
Chapter 6
Estimating the Production Function

T h e  p u r p o s e  o f  th is  c h a p te r  is  to  s p e c ify  a n d  e s t im a te  th e  p r o d u c t io n  f u n c t io n  p a r a m e te r s  
a n d  to  te s t  th e  m o d e l  f o r  th e  tw o  in te r e s t in g  e c o n o m ic  h y p o th e s e s  r e g a r d in g  th e  f i r m ’s. 
T h e  f i r s t  h y p o th e s i s  is  th e  a s s e r te d  l im i ta t io n s  o n  a c c e s s  to  c a p i ta l  a n d  b e c a u s e  o f  th a t  
c a p i ta l  h a s  h a d  n o  s ig n if ic a n t  e f fe c t  o n  th e  o u tp u t  g ro w th . T h e  s e c o n d  is  th e  f i r m ’s 
o p e ra t io n  o n  a  p o in t  o f  s ig n if ic a n t  in c re a s in g  r e tu r n s  to  sc a le .

Ç

B e f o r e  s ta r t in g  th e  e s t im a t io n  p r o c e s s ,  th e  d a ta  h a s  to  b e  a d ju s te d  a n d  t r a n s f o r m e d  in to  
lo g - l in e a r  f o rm  in  o r d e r  t o  u s e  O L S - re g re s s io n . T h is  is  d o n e  in  a p p e n d ix  9.

T h e  c h a p te r  s ta r t s  w i th  e x a m in in g  th e  v a r ia b le  s p e c i f ic a t io n .  S e c o n d , t e s t  f o r  th e  a b o v e  
m e n t io n e d  m o d e l  r e s t r i c t io n s .  L a s t ,  t e s t  f o r  th e  u n d e r ly in g  O L S - m o d e l  a s s u m p t io n s  a n d  
p r e s e n t in g  th e  e s t im a te d  p a r a m e te r s  is  c a r r ie d  o u t.

6.1 The Cobb-Douglas Function
T h e  p r e v io u s  c h a p te r  c o v e re d  th e  s e le c t io n  o f  m o d e l  v a r ia b le s  a n d  m e a s u r e m e n t  is s u e s , 
a n d  le f t  US w i th  th e  p r o d u c t io n  fu n c t io n :

q = A (t)L ha K fi (5.1)

6.2 Model Specification

Specifying the Error Term
» M e a s u r in g  f a c to r  in p u ts  a n d  th e  p r o d u c t io n  o u tp u t  a r e  n o t  w i th o u t  e r ro r s .  I f  t h e  o n ly  
s o u r c e  to  th e  e r r o r s  is  th e  m e a s u r e m e n t  o f  o u tp u t ,  th e  e r r o r s  a r e  l ik e ly  to  b e  a d d i t iv e  r a th e r  
th a n  m u l t ip l ic a t iv e  a n d  e x p o n e n t ia l .  H o w e v e r ,  th e  c h o s e n  m o d e l  m a y  b e  o n  an  
in a p p r o p r ia te  f u n c t io n a l  fo rm , o r  s im p ly  h a s  o m i t te d  v a r ia b le s .  In  th is  c a s e , t h e  e r r o r s  a r e
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l ik e ly  to  b e  m u l t ip l ic a t iv e  o r  e x p o n e n t ia l .  I f  w e  c h o s e  to  “ l iv e  w i th  th e  p r o b le m ” , th e  e r ro r  

te r m  c a n  b e  in c lu d e d  in  th e  m o d e l a s  q = A (t) L h a K  p e // « '.

Specifying the Technical Progress Term
T h e  e f f ic ie n c y  p lo t s  f o r  th e  tw o  p r im a r y  f a c to r  in p u ts  (Lh a n d  K) in  figure 6.1 a n d  6.2 
e x h ib i t  s t r o n g  tr e n d  to w a r d  in c re a s in g  e f f ic ie n c y .
T w o  w a y s  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  - w ith  th e  n o r m a l i ty  a s s u m p t io n  in  m in d -  
c o u ld  b e  a s  e i th e r  B f ‘ o r  Bemt. T h e r e  is  n o  e c o n o m ic  th e o r y  s u p p o r t in g  o n e  m e th o d  f ro m  
th e  o th e r . H o w e v e r ,  m o s t  p r o d u c t io n  l i te r a tu r e  u s e s  th e  la t te r .
T h e  c h o ic e  s h o u ld  n o n e th e le s s ,  d e p e n d  o n  th e  e s t im a te d  p a r a m e te r s ’ c o n f o r m i ty  w i th  th e  
e c o n o m ic  th e o r y ,  th e  e x p e c te d  re s u lts ,  a n d  a  h ig h  m o d e l  fit.

