
Chapter 7
Estimating the Elasticity of Labour Demand

H a v in g  e s t im a te d  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 ,  w e  th e n  p r o c e e d  to  e s t im a te  th e  
f i r m ’s r e s p o n s iv e n e s s  to  a n  in c re a s e  in  th e  p r ic e  o f  la b o u r  h o u rs .
T h e  r e s p o n s e  c o m p r is e s  tw o  e le m e n ts .  T h o s e  a r e  th e  s u b s t i tu t io n  to w a r d  a  m o r e  c a p i ta l -  
in te n s iv e  p r o d u c t io n  ( s u b s t i tu t io n  e f f e c t )  a n d  a  c h a n g e  in  e m p lo y m e n t  d u e  a  c h a n g e  in
p r o d u c t io n  o u tp u t  ( s c a le  e f fe c t) .
T h a t  th e  s u b s t i tu t io n  e f f e c t  a n d  s c a le  e f f e c t  d e te rm in e  th e  e la s t ic i ty  o f  d e m a n d  w a s  
d is c u s s e d  e a r l ie r  in  s e c t io n  2 .2 .

W e  d e f in e d  th e  “ o w n  p r ic e  e la s t ic i ty  o f  f a c to r  in p u t  d e m a n d ” (y ) as:

y = T  +  T] (2.26)

r. is  th e  o w n - p r ic e  e la s t ic i ty  f o r  c o n s ta n t  o u tp u t  ( b e in g  d e r iv e d  f ro m  th e  p r o d u c t io n  
fu n c t io n ) .

'ๆ. is  th e  o w n - p r ic e  e la s t ic i ty  f o r  v a r ia b le  o u tp u t  ( b e in g  d e r iv e d  b y  e x a m in in g  th e  o u tp u t  
p r ic e  e la s t ic i ty  a n d  th e  e la s t ic i ty  o f  p r o d u c t io n  c o s t  o n  in c re a s e  in  to ta l  c o s t  o f  o p e ra t io n ) .

In  c h a p te r  1 a n d  2  th e  e x p r e s s io n s  w e r e  d e r iv e d  f o r  th e  g e n e ra l  f a c to r  d e m a n d  w i th o u t  
c o n s id e r in g  th e  ty p e s  o f  in p u t  d e m a n d s . T h is  c h a p te r  is  c o n c e rn e d  w i th  l a b o u r  h o u r s ,  

th e re f o r e ;  Xj  c h a n g e s  to  Lh  a n d  V, c h a n g e s  to  Cu,.

a  -  s
Tx. = ----------

7.1 Own Price Elasticity for Constant Output
In section 2.4 we found that for the Cobb-Douglas function the own-price elasticity for
constant output is defined as

ร ( 2 .44)



ร'. is th e  su m  o f  th e  f a c to r  in p u t  e x p o n e n ts  (ร= a  + p) a n d , a s  w e  s a w  in  equation 2.33, 
e q u a l  t o  th e  r e tu r n s  to  s c a le  o f  th e  C o b b - D o u g la s  p r o d u c t io n  (ร ). a  w a s  e s t im a te d  to  b e  
0 .9 2  a n d  0 to  b e  0 .6 2 5  in  s e c t io n  6 .4 .
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T h e  la b o u r  h o u r ’s  o w n - p r ic e  e la s t ic i ty  f o r  c o n s ta n t  o u tp u t  is  e s t im a te d  as:

r Lh 0 . 9 2 - ( 0 . 9 2  + 0 .6 2 5 )  _  0 1 0 5  
( 0 9 2  +  0 .6 2 5 ) ( 7. 1 )

