u t p u t  e n t i r e l y  and d i r e c t l y  t o  
f i n a l  demand - t han  i n d u s t r i e s  t h a t  s e l l  p r i m a r i l y  t o  o t h e r  producing 
i n d u s t r i e s .  



change i n  i n t e r m e d i a t e  r a t h e r  t h a n  i n  t o t a l  o u t p u t  r e q u i r e m e n t s .  Vaccara ,  

i n  t h i s  s t u d y ,  found a n  a v e r a g e  change  be tween 1947 and  1958 i n  i n t e r m e d i a t e  

o u t p u t  r e q u i r e m e n t s  o f  a l m o s t  30 p e r  c e n t  i n  c o n t r a s t  t o  t h e  o v e r a l l  change 

of 16  pe r  c e n t  i n  t o t a l  o u t p u t  r e q u i r e m e n t s .  The change  o b e r  t h e  t h r e e -  

y e a r  p e r i o d  1958-61 i n  e i n t e t - p e d i a t e  o u t p u t , r e q u i r e d  t o  produce  t h e  1958 
1 P I* - - 

b i l l  o f  goods was c o n s i d e r a b l y  s m a l l e r  ( a s  might  b e  e x p e c t e d )  t h a n  o v e r  t h e  

e l e v e n - y e a r  p e r i o d  1947-58. Dur ing  t h e  l a t t y + p e r i o d ,  t h e  a v e r a g e  a n n u a l  

r a t e  o f  change  i n  i n t e r m e d i a t e  o u t p u t  r e q u i r e m e n t s  ( q g n o r i n g  s i g n s )  was 
8, 

2 . 3  p e r  c e n t .  Over t h e  1958-61 p e r i o d ,  t h e  d i f f e r e n c e  i n  i n t e r m e d i a t e  _ .. 

o u t p u t  r e q u i r e m e n t s  f o r  a  f i x e d  b i l l  ave raged  Y! .7  p e r  c e n t  p e r  y e a r .  I n  

T 
g e n e r a l ,  t h i s  s t u d y  found t h a t  t h e r e  was a s y s t e m a t i c  r e l a t i o n s h i p  between 

t h e  d i r e c t i o n  of change  i n  t h e  i n d u s t r y  i n t e r m e d i a t e  o u t p u t  r e q u i r e m e n t s  i 
f 

f o r  t h e  two t ime  p e r i o d s  examined. O f  t h e  t h i r t y - s i x  ( o u t  of t h e  64  
P 

i n d u s t r i e s  examined) i n d u s t r i e s  t h a t  showed p o s i t i v e  i n c r e a s e s  i n  o u t p u t ,  

r e q u i r e m e n t s  be tween 1947 and 1948,  26 showed p o s i t i v e  i n c r e a s e s  between 
' LC 

1958 and  1961;  22 of  t h e  35 i d u s t r i e s  w i t h  n e g a t i v e  change  between 1947 

and 1958 a l s o  showed n e g a t i v e  changes  between 1958 and  1961.  Moreover,  

t h e  m a j o r i t y  of t h e  2 3  c a s e s  w i t h  changes  i n  t h e  o p p o s i t e  d i r e c t i o n  i n  t h e  

two p e r i o d s  o c c u r r e d  i n  i n d u s t r i e s  where  t h e  changes  i n  o u t p u t  r e q u i r e m e n t s  

were s m a l l  i n  b o t h  t ime p e r i o d s .  

Al though t h e  a n a l y s i s  based  on  combined d i r e c t  and  i n d i r e c t  

- 

e f f e c t s  of c o e f f i c i e n t  change ( u s i n g  i n v e r s e  m a t r i c e s )  i s  v a l i d  f o r  , 

summarizing t h e  impac t  on  a g i v e n  i n d u s t r y ' s  p r o d u c t i o n .  of v a r i o u s  changes  

i n  i n p u t  c o e f f i c i e n t s  f o r  - a l l  i n d u s t r i e s ,  i t  may g o t  b e  a t r u e  g u i d e  f o  
4 

Q - = \ 

t h e  d e g r e e  o r  d i r e c t i o n  of  change i n  t h e  d i r e c t  c e q u i r e m e n t s  f o r  t h e  k 



o u t p u t  of t h e  g i v e n  i n d u s t r y .  I t  is  t h u s  i m p o r t a n t  t o  measure  * t h e e *  
- 

s e p a r a t e  impact  on  a n  i n d u s t r y ' s  o u t p u t  r e q u i r e m e n t s  o f  changes  o v e r  t ime  

i n  tag d i r e c t  i n p u t  c o e f f i c i e n t s .  Vaccara conducted  s u ~ h  a n  a n a l y s i s ,  2 )  
# .;.- 

-=r 

and-he r  compar ison  w i t h  t h e  changes  basedson  i n v e r s e  m a t r i c e s  r e v q a l s  t h a t  
\ 7 \ 

on t h e  a v e r a g e ,  p e r c e n t a g e  changes  i n  intermediate o u t p u t  r equ i r emef i t s  '. 
based  on i n v e r s e  and  d i r e c t  c o e f f i c i e n t s  are  quite s i m i l a r .  For t h e ' p e r i o d  

3 ,* \ 

1947 t o  1958,  changes  i n  i n t e r m e d i & e  o u t p u t  r e q u i r e m e n t s  f o r  58  i n d u s t h i e s  
C 

' 2  
a v e r a g e  28 p e r  c e n t  based  on t h e  i n v e r s e  and  26 p e r  c e n t  based  on t h e  

d i r e c t  c o e f f i c i e f i t s .  For t h e  1958 t o  1961  p e r i o d ,  t h e  a v e r a g e  change  

was a l i t ' t l e  o v e r  5  p e r  c e n t .  The re  was a a ~ e a b l e  d i f f e r e n c e ,  however,  

\ between t h e  two methods a n d r t h e  measures  d l f f e r e d  more f o r  i n d i v i d u a l  

i n d u s t r i e s .  The a v e r a g e  a n n u a l  r a t e  o f  change i n  i n t e r m e d i a t e  o u t p u t  -. 
r e q u i r e m e n t s  d i f f e r e d  by one  p e r  c e n t  f o r  20 of  t h e  58 c a s e s  examined i n  

I 

t h e  1947-58 p e r i o d ,  and f o r  16  of t h e  5 8  c a s e s  i n  t h e  1958-61 p e r i o d .  

-- 
An i n t e r - t e m p o r a l  a n a l y s i s  of  ' s t r u c t u r a l  change  i n  t h e  German 

economy h a s  been conduc ted  by S t a g l i n  and Wesse ls  (1972) .  Fo l lowing  t h e  
z- . 

1 )  T h i s  w a s  r e a l l y  t h e  c a s e  i n  t h e  s t u d y  b e i n g  rev iewed h e r e  ( f o r  t h e  i r o n  
o r e  i n d u s t r y ) .  The combined d i r e c t  and i n d i r e c t  e f f e c t s  on t h e  i n t e r -  
m e d i a t e  o u t p u t  r e q u i r e m e n t s  f o r  i r o n  o r e  changed v e r y  l i t t l e  between 
1947 and 1958. I n  r e a l i t y ,  however ,  t h e r e  was a 23 p&r c e n t  i n c r e , a s e  i n  
t h e  d i r e c t  r e q u i r e m e n t s  f o r  i r o n  o r e .  T h i s  i n c r e a s e  w a s  a l m o s t  e n t i r e l y  
o f f s e t  by t h e  s i z a b l e  d e c r e a s e  i n  r e q u i r e m e n t s  f o r  s t e e l .  I n  o t h e r  
& s e s ,  t h e  d i r e c t  and i n d i r e c t  i m p a c t s  may r e i n f o r c e  one a n o t h e r ,  and 

' 

t h u s ,  t h e  combined impact  of  changes  may b e  c o n s i d e r a b l y  l a r g e r  t h a n  t h e  
changes  i~ t h e  d i r e c t  c o e f f i c i e n t s .  ,& 

i 
2 )  The measures  are d e r i v e d  by m u l t i p l y i n g  t h e  a c t u a l  1958 t o t a l  o u t p u t  f o r  

e a c h  i n d u s t r y ,  i n  t u r n ,  by 1447,  1958 and 1961  d i r e c t  c o e f f i c i e n t  
m a t r i c e s .  ) 



approaches  used  by C a r t e r  an+$' ~ a c c a c a ,  t h e y  s t u d i e d  1-0 t a b l e s  of t h e  German 
- L  

C 

economy f o r  t h e  y e a r s  1954 ,  1958 and 1962.  These t a b l e s  r e l a t e  t o  56 
4 

p r o d u c t i o n  s e c t o r s ,  7 f i n a l  demand c&egor i e s  and  5 p r i m a r y  i n p u t s .  
* - 

S t r u c t u r a l  change w a s  measured b o t h  as a  r e s u l t  o f  change  i n  t h e  b i l l  of 
n 

n t  chanee .  A n a l v z i n e  t h e  t o t a l  
Y 

p e r i o d s ,  t h e y  found t h a t  o v e r a l l  g r o s s  p r o d u c t i o n  w i n g  b o t h  sub -pe r iods  

(1954-58 and 1958-62) i n c r e a s e d  by n e a r l y  t h e  same amount.  The a v e r a g e  

a n n u a l  r a t e  o f  change was 7 . 5  p e r  c e n t  i n  1954-58 and 7 . 1  p e r  ' cen t  i n  t h e  
.a + 

1958-62 p e r i o d .  

, 
A s  a r e s u l t  of changes  i n  t h e  f i n a l  demand t h e y  found c e r t a i n ,  

'waves '  r e s p o n s i b l e  f o r  d i f f e r e n c e s  i n  p r o d u c t i o n  l e v e l s  i n  t h e  two sub- - 
\ 

p e r i o d s .  For example,  t h e  s o - c a u e d  "eating-wave" i n  t h e  1954-58 sub- a % c L  ' 

p e r i o d  w a s  shown %I r e s u l t  i n  h i g h e r  i n d i c e s  i n  f o o d ,  b e v e r a g e s  and 

tobacco  i n d u s t r i e s .  

I I ~  

A compar ison  of changes  i n  g r o s s  p r o d u c t i o n  due  t o  s o e f f i c i e n t  . 
change d u r i n g  t h e  two p e r i o d s  r e v e a l e d  a h i g h e r  o v e r a l l  r a t e  i n  t h e  f i r s t ,  

1 

I, subEper idd  (-3.1 p e r  c e n t )  t h a n  i n  t h e  s e d n d  (-0.2 p e r  c e n t ) .  Of t h e  . C 

l 

56 i n d u s t r i e s  examined,  39 i n d u s t r i e s  showed a e g r e a s e s  i n  g r o s s  p r o d u c t i o n  
8 

due t o  c o e f f i c i e n t  change between 1954 and 1958,  w h i l e  only>2&sevealed 

n e g a t i v e  changeY b e t ~ e e n  1958 and 1962.  

A c o m p a r a t i v e  a n a l y s i s  f o r  i n t e r m e d i a t e  o u t p u t  r e q u i r e m h t s  t o  

d e l i v e r  a f i x e d  b i l l  o f  f i n a l  demand ( f o r  1962) w i t h  d i f f e r e n t  t e g h n o l o g i e s  
d C 

was a l s o -  per formed.  The r e s u l t s  obvtained co r re sponded  w i t h  t h o s e  , o b t a i i e d  

- 

f 6 r  t h e  g r o s s  p r o d u c t i o n  l e v e l s  - consi?erably s m a l l e r  change  i n  t h e  1958- 
- C - 



62 p e r i o d  than r@ween 1954 and 1958. These  w e r e  a s  expectgd s i n c e  t h e  
A 

r eqy i rements  t o  s a t i s f y  t h e  1962 b$$"r. of  goods t end  t o  b e  s m a l l e r  w i t h  + 

s-2 

. . - . newer than w i t h  o l d e r  technology ( a s  measured by t h e  r e s p e c t i v e  i n v e r s e  
" u - - . . - , .  P 

.ma t r i c e s )  . ' 
/ 

- - 
German ecopomy w i t h  

. " 
'- . 

S t a g l i n  and Wessels  co.mparedd t h e  r e su&ts .o f  &heir :  a n a l y s i s  of t h e  - - < 

t h o s e  of  c a r t e r ' s  (1970) for4'the U.S . economy. The 

i n t e r m e d i a t e  o u t p u t  

1954,  1918  and 1962 

l e v e l s .  r e b u i r e d  t o  d e l i v e r  t h e  1962 b i l l  of goods w i t h  

t<c+nologies  i n  Germany were compared-wi th  t h e  i n t e r -  

media te  o u t p u t  r equ i t emenss  f o r  d e l i i r e r i n g  1961 f i r i a l  demand fZhis ~ ? 4 7 ,  

1958 and 1961 t echno log iek  i n  the u:-5. Although t h e  i n t e r - c o u n t r y  coqpa- . 

r i s o n  is f e s t r a i n e d  by d i f f e r e n t  p e r i o d s  and d i f f e r e n t  b r i c e  d e f l a t i o n ,  
0 

I 

t he  r e s u l t s  show a : s s rp r i s ing  correspondence  %in  r e q u i r e m e n t s  f o r  bo th  
i- " 

i 
. - 

economies, These a r e  reproduced below:, 
, - 

. ? . - -. , 
~. 

P 

I L e  

0 L P  

. . 
0 

~ 

, German. economy. 
I , . U.S. economy. 

0 ,  . > %  
) .  

i 

Gepera l  i n d u s t r i e s  33.2 . 34.9 . 35.8 1 ' 30.4 31.6 32.4 
I = * Y ?C 

Chemicals  - 3 5 . 1  5.6 5.6 a 3.7 5 . 1  5.5 t 

-4 

A l l  o t h g r  . 26.3 L24.4 22.0 23.9 23.8 2 3 . 8  
t 

d i a t e  " 

328 300 299 336 337 ' 334 . *  + C 

( b i l w n s  o f  DM- ( b i l l i o n s  o f  USc$ , 
' i >  

1962 p r i c e s )  $947 p r i c e s ) .  a , 
I) I 

Source:  S t a g l i n  and Wessels  (1972, p.  391) o. 

3 



Q 

A l l  f i v e  g r o u p s ,  i n  b o t h  c o u n t r i e s ,  r e v e a l  a l m o s t  t h e  same 

tendency  i n  i n t e r m e d i a t e  o u t p u t  change:  d u r i n g  t h e  p e r i o d  i n  q u e s t i o n  
1 

i n p u t s  ( o r  o u t p u t s )  from g e n e r a l  i d d u s  t r i e s ,  metal-work$g, 

I 

a.re expanding  s t e a d i l y ,  whe,reas m a t e r i a l s  and a l l  o t h e r  i n d u s t r P e s  t e n d  t o  
T "  

d e c l i n e  i n  t h e i r  i n t e r m e d i a t e  ou tpCt  l b v e l s .  
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CHAPTER 3 
l= * *P r 

2 t I ,  

AN INPUT-OUTSUT MODEL OF THE CANADIAN 

STRUCTURAL CHANGE U b  

. s A ' 

I n  t h i s  c h a p t e r  w e  d e s c r i b e  a n ' i n p u t - o u t p u t  model of t h e  Canadiafi. 

economy which forms t h e  b a 3 i s  f o r  t h e  inpu t -ou tpu t  t a b l e s  f o r  1961 and 1966 

which a r e  analyzed i n  t h i s  s t u d y .  Next,  w e  f o r m u l a t e  v a r i o u s  i n d i c e s  whi"ch 
%, 

a r e  used t o  measure s t r u c t u r a l  change i n  t h e  Canadian e c h o m y .  

1 
A D i a g r a m a t i c a l l y  , t h e  1-0 a c c o u n t s  and - rePa ted  coef f i c d s  t a b l e s  , 

5 
can b e  r e p r e s e n t e d  a s  f o l l o w s :  

A- 

SUPPLY 

Commodities 
T o t a l  i n d u s t r i a l  

ou-tput 

I 
T o t  domest ic  17 
T o t a l  supp ly  

'\ 

Commodities 

Primary 
i n p u t s  

T o t a l  
i n p u t s  

*. =J I n d u s t r i e s  

DISPOSITION 

F i n a l  demand 
less impor t s  

T o t a l -  ' 

~ i s ~ a s i t i o n  - 



b - .  

Nota t ion  used : 

V - m a t r i x  showing t h e  domestfc o u t p u t  ( g r o s s  v a l u e  of p rodue t ion)  
of  i n d u s t r i e s  byJcommodities. 

. , 

U - m a t r i x  showing t h e  u s e  of commod,ities by i n d u s t r i e s .  
/- ? 

g - v e ~ t o r  of i h d u s t r y  o u t p u t s  - row sums of  V which i s  e q u a l  t o  t h e  
column sums o f  U p l b s  cohumn sums of Y .  ' 

'=V 

8 .  

q - t o r  of domes t i c  o u t p u t  of commodities - column sums of  V .  

m - v e c t o r  of impor t s  by commodit ies .  

- v e c t o r  ofm f i n a l  demand l e s s  i m p o r t s  .% 

Y - u s e  o f  pr imary  i n p u t s  by 4 n d u s t r i e s .  
i' 

,J -4 u s e  o  

( A l l  v a l u e s  

f p r imary- inpu t s  by f i n a l  demand. - 
\ 

i n ' t h e  t a b l e s  a r e  expressed  i n  produ,cersl p r i c e s ) . ,  

B ' 

The Canadian system of 1-0 accounts1) d i s t i n g u i s h e s  644 commodit ies ,  

187 i n d u s t r i e s ,  9 1  c a t e g o r i e s  of  f i n a l  demand and 8 pr imary  i n p u t s .  I t  is  
I * 

\ 

set yt i n  a  r e c t a n g u l a r  framework i n  which i n d u s t r i e s  produce c h a r a c t e r T  B 

w 2 

i s t i c  product 's and,  in-many i n s t a n c e s ,  secondary  p r o d u c t s .  T h i s  s t u d y ,  

however, u t i l i z e s  a  d i f f e r e n t  l e v e l  of a g g r e g a t i o n  i n  t h a t  i t  d i s t i n g u i s h e s  

75 i n d u s t r i e s ,  115 commodit ies ,  and 169 c a t e g o r i e s  of f i n a l  demand t h a t  have 
\ -2- 

been compressed i n t o  one v e c t o r  ( e ) .  We a l s o  d i s t i n g u i s h  8  pr imary  i n p u t s .  2 

3 
For a n  e x c e l l e n t  e x p o s i t i o n  of t h e  Canadian 1-0 a c c o u n t s  s e e  S t a t i s t i c s  
Canada, c a t a l o g u e  15-501, Occass iona l ,  "The Input-Output  S t r u c t u r e  of 
t h e  C p a d i a n  Economy 19611', O t t a w a ,  1969. 

T h i s  c l a s s i f i c a t i o n  i s  s i m i l a r  t o  t h e  one employed i n  t h e  CANDIDE 
model used a t  t h e  E c o n o ~ i c  Council  of  Canada. See Waslander and 
Syed (1975).  e . 3  9 



- 
The b a s i c  i d e n t i t y  of  t h e  model s t a t e s  t h a t ,  f o r  e a c h  commodity i , 

t o t a l  s u p p l y  i s  e q u a l  t o  t o t a l  d i s p o s i t i o n :  
h 

d o m e s t i c  o u t p u t  -f! i m p o r t s  = i n t e r m e d i a t e  demand + f i n a l  demand. 

I f  we l e t :  

q  = (qi)  = v e c t o r  o f  d o m e s t i c  o u t p u t  by  commodity; 

\ e = ( e i )  = v e c t o r  of  f i n a l  demand less i m p o r t s .  
F 

U = ( u i j )  = m a t r i x  of  i n t e ~ m e d i a t e  demands by i n d u s t r y  j f o r  
commodity i 

w e  may w r i t e  t h e  i d e n t i t y :  

"e 

The s t r u c t u r a l  p a r a m e t e r s  of t h e  model a r e  o b t a i n e d  on t h e  b a s i s  y-\ 
of t h e  f o l l o w i n g  a s s u m p t i o n s :  

(i) I n d u s t r y  t e c h n o l o g y :  T h i s  s t a t e s  t h a t  t h e  i n t e r m e d i a t e  i n p u t s  

a r e  p r o p o r t i o n a l  t o  t o t a l  i n d u s t r y  o u t p u t s ,  and a r e  t h e r e f o r e  i ndependen t  of 

t h e  commodity c o m p o s i t i o n  of  t h e s e  o u t p u t s .  T h i s  can  b e  w r i t t e n  as :  

!$j 
where:  

~\ 

1 
,'a 

b = t h e  amount of commodity i r e q u i r e d  t o  produce  
i j one  u n i t  of  o u t p u t  of i n d u s t r y  j ; B = m a t r i x  

w i t h  e l e m e n t s  b . 
i j  

g i = v e c t o r  of  i n d u s t r y  o u t p u t s .  

( i i )  F ixed  marke t  s F r e s :  ~ h y / s  assurnpt i  n  r eHtes  commodity and . I 9 
2 

i i n d u s t r y  o u t  'uts and s t a t e s  t h a t  t h e  marke t  s h a r e $  of i n d u s t r i e s  'fa'> e a c h  

U 

commodity a r e  f i x e d .  T h i s  c a n  b e  w r i t t e n  as: 



where:  1 1 

v = J t h e  amount of commodity i produced by i n d u s t r y  j ;  
j i 

V' = m a t r i x  w i t h  e l emen t s  v . 
j i 

d, i. = j - t h  i n d u s t r y ' s  s h a r e  i n  t h e  marke t  of commodity i ;  
D = m a t r i x  w i t h  e l e m e n t s  d  . 

-j i 

qi 
= v e c t o r  of domes t i c  o u t p u t  by commodity. 

.i '4 

Combining e q u a t i o n s  (3  - 1 )  t o  (3.3) we may w r i t e : \  
1 

T h i ~ ' ~ s y s t e m  of e q u a t i o n s  h'as t h e  f o l l o w i n g  s o l u t i  : b 
-1 q == (I - BD) e  ( 3  - 6 )  

,. - The Canadian  1-0 model a s  s e t  o u t  i n  e q u a t i o n s  (3 .6)  and ( 3 . 7 ) ,  

l i k e  t h e  t r a d i t i o n a l  L e o n t i e f - t y p e  1-0 model ,  measu res  t h e  impact  of a 

change  i n  t h e  b i l l  o f - f i n a l  demand upon t h e  o u t p u t  l e v e l s  o f .  i n d u s t r i e s  - 
Z-/ 

I 

e q u a t i o n  , ( 3 . 7 ) , .  U n l i k e  t h e  L e o n t i e f  - t y p e  models ,  however,  t h e  Canadian  model 

h a s  t h e  advan tage  of b t a k n i n g  a s o l u t i o n  i n  t h e  commodity s p a c e  as w e l l  - 

e q u a t i o n  ( 3 . 6 ) . ,  F u r t h e r ,  t h e  Canadian  1-0 model has t h e  a d v a n t a g e  of n o t  /": 
f o r c l n g  t h e  d imens ions .o f  m a t r i c e s  t o  be  n e c e s s a r i l y  s q u a r e  a s  d o e s  ~ e o n t i e f ' s  

f o r m u l a t i o n .  Hence, t h e  i n d u s t r i e s  are a l lowed t o  produce  more t h a n  one 

commodity; a l t e r n a t i v e l y ,  one  commodity can  be  produced by many i n d u s t r i e s .  

1) S u b s c r i p t s  i and j r e f e r  t o  commodit ies  and i n d u s t r i e s  r e s p e c t i v e l y  
u n l e s s  o t h e r w i s e  s t a t e d .  