T h e  in t r o d u c t io n  o f  te c h n ic a l  p r o g r e s s  a s  B f  a n d  Bemt in to  th e  r e s t r i c te d  m o d e l  q= A(f) 
L haK p ๙° p r o d u c e d  th e  f o l lo w in g  r e s u l t s  ( s e e  th e  a p p e n d ix  1 a n d  2  f o r  c o m p u te r  p r in to u t) :

Btm Bemt
O v e ra l l  f i t  (R1 2) 0 .7 4 0 .8 1
r e tu r n s  to  s c a le  ( e ) 1 5 0  9 4
te c h n ic a l  p r o g r e s s  o v e r  th e  o b s e rv e d  p e r io d 1 7 6 % 2 3 2 %

I n  s e c t io n  5 .4  it  w a s  s ta te d  th a t  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 , a n d  
th e r e f o r e  m a k e s  it  d i f f ic u l t  to  d is t in g u is h  e m p i r ic a l ly  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 « 2.
M o r e o v e r ,  a s  d i s c u s s e d  in  s e c t io n  5 .3  it  is  s t r o n g ly  b e l ie v e d  th a t  th e  D a n is h  S te e lw o r k s  is  
p r o d u c in g  o n  a  s ig n if ic a n t  in c re a s in g  r e tu r n s  to  sc a le . H e n c e , e  s ig n if ic a n t ly  o v e r  u n i ty  is  
e x p e c te d .

L a b o u r  p r o d u c t iv i ty  im p r o v e d  b y  2 0 8  p e r c e n t  {figure 6.1) in  th e  o b s e r v e d  p e r io d  a n d  
c a p i ta l  p r o d u c t iv i ty  b y  7 4  p e r c e n t  {figure 6.2).

1 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 ) .  c h .  9 .

2 I b i d .
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Figure 6.1
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Figure 6.2
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source: the Danish Steel Works financia l statements

A s  d i s c u s s e d  b e lo w  a  h ig h  o v e r a l l  m o d e l  f it (R 2) is  n o t  e x p e c te d  b e c a u s e  th e  m o d e l  c a n n o t  
c a p tu r e  th e  s h o r t  ru n  a d ju s tm e n ts  b e tw e e n  o u tp u t  a n d  la b o u r  h o u r s ,  a n d  o u tp u t  a n d  
c a p i ta l .

On grounds of the above discussion, the technical progress is introduced as: A (t)= B F , B
and m  are positive constants. Hence, the production function is on the form:

q  =  B t m L h a K p (6.1)
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T r a n s f o r m in g  th e  fu n c t io n  in to  th e  lo g - l in e a r  f o rm  y ie ld s :

๒ (<7)  =  c  + m  ๒ ( 0  +  a  In(Lh)  +  /?  ln (K )  +  p  

W h e r e  c= \ท(B)

Output-Labour-Hours and Output-Capital Relationships
Output-labour: T h e  a p p a r e n t  c o n n e c t io n  o r  r e la t io n  b e tw e e n  la b o u r - h o u r s  a n d  o u tp u t  is, 
f o r  tw o  r e a s o n s ,  n o t  so  a p p a re n t  a s  it  is  a t  f i r s t  s ig h t. F ir s t ,  th e  s te e lw o r k  h a s  a n  in c e n t iv e  
to  s to c k p i le  in te r m e d ia te - p r o d u c ts ,  p r im a r i ly  w h e n  s c ra p  p r ic e s  a r e  lo w  b u t  a ls o  w h e n  
o u tp u t  is  lo w  a n d  f u tu re  s a le s  p r o s p e c ts  a r e  g o o d . P ro d u c in g  th o s e  in te r m e d ia t e  p r o d u c ts  
ta k e s  a  b ig  f r a c t io n  o f  th e  to ta l  la b o u r  h o u r s .  S e c o n d , th e r e  is  a  s t r o n g  in c e n t iv e  o n  b o th  
e m p lo y e r s  a n d  th e  u n io n ’s s id e  to  b e  r e lu c ta n t  to  m a k e  q u ic k  “ a d ju s tm e n ts ” .
F o r  th a t  r e a s o n , th e  m o d e l  c a n n o t  c a p tu r e  a ll a d ju s tm e n ts  b e tw e e n  o u tp u t  a n d  la b o u r  
h o u r c . T h e r e fo re ,  a  h ig h  o v e ra l l  m o d e l  f it (R 2)  is  n o t  e x p e c te d