7 .2  O w n  P r i c e  E l a s t i c i t y  f o r  V a r ia b le  O u t p u t
I t  w a s  d is c u s s e d  in  s e c t io n  2 .4  th a t  s in c e  th e  C o b b - D o u g la s  fu n c t io n  is  h o m o g e n e o u s  
( e la s t ic i ty  o f  s c a le  d o e s  n o t  v a r y  w i th  o u tp u t  o r  f a c to r  p r o p o r t io n s )  th e r e  is  n o  p r o f i t  
m a x im is in g  p o in t  f o r  in c re a s in g  r e tu r n s  to  s c a le  a n d  p e r f e c t  o u tp u t  m a rk e t .  T h a t  is  e x a c t ly  
th e  c a s e  in  th is  s tu d y . T h e r e fo re ,  th e  o u tp u t  s c a le  e la s t ic i ty  n e e d s  a n  a d d i t io n a l  a s s u m p t io n  
in c o r p o ra te d :  S in c e  th e  f a c to r  s h a re  in c o m e  is  c o n s ta n t  o v e r  t im e  th e  m e a s u r e d  s c a le  
e la s t ic i ty  sh a l l  b e  in te r p r e te d  a s  th e  o u tp u t  c h a n g e  th e  f irm  w il l  r e s p o n s e  w i th  in  o r d e r  to  
k e e p  th e  s a m e  in c o m e  sh a re . T h a t  is, th a t  th e  c o m p a n y  w a n ts  a s  a  m in im u m  t o  k e e p  th e  
s a m e  c o n t r ib u t io n  m a rg in .

77 =  ex 1.Cj • eq.p • e PMC • eMC.vi (2.29)

In  th e  c a s e  w h e re  a ll f i rm s , in  c o m p e t i t iv e  m a rk e ts ,  e x p e r ie n c e  th e  p r ic e : th e  in c re a s e  in  
la b o u r - h o u r s  c o s t  is  d i r e c t ly  r e f le c te d  in  p r ic e s .  S in c e , in  a  c o m p e t i t iv e  m a r k e t  th e  f i rm s  
a re  a s s u m e d  p r ic e  t a k e r s  (P=MC) a n d  th e r e f o r e  o p e ra te s  o n  “ a  f la t  c o s t  c u r v e ” .

H o w e v e r ,  a s  d is c u s s e d  e a r l ie r ,  th is  s tu d y  a s s u m e s  th a t  o n ly  th e  D a n is h  S te e lw o r k s  
e x p e r ie n c e s  th e  c h a n g e  in  c o s t  o f  l a b o u r  h o u rs . T h e r e fo re ,  th e  p r ic e  o f  o u tp u t  w ill n o t 
c h a n g e , a n d  h e n c e , th e  la s t  th r e e  te r m s  in  equation 2.29  r e q u i r e s  s o m e  r e in t e r p r e t a t io n 1.

1 W a l t e r  N i c h o l s o n .  M i c r o e c o n o m i c  T h e o r y . ( T h e  D r y d e n  P r e s s ,  H a r c o u r t  B r a c e  C o l l e g e  
P u b l i s h e r s .  1 9 9 8 )  p .  6 4 9 .
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Output elasticity o f labour-hours demand ( th e  f ir s t  te r m  in  equation 2.29) is  e q u a l  to  
th e  in v e r s e  o f  o u tp u t  e la s t ic i ty  o f  la b o u r  h o u r s  (ex), s in c e  th e  K - L h  r a t io  is  c o n s ta n t  fo r  
m o v e m e n ts  a lo n g  th e  e x p a n s io n  p a th :

1. = -น ,  0 9  ( 7 2 )Lh’q dq Lh  อ  In(q) a  0 9 2  v J

Reinterpretation o f the last three terms T h e  e la s t ic i ty  o f  s c a le  o f  th e  p r o d u c t io n  w a s , in  
s e c t io n  6 .3 , fo u n d  to  b e  1 .5 4 5 . T h e  f irm s  c o s t  is th e n  c h a r a c te r i s e d  b y  d e c r e a s in g  a v e r a g e -  
c o s t  w i th  in c r e a s in g  o u tp u t .  M o re o v e r ,  th e  c o s t  f u n c t io n  is  l in e a r  d u e  to  th e  h o n m o g e n i ty  
o f  p r o d u c t io n  f u n c t io n .  S in c e  th e  f irm  p r ic e s  i ts  p r o d u c ts  e q u a l ly  th e  m a r k e t  p r ic e ,  th e  
f i r m ’s r e la t io n s h ip  b e tw e e n  p r ic e  a n d  d e m a n d  is a s  d e p ic te d  in  figure 7.1.