-25- r 

3.1 INDUSTRY-TECHNQLOGY, COMMODITYJ - 
-- 

TECHNOLOGY%AND THE RESEMBLANCE OF MATRIX (DB) I N  

CANADIAN MODEL AND MATRIX ( A )  OF 

LEONTIEF:S MODEL 

i n d u s t r y  

The s t a n d a r d  s o l u t i o n  of L e o n t i e f ' s  1-0 model t h a t  e x p r e s s e s  

o u t p u t s  (X)  a s  a f u n c t i o n  of f i n a l  demand f o r  i n d u s t r y  p r o d u c t s  ( f ) ,  

g i v e n  - t h e  m a t r i x  of ? i n t e r m e d i a t e ,  i n p u t  c o e f f i c i e n t s  (A)  , i n d u s t r y  by i n d u s t r y ,  

.. . 
i s  w r i t t e n  ,as: 

Let  u s  

v e c t o r  

t h e  inc 

* 
-1 

X = ( I - A )  f  (3 .8)  

compare e q u a t i o n s  (3 .8)  and (3.7)  . I n  e q u a t i o n  (3 .7)  , s i n c e p  a 

of f i n a l  demand i n  commodity s p a c e ,  (De) i s  i t s  t r a n s f o r m a t  on i t o  Cr 
i u s t r y  space ;  b e s i d e s ,  DB i s  a n  i n d u s t r y  by i n d u s t r y  i n p u t  m a t r i x ,  t h e  

d 

columns of which r e p r e s e n t  t h e  i n p u t s  ianto an  i n d u s t r y  which come from o t h e r  

i n d u s t r i e s ,  fo l lowing  t h e  assumpt ion of f i x e d  market  s h a r e s .  T h e r e f o r e ,  

under t h e . i n d u s t r y  tec,hnology a n d ' f i x e d  market  s h a r e s  a s sumpt ions ,  t h e  indus-  

t r y  by indus t ry i  i n p u t  m a t r i x  which cor responds  t o  t h e  A m a t r i x  i n  t h e  
M' 

L e o n t i e f 3 s y s t e m  i s  t h e  (DB) m a t r i x  of t h e  Canadian sys tem.  
* \ 

Commodity technology models a r e  based on t h e  assumpt ion t h a t  t h e r e  
(a, 
'\ is  o n l y  one way of making each'commodity, whatever t h e  i n d u s t r y  t h a t  produces 

1. 
i t .  Thus, t h e  i n p u t  s t r u c t u r e  of an  i n d u b t r y  w i l l  be  a weighted  ave rage  of 

t h e  i n p u t  s t r u c t u r e s  of t h e  o , m o d i t i e s  i , t - p r o d u c e s ,  t h e  w e i g h t s  be ing t h e  

produbt-rnix c o e f f i c i e n t s  of t h e  indus  t 



P i s  d e f i n e d  b y : ,  

where : 

a  = commodity i n p u t  m a t r i x ;  a  i s  t h e  amount of 
i lc 

0 $ 

ik 
, commodi t y i  r e q u i r e d  t o  p roduce  one  - u n i t  of 
commodity k;"A = m a t r i x  w i t h  e l e m e n t s  a 

i k '  

= m a t r i x  of product-mix c o e f f i c i e n t s ;  p .  i s  t h e  
'jk p r o p o r t i o n  of t h e  o u t p u t  of i n d u s t r y  jkwhich i s  

made o f  commodity k;  P  = m a t r i x  w i t h  e l e m e n t s  

P rov ided  P  is s q u a r e  (commodi t ies  b e i n g  d e f i n e d  a s  t h e  p r i n c i p a l  p r o d u e t s  of 

-1 
i n d u s t r i e s ) ,  and P e x i s t s ,  t h e  i n p u t  m a t r i x  r e p r e s e n t i n g  t h e  commodity 

t e c h n o l o g y  w i l l  b e :  

The A m a t r i x  d e f i n e d  i n  (3.10) c a n  b e  c o n s i d e r e d  as t h e  A m a t r i x  of L e o n t i e f ' s  

t r a n s f o r m a t i o n  (3 .8 )  which  i s  t h e n  a  t r a n s f o r m a t i o n  from f i n a l  demand t o  

o u t p u t  i n  commodity s p a c e ,  u n d e r  t h e  a s sumpt ion  of  commodity t e c h n o l o g y .  

. . 
i 

The 1-0 m a t r i c e s  a n a l y z e d  i n  t h i s  s t u d y  a r e  a t  marke t  p r i c e s  and 

r e p r e s e n t  t h e  c u r r e n t  y e a r  d o l l a r  f l o w s  (and, t h e  c o e f f i c i e n t s  d e r i v e d  from 

them). T h e r e  i s  c o n t r o v e r s y  i n  t h e  l i t e r a t u r e  as t o  whe the r  1-0 t a b l e s  

based  on t h e  v a l u e  c o e f f i c i e n t s  a r e  b e t t e r  f o r  a n a l y t i c a l  p u r p o s e s  t h a n  

t h e i r  c o u n t e r p a r t s  p r e p a r e d  i n  volume terms, a s  t h e  f o l l o w i n g  s e c t i o n  shows. 

3  2 VALUE COEFFICIENTS VERSUS VOLUEIE 

COEFFICIENTS 

D e s p i t e  t h e  f a c t  t h a t  volume c o e f f i c i e n t s  may have  h i s t o r i c a l  

p r i o r i t y  ( i n  t h e  s e n s e  t h a t  i n p u t - o u t p u t  t h e o r y  was o r i g i n a l l y  c a s t  i n  " 

terms of vo lumes  i n  c o n s t a n t  p r i c e s ,  o r  even  p h y s i c a l  u n i t s )  t h e r e  a r e  



stiYl two 

p ragmat i c  

J good r e a s o n s  f o r  a n a l y z i n g  v a l u e  r a t h e r  than-volume.  One i s  a  . 

r e a s o n . .  Value c o e f f i c i e n t s  a r e  d i r e c t l y  a v a i l a b l e  and volume 

c o e f f i c i e n t s  a r e  n o t .  Assuming t h a t  v a l u e  c o e f f i c i e n t s  could  b e  d e f l a t e d  by 

s u i t a b l e  p r i c e  i n d e x e s ,  i t  i s  s t i l l  d o u b t f u l  i f  one  may o b t a i n  volume c o e f -  
e 

f i c i e n t s  of  q u a l i t y  comparable  t o  t h a t  of t h e  v a l u e  c o e f f i c i e n t s .  The 

second r e a s o n  i s  a t h e o r e t i c a l  one .  I t  is t h e  c o n s i d e r a t i o n  t h a t  i t  i s  pro- 
1 

, b a b l e  t h a t  v a l u e  c o e f f i c i e n t s  a r e  on t h e  whole a t  l e a s t  a s  s t a b l e ,  o r  even  

more s t a b l e ,  ove r  t ime  t h a n  volume c o e f f i c i e n t s .  T h i s  r e a s o n i n g  is sub-  

s t a n t i a t e d  by t h e  f i n d i A g s  of T i l a n u s  (1966,  chap&r  5 ) .  I n  h i s  a n a l y s i s  of 

t h e  Dutch economy based  on t h i r t e e n  1-0 t a b l e s  (1948-61) h e  f i n d s  t h a t  p re -  

d i c t i o n s  based  on v c i e n t s  a r e  g e n e r a l l y  b e t t e r  t h a n  p r e d i c t i o n s  

based  on  volume c o e f f i c i e n t s .  J 

3 . 3  MEASURING STRUCTURAL CHANGE : SOME 
< 

PROCEDURES 

I n  t h i s  s t u d y ,  s t r u c t u r a l  change means changes  i n  t h e  1-0 s t r u c t u r e  

of t h e  Canadian  economy between 1 9 6 1  and 1966.  changes  i n  c o e f f i c i e n t s ,  as 

r e f l e c t e d  i n  1-0 t a b l e s ,  c a n  b e  caused  by many f a c t o r s .  One of t h e s e  i s  

t e c h n o l o g i c a l  change ,  a change i n  t h e  p h y s i c a l  r e q u i r e m e n t s  of t h e  i n p u t s  

f o r  p roduc ing  a  f i x e d  b a s k e t  of g o o d s . ,  Another  i m p o r t a n t  f a c t o r  t h a t  could  
\ 

-4 c a u s e  c h a n g e ' o v e r  t ime i n  t h e  c o e f f i c i e n t s  f o r  a g i v e n  i n d u s t r y  i s  c h a n g i n g .  
I 

I I p r o d u c t  mix". ;The  l e v e l  of a g g r e g a t i o n  of <he 1-0 t a b l e s  can  a l s o  a f f e c t  
t-- 

t h e  s t a b i l i t y  ove r  t ime of t h e  v a r i o u s  c o e f f i c i e n t s .  A comple t e  a n a l y s i s ' o f  . 
LA 

c o e f f i c i e n t  change shou ld  a t t e m p t  t o  f a c t o r  o u t  t h e s e  v a r i o u s  c a u s e s  by 

r e l a t i n g  them t o  u n d e r l y i n g  f o r c e s  such  a s  changes  n  consumer t a s t e s  and 
\ ji 



- 

t e c h n o l o g i c a l  
" 

i n n o v a t i o n s ' .  T h i s  would b e  a l o n g  raQngee, 3 a r g e  s c a l e  pro jec ' t  

and is beyond t h e  o b j e c t i v e s  of t h i s  s t u d y .  . 
J ' 

i 
3 .3 .1  DIRECT EIEASURES OF STRUCTURAL, 

O i  

" ClLANGE e 

/ 
t 

4 

We s t u d y '  two a s p e c t s  of s t r u c t u r a l  changg by examining two of i t s  

l 
broad  akpec  ts : .(i) changes  i n  t h e  g r o s s  p r o d u c t i o n  v a l u e s  ' ( h e r e a f t e r  c a l l e d  

GPV) a r i s i n g  o u t  oc  changes  i n  t h e - b i l l  of f i n a l  demand and from changes  i n  

t h e  c o e f f i c i e n t s  t h e m s e l v e s ;  a n d 0 [ i i )  changes  i n  t h e  i n t e r m e d i a t e  o u t p u t  

l e v e l s  i e q u i r e d :  t o  s a t i s f y  a f i x e d  b i l l  of f i n a l  demand. The f o l l o w i n g  

g p r o c e d u r e s  a r e  deve loped  f o r  t h i s  a n a l y s i s .  

PROCEDURE I 

L e t  u s  rewrite e q u a t i o n  (3 .7 )  as f o l l o w s :  

where : 

Changes i n  t h e  GPV c a n  b e  f a c t o r e d  o u t  a s  ( a )  a  change i n  t h e  b i l l  

of f i n a l  demand and ( b )  changes  i n  t h e  c o e f f i c i e n t s  t hemse lves .  I n  t h i s  

6  6  
s t u d y  we u s e  C as f i x e d .  I f  we m u l t i p l y  1961  f i n a l  demand (y61). by t h e  

6  6  66 6 1  
1966 i n v e r s e  (C  ) and compare t h e  d e r i v e d  1 9 6 1  GPV (C y ) w i t h  t h e  

66 66 
a c t u a l  GPV i n  1966 (C y  ) ,  t h e  comparison shows changes  i n  the.GPV due  

s o l e l y  t o  t h e  change i n  f i n a l  demand. 



66 6 1  
I f ,  however ,  we- compared t h e  d e r i v e d  1961  GPV (C y .  ) w i t h  t h e  

6 1  61  
a c t u a l  GPV i n  1961  ( C  y  ) , t h e  conlparison would i n d i c a t e  .changes i n  GPV 

s o l e l y  a t t r i b u t a b l e  t o  changing  c o e f f i c i e n t s .  The p rocedure  can  b e  d e s c r i b e d  

by t h e  f o l l o w i n g  e q u a t i o n :  

PROCEDURE I1 

To d e t e r m i n e  changes  i n .  t h e  i n t e r m e d i a t e  o u t p u t  r e q u i r e m e n t s  ( i . e . ,  
\ 

compar ison  of t e c h n o l o g i e s )  f o r  s a t i s f y i n g  a  f i x e d  b i l l  of demand, we w r i t e :  
CI 

- ,  6  6  
The i n t e r m e d i a t e  o u t p u t  l e v e l s  u s i n g  1 9 6 1  t e c h n a l o g y  ( ' Q  ) t o  

6  6  
d e l i v e r  t h e  1966 l e v e l  and  c o m p o s i t i o n  of f i n a l  demand ( y  ) a r e  computed 

w i t h  e q u a t i o n  (3.13) by m u l t i p l y i n g  t h e  1966 f i n a l  demand v e c t o r  by t h e  

6 1  
i n v e r s e  of 1961  (C ) and d e d u c t i n g  from t h i s  t h e  a c t u a l  f i n a l  demand of 

, - 
66 

1966 (y ) .  A s i m i l a r  compu ta t ion  i s  performed u s i n g  1966 t e c h n o l o g y *  

66 66 6  6 66 
( Q  = C y  - y  ) T h i s w i s  t h e  d i f f e r e n c e  between t h e  a c t u a l  GPV and 

4 

f i n a l  demand f o r  t h a t  y e a r .  The r e s u l t s  of t h e  two computa t ions  i n d i c a t e  

t h e  changes  i n  i n t e r m e d i a t e  o u t p u t  l e v e l s  a r i s i n g  o u t  of t h e  change i n  
d 

t e chno logy-  T h i s  compar ison  i s  i m p o r t a n t  f o r  p u r p o s e s  of u n d e r s t a n d i n g  

I 
v a r i o u s  ' t y p e s  of i n d u s t r i a l  s p e c i a l i z a t i o n : .  - 

3 3.2 =lARY h1EASURES OF STRUCTURAL -. 

CHANGE BASED ON INVERSE FlATRICES8 

The p r o c e d u r e s  d e s c r i b e d  above p r o v i d e  answers  t o  t h e  p r o b a b l e  

s o u r c e s  of s t r u c t u r a l  change.  A c l o s e  s c r u t i n y  of t h e s e  p r o c e d u r e s  would,  



however, r e v e a l  t h a t  w e  a r e  i n  f a c t  c o n s i d e r i n g  changes i n  m a t r i x  C .  I n  a  

g e n e r a l  s e n s e ,  a n a l p i s  of t h e  changes i n  t h e  e l ements  of m a t r i x  C could \ e  

cons ide red  a s  r e f l e c t i n g  s t r u c t u r a l  change-. 

The e a r l i e s t  a t t e m p t  t o  a n a l y z e  s t r u c t u r a l  change on t h e  b a s i s  of 

t h e  i n v e r s e  m a t r i x  i s  found i n  a  s t u d y  by Rasmussen ('1957) of t h e  Danish 
i 

economy. S i n c e  t h e  number of e l ements  i n  an i n v e r s e  m a t r i x  i s  u s u a l l y  l a r g e  , 

he sugges ted  some summary measures  t o  a n a l y z e  changes  i n  i t s  e lements .  I n  

t h l s  s t u d y  we app ly  Rasmussen's summary measures t o  t h e  a n a l y s i s  of i n v e r s e  

m a t r i c e s  of t h e  Canadian economy f o r  1961 and 1966. 

The a n a l y s i s  of t h e  eleme of t h e  i n v e r s  a t r i x  C would r e v e a l  7 
t h e  s t r u c t u r e  of t h e  economy a s  w e l l  of t h e  d u s t r y .  L e t  u s  

P ,  
1 1 r' d e n o t e  t h e  e lements  of C by c  f o l l o w i n g  f o r m u a l t i o n .  

i j 

The s@ of t h e  column e lements  of t h e  i n v e r s e  denoted  by 

1 

shows t h e  t o t a l  i n p u t  r e q u i r e m e n t s  f o r  a u n i t  i n c r e a s e  i n  f : ina l  demand f o r  

t h e  j - t h  i n d u s t r y .  

And s i m i l a r l y ,  t h e  sum of t h e  row e lements :  

1 )  I t  h a s  been shown ( i n  e q u a t i o n  3 .7 )  t h a t  C i s  a n  i n v e r s e  m a t r i x  d e r i v e d  
a s  a (DB) p r o d u c t .  S i n c e  D i s  a n  i n d u s t r y  by commodity m a t r i x ,  and B .  
i s  a  commodity by i n d u s t r y  m a t r i x ,  t h e  p roduc t  i s  an  i n d u s t r y  by indus-  
t r y  m a t r i x ;  s u b s c r i p t s  i and j used h e r e  should  n o t  b e  confused w i t h  
t h e n o n e s  used e a r l i e r  where i r e f e r s  t o  commodities and j i n d i c a t e s  
i n d u s t r i e s .  



r e v e a l s  t h e  i n c r e a s e  i n  t h e  o u t p u t  of i n d u s t r y  i needed t o  cope  w i t h  a 

u ? i t  i n c r e a s e  i n  t h e  f i n a l  demand of a 1 1  i n d u s t r i e s .  

Rasmussen i n t e r p r e t s  t h e  v e c t o r  of a v e r a g e s :  

a s  a n  e s t i m a t e  of t h e  d i r e c t  and i n d i r e c t  i n c r e a s e  i n  o u t p u t  t o  be s u p p l i e d  

by a n  i n d u s t r y  c h s s e n  a t  random, i f  t h e  f i n a l  $emand f o r  t h e  p r o d u c t s  of 
=4 

i n d u s t r y  j i n c r e a s e s  by one  u n i t .  

4 

Anot'her s e t  ,of a v e r a g e s : .  

has  a s i m i l a r  i n t e r p r e t a t i o n .  
D 

" I n d i c e s  i n  ( 3 . 1 6 )  and ( 3 . 1 7 )  do n o t  seem s u i t a b l e  f o r  making i n t e r -  

i n d u s t r y  compar i sons ,  s o  t h e y  a r e  no rma l i zed  by t h e  o v e r a l l  a v e r a g e  d e f i n e d  

The f o l l o w i n g  i n d i c e s  a r e ,  t h e r e f o r e , , c o n s i d e r e d  and used :  



I n d i c e s  K(' and K a r e  termed (by -Rasmussen, 1957)  as " index  of 
. j  , i. 

3 

power of d i s p e r s i o n "  and " index  of s e n s i t i v i t y  of d i s p e r s i o q " ,  r e s p e c t i v e l y .  1) ' 

S i n c e  t h e  a v e r a g e  i n  (3 .16)  shows t h e  r e q u i r e m e n t s \ o f  i n p u t s ,  i f  

t h e  f i n a l  demand of  i n d u s t r y  j i n c r e a s e s  by  one  u n i t ,  K . j 
tC "3 p r e t e d  t o  mean t h a t  t h e  i n d u s t r y  i n  q u e s t i o n  ddaws h e a v i l y - o n  t h e  rest  of 

t h e  s y s t e p .  I n  t h e  same way, K > 1 would i n d i c a t e  t h a t  i n d u s t r y  i must  - 
i .  

i n c r e a s e  i t s  o u t p u t  more t h a n  o t h r r s  f o r  a  u n i t  i n c r e a s e  i n ' f  i n a l  demand 
In " 

from t h e  whole  s y s t e m .  
I -- 

, I S i n c e  t h e  i n d i c e s  i n  e q u a t i o n s  (3 .19 )  and (3 .20 )  a r e  based  on t h e  

a v e r a g i n g  p r i n c i p l e ,  t h e y < a r e  s e n s i t i v e  t o  ex t r eme  v a l u e s  and may g i v e  m i s -  

~. 
l e a d i n g  r e s u l t s .  To a v o i d  t h i s  d e f i c i e n c y ,  c o e f f i c i e n t s  of v a r i a t i o n  of  

t h e  i n d i c e s  a r e  d e f i n e d  as: 

1 )  These  i n d i c e s  a r e  a n a l o g o u s  t o  ~ i r s c h m i n ' s  (1958) bkckward and forward  
l i n k a g e s ,  r e s p e c t i v e l y .  We r e t u r n  t o  t h e  e x a m i n a t i o n  of t h e s e  i n  c l ~ a p t c r  
6 of t h i s  s t u d y .  See  H a z a r i  (1970)and Lauma3(1975)  f o r  t h e  a p p l i c a t i o n  
of t h e s e  a n a l o g u e s .  

2 > ' i 



A h i g h . L  c a n  b e  i n t e r p r e t e d  as shov ing  t h a t  a p $ r t i c u l a r  i n d u s t r y  
U 

. j  s 

draws. h e a v i l y  on  one  o r  a  few s , e c t o r s  and a low L a s * ' a n  - i n d u s t r y  drawing  
4 

e v e n l y  from ot 'her s e c t o r s .  S i m i l a r  i n t e r p r e t a t i o n  a p p l i e s  t o  



CHAPTER J 4 

 CAN^ ECONOMY, 1961-66 : DISCUSSION OF 
,',- 

/' EMPIRICAL FINDINGS 

// 0 

I n  t h i s -  c h a p t e r  we d i s c u s s  f i n d i n g s  of a n  a n a l y s i s  of, changes i n  . 

*' 

t he  s t r u c t u r e  o,f e Canadian kconomy between 1961  and 1966. These a r e  

d e s c r i b e d  on t h e  b a s i s  of p rocedures  I and I1 and t h e  summary measures 
8 .  

. b  

ana lyz ing  t h e  i n v e r s e  m a t r i c e s .  A s  exp la ined  i n  c h a p t e r  3 ,  procedure  I 

i n v o l v e s  t h e  s c r u t i n y  of changes  in t h e  GPV a r i s i r i g  o u t  of  changes i n  t h e  

b i l l  of f i n a l  demand and changes i n  t h e  c o e f f i c i e n t s  themselves .  Procedure  

I1 i n v o l v e s  t h e  a n a l y s i s  of changes  i n  t h e  i n t e r m e d i a t e  o u t p u t  l e v e l s  r e -  

qui red-  t o  s a t i s f y  t h e  , f ixed  b i l l  of  f i n a l  demand. Summary measures of 

& 
s t r u c t u r a l -  change d e s c r i b e  an  i n t e r - t e m p o r a l  change i n  t e c h n o l o g i e s .  

4 . 1  a CX~INGES I N  THE GPV LEVELS: - 

1961-66 

Changes i n  t h e  GPV l e v e l s  a r i s i n g  o u t  of changes i n  t h e  b i l l  of 

f i n a l  demand a r e  o b t a i n e d  i f  w e  m u l t i p l y  t h e  1961 b i l l  of f i n a l  demand by 

66 61 
t h e  1966 i n v e r s e  mafr ix  and compare t h i s  d e r i v e d  GPV of 1961 (C y  ) w i t h  

66 66 
t h e  a c t u a l  GPV of 1966 (C y . T h i s  comparison shows changes i n  GPV due 

F s o l e l y  t o  changes i n  f i n a l  demand. And i f  w e  compare t h e  d e r i v e d  I 9 6 1  GPV 

66 61 6 1  6 1  
(C y ) w i t h  t h e  a c t u a l  GPV i.n 1961 (C y ) ,  t h e  comparison shows changes 

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

Tab le  4 . 1  shows t h e  t o t a l  ( d i r e c t  and i n d i r e c t )  changes i n  GPV 

between 1961 and 1966 d i s t r i b u t e d  by s o u r c e s  of change.  I t  i s  e v i d e n t  t h a t  

from 1961 t o  1966 changes i n  t h e  f i n a l  demand r e s u l t e d  i n  a  change of 
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$38.8 b i l l i o n  i n  ' t o t a l  o u t p u t .  Columns (3)  t o  (5) i n d i c a t e  GPV change i n  

a b s o l u t e  v a l u e s ,  w h i l e  columns (6)  t o ' ( 8 ) '  show t h e  corresponding i n d i c e s .  4 
An examination of columns (3) and (6 )  r wide range i n  t h e  changes 

i n  GPV f o r  i n d i v i d u a l  i n d u s t r i e s .  The inc reased  l e v e l  of f i n a l  $emand does  
' 

* e 
9' 

n o t  a f f e c t  a l l  t h e  75 i n d u s t r i e s  t o  t h e  same e x t e n t .  Highes t  a b s o l u t e  

i n c r e a s e s  are observed i n  f i n a n c e ,  i n s u r a n c e  and real e s t a t e ,  r e t a i l  t r a d e ,  

wholesa le  t r a d e ,  a g r i c u l t u r e ,  m e t a l  f a b r i c a t i n g  ,and n o n - r e s i d e n t i a l  con- 

s t ruc t r ion .  The h i g h e s t  i n d i c e s  of GPV change a r e  n o t i c e d  i n  misce l l aneous  
. . 

t r a n s p o r t  equipment, motor v e h i c l e s ,  machinery,  wa te r  and o t h e r  u t i l i t i e s ,  

r a i l r o a d  r o l l i n g  s t o c k ,  p a r t s  and a c c e s s o r i e s .  - These l a r g e  i n c r e a s e s  i n  

t h e  index l e v e l  can be t r a c e d  back t o  t h e  low l e v e l  of g r o s s  p roduc t ion  i n  

I n  columns (4 )  and ( 7 ) ,  i t  i s  c l e a r  t h a t  o v e r a l l  g r o s s  p roduc t ion  

f o r  35 ( o u t  of 75) i n d u s t r i e s  would have inc reased 'more  i f  o n l y  f i n a l  demand 

had changed between 1961 and 1966 and t h e  c o e f f i c i e n t s  had remained c o n s t a n t .  
D 

For example, t h e  index f o r  m e t a l  f a b r i c a t i n g  would have been 1 8 8 . 1  r a t h e r  

than t h e  t o t a l  index of 183.9.  On t h e  o t h e r  hand, of t h e  remaining 40 
I 

i n d u s t r i e s  which show a  s m a l l e r  change i n  f i n a l  demand than  t h e  t o t a l ,  t& 

index f o r  pulp-making, f o r  example, would have been 161.8 r t h e r  than 192.8. P 
These d i f f e r e n c e s  a r e  a t t r i b u t a b l e  t o  changing i n p u t  and i n v e r s e  c o e f f i c i e n t s  

between 1961 and 1966,  shown a s  a b s o l u t e  f i g u r e s  i n  column (5) and as 

i n d i c e s  i n  column (8)  of  t a b l e  4.1. 

The i n d i c e s  of GPV shown i n  column (8) of t a b l e  4 .1  would have 

ob ta ined  i f  c o e f f i c i e n t s  on ly  had changed between 1961 and 1966, and f i n a l  



:* 

demand had remained c o n s t a n t  over  t h i s  p e r i o d .  An index of 100.0 ,  f o r  

e  i n  wa te r  and o t h e r  u t i l i t i e s ,  r e f l e c t s  a  n e u t r a l  e f f e c t  of c o e f f i -  

c i e n t  o r  t e c h n o l o g i c a l  change between 1961 and 1966; an  index  of over  100.0 

i n d i c a t e s  a n  i n c r e a s e  i n  GPV would have been r e q u i r e d  t o  d e l i v e r  1961 f i n a l  

demand. There fo re ,  a n  index of under 100.0 r e f l e c t s  s a v i n g s  i n  g r o s s  pro- 

d u c t i o n  requ i rements  f o r  meeting t h e  same f i n a l  demand. An examinat ion of 

i n d i v i d u a l  i n d i c e s  ( c o l .  8) r e v e a l s  t h a t  t h e  l a r g e s t  n e g a t i v e  impact of 

c o e f f i c i e n t  change on GPV between 1961 and 1966 o c c u r s  i n  t h e  c o a l  i n d u s t r y  
-? 