Output-capital: A s  f o r  o u tp u t - la b o u r  h o u rs , th e  o u tp u t - c a p i ta l  a d ju s tm e n ts  is n o t  p o s s ib le  
in  th e  s h o r t  r u n  o r  m e d iu m  r u n  b e c a u s e  c o s t  o f  c a p i ta l  is  a  r e la t iv e ly  h ig h  b u rd e n . 
M o r e o v e r ,  th e  E u r o p e a n  s te e l in d u s try  is  n o t  a  h ig h  p r o f i t  b u s in e s s .  F o r  th o s e  r e a s o n s ,  th e  
c o m p a n y  h a s  n o  o th e r  a l t e rn a t iv e s  th a n  to  a d ju s t  c a p i ta l  to  th e  lo n g  ru n  m a rk e t  
e x p e c ta t io n s .  H e n c e ,  a  h ig h  R 2 is  a g a in  n o t  e x p e c te d .

6.3 Estimated Model and Results

Model Estimates
F r o m  th e  r e g r e s s io n  ( s e e  th e  a p p e n d ix  1 f o r  c o m p u te r  p r in to u t) :

ln(< /) =  c  +  m ln ( / )  +  a \n (L h ) + j3 \n(K ) + p , (6.2)

In (q)= 1 .1 7 4  + 0 .1 9 9 ๒ ( 0  + 0 .9 2 2 1 ท( £ )  + 0 .6 2 5 ๒ (1 /7 )
(se) (5 .9 7 0 ) (0 .046) (0 .3 2 3 ) (0 .50 9)
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t=  ( 0 . 1 9 6 )  ( 4 . 2 8 9 )  ( 1 . 9 3 5 )  ( 1 . 8 1 2 )

R 2=0.74 df=  12
a d ju s te d  R2=0 .6 8

T h e  e s t im a te d  p a r a m e te r s  a r e  5 = 3 .2 2 4 ,  0 = 0 .9 2 , 5 = 0  6 2 5 , a n d  ๓ = อ. 17.

F r o m  equation 2.34  w e  k n o w  th a t  th e  e la s t ic i ty  o f  s c a le :  8 = 0 4 - 5 - /  5 7 5 : T h e  c o m p a n y  is 
o p e r a t in g  o n  a  s ig n i f ic a n t  in c re a s in g  r e tu r n s  to  sc a le , w h ic h  is  in  c o n f o r m i ty  w i th  th e  
e c o n o m ic  th e o r y  a n d  e x p e c ta t io n s .
๓ = 0 .1 7 :  T e c h n ic a l  p r o g r e s s  is  e s t im a te d  to  h a v e  a  c o n t r ib u t io n  to  th e  o u tp u t  g r o w th  b y  
1 7 6  p e r c e n t  in  th e  o b s e rv e d  p e r io d .

T h is  g iv e s  US th e  p a r a m e te r  e s t im a te s  o f  th e  r e s t r ic te d  C o b b - D o u g la s  p r o d u c t io n  fu n c t io n :

q  = 3 . 2 2 4 t 0UK 0625L h092 (6.3)

6.4 Model Restrictions and Economic Hypothesis Testing
I t  is , in  a d d i t io n  to  th e  s ta n d a r d  a s s u m p t io n  te s t s ,  in te r e s t in g  to  d r a w  a t te n t io n  to  th e  te s ts  
o f  h y p o th e s e s  r e g a r d in g  r e s t r i c t io n s  a n d  th e  f u n c t io n a l  f o rm  o f  th e  p r o d u c t io n  f u n c t io n .