Figure 7.1 Cost-price determined output
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A n  in c re a s e  in  c o s t  o f  la b o u r  h o u r s  w ill s h if t  th e  c o s t  c u rv e  u p w a r d  a n d  c r e a te  a  n e w  
b r e a k - e v e n  o n  a  h ig h e r  o u tp u t .  T h e r e fo re ,  a n  in c re a s e  in  c o s t  o f  la b o u r  h o u r s  w ill  in  th e  
lo n g  ru n , ceteris paribus , f o r c e  th e  f irm  t o  in c re a s e  o u tp u t  (see figure 7.2) a n d  it is  
t h e r e f o r e  in te r e s t in g  to  e s t im a te  th e  e la s t ic i ty  o f  o u tp u t  w i th  r e s p e c t  to  c o s t  o f  la b o u r  
h o u r s  (eq,cu), w h ic h  is  e q u iv a le n t  to  th e  la s t  th r e e  te rm s  in  equation 2.29



Elasticity of output with respect to cost of labour hours is defined:

percent increase in q 
q,CLh percent increase in c บ1 (7.3)

Figure 7.2 New cost-price determined output

A q q

E la s t i c i ty  o f  c o s t  is  d e f in e d  as:

_  dTC q percent change in TC
c dq TC percent change in q (7.4)

T h e  la b o u r - h o u r s  c o s t ’s s h a r e  o f  to ta l  c o s t  (csih) c a n  te ll US h o w  m u c h  a n  in c r e a s e  in  
w ill  le a d  to  a n  in c re a s e  in  TC  ( v a r ia b le  to ta l  c o s t  in  th e  s h o r t  ru n ) . T h a t  is:

percent change in T C  = csLh - percen t change in C Lh (7.5)

T h e r e fo re ,  r e w r i t in g  equation 7.4 w i th  r e s p e c t  to  percent increase in q.

1 CSJ I, • percent increase in c  1 /,percent change in q = — — -------------------------------------- —  (7.6)
£c
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S u b s t i tu t in g  equation 7.6 in to  7.3 y ie ld s  th e  f in a l e x p r e s s io n  f o r  th e  o u tp u t  e la s t ic i ty  w ith  
r e s p e c t  to  c o s t  o f  l a b o u r  h o u rs :

e q.c Lh

=  c s  Lh
£c (7.7)

T h e  d e te r m in a n t  ( s c) o f  equation 7.7 is  d e te rm in e d  a s  fo l lo w s :  S in c e  to ta l  c o s t  ( 7 ’C )  is  a 

l i n e a r  f u n c t io n  o f  q  a n d  th e  p ro d u c t io n  f u n c t io n  is  h o m o g e n e o u s  o f  d e g r e e  1 .5 4 5 , a n d  
h e n c e , th e  e la s t ic i ty  o f  s c a le  (ร ) is  c o n s ta n t  a n d  e q u a l  to  th e  d e g r e e  o f  h o m o g e n e i ty  

( e = 1 .5 4 5 ) .  T h e r e f o r e ,  th e  c o s t  e la s t ic i ty  w i th  r e s p e c t  to  o u tp u t  ( e c )  is  th e  in v e r s e  o f  ร (ร 

c = l / s = 0 . 6 4 7  «  0 .6 5 ) .

T h e  n u m e r a to r  o f  equation 7.7 is  d e te rm in e d  a s  fo l lo w s :  T h e  s h a r e  o f  “ c o s t  o f  l a b o u r  
h o u r s ”  o n  to ta l  c o s t  o f  o p e ra t io n  h a s  s ta y e d  c o n s ta n t  o v e r  th e  o b s e r v e d  p e r io d 2. T h e  s h a re  
is  d e p ic te d  b e l o w 'm figure  7.3.

