
Chapter 5
Production Function Variables

D u e  to  l im ite d  t im e  a n d  o th e r  r e s o u r c e s ,  m o d e l  s im p l ic i ty  is  d e s i r a b le  a n d  h e n c e , o n ly  th e  
m o s t  im p o r ta n t  v a r ia b le s  w il l  b e  in c lu d e d  in  th e  m o d e l . T h o s e  a r e  la b o u r ,  c a p i ta l ,  e n e rg y , 
a n d  te c h n o lo g ic a l  p ro g re s s .
V a r ia b le s  th a t  a r e  fo u n d  in s ig n if ic a n t  w ill  b e  e x c lu d e d  o f  th e  m o d e l  - i f  it m a k e  e c o n o m ic  
se n se .

5 .1  O u t p u t  :
I t  is  o b v io u s ly  b u r d e n s o m e  to  c o n s t r u c t  a  g r o s s - o u tp u t  p r o d u c t io n  fu n c t io n , h e n c e ,  o u tp u t  
is  m e a s u r e d  a s  to n  f in is h e d  s te e l . T h e  o u tp u t  f o r  th e  f i rm  is  lo n g  p r o d u c t s  a n d  q u a r to -  
p la te s ,  h o w e v e r  th e  p r o p o r t io n s  o f  to ta l  o u tp u t  h a v e  s ta y e d  n e a r ly  c o n s ta n t  o v e r  t im e . 
M o r e o v e r ,  o u tp u t  h a s  n o t  c h a n g e d  c h a r a c te r  in  th e  o b s e r v e d  p e r io d  e x c e p t  f o r  q u a l i ty  
im p ro v e m e n ts .  -  H e n c e , o u tp u t  is  h o m o g e n e o u s .

H o w e v e r ,  th e  f i rm  h a s  o th e r  o u tp u ts  s u c h  a s  e n g in e e r in g  e x p e r t is e ,  a n d  s a le s  o f  b y 
p r o d u c ts .  T h o s e  o u tp u ts  a re  o f  in s ig n if ic a n t  im p o r ta n c e  a n d  a re  d i f f ic u l t  t o  m e a s u re .

5 . 2  L a b o u r  H o u r s
In  th e  r e a l  w o r ld  l a b o u r  h o u r s  s u p p l ie d  b y  d i f f e r e n t  p e o p le  a r e  b y  n o  m e a n s  e q u iv a le n t .  I t  
is  e x p e c te d  th a t  h o u r s  s u p p l ie d  b y  s k i l le d  w o r k e r s  e m b o d ie s  m o r e  in p u ts  th a n  h o u r s  
s u p p l ie d  b y  le s s  s k i l le d  w o rk e r s .  E d u c a t io n ,  o c c u p a t io n ,  e x p e r ie n c e ,  se x , e tc  c o u ld  
d i s t in g u is h  l a b o u r  ty p e s .  W e  c a n  s o m e h o w  a g g r e g a te  a ll o f  o u r  d i f f e r e n t  l a b o u r  in p u ts  

to g e th e r  in to  a  s in g le  m e a s u r e  q  =  f ( K ,  Lh* ) ,  w h e r e  Ü  =  g (L h ] , Lh2 , Lh2 ,- - " , Lhn ) ,  a s  

w e r e  d o n e  in  s e c t io n  2 .4 .

H o w e v e r ,  la b o u r  h o u r s  a r e  t r e a te d  a s  s u p p l ie d  b y  o n e  ty p e  o f  la b o u r s  a n d  a n  in p u t  t h a t  is  
h o m o g e n e o u s  o n c e  it  h a s  b e e n  t r a in e d .  T h e  c o n s e q u e n c e s  a re : ( i)  th e  w o r k  f o r c e  is 
a s s u m e d  to  h a v e  h o m o g e n o u s  s k i l ls ;  a n d  ( i i )  in v e s t in g  in  m o r e  c a p i ta l  s im p ly  m e a n s  th e  
f irm  m a k e s  u s e  o f  e x is t in g  la b o u r
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E q u a l  c o s t s  f o r  th e  la b o u r  h o u r s  in  q u e s t io n , th is  is  th e  c a s e  a t  D a n is h  S te e lw o r k s  a n d  in  
g e n e ra l  fo r  th e  la b o u r  m a rk e t  in  S c a n d in a v ia ,  th e  c o m p a n y  h a s  n o  o th e r  c h o ic e  th a n  to  
m a k e  s u re  a ll  la b o u r s  h a v e  s a m e  s k ills . - T h is  r e in f o r c e s  th e  a s s u m p t io n  o f  h o m o g e n e o u s  
w o r k  fo rc e .