(an index of 78.1) .  The r e d u c t i o n  of about  22  per,) c e n t  can  b e  i n t e r p r e t e d  
/*/ 

as t h e  r e s u l t  of changing i n t e r i n d u s t r y  relationships;~technological pro- 

g r e s s  would h a v e  made i t  p o s s i b l e  t o  d e l i v e r  t h e  same 1961 f i n a l  demand 

w i t h  l e s s  p roduc t ion  i n  1966 t h a n  i n  1961. I n  c o n t x a s t ,  t h e  l a r g e s t  pos i -  , 

t i v e  impact of changing c o e f f i c i e n t s  i s  e v i d e n t  i n  pulp-making (an  index of 

.5 4.2  CHANGES I N  INTERMEDIATE OUTPUT 

R- C 

Changes i n  t h e  in termed- ia te  o u t p u t  l e v e l s  r e q u i r e d  t o  d e l i v e r  a  

f i x e d  b i l l  of f i n a l  demand have been computed on t h e  b a s i s  of e q u a t i o n  
I' 

(3.13) of c h a p t e r  3 .  We u s e  t h e  1966 b i l l  of f i n a l  demand ( l e v e l  and com- 
I 

p o s i t i o n )  and s t u d y  changes i n  t h e  i n t e r m e d i a t e  o u t p u t  l e v e l s  r e q u i r e d  t o  

d e l i v e r  t h i s  f i n a l  demand b i l l  w i t h  t h e  1961 and 1966 t e c h n o l o g i e s .  R e s u l t s #  
a 

of t h e s e  computa t ions  a r e  shown i n  t a b l e  4 . 2 .  To f a c i l i t a t e  i n t e r p r e t a t i o n  

of t h e s e  r e s u l t s ,  we have grouped them by-economic f u n c t i o n a l  groups 

fo l lowing  C a r t e r  (1970).  Within  each group,  i n d u s t r i e s  a r e  a r ranged  i n  



TABLE 4 .2  INTERMEDIATE OUTPUT 
REQUIREMENTS FOR DELIVERING 1966 TOTAL 

FINAL DEMAND WITH 1 9 6 1  AND 1966 
TECHNOLOGIES. 

Der ived  1966 i n t e r -  Changes i n  1966 i n t e r -  
m e d i a t e  o u t p u t  i e v e l s  m e d i a t e  o u t p u t  

a w i t h :  l e v e l s .  

1 9 6 1  1966 
i n v e r s e  i n v e r s e  1966-61 P e r  c e n t .  

\ 
(1 )  ( 2 )  ( 3 )  ( 4 )  

I .  G e n e r a l  I n d u s t r i e s :  

U t i l i t i e s :  

(61)  P o s t  O f f i c e .  232 ,873  203,632 '  - 29 ,241  - 1 2 . 5 6  
1 

(62)  E l e c t r i c  
Power 688 ,308  647 ,475  - 40,833  - 5 . 9 3  " 

(64)  Water .  25 ,311  2 5 , 2 0 1  - 110 - 0 . 4 3  

(63)  Gas,. 85 ,842  , 97 ,120  11 ,278  -13 .14  I 

.. . TOTAL: 1 , 0 3 2 , 3 3 4  973 ,428  - 5 8 , 9 0 6  - 5 . 7 1  

Communications: 

(60)  T e l e p h o n e s  and 
T e l e g r a p h .  695,294 647,914 - 4 7 , 3 8 0 '  - 6 . 8 1  

(59)  Radio  and T . V .  191 ,178  184 ,512  - 6 ,666  - 3..49 

TOTAL : 886,472 832 ,426  - 5 4 , 0 4 6  - 6 . 0 9  

Trade  : 

- (66)  R e t a i l  T rade .  1 ,191 ,052  1 ,134 ,135  - 5 6 , 9 1 7  - 4 . 7 8  

(65 )  Wholesa le  
Trade. .  2 ,113 ,807  2 ,123 ,630  9 , 8 2 3  0 .46  

C 

TOTAL: 3 ,304 ,859  3 ,257 ,765  , - 47,094 - 1 . 4 2  

S e r v i c e s  : 
9 t 

(71 )  H o t e l s  and 
R e s t a u r a n t s .  508 ,061  451,817 - 56,244  - 1 1 . 0 7 '  

(67)  R inance ,  In-  
s u r a n c e  and 
R e a s l  E s t .  2 ,975 ,607  2 ,799  ,,382 -176,225 - 5.92  ' 



-40- 

(73)  O t h e r  ser 
v i c e s .  886 ,589  866 ,044  - 20,545  - 2.32 

(70)  H e a l t h  and 
H o s p i t a l s .  1 , 0 3 1  1 , 0 6 2  3  1 2.94  

(72)  B u s i n e s s  C 

s e r v i c e s .  857 ,530  894 ,687  , 37,157  4 .33  
, 

TOTAL : 5 ,228 ,818  5 ,012 ,992  - 215,226 - 5 .92  
... . 

T r a n s p o r t a t i o n :  

(54)  P i p e l i n e s  232,942 134 ,226  - 98,716  - 42.38  

(53)  Rai lway Transp .  1 , 4 3 5  ,\?-l%-r,2,?9,051 -205,967 - 1 4 . 3 5  

(56)  Water Transp  . 435,723  4h6 ,178  - 9,'545 - 2.19  

(57)  Motor Transp .  1 , 2 2 3 , 7 8 2  1,3; \9 ,413 106  ,'631 8 . 7 1  

(52)  A i r  T r a n s p o r t .  '249,694 289 ,495  39 ,801  15 .94  

(55)  Urban T r a n s i t .  1 , 5 6 9  6 , 9 5 0  5 , 3 8 1  342 .95  

-, TOTAL : 

( 3 9 ) ,  P e t r o l e u m  
p r o d u c t s .  

( 5 )  Coal  MinYng. 

(58)  S t o r a g e .  

- 11. Chemica ls :  

(41)  Chemical  prod 

(40)  I n d u s t r i a l  
c h e m i c a l s .  

111. M a t e r i a l s :  

( 2 )  F o r e s t r y .  

(26)  I r o n  and 
s t e e l .  

( 1 )  A g r i c u l t u r e .  

(38)  Non-meta l l i c  
m i n e r a l  p rod .  

(15 ) .  Rubber .  

(27)  P r imary  ?on- 
f e r r o u s .  

( 3 )  F i s h i n g .  



(20 )  F u r n i t u r e .  - 
(19 )  Wood. 1 , 0 0 7 , 5 5 0  1 , 0 5 6 , 1 0 1  4 8 , 5 5 1  48.19 

TOTAL : 10 ,793 ,060  1 0 , 3 7 5 , 5 2 3  - 417,537  - 3.87 

,- 

I V .  Metal-working : 

(36 )  Misc.  t r a n s p .  
equ ipmen t .  - 10 ,806  7 , 2 0 1  - 3,604  - 33.35 

b 
(34 )  Rai lway r o l l i n g  

66 ,368  s t o c k .  - 74,947 " - 8 , 5 7 9  - 1 1 . 4 5  

(29 )  Machinery . ,  1 , 0 4 9 , 7 7 0  - 974,222  ' - 75,548  - 7.18  

(28)  Me ta l  f a b r i -  
c a t i n g .  2,776.,431 2 , 6 7 1 , 2 7 1  - 1 0 5 , 1 6 0  - 3.79 

(33 )  A i r c r a f t s  - 

and p a r t s .  187 ,960  1 8 2 , 1 5 3  - 5 , 8 0 6  - 3 .09  

(31 )  . T r u c k s ,  b o d i e s  1 . 4  

and t r a i l e r s .  18 ,890  1 8 , 4 2 5  - 465 - - 2.46 

(37)  ~ l e c t r ' i c a l  pro-  
d u e t  s .  1 , 3 4 2 , 4 9 3  1 , 4 5 4 , 3 5 8  111 ,865  8 . 3 3  

(32 )  . P a ~ t s  and 
a c c e s s o r i e s .  1 , 1 6 4 , 3 6 3  1 , 2 9 0 , 3 8 7  126 ,024  10 .82  

(35 )  S h i p b u i l d i n g  
and r e p a i r s .  55 ,775  98 ,927  4  3 ,152  77.37 - 

(30)  Motor v e h i c l e s .  143 ,976  398 ,585  254 ,609  176.84 

TOTAL : 6,825,41,1 7 ,161 ,897  ' 336,486 

V .  A l l  o t h e r :  

(25)  P r i n t i n g  and 
p u b l i s h i n g .  ' 

(23)  p a p e r  making 
and o t h k r .  

(51)  O t h e r  cons-  
t r u c t i o n .  

( 4 )  M e t a l  mines .  

( 1 1 ) -  G r a i n  m i l l s .  

(43)  ~ e ~ a i r  cons-  
t r u c t i o n .  ' 

(13 )  A l c o h o l i c  
'Beverages.  



(2.1). P u l p  and Pape r  1 ,5 .21,714 1 ,422 ,288  - 99,426  - 4P 6 . 5 3  

(12)  o t h e r  food 'and' 
I , 

s o f t  drYnks. 
y . 797,064 749,626 - 47 ,438  - 5 . 9 5  

(17)  T e x t i l e s .  , 

(24)  Pape r  conver -  
ters.  %@l6,784 800 ,117  , - 1 6 , 6 6 6  - 2 . 0 4 '  
1 

( 6 )  Pe t ro l eum and u - -  5 

g a s  w e l l s .  1 , 2 3 6 , 2 3 6  1 , 2 4 6 , 9 1 3  ' 1 0 , 6 6 7  0 .86  

( 7 )  Non-metal 
-- min ing .  246,927 

- 252,706 5 , 7 7 9  2 .34  

(14 )  Tobacco.  100 ,347  106 ,142  . 5 , 7 9 5  5 .78  'L ' 
( 9 )  D a i r y  p r o d u c t s .  280,0.18 301 ,149  21 ,13  1 7 .55  

(16)  L e a t h e r .  10,2,795 113 ,650  1 0 , 8 5 5  10 .56  

( 8 )  Meat p r o d u c t s .  551 ,156  6 1 9 , 4 g l  68 ,325  12 .40  

(42)  Misc.  manufac- 
t u r e s .  684 ,388  7 75 ,688  

/ 91,300  13.34 

(18)  C l o t h i n g .  1 9 8 , 8 8 1  254,975 56,094 28.20 



o r d e r  of t h e  r ank  of p e r c e n t a g e  change. Ranking i s  done w i t h  t h e  h i g h e s t  . A 

n e g a t i v e  r a t e  a s  r ank  1, which r e p r e s e n t s  t h e  i n d u s t r y  w i t h  most r a p i d l y  

d e c l i n i n g  i n t e r m e d i a t e  o u t p u t  r equ i rements .  

The f i g u f e s  i n  column (1 )  and column ( 2 )  show a  s l y g h t  d e c l i n e  
4 

over  t ime:  t h e  t o t a l  volume o f  i n t e r m e d i a t e  o u t p u t s  ( i n p u t s )  r e q u i r e d  t o  

s a t i s f y  t h e  1966 b i l l  of f i n a l  demand1) . tends t o  b e  smal er w i t h  newer t h a n  t 
t 

\ 

w i t h  o l d e r  technology,  measured by i n v e r s e  c o e f f i c i e n t s .  2, T h i s  a v e r d l  

tendency,  however, i s  n o t  s h a r e d  by a l l  i n d u s t r i e s  w i t h i n  each group.  A t  

t h e  group l e v e l ,  r e q u i r e m e n t s  from a l l  groups  b u t  metal-working have been 
, 

d e c l i n i n g .  Metal-working i n p u t s  r i s e  as t h e  complexi ty  of  t h e s e  p r o d u c t s  , 

i n c r e a s e s  and a s  s p e c i a l i z a t i o n  w i t h i n  metal-working grows. M a t e r i a l  i n -  

p u t s ,  on t h e  o t h e r  hand,  d e c l i n e  a s  t h e  s i z e  and weight  of many d i f f e r e n t  \ 

equipment i t e m s  d e c r e a s e ,  a s  w a s t e  of m a t e r i a T s  is reduced,  and a s  cheaper 

m a t e r i a l s  a r e  s u b s t i t u t e d  f o r  more expens ive  one.  

I 

1 )  Caut-ion i s  d e s i r a b l e  i n  i n t e r p r e t i n g  t h e  n o t i o n  of t h e  "same f i n a l  
product".  The o u t p u t  of a n  i n d u s t r y ,  s a y  food p r o d u c t s ,  i s  s t i p u l a t e d  

' a s  q u a l i t a t i v e l y  t h e  same between 1961 and 1966.  R e a l i t y  may, however, 
p r e c l u d e  t h i s  from happening s i n c e  t h e  i n d u s t r y ' s  product-mix may change 
o v e r  time. We do n o t  a t t e m p t  t o  compensate o r  a d j u s t  f o r  t h e  e f f e c t  of 
changing q u a l i t y  o r  product-mix on d i r e c t  and i n d i r e c t  r equ i rements  i n  
t h i s  s t u d y .  

2)  C o n t r a s t i n g  ev idence  i n  t h i s  r e g a r d  found i n  t h e  U.S. I n  s t u d y i n g  . . 
s t r u c t u r a l  change over  t ime i n  t h e  economy, u s i n g  s i m i l a r  
methodology, c a r t e r  (1970) found t h a t  ". . . d o l l a r  volume of i n t e r m e d i a t e  
i n p u t s  ( i n  c o n s t a n t  p r i c e s )  remains  q u i t e  s t a b l e ,  growing s l i g h t l y  over  
t ime - t o  b e Z a - l i t t l e  g z e a t e r  w i t h  newer, t h a n  w i t h  o l d e r ,  t e c h n i q u e s  
of product ion" .  To r e s o l v e  t h i s  paradox s h e  p u t s  forward t h e  view t h a t  3 
a n  i n c r e a s e d  volume of i n t e r m e d i a t e  i n p u t s  means a n  i n c r e a s e  i n  s p e c i a l -  

* i z a t i o n .  It  r e p r e s e n t s  a  change i n  t h e  d i v i s i o n  of  l a b o u r  among e s t a b -  
l i s h m e n t s ,  b u t  does  n o t  i n  i t s e l f  imply a  d e t e r i o r a t i o n  of technology.  
The l a t e r  t e c h n o l o g i e s  u s e  s l i g h t l y  more i n t e r m e d i a t e  i n p u t s  b u t  less 
pr imary  i h p u t s  . 



Requirements from c e r t a i n  i n d i v i d u a l  s e c t o r s  w i t h i n  each of t h e  
L 

broad i n d u s t r i a l  g roup ings  a r e  s u s c e p t i b l e  t o  p e r s i s t e n t  changes .  I t  i s  

easy  t o  s i n g l e  o u t  some more d ramat ic  c a s e s .  These a r e  l i s t e d  i n  t a b l e  4..3. 
P 

This  t a b l e  shows t h o s e  s e c t o r s  t h a t  g a i n  o r  l o s e  impor tance  most r a  

A. 

a  r e s u l t  of s t r u c t u r . a l  change. 

4 . 3 ,  STRUCTURAL CHANGES: SUMMARY MEASURES - 
BASED ON-  THE INVERSE MATRIX 

I d e n t i f i c a t i o n  o f ' c a u s e s  of change i n  GPV l e v e l s  a r i s i n g  o u t  of 

, the changing b i l l  of  f i n a l  dem nd o r  changing c o e f f i c i e n t s  i s  a  f r u i t f u l  t , 
endeavour i n  i t s e l f .  However , , the  more p e r t i n e n t  a s p e c t  t o  examine i s  t h e  

i n t e r - t e m p o r a l  change i n  technology.  The e f f e c t s  of  changing technology 

and o r g a n i z a t i o n  of p r o d u c t i o n  can  b e s t  be unders tood by s t u d y i n g  t h e  com- 

p o s i t i o n  of i n t e r i n d u s t r y  t r a n s a c t i o n s .  When t h e  methods of  p roduc t ion  

change,  t h e  in te rdependence  of i n d i v i d u a l  supp ly ing  i n d u s t r i e s  changes, 
& 

a c c o r d i n g l y .  ,.-- ./I \ 

I t  would appear  from t h e  d i s c u s s i o n  i n  s e c t i o n s  4 . 1  and 4 .2  t h a t ,  

whi le  a n a l y z i n g  change i n  t h e  GPV l e v e l s ,  w e  a rae  i n  f a c t  c o n s i a e r i n g  changes 
ir 

i n  t h e  e lements  of t h e  i n v e r s e  m a t r i x  C .  I n  t h i s  s e c t i o n  we,p&$esent a n  in -  

dependent  a n a l y s i s  of s t r u c t u r a l  chgnge on t h e  b a s i s  of  t h e  summary measures 

f o r p l a t e d  i n  e q u a t i o n  (9.19) t o  (3.22) i n  c h a p t e r  3 . .  

The i n d i c e s  K and K and t h e i r  co r respond ing  measures of v a r i a -  . j i. 

' t i o n  L and Li: a s  they a r e  a p p l i e d  t o  t h e  i n v e r s e  m a t r i c  C ,  d e a l  w i t h  t h e  . .j 
t o , t a l  ( d i r e c t  and i n d i r e c t )  r equ i rements  of t h e  system t o  supp ly  a g i v e n -  

1 
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b i l l  o'f f i n a l  demand. I t  may b e  argued,  however, t h a t  i t  i s  t h e  i n d i r e c t  
1 

1 

e f f e c t s  t h a t  a r e  more r e l e v a n t  f o r  -unders tanding t h e  s e c t o r a l  interdependenc;  

of a n  economi 

i s  cons ide red  
j 

i n d i c e s  ' K  . j '  

.c system, Hence, m a t r i x  (C - I ) ,  where I i s  a n  2 d e n t i t y  m a t r i x ,  .-I 

. W e  have i n c o r p o r a t e d  t h i s  m o d i f i c a t i o n  i n t o  o u r  a n a l y s i s ,  and 
I 

' K  and t h e  co r respond ing  v a r i a t i o n  measures ,  'L  and ' L  , 
. i. j i. 

have been u t i l i z e d .  T h e i r  i n t e r p r e t a t i o n  i s  sibilar t o  t h e  measures used f o r  
/ 

ana lyz ing  m a t r i x  C a l o n e .  The o n l y  d i f f e r e n c  i s  t h a t  t h e  measures r e l a t i n g  f t o  (C -- I )  c a p t u r e  i n d i r e c t  e f f e c t s  on ly .  

I t  may a l s o  be  argued t h a t ,  a l though  t h e  i n d i r e c t  e f f e c t s  a r e  

i n t e r e s t i n . g ,  a more impor tan t  f e a t u r e  i n  s tudy ing  in te rdependence  of  t h e  

p r o d u c t i v e  s t r u c t u r e  i s  t h e  i n d i r e c t  e f f e c t s  on o t h e r  i n d u s t r i e s  e x c l u s i v e  

of t h e  i n d u s t r y  c o n s i d e r e d  -- d i s r e g a r d i n g ,  t h e  "feedback e f f e c t s "  on t h e  

i n d u s t r y  i t s e l f .  T h i s  r e a s o n i n g  l e a d s  t o  a  c o n s i d e r a t i o n  of t h e  m a t r i x  

(C - 2 )  , where i? i s  t h e  d i a g o n a l  m a t r i x  showiqg t h e  c  e l ements  of t h e  
i i 

o r i g i n a l  i n v e r s e  m a t r i x  on the ' rna in  d i a g o n a l .  indices s i m i l a r  t o  t h e  e a r l -  

i e r  ones  have 

The 

been c a l c u l a t e d  and ana lyzed .  These a r e  "K , "K , "L and 
. j i. . j 

t h r e e  a l t e r n a t i v e  i n d i c e s  of  power and s e n s i t i v i t y  of d i spe r -  
* 

s i o n  as w e l l  a s  their cor respond ing  sets of  r e l a t e d  measures of "var iance"  
i -  . a- 

f o r  t h e s e  i n d i c e s  have been c a l c u l a t e d  f o r  t h e  Canadian economy f o r  t h e  

y e a r s  1961 and 1966 (Tab les  4.4 and 4 .5) .  The r e s u l t i n g  e s t i m a t e s  c a n ,  t o  

t h e  e x t e n t  t h a t  t h e  two y e a r s  compared t u r n  o u t  t o  i n v o l v e  d i f f e r e n t  i n d i c e s ,  

2' 
be rega rded  a s  summary measures of  s t r u c t u r a l  change.  The e s t i m a t e d  i n d i c e s  

a r e  d i s c u s s e d  below. 
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4 .3 .1  DISCUSSION OF RESULTS 

I n  t a b l e  4.4 i n d i c e s  of  power and s e n s i t i v i t y  of d i s p e r s i o n  f o r  

both  1961 and 1966 a r e  p r e s e n t e d .  Consider ing t h e  I n d i c e s  of s e n s i t i v i t y  

of0 d i s p e r s i o n  ( K ,  ) f i r s t ,  w e  n o t i c e  t h a t  i n d u s t r y  no. 67 (F inance ,  i n s u r a n c e  
1. 

and r e a l  e s t a t e )  shb^&'by f a r  t h e  h i g h e s t  index -- 2.36 i n  1961 -- f o l l o w e d '  
- .  

by m e t a l  f a b r i c a t i n g  ( i n d u s t r y  no. 28) and a g r i c u l t u r e  (no.  1 )  w i t h  i n d i c e s  
I 

6 

of 2.20 and 2.10, r e s p e c t i v e l y ,  i n ' t h e  same year .  These h i g h  index  v a l u e s  

i n d i c a t e  t h a t  t h e  system of i n d u s t r i e s  as a  whole draws h e a v i l y  on t h e  

i n d u s t r i e s  i n  q u e s t i o n .  The lowes t  index of 0 . 4 7 a i s  shown by h e a l t h  and 

h o s p i t a l s  (no. 70) ,Ffol lowed by urban t r a n s i t  systems (no. 55) w i t h  a n  index 

of 0.41', and misce l l aneous  t r a n s p o r t  equipment (no. 36) w i t h  a n  index of 

0.48 i n  t h e  yea r  1961. ~ h e $ e  low i n d i c e s  imply t h a t  t h e s e  i n d u s t r i e s  a r e  

l i t t l e  a f f e c t e d  by a  g e n e r a l  i n c r e a s e  i n  f i n a l  demand. 

I n  1966, a s  i n  1961, f i n a n c e ,  insurance  and r e a l  e s t a t e  (no. 67) 

and m e t a l  f a b r i c a t i n g  (no. 28) have t h e  h i g h e s t  and second h i g h e s t  i n  t! i c e s  

of 2.25 and 2.18,  r e s p e c t i v e l y .  However, t h e  t h i r d  h i g h e s t  p l a c e  i n  1966 

i s  taken by i r o n  and s tee l  (no. 26) w i t h  a n  index of  2.03. Almost t h e  same 

p i c t u r e  ho lds  i n - r e s p e c t  of t h e  lowes t  ind ices . ,  Hea l th  and h o s p i t a l s  (no. 

70) w i t h  a n  index o f  0.48 and misce l l aneous  t r a n s p o r t  equipment (no. 3 6 ) ,  

a l s o  w i t h  a n  index of 0.48,  a r e  t h e  lowes t  i n  1966, j u s t  a s  they  were i n  
4 

k 
Pc 

Consider ing t h e  i n d i c e s  of power of d i s p e r s i o n  (K .), i t  a p p e a r s  
.J 

t h a t  i n  1961 papermaking (no. 23) ,  petroleum and c o a l  p r o d u c t s  (no. 39) and 

pulpmaking (no. 22) have by f a r  t h e  l a r g e s t  i n d i c e s  -- 1 . 4 4 ,  1 .37 and 1 .35 ,  



r e ~ p e c t i ~ e l y .  I n  1966, papermaking (no.  23) occup ies  t h e  same p l a c e  a s  i n  

1961, w i t h  a n  index o f  '1.59. Howgver, t h e  second and t h i r d  l a r g e s t  i n  1966 ' 

are ' -d i f  f e r e n t  : non-f e r r o u s  m e t a l s  (no. 27) w i t h  an-dex of 1.37 

and g r a i n  m i l l s  (no. 11)  w i t h  1 .36  r e s p e c t i v e l y .  The converse  i s  a l s o  t r u e  

f o r  owner-occupied d w e l l i n g s  (no. 68) ,  e l e c t r i c  power (no. 6 2 ) , , a n d  urban 
s 

- - t r ans i t  sys tems (no.  5 5 ) ,  w i t h  t h e  low i n d i c e s  of 0.60,  0.61 and 0.64,  r e s -  

p e c t i v e l y ,  i n  1961. In 1966, however, t h e  lowest  index of 0.58 i s  t h a t  of 

g a s  (no.  63) ,  whereas t h e  n e x t  lowes t  a r e  owner-occupied d w e l l i n g s  (no. 68) 

and e l e c t r i c  power (no. 6 2 ) ,  w i t h  i n d i c e s  of 0.59 a n d  0 .60,  r e s p e c t i v e l y .  

