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I n t r o d u c i n g  Q u a l i t y  I n t o  Demand F u n c t i o n s  

Hecc. MIP d i s c u s s  

some o f  t h e  m o d e l l i n g  i s s u e s  t h a t  a r i s e  when o n e  a t t e m p t s  t o  

i n c o r p o r a t e  q u a l i t y  a t t r i b u t e s  i n t o  demand f u n c t i o n s  f o r  
ule w u w ~ h t -  

r e c r e a t i o n  s i t e s .  A d e c i s i o n  L ., been made a s  t o  

w h e t h e r  o b j e c t i v e  o r  s u b j e c t i v e  m e a s u r e s  o f  s i t e  q u a l i t y  a r e  
rJa i o c u q ' M m  -14- 

u s e d .  A l s o ,  f o r  s i m p l i c i t y L a  s i n g l e  s i t e .  
d b w d  \\I*Q 

w e x t e n s i o n  o f  (C;al&@ I t o  a  s y s t e m  o f  demand f u n c t i o n s  f o r  many 

s i t e s  i s  s t r a i g h t f o r w a r d .  

Our s t a r t i n g  p o i n t  i s  t h u s  t h e  o r d i n a r y  demand f u n c t i o n  f o r  

a r e c r e a t i o n  s i t e ,  x = h ( p . y )  where  x i s  t h e  number o f  v i s i t s  t o  

t h e  s i t e  by an i n d i v i d u a l ,  p i s  t h e  c o s t  o f  v i s i t i n g  t h e  s i t e  

( p o s s i b l y  i n c l u d i n g  t i m e  c o s t s ) ,  and y i s  t h e  i n d i v i d u a l ' s  

income,  t h e  l a s t  two v a r i a b l e s  b e i n g  measu red  r e l a t i v e  t o  t h e  

p r i c e  o f  a  n u m e r a i r e  good. We r e p r e s e n t  t h e  q u a l i t y  o f  t h e  s i t e  

by t h e  v a r i a b l e  b  which  we s h a l l  t r e a t  a s  a  s c a l a r ,  a1  though  

i n  p r a c t i c a l  a p p l i c a t i o n s  

i t  a l m o s t  c e r t a i n l y  w i l l  be a  v e c t o r .  The q u e s t i o n  a t  

hand i s :  how s h o u l d  b  be i n t r o d u c e d  i n t o  t h e  demand f u n c t i o n  

The s i m p l e s t  p r o c e d u r e  i s  t o  add b  t o  h ( p . y )  I n  a f a i r l y  
pcrt\rtps b3Mah*-. W C ~ # W U + S  qh(.) ~ { ~ + c t t l m  s\b+ 

a r b i t r a r y  m a n n e r , l  Fo r  example ,  i f  h ( p . y )  = a + g p  + y y ,  o n e  

c o u l d  now w r i t e  



The  a d v a n t a g e  o f  b u i l d i n g  b  d i r e c t l y  i n t o  t h e  o r d i n a r y  demand 

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

b e h a v i o r a l  i m p l i c a t i o n s  f o r  c o n s u m e r  c h o i c e s .  I n  t h e  c a s e  o f  (1)  

f o r  e x a m p l e ,  an  i n c r e a s e  i n  q u a l i t y  s h i f t s  t h e  g r a p h  o f  t h e  

demand c u r v e  i n  p r i c e - q u a n t i t y  s p a c e  o u t w a r d ,  i n  a  p a r a l l e l  

manner :  demand i n c r e a s e s  b y  t h e  same q u a n t i t y  r e g a r d l e s s  o f  

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

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

d i s c e r n  t h e  i m p l i c a t i o n s  f o r  c o n s u m e r  p r e f e r e n c e s .  I t  i s  - n o t  

t r u e ,  f o r  e x a m p l e ,  t h a t  i f  q u a l i t y  i s  i n t r o d u c e d  i n t o  t h e  demand 

f u n c t i o n  i n  a  way s u c h  t h a t  a h / a b  > 0, t h i s  n e c e s s a r i l y  i m p l i e s  

t h a t  t h e  c o n s u m e r ' s  w e l f a r e  i s  i n c r e a s e d  b y  an  i m p r o v e m e n t  i n  

q u a l i t y  ( i . e .  a u ( x , b , z ) / a b  > 0,  w h e r e  z i s  t h e  n u m e r a i r e  

c o m m o d i t y  a n d  u ( - )  i s  t h e  d i r e c t  u t i l i t y  f u n c t i o n ) .  
Iki3 