T h e  D a n is h  S te e lw o r k s  c a n  b e  s im p l i f ie d  to  a c t  a s  a  p r ic e  t a k e r  c o n c e r n in g  th e  p r ic e  o f  
la b o u r ,  f o r  th e  r e a s o n s  m e n t io n e d  b e lo w .
F ir s t ly ,  th e  D a n is h  S te e lw o r k s  is  n o t  a  so le  e m p lo y e r  o f  th e  l a b o u r  h o u r s  in  q u e s t io n  in  th e  
g e o g r a p h ic a l  a re a . S e c o n d ly , th e  D a n is h  S te e lw o r k s  h a s  to  o f f e r  a  w a g e  r a te  a n d  f r in g e  
b e n e f i t s  th a t  a r e  o n  le v e l w i th  th e  r e s t  o f  th e  e c o n o m y , in  o r d e r  to  a t t r a c t  a n d  m o s t  
im p o r ta n t  to  k e e p  th e i r  e m p lo y e e s .

L a b o u r  h o u r s  a r e  e s t im a te d  o n  b a c k g r o u n d  o f  in f o r m a t io n  f r o m  tw o  s o u rc e s :  ( 1 )  th e  
D a n is h  S ta t is t ic a l  D a ta b a s e  f o r  w a g e  s ta t is t ic , w h ic h  g iv e  th e  s ta tu to ry  a n n u a l  w o r k in g  
h o u r s .  T h is  is  c o n s id e re d  a s  d e p ic t in g  th e  true t im e  th e  l a b o u r  w o r k  u n d e r  n o rm a l  
c o n d i t io n s .  (2 )  T h e  f in a n c ia l  s ta te m e n ts  g iv in g  th e  y e a r s  a v e r a g e  n u m b e r  o f  w o r k e r s .
I t  is  p r e s u m e d  th a t  th e  c o m p a n y  h a s  a n  a g r e e m e n t  w ith  th e  u n io n  th a t  it  c a n  a d ju s t  th e  
w o r k in g  h o u r s  w i th in  a  n a r r o w  b a n d  u n d e r  “ u n s ta b le  m a r k e t  c o n d i t io n s ” . T h e r e f o r e ,  th e  
m e a s u r e m e n t  o f  la b o u r  h o u r s  is n o t  a c c u ra te ,  a n d  c o n tr ib u te s  o n ly  t o  a  lo w e r  R 2. 
N e v e r th e le s s ,  th e  m e a s u r e m e n t  e r ro r s  a r e  b e l ie v e d  to  b e  m in o r .

5 . 3  C a p i t a l
T h e  q u a r to /h e a v y  p la te  m il ls  ( w h ic h  c o u n t  f o r  2/ 3 o f  th e  p r o d u c t io n  o u tp u t )  is  k n o w  fo r  
u s in g  o ld  m a c h in e r y  a n d  th e  D a n is h  S te e lw o r k s  is  n o  e x c e p t io n . Figure 5.1 s h o w s  th a t  th e  
c o m p a n y ’s c a p i ta l  d e p re c ia t io n  is  f a s te r  th a n  th e  w e a r in g  o u t. T h e  g r a p h s  d e p ic t  a n  
in c r e a s e  in  “ c a p i ta l  a t  c o s t” a n d  a  d e c r e a s e  in  “ c a p i ta l  n e t  d e p r e c ia t io n ” .
T h e  o v e ra l l  t r e n d  in  th e  e c o n o m y  a s  a  w h o le  is  th a t  p r o d u c t io n s  a r e  g e t t in g  in c r e a s in g ly  
c a p i ta l  in te n s iv e .
T h e  f a c ts  th a t  p r ic e  o f  la b o u r  h a s  in c re a s e d  s h a r p ly  w h ile  th e  in c r e a s e  in  th e  p r ic e  o f  
c a p i ta l  h a s  b e e n  le e s  s te e p  o n ly  r e in f o r c e  th e  a r g u m e n t  th a t  c a p i ta l  s h o u ld  in c r e a s e  in  t im e  
a n d  w i th  o u tp u t .  H e n c e , “ c a p i ta l  a t  c o s t”  r e p r e s e n ts  c a p i ta l  in  p ro c e s s .
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Figure ร. 1