These i n d u s t r i e s  seem t o  i n f l u e n c e  t h e  systems of i n d u s t r i e s  t o  a  r e l a t i v e l y  

smal l  e x t e n t )  

I f ,  however, t h e  i n f l u e n c e  of  a  c e r t a i n  i n d u s t r y  on o t h e r  indus- 
- 

t r i e s  (excluding i t s e l f )  i s  s t u d i e d ,  t h e  i n d i c e s  "K and "K seem most 
i. j 

( 

r e l e v a n t .  These i n d i c e s  i n d i c a t e  wide v a r i a t i o n s  f o r  each of t h e  y e a r s  

s t u d i e d .  However, when "K and "K a r e  compared between 1961 and 1966 t h e  
i. . j  

p a t t e r n  of v a r i a t i o n  i s  sma-l ler .  I n  r e s p e c t  of "K , f i n a n c e ,  insurance  and 
i. 

r e a l  e s t a t e  (no. 67) h a s  t h e  h i g h e s t  index of 3.74 i n  1961, fo l lowed by 

m e t a l  f a b r i c a t i n g  (no. 28) and a g r i c u l t u r e  (no. 1 )  having i n d i c e s  of 3.38 

and 3.22,  r e s p e c t i v e l y .  I n  1966, t h e  two h i g h e s t  i n d i c e s  belong t o  t h e  

same i n d u s t r i e s  as i n  1961, w i t h  i n d i c e s  of 3.54 and 3.35, r e s p e c t i v e l y .  
7 

However, t h e  t h i r d  h i g h e s t  index of 3 .11 i s  f o r  wholesa le '  t r a d e  (no. 65) .  

The lowes t  index of 0 .01 i s  o b t a i n e d  f o r  h e a l t h  and h o s p i t a l s  (no. 70) ,  both  

i n  1961 and 1966. 



Correspondingly;  t h e  h i g h e s t  index of powerc of d i s p e r s i o n  "K i n  . j 
1961 i s  1.94 f o r  papermaking (no. 23) ,  fol lowed by pulpmaking (no. 22) w i t h  

J- 
an index of 1 . 7 8 ,  and meat p roduc t s  (no. 8) w i t h  1.62. I n  1966, i n d u s t r i e s  

w i t h  t h e  h i g h e s t ' i n d i c e s  a r e  papermaking (no. 23) w i t h  a n  index of 2.26, 

B 
motor v e h i c l e s  (no. 30) having a n  index o f ' l w . 7 3 ,  and meat p r o d u c t s  (no. 8 )  " 

w i t h  an  index o f  1 .54.  Compared t o  1961, the ' second p l a c e  i n  1968 belongs  

t o  motor v e h i c l e s  (no. -30) a s  a g a i n s t  pulpmaking (no. 22) i n  t h e  f i r m e r  

y e a r .  The lowes t  i n d i c e s  i n  1961 are t h o s e  of e l e c t r i c  power (no. 6 2 ) ,  

owner-occupied d w e l l i n g s  (no. 6 8 ) ,  and p i p e l i n e s ' ( n o .  5 4 ) ,  w i t h  h d i c e s  of 
I 

0.25, 0.27, and 0 .32,  r e s p e c t i v e l y ,  whereas i n  1966 t h e  lowes t  i n d i c e s  a r e  

those  of  g a s  (no. 63) w i t h  a n  index of 0.22, e l e c t r i c  power (no. 62) w i t h  ,: 

an index of 0.24, and p i p e l i n e s  (no. 54) w i t h  a n  index of  0.26. 

I n  t a b l e  4 .5  r e l a t e d  i n d i c e s  of  v a r i a n c e ,  as d e f i n e d ,  a r e  shown. 

With a  view t o  h i g h l i g h t i n g  t h e  impor tance  of i n t e r r e l a t i o n s  between in -  rh 

d u s t r i e s  and changes t h e r e i n ,  i t  i s  cons ide red  r e l e v a n t  t o  d i s r e g a r d  t h e  

d i r e c t  and a l s o  t h e  "feedback" e f f e c t s  f o r  a  c e r t a i n  i n d u s t r y  on i t s e l f .  

There fo re ,  we examine t h e  i n d i c e s  " 
Li. and "L o n l y .  . j 

Consider ing i n d i c e s  "L , i t  is  n o t i c e d  t h a t  on t h e  whole: both  i n  . j 
1961 and 1966, t h e  i n d i v i d u a l  i n d u s t r i e s  seem t o  d r a w ' r a t h e r  uni formly on 

t h e  system. C e r t a i n  d i v e r g e n c e s - a r e ,  however, a p p a r e n t .  I n  1961, t h e  

owner-occupied d w e l l i n g s  i n d u s t r y  (no. 68) has  t h e  h i g h e s t  index of v a r i a n c e  

of 4 .35,  fo l lowed by pet ro leum produc t s  (no. 39) w i t h  a n  index of 

3 .88.  I n  1966, t h e  h i g h e s t  i s  f o r  owner-occupied dwel l ings  5 

(no. 68) fol lowed by a n  index of 4.09 f o r  petroleum and c o a l  p roduc t s  
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/ 
(no. 393. G r e a t e r  v a r i a t i o n s  a r e  observed,  however, whed one c o n s i d e r s  t h e  

L '  

1 1  

Li. 
i n d i c e s .  Examples of $uch g r e a t e r  v a r i i t i o n s  c a n  b e  d i s c e r n e d  from 

-. 
i n d i c e s  w i t h  v a l u e s  l i k e  7 .91 f o r  f i s h i n g  ( n o . " S ) ,  d e c l i n i n g  t o  a n  dex of c' 
3.55 f o r  pulpmaking (no. 22) ,  and ending a s  low a s  0.52 f o r  f i n a n c e ,  insur-.  

ance  and real e s t a t e  (no. 67) ,  i n  t h e  y e a r  1961. The same p a t t e r n  i s  a l s a  I 

- n o t i c e a b l e  i n  1966 w i t h  a >high index of 7.71 f o r  f i s h i n g  (no. 3 ) ,  3  -80 f o r *  . . 
i < 

\ 
pulpmaking (no; 22) ,  and d e c l i n i n g  as Pow a s  0.54 f o r  f i n a n c e ,  insurance  a n d '  

a rea l  e s t a t e  (no. 67) .  These v a f i a t i - o n s  i n  t h e  i n d i c e s  s u g g e s t  t h a t  i n d i r e c t  
- * 

i n t e r - r e l a t i o n s h i p s  w i t h l n  t h e  system a s  a  r e s u l t  of changes i n  f i n a l  demand 

would b e  f a i r l y  w e l l  d i s p e r s e d ,  and s e n s i t i v e  t o  t h e  composi t ion  of t h e  b i l l  

of f i n a l  demand. 

Having d i s c u s s e d  t h e  r e s u l t s  n  terms of v a r i o u s  i n d i c e s ,  a comment 
' 

* ,  

should be made r e g a r d i n g  t h e i r  u s e f u l n e s s .  I n  t h e  a u t h o r ' s  o p i n i o n ,  two 

p o i n t s  can  c l e a r l y  b e  made'. F i r s t ,  t h e  i n d i c e s , ' w h e n  looked a t  i n d i v i d u a l l y  

and compared w i t h  one a n o t h e r  ( f o r  t h e  y e a r s  i n  q u e s t i o n )  provide-  a  quan- 
C 

t i t a t i v e  b a s i s  a s  t o  t h e  e x t e n t  and form of i n t e r - r e l a t i o n s h i p s  t h a t  w o u h  

p r e v a i l  g iven  a  b i l l  of f i n a l  demanct. The s m q a r y  measures s o  o b t a i n e d ' c a n  

a s s i s t  one i n  i d e n t i f y i n g  "key s e c t o r s "  i n  a n  economy. T h i s  theme i s  devel -  
2 

d 

oped i n  c h a p t e r  6 oS t h i s  s t u d y .  Second, i n  a lmos t  a l l  c a s e s ,  when t h e  

v a r i o u s  i n d i c e s  are compared. over  t h e  tyo  y e a r s  w e ,  n o t i c e  ' t h a t  t h e i r  v a l u e s  * 

tend t o  be s m a l l e r  i n  t h e  more r e c e n t  yea r  (1966) t h a n  i n  t h e  e a r l i e r  yea r  1 
(1961).  T h i s  is a n  i n d i c a t i o n  t h a t  technology i s  changing such t h a t  t h e  

requirements  p laced on t h e  sys tem a r e  m e t  w i th  l e s s e r  amounts 'of  i n t e r - '  , , 

/ 

mediate i n p u t s  needed t o  proauce them. This  o b s e r v a t i o n  c o r r o b o r a t e s  t h e  

= 59 
r e s u l t s  ob ta ined  i n  s e c t i o n  4 .2 .  



CHAPTER 5 , 1 

I .  

, < 

- ,  

CHANGES IN DIRECT' COEFFICIENTS : - 

The a n a l y s i s  of s t r u c t u r a l  ehange i n  thk Canadian economy presen-  
V 

ted i n  c h a p t e r  4 i a  based 01) t h e  combine& e f f e c t s  ( d i r e c t  and s i n d i r e c t )  
\ i 

b ,  % , * 
of e i t h e r  t h e  changing b i l l  of f i n a l  demand o r  t h e  changes i n  c o e f f i c i e n t s  * 

t < . * .A 

themselves." Although i t  i s  a  convenient  way of summarizing t h e  to ta l -  

- tmpact ,  i t  m y  n o t  be a t r u e  gu ide  t o  t h e  degree  o r  d i r e c t i o n  o f  change . 
h- 

* 

- /- '< 

i n '  t h e  d i r e c t  f o r ' t h e  o u t p u t  of a ' g b v e n  i n d u s t r y .  Iri some ' 

. '  i n s t a n c e s ,  t h e  i n d i r e c t - i m p a c t s  &he output '  of a  given . L . 
e .  

9 

i n d u s t r y  may o f f s e t  ea_ch o t h e r  and t h d s . g i v e  a n  impress ion of l i t t l e  
,= J 

c o e f f i c i e n t  change over  t i m e .  I n  o t h e r  c a s e s ,  t h e  d i r e c t  a n d s i n d i r e c t  

impacts  may r e i n f o r c e  each o t h e r ,  and t h u s  t h e  combined' impact  of changes- 
J 

may be  c o n s i d e r a b l y  l a r g e r  than  'the changes i n  t h e  d i r e c t  c o e f f i c i e n t s .  
? . 

e 

I t  is , -  t h e r e f o r g ,  d e s i r a b l e  t o  examine c h a n g e s p i n  t h e  d i r e c t  c o e f f i c i e n t s  . - 
fl 

, ,  
s - A  themselves.  

, 4 + r 

I n ' t h i s  chapfe r  w e  hropose  t b  ana lyze-changes  i n  t h e  c o e f f i c i e n t s  , /' 
1). of t h e  technology m a t r i x  B. Changes in  cief f  i c i e n t s  f o r  t h e  y'ear ' 1961 

/ & -  -4 

r e l a t i v e  t o  1966 a r e  examined.- In s e c t i o n  5.1, we d e s c r i b e  o v e r a l l  changes 
- 

i n  c o e f f i c i e n t s  f o r  t h e  whole 'economy. I n .  s e c t i o n  5.2,  f o r  each i n d u s t r y ,  

column measures an;lyzing t h e  magnitude and d i r e c t i o n  of  change a r e  . - 

dev i sed .  - .  F u r t h e r ,  i n  t h i s  s e c t i o n ,  f o r  eacb ' n d u s t r y ,  w e  p r e s e n t  a  c e l l -  Y 
by-ce l l  a n a l y s i s  of c o e f f i c i e n t  changes. Fi r ia l ly  i n  s e c t i o n  5.3,  a  ce l l :  

by-ce l l  a n a l y s i s  - .  of  c o e f f i c i e n t  change f o r  each commodity ( t h a t  i s ,  row-wise) 

1 )  1n t h i s  a n a l y s i s  i t  is being assumed t h a t  market s h a r e  c o e f f i c i e n t s  
(d 's) remain s t a b l e  over  t ime.  

i j 



- * 

. 5.1 OVERALL CHANGES I N  'DIRECT . 

COEFFICIENTS. 
< 

Cc 
7 I 

The s i m p l e s t  index of change of any p a r t i c u l a r  c o e f f i c i e n t  

between two p o i n t s  i n  t ime cou ld  e a s i l y  b e  formulated  a s  t h e  pe rcen tage  
I 

d i f f e r e n c e  b e t w e e n ' i t s  o r i g i n a l  and its., f i n a l  v a l u e .  Such a  f o r m u l a t i o n ,  

however, could  y i e l d  some i n f i n i t e  v a l u e s .  To avo id  t h i s  inconvenience ,  

we r e l a t e  t h e  d i f f e r e n c e s  t o  t h e  mean of t h e  o r i g i n a l  and f i n a l  v a l u e s  of 
L 

fhe  c o e f f i c i e n t s .  The d i f f e r e n c e s  a re '  expressed i n  r e l a t i v e  (pe rcen tage)  

4 terms. 

1 L e t : ,  1 b6' = i n p u t  c o e f f i c i e n t s - f o r  t h e  y e a r  1961; 
,$ i j i = l , . . , l 0 5 ;  j = I , . . ,  75. 

b66 = i n p u t  c o e f f i c i e n t s  f o r  t h e  yea r  1966; 
i j 

i = 1, ..., 105; j = 1, ..., 75. 

b6 t h e  two & y i t u d e s  of a  p a r t i c u l a r  i n p u t  c o e f f i c i e n t  t o  be compared. 

6 1  66 6 6 
The i r  d i f f e r e n c e  i s  ( b  - b .  .) . T h e i r  mean i s  (b61 4- bij) / 2 .  An i n d e x  

i j 1J i j 

of r e l a t i v e  change c a n  then  be  o b t a i n e d  a s :  

I f  t h e  d e s c r i p t i o n  of t h e  s t r u c t u r a l  change of  a n  economtc system 

k is presen ted  i n  terms of an  unweighted d i s t r i b u t i o n  of t h e  i n d i c e s  of 

e q u a t i o n  (5 .1)  -- each r e l a t e d  t o  one p a r t i c u l a r  i n p u t  c o e f f i c i e n t  -- i t  

would n e g l e c t  t h e  f a c t  t h a t  some 05 t h e  i n p u t  r a t i o s  belong t o  l a r g e  and 
T 

o t h e r s  t o  comparat ively  smal l  i n d u s t r i e s .  Th i s  source  of p o s s i b l e  d i s t o r -  

t i o n  of t h e  i n d i v i d u a l  i n d i c e s  should  be  weighted.  I n  t h i s  a n a l y s i s  t h e  



J 4 
i n d i v i d u a l  i n d i c e s  have been weighted by t h e  average  v a l u e  of t h e  c o r r e s -  

6 1 66 4 

ponding i n p u t  items : (ui 
+ u . . ) 1 2 .  

1 J  

A n e g a t i v e  change i n  i n p u t  requirements  p e r  u n i t  o f  o u t p u t  can  * .  

be l o + e l y  d e s c r i b e d  a s  a n  i n c r e a s e  i n  p r o d u c t i v i t y  ( L e o n t i e f ,  1953) .  The 

sa 
weighted d i s t r i b u t i o n  of  a l l  changes i n  c o e f f i c i e n t s  f o r  t h e  y e a r s  1961-66 - - 

i s  shown i n  c h a r t  I. The d i s t r i b u t i o n  i s  approximate ly  symmetric (mean of 

-008 and s t a n d a r d  d e v i a t i o n  of . 2 7 4 ) .  I t s  mean can ,  t h e r e f o r e ,  s e r v e  a s  a  
w J 

s t a t i s t i c a l  measure of t h e  magnitude of o v e q a l l  change. We . f ind  t h a t  from 

1961 t o  1966 t h e  i n p u t  c o e f f i c i e n t s  of a l l  t h e  c o s t  e lements  (primary c o s t s  

excluded)  i n  a l l  i n d u s t r i e s  i n c r e a s e d  on t h e  average  by 0.8 p e r  c e n t .  Viewed 

i n  t h i s  manner i t  can be  s a i d  t h a t  p r o d ~ c t i v i t y  (of non-primary inpGts)  

d e c l i n e d  s l i g h t l y .  1 > 

R e l a t i v e  changes i n  t e c h n i c a l  i n p u t  c o e f f i c ' i e n t s ,  t h e  d i s t r i b u t i o n  

of which w e  have examined i n  c h a r t  I ,  a r e  p r e s e n t e d  i n  Tab le  5 . 1  No i n t e r -  * 
p r e t a t i o n  i s  o f f e r e d  s i n c e  t h e  e x p l a n a t i o n  of i n d i v i d u a l  changes would ',.. 

r e q u i r e  in fo rmat ion  n o t  on ly  on t h e  f lows  of i n p u t s  b u t  a l s o  on t h e  s t o c k s  

of machinery, equipment and o t h e r  d u r a b l e s  -- o r  a t  l e a s t  on t h e  s t o r a b l e  

f a c t o r s  involved i n  v a r i o u s  p r o d u c t i v e  p r o c e s s e s  i n  t h e  d i f f e r e n t  s t a g e s  

of t h e i r  t e c h n i c a l  developmept. I n  t h e  fo l lowing  two s e c t i o n s  a n  a t t e m p t  

i s  made, however, t o  u n r a v e l  changes a t  t h e  i n d u s t r y  and commodity l e v e l  

of d e t a i l .  

1 )  C a r t e r  (1970) i n t e r p r e t s  such a  phenomenon as r e p r e s e n t i n g  a change i n  
t h e  d i v i s i o n  of  l a b o u r  among e s t a b l i s h m e n t s  t h a t  does  n o t  i n  i t s e l f  
imply a d e t e r i o r a t i o n  of  technology.  See a l s o  c h a p t e r  4 (p.43)  of our  
s t u d y  on t h i s  p o i n t .  





j I "Table-5.1 
RELATFVE CHANGE IN TECHNICAL INPUT 

COEFFICIENTS, CANADA: z 

(1961-66) ' 

Relative Change in Number of Coef- 
' 61 66 

Weights (u  + ui.) I2 
Coefficients. 

i j f icients. of changes in, coJf fs.** 
I 

-1.00 to -0.95 101 252.0 

+Q.15 to t0.20 ' 114 

t0.20 to t0.25 88 , 
> * 

40.25'to t0.30 , . $ - 73 

to: 30 to to. 35 5 5 

+0.35 to t0.40 6 2 

- t0.4Q to j0-45 ; +&: - - - - -  I- 48 
/ +U32 'to t0,50 
1 

C 4 

i 
'=. 

+ 

-, 
i 

t . 



+0,50 't-0 40.55 , 34 1036.0 
, . 

22 t 0 .55  to '+-0.60 - 

, t o .  60 t o  4 . 6 5  2 1  84.0 
' , 

t0 .65  t o  +0 .70 .  16  . . .  84.0 
, - . . 

9  +0.70 to' +0.75 - 
. , -% . ,. - 

+O.  75 t o  t0 - 4 0  19 .  , . - ,196.0 - 
+0.80 to ' JO .85  '. 1 2 -  . : -  - 

. . 

t0 .90  t o  $0.95 
- 

t o .  95 ,td tl.  00 

t 

** These a r e  average values  of ehe e p e f f l c i e n t s  
- used a s  weights i n  computing r e l a t i v e  change. 



5.2  VARIABILITY OF COEFFICIENTS: 

MEASURING MAGNITUDE AND DIRECTION OF CHANGE, 

BY INDUSTRY. 

The fo l lowing  index measures t h e  magnitude of change i n  d i r e c t  

c o e f f i c i e n t s  f o r  1961 t o  1966 f o r  i n d u s t r y  j: 
I$ 

This  index is prepared '  by summing t h e  a b s o l u t e  d i f f e r e n c e s  i n  - 
- t 

iR a l l .  t h e  c o e f f i c i e n t s  i n  each column of t h e  m a t r i x  and t a k  g a r a t i o  of 

t h i s  t o t a l  t o  t h e  average  i n t e r m e d i a t e  purchases  of t h e  i n d u s t r y .  I t  

a l lows  t h e  com a r i s o n  of techniques  of pr<duct ion of i n d u s t r i e s  a s  g iven  3 
by t h e i r  i n p u t  c o e f f i c i e n t  m a t r i x .  The more s i m i l a r  t h e  product ion  s t r u c -  

t u r e  i n  t h e  yea r s  compared, t he  sma l l e r  w i l l  be  t h e  ra t ios . ' )  The comparison 

based on t h i s  index i s  shown i n  Table  5.2.  S ince  we a r e  computing a b s o l u t e  
t 

v a l u e s  of changes, t h e s e  r e f e r  t o  t h e  magnitude of changes on ly .  

I n  o r d e r  t o  o b t a i n  - a b e t t  r p i c t u r e  of t h e  changes we have \ 
c l a s s i f i e d  the  changes i n  c o e f f i c i e n d b y  t h e  magnitude of t h e i r  d i f f e r -  

1 )  Chenery and Watanabe (1958)- used t h i s  "eabsolute column measure" f o r  a n  
i n t e r n a t i o n a l  comparison o ~ . p r o d u c t i o n  s t r u c t u r e s .  



, ,  Table  5 .2  

COMPARISON OF PRODUCTION BETWEEN 1961  AND 1966 
BY ABSOLUTE COLUMN MEASURE.* 

I n d u s t r y  /I Value I n d u s t r y  # Value 



Indus t ry  # 

- 63 - 

Table 5 .2  (contd)  

Value 

* The Index i s  g iven  by' t h e  fo l lowing:  

i = 1,. . . . ,105; 

j = 1, ...., 75 
- 

/I See Appendix A ' for t h e  i d e n t i f i c a t i o n  of t h e s e  i n d u s t r i e s .  



ences.') They a r e  p re sen ted  i n  Table 5.3. These d i f f e r e n c e s  a r e  s h k n  

i n  terms of major i n d u s t r i a l  s e c t o r s  such a s  manufac tur ing ,  mining? e t c .  

A g lance  a t  t h i s  t a b l e  r e v e a l s  t h a t  v e r y  s m a l l  changes (0-0.25) occurred  

i n  60 o u t  of 75  i n d u s t r i e s .  The remaining 15  i n d u s t r i t s  show changes of J 

P 
vary ing  deg rees  (between 0.26 t o  0.46 +). The most pronounced changes 

(0.36 +) occurred  i n  3 manufactur ing i n d u s t r i e s  -- g r a i n  mi1ls;papermaking 
i <- - 

, and r a i l r o a d  r o l l i n g  s t o c k ;  i n  m e t a l  mines; i n  p i p e l i n e  t r ' anspor t ;  i n  

r a d i o  and T.V.; and i n  two u t i l i t i e s  - g a s  and wa te r .  These r e s u l t s  

p rov ide  a  q u a n t i t a t i v e  d e s c r i p d i o n  of on ly  t h e  magnitude of d i f f e r e n c e s  

i n  t h e  average  change i n  t h e  c o e f f i c i e n t s ,  and woul* be more meaningful ly 

h r p r e t e d  i f  o n e  a l g o  ob ta ined  t h e  d i r ecL ion  of t h e s e  changes.  

4 
0 

I 4 

Wemeasure d i r e c t i o n  of change i n  c o e f f i c i e n t s  by cons ide r ing  t h e  

fo l lowing  weighted i n d i c e s :  
2' 

,where the u i j  
' s  r e f e r  t o  t h e  u s e  

. 
i d o l l a r  v a l u e s ) ,  

of commodity i by i n d u s t r y  j (expressed i n  

if 
P 

The i n d i c e s  a r e  p re sen ted  in T,able 5.4. Both p o s i t i v e  and n e g a t i v e  

1 )  I i n t e r p r e t  t h e  c o e f f i c i e n t s  betweencO and 0.25 t o  show a r e l a t i v e l y  
sma l l  change. .,The i n t e r p t g t a t i o n  of r e s u l t s  could  a l t e r  i f  a n  a l t e r n a t e  I 

r ange  i s  chosen. 



CLASSIFICATION OF COLUMN DIFFERENCES a 
BY MAJOR INDUSTRIAL SECTORS. 

- 0 

Magnitude Mfg. Mining. Const. Transp. Comrnun. Util. Others. TOTAL , 
L "I 

2 9 2 9 5 0 to 0.25 1 1 13 6 0 

0.41 (to 0.45 -. I  - - - - ' 1  - - 1 

0.46 - - - - 1 ,  . - +r 1 
- 2 '  ' -  

i, 
! 

4 9 6 3 3 1 5  7 5, 

- - Source: Table-5.2 



'AVERAGE CHANGES IN INPUT COEFFICIENTS (Q . ) : 
DIRECTION OF CHANGE BY I,NDUSTRIES, ' J  

P A M A T  

> ,  

a I A d ~ s t i - ~  Values - .  I n d u s t r y  Values 

1 J 0". 11560 3 3 -0.02406 
. - 

i 2 0.03207 + 34 -0.13847 4 

3 -0.16150 3 5 -0.13117 



Table-5.4 (contd). 
/ 

Industry # Values. 