Strong Limitations on Access to Capital
A s  d is c u s s e d  e a r l ie r :  th e  m o d e l  d e v e lo p e d  in  c h a p te r  1 a n d  2  is  a  th e o r e t ic a l  c a s e  
a s s u m in g  p e r f e c t  c o m p e t i t iv e  m a rk e ts .  B u t  th e r e  is  a  p o s s ib i l i ty  th a t  th e  c o m p a n y  h a s  
r e s t r i c te d  a c c e s s  t o  c a p i ta l  d u e  to  th e  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 ’ร; a n d  th e  h ig h  
d e g r e e  o f  s e l f - f in a n c in g  o n  n e w  in v e s tm e n ts .
F o r  th is  r e a s o n , it is  b e l ie v e d  th a t  th e  o b s e rv e d  b e h a v io u r  d o e s  n o t  r e p r e s e n t  th e  lo n g  ru n  
a n d  th e  t e s t in g  o f  s t r o n g  l im i ta t io n s  o n  a c c e s s  to  c a p i ta l  (H o: 5=0,) is  th e r e f o r e  v e r y  
in te r e s t in g .

The hypothesis Ho: 5=0 is rejected at the 10% confidence interval. Thep -\alue is 0.077
(see the appendix 4 for computer printout).
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T h e  r e je c t io n  o f  th e  h y p o th e s i s  o f  s t r o n g  l im i ta t io n s  o n  a c c e s s  to  c a p i ta l  d o e s  n o t  m e a n  
th a t  th e  c o m p a n y  h a s  n o t  h a d  a n y  r e s t r i c t io n  o n  c a p i ta l .  T h e  c o m p a n y ’s h ig h  d e g re e  o f  
s e l f - f in a n c in g  a n d  th e  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 ’ร s ti l l  s u g g e s t  r e s t r i c te d  a c c e s s  
to  c a p ita l .  H e n c e , th e  r e s u l t  c a n  th e n  n o t  b e  u s e d  f o r  a  r e s t r i c t io n  o f  th e  m o d e l  (p= 0 ) .

H o w e v e r ,  th e  r e s u l t  o f  8 = 1 .5 4 5 , r e in f o r c e  th e  h y p o th e s is ,  b e c a u s e  e v e n  w i th  s m a ll  c a p i ta l  ; 
in v e s tm e n ts  it  h a s  b e e n  p o s s ib le  f o r  th e  D a n is h  S te e lw o r k s  to  in c re a s e  c a p i ta l  e f f ic ie n c y  
o v e r  th e  y e a rs .

Increasing Returns to Scale
A s  ju s t  d is c u s s e d :  th e r e  is  a  s t r o n g  c a s e  s u p p o r t in g  th e  a s s u m p t io n  th a t  th e  D a n is h  S te e l 
W o rk s ,  L td . o p e ra te s  o n  a  p o in t  o f  s ig n i f ic a n t  in c re a s in g  r e tu r n s  to  sc a le . H e n c e ,  th e  
p r o d u c t io n  f u n c t io n  m u s t  a l lo w  f o r  in c re a s in g  r e tu r n s  to  sc a le .

H o w e v e r ,  w h e n  te s t in g  th e  h y p o th e s i s  o f  c o n s ta n t  r e tu r n s  to  s c a le  ( H 0: a+(3= 1), th e  m o d e l  
d o e s  n o t  r e je c t  th e  h y p o th e s is .  T h e  e s t im a te d  p - v a lu e  is  0 .5  ( s e e  th e  a p p e n d ix  5 f o r  
c o m p u te r  p r in to u t) .  T h is  re s u l t  s u g g e s ts  a  p o s s ib i l i ty  o f  c o n s ta n t  r e tu r n s  to  sc a le . O n  th e  
o th e r  h a n d , a s  m e n t io n e d  a b o v e , r e s t r i c t in g  th e  m o d e l  t o  c o n s ta n t  r e tu r n s  to  s c a le  w ill  b e
to  d e n y  w h a t  is  m o s t  o b v io u s .

T h e r e f o r e  th e  f in a l p a r a m e te r  e s t im a te s  o f  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  is  a s  
e s t im a te d  b e fo re :

q -  3 ,224t°v K ° 625L h °92 (6.3)

The result suggests that capital investments in the observed period have had a significant
effect on the output growth. The interesting question is now: how does this coincide with
the assertion of restricted access to capital?