B e c a u s e  o f  th e  f i r m ’s  f in a n c ia l  r e c o n s t r u c t io n  in  th e  1 9 8 0 ’s; a n d  th e  h ig h  d e g re e  o f  s e lf 
f in a n c in g 1, th is  s tu d y  p r e s u m e s  th a t  th e  c o m p a n y  u p  to  th e  la te  o f  th e  o b s e rv e d  p e r io d  h a s  
h a d  l im i te d  a c c e s s  to  c a p ita l .
F o r  th a t  r e a s o n ,  w i th  n e w  in v e s tm e n ts  in  p r o d u c t iv i ty - in c r e a s in g - c a p i ta l  fo l lo w s :  
te c h n o lo g ic a l  u p g r a d in g  m u s t  o b v io u s ly  b e  o n  o ld e r  c a p i ta l  in  o r d e r  t o  s o lv e  th e  p r o b le m  
o f  b o t t le n e c k s .  H e n c e , c a p i ta l  c a n  a ls o  b e  c o n s id e r e d  h o m o g e n e o u s .

5 . 4  T e c h n i c a l  P r o g r e s s
“ A s  th e  f i r m ’s k n o w le d g e  a n d  u n d e r s ta n d in g ,  o f  th e  s e t  o f  e f f ic ie n t  p r o d u c t io n  
p o s s ib i l i t ie s ,  e x te n d  a n d  d e e p e n s , th e n  th e  s e t  o f  e f f ic ie n t  in p u t  c o m b in a t io n s  w id e n s  a n d  
n e w  p o s s ib i l i t ie s  e m e rg e . T h e  p r o d u c t io n  f u n c t io n  is  t h e r e f o r e  n o t  s ta t ic ” 2.

“ A  c o m m o n  w a y  o f  in t r o d u c in g  te c h n ic a l  p r o g r e s s  is  t o  m a k e  te c h n ic a l  p r o g r e s s  a  
f u n c t io n  o f  t im e . T h is  is  ta n ta m o u n t  to  a s s u m in g  te c h n ic a l  p r o g r e s s  fa l ls  l ik e  m a n n a  f ro m  
h e a v e n .  I t  is  a  w e a k  p r o x y  in  th a t  ty p ic a l ly ,  f a c to r  in p u ts  h a v e  b e e n  g r o w in g  o v e r  t im e  a n d  
h e n c e , th e  s c a le  o f  o p e ra t io n  is h ig h ly  c o r r e la te d  w i th  t im e . I t  th e r e f o r e  b e c o m e s  d i f f ic u l t

1 B e t w e e n  3 3  a n d  3 6  p e r c e n t  i n  t h e  o b s e r v e d  p e r i o d  a s  s t a t e d  i n  t h e  f i n a n c i a l  s t a t e m e n t s .
2 D a v i d  F .  H e a t h f i e l d  a n d  S o e r e n  W i b e ,  A n  I n t r o d u c t i o n  t o  C o s t  a n d  P r o d u c t i o n  F u n c t i o n s . 