Mean: 0.00429 

l)?'This index is based on the following formulation: 

1'10s 61 66 . 
1 2(bij - b. .) - 1 J 61 66 

Q . j  - 6 6 61 66 (uij + uij 
b . .  + bij) 

i s l  lJ 

# 3  See Appendix A far the degcription of these industries. 



v a l u e s ,  i n d i c a t i n g  t h e  d i r e c t i o n  of change i n  c o e f f i c i e n t s ,  a r e  shown.* 

On t h e  average ,  t h e  i n p u t  r a t i o s  i n  most i n d u s t r i e s  d e c r e a s e  s l i g h t l y  

(0.4 pef c e n t ) .  W e  a l s o  f i n d  t h a t  i n  each major i n d u s t r i a l  s e c t o r  most ' 

I ,  8 + 

Q. 
a r e  i n c r e a s i n g  w h i l e  o t h e r s  a r e  becoming sma l l e r  - - f o r  36 i f f d u s t r i e s  

3 
. I 

" . 
(ou t  o f  a  t o t a l  of 75) t h e  r a t i o s  a r e  dec reas ing .    his o b s e r v a t i p n  p o i n t s  

9 

d i r e c t l y  t o  t h e  q u e s t i o n  of product  subs t i t u t ' i on  i n  r e l a t i o n  t q  s t r u c t u r a l  
/ ' 

change. The fo l lowing  i n t e r p r e t a t i o n  (a l though v e r y  l i m i t e d  i n  i2s scope) 

is  o f f e r e d .  , 
ii 

<P' 

.f 
P 

d 

The s u b s t i t u t i o n  of a  lower f o r  a h ighe r  inpuf  r .a t io  does no t  
'. 9 

6 k 

r e q u i r e  any e l a b o r a t e  exp lana t ion  wheneGer i t  can  be constrGed as a n  i a e -  

pendent t e c h n i c a l  change. A r e d u c t i o n  i n  any dne o r  more c o e f f i c i e n t s ,  

L " '  

w i t h  t h e  r e s t  o f  t h e  i n p u t  m a t r i x  remaining t h e c s a p g ,  w i l l  always r e s u l t  
' ,  

i n  a  more e f f i c i e n t ' u t i l i z a t i o n  of r e s o u r c e s .  It makes i t  p o s s i b l e  t o  

produce any g iven  b i l l  of goods wi th  sma l l e r  t o t a l  i n p u t s  of goods and 

s e r v i c e s  (Leontief ' ,  1953) .  
- 

a (I I 

A n  i n c r e a s e  i n  v a r i o u s  i n p u t  r a t i o s  c a l l s  f o r  a - s p e c i a l  explana- 

t i o n .  It might be t h a t  changing e x t e r n a l  environments of p roduc t ion  -- 

exhaus t ion  of n a t u r a l  r eeources  e t c -  -- o c c a s i o n a l l y  c a u s e  inc reased  

. i n p u t  requi rements .  I n  most i n s t a n c e s ,  Tiowever, one may surmise  t h a t  an  
% 

, - 
i n c r e a s e  i n  t h e  t e c h n i c a l  c o e f f i c i e n t s  of c e r t a i n  k inds  of i n p u t s  i s  asso-  

3 1 - 

c i a t e d  wi th  a  reduct ion .  of t h e  i n p u t  r a t i o s  of some o t h e r  conpnodities 
- * 

t 

,and s e r v i c e s  absorbed by theesime i n d u s t r y .  The ailoption of a  nkw method 

of product ion  e n t a i l s  a  .simultaneous change i n  a l l  i ts  iipt r a t i o s  and 
- 7  

t h e  r e d u c t i o n  i n  some of them could not ,  perhaps,  be r e a l i z e d  wi thout  
. L 

2 > 
,- ' 

c o r r e s ~ o n a i n e  inc rea3es  in t h e ,  o t h e r .  



I n  c h a r t  2 we p r e s e n t  t hose  i n d u s t r i e s  t h a t , u r i e r w e n t  pronounced 

p o s i t i v e  and nega t ive  change. 1t ' is  e v i d e n t  t h a t  t h e  f i s h  p roduc t s  i n d u s t r y  

(no. 10)  r e g i s t e r e d  t h e  h i g h e s t  n e g a t i v e  change, fol lowed by meta l  mines 

(no. 4 ) .  The h i g h e s t  p o s i t i v e  change w a s  recorded f o r  gas  u t i l i t i e s b ( n o .  63) ,  
* 

.. - which was fol lowed by t h e  p i p e l i n e  t r a n s p o r t  i n d u s t r y  (no. 54 ) .  

'\ 

This  ana lysTs  t ends  t o  p o i n t  o u t  t he  problem of t h e  'product  m i x '  

of i n d u s t r i e s .  S ince  i t  i n v o l v e s  i n d i v i d u a l  i n p u t  c o e f f i c i e n t s ,  t h e  problem 

i s  b e t t e r  understood by ana lyz ing  t h e  ce l l -by -ce l l  v a r i a b i l i t y  of d i r e c t  

c o e f f i c i e n t s  by i n d u s t r y . ,  

The r e s u l t s  of t h i s  ce l l -by -ce l l  a n a l y s i s  a r e  p re sen ted  i n  Table 

5.5.  Column (3)  of t h i s  t a b l e  r e p r e s e n t s  t h e  ;6ighted average  of t h e  

pe rcen tage  change kn d i r w t  a o e f f i c i e n t s  for,  a l l  o f . e a c h  i n d u s t r y ' s  non- 
- 

primary i n t e r m e d i a t e  demand. Column 15) of the  t a b l e  shows t h e  percentage  
i 

* 

-. of c o e f f i c i e n t s  t h a t  move . i n  t h e  same d i r k c t i o n  t p o s i t i v e  or nega t ive )  

as t h e  change r e g i s t e r e d  i n  column (3)-.< , r - I  _ 
9 A . .  

< 

There is ,  a  tendkncy %fa? . t h e  m a j o r i t y  of t h e  i h d u s t r i e s -  coniming 
1 

I non-primary i n t e k e d i a t f :  iapdts t o  show c o e f f i c i e n t  change: i n  t h e  -same 

d i r e c t i o n  a $  t h e  p v e r a l l  ,change.. As tian be seen  from column. (5) , 50 o i t  

of t h e  75 i n d u s t r i e s  examined showed c o e f f i c i e n t  c h a ~ g e s  of t h e  same d i r e c -  

t i o n  as t h e  average  f o r  t h e  m a j o r i t y  o'f t h e i r  i n d i v i d u a l  i n p u t s .  0u.t of 

1 )  See notes '  t o  t h i s  t a b l e  f o r  t h e  method of  a n a l y s i s  on which t h e s e  
r e s u l t s  are based.  
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, these  50 i n d u s t r i e s ,  t he  d i r e c t i o n  of cli;nge f o r  24 happens t o  be pas;- . 
t i v e ,  and t h e  remaining 26 i n d u s t r i e s  show a  nega t ive  d i r e c t i o n  of change. 

a 

- 
These d i f f e r e n t  d i r e c t i o n s  a r e  i n d i c a t i v e  of'.,a changing . ' p r o d u c t ~ m i x '  of 

- 0 

thk i n d u s t r i e s  over  t h e  pe r iod  under s tudy .  The explaAat ion  of t h e  causes- 
* 

I - 
of change i n  'product-mix' l i e s  be&nd t h e  scope of t h e  p r e s e n t  a n a l y s i s  

e 

v 

s i n c e  i t  would invo lve  s tudy ing  t h e  product ion  p roces ses  of t h e  i n d u s t r i e s  

i n  q u e s t i o  
\ '  

I .  

"a, Pssuming t h a  i n d i v i d u a l  c o e f f i c i e n t  changes a r e  a f u n c t i o n  of 

t 
the  changes a t  t h e  i n d u s t r y  l e v e 1 , ~ o n e  would have expected t h a t  t h e  con- * 

% e 

formi ty  of i n d i v i d u a l  c o e f f i c i e n t  ch inges  would be most marked f o r  t h o s e  

i n d u s t r i e s  t h a t  showed l a r g e ~ a v e r a ~ :  changes between 1961 and 1966. Simi- = 

9 

l a r l y ,  non-con@rmity would be r e s t r i c t e d  t o  h d u s t r i e s  t h a t  showed-rela-  

t i v e l y  sma l l  average changes. The evidence does n o t  suppor t  t h i s .  !For .. 
0 c 

ii 

i n s t a n c e ,  t h e  p i p e l i n e  i n d u s t r y  (no. 54) shows'an average  change i n  a l l  " 

' c o e f f i c i e n t s  of 29.3 pe r  c e n t  b u t  on ly  20 pe r  c e n t  of  t h e  c o e f f i c i e n t s  

fo l low t h i s  average  p a t t e r n .  The s h i p b u i l d i p g  i n d u s t r y  (no. 3 5 ) ,  with  

* 
a) The nunbeping scheme of commodities and i n d u s t r i e s  cor responds  t o  . 

= t h e  l i s t  i n  Appendix A .  , 

b) Fpr  any g iven  i n b u s t r y ,  t h e  f i z ' s t  e n t r y  i n  t h i s  column is a-weighted  
average  o t  t h e  p e r  c e n t  change i n  t h e  d i r e c t  c o e f f i c i e n t s  f o r  a l l  of 

, %t$ i n t e r m e d ~ a t e  demand. The nex t  two e n t r i e s  ( i n  some c a s e s  one) 
show+ the  p r c e n t a g ;  change i n  c o e f f i c i e n t s  f o r  t h e  f i r s t  and second 
l a r g e s t  commodity used by t h e  given Zndustry, "The of * the  s i z e  
of {he coe• ’ f$c i@nt  does  n o t  daebencT u p o n ' i t s  v a l u e s  b u t  has  deen d e t e r -  
mined by the  l e v e l  of t h e  d o l l a r  f low observed i n  ' U s e  m a t r i c e s .  

. 
c) Thi s  column shows the  -number.of c o u h o d i t i e s  (wi th  non-zero .coeffi: 

a 

, c i e d t s )  absorbed by 2 p a r t i c u l a r  Pndus t ry .  . 
9 - I 

9 

d) The * f i g u r e s  i n  t h i s  column show t h e  percentage  qf commodities (coefy  
f i c i e n t s ) , t h a t  r e g i s t e r e d  changes between 1961 and 1966 i n  t h e  same 

s .  e c t i o n  as' t h e  change i n  t h e  weighted 'average  of t h e  c o e f f i c i e n t s +  
a l l  commodities f o r  a  g iven  i n d u s t r y .  

L- 



72 per  c e n t  of i t s  c o e f f i c i e n t s  conforming, r e g i s t e r e d  a  re la t iveyly  smal l  

kg 
average  change of -13.1 per  c e n t  f o r  a l l  i t s  c o e f f i c i e n t s .  

This  seemingly unpat te rned  behaviour of changes between 1961 and ' 
J 

1966 i n  t h e  v a i i o u s  indPvidual  i n p u t  c o e f f i c i e n t s  is  d i s c o n c e r t i n g .  I f  J"/ 
f 

one were t o  observe  m o r e ' r e g u l a r i t y  i n  t h e  p a t t e r n  of change, t h e  t a s k  
: 

of updat ing  and p r o j e c t i n g  c o e f f i c i e n t s  based on t w a v e r a g e  p a t t e r n  would 

be much e a s i e r .  ' ? $  

I % ,  

. h 

L 

5 . 3  CELL-BY-CELL ANALYSIS OF THE VARIABILITY OF 

. DIRECT COEFFICIENT CHANGES, BY COMMODITY. 

' . I n  a  B i m i l a r  f a s h i o n ,  f o r  t h e  y e a r s  1961 and 1966, we examined 
B 

, . 
-3 t e c h n i c a l  c o e f f i c i e n t s  i n  m a t r i x - B ,  ce l l -by -ce l l  (row-wi,se, t h a t  is  by 

9 commodity), t o  de te rmine  whether t h e  i n p u t  c o e f f i c i e n t s  f o r  t h e  v a r i o u s  

d-irect u s e r s  ( i n d u ' s t r i e s )  o f  a g iven  commodity move i n  t h e  same'way a s  t h e  

An e x b i n a t i o n  of t h e  dafa ion  i n d i v i d u a l  i n p u t  c o e f f i c i e n t s  -indi- 

c a t e s  a  v e r y  marked-degree 'of  v a r i a b i l i t y  i n , t h e  e x t e n t  a& d i r e c t i ~ n  of 

change over  t ime. Th i s  i s  e v i d e n t  i n  Table 5.6.  Commodities t h a t  e x h i b i t  . 

* o s i t i v e  changes i n  o v e r a l l  consumption by i n d u s t r i e s  between 1961 and 1966 
i 

showed f r e q u e n f ~ d e c r e a s e s  i n  c o e f f i c i e n t s i n t o  i n d i v i d u a l  cons ing  indus- 4" 
t r i e s .  Likewise; commodities w i t h  o v e r a l l  nega t ive  changes i h  t h e i r  d i r e c t  - 

 consumption by i n d u s t r i e s  showed numerous i n s t a n c e s  of i n c r e a s i n g  r equ i r e -  

ments $or p a r t i c u l a r  i ~ d u s  t r i a l  c o n h e r s .  -Moreover, t h i s  o p p o s i t e  

, 
d i r e c t i o n  of  movement was n o t  n e c e s s a r i l y  confined t o  t h e  small customers 

% 
, L. 

, . 
, f o r  a  g iven  commodity. o f t e n ,  c o e f l i c i e n t s  f o r  t h e  two l a r g e s t  i n t e r -  

4 -  

' - media te  eustbmers f o r  a c m , o d i t y  i n p u t  changed i n  a d m n  oppos i t e  
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a) The n u n 5 e r i n g  schema o f  C o n z o d l c i ~ s  a n d  
I n J u s t c i c s  corr.-syoc6s t o  -chi. lisc in 
A ? ? z d L x - f i  C o n o d l t j r  i n p u t s  r e t c r  to  , 

non-primary f n p u t s .  , 

c) T h i s  c ~ l u m  s h o u s . t l ~ ?  nirnb-r o f  industrfz. 
t h a t  c o n s m e  t h e  ~ts ;cn  cca -od i ty .  



t o  t h a t  of t h e  o v e r a l l  average .  P 

There i s  a  tendency f o r  t h e , m a j o r i t y  of t h e  customers  of a  g iven  
? 

commodity t o  show d i r e c t  c o e f f i c i e n t s  changes of %the same d i r e c t i o n  a s  t h e  
e 

o v e r a l l  change. A s  can be seen  from column (5)  of Table 5.5, 76 o u t  of t h e  
7 

- 1 )  
105 commodities examined showed c o e f f i c i e n t  changes of t h e  same d i r e k t i o n  

2 
0 

as t h e  average  f o r  t h e  m a j o r i t y  , of t h e i r  i n d i v i d u a l  consuming i n d u s t r i e s .  

I t - m i g h t  be expected t h a t  t h e  conformity of i n d i v i d u a l  c p e f f i c i e n t  changes 
i 

- t o  ?he i n d u s t r y  averagg  would b e  most marked f o r  t hose  i n d u s t r i e s  t h g t  
. I .  < 

showed l a r g e  changes between 1961 and.1966 i n  t h e i r  d i r e c i  requi rements ,  
a 

and t h a t  t h e  c a s e s  ofsopp,osi te  d i r e c t i o n  of movefient would be  confined 9 0  

. . 
t hose  i n d u s t r i e s  w-ith sma l l  average  changes over  t h e  pe r iod .  This  i s  n o t  

l i. 

g e n e r a l l y  t h e  case .  For  example, commodity 9 r e g i s t e r e d  a  r e l a t i v e l y .  . . . P 
high  *ercentage  change ( 6 4 # . 7 ~ )  i n  i t s  q,& by a l l  i ndus t f i e ; ,  w i th  80 pe r  i 

= o  
/ 

I .I ,. 
c e n t  of t h e  c o e f f i c i e n t s  "conforming ' to  t h i s  ave r sge  change. ~ b r  commodity :, 

I .  

19,  o n  t h e  o t h e r  hand, w i t h  a  r e l a t i ~ ~ e l y  small' pe rcen tage  ~ k g n g e  of.J.2.7%; 

we notl'ce . t ha t  73 per  c e n t  of t h e  c o e f f i c i e q s  'conform t o  t h e  average  change. 

.l 
This  unpat te rned  behaviour  of changes between 1 9 6 1  and 1966 f o r  

" - L 
t h& v a r i o u s  commodity i n p u t s  i s  s i m i l a r  t o  t h a t  observed i n  t h e  cel i -by-  . ' " -0 

. .  - 

c e l l  variabi ' l isty of d i r e c t  c o e f f i c i e n t s  by Lind'ustry. 'Lf t h e  p a t t & n  wkre ' 
j 0 f . I S  

found t o  be r e g u l a r  t h e  t a s k  of updat ing  and p r o j e c t i n g  t h e s e  c o e f f i c i e n t s  

a l s o  would have been an e a s i e r  one. , 

- 
L 

1 )  30 nega t ive  a& 4 6  p o s i t i v e  
E 

2) Those w i t h  more than  50 per  c e n t  of t he  c o e f f i c i e n t s '  c~_nforming. .  
, , - ,  



C 
LINKAGES AM3 THE CONCEPT OF KEY SECTORS: 

AN ANALYSIS OF THEkCANADIAN ECONOMY, 

, \  

S t r u c t u r a l  in te rdependence  abetween t h e  v a r i o u s  s e c t o r s  of an  i" 

economy h a s  provided. t h e  a n a l y t i k a l  b a s h  f o r  some of  t h e  p r o p o s i t i o n s  
4 * 

i n  the? theory df growth. The interdependence of invesRment. d e c i s i o n s  2; 

B 

, . .. - has  been a n a l y ~ e d  mainJy from two a n g l e s :  t h ~ e  in te rdependence  a r i s i g g  * 

- 
from t h e  consumption s i d e  ,and t h a t  a r i s i n g  from- product ion  o r  tech'nold- 

" 
g i c a l  r e l a t i o n s .  Th e r m e r ,  i n s p i r e d  by a n  e s s e n t i a l l y  Keynesian frame- 

't E 

work r e l a t i n g -  the  expansion df i n d u s t r i e s  t o  thBe gene ra t ion  of 'incomes 
3 .  *. 

, , 

and t h e i r  disbursement  l e d  s6me t o  advocate  t h e  a"utonomous e x p a n s i ~ n  of 

a  complex of -knduskyieg _ .  suppor t ing  , each 'o the r  through t h e  s imultaneous 

c r e a t i o n  of e f f e c t i v e  demand,  his approach emphasized t h e  need f o r  

G i n t a i h i n g  a  ba lance  between t h e  r e l a t i v e  ra tes ,  of g rowth 'o f  t h e  
it - 

d i f f e r e n t  s e c t o r s  of: a n  ecopomy compatible  w i t h  a g iven  'demand s t r u c t u r e .  
L - . I  % 

- The second aspect '  of innerdependence, a r i s i n g  through t echno log ica l  , 
\ 

'd - 
i n t e r c o n n e c t i o n s  between t h e  v a r i o u s  s e c t o r s  olf, t h e  economy, has  l e d  t o  

e x p l o r a t + ~ n  of th; no t ion  of 'kky s e c t o r s  ' (Hirschman, 1958) . The 
5 

,* 

,. under ly ing  s e c t o r s ,  thrdugh t h e i r  ' l i n k a g e s  ' wi th  o t h e r  
- 

* - 
posi t i .on t o  induce t h e  expansion o f , o t h e r  

s e c t o r s  (and sometimes 'eveq%help t h e  , in ' i  t i a t i o n  of new indus  t r i e q )  . Thus, 

1' . -  
it' is contgnded,  a {a t t e rn  of pr ,essures  and i n c e n t i v e s  can be  worked o u t  

by ++ryes t=ng i n i t i a l l y  i n '  t hose  s e c t o r s  which ' have Cigh t echno log ica l  
, 5 

l i nkages .  . 1 WhaF-is advocatzd,  t h e r e f o r e ,  is  a  s e q u e n t i a l  p a t t e r n  of growth, 

t h e  p r p b s e  beill& t o  s e l e c t  t h e  most e f f i c i e n t  sequence. t o  a c c e l e i a t e  thz  
% -  

0 
growth process .  

5 -  



The two r e l a t e d  concepts  of l i nkages  and ,key s e c t o r s  a r e  examined 

i n  t h i s  chap te r .  A b r i e f  review of t h e s e  concepts  i s  p re sen ted  i n  s e c t i o n s  . 
= - 

0 O .  

6 .1  and 6.2,  r e s p e c t i v e l y ,  and i n  s e c t i o n  6 . 3  e m p i r i c a l  f i n d i n g s  f o r  Canada. 
\ -  

a(_ 

a r e  d i scussed .  , - 
. . 

C 6 . 1  STRUCmRAL LINKAGES 
7 

Hirschrnan's (1958, chap te r  6) s i g n i f i c a n t  c o n t r i b u t i o n  i s  t h a t  he 

provided a  cau'sal r e l a t i o n s h i p  t o  connect  l i nkage  e f f e c t s  w i t h  t h e  process*  

of economic developmen;.') The s t r u c t u r a l  l i n k a g e s  can  be  analyzed i n  two 

ways. An<act ' ivity a b s o t b s  i n p u t s  from o t h e r s ,  and,  whenever i t  o p e r a t e s  a t  

a  p o s i t i v e  kevel,: p rov ides  s t & l u s  f o r  t h e  expansion ( o r  i n i t i a t i o n )  of 

product ion  i n  th 'e+input-providing i n d u s t r i e s .  Th i s  has  been termed ' the 

backward l i n k a g e  e f f e c t  . second; a n  a c t i v i t y  p rov ides  i n p u t s  t o  o t h e r  
c, 

i n d u s t r i e s ,  and, i n  s6 doing ,  e i t h e r  through t h e  .cheapening of i t s  p roduc t s  . 
o r  through g r e a t e r  a v a i l a b i l i t y ,  s t i m u l a t e s  i n c r e a s e s  i n  t h e  ou tpu t  l e v e l s  

6" 0 ' 

of t h e  absorb ing  i d d u s t r i e s .  These haverbeen  c a l l e d  t h e  forward l i nkage  
* \ 

e f f e c t s .  The p o t e n t i a l  importance of a  p a r t i c u l a r  s e c t o r  i n  gene ra t ing  , 
c a  e 

growth depends upon t h e  s t r e n g t h  of t h e s e  s t i m u l i , .  aRd i t  i s  argued t h a t  - -. a 
t h e  backward l i n k a g e  e f f e c t s ;  which a r e  more .pbwe'rfdi in t h e i r  ope ra t ion  

, t h a n  t h e  forward l i n k a g e  effect%, dQuld be used a s ' a  bas i s .  f o r  i n v e s t k e n t  
P * 

. I d e c i s i o n s  : *", . . \  < 
* S  . 1, < .  

5 ,  
- 9 ; .  ' F - f 

. . 
.-. * '+. 

' 1 )  See Yatoponlos-Nugent (1973) on t h i s  poiGt.  ""  c ,  
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' r  
P @ *r 

e '  
I d  

I 

b. 

d -82- 1 
9 

1 

i 

 he input -output  framework h a s  beenssugges ted  i s  a n  e m p i r i c a l '  
9 

-9 
- t go l  t o  q u w t i f y  t h e s e  l i n k a g e s  s i n c e  i t  b r i n g s  o u t  i n ' d e f a ' i l  t h e  produc- 

1 1 1-J 
t i o n  r e l a t i o n s  which p r e v a i l  a t  a  p o i n t  i n  time.. 

A measure of  backward l i n k a g e  f o r  any i n d u s t r y  i s  de f ined  'I i 

" ,  
-J 

j. 

, -(Chenery and Watanabe, 1958) a s ,  t h e  r a t i o  of  i t s  i n t e r m e d i a t e  consumption 
a i 

.. . 
t o  i t s  t o t a l  ou tpu t :  

T' 

where u  a r e  i n t e r m e d i a t e  demands f o r  c o m o d i ~ y  i by i n d u s t r y  j , , a n d  g  
i j - - j 

i s  i n d u s t r y  ou tpu t .  