C o n v e r s e l y ,  i f  ah /ab  < 0,  I dm n o t  n e c e s s a r i l y  p r e c l u d e  
l- 

a u / a b  > o.' r h u ~ > i n  t h e  c a s e  o f  ( I ) ,  if y < 0 ( i . e .  t h e  

c o m m o d i t y  i s  an i n f e r i o r  g o o d )  w h i l e  6 > 0, i t  t u r n s  o u t  t h a t  

a u / a b  < 0. The c o n s u m e r ' s  w e l f a r e  i s  r e d u c e d  b y  an  i n c r e a s e  i n  

q u a l i t y .  T h i s  o c c u r s  b e c a u s e ,  a s  shown b y  L a F r a n c e  a n d  Hanemann 

( 1 9 8 4 1 ,  t h e  d i r e c t  u t i l i t y  f u n c t i o n  w h i c h  g i v e s  r i s e  t o  demand 

f u n c t i o n  ( 1 1  i s  

E v e n  i f  y > 0 s o  Rut. a u / a b  > 0, t h e  s e e m i n g l y  i n n o c u o u s  

f o r m u l a t i o n  ( I !  c o n t a i n s  a  p e c u l i a r  i m p l i c a t i o n  a b o u t  t h e  c o n s u -  

m e r ' s  p r e f e r e n c e s .  F o r ,  a s  shown b y  Hanemann ( 1 9 8 0 ,  1 9 8 2 b )  a n d  



Hausman ( 1 9 8 2 ) ,  t h e  i n d i r e c t  u t i l i t y  f u n c t i o n  c o r r e s p o n d i n g  t o  

( 1 )  i s  

I t  f o l l o w s  f rom ( 3 1  t h a t  t h e  compensa t ed  demand f u n c t i o n ,  

x = g f . 1 ,  i s  i n d e p e n d e n t  o f  q u a l i t y . 2  Moreover ,  t h e  

c o m p e n s a t i n g  and e q u i v a l e n t  v a r i a t f o n s  f o r  a  change  i n  q u a l i t y  

f rom b0 t o  b l ,  , d e f i n e d  r e s p e c t i v e l y  by 

a n d  

h a v e  t h e  p r o p e r t y  t h a t  

i . e . ,  t h e r e  i s  no d i f f e r e n c e  be tween  t h e  amount t h a t  t h e  

i n d i v i d u a l  would b e  w i l l i n g  t o  pay t o  o b t a i n  t h e  change  and t h e  

amount  o f  c o m p e n s a t i o n  he  would r e q u i r e  t o  f o r e g o  t t .  3 

To some e x t e n t ,  t h e s e  r e s u l t s  f l o w  f rom t h e  s p e c i a l  

s t r u c t u r e  o f  p r e f e r e n c e s  a s s o c i a t e d  w i t h  t h e  l i n e a r  demand 

f u n c t i o n  ( 1 ) .  T h u s ,  f o r  example .  i f  one  employs  a  s e m i l o g  demand 

f u n c t f o n  o f  t h e  fo rm 

l n  x = a + ~ p  + yy o r  l n  x = a + Bp + y l n  y ,  6 < 0 ,  and  

makes t h e  c o n s t a n t  t e r m ,  a, a  f u n c t i o n  o f  b  i n  s u c h  a way t h a t  

a h / a b  > 0, i t  can be shown t h a t  C t E a n d  a u l a b  > 0. However. 

i f  o n e  u s e s  t h e  l o g - l o g  demand f u n c t i o n  x = a p B y y  o r  a  demand 



B  f u n c t i o n  o f  t h e  f o r m  x  = a p  e  yY a n d  makes a a  f u n c t i a n  o f  

q u a l i t y  i n  s u c h  a  way t h a t  a h / a b  > 0, i t  t u r n s  o u t  t h a t ,  w h i l e  