( H o u n d m i l l s ,  B a s i n g s t o k e ,  H a m p s h i r e  R G 2 1  2 X S  a n d  L o n d o n :  M a c m i l l a n  E d u c a t i o n  L t d , ,  1 9 8 7 ) .
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e m p i r ic a l ly  to  d is t in g u is h  b e tw e e n  te c h n ic a l  p r o g r e s s  a n d  r e tu r n s  to  s c a le ” 3. T h is  sh a l l  b e  
k e p t  in  m in d  w h e n  e s t im a t in g  th e  p r o d u c t io n  fu n c t io n .

5.4.1 Technical Progress: Embodied or Disembodied?
Disembodied, technical progress is  a s s u m e d  to  b e  h o m o g e n e o u s  s u c h  th a t  a n y  o n e  p ie c e  
o f  c a p i ta l  is  e x a c t ly  l ik e  a n y  o th e r  a n d  is  e q u a l ly  s u i te d  to  a n y  ta s k :  M o r e  c a p i ta l  s im p ly  
m e a n s  m o r e  o f  th e  s a m e . I f  th is  is  t r u e  th e n  te c h n ic a l  p r o g r e s s  m u s t  a f fe c t  a ll e x i s t in g  
p r o c e s s e s .  - I t  m a k e s  u s e  o f  e x i s t in g  la b o u r  a n d  e x i s t in g  c a p i ta l  t o  p r o d u c e  m o r e  o f  th e  
s a m e  o u tp u t4.

E m bodied technical progress is  t h a t  te c h n ic a l  p r o g r e s s  r e q u i r e s  s o m e  a d o p t io n  o f  e x i s t in g  
p r o c e s s e s .  E x is t in g  la b o u r  is  le s s  c o s t ly  to  a d a p t  b u t  c a p i ta l  c o n s t r u c te d  to  p e r f o rm  
p a r t i c u la r  o p e ra t io n s  s im p ly  c a n n o t  a d o p t . T h e r e fo re ,  in t r o d u c t io n  o f  n e w  c a p i ta l  
a c c o m p a n ie s  in t r o d u c t io n  o f  n e w  p r o d u c t io n -p ro c e s s e s .
T h e  c o n s e q u e n c e s  o f  th o s e  a s s u m p t io n s  a r e  f ir s t ;  th e  e f f ic ie n c y  o f  p r o d u c t io n  w il l  d e p e n d  
n o t  o n ly  o n  th e  c u r r e n t  s ta te  o f  k n o w le d g e  b u t  a ls o  u p o n  th e  r a te  o f  in v e s tm e n ts  in  n e w  
m a c h in e s .  S e c o n d , s in c e  c a p i ta l  n o w  e m b o d y  p a r t i c u la r  te c h n iq u e s  it  is n o  lo n g e r  p o s s ib le  
to  r e g a r d  a ll c a p i ta l  th e  s a m e . T h e r e fo re ,  n o n - h o m o g e n e o u s  c a p i ta l  m u s t  b e  in d e x e d  b y  
v in t a g e 5 - in  o r d e r  to  a g g r e g a te  in to  a  s in g le  m e a s u r e  o f  K. T h is  is  th e  s a m e  d i s c u s s io n  a s  
f o r  Lh  in  s e c t io n  2 .4 .

P u tty -C la y :  V in ta g e s  o f  c a p i ta l  c a n  b e  t ig h te n e d  s ti l l  f u r th e r  i f  w e  a s s u m e  th a t  c a p i ta l  is  
c o n s t r u c te d  so  a s  to  r e q u i r e  a  f ix e d  a m o u n t  o f  o th e r  in p u ts  a n d  p r o d u c e  a  f ix e d  a m o u n t  o f  
o u tp u t .  B e f o r e  th e  c a p i ta l  is  in s ta l l e d  th e  c o m p a n y  c a n  c h o o s e  a n y  c o m b in a t io n  o n  th e  
f r o n t ie r  ( c a p i ta l  is  p u tty ) .  A f te r  th e  c a p i ta l  is  in s ta l le d  th e  c o m p a n y  is  c o n s t r a in e d  to  u s e  
o n e  a n d  o n ly  o n e  s e t  o f  in p u ts  ( c a p i ta l  is  c la y ) .