. .  
Correspondingly,  t%e forward l i n k a g e  f o r  any i n d u s t r y  j i s  es t ima-  

ted  by computing, 
i 

6 ,- 

t h e  r a t i o  of i n t e r m e d i a t e  demand f o r  t h e  'ou tput  o f  t h a t  '. 

i n d u s t r y  ( i n t e r i n d u s t r y  d e l i v e r i e s )  t o  t h e  t o t a l  a v a i l a b i l i t y  'of t h e  ou t -  
. " 

4 

put  of $ t h a t  i n d u s t r y :  

o r :  1 1 dj i  u j i  
j i 

1 

1)  I n  a  s tudy  by Chenery and ~ a t a n a b e -  (1958) tlie deg ree  of in te rdepen-  
dence of v a r i o u s  s e c t o r s  has  been computed on t h e  b a s i s  of backward 

, . * and forward l i n k a g e s  f o r  t h e  U .S . ,  Japan ,  Norway and I t a l y  i n - a n  
inpu t -ou tput  framework . - 



' *  

where : 
1 

/ 
#' 

L I djiui j  4- L d . . e .  = g.+ 1 djirni s i n c e  D(U + - e )  .= D(q + m) . 
J1-1 

i j i i = Dq + D m  

I = g + D m  
0 - - +  

These a f e  ave rage  measures ,  however, and do' n o t  g i v e  the- .  
Q- , 

d i s t r i b u t i o n  of  i n p u t s  o r  d e l i v e r , i e s  imong th\various: i n d u s t r i e s . ,  Thus, 

L t h e s e  e s t i m a t e s  of l i n k a g e s  do n o t  d i s t i n g u i s h  tween t h o s e  i n d u s t r i e s  . 
. . * > 

which have hCghly skewed p a t t e r n s  of  i n p u t s  o r  d e l i v e r i e s  and t h o s e  whose 
F .  

. . s t r u c t u r d l . r e l a t i o n s  a r e  more even. , Also,  s i n c e  they  a r e  based  upon the ,  . 

d i r e c t  i n p u t  requi rements  a l o n e ,  t h e  i n d i r e c t  and secondary r e p e r c u s s i o n s  

of the i n p u t  requi rements  are n o t  inc luded  i n  t h e  e s t i m a t e s .  

A more r e f i n e d  way of  computing t h e s e  l i n k a g e s  i s  sugges ted  by 

Rasmussen (L957) who makes u s e  of t h e  f n v e r s e  of t h e  i n p u t  c o e f f i c f e n t , ~  

* m a t r i x  f o r  t h i s  purpose.  These h  e a l r e a d y  been de f ined  i n  chap te r  3  as .  J 
e q u a t i o n i  (3.191 t o  (3 .22) .  I t  should be r e c a l l e d  from t h e  d i s c u s s i o n  of - . 

t h e  r e s u l t s  based on t h e s e  equa t ions  in ,  chap te r  4.3 t h a t  t h e  index K > 1 
. . . j  

i n d i c a t e s  t h a t  i n d u s t r y  j draws h e a v i l y  on t h e - r e s t  of  t h e  system, and t h e  

converse  i s  t r u e  f o r  K < 1.' S i m i l a r l y ,  
Ki. > - 1  would show t h a t  t h e  . j 

t 
i n d u s t r y  i n  q u e s t i o n  w i l l  have. t o  i n c r e a s e  i t s  .output more than  o t h e r s  -. 
f o r  a  u n i t ' i n c r e a s e  i n  f i n a l  demand from t h e  whole system. Following t h i s  

I 

f 
reasoning ,  t h e  index of t h e  e w e r  of d i s p e r s i o n ,  de f ined  i n  equa t ion  (3 .19 ) ,  

i s  analogous t o  t h e  backward l$nkage e f f e c t ;  and t h e  index of  t h e  s e n s i t i -  
, l  

v i t y  of d i s p e r s i o n ,  de f ined  i n  equa t ion  ( 3 . 2 0 ) ,  i s  analogous t o  t h e  forward 

l i n k a g e  e f f e c t .  These average  measures a r e  supplemented by t h e  measures of 

v a r i a b i l i t y  g iven  i n  equa t ions  (3.21) and (3.22) .  

- - 



6.2  :THE C O N C E ~ ~ T -  QF A KEY INDUSTRY. 
. + 0 .  , . 

Having de f ined  backwardsand forward l i n k a g e s , ' a  key . indOst ry  c a p  
f 

tKen be i d e n t i f i e d  a s  one - f o r  which:. 
, 

( a )  b o t 6  K and K. ' a r e  g r e a t e r  than  u n i t y ;  
' J  - .j 

i. 
, . 

1 > 
m and (;b) bo th  L  and L a r e  r e l a t i ~ d ' l ~ ~ ~ l o w ,  . 4 

i, 
i. 

5 

2' of a  key i n d u s t r y  can b~ defended by r e f e r e n c e  A 

&% 

.LO the. f a c t  t h a t  i f  K is r e l a t i v e l y  l a r g e  and L i s  r e l a t i v e l y  sma l l ,  a n  + , . j . j  
14'- 

i n c r e a s e  i n  t h e  f i n a l  demand f o r  t h e  products  of i n d u s t r y  j woulhc cause  a  

. , I  a QI 

r e l a t i x e l y  g r e a t e r  s h a r e  of t h e  i n c r e a s e  i n  f i n a l  demand t o  be  r e tu rned  t o  

t h e  system of i n d u s t r i e s  i n  g e n e r a l .  ~ u r t h e r ;  i t  can  be argbed t h a t  i t s  6 -- -i Lr *- 
.d 

l a r g e  e f f e c t s  on o t h e r  i n d u s t r i e s  a r e  ttie most s i g n i f i c a n t  character is ti.^^ * 

of a key indus t ry .  3 1 

The above fo rmula t ion  a l s o  fo l lows  Hirschrnan's c h a r a c t e r i z a t i o n  

of a  key i n d u s t r y .  ~ e - d e f i n e s  a key i n d u s t r y  a s  one which has  a  h igh  back- 
I 4 

ward as w e l l  as forward l i n k a g e .  I t  should be poin ted  o u t ,  however, t h a t  

H i r s c h a n  s t i p u l a t e s f n o  r e s t r i c t i o n s  on t h e  v a l u e s  of L and Li f o r  
j 

1 )  Opera t iona l ly ,  L . j  and Li a r e  def ined  t o  be  lower than  t h e  average  of 
7 5  i n d u s t r i e s  examined. ! 

2) A s i m i l a r  fo rmula t ion ,  i n  a Leont ie f  input-output  framework, has  been 
used by Hazar i  (1970) i n  de te rmining  key s e c t o r s  i n  t h e  Ind ian  ecopomy. 
Also s e e  Laumas (1975).  

-. 
3 )  For example, imagine a  s i t u a t i o n  of gene ra l  unemployment of r e sou rces .  

I f  t h e  government wishes t o  i n c r e a s e  f i n a l  demancl i n  such a  way t h a t  
economic a c t i v i t y  i s  s t imu la t ed  i n  s e v e r a l  i n d u s t r i e s ,  f i n a l  dqmand 
could  b e  i nc reased  f o r  t h e  products  of i n d u s t r i e s  cb rac t e r i s e ' -h  by 
h igh  K m j  and ,low L . j .  An expansion i n  t h e s e  i n d u s t r i e s  would l e a d  t o  
a g e n e r a l  i n c r e a s e  i n  a c t i v i t y  embracing most i n d u s t r i e s .  

2 - 

9 - J 
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. 9 i . - 
. -. :. -85- ' , .  , 

' . . ' .  
, I  

4. : . ,. .* . r , . " ' .  . -, \ - . - . I . - .  . , , -. r e  " 

. .. , ., . z ' '. c . .  ,,. 
' /  . . . , , * * .  - . , . . , .. , - ,. - * ', , -  . 

, . - - .  ' . .  .< .- . . . = 

' def i o i n g  key s e c t d n  He thus  ;dis.r.kga.rds, t h e  " sp r i ad .  e f f  e c  t$!l loft  t h e '  
D . '  . . . . , . Z % .  . .  . . . , - .  . . .  ' _ , - 1  

. " 
L 

development of a n  irid'&try. . . ~ h e i e  ,,  _ ef  f ect.4. . . a r e , ,  nonkt.heleks, C 3  , 'very important, ,  . , ~ 

- :. < . . - 1 . -  , , 
- .  

. * ,  , ,  ' I  . .  . . 
, . . . "  .. 

. . 
f.qr indns  t r - i a l  d ivdes i f  ica ' t ibn:  . ...' - ,  : - . . ' '4 .  . , : , . .? @' 

. , a  , .- 6 '  . , . . . . , . , . . . . . ,. 
- i ~ ,  ' a , - . . . . . . 

- . ?  
s , .. . . - :/- . - 

I , .r *v 
r I; c*nfbrdi , tY w i t h  ,the ana,lysi's ,ofr  s p u c k u r a l ,  ch&e -(cf . chapter  .- ,. -. , , ' I  . . . 

Y . '  . . - - 
. . -. '. - -. I ' - , . . - 

4 ,  key -hidust>ids T may a l s ~  b e .  i d e h t i f  i e d  by , consider&& . . . . t h e  
, 

- I). 2nd . . - . _ a .  e 

. . 
- .  

1 
.. I .  ' . , . . . 

-1 

(C - E )  m a t r i c e s .  .The .co~rresponding.,indices .are;  (.'k . and 'Ki  - )  , ' . 
.,, . .  / . . .  ", . . j . - .  , 

,- , .- . ', . 
I . I  , L .  

and"K::), and ( a n d  " L : ) . "  ( ' L . ~  and ' L .  1, , ( : . 'K: -~ ,  . , 

* 1'. d : 1.. .J ' .  .I. 
7 .  , , , .  

= .  . . . , . . . . - .. 
- . .I 

2- 

I . The i n d i c e s  desc r ibed  above a r e  computed on rhe bas& of t h e  ' , + 

i n v e r s e  m a t r i c e s  and hence t h e  i d e n t i f i c a t i o n  of key i n d u s t r i e s  pursues '  
' *  .zr 

t e chno log ica l  c o n s i d e r a f i ? n s  alone'. I n  y e t  ano the r  f a s h i o n ,  key i i n d u s t r i e s  *; I 

1 

can b e  de f ined  by cons ide r ing  ' f i n a l  demand, g iven  t h e  t e c h n o l ~ g i c ~ l ~  \ st&- . 
'I 

> 

t u r e .  The focus  .in such a n  approach i s  the  manipula t ion  of t h e  b i l l  of-':..--', ' ,  . - z . 
C I . a  I ' .+* 

f f n a l  demand. Following Hazar i  (1970) , we cons ider  t h e  f 01 lo~ in~ :6~prca&. ;  * '  - %. . - 
C - ' 

% 

,- = I ' * _I " .  The g r o s s  ou tpu t  l e v e l s  r equ i r ed  t o  s u s t a h ' a  givgn v e c t o r  of' .b - : 5u  
2 -*, -. 'm 

f i n a l  demand a r e  determined by g  = Cy. C (= 1 c  ..) rneasums the " . .I 6 '  
r -  ig , . . _  J 
.'i . j  ill - , b - s F -  

* 7 .  , + e ,  

t o t a l  ou tpu t  needed t o  sGppo,rt a  un$t i n c r e a s e  - in  f ipal, demand for-  t@- ,. G 
' I  

1 % 1  
.. rl - m ", 

I?.-= 2%- 

products  of t h e  j - t h  i n d u s t r y .  Ci (= c  ) indie: t e s  t h e s  r o t a 1  , I  
b q 3 -  - 

C ij , 
-3 : . 

. - 7 - ,  - / x r  ..: , j=1 , 
b u t p u t  r equ i r ed  t o  s u s t a i n  a  u n i t  i n c r e a s e  i n  f  in'af demand f o r  # the  p;oducts 

F 

;-3 3 , *' 

. I - b * " 
1 > . 7 -. -. < - -* of a l l  i n d u s t r i e s .  S a c  - -= ,- 

> ,  - 
I/ 

~ ' 7  . ~ , I  . 
. . . , . . r I' 

2 .  '. - .. . ?  
. . . - , *. , ;, 
, ,  . -  , 3 .  , 

. , . . - , * ' ~ 7  

9. -, b <I" 
- 1 - .. i 5 , " . . . .' - ' . . Y 3 . . .  , . 

,. . . . : . 
, . * - .. . . ~. 

1)  See equa t ions  (3.11) , (3.14)  and (3 .15 ) ,  r&p:ectiv&ly. , .  

- 
% . r  .. , . . -- , 17 

. . 4 ' i 
-7 . -  -'-". -; . .  , ., . ~ - . . .  _ . - I .  - . , 

, . .  ~, , I I ,  



A l l  i n d u s t r i e s  i n  which both C and C a r e  high can  be " 

j i. i 
dqsc;ibed a s  key i n d u s t r i e s .  Th i s  procedure would, however, r ep re sen t  

unweighted changes i n  g ros s  output  l e v e l s ,  implying t h a t  a l l  i n d u s t r i e s  

a r e  equa l ly  important .  I n  dirder t o  br ing  out  v t he  r e l a t i v e  importance 

o f ' i n d u s t r i e s  i n  t h e  t o t a l  economy, we have employed a  weight c o n s i s t i n g  -. 

of t h e  f i n a l  demand of a  p a r t i c u l a r  i ndus t ry  as a p ropor t ion  of t o t a l  
- 

f i n a l  demand. The fo l lowing  i n d i c e s  have been prepared t o  i d e n t i f y  key 

i n d u s t r i e s  i n  t h e  Canadian economy: 

1 )  
- -- 

m z- 

wher'e: Wi = yi / yi a r e  t h e  weights.  e 

i=1 

~ n i u s t t i e s  f o r  which both A .  and X i  a r e  high2)  can  be def ined  
3 

, as  key i n d u s t r i e s .  

+ 6 . 3  DISCUSSION OF FINDINGS 
1 '- 

I ,Q - - Key i n d u s H i e s  i n  ' the  ~anad$n  economy f o r  1961 and 1966 have 
:: 

been i d e n t i f i e d  on t h e  b a s i s  of technologica l  cons ide ra t ions  a s  w e l l  a s  . .  - 
2 from t h e  viewpoint o f c f i n a l  demand. Methods I and I1 correspond t o  t h e s e  

1 )  These weights  a r e  t h e  same f o r  both indices. .  
= ,- 

2)' Opera t iona l ly ,  X and X i  a r e  def ined  t o  be' higher  than t h e  average . 
computed f o r  75  n d u s t r i e s  examined. 

s 

1 



. - 

i d e n t i f i k a t i o n  procedures,  These methods; bes ides  cons ider ing  mat r ix  C 

i t s e l f ,  a l s o  u t i l i z e  two more m a t r i c e s ,  (C - I )  and (C- -  C ) ,  f o r  i d e n t i -  

fy ing  key indus ' t r i e s .  Matr ix C ,  i t  w i l l  be r e c a l l e d  (cf  . chap te r  4 ) ,  
4 a * .  

&A 

d & l s  wi th  both direct and i n d i r e c t  e f f e c t s  on the  output  l e v e l s  con- 

s i s t e n t  wi th  a g i v e n - b i l l  of f i n a l  demand. Analysis  of ma t r ix  (C - I) 

concen t r a t e s  on i n d i r e c t  e f f e c t s .  ,Matrix (C - E ) ,  however, cons ide r s  

i n d i r e c t  e f f e c t s  o t h e r  i n d u s t r i e s  on ly  i-' t h a t  is,' exc lus ive  of t h e  

indus t ry  under cons ide ra t ion ,  s o  t h a t  t h e  feedback e f f e c t s  on t h e  i n d u s t r y  

i t s e l f  a r e  d is regarded .  , 
fl 

METHOD I: Using tliis method, t h r e e  i n d i c e s  corresponding t o  
I 

each of t h e  m a t r i c e s  mentioqed h a v e ~ b e e n  prepared f o r  t he  y e a r s  1961 and 

, 1966. Key i n d u s t r i e s  i d e n t i f i e d  on t h e  b a s i s  of t h e s e  i n d i c e s  a r e  shown 

i n  Tables  6-1, 6.2 and 6.3 

.r 
t h e  yea r  1966. ' 

An examination of 

f o r  a l l  i n d i c e s ,  t h e  number 

f o r  1961 and i n  %ables  6.4,  6 .5 and 6 . 6 . f o r  

t hese  t a b l e s  r e v e a l s  t h a t  i n  both y e a r s  and 

of i r i dus t r i e s  w i th  high backward l i nkages  is 
*, 

' higher  than t h e  number of i n d u s t r i e s  having high forward l i nkages .  1 )  
% 

This  i s  n o t  a  s u r p r i s i n g  r e s u l t ,  s i n c e  i n  a n  i n d u s t r i a l i z e d  economy l i k e  

Canada one would expect  a l a r i e  number of i n d u s t r i e s  t o  r e l y  on the  r e s t  

of t h e  product ion system f o r  t h e i r  i n p u t . p r o v i s i o n .  

, 
v 

1 )  A comparison between 1961 and 1966 s h x s  t h a t  t h e  number of i n d u s t r i e s  
- w i t h  high backward l i n k a g e s  i s  38, 24, and 23 i n  1966 f o r ' t h r e e  i n d i c e s  

used, r e s p e c t i v e l y .  I n  1961, t h e r e  were 35, 21, and 18  i n d u s t r i e s  w i th  
high backward l i nkages ,  rCspec t ive ly .  

,* , 



TABLE 6 . 1  LINKAGES A!:D KEY INDUSTRIES 
Ill TilE C A N M I A S  ECOXOEW: 1961  

High Forvdrd H i f i t ,  B a c L a r d  
: n d u s r r i e s .  Linkage 2nd Indus tr  j e s .  L i n k a ~ e  a2d Industries. Key I n d u s t r i r s .  

LOU ~ o c f  f .  o f  LOW C O ~ F ~ .  o f  Elet:lod I .  Index I .  
Varia t ion . '  V a r i s t i o n .  ** 



(Table 6 . 1  continued). 

*Average * *  Average 
Li. a 5 . 6 5  L 4 - 7 0  

.1 



TARLE 6.2 L1I;KACES A!:D KEY I!iOUSTRIES 
Iti THE 'CA!:ADIAN ECOSfl!X: 1961 

High Forvard High Backward 
Industries. L i n k ~ g c  and r Industries. Linkage and 

Lou Cocff. of Low Cocff. ,,f . Industries. Key industries. 

. . 50. 1.37 l.j7 

*Average 'Li. = 1.71 ** Average 'L = 2.21 
.1 



TABLE 6 . 3  LIRKACES AXD GLY 1::DUSTRIES 
f N  M E  CANL.DIN: ECO:.&Y: 1 9 6 1  

C High Forvard High Bockv3rd 
I n d u s t r i e s .  Linkage and 

7;e.  
Industries. Linkage and I n d u s t r i e s .  Ley I n d u s t c l c s .  

Low Cocf f . of Lou C o e f f .  of Method I ,  Index 111. 

-- V a r i a t i o n .  Variotlon. ** 
" V K  " ' K  ' 'L I ,  0 I i. Li. - 5  . j  - Ki, "K,g;? Li. "L . j 

I 

* Average "Li. = 1.51 **Average "L 1 2 . 1 8  
.J 



TABLE 6 . 4  LINYXCES A::0 KEY INDUSTRIES 
IS THE CIL!IAOIAN ECOSOSY: 1966 

H l g h  Forward High Backuard 
I n d u s t r i e s  Linkage and I n d u s t r i e s .  Linkage and I n d u s t r i e s .  Kcy I n d u s r r i c s  

Low Coeff. of Lou C o e f f .  o f  Xethod I .  Index I. 
V a r i a t i o n . *  V a r i a t i o n .  ** 

Ki. L4. 
K L 
.j .J R i .  j Li. , . 

1 9 .  
22. 
23. 
2 4 .  

2 5 .  
26. 
28. 
29. 

3 2 .  
37. 
38.  
39. 

LO. 
41 .. 
42. 



* Average 
Li. = 5 .53  



TABLE 6 . 5  LIIVJCES X.3 KEY IWOUSTRIES . 
TN THE CAMDIAS ECO!:OXY: 1966. 

1 I n d u s t r i e s .  H igh  High Backward 
Linkage and I n d u s t r i e s .  Linkage and I n d u s t r i e s .  Key I n d u s t r i e s .  
I.ov C o e f f .  o f  , Low Coef f . o f  . Ilcthod I .  Index 11. 
V a r i a t i o 7 . *  VarLacton. * *  

5 'Avcragc ' L i .  = 1 . 8 0  "Average 'L = 2 . 2 0  
. J  

I '\ 
\ 
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' TABLE 6 . 6  LIXUGES A!.D KGY INDUSTRIES 

IS  'THE CASM1A:I ECOi:O?N: 1966.  > -. * - 
Z 

Hlgh Forward - .. High Blckuard 
Linkage and 

I n d u s t r i e s .  Low C o c f f .  of I n d u s t r i e s .  L i n k q c  and ' I n d u s t r i e s .  ' Key ~ n % u s t r i e s .  
L o w C o e f f .  of Elethod I .  Index 111;  Var lLat ion .*  V a r i a t i o n . * *  - I 



a - --, 
, . - . 

/ $  . - 
- 9 6- 6 ' 

t . , > 
.i - : 

' .  
Based'on index 1. qe  f i n d  t h a t  t h e r e  were n i n e  key i n d u s t r i e s  i n  -< L . !  @ 

7 ' ~ 

h 4 

. > 
-1961, whe:eas t h i s  number r o s e  t o  f i f t e e n  i n  1966 (Tables  6.1' nd 6.4) . 

? Ll. < - 
A s c r u t i n y  o f 0 t h e s e  t a b l e s  shiws f u r t h e r  t h a t  t h e  nine. key i n d u s t r i e s  

+ ' i d e n t i f i e d  i n  1961 s f i l l  rsmained key i n d u s t r i e s  i n  1966+ I n  a d d i t i o n ,  

- s i x  more indus ' t r ies  emerged a s  key i n d u s t r i e s  i n  1966: They a r e :  wood, 
1 . 5. 4 A 

. >  .. - 
(no. 19 ) ,  *ulp-makfng (no. 22) , paper conve r t e r s  (no. .24) , p a r t s  and 

> k 

accessori"es (no . . 32 ) ,  i n d u s t r i a l  chemicals (no. 40) and misce l laneous  
4 

manuf a c  t u i e s  (no. 62j  . 

. .  An examination of Tables  6.2 and 6.5 ( index 11) r e v e a l s  t h a t  
$'*= 

> A 
d- 

th$e were f i v e  key i n d u s t r i e s  i n  1961; whereas t h i s  number r o s e  t o  n ine  

i n  1966. Those i d e n t i f i e d  a s  key i n d u s t r i e s  i n  1961 remained s o  i n  1966. 
- +  

However, four  more i n d u s t r i e s  t h a t  emerged as key i -dus t r ies  i n  1966 a r e :  

paper conver te rs  (no. 24 ) , ' p r in t ing  and publ i sh ing  (no. 25) ,  i n d u s t r i a l  

chemicals (no. 40) ,  and miscel laneous manufactures (no. 42) .  
d - 

Looking a t .  Tab s 6.3 and 6.6 (index I I ? ) ,  we f i n d  t h a t  t h e  5% - * 
number of key i n d u s t r i e s  i n c r e a s e i L d f o u r  i n  1966 from two i n  1961. .Those 

z4 \ 
i d e n t i f i e d  a s  key i n d u s t r i e s  i n  1961 remained key i n d h s t r i e s  i n  196'6. 

1 

Those which emerged a s  key i n d u s t r i e s  i n  1966 a r e :  paper ' conver te r  (no. 2 4 )  i 
and miscel laneous manufactures (no. 42).  

a 
* v  

The ' ana lys i s  ,of key i n d u s t r i e s  thus  f  

t h a t  t h e  number of key i n d u s t r i e s  i d e n t i f i e d  is  l a r g e r ' i n  1966 d 

7 
than  i n  1961 f o r  t h e  i n d i c e s  employed. Furthermore, f o r  both yea r s ,  and 

f o r  a l l  i n d i c e s ,  t he  number of key i n d u s t r i e s  i d e n t i f i e d  is s e n s i t i v e  t o  
t .  



I P .' 
P ' 

1 
' # 

> .. 
I . .N% . /  6' 

0 3 .  .- . . 
P 

-97-  
7-' . ( I  

1 . + 1 '  i 6 ',* ,: - P. 

a % ' .  . .e /' PL 

t he  v a r i a n t  of ma t r ix  C examined. l )  Another f n t e r e s  t i n g  - f e a t u r e  f~s.fha!,~ 5 :  
I -w  r 

thos'e key i n d u s t r i e s  i d e n t i f i e d  on t h e  b a s i s  of index 111 ar;' a l so '&he .  ..-' . -- -,. 14 . . 
# .  * 8 

key i n d u s t r i e s  picked up by indexes I and 11. One could say ,  re la t&vely" . '  
e * s -  . 

'11 
1 a .  

speaking, t h a t  the.y occupy a r a t h e r  unique" p o s i t i o n  i n  t h e  p,roduckion 
r 

1 

<* 
2 

, . 
t h e i r  growth p o t e n t i a l  i s  concerned. - .  % .  system i n  so f a r  a s  

METHOD I1 

wi th  respect .  to. t h e  

A and X . - Resu l t s  
j i .- 

r 

: A c d r d i n g  t o  t h i s  method, key i n d u s t r i e s  a r e  def ined  ' 

. f . - 
bi l /  of fina.1 demand. These a r e  i d e n t i f i e d  by i n d i c e s  

4 

' a 

a r e  presented.'.in Tables  6.7 f o r  1961 and i n  Table 6.8 
I 

1 

f o r  t he  ,year 1966. Each of t hese  t a b l e s  r e f e r s  t o  t h e  examination of 

ma t r i ce s  C ,  (C - I ) ,  and\jC - e ) ,  r e s p e c t i v e l y ,  corresponding t o  i n d i c e s  

I ,  I1 and 111. + A .  