Figure 7.3 Labour-hours ’ income share o f  total revenue
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source: the Danish Steel Works financia l statements

T h e  a v e r a g e  s h a r e  {csih) f o r  th e  o b s e rv e d  p e r io d  is  17  p e r c e n t .  T h e  e s t im a te d  o u tp u t  
e la s t ic i ty  w i th  r e s p e c t  to  c o s t  o f  la b o u r  h o u r s  is  th e n :

2 T h e  n u m b e r s  a r e  t a k e n  f r o m  t h e  D a n i s h  S t e e l w o r k s ’ f i n a n c i a l  s t a t e m e n t s ,  w h e r e  i t  i s  a s s u m e  t h a t  
t h e  c o s t  o f  l a b o u r  h o u r s  i s  e q u a l  t o  o t h e r  w a g e s  a n d  t h a t  t h e  l a b o u r  h o u r s  c o u n t  f o r  8 0  p e r c e n t  o f  t o t a l  h o u r s .
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( 7 .7 )

T h e  “own price elasticity of factor input demand for variable output” (y ) c a n  th e n  b e  
e s t im a te d :

7 .3  T h e  E l a s t i c i t y  o f  L a b o u r  D e m a n d
T h e  “ o w n  p r ic e  e la s t ic i ty  o f  f a c to r  in p u t  d e m a n d ”  (y ) o r  j u s t  “ th e  e la s t ic i ty  o f  l a b o u r  h o u r s  
d e m a n d ”  is  fo u n d  f ro m  equation 2.26:

T h e  in te r e s t in g  q u e s t io n  n o w  is  w h e th e r  th is  r a th e r  s u r p r is in g  r e s u l t  s u g g e s ts  th a t  th e  s c a le  
e f f e c t  h a v e  a  s ig n i f ic a n t  p o s i t iv e  e f f e c t  o n  th e  e la s t ic i ty  o f  d e m a n d  f o r  l a b o u r  h o u r s ,  is  in  
c o n fo rm ity  w i th  th e  D a n is h  S te e lw o r k s ’ b e h a v io u r?  T h e  f in d in g s  a r e  d i s c u s s e d  b e lo w .

Regarding the output-price relationship: E x a m in in g  th e  o u tp u t  ( th e  h o r iz o n ta l  a x is )  a n d  
s te e l  p r ic e - in d e x  ( th e  v e r t ic a l  a x is )  d a ta  f ro m  1 9 8 7  to  1 9 9 6 : s u g g e s ts  a  la g  o f  2  y e a r s  f ro m  
p r ic e s  d r o p  to  th e  c o n s u m p t io n  f o l lo w s  u p  (szfjgjire 7.4 a n d  7.5).

 ๆ =  1 .0 9  - 0 .2 6 5  =  0 .2 9 (7.6)

r  = T + q = -  0 .4 0 5  +  0 .2 9  =  — 0 .1 1 5  w —0 .1 2 (7 .7 )
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Figure 7.4  O utput-price relationship Denmark
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Figure 7.5 O utput-price relationship G erm any
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However, the firm’s financial statements explain: That cyclical movements in USA and 
the East Asian markets, and the exchange rate fluctuations historically influence the 
European steel market. In addition, there is a historically problem of excess capacity in 
Europe because of heavy state subsidies as well as price dumping from third countries.

For that reason, it is likely that prices are determined by consumption and not vice versa  
and the assumption that the Danish Steelworks act as price takers is not so heroic3

3 The 1989 financial statement reports a price increases of 16 percent Vvith a 3 percent output 
increase as a direct follow and the 1995 financial statement tells about 10 percent price increase and a 5 
percent output increase.
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R eg a rd in g  th e  p o s i t iv e  s ig n  o f  th e  sc a le  e la s tic ity :  the firm’s observed response to 
decreasing output prices and increasing labour hours cost is down-adjustments of its 
output, and hence, also labour hours. However, those adjustments are only short run 
adjustments.
The financial statements report that the company craves for an expansion of its production 
from the present 700,000 tonnes per year to 1,000,000 tonnes, but has so far not been able 
to achieve approval. This is because the European steelworks operate under a quota 
system and under regulation of their respective country’s environmental laws.

t

7 .4  I n te r p r e t in g  t h e  r e s u l t
Due to above discussion the estimated responsiveness: T= -0.405 is interpreted as the 
o b se rv e d  substitution behaviour to increases in cost of labour hours. In contrast to Tthe 
estimated rj= 0.29 does not catch the actual behaviour but is interpreted as (under 
assumptions of no output and capital restrictions): the reaction the firm will do, in order to 
keep as a minimum the same contribution margin, in the long run.
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