C # E ,  s i g n  ( a u / a b l  = - s i g n  ( l + B ) ;  t h u s  i f  B > - 1  ( i . e . ,  t h e  

g o o d  i s  e s s e n t i a l ) ,  a u / a b  < 0 .  4 

OuC p o i n t  i s  t h a t  m e r e  i n s p e c t i o n  o f  t h e  demand 

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

how q u a l i t y  a f f e c t s  t h e  c o n s u m e r ' s  p r e f e r e n c e s .  A p r o c e d u r e  
is 

w h i c h  a v o i d s  t h i s  u n c e r t a i n t y  s t a r t  w i t h  a u t i l i t y  f u n c t i o n  L 
G ( X , Z )  o r  Y ( p , y )  a n d  i n c o r p o r a t e  q u a l i t y  d i r e c t l y  t o  o b t a i n  

some f o r m u l a  u ( x , b , z l  o r  v ( p , b , y ) ,  f r o m  w h i c h  t h e  o r d i n a r y  demanl' 

f u n c t i o n  h ( p , b . y l  c a n  be  o b t a i n e d  i n  t h e  s t a n d a r d  manner .  16 r+ul.c b 

a f i \ t l ~ 9 l w c a n  G"p% make t h e  c o e f f i c i e n t s  o f  

i i ( x , z )  o r  v l p , y )  f u n c t i o n s  o f  b  o r ,  a l t e r n a t i v e l y ,  o n e  c a n  

e m p l o y  w h a t  m i g h t  b e  c a l l e d  t h e  " t r a n s f o r m a t i o n  m e t h o d . "  I n  t h i s  

m e t h o d ,  o n e  r e p l a c e s  t h e  a r g u m e n t  x  ( o r  z )  i n  ; ( x , z )  w i t h  some 

f u n c t i o n  f ( x , b )  t o  o b t a i n  u ( x , b , z )  = G [ f ( x , b ) , z l .  T h e  

a d v a n t a g e  o f  t h i s  m e t h o d  i s  t h a t ,  f o r  v a r i o u s  t r a n s f o r m a t i o n s  

f ( x , b ) ,  t h e  r e s u l t i n g  demand f u n c t i o n  h I p , b , y )  c a n  be  d i r e c t l y  

r e l a t e d  t o  t h e  demand f u n c t i o n  

h ( p , ~ )  a s s o c i a t e d  w i t h  G ( x , z ) .  A l s o ,  t h e  i m p l i c a t i o n s  f o r  

p r e f e r e n c e s  c u ~  m&\y &-4. 
The  s i m p l e s t  e x a m p l e  i s  t h e  t r a n s f o r m a t i o n  f ( x , b )  = 

$ J ( b ) ' x  w h e r e  $ ( ' )  i s  some i n c r e a s i n g  f u n c t i o n ,  w h i c h  i s  known 

a s  t h e  " s c a l i n g "  o r  " r e p a c k a g i n g "  t r a n s f o r m a t i o n .  T h i s  was f i r s t  

i n t r o d u c e d  b y  F i s h e r  a n d  S h e l l  ( 1 9 7 1 )  a n d  h a s  been  w i d e l y  

e m p l o y e d  i n  t h e  l i t e r a t u r e  o n  q u a l i t y  a n d  demand a n a l y s i s .  

However ,  t h e  u t i l i t y  f u n c t i o n  u ( x . b . 2 )  = i i [ ~ ( b ) . x , z ]  h a s  



somewhat unusua l  i m p l i c a t i o n s  which have n o t  a lways  been 

r e c o g n i z e d  by t h o s e  who employ i t .  These  s t em from t h e  f a c t  t h a t  

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

f o r m u l a t i o n :  a  d o u b l i n g  o f  t h e  q u a l i t y  i n d e x ,  JI , h a s  e x a c t l y  

t h e  same i m p a c t  on t h e  c o n s u m e r ' s  w e l f a r e  a s  a  d o u b l i n g  o f  

q u a n t i t y ,  x .  The c o n s e q u e n c e s  o f  t h i s  a s s u m p t i o n  may be o b s e r v e d  