6.5 Problems Concerning the OLS- Assumptions
The OLS-model is built on two groups of simplifying assumptions: (1) assumptions about
the specification of the model and about the disturbances P i. and (2) assumptions about the
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d a ta . A s s u m p t io n s  1, 2 , 3 , 4 , 5 , 9, a n d  11 b e lo n g  to  th e  f i r s t  c a te g o r y . T h o s e  in  th e  s e c o n d  
c a te g o r y  a r e  6 , 7 , 8 , a n d  10. In  a d d i t io n , d a ta  p r o b le m s  s u c h  a s  o u t l ie r s  a n d  e r r o r s  o f  
m e a s u r e m e n t  in  th e  d a ta  a ls o  fa ll  in  th e  s e c o n d  c a te g o r y 3.

( 1 )  T h e  m o d e l  is  l in e a r  in  its  p a ra m e te r s .
( 2 )  F ix e d  v a lu e s  t a k e n  b y  th e  r e g r e s s o r s  in  r e p e a te d  s a m p le s .
( 3 )  Z e r o  m e a n  v a lu e  o f  d is tu r b a n c e s ,  E(ni I Xj)=0.
(4 )  H o m o s c e d a s t ic i ty ,  var([ij\ XJ=cr
(5 )  N o  a u to c o r r e la t io n  b e tw e e n  d is tu r b a n c e s ,  cov(/j 1, \ X , Xj)=0.
( 6 )  Z e r o  c o v a r ia n c e  b e tw e e n  d is tu r b a n c e s  a n d  r e g r e s s o r s ,  cov(ni I Xj)=0.
(7 )  T h e  n u m b e r  o f  o b s e r v a t io n  ท m u s t  b e  g r e a te r  th a n  th e  n u m b e r  o f  e s t im a te d  

p a r a m e te r s .
(8 )  V a r ia b i l i ty  in  r e g r e s s o r s ’ v a lu e s .
( 9 )  C o r r e c t ly  s p e c i f ie d  r e g r e s s io n  m o d e l.
( 1 0 )  T h e r e  is  n o  p e r f e c t  m u l t ic o l l in e a r i ty .
( 1 1 )  N o r m a l i ty  o f  th e  d i s tu r b a n c e  te rm , /Jj=0.

A s s u m p t io n  1 : T h e  C o b b -D o u g la s  f u n c t io n  is  m a d e  l in e a r  in  i ts  p a r a m e te r s  b y  
t r a n s f o r m in g  it  in to  a  lo g - l in e a r  r e g r e s s io n  m o d e l.
A s s u m p t io n  2  a n d  6 : T h e  d a ta  a p p lie d  in  th e  m o d e l  a r e  s e c o n d a r y  d a t a  c o l le c t e d  f ro m  th e  
a n n u a l  s ta te m e n ts .  H e n c e , th e  r e g r e s s o r s  a r e  f ix e d  in  r e p e a te d  s a m p le s ,  a n d  th e r e  is  z e r o  
c o v a r ia n c e  b e tw e e n  d is tu r b a n c e s ,  a n d  r e p r e s s o r s  a r e  s t ro n g ly  a s s u m e d  t o  b e  fu lf i l le d . 
A s s u m p t io n  7 : th e  n u m b e r  o f  o b s e rv a t io n  ท is  g r e a te r  th a n  th e  n u m b e r  o f  p a r a m e te r s .  
A s s u m p t io n  8: a ll  r e g r e s s o r s  e x h ib i t  v a r ia b i l i ty  ( s e e  figure 6.3 and  6.4).
A s s u m p t io n  9 : th e  r e g r e s s io n  m o d e l  is  c o n s id e re d  c o r r e c t ly  s p e c i f i e d  a n d  to  h a v e  a  s t r o n g  
u n d e r ly in g  e c o n o m ic  f o u n d a t io n .

T h is  le a v e s  o n ly  th e  a s s u m p t io n s  3 ,4 ,5 ,1 0 ,  a n d  11.

Data Problems
Outliers: A  v is u a l  a n a ly s is  o f  th e  m o d e l  lo g - l in e a r  v a r ia b le s  ( s e e  figure 6.3 a n d  6.4) 
s u g g e s ts  n o  r e a s o n  to  c o n c e rn  a b o u t  o u tl ie rs .