T h e  a b o v e  d is c u s s io n  c o n c e r n in g  embodied vs. disembodied technical progress and putty- 
clay  is  r a th e r  s im p lif ie d . W e  k n o w  th a t  a  f i r m ’s c a p i ta l  e m b o d ie s  d i f f e r e n t  te c h n iq u e s

3 D a v i d  F .  H e a t h f i e l d  a n d  S o e r e n  W i b e ,  A n  I n t r o d u c t i o n  t o  C o s t  a n d  P r o d u c t i o n  F u n c t i o n s .
4 I b i d .
5 I b i d .
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H o w e v e r ,  b e c a u s e  o f  th e  e x is te n c e  o f  b o t t le n e c k s  in  th e  p r o d u c t io n ,  w e  c a n  n o t  a s s u m e  
th a t  a ll c a p i ta l  a r e  u t i l i s e d  t o  th e  s a m e  d e g re e . T h e  in c r e a s in g  h u m a n - c a p i ta l  a n d  th e  
“ te c h n o lo g ic a l  u p g r a d in g ”  o f  th e  v in ta g e - c a p i ta l  -b y  s m a ll  in v e s tm e n ts -  h e lp  s o lv e  s o m e  
o f  th e  b o t t le n e c k  p r o b le m s  a n d  th e r e f o r e  im p r o v in g  o v e ra l l  p r o d u c t iv i ty  s ig n if ic a n t ly .

T h e s e  s m a l le r  in v e s tm e n ts  in  te c h n o lo g ic a l  u p g r a d in g  a r e  o f te n  n o t  m u c h  b ig g e r  th a n  th e  
n e c e s s a r y  m a in te n a n c e  e x p e n s e s  a n d  th e r e f o r e ,  v e r y  d i f f ic u l t  t o  m e a s u re .  M o r e o v e r ,  th e  
u p g r a d in g  m u s t  o b v io O s ly  b e  o n  o ld e r  c a p i ta l  in  o r d e r  to  s o lv e  th e  p r o b le m  o f  b o tt le n e c k s . 
H e n c e ,  c a p i ta l  is  h o m o g e n e o u s  a n d  th e r e f o r e  te c h n ic a l  p r o g r e s s  is n o t  r e la te d  to  v in ta g e -  
c a p i ta l  o r  a n y  o th e r  in d e x e s .

5.4.2 Human Capital
H u m a n  c a p i ta l  is  a s  te c h n ic a l  p r o g re s s ,  in te r p r e te d  a s  a n  e f f ic ie n t  p a r a m e te r .  T h e  
in c e n t iv e  f o r  th e  c o m p a n y  to  in v e s t  in  h u m a n  c a p i ta l  is  t o  in c re a s e  l a b o u r s  p r o d u c t iv i ty .
I t  is  v e r y  d i f f ic u l t  t o  m e a s u r e  h u m a n  c a p i ta l  d u e  to  i ts  q u a l i ta t iv e  a s s e ts ,  in c lu d in g  
e d u c a t io n a l  b a c k g r o u n d ,  le a r n - b y -d o in g  a n d  e x p e r ie n c e ,  a n d  r e c e iv e d  d i r e c t  j o b  t r a in in g . 
F o r  th a t  r e a s o n ,  i t  is  v e ry  d i f f ic u l t  to  d i s t in g u is h  te c h n ic a l  p r o g r e s s  a n d  h u m a n  c a p i ta l  
e m p ir ic a l ly .