I n  t h e  o r d i n a r y  demand f u n c t i o n  f o r  x  and t h e  i n d i r e c t  u t i l i t y  

f u n c t i o n ,  which t a k e  t h e  form 

D e f i n i n g  c b  a s  t h e  e l a s t i c i t y  o f  demand f o r  x w i t h  r e s p e c t  t o  

i t s  qua1 i t y  ( a h / a b ) ( b / x ) . c p ,  a s  t h e  p r i c e  e l a s t i c i t y  o f  demand 

( - a h / a p ) ( p / x ) ,  and  q  a s  t h e  e l a s t i c i t y  o f  t h e  $ f u n c t i o n  w i t h  

r e s p e c t  t o  b  , ( J I ' ( b ) . b / + ) ,  i t  f o l l o w s  from ( 7 a )  t h a t  

c b = - n ( l - c  1. 
P 

Thus  t h e  c o n s u m e r ' s  r e s p o n s e  t o  a change  i n  q u a l i t y  i s  l i n k e d  t o  

h i s  r e s p o n s e  t o  a p r i c e  c h a n g e ,  b u t  i n  a  somewhat p e c u l i a r  

manner .  Even t h o u g h  we e x p l i c i t l y  assume t h a t  u t i l i t y  i s  

i n c r e a s i n g  i n  q u a l i t y  ( 5 . e .  q  > 0). 

i F 

E < 1, t h e n  a h / a b  < 0 - ? . e . ,  i f  demand i s  i n e l a s t i c  an i n c r e a s e  
P 

i n  q u a l i t y  r e d u c e s  c o n s u m e r ' s  demand. 

An a l t e r n a t i v e  t r a n s f o r m a t i o n  w i t h  somewhat more p l a u s i b l e  

b e h a v f o r a l  i m p l i c a t i o n s  i s  W i l l i g ' s  ( 1 9 7 8 1  " c r o s s - p r o d u c t  r e p a c k -  

a g i n g "  t r a n s f o r m a t i o n  u ( x , b , z )  = & [ x . z  + $ [ b ) . x ] .  In  t h i s  c a s e  



Hence.  

T h u s ,  a s  l o n g  a s  x i s  n o t  a  G i f f e n  good ( i . e .  a s  l o n g  a s  

a h / a p <  O), an improvement  i n  q u a l i t y  r a i s e s  t h e  c o n s u m e r ' s  

demand f o r  t h e  good ,  t h e  r e s p o n s e  b e i n g  p r o p o r t i o n a l  t o  t h e  s i z e  

o f  t h e  p r i c e  e l a s t i c i t y  o f  demand. I f  demand i s  f a i r l y  i n e l a s t i c  

( e . 9 .  x  i s  a  n e c e s s i t y ) ,  a change  i n  q u a l i t y  h a s  a  s m a l l  e f f e c t ,  
u\r 0 

w h i l e  i f  demand i s  v e r y  e l a s t i c ,  i t  i s  ve ry  r e s p o n s i v e  L t o  

q u a l i t y  c h a n g e s .  

A n o t h e r  common t r a n s f o r m a t i o n  i s  f f x , b )  = x  + @ ( b ) ,  which 

i s  known a s  " t r a n s l a t i o n " .  In t h i s  c a s e  

u ( x , b , z )  = ; (X + $ ( b ) . z )  and  

I t  f o l l o w s  f rom ( 9 a )  t h a t  t h e  e f f e c t  o f  a change  i n  q u a l i t y  on 

t h e  demand f o r  x  i s  t i e d  t o  t h e  e f f e c t  o f  a change  i n  income: 

whe re  E i s  t h e  income e l a s t i c i t y  o f  demand f o r  x ,  ( a h / a y )  ( y / x ) ,  
Y 

and o i s  t h e  b u d g e t  s h a r e  o f  x ,  ( p x / y ) .  Thus w h i l e  i t  i s  s t i l l  



t r u e  t h a t  a u / a b  > 0, t h e  demand f u n c t i o n  i s  i n c r e a s i n g  o r  

d e c r e a s i n g  i n  q u a l i t y  a c c o r d i n g  t o  

I n  t h i s  c o n t e x t ,  i t  m i g h t  b e  m o r e  c o n v e n i e n t  t o  a p p l y  t h e  

t r a n s l a t i o n  t r a n s f o r m a t i o n  t o  t h e  n u m e r a i  r e  good,  a n d  w r i t e  

u ( x . b , z )  = c ( x , z  + + ( b ) ) .  T h i s  g e n e r a t e s  t h e  f o l l o w i n g  demand 

f u n c t i o n  f o r  x  a n d  i n d i r e c t  u t i l i t y  f u n c t i o n  '* 

