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CHAPTER 8 

MULTIPLE SITE DEMAND MODELS: 

SOME CONSIDERATIONS 

T h i s  c h a p t e r  f o c u s e s  on  some o f  t h e  c o n c e p t u a l  a n d  e m p i r i c a l  

i s s u e s  w h i c h  a r i s e  when one  s e t s  o u t  t o  model  consumer  demand f o r  

a - s e t  o f  r e c r e a t i o n  s i t e s ,  a s  opposed  t o  a  s i n g l e  s i t e .  Many o f  

t h e s e  i s s u e s  a l s o  a r i s e  when a  s i n g l e  demand e q u a t i o n  i s  b e i n g  

e s t i m a t e d ,  b u t  t h e y  t e n d  t o  assume added  f o r c e  i n  t h e  c o n t e x t  o f  

m u l t i p l e  s i t e  demand sys tems.  
. . 



A n  e x a m p l e  i s  t h e  q u e s t i o n  o f  how o n e  

g o e s  a b o u t  g e n e r a t i n g  s p e c i f i c a t i o n s  f o r  e n t i r e  demand s y s t e m s .  

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

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

f u n c t i o n s  e i t h e r  by m a x i m i z i n g  t h e  d i r e c t  u t i l i t y  f u n c t i o n  o r  by 

a p p l y i n g  R o y ' s  I d e n t i t y  t o  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 .  The 

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

demand f u n c t i o n s  d i r e c t l y .  H e r e ,  h o w e v e r ,  t h e r e  i s  a n  i m p o r t a n t  

d i s t i n c t i o n  b e t w e e n  w h a t  i s  p o s s i b l e  when d e a l i n g  w i t h  a  demand 

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

S u p p o s e  t h a t  we w i s h  t o  e s t i m a t e  t h e  demand f o r  a  s i n g l e  

g o o d ,  x ,  a n d  we a r e  w i l l i n g  t o  t r e a t  a l l  o t h e r  g o o d s  a s  a 

H i c k s i a n  c o m p o s i t e  c o m m o d i t y ,  z ,  s o  t h a t  t h e  d i r e c t  u t i l i t y  

f u n c t i o n  i s  u ( x , z l .  R e c o g n i z i n g  t h e  h o m o g e n e i t y  o f  demand 

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

i n t e r e s t  a s :  

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

We do n o t  i n t e n d  t o  e s t i m a t e  ( 2 ) ,  a n d  we w o u l d  u s u a l l y  s e t  - 

pz = 1 i n  (11,  b u t  i t  i s  c o n v e n i e n t  h e r e  t o  r e t a i n  pz a s  an 

e x p l i c i t  v a r i a b l e .  Ue c o u l d  g e n e r a t e  t h e  f o r m u l a  f o r  h ( -  ) by 

s p e c i f y i n g  some q u a s i c o n c a v e ,  i n c r e a s i n g  d i r e c t  u t i l i t y  f u n c t i o n  

U ( X , Z )  o r  some q u a s i c o n v e x  i n d i r e c t  u t i l i t y  f u n c t i o n  v ( p x ,  p,, y ) ,  



i n c r e a s i n g  i n  y  a n d  d e c r e a s i n g  i n  ( p x ,  p Z I .  O r  we c o u l d  s i m p l y  

w r i t e  down an a r b i t r a r y  f o r m u l a  f o r  t h e  f u n c t i o n  ) . B u t ,  i f  

we do t h e  l a t t e r ,  we m u s t  e n s u r e  t h a t  o u r  f u n c t i o n  s a t i s f i e s  t h e  

l n t e g r a b i l i  t y  c o n d i t i o n s .  

Now, ( 3 )  i s  a  s u b s t a n t i v e  r e s t r i c t i o n  w l . i c \ , \ n a w ~  

i n o t  t o o  d i f f i c u l t  t o  s a t i s f y .  By c o n t r a s t .  ( 4 )  I s  a  t r i v i a l  

r e s t r i c t i o n  w h i c h  i s  a l w a y s  s a t i s f i e d :  a s  l o n g  a s  i t  i s  u n d e r -  

s t o o d  t h a t  h 4 . 1  i s  g i v e n  b y  ( Z ) ,  any b i v a r i a t e  f u n c t i o n  6(*) , 

a u t o m a t i c a l l y  s a t i s f i e s  ( 4 )  ( f o r  a  d e m o n s t r a t i o n ,  s e e  K a t z n e r .  