Based on index I we f i n d  t h a t  t h e r e  were 1 8  key i n d u s t r i e s  i n  4 

P 

1961, whereas t h i s  number dec l inedz to  17' i n  1966 (Tables  6. $and 6.8) . 
- + 8 

An examination of t h e s e  t a b l e s  r e v e a l s  f u r t h e r T t h  t h e  1 6  key i n d u s t r i e s  

i d e n t i f i e d  i n  1961 s t i l l  remain key i n h s t r i e s  i q ,1966 .  However, petroleum 

and c o a l  products  (no. 39) and non-r-esidential  c o n s t r u c t i o n  (no. 45) ;  which 

k 
were key i n d u s t r i e s  i n  1961, do no t  appear s o  i n  1966. Machinery (no. 29) 

1 )  It- is observed t h a t  i n  1961 t h e r e  were nin; key i n d u s t r i e s  i d e n t i f i e d  
by mat r ix  C;' t h i s  number dec reases  t b  fglve on t h e  b a s i s  of ma t r ix  . 
( C  - I ) ;  and u t i l i z i n g  ma t r ix  (C - 5) t h i s  number d e c l i n e s  f u r t h e r  t o  
two. Correspondingly, t h i s  sequence i n  1966 w a s  1 5 , ' 9  and 4 I n d u s t r i e s .  

2 )  Key i n d u s t r i e s  w i t h  ,such d i s t i n c t i o n  i n  1961 were: machinery (no. 29) , 
and chemical products  (no. 41) ;  whereas, i n  1966, we observe paper 
conve r t e r s  (no. 24) ,  and misce l laneous  manufactures (no. 42) i n  , 

add i t i o n .  



F '  4 9  v 

a . *. * TABLE 6.7 KEY INDUSTRIES I N  THE CANADIAN .. -: 
I 

ECONOMY, 1961 r METHOD -11 5 
?. 

b 

Indus- , Index I _ Indus- Index I1 Indus- Index I11 
tri'es . Aj - Ji tries. ' A  ' A i  tries. 

b' 

'9 = "hi 
j 

a 

Average: X - 0.027 ' ' A  = 0.014 i "A r 0.013 
1 

j - t 

Average: Xi = 0.029 ' A  = 0.016 "A = 0.015 



TABLE 6.8, KEY INDUSTRTES ' IN THE c A N A ~ I A N  
5 s -  

ECONOMY, 1966: METHOD 11 
t Y t 

t 
\ 

Indus . Index I Indus- 1nden I 1  . , Indus- Ind,ex I11 
t r i e s .  t r i e s .  ' A  ' A i  tr Ses . I t 2 .  

1 I " ji t j 'i 

12. 0.077 0.060 27. 0.032 0.048 , 27. 04-022 m'0.038 

18. . 0.059 0.~032 2 9 . '  0.017 0.021 29. 0.016~ 0.019 , - 
23. 0.066 0.046 37. . '  0.025 0.037 -37. ' 0.021 0.034 

27. , 0.050 0.065 39. 8.016 0.019 39.  0.016 0.019 - 
29. 0.032 0.035 65. 0.027 0 . 1 2 8 .  65. 0.026 0.127 

30. 0.107 0.053 66. 0:062 0.153 - 6 6 .  
. . 0.061 Oi l51  

37. 0.044 0.056 6 7 . .  0.035 0.262 67. - 0.027 0.255 

44. 0.091 0.042 - 71. 0.032 0.023 71. 0.032 . 0.023 , 

65. 0.067 -0.168 73. 0.016 0.037 73. ,0.015 0.036 

66. 0 . l G  0.248 74.- 0.025 0.034 - 74. 0.025 Q.033 . . 

67. 0.105 0.332 75. 0.044 0.194 75. b34l 0.191 

68. 0.081 0.066 

71. 
L_ ' 

0.067 0.059 - * 

73. 0.039 0.060 F b '  

74. 0.039 0.048 
r .b, 

9 
t 

' h  
C 

Average: X = 0-027 . 
j 

' A  = 0.014 
j k 

"X = 0.013 
j 

Average X i  = 0.031 ' A  = 0.018 



emerged a s  a Key i n d u s t r y  i n  1966. 

According t o  index I1 t h e r e  i s  a marginal  i nc reaee  i n  t h e  t o t a l  
4 

number of key , f indus t r ies .  I t  r o s e  from $2 i n  1961 t o  1 3  i n  1966. Eleven 

- b 9 

\\ 

key i n d u s t r i e s  r e r e  i d e n t i c a l  i n  both yea r s .  Agr i cu l tu re  (no. 1 ) .  a key 
J 

' * P  

l o s t  i t s  key p o s i t i o n  in '1966.  Two i n d u s t r i e s  t h a t  

emerged as key i n d u s m i e s  i n  1966 a r e :  machinery (no. 29) and d,pmy: o the r  

(no. 751, 

S i m i l a r l y ,  t h e  number of key i n d u s t r i e s  i d e n t i f i e d  a s  per  index 

I11 r o s e  from 1 2  i n  1961 t o  13 i n  1966. Eleven i n d u s t r i e s  i d e n t i f i e d  i n  

1961 s t i l l  remained key i n d u s t r i e s  i n  1966. Agr i cu l tu re  (no. 11, a key , 

i n d u s t r y  i n  1961, does  n o t  appear  t hus  i n  1966. Machinery (no. 29) and 

durny: o t h e r  ( n ~ .  '75)  emerged as key indus t ? i e s  i n  1966, 

This  a n a l y s i s  of key i n d u s t r i e s  based on f i n a l  demand considera-  . 
t i o n s  shows t h a t , . f o r , b o t h  y e a r s ,  and f o r  a l l  t h e  t h r e e . m a t r i c e s  examined, 

d x 

ad" t h g r e  a r e  Lten. i n d u s t r i e s  t h a t  co i s t e n t l y  show up a s  key i n d u s t r i e s .  These 
2 

a r e :  o t h e r  food and s o f t  d r i n k s  (no- 1 2 ) ,  paper-making and o t h e r  a c t i v i t i e s  

(no. 23) ,  primary non-ferrous (no. 27), e l e c t r i c a l  products  (no. 37) ,  whole- 

s a l e  t r a d e  (no. 65) ,  r e t a i l  t r a d e  (90. 66) ,  f i nance ,  insurance  and r e a l  
, . 

e s t a c e  (no. 67y, h o t e l s  and r e s t a u r a n t s  (no. 711, o t h e r  s e r v i c e s  (no: 73) ,  

and dummy: t r a n s p o r t  margins '(no. 74)'. Furthermore, a c l o s e  s c r u t i n y  of 
\- '- - 

i n d i c e s  I1 and 111 warrants  a n  i n t e r e s t i n g  observa t ion .  Qe f i n d  t h a t ,  f o r  
, 

both  y e a r s ,  the  t o t a l  n m b e r , b f  key i n d u s t r i e s  i d e n t i f i e d  remai'ns unchanged; 
, - 

i n  1961 a t  1 2  and a t  13 i n  1966.   heir composition a l s o  remains i d e n t i c a l .  1 )  

1 )  Although va lues  

F = 

'. , 

obta ined  f o r  r e s p e c t i v e  i n d i c e s  used a r e  d i f f e r e n t .  



CANADIAN ECONOMY, 1961-70 

Despi te  a c t i v e  t h e o r e t i c a l  d i scuss ions  i n  r e c e n t  yea r s ,  controversy 
i 

s t i l l  e x i s t s  regarding balanced/unbalanced growth a s  competing po l i cy  

o b j e c t i v e s  .') Empirica; i n v e s t i g a t i o n s  i n t o  the  na tu re  and proc&ss  of 
lp - - 

sec  t o r a l  growth r a t e '  d i s p e r s i o n  a r e  scarce .  2, This  is  p a r t l y  a .  r e s u l t  of 

the pauci ty  of r e l e v a n t  s t a t i s t i c a l  d a t a  and p a r t l y  a  r e s u l t  of t h e  l a c k  of 
'> 

$ 
p r e c i s e  o p e r a t i o n a l  concepts  r equ i r ed  t o  examine t h e  problem. I n  t h i s  

5 
chapter  we f i r s t  review b r i e f l y  t h r e e  s t u d i e s  r e l e v a n t  t o  p r e s e n t  o b j e a i v e s  

:$ , 
>,-, 

t h a t  have been in s t rumen ta l  i n  d e f i n i n g  o p e r a t i o n a l l y  t he  concept of balance/  

imbalance. Secondly, we u s e  some of t h e  formula t ions  employed i n  t hese  

s t u d i e s  t o  ana lyze  s e c t o r a l  balance/ i&alance i n  t h e  Canadian economy dur ing  
E 
Y 

t he  1960's .  Se-ctions 7 .1  and 7 .2  d e a l  wi th  these  a s p e c t s ,  r e s p e c t i v e l y .  I n  3 - 

s e c t i o n  7.3 empir ica l  Findings a r e  presented .  
P 

P 

7 . 1  THE,CONCEPT OF BALANCE/IMBALAN'CE: 

A BRIEF REVIEW OF SOME EMPIRI- 

CAL INVESTIGATIONS 
P 

The balanced growth t h e o r i s t s  spec i fy  a  p o s i t i v e  a s s o c i a t i o n  

between balance on the  one hand and t h e  o v q a l l  growth r a t e  i n  n a t i o n a l  

1 )  Swamy (1967) 

2) The fo l lowing  s t u d i e s  h 6 e  been c i t e d  by Swamy (1967): Gerschenken 
(1952), Rostow (1956) and Ohlin (1959) have examined t h e  balanced- 
growth t h e s i s  f o r  h i s t o r i c a l  re levance;  another  s tudy by Williamson 

> (1965) has  concent ra ted  on t h e  empi r i ca l  i n v e s t i g a t i o n  i n t o  t h e  
n a t u r e  of t he  s p a t i a l  i n e q u a l i t y  w i t h i n  n a t i o n a l  borders  and over 
t he  development spectrum. 



i income per  c a p i t a .  Th i s  r e l a t i o n s h i p  i s  reversed  f o r  t h e  prop&nents 

of t h e  unbalanced growth t h e s i s .  The d i scuss ion  on c a u s a l i t y  between 

ba lance  and development is,  however, l e s s  c l e a r .  I n  g e n e r a l ,  t h e  f low 

of causa t ion  seems t o  run  from b a l a n c e / i m b a l ~ n c e  t o  development. 1 )  

Nurkse (1953; 1961) advocated balanced growth on the  grounds t h a t  i t  . 
W b 
1 c r e a s e s  t h e - r e i n v e s t i b l e  s u r p l u s ,  p rovides  inducements t o  i n v e s t ,  

B 

c r e a t e s  e x t e r n a l  economies i n  complementary i n d u s t r i e s  and, a s  a r e s u l t ,  
( 

l e a d s  t o  more r ap id  economic development. On t h e  o p b o s i t e  Eide  of t h e  

argument, Hirschman (1958) pe rce ives  the  cgusa l  l i n k  between imbalance and 
, . 

development i n  terms of e x t e r n a l  'economie'k? of t h e  v e r t i c a l  type. 2) 

I n  two a r t i c l e s ,  one by Swamy (1967) and ano the r  by Yotopoulos- 

Lau (1970), t h e  c r i t e r i o n  of balance/iinbalance has been s p e l l e d  out' i n  

terms of t h e  d i s p e r s i o n  of s e c t o r a l  growth r a t e s .  The o p e r a t i o n a l  

C 
d e f i n i t i o n  i s  based on Solow and Samuelson's (1953) s tudy  which s t i p u -  

l a t e s :  
4 

% 
Y'. I t  ... t h a t  ou tput  of each commodity in-  

c r e a s e s  o r  dec reases  by a cons t an t  per- 
cen tage  per  u n i t  of t ime, t h e  mutual pro- 
p o r t i o n s  i n  which commodities a r e  produced 
remaining cons t an t .  The economy changes i n  
s c a l e  b u t  n o t  i n  composition" (p. 412). 

1) Boulding (1953) and perh'aps Kuznets (1966) would tend ,  however, t o  
view c a u s a r i t y  running t h e  r s e  from development t o  balance/  
imbalance. 

2) Hirschman a l s o  a causa l  l i n k  between imbalance and d e c i s i o n  
making. A of d e c i s i o n  making t h a t  i s  f a c i l i t a t e d  

of shor tage-surp lus  of " s o c i a l  overhead 
a c t i v i t i e s " .  



This  c r i t e r i o n  is  a l s o  termed Von Neurnann' s "uniformity 
\ 

not ion"  of growth (Champernowne, 1945'-46) . 

A high degree  of d i s p e r s i o n  of s e c t o r a l  - r a t e s  from t h e  

o v e r a l l  r a t e  of  growth of  a n  economy would d e f i n e  a h igh  index of imbalaAce. 

1 1  I n  t u r n ,  a p o s i t i v e  r e l a t i o n s h i p  of some index of  imbalance" w i th  t h e  
< 

. I 1  

" - 
obser&ed r a t e s  of ec,oaomic growth over  a time period1) would c o n s t i t u t e  

e 

r e j e c t i o n  of -%he balanced growth hypo thes i s .  The fo l lowing  i n d i c e s  have 

F 
been employed i n  t h e  s t u d i e s  under rev'iew: 

Yotopoulos-Lau (1970): 

1 )  For t h e  test of t h e  hypothesis, ,  t h e  theory  of balanced/unbalanced growth 
f a i l s  t o  s p e l l  o u t  a n  a p p l i c a b l e  time i n t e r v a l .  I n  t h e  s t u d i e s  by 
Swamy (1967) and Yotopoulos-Lau (1970) t h e  time p e r i o d s t u d i e d  i s  t h e  
same. It r e f e r s  t o  1948-64 w i t h i n  which t h r e e  sub-periods a r e  a l s o ,  
d i s t i ngu i shed .  F u r t h e r l  d a t a  sources  u t i l i z e d  a r e  a l s o  i d e n t i c a l .  

", 



Swarny (1967) : , 

Th.e symbols a r e :  a 

V ' s  - var ious  c o e f f i c i e n t s  o f .va r i a t ion .  

gi . - i - t h  s e c t o r ' s  r i i te  of growth. 

gi - expected r a t e  of growth of sec to r  i. 

G - a v e r a g e . r a t e  of growth of a country. , 

1 )  wi - sha re  of s e c t o r  i. 
1 
4 V 

Bi - t o t a l  income e l a s t i c i t y  of demand 
f o r  s e c t o r  i t s  products.  

n,k - number of sec to r s .  

Equations (7.1) and (7 .2)  i n  Yotopoulos-Lau's s tudy and equations 

' (7.4) and (7.5) i n  ~wamy's dea l  with the  'uniformity notion.' of growth. 
r' * 

A o r  V (or  V . V ) index of zero'implbes t h a t  the  growth rate of each 
a '  b 

a i  t o  t h e  oveaa l l  growth r a t e  i n  GDP f o r  a s p e c i f i c  country.  

i n  t h e  former study and equations (7.6) and (7.7) of the  

l a t t e r  r e f e r  t o  t h e  ' e l a s t i c i t y  v e r s i o n t ' o f  balanced growth due t o  Nurkse 



(1961). It s t i p u l a f e s  t h e  c r e a t i o n  of supp ly ' s  own demand wi th  t h e  added - 
proviso :  I' ... t h a t  supply i s  proper ly  d i s t r i b u t e d  among d i f f e r e n t  

commodities i n  accordance wi th  consumer's wants. An i n c r e a ~ e  i n  consumable 

ou tpu t  must advance a long  a n  expahsion pa th  determined by the  income 

1 
e l a s t i c i t y  O F  consumer demand f o r  i t s  ( t h e  s e c t o r ' s )  product  ( p .  250-251)". 

A V' index of zero  i n d i c a t e s  a  change i n  s c a l e  i n  the  economy p ropor t iona l  

t o  t h e  e l a s t i c i t y  of demand f o r  t h e  ou tpu t  of each s e c t o r .  A similar 
.) 

exp lana t ion  a p p l i e s  t o  indexes Vaie and Vbie. 
e 

Swamy t s t e d  t h e  ba lanced~unbalanced  growth hypo thes i s  by -_ ,/ - -ki 
correl&ing,&; r e s u l t i n g  i n d i c e s  w i th  t h e  o v e r a l l  r a t e s  of  growth of 
",, -. --J 

a n  i n t e r n a t i o n a l  c r o s s  s e c t i o n  of c o u n t r i e s .  H i s  f i n d i n g s  suppor t  t h e  

unbalanced growth t h e s i s .  Yotopoulos-Lau a l s o  i n v e s t i g a t e  t h e  e x i s t e n c e  

of a  r e l a t i o n s h i p  b e h e n  the i n d i c e s  of imbalance - e m a t i o n s  (7.1) t o  
- 

(7.3) - and t h e  o v e r a l l  r a t e s  of growth i n  GDP f o r  t h e  same sample of 

c o u n t r i e s .  They r e p o r t  t h e  e x i s t e n c e  of a n  i n v e r s e  r e l a t i o n s h i p  between 

s e c t o r a l  v a r i a b i l i t y  and t h e  rate of growth which imp l i e s  t h a t  high 
\ 

s e c t o r a l  imbalance i s  a s s o c i a t e d  w i t h  low o v e r a l l  r a t e s  of -growth. 'Iheir 
C4 

b- 

1 
f i n d i n g s  thus  c o n t r a d i c t  t h e  unbalanced growth hypothes is .  

Even though t h e  i n d i c e s  used by Yotopoulos-Lau (1970) a r e  . 

s u p e r i o r  t o  those  used by Swamy (1967)~)  they s t i l l  ignore  the  @n&rtant 
I , I  

- 1)  Inappropr i a t e  d e f i n i t i o n  of s e c t o r a l  imbalance ( i n  terms of s tandard  
d e v i a t i h  and mean a b s o l u t e  dev ia t ion )  used by Swamy f o r  i n t e r -  
country comparisons i s  c i t e d  by Yotopoulos-Lau a s  t h e  main r+.on f o r  

b t h e  s u p e r i o r i t y  of t h e i r  p rope r ly  def ined  indices*. - * -  



h 

e f f e c t s  of economic l i nkages ,  backward and forward, i nhe ren t  i n  a n  

interdependent  economic system. . The degree of balance/imbalance of 

an economy can be  b e t t e r  understood only  i f  t he - ind ices  i n  ques t ion  

a r e  cons t ruc ted  such t h a t  they cap tu re  t hese  l i nkages .  

A r e c e n t  s tudy  by Yotopoulos-Nugent (1973) f i l l s  t h i s  vo id .  
.. - 

Having modified t h e  extreme v e r s i o n  of Hirschman's (1958) l i nkage  

hypothesis1) they have proposed a  l inkage-balanced growth ve r s ion .  

Thei r  proposal  cor&iders  a  maximum degree  of imbalance. It a l s o  provides 

t h a t  t h e r e  should be a l i m i t  t h a t  t h e  grpwth of a s e c t o r  cannot  exceed, no 

ma t t e r  how high  i ts  l inkage  index,  wi thout  adve r se  e f f e c t s .  S t i l l  

adhering t o  t h e  Yotopoulos-Lau (197b0) d e f i n i t i o n  of s e c t o r a l  imbalance 
! 

i n  terms of t h e  d e v i a t i o n  of s e c t o r a l  growth 

of growth, they  cons ider  a  maximum degree of 

the s e c t o r a l  l i nkage  index.  I n  t h i g  ca se ,  a  

from o t h e r  s e c t o r s  d&e pr/ecisely t o  e x i s t i n g  
1 

r a t e s  from t h e  o v e r a l l  r a t e  

imbalance t h a t  a l s o  r e f l e c t s  

s e c t o r  grows d i f f e r e n t i a l l y  

d i f f e r e n c e s  i n  l i nkage  i n d i c e s ,  
@+I 

a l l  o t h e r  f a c t o r s  a p p r o p r i a t e l y  weighted. This  is +t they term t h e  

"balanced-growth v e r s i o n  of t h e  l i nkage  hypothesis".  

Linkage-balance i n d i c e s  have been prepared by Yotopoulos-Nugent 

(1973) according t o  t h e  fol lo"i& formulat ion:  

l}, The extreme v e r s i o n  of Hirsqhnian's hypothes is  p r e s c r i b e s  t h a t  c o u n t r i e s  
4 t h a t  a l l o t  high p r i o r i t y  t o  hIgK l inkage  i n d u s t r i e s  would have a  

h i s t o r i c a l  r e c m d  of h igher  r a t e s  of growth than  would c o u n t r i e s  t h a t  - 
a s s i g n  low p r i o r i t y  t o  h igh  l i nkage  i n d u s t r i e s .  



where : 

n - number of s e c t o r s .  

- s e c t o r a l  growth r a t e  of s e c t o r  j 
i n  country i. 

C - t o t a l  l i nkage  index1) 06 s e c t o r  j .  , . j # 

Gi - werall growth r a t e  i h  count ry  i. 
a - 

I 

Equation (7.8) s t a t e s  t h a t  count ry  i 's growth i s  linkage-balanced when 

each s e c t o r a l  growth r a t e  v a r i e s  i n  propor t ion  t o  t h a t  s e c t o r ' s  t o t a l  

l i nkage  index. The formula t ion  of i n d i c e s  i n  equat ion  (7.8) when 

compared w i t h  those  of  prev ious  s t u d i e s  r e v e a l s  t h e  fo l lowing  improvements: 

(a)  adjustment  has  been made f o r  d i f f e r e n c e s  among c o u n t r i e s  i n  t h e  over- 
i 

a l l  growth r a t e ;  and (b) t h e - v a r i a n c e  i s  computed not i n  terms of t he  

d e v i a t i o n s  i n  g from G bu,t i n  terms of t h e  d e v i a t i o n s  i n  g from Gi 
i j  i 

weighted by t h e  t o t a l  l i nkage  index C 
j ( . 

.j' 
+ 

/ 

1 )  Yotopoulos-Nugent (1973) i n  t h e i r  formulat ion regard  C a s  a  t o t a l  
l i nkage  index obta ined  by summing a c r o s s  rows of t h e  " inverse  ma t r ix  
C .  We, however, r ega rd  i t  as s i m i l a r  t o  a  backward l i nkage  e f f e c t  
( c f .  chap te r  3). 



7.2 SECTORAL BALANCE/IMBALANCE I N  

THE CANADIAN ECONOMY, 1961-70 

The empi r i ca l  underpinnings of the  balancedlunbalanced growth 

t h e s i s  i n d i c a t e  t h a t  t h e  fomula t , ed  c r i t e r i o n  of b a l a ~ c e / i m b a l a n a e  
.. - 

depends on t h e  degree of d i s p e r s i o n  of s e c t o r a l  growth r a t e s  from t h e  
# 

o v e r a l l  r a t e  of growth of a n  economy over  a  c e r t a i n  t ime pe r iod .  S e c t o r a l  

l i nkage  e f f e c t s  can  a l s o  be  incorpora ted  i n t o  t h i s  formula i ion  t o  t e s t  t h e  

l inkage-balance hypothes is  (Yotopoulos-Nugent, 1973).  Previous s t u d i e s  
/-- 

\ 

i n v e s t i g a t e d  c r o s s - s e c t i o n a l  d i f f e r e n c e s  i n  growth p a t q r n s  among a number 

o f Y c o u n t r i e s .  We h e r e i n  apply  some of t h e  i n d i c e s  used i n  t h e s e  s t u d i e s  
, 

t o  t h e  a n a l y s i s  of s e c t o r a l  balance/imbalance dur ing  -A 1961-70 i n  one < 
' 

count ry ,  Canada. The fo l lowing  formula t ion  is  considered:  1 )  

he re  : 

'i 
i 

' -&verage s e c t o r a l  growth r a t e s  f o r  t h e  
gi / whole per iod  1961-70. 

G t '  - o v e r a l l  average growth r a t e  of GDP f o r  
t h e  whole period 1961-70.-. 

J 
' C - ' s kc to ra l  1inkage; index a s  def ined  p rev ious ly  

j . .  

1 )  A c l o s e  s c r u t i n y  of equat ions .  (7.9) and (7.10) would r e v e a l  t h a t  they 
d i saggrega te  t h e  a d d i t i ~ e ~ c o m p o n e n t s  of t h e  i ~ d i c e s  descr ibed  i n  
equat ions  (7.1) and (7.8)  r e s p e c t i v e l y  . 