Hence.  a u / a  b  > 0 a n d  

i . e .  i f  x i s  a  n o r m a l  good,  an  i n c r e a s e  i n  q u a l i t y  r a i s e s  i t s  

demand, t h e  i n c r e a s e  b e i n g  p r o p o r t i o n a l  t o  t h e  i n c o m e  

r e s p o n s i v e n e s s  o f  demand.7 

~ k i b  t h e  

m e t h o d  o f  t r a n s f o r m a t i o n s  is a  c o n v e n i e n t  p r o c e d u r e  f o r  

g e n e r a t i n g  g e n e r a l  u t i l i t y  f u n c t i o n s  t h a t  i n c o r p o r a t e  q u a l i t y  

h a s  t h e  a d v a n t a g e  o f  i m m e d i a t e l y  e x p o s i n g  t h e  i m p l i c a t i o n s  f o r  

b o t h  t h e  s t r u c t u r e  o f  c o n s u m e r  p r e f e r e n c e s  a n d  t h e  n a t u r e  o f  

c o n s u m e r  c h o i c e s ,  we do n o t  mean t o  s u g g e s t  t h a t  i t  

m u s t  a l w a y s  be  e m p l o y e d  i n  p r e f e r e n c e  t o  o t h e r  m e t h o d s  o f  

i n t r o d u c i n g  q u a l i t y  i n t o  m o d e l s  o f  c o n s u m e r  demand. I n  t h e  l a s t  

a n a l y s i s ,  t h e  i s s u e  o f  t h e  b e s t  f o r m u l a  f o r  a  demand f u n c t i o n  

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

q u e s t i o n  t h a t  c a n  b e  r e s o l v e d  o n l y  b y  t e s t i n g  a l t e r n a t i v e  

f o r m u l a t i o n s  a g a i n s t  d a t a  o n  a c t u a l  c h o i c e s  i n  t h e  p r e s e n c e  o f  
*a 

q u a l i t y  v a r i a t i o n .  

1-21 



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

s e c t i o n :  The r o l e  o f  t h e  s t r u c t u r a l  p r o p e r t y  o f  consumer 

p r e f e r e n c e s  known a s  "weak c o m p l e m e n t a r i t y " ,  t h a t  was i n t r o d u c e d  

by Ma le r  ( 1 9 7 4 ) :  

M a l e r  employed  t h i s  p r o p e r t y  i n  o r d e r  t o  d e r i v e  a  r e l a t i o n  

be tween  t h e  w e l f a r e  m e a s u r e s  C and  E ,  d e f i n e d  i n  ( 4 )  a n d  ( 5 ) ,  and 

a r e a s  u n d e r  compensa t ed  demand f u n c t i o n s .  I f  u ( x . b . z )  d o e s  n o t  

s a t i s f y  t h f  s p r o p e r t y ,  t h e  a r e a  

u n d e r s t a t e s  t h e  q u a n t i t y  C ,  where  u0 = ~ ( ~ , b : y )  and  @ i s  t h e  

* l , u O ) ,  c u t o f f  p r i c e  ( p o s s i b l y  i n f i n i t e )  a t  which max [ g ( p , b  

g ( p * , b O , u O ) ~  = 0 .  I f  u ( x , b , z )  does s a t i s f y  t h e  p r o p e r t y ,  t h e  a r e a  

i n  ( 1 3 )  m e a s u r e s  C e x a c t l y .  However, r e g a r d l e s s  o f  w h e t h e r  C and 

E can be measured  by a r e a s  u n d e r  compensa ted  demand f u n c t i o n s ,  

t h e  p r o p e r t y  ( 1 2 )  h a s  cof is ;hpf iab~  r;\~\hikus 

a p p e a l  a s  an axiom o f  consumer b e h a v i o r :  ;t i m p l i e s  

t h a t  t h e  consumer d o e s  - n o t  c a r e  a b o u t  a  change  i n  a  g o o d ' s  

q u a l i t y  when he i s  n o t  consuming t h e  good.  Both t h e  s c a l i n g  and 

t h e  c r o s s - p r o d u c t  r e p a c k a g i n g  t r a n s f o r m a t i o n s  p o s s e s s  t h i s  

p r o p e r t y ,  w h i l e  t h e  two " t r a n s l a t i o v l "  t r a n s f o r m a t i o n s  do n o t .  