T o  m e a s u r e  h u m a n  c a p i ta l  w e  m u s t  e x a m in e  th e  a s s e t s  it c o m p o s e s  s e p a ra te ly :
T h e  w a g e  is  th e  o n ly  w a y  to  p a y  f o r  educational background. H e n c e , th e  w a g e  d e p ic ts  
e d u c a t io n a l  b a c k g ro u n d .
Leam -by-doing and experience c a n  a s  w e l l  o n ly  b e  p a id  f o r  b y  th e  w a g e .
“ T h e r e  is  a  g r e a t  in c e n t iv e  f o r  th e  f irm  t o  s h a r e  th e  r e tu r n  to  s p e c i f ic  h u m a n  c a p i ta l  
in v e s tm e n t  w i th  th e  w o r k e r  in  th e  fo rm  o f  w a g e  p r e m iu m . I f  th e  f i rm  p a y  a  p r e m iu m , its  
to ta l  w a g e  c o s t s  w ill in c r e a s e  b u t  s o  w o u ld  th e  e x p e c te d  t e n u r e  o f  th e  w o r k e r ,  th e re b y  
r e d u c in g  th e  p e r io d ic  r e n t” 6.
A s  th e  D a n is h  S te e lw o r k s  L td . h a s  b e e n  o p e r a t in g  s in c e  1 9 4 0 , w e  c a n  e x p e c t  a  u n ifo rm

6 R o b e r t  A .  H a r t ,  T h e  E c o n o m i c s  o f  N o n - W a g e  L a b o u r  C o s t s  ( L o n d o n :  G o e r g e  A l l e n  &  บ ท v i n  
L t d . ,  1 9 8 4 ) .

hence; it is no longer possible to regard all capital the same, which only defends the
introduction of the vintage capital stock concept
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d i s t r ib u t io n  in  te n u r e .  T h a t  is , s o m e  w o r k e r s  a r e  p a id  a b o v e  a n d  o th e r s  b e lo w  th e  a v e r a g e  
M RP I  b u t  o n  a v e r a g e  la b o u r  c o s ts  e q u a l M RPl-

In  a d d i t io n ,  th e  w a g e s  f o r  th e  p r o d u c t io n  w o r k e r s  h a s  b e e n  m o r e  o r  le s s  id e n t ic a l .  T h is  is  
b e c a u s e  th e  s t r o n g  u n io n  a n d  th e  c o m p a n y  h a v e  a g r e e d  o n  “ e q u a l  w o r k  e q u a l  p a y ” , h e n c e  
s u g g e s t in g  th e  w o r k  f o r c e  to  b e  h o m o g e n e o u s .

B y  le a r n - b y - d o in g  a n d  s m a l le r  in v e s tm e n ts  in  e x i s t in g  c a p i ta l ,  w e  a r e  a b le  to  a c h ie v e  
p r o d u c t iv i ty  im p r o v e m e n ts .  T h is  j u s t i f i e s  th e  in t r o d u c t io n  o f  h u m a n  c a p i ta l  in to  th e  
t e c h n ic a l  p r o g r e s s  te rm .

t

5.4.3 Bias Resulting from Leaving out Intermediate Inputs
L e a v in g  o u t  n o n - f ix e d  in te r m e d ia t e  in p u ts  f ro m  th e  p r o d u c t io n  f u n c t io n  h a s  a n  e f f e c t  o n  
m e a s u r e m e n t  o f  th e  “ t r u e ”  te c h n ic a l  p r o g r e s s 7.

A s  d is c u s s e d  a b o v e  te c h n ic a l  p r o g r e s s  is  in t r o d u c e d  a s  a  f u n c t io n  o f  t im e  in  th e  
p r o d u c t io n  f u n c t io n  (A(f)) a n d  in te r p r e te d  a s  o u tp u t  g r o w th  le a v in g  o th e r  in p u ts  c o n s ta n t .  
H e n c e ,  e x p r e s s in g  o u tp u t :  q=J[L(f), Art), M (t)) ( M is  in te r m e d ia t e  in p u ts ) .