3 Damodar N. Gujarati, Basic Econometric. (McGraw-Hill International Edition. 1995).
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Figure 6.3
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source: the Danish Steel Works financia l statements

Figure 6.4
9 า Log-factor inputs

log(K)
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source: the Danish Steel Works financia l statements

Stationarity of the time series data: » R e g r e s s io n  a n a ly s is  b a s e d  o n  t im e  s e r ie s  im p l ic i t ly  
a s s u m e s  th a t  th e  u n d e r ly in g  t im e  s e r ie s  a r e  s ta t io n a ry . T h e  f - te s t ,  F-te s t ,  e tc . a r e  b a s e d  o n  
th is  a s s u m p tio n .
I f  th e  v a r ia b le s  in  q u e s t io n  e x h ib i t  s t r o n g  t r e n d ,  th e  t im e  s e r ie s  o f te n  o b ta in  h ig h  R 2, 
a l th o u g h  th e r e  a r e  n o  m e a n in g f u l  r e la t io n . T h e r e fo re ,  in  r e g r e s s io n  in v o lv in g  t im e  s e r ie s
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d a ta  th e  t r e n d  v a r ia b le  is  o f te n  in c lu d e d  a s  o n e  o f  th e  r e g r e s s o r s  to  a v o id  th e  p r o b le m  o f  
s p u r io u s  c o r r e l a t i o n ^ .
In  a ll l i te r a tu r e  o f  p r o d u c t io n - f u n c t io n s ,  th e  p r e c e d e n c e  is  t o  in t r o d u c e  th e  t im e  t r e n d . T h e  
r a t io n a le  is  th a t  n o n s ta t io n a r i ty  is  a s s u m e d  d e te r m in is t i c  a n d  r e la te d  to  te c h n ic a l  p ro g re s s .  
M o re o v e r ,  th e  p r o d u c t io n  l i te r a tu r e  is n o t  c o n c e rn e d  a b o u t  n o n s ta t io n a r i ty  f o r  p r o d u c t io n  
f u n c t io n s  ( w ith  th e  t r e n d  te r m  in tr o d u c e d ) .

S t r u c t u r a l  s t a b i l i t y  o f  t h e  m o d e l :  A s  d e p ic te d  in  figure 6.5 th e  o u tp u t  w a s  r e d u c e d  
d r a s t i c a l ly  in  th e  p e r io d  1 9 7 8  to  1 9 8 1 . C lo s in g  o n e  o f  th e  o ld e r  p r o d u c t io n  u n i t s  in  1981 
d id  th is .

Figure 6.5 Output ton 1976 to 1998 
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source: the Danish Steel Works financia l statements

B e c a u s e ,  it is  n o t  p o s s ib le  to  e x p la in  th e  p e r io d  b e f o r e  1981  a n d  a f te r  u s in g  th e  s a m e  
f u n c t io n  th e  e s t im a te d  p r o d u c t io n  f u n c t io n  w il l  a t t e m p t  to  e x p la in  th e  p e r io d  a f te r  1 9 8 1 .

The company has not invested significantly in capital in the period after 1982. Therefore,
it is asserted that the estimated production function is representative for the whole period
and it makes therefore, no economic sense to test for structural stability.

4 Gujarrati, Basic Econometric.
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Assumption Tests and Their Results
Multicollinearity: is  a  q u e s t io n  o f  d e g re e  a n d  n o t  o f  k in d . T h e r e fo re ,  w e  w is h  to  m e a s u re  
th e  d e g re e  in  th e  s a m p le  ( s e e  c o m p u te r  p r in to u t  in  a p p e n d ix  6  fo r  th e  re s u lt ) .

T h e  s ig n s  o f  m u l t ic o l l in e a r i ty  a re :

( 1 )  » H ig h  p a r - w is e  c o r r e la t io n  a m o n g  r e g r e s s o r s  ( z e r o  o r d e r  c o r r e la t io n ) ,  in  e x c e s s  o f
0 .8 « 5.
C o r r e la t io n  m a tr ix  e s t im a te s :  ri2~ -0 .8 6 , r 14=-0 .8 1 , a n d  r24=0 .6 2 . W h e re  (7=1 n(K); ร 
2=1ท(Lh); 3=ln(q); 4=\n(t))

i

(2 )  R2 o f  th e  a u x i l ia ry  r e g r e s s io n s  e x c e e d s  th e  m o d e ls  R2= 0 .7 4 .
T h e  m o d e l  re s u lts :

\n(I^h)=c + In (K) + In (t); Itfn(Lh) = 0 .7 6  

In (K)= c + In  (Lh) + In  ( น  R i t z )  =  0 .8 6  

๒ (7)=  c  + \n(Lh) + In (K); R?n(t) =  0 .6 7

B o th  R LLh) a n d  ^ 1ท(^) e x c e e d s  th e  o v e ra l l  R 2 s u g g e s t in g  s e r io u s  m u l t ic o l l in e a r i ty .