As shown i n  Hanemann ( f o r t h c o m i n g ) ,  M a l e r ' s  a n a l y s i s  was 

b a s e d  on t h e  i m p l i c i t  a s s u m p t i o n  o f  a  " s m o o t h '  r e l a t i o n  between 

q u a l i t y  and  w e l f a r e  i n  t h e  u t i l i t y  f u n c t i o n  u ( x , b , z ) .  I f  t h i s  

s m o o t h n e s s  a s s u m p t i o n  i s  d r o p p e d ,  t h e  l i n k  between weak 

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

a r e a s  unde r  compensa ted  demand f u n c t i o n s  c h a n g e s .  Suppose  t h a t ,  

i n s t e a d  o f  



o n e  w r i t e s  

w h e r e  i ( x l  i s  a  s w i t c h i n g  f u n c t i o n :  c ( x )  = 1  

i f  x > 0 a n d  i ( x )  = 0 i f  x = 0. Then  ( 1 5 ) ,  u n l i k e  1141,  

s a t i s f i e s  weak c o m p l e m e n t a r i t y ,  b u t  t h e  c h a n g e  i n  t h e  a r e a  un&& 

t h e  c o m p e n s a t e d  demand f u n c t i o n  i m p l i e d  b y  ( 1 5 )  s t i l l  u n d e r s t a t e s  

t h e  q u a n t i t y  C .  T h e  o n l y  d i f f e r e n c e  b e t w e e n  ( 1 4 )  a n d  ( 1 5 )  o c c u r s  

a t  t h e  b o u n d a r y  o f  t h e  n o n - n e g a t i v e  o r t h a n t ,  w h e r e  x = 0; i n  t h e  

i n t e r i o r  w h e r e  x > 0,the t w o  i n d i f f e r e n c e  maps c o i n c i d e .  Thus  

o v e r  t h e  s p a c e  f o r  w h i c h  h ( p . b , y )  > 0 t h e  b e h a v i o r a l  i m p l i c a t i o n s  

o f  ( 1 5 )  a r e  i d e n t i c a l  t o  t h o s e  o f  ( 1 4 )  (e.g. ,  t h e  o r d i n a r y  demand 

f u n c t i o n  g e n e r a t e d  b y  ( 1 5 1  s a t i s f i e s  ( to )\. 

I n  s h o r t ,  b y  means o f  t h e  s i m p l e  d e v i c e  u s e d  i n  ( 1 5 1 ,  - a d y  

demand f u n c t i o n  w h i c h  o n  i t s  f a c e  a p p e a r s  t o  v i o l a t e  weak c o m p l e -  

m e n t a r i t y  c a n ,  i n  f a c t ,  b e  r e c o n c i l e d  w i t h  t h i s  p r o p e r t y .  More -  

o v e r ,  t h e  o n l y  way t o  t e s t  e m p i r i c a l l y  w h e t h e r  t h e  u s e  o f  t h i s  

d e v i c e  I s  j u s t i f i e d  i s  t o  o b t a i n  d a t a  c o v e r i n g  c a s e s  w h e r e  x i s  

n o t  consumed  a t  a l l . '  I f  o n e  o n l y  h a s  d a t a  f o r  c a s e s  w h e r e  a 

p o s i t i v e  q u a n t i t y  o f  x i s  consumed,  i t  i s  I m p o s s i b l e  i n  p r a c t i c e  

t o  d e t e r m i n e  w h e t h e r  weak c o m p l e m e n t a r i t y  h o l d s :  o n e  c a n n o t  d i s -  

c r i m i n a t e  b e t w e e n  ( 1 4 )  a n d  ( 1 5 )  a s  t h e  t r u e  p r e f e r e n c e  

s t r u c t u r e .  F o r  t h i s  t y p e  o f  d a t a  s e t ,  weak c o m p l e m e n t a r i t y  i s  a  

c o s t l e s s  a s s u m p t i o n .  