- 
indices based on equat ions  (7.9) and (7 . l o )  would determine , , 

* 

which i n d u s t r i e s  have grown s u b s t a n t i a l l y  d i f f e r e n t l y  froUi,the ov r a l l  
e J ,  

r a t e  growth. 
t II 

The d a t a  r equ i r ed  a r e ,  f o r  t h e  period 1961-70, t h e  s e c t o r a l  

growth r a t e s  (gi); o v e r a l l  growth r a t e s  of GDP (G); and s e o t o r a l  l i nkage  

indexes (C . S e c t o r a l  growth r a t e s  f o r  t h e  per iod  1961-66 were obta ined  . j 
from published 1-0 t a b l e s . ?  For t h e  yea r s  1967-70 th&e have been obta ined  P .  ' 

-, 

from unpublished information.') Overa l l  growth r a t e s  of GDe a r e  based on . 
, . 
' x *  

published informat ion  from ehe ~ a t i o n k l  Income and Expenditures  Accounts. 3) 

Canadian S t a t i s t i c a l  Review, February 1975, Ottawa, The l e v e l  of - 
aggrega t ion  used i n  our  s tudy  (75 i n d u s t r i e s ;  115 commadities) 

# 

d i f f e r s  from t h e  publ ished sources .  It is ,  howeve;, s i m i l a r  t o  t h e  
one u s e d ' i n  t h e  CANDIDE model and t h a t  being maintained a t  S t a t i s t i c s  
Canada. N 

1 E s t i y a t e s  prepared by t h e  S t r u c t u r a l  Analysis  ~ i v i s i o n ' o f  S t a t i s t i c s  
canadz' as p a r t  of t h e  Annual Matr ices  P r o j e c t i o n  P r o j e c t .  

GDP ( a t  market p r i c e s )  is  c a l c u l a t e d  a s  GDP a t e f a c t o r  c o s t  p l u s  
i nd i r - ec t  t axes  less s u b s i d i e s .  For t h e  yea r s  1961-70 GDP of t h e  
Canadian economy ( i n  c u r r e n t  $) and t h e  r a t e s  of growth a r e :  

GDP (000 c u r r e n t  $) Growth r a t e -  

( foo tno te  continued on p.110) 



- 
i 

T 

r 
Source: See Statistics Canada catalogue 13-502 

(Occassional) National Accounts, Income 
and Expenditure 1926-56. Figures repor- 
ted have been obtained from the historical 
revisions of National Income and Expendi- 
ture Accounts released in October 1972 
by Statistics Canada. 



7b3 D I S C U S S I O N  O F  F I N D I N G S  

R e s u l t s  bT the.computat ions based on equa t ions  (7.9) and 

(7.10) a r e  -shown i n  ~ a b i e  B . l ,  appendix B. Column (1) of t h i s  t a b l e  - 

shdws . s & = t o r a l  average  growth r a t e s  whi le  coluams (2) and (3 ) '  list 

va lues  of t h e  v a r i a b l e s  used i n  t h e e q u a t i o n s .  I n  r e p o r t i n g  t h e s e .  
- - .  

r e s u l t s  we have n o t  suppressed t h e i r  r e s p e c t i v e  s i g n s .  Values of C 
4 

a r e  shown i n  column ( 4 ) .  
P 

An examination of  column (2) of +Tab e  B . l ,  appen i ix  B, r e v e a l s  . + *  . -% 

\ 

t h a t  60 . indus t r ies  o u t  of a t o t a l  o f  7#exam' i&dl) rho"  p o s i t i v e  d e v i a t i o n s  
-P . > 

from t h e  average o v e r a l l  rate of growth (of 9.0887) dur ing  : the per iod  

Of t h e s e  t h e r e  were 1 0  i n d u s t r i e s  t h a t  showed dev.  ons i n  
= '  4. 

excess  of '0.10. These a d  shown i n  Table 7 h  below: - - 4 

TABLE. 7.1 I N D U S T R I E S  SHOWING D E V I A T I O N S  

I N  EXCESS O F  0.10 FROM THE OVERALL 
, - 

RATE OF GROWTHa: 1961-70 -.- -- 

1) For the  per iod  1967-70, due n0n-avail-ab-EF6~ of  data,' r a t e s  
f o r  t h ree .  i n d u s t r i e s ,  pulpmaking (no. 22) ,  papetmaking and o t h e r  a c t i v i -  

4 , t i e s  (no. 23),  and dummy, t r a n s p o r t  margins (no. 74) could n o t  b e  computed .% 
Hence t h e s e  are n o t  considered i n  t h i s  p a r t  of t h e  s tudy .  



- 
It may be seen  from t h i s  t a b l e  t h a t  t h e  misce l laneous  t f a n s p o r t  

.. - 

equipment i n d u s t r y  (no. 36) shows t h e  h ighes t  d e v i a t i o n  of 72.92 per  cen t .  

The next  h ighes t  d e v i a t i o n  of 63.90 pe r  c e n t  i s  recorded f o r  rhe  dummy: 

k 
o t h e r  i ndus t ry  (no; 75) which is followed%y the  t r u c k  bodies  an9 t r a i l e r  

i n d u s t r y  (no., 3 6 )  wi th  a d e v i a t i o p  of 35.24 per  c e n t .  
- 

Column (3) of Table B . l ,  appendix B ,  shows t h e  d e v i a t i o n  o f '  
* L t u 

s e c t o r a l  growth r a t e s  from t h e  o v e r a l l  rate of growth a d j u s t e d  f o r  , 

s e c t o r a l  l i nkages .  It appears  t h a t  22 i n d u s t r i e s  (out  of a t o t a l  of 72) 9 

. show d e v i a t i o n s  i n  excess  o f  0.10. Three i n d u s t r i e s  e x h i b i t  d e v i a t i o n s  i n  

excess  of 0.20. Large p o s i t i v e  d e v i a t i o n s  a r e  recorded f o r  t h e  miscel laneous 

t r a n s p o r t  equipment i n d u s t r y  (no. 36) wi th  a d e v i a t i o n  of 61.26 per  c e n t  
t 

and f o r  t h e  dunrmy: o t h e r  i n d u s t r y  (no.7.5) wi th  a  d e v i a t i o n  of 47 mer 
cent .  -- 



t 
CHAPTER 8. 

SUMMARY, CONCLUSIONS AND IMPLICATIONS. * - 
This study 'has been con~erned,~ri8maril~ with the0analysis of . 

structural change in the Canadian economy. changes in gross production 
k ,; 

and intermediate outputs have been estimated on the basis of 1-0 tables 

for the years 1961 and 1966. It has been dempnstratedk that these changes 
-. 81 - 

arise not only from* changes in the bill of final demand'but are also due 

to changes in .the coefficients of production. -~tructu;al change hasaalso 

been analyzed on'the basis of inverse matrices, and "summary mf;~sures" 

of change developed by.hsmussen (1957) have been employed. In addition, 

/ 

chaees in the direc"t coefficients of the technolagy matrix.B as pre- ' 
A 

cursors of change have be& analyzed. As a by-product of the major . 

6 
endeavour in this study, th; 1-0 framework has* been utilized to explore 

the notion of 'linkages1. Having determined backward and forward linkages 

in the economy we haveused them in the determination of key6industries. 

Key industries have also been determined on the basis of final demand. 
1 

Results of the two identifioation procedurgs have been contrasted. 
I ' 

Secondly, the empirical content of the concept of balance/imbalance 

in growth theory has been applied to determine sectoral balance/im- r' 

balance in the Canadian economy during the 1960"s. Following an earlier 

study (,~oto~oulos-~u~ent, 1973), we have used sectoral linkage indices 

i 
in conjunction vij& the concept of' imbalance to determine linkage- 

a 

balance industries in the Canadian economy. 
1 

Results of the analysis reveal that from 1961 io 1966 changes i 
, i 

in the-final demand bill resulted in a change of $38.8 billion in total' 

?--% output. Since.the change ip final demand does not,impact on all the 



- .  
d W 

< 
75 industries examined to the same extent, a wide range of change -in- - 

individual industries ' gross q5roduction has been observed. '~i~hest 

absolute increases were obtained- in finance, insuranGe and real estate; 

retail trade;.wholesale trade; agriculture; metal fabricating and non- 

residential construction. The largest negative impact of coefficient 

change on gross production b&tween 1961 and 1966 occurs in the coal 
, w 

industry. This reduction is interpreted as a result of changing inter- 
a 4 

indintry relationships andsimplies that change in ~echnology would have 
. , 

made it possible to deliver the same ,1961 bill' of final demand with-:less 
. . 

production in 1966 than in 1961. 
I 

The analysis 'of changes in intermeQiate output levels highlights 
.4 

, ,  

the changing industrial specialization in the Canadian economy. It demons- 
- a & 

tratqs that the total value of intermediate gutputs (inputs) reqdired to 
i' 

I * 
satisfy the 19b6 bill of final demand declined slightly over time. This 

overall tendency, hQwever, is not shared by all industries. At.the group 
, , ' 

level '(cf. chapter 4), requirements from all groups but metakwcrrking '--. < 

have been d&lining. Metal-working inputs rise as the complexity of the 
. I  

products increases, and ks specialization within the metal-working ..group 
-r 

grows. Among industries whose intermediate deliveries were most affected 
, 

by structural change, urban transit systems (no. 55).and motor vehicles 

(Lo-. 30) show strong positive change of 342.9 per cent and 176.8 per 

cent respectively. However, pipelines (no. 54)-and miscellaneous trans- 

port equipment (no. 36)~egistered decreases of 42.4 per cent and 33.3. 
. \ 

h 

per,cent,-respectively. The, general conc9usion is drawn that overall 
C ' 

intermediate output levels ob~erved for the Canadian economy tend to be 



smaller with newer than with older technology as measured by inverse 

coefficients. T~IS result is in contrast to the f indingsrof -carter (1970) 

who, for the U.S.' economy, observed a slight increase (dollar volume, . 

in constant prices) of intermediate inputs with newer than with older 
# 

techniques of production. Her interpretation of this paradox is that 

-increased volume of intermediate inputs means an increase in specializa- 

f 
tion and may not be consttbed as a dyterioration of technology. 

J 
While. analyzing structural c6ange in the above manner it became 

obvious that, in fact, we were conSidering'changes in the elements of the , 

inverse matrix. Rasmussen (1957) had shown in his analysis of the Danish - 

economy that the inverse matrix itself can be used to obtain "summary 

'measures" to describe structural change. Following his formulation 

D we prepared various indices of structural change for .the Canadian eco- 

nomy. In almost all cases,' when these indices of structural change 

are compared over the two years in question, it is found that their 
I 

values tend to be smaller in the current year (1966) than in the prs- + 

ceding year (1961).   his tends to support the earlier observation 
', 

that ~s years pass technological efficfency improves in the sense . 
that requirements placed on the system are met with lesser intermediate - d 
inputs to produce them. 

~tructurai change analyzed thus far, relying as it does on the .. 

inverse matrices, captures changes in the coefficients for primary as - 

well as second y impacts associated with a bill of final demand. It P 
is nonetheless *robale that these changes may either be reinforcing 



o r  o f f s e t t i p g j  thus b l u r r i n g  t h e  t r u e  p i c t u r e  of t h e  magnitude and 
& 

d i r e c t i o n  ofhchange. To m i t i g a t e  t h i s  shortcoming we analyzed d i r e c t  

c o e f f i c i e n t s  themselves -- t h a t  i s ,  c o e f f i c i e n t s  of  t h e  technology 

mat r ix  B. 'Analysis of  t h e  magnitude of change i n  d i r e c t  c o e f f i c i e n t s  

between 1961 and 1966,'at t h e  i n d u s t r y  l e v e l ,  r e v e a l s  t h a t  smal l  changes 

occur  i n  60 out  of t h e  75 i n d u s t r i e s  examined. The most pronounced 

changes (0.363-1, however, occur  i n  t h r e e  manufacturing i n d u s t r i e s  

--F i+ 
(g ra in  m i l l ;  paper-makfng; and r a i l i o a d  r o l l i n g  s t o c k ) ;  i n  meta l  mines; 

4% 

i n  p i p e l i n e  t r a n s p o r t ;  i n  r a d i o  and T.V.; and i n  two u t i l i t i e s  (gas  and 

wa te r ) .  Using weighted'  i n d i c e s  t o  measure t h e  d i r e c t i o n  of change, a t  

t h e ' i n d u s t r y  l e v e l ,  we f i n d  t h a t  on t h e  average  i n p u t  r a t i o s  i n  most 

i n d u s t r i e s  i n c r e a s e  s l i g h t l y  (0.4 per  c e n t ) .  Howevey, i n  each i n d i v i d u a l  C 5 
,A 

i n d u s t r y  most of them a r e  i n c r e a s i n g  wh i l e  o t h e r s  a r e  decreas ing .  The 

r a t i o s  f o r  36 i n d u s t r i e s  (ou t  of 75) a r e  decreas ing .  This  obse rva t ion  

poin;s ou t  t h e  ques t i on  of  product  subs t f t , u t i on  i n  i t s  r e l a t i o n  t o  

s t r u c t u r a l  change. - 

We extended t h i s  a n a l y s i s  of d i r e c t  c o e f f i c i e n t  change by conduct- 
l 

i n g  a  ce l l -by -ce l l  a n a l y s i s  bo th  a t  the i n d u s t r y  and commodity l e v e l .  .. 

Analys i s  a t  t h e  i n d u s t r y  l e v e l  r e v e a l s  t h a t  t h e r e  i s  a  tendency f o r  t h e  

ma jo r i t y  of i n d u s t r i e s  consuming non-primary in t e rmed ia t e  i n p u t s  t o  show 
i r 

c o e f f i c i e n t  changes of t h e  same d i r e c t i o n  a s  t he  o v e r a l l  change. This  is  I .  

t r u e  f o r  50 of t h e  75 i n d u s t r i e s  examined. S i m i l a r l y ,  t h e r e  i s  a  tendency 

f o r  t h e  ma jo r i t y  of t h e  customers of a given commodity t o  show d i r e c t  

c o e f f i c i e n t  changes of t h e  same. d i r e c t i o n  a s  t h e  o v e r a l l  change. Seventy- 

3 : 
s i x  of t h e  105 commodities s t u d i e d  showed c o e f f i c i e n t  changes of t h e  same i .  

~ - 



direction (30 negative and 46 positive) as the average for the majority 

5 of their individual consuming industries. 

- The indices of structural change based on inverse 
1 

+J a useful application in the analysis of 'linkages'. It has been shown 

that the index of power of dispersion defined in equation (3.19) is 

analogous to Hirschman's backward linkage effect, whereas the index of 

; i sensitivity of dispersion def &aed in equation (3.20) corresponds to the 

forward linkage effects. In conjunVtion with their variability measures 

these linkages have been employed to determine key industries in the 

Canadian economy. Results of this analysis show that the number of key 

industries identified is consistently brger in 1966 K a n  in 1961 for 

all three indices used. Another interesting feature is that key industries 

identified on the basis of indextIII are also key industries identified 

on the basis of indexes I and 11. InJ961 such key industries included 
a ) 

machinery .(no. 29), and chemical products (no. 41); in 1966 these were 

paper converters (no. 24), machinery (no. 29), chemical products (no. 4 1 ) ,  

and miscellaneous manufactures (no. 42). 

i f 
Key industries have also been identified on tl&&is of f M a 1  

demand considerations. For both years, according to weighted indices (for 

all three matrices examined) ,Bathere are ten industries that consistently 
d 

qualify as key'industries. These are: other food and soft drinks (no. 12), 

papermaking and other activities (no. 23), primary non-ferrous (no. 27), 

electrical products (no. 37) , wholesale trade (no. 65), hotels a* restau- 

rants (no. 71), other services (no. 73), and dummy (no. 74).,Results 

obtained on the basis of these two criteria,tend to show that key indus- 

rries in an economy can neither be defined nor identified uniquely. 1n ' . - ' " 
- ~ 



addition to the definition employed in this study other definitions are 

f feasible, such as maximizing emplo ment subject to given increase in gross, 

output , levels. 

t Sectoral. bal&nce/imbalance in the Canadian econpmy has been 

on the basis of an operationally defined concept of balance/ 

by Swamy (1967) and ~Yotopoulos-Lau (1970): Also, an extension 

of this concept suggested by Yotopoulos-Nugent (1973) has been tried 

with Canadian data. This extension, by modifying Hirschman's (1958) 

extreme version of the linkage-hypoth~sis, proposes a linkage-balanced 

growth version. Indices measuring sectoral balancelimbalance were pre- 7-. 

pared by disaggregating the additive pomponents of the formulatians 
u' 

used in previous studies. We have identified, for the period as a whole, 

those industries that contributed strongly to imbalance; and have also 

determined those industries that show deviations from the postulaJed 

linkage-balance proportions. Of the 60 *(out of k total of 72') industries 
showing positive deviations from the overall rate of growth we found 10 

j .  

industries that showed deviations in excess of 0.10. Included among these 

are: miscellaneous transport equipment (no. 36), with the highest devia- 
J 

tion of 72.9 per cent, followed by truck bodies and trailer (no. 31) with 
*7 

a deviation of 35.2 per ,cent. There were 22 industries that deviated 
4 

from the linkage balancerby more tkan 0.10. 'Of these, three exhibit 
.I 

deviations in excess of 0.20. They are: miscellaneous transport equip- 

ment '(no. - 36) ,' dummy: other (no. 75), and truck bodies and trailer 
4 

(no. 3l)'with 61.3 per cent, 47.3 per cent, and 22.7 per cent deviations, 

respe~tively . 
# 

One notices a lag of several years between the years of reference 



and the actual publication of 1-0 tables pertaining to that year. For 

mady uses of 1-0 tables this time 1% is not a serious deficiency since 

the assumption of stability of 1-0 coefficients over ,a short period of 

time is generally accepted. The problem is compounded, hopever, when 

one ccmstructs an annual+ecopometric model around an input-output table. 

\ The lack of annual input-output tables encompass g the sample period 

\ over which the econometric model is estimated leads to arbitrary pro- 

"b 
cedures whereby the resul-ts of the 1-0 model are adjusted. Such a 

practice violates identities inherent in the 1-0 system.. One of the 

ways to overcome this shortcoming is to project the missing 1-0 tables. 

Metpods, such as the Statistical ~orrecitio~ Method (Tilanus, 1966) and 

RAS (Stone, 1963) are available to do' just that. Since these are 

operationally demanding, our analysis of changes in the coefficients 
'---', I 
of technology matrix B provides a convenient way of studying changes. 

The information so obtained can be used to update those coefficients 

that show large deviations. 

Prior to the establishment of an industrial strategy, or a revi- 
2 

sion of an existing one, there is a case for a preliminary analysis 

of the interindustry relationships on which such decisions can be based. 

1 

The analysis of 'key' industries presented in this study could serve i 

as a useful tool in this regard. Following Rasmussen (1957) it has been 
-% 

shown to provide indices by which to gauge.the relative impoytance t 
of a sector according to its interindustry linkage effects. Th6 under- 

'lying goal is the identification 

a high degree of interdependence 

j 
f 

of those key industries which have- j 
with other industries in the .econoQy. \ 



The crucial feature of a key industry has been described as its ability 

to call forth'a relatively larg? increase in the output of sectors when 

final demarfd for its ~roducts is increased, while at the same time its 

output must expand more than the average to meet the final demand of 

In identifying these industries one gains a fuller 
il 

appreciation of the pattern of sectoral interdependence in the economy. 



APPENDIX A. 

INDUSTRY AND COMMODITY CLASSIFICATION 
USED IN THE STUDY. 

INDUSTRIES. 

. 1. Agriculture. 

,2. Forestry. 

3. Fishing. 

4. Metal mines. 

5. Coal. 

6. Petroleum & Gas Wells. 

7. Non-metal mines. 

8. Meat products. 

9. Dairy Pr FUCtS- 
I 

10. Fish Products. 

11. Grain ,mills. 
I 

.c 

' 12. 'Other food and soft drinks. % 

Alcoholic beverages. 

Tobacco. 

Rubber. 

Leather . 
fextiles. 

Clothing, knitting. 

Wood. 

Furniture. 

Pulp and paper dummy. 

Pulpmaking. 

Papermaking and other activities 

Paper converters. 

Printing and publishing. 

Iron and steel. 

Primary nonferrous. 

Metal fabricating. 

Machinery. 

Motor vehicles., 



31. Truck bodies and trailers. 

3 2 .  Parts and accessories. 

3 3 .  Aircraft and parts. , 

3 4 .  Railroad rolling stock. 

35 .  Shipbuilding and repair. 

3 6 .  Miscellaneous transpor: equipment. 

3 7 .  Electrical products. 

3 8 .  Nonmetallic mineral products. 

39 .  Petroleum and coal products. 

4 0 .  Industrial ch&icals. 

4 1 .  Chemical Products. 

4 2 .  Miscellaneous manufactures. 

4 3 .  Repair construction. 

4 4 .  Residential construction. 

45 .  Nonresidential construction. 

4 6 .  '~oads, highway and airstrip construction. 
f. 

47. Gas and oil facility construction. 

4 8 .  Dams and. irrigation projects. 

4 9 .  Railway, telephone, telegraph construction. 

5 0 .  Other engineering construction. 

51. Other construction activities. 

5 2 .  Air transport. 

5 3 .  Railway transport. 

5 4 .  Pipelines. 

55 .  Urban transit systems. 

5 6 .  Water transport. 

5 7 .  Motor transport and other. 

5 8 .  Storage. 

59. Radio and TV broadcasting. 
-- - - - 

6 0 .  .~elz~hone and telegraph. 

61. Post Office. 

62. Electric Power. 

6 3 .  Gas 



Water and other. 

Wholesale trade. 

Retail trade. 

Finance, insuranse, real estate. 

Owner-occupied dwellings. 

Education and related services. 

Health and Hospitals. 

Hotels and restaurants. 

Business services. 

Other services. 

Dummy, transport margins. 

Dummy :- other. 

COMMODITIES: 

Grain. 

Other agriculture. 

Fozest products., . 
L ,  

Fishing and trapping products. 

Crude petroleum. 

Natural gas: 

Sulphur. - 

Cog1 . 
Iron ore. 

Asbestos. 

Bauxite and aluminum. 

Other metals. 

Other non-metallic minerals. 

Meat products. 

Dairy $roduct s . 
Fish products. 

7 
Feed. 

Wheat flour. + 
Other grain mill products. 

' - 
7) 

{ 
\ 
\ 1 



20 .  Bakery products. 

2 1 .  Soft drinks. 

22 .  Other food products. 

2 3 .  Alcoholic beverages. 

2 4 .  Tobacco. 

25 .  Tires and tubes. 

26 .  Other rubber products. 

27. Leather products. 

2 8 .  Yarn and man-made fibres. 

29. Fabrics. 

30. Textile products. 

31. Clothing. 

32 .  Lumber and plywood 

33. Wood products. 

34 .  Furniture and fixtures, 

3 5 .  Pulp and paperdummy commodity. 

36. Pulp 

37. Newsprint. 

38. Other paper stock. 

39. ~ndustrial paper products. 
B 

4 0 .  Household paper products. 

41. Printed matter 

4 2 .  Iron and steel products. 

4 3 .  Aluminum products. 

44.  Copper and copper Alloy. 

4 5 .  Nickel products. 

46 .  Other non-ferrous products. 

4 7 .  Metal fabricated products. 

4 8 .  Agricultural machinery. 

4 9 .  Other industrial machinery. 
A 

50. Passenger cars. / 

51. Other motor vehicles. 

5 2 .  Truck bod& and trailers. 



5 3 .  Motor vehicle parts and acessories. . -  
r. 

5 4 .  Aircraft and parts. 
. , 

5 5 .  Railroad rolling stock. 
/ 

Ships and repairs. 

Miscellaneous transport equipment. t 

Appliances. , 

Other electrical equipment. 
~A 

Cement and concrete products. 

Other non-metallic mineral products. 

Fuels, petroleum. 

Other petroleum and coal products. 

Industry1 chemicals. 

Fertilizers. 

~harmaceuticals . 
c.- 
Other chemical products. 

Scientific equipment'. 

Plastic products. 

Other manufactured products. 

Residential dwellings. 

Non-residential dwellings. 

Roads, highways, airstrips. 

Gas and' oil facilities. . . 

75. Dams 
7 

and irrigations projects. 

Railway, telephone, .telegraph installations. n :  

Other engineering structures.? 

Repair construction. 

Air transportation. 

Railway transporfltion. 

Pipeline transportation. 

Urban transit. 

Water transport. 

Motor transport and other. 

Storage. 

Transportation margins. 



87. Radio and TV b adcasting. 

88. Telephone and elegraph commbnications-.., ?= 
89. hstal services. 

90. Electric power. 

91. Gas distribution. 

92. Water and other utilities. 

--93. Wholesale margins. 

94. Retail margins. 

95. Finance, insurance, and real estate. 

96. Imputed rent. ' 

97. Education. 

98. Hospitals and health. 

99. Hotels, restaurants, etc. 

100. Recreational services. 

101. Personal services. 

102. Business services. 

103. Repair services. 

104. Other services. 

105. Dummy. 

,106. NO-n-competing imports. 1 
107. Balance of payments adjustment. 1 - =  

108. Government goods and services., 

109. Indirect commodity taxes. 

\ 110.. subsidies. 
111. Other indirect taxes. 

112. Wages and salaries. 

113. Supplementary labour income. 

114.< Net income of unincorporated business. 

115. Surplus. - 



6 .  

APPEh'DIX 3. -- 
\ 

Table,  B . l :  S e c t o r a l  Growth+Ratrs.  Imbalance (Balance)  and Linkages 
of the canad ian  Economy: 1961-70- 

(1) (2) ( 3 )  14) 



Industry  



Industry 

** For the period 1967-70, growth r a t e s  for these industries  cduld 
not  be computed due to u n a v a i l a b i l i t y  of daca. These are,  
therefore,  not  reported here. 
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