T h e  r e le v a n t  im p l ic a t io n s  ( f o r  th is  s tu d y )  o f  m u l t ic o l l in e a r i ty  a r e  sh o r t ly :
( i)  E s t im a to r s  h a v e  la rg e  v a r ia n c e s  a n d  c o v a r ia n c e s  m a k in g  p r e c is e  e s t im a t io n  

d if f ic u lt .
( ii)  B e c a u s e  o f  ( i) ,  th e  c o n f id e n c e  in te r v a ls  t e n d  to  b e  m u c h  w id e r  le a d in g  to  

a c c e p ta n c e  o f  n u l l - h y p o th e s i s  ( in c lu d in g  lo w  / - r a t io s )  m o r e  re a d ily .
T h is  m a y  b e  a  r e a s o n  to  e x p la in  th e  in s ig n i f ic a n t  in te r s e c t io n  / - ra t io ,  a n d  to  e x p la in  
w h y  th e  h y p o th e s i s  o f  c o n s ta n t  r e tu r n s  to  s c a le  ( H 0: <x+p=l) is  n o t  r e je c te d .

H o w  s e r io u s  is th e  m u l t ic o l l in e a r i ty  p r o b le m  in  th e  s a m p le  r e g r e s s io n ?  T h e  d e g re e  w ith  
w h ic h  v a r ia n c e s  a n d  c o v a r ia n c e s  is  in c r e a s e d  c a n  b e  e s t im a te d  u s in g  th e  v a r ia n c e -

' Gujarrati, Basic Econometric.
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inflation factor (VIF). For the A-variable regression model, the variance of a partial
coefficient can be expressed as:

H e n c e ,  w i th  a  R j =  0  th e  VIF= 1 a n d  th e  s ta n d a r d  e r r o r  ( s e )  w ill  n o t  in c re a s e . I f  R j = 0 . 9  th e  

VIF= 5 .2 6  a n d  th e  s tà n d a r d  e r r o r  w ill in c r e a s e  2 .3  t im e s .
R e g a r d in g  w h e th e r  m u l t ic o l l in e a r i ty  is  a  p r o b le m  o r  n o t. T h e  r u le  o f  th u m b  is  th a t  i f  VIF 
e x c e e d s  10 ( th a t  is  R j =  0 . 9 5 )  th a t  v a r ia b le  is  s a id  t o  b e  h ig h ly  c o l l in e a r ,  w h ic h  n o n e  o f  

th e m  a re .

T h e  a l t e r n a t iv e  t o  “ l iv in g  w i th  th e  p r o b le m ” is  ( in  th is  s tu d y )  to :

( 1 )  T r a n s f o r m in g  th e  d a t a  in to  r a t io s  e .g . ( q /K )  = A (t)K r (L h / K ) ae*1, w h e r e  Y=a+P~\.
H o w e v e r ,  th is  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 .

(2 )  E s t im a t in g  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  f ro m  i t s  d y n a m ic  v e r s io n . 
D i f f e r e n t i a t in g  equation 5.1 w i th  r e s p e c t  t o  t im e  (t) y ie ld s  th e  m o d e l
q = a  + aU i + pk  . W h e re  th e  lo w e r  c a s e  le t te r s  d e n o te  th e  g r o w th  r a te s  o f  th e  r e le v a n t  

v a r ia b le s  a n d  a = (d ln A (t)I dt) is  th e  r a te  o f  te c h n ic a l  p r o g re s s .

T h e  t r a n s f o r m a t io n  d o e s  n o t  m a k e  e c o n o m ic  s e n s e  b e c a u s e  ( a s  m e n t io n e d  in  s e c t io n  
6 .2 .3 )  th e  f a c to r  in p u ts  a d ju s tm e n ts  a r e  not so le ly  d e te r m in e d  b y  th e  p r o d u c t io n  
o u tp u t .  M o r e o v e r ,  a s  in  (1 )  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 .

There is more to lose if solving of the multicollinearity problem is tried. Hence, the
remedy is worse than the disease.