FOOTNOTES T O  C H A P T E R  7 

1. O n  t h i s  p o i n t  s e e  P r o p o s i t i o n  2 ( d )  and 3 i n  Hanemann ( 1 9 8 2 a )  

a n d  t h e  accompanying  d i s c u s s i o n .  

2 .  When g ( p . b , u )  i s  i n d e p e n d e n t  o f  b ,  P r o p o s i t i o n  2 1 d )  i n  

Hanemann ( 1 9 8 2 a )  i m p l i e s  t h a t  s i g n  ( a u / a b )  = s i g n  

( a h / a b )  s i g n  ( a h l a y ) ;  t h i s  i s  why < 0  and  6  > 0 i n  

( 1 )  l e a d s  t o  a u / a b  < 0 .  I t  i s  i m p o r t a n t  t o  e m p h a s i z e  t h a t  

t h e  mere  f a c t  t h e  g ( p , b , u )  i s  i n d e p e n d e n t  o f  b  d o e s  n o t  

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

t h e  consumer  when q u a l i t y  i m p r o v e s ;  s e e  t h e  d i s c u s s i o n  of  

weak c o m p l e m e n t a r i t y  below.  

3 .  I t  i s  w o r t h  n o t i n g  t h a t  i f ,  i n s t e a d  o f  ( I ) ,  t h e  demand 

f u n c t i o n  were  h ( p , b , y l  = a + g ( p / b )  + y y  t h e  same r e s u l t  

t h a t  C = E would a r i s e ,  b u t  n o t  i f  h ( p . b . y )  = a + g p  + yyb .  

4 .  Al though  a  c l o s e d  form e x p r e s s i o n  c a n n o t  be  o b t a i n e d  f o r  t h e  

d i r e c t  u t i l i t y  f u n c t i o n  which g e n e r a t e s  some o f  t h e s e  demand 

f u n c t i o n s .  t h e  i n d i r e c t  u t i l i t y  f u n c t i o n  can b e  o b t a i n e d - - s e e  

Hanemann, 19BZb - and t h e  s i g n  o f  a u / a b  can be  deduced  from 

W-S b e c a u s e ,  a s  shown i n  P rop  l c  o f  Hanemann I 9 8 2 a ,  s i g n  

( a u / a  b)= sign(a v/a b). 

5 .  The c o n s t r u c t i o n  o f  t h e  demand f u n c t i o n  ( 1 )  f rom 

f i (p ,y )  % + ~ p  + y y  i s  i n  f a c t  an example  o f  t h i s  t y p e  o f  

t r a n s l a t i o n  where  y ( b )  = 6 b / y .  



N o t e  t h e  i m p l i c a t i o n  o f  b o t h  ( 9 b )  a n d  ( l l b )  t h a t  C = E .  I n  

1 t h e  c a s e  o f  ( 9 b ) ,  C = E = p [ + ( b  ) - $ ( b o ) l ; i n  t h e  c a s e  o f  

1 
( I l b ) ,  C = E = $ ( b  ) - y ( b o ) .  A n o t h e r  i m p l i c a t i o n  o f  ( l i b ) ,  

b u t  n o t  ( 9 b ) ,  i s  t h a t  t h e  c o m p e n s a t e d  demand f u n c t i o n  f o r  x 

i s  i n d e p e n d e n t  o f  qua1 i t y .  

As Gorrnan ( 1 9 7 6 1  h a s  p o i n t e d  o u t ,  t h e  s c a l i n g  a n d  t r a n s l a t i o n  

t r a n s f o r m a t i o n s  c a n  be  c o m b i n e d  t o  g e n e r a t e  m o r e  c o m p l e x  

t r a n s f o r m a t i o n s  i n  w h i c h  t h e  s i g n  o f  a h / a b  depends  o n  t h e  

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

T h i s  a r g u m e n t  i s  s p e l l e d  o u t  i n  m o r e  d e t a i l  i n  Hanemann 

( f o r t h c o m i n g ) .  
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