1970,  p .  68). 

We a r e  n o t  so f o r t u n a t e  when d e a l i n g  w i t h  demand f u n c t i o n s  

f o r  t w o  o r  m o r e  goods  ( l n  a d d i t i o n  t o  t h e  n u m e r a i r e ) .  I n  t h e  

g e n e r a l  c a s e  w i t h  u fx l ,  ..., x N ) .  w h e r e  N  > 2, a n d  o r d i n a r y  demand 

f f u n c t i o n s  xi = h ( p l  ,..., p N ,  y ) ,  i = 1 ,... N, s a t i s f y i n g  

1 pihi(p,y) = y, t h e  i n t e g r a b i l i t y  c o n d i t i o n s  a r e  

a hi - ahi= a h j  
a p j +  X j  G a l l  i, j- 

The  s y m m e t r y  c o n d i t i o n s  ( 6 )  a r e  now a  n o n - t r i v i a l  r e s t r i c t i o n ,  

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

1 N homogeneous f u n c t i o n s  h  { - ) , . . . ,h  ( - 1 .  F o r  t h i s  r e a s o n  i t  i s  

l i k e l y  t o  be  c o n s i d e r a b l y  m o r e  c o n v e n i e n t  t o  s p e c l f y  m u l t i p l e  

s l t e  demand s y s t e m s  b y  s t a r t l n g  f r o m  some e x p l i c i t  d i r e c t  o r  i n -  

d i r e c t  u t i l i t y  f u n c t i o n .  



I n c o m p l e t e  Demand Sys t ems  I 
The d i s c u s s i o n  above r a i s e s  a n o t h e r  i s s u e  which i s  o f t e n  o f  

p r a c t i c a l  i m p o r t a n c e  when m o d e l l i n g  demands f o r  m u l t i p l e  g o o d s ,  

namely what  t o  do a b o u t  t h e  demand f u n c t i o n s  f o r  t h e  goods t h a t  

a r e  - n o t  o f  i n t e r e s t .  In t h e  r e c r e a t i o n  c o n t e x t ,  f o r  example ,  one 

h a s  d a t a  on t h e  c o s t s ,  p e r h a p s  q u a l i t y  a t t r i b u t e s ,  and r a t e s  o f  v i s -  

i t a t i o n  o f  a  s e t  o f  r e c r e a t i o n  s i t e s  by a  s ample  o f  h o u s e h o l d s  b u t ,  

t y p i c a l l y ,  - no d a t a  on t h e  h o u s e h o l d s '  consumpt ion  a n d / o r  p r i c e s  o f  

o t h e r ,  n o n r e c r e a t i o n  goods .  How t h e n  i s  one  t o  p r o c e e d ?  

W r i t i n g  on t h e  s u b j e c t  o f  demand f u n c t i o n s  f o r  m u l t i p l e  r e c -  

r e a t i o n  s i t e s  C i c c h e t t i ,  F i s h e r  and Smi th  (1976, f n .  1 2 )  a d d r e s s  

this v e r y  q u e s t i o n  and  c o n c l u d e  t h a t ,  i f  o n e  has  d a t a  on o n l y  a  

s u b s e t  o f  consumpt ion  a c t i v i t i e s ,  i t  i s  - n o t  a p p r o p r i a t e  t o  employ 

a  s y s t e m  o f  demand e q u a t i o n s  t h a t  i s  c o n s i s t e n t  w i t h  t h e  hypo- 

t h e s i s  o f  u t i l i t y  m a x i m i z a t i o n .  T h i s  i s  n o t  a l w a y s  an a c c e p t a b l e  

c o n c l ~ s i o n . ~  I f  o n e  w i s h e s  t o  employ t h e  f i t t e d  demand s y s t e m  