( 6 . 4 )

v a r(Pj ) ะ= a -2 / x)  - VIF , w h e re  VIF =  (— ะ— )
1 - RJ ( 6 . 5 )
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Serial correlation: T h e  D u r b in - W a ts o n  s ta t is t i c s  (๙ ) is 1 .8 1 , h e n c e , th e r e  is  n o  e v id e n c e  
o f  p o s i t iv e  c o r r e la t io n  in  th e  e s t im a te d  r e s id u a ls :  f o r  / 7= 16, am i k ’= 3  th e  5 %  c r it ic a l  
v a lu e s  a r e  ๙ /,= 0 .8 5 7  a n d  ๙ / /= ! .7 2 8  ( s e e  a p p e n d ix  1 f o r  c o m p u te r  p r in to u t) .

T h e  Q - s ta t i s t i c s  r e s u lt :  th a t  ฟ ! c o r r e la t io n s  a r e  z e r o  ( H 0: E ( /2 0 = 0 )  is a c c e p te d .  T h a t  is, a ll 
a u to c o r r e la t io n  c o e f f ic ie n t  (/7 t)’a r e  s im u l ta n e o u s ly  e q u a l  t o  z e r o  ( s e e  th e  a p p e n d ix  7  fo r  
c o m p u te r  p r in to u t) .

E x a m in in g  th e  “ c o r r e lo g r a m  o f  r e s id u a l s ”  s h o w s  th a t ,  a t  a ll la g s , P k is  n o t  s ta t is t ic a l ly ,  
s ig n if ic a n t ly ,  d i f f e r e n t  f ro m  z e r o , a n d  h e n c e , th e r e  a r e  n o  s ig n s  o f  s ig n i f ic a n t  c o r r e la t io n  
( s e e  th e  a p p e n d ix  7  f o r  c o m p u te r  p r in to u t) .  ■

I f  th e  e s t im a te d  Pk is  s ta t is t i c a l ly  s ig n i f ic a n t ,  a n  in t r o d u c t io n  o f  it in to  th e  m o d e l  m e a n s  to  
in c o r p o r a te  a  f a ls e  r e m e d y  th a t  is  c o n t r a r y  to  e c o n o m ic  fa c ts . B e c a u s e  i t  c o n t r a d ic ts  to  th e  
f a c ts  th a t  f a c to r  in p u ts  a d ju s tm e n ts  a r e  n o t  s o le ly  d o n e  d u e  to  o u tp u t  - a s  a l r e a d y  d is c u s s e d  
a b o v e  in  s e c t io n  6 .2 .3 .

I f  it  c o n tr a d ic ts  th e  e c o n o m ic  f a c ts  to  c o r r e c t  f o r  th e  s e r ia l  c o r r e la t io n ,  w h a t  c a u s e  th e  ( in  
th is  c a s e , r a th e r  in s ig n i f ic a n t )  s e r ia l c o r r e la t io n ?  T h e  a n s w e r  is th a t  m a n y  f a c to r s  a re  
a t t r ib u ta b le ;  f i r s t ,  f a c to r - in p u t  a d ju s tm e n ts  a r e  n o t  s o le ly  d e te r m in e d  b y  o u tp u t  - a s  a lr e a d y  
d is c u s s e d ;  m a rk e t  s h o c k s  ( d ra s t ic a l ly  f a l l in g  o r  r is in g  p r ic e s ,  e tc .) ;  e x c lu d e d  m o d e l  
v a r ia b le s  o r  in c o r r e c t  f u n c t io n a l  fo rm .

Heteroscedasticity: T h e  Whites Heteroscedasticity Test w h ic h  in  a d d i t io n  to  te s t in g  f o r  
h e t e r o s c e d a s t i c i ty  a ls o  te s t s  f o r  a s s u m p t io n  6 : E(piXf)=0, a n d  a s s u m p t io n  9: th a t  “ l in e a r  
s p e c i f i c a t io n  o f  th e  m o d e l  is  c o r r e c t” . T h e  o u tp u t  is  a n  F - s t a t i s t i c  a n d  a n y  f a i lu re  o f  a n y  o f  
th e s e  th r e e  c o n d i t io n s  le a d  to  a  s ig n if ic a n t  te s t  s ta t is t ic .
T h e  te s t  F - s t a t i s t i c  is  in s ig n i f ic a n t  s u g g e s t in g  th a t  n o n e  o f  th e  c o n d i t io n s  is  v io la te d  ( s e  
a p p e n d ix  8 f o r  c o m p u te r  p r in to u t) .
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