T a k in g  to ta l  d e r iv a t iv e s  dq -  ~ - d X j  + ~ ~ d t  +  ~ - d M , h o ld in g  a ll f a c to r - in p u tsdXj dt ÔM

c o n s ta n t  ( dM /dt=0 , d x j/d t= 0 )  y ie ld s :  dq = — dtdt
H o w e v e r  i f  M  d o e s  n o t  a p p e a r  in  f ix e d  p r o p o r t io n s  o f  q  o v e r  t im e  ( a  “ n o n - f ix e d

in te r m e d ia t e  in p u ts ” )  th e n  dM /d t* 0  => dq = — dt +  ~ ~ d M  . T h e r e fo re ,  e s t im a t in gdt ÔM

te c h n ic a l  p r o g r e s s  in t r o d u c e  th e  b ia s  te r m  - ^ j d M  . H o w e v e r ,  e s t im a t in g  th e  f i r m ’s

d e m a n d  f o r  a n y  p r im a r y  f a c to r  in p u t  is  n o t  a f f e c te d  b y  th e  b ia s . F o r  th a t  r e a s o n ,  n e i th e r  is  
e s t im a te  o f  e la s t ic i ty  o f  l a b o u r  d e m a n d .

7 M i c h a e l  B r u n e o .  D u a l i t y ,  I n t e r m e d i a t e  I n p u t s  a n d  V a l u e  A d d e d ,  i n  A  D u a l  A p p r o a c h  t o  T h e o r y  
a n d  A p p l i c a t i o n s . V o l .  2  ( . A m s t e r d a m :  N o r t h - H o l l a n d  P u b l i s h i n g  C o m p a n y .  1 9 7 8 ) .
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5.5 E n e r g y
I t  h a s  o n ly  b e e n  p o s s ib le  to  g e t  th e  c o m p a n y ’s e x a c t  e n e r g y  c o n s u m p t io n  d a ta  f o r  th e  
p e r io d  a f te r  1 9 9 1 . T h a t  is  w h e n  th e  c o m p a n y  s ta r te d  e n c lo s in g  th e  “environment statement 
o f  account” ( th e  c o m p a n y ’ s e n v ir o n m e n ta l  “ b u r d e n ”  in  f o rm  o f  p o l lu t io n  a n d  
c o n s u m p t io n  o f  n a tu r a l  r e s o u rc e s ) .

T h e  in t r o d u c t io n  o f  e n e r g y  ( £ )  y ie ld s  a n  o v e ra l l  f i t  R 2 o f  0 .9 7  ( s e e  a p p e n d ix  3 f o r  
c o m p u te r  p r in to u t) .  H o w e v e r ,  a  h ig h  c o r r e la t io n  b e tw e e n  e n e r g y  (.E) a n d  th e  o th e r  f a c to r  
in p u ts  p lu s  te c h n ic a l  p r o g r e s s  w a s  fo u n d .
T h e  r e s u l t  w a s  th a t  th e  m o d e l  e s t im a te d  c a p i ta l ,  la b o u r - h o u r s ,  a n d  te c h n ic a l  p r o g r e s s  to  b e  
in s ig n i f ic a n t  a n d  le a v in g  e n e r g y  ( E) a s  th e  o n ly  s ig n i f ic a n t  v a r ia b le

T h e  m u l t ic o l l in e a r i ty  p r o b le m  c a n  b e  s o lv e d  by :
( i)  T ra n s f o r m in g  th e  d a ta  in to  r a tio s . H o w e v e r ,  th o s e  t r a n s f o r m e d  n u m b e r s  d o e s  n o t  

m a k e  e c o n o m ic  s e n s e  a n d  w e  m a y  lo s e  v a lu a b le  in f o r m a t io n  in  th e  t r a n s f o r m a t io n .
(ii)  E x c lu d in g  v a r ia b le s  f ro m  th e  m o d e l.
F o r  th e  a b o v e  r e a s o n  e n e r g y  (E) is  e x c lu d e d  f ro m  th e  m o d e l.

5 . 6  T h e  F in a l  P r o d u c t i o n  F u n c t io n  M o d e l
O n  b a c k g r o u n d  o f  th e  a b o v e  d is c u s s io n  th e  C o b b - D o u g la s  p r o d u c t io n  f u n c t io n  m o d e l  t o  
b e  e s t im a te d :

q = A (t)Lha (5.1)

W h e re :  A(t) d e n o te s  te c h n ic a l  p ro g re s s .
Lh  d e n o te s  l a b o u r  h o u rs .
K  d e n o te s  c a p i ta l  in  p r o g re s s
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