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

c h a n g e s  i n  p r i c e s ,  t h e  employment o f  a  s y s t e m  o f  demand f u n c t i o n s  

t h a t  v i o l a t e s  homogene i ty  o r  t h e  i n t e g r a b i l i t y  c o n d i t i o n s  may be 

s a t i s f a c t o r y .  B u t  i f ,  a s  i s  o f t e n  t h e  c a s e ,  o n e  i n t e n d s  t o  de-  

r i v e  w e l f a r e  e v a l u a t i o n s  f rom t h e  f i t t e d  demand e q u a t i o n s  ( e . g .  

e s t i m a t e s  o f  t h e  v a l u e  o f  a  p a r t i c u l a r  s i t e  o r  t h e  b e n e f i t s  from 

some q u a l i t y  enhancemen t  p r o g r a m ) ,  i t  i s  u n c l e a r  t o  us how t h i s  

can  e v e r  be c o n d u c t e d  on t h e  b a s i s  o f  demand f u n c t i o n s  which v i o -  

l a t e  t h e  ve ry  p o s t u l a t e s  t h a t  a r e  t h e  f o u n d a t i o n  o f  w e l f a r e  

a n a i y ~ i s . ~  Moreove r ,  t h e  c o n c l u s i o n  r e a c h e d  by C i c c h e t t i  e t  a l .  

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

a l b e i t  i m p e r f e c t l y ,  d a t a  on a  s u b s e t  of commodi t i e s  i n  a  manner 

c o n s i s t e n t  w i t h  u t i l i t y  t h e o r y .  

8 - 4 



One s t r a t e g y  h a s  a l r e a d y  been i l l u s t r a t e d ,  namely t o  assume 

t h a t  t h e  p r i c e s  o f  t h e  goods  t h a t  a r e  n o t  o f  c o n c e r n  move i n  - 
p r o p o r t i o n ,  s o  t h a t  t h e y  can be a g g r e g a t e d  i n t o  a  H i c k s i a n  

c o m p o s i t e  commodity.  Thus we t a k e  t h e  u t i l i t y  f u n c t i o n  t o  be 

u ( x l .  .... X N . Z )  where  z ,  a  s c a l a r ,  i s  t h e  c o m p o s i t e  commodity ,  and 

t h e  x i ' s  a r e  t h e  goods  whose demands we wi sh  t o  e s t i m a t e ;  t h e s e  

i demand f u n c t i o n s  t a k e  t h e  form x i  = h  ( p l  ...., p N , q , y ) ,  i = 1  . 
..., N ,  where  q ,  t h e  p r i c e  o f  z ,  would be  s e t  a t  u n i t y .  

A n o t h e r  s t r a t e g y  i s  t o  assume t h a t  t h e  u t i l i t y  f u n c t i o n  i s  

s e p a r a b l e  w i t h  r e s p e c t  t o  t h e  commodi t i e s  t h a t  a r e  o f  c o n c e r n .  

B e f o r e  d i s c u s s i n g  t h i s  a p p r o a c h ,  however .  i t  i s  i n s t r u c t i v e  t o  

examine  t h e  c o n s e q u e n c e s  when we a d o p t  n e i t h e r  s t r a t e g y  - we 

assume n e i t h e r  a g g r e g a t i o n  t o  a  c o m p o s i t e  commodity n o r  

s e p a r a b i l i t y .  I n  t h i s  c a s e  t h e  s i t u a t i o n  i s  a s  f o l l o w s :  The 

u t i l i t y  f u n c t i o n  i s  u ( x  ,..... X N , Z I ,  ..., zM) where  t h e  x i ' s  a r e  t h e  

goods  o f  c o n c e r n ,  and  t h e  z j ' s  a r e  a l l  t h e  o t h e r  goods  consumed 

by t h e  i n d i v i d u a l .  The r e s p e c t i v e  p r i c e  v e c t o r s  a r e  P I , .  . . , p N  

and  4 1 , .  . . , q ~ .  The i n d i v i d u a l  max imizes  u ( x , z )  s u b j e c t  t o  t h e  

b u d g e t  c o n s t r a i n t  1 pi  x i +  q j z j  = y , which  g e n e r a t e s  two s e t s  

o f  o r d i n a r y  demand f u n c t i o n s  

and  an i n d i r e c t  u t i l i t y  f u n c t i o n  v ( p , q , y ) ,  where  z l  h a s  been 



t a k e n  a s  t h e  n u m e r a i r e .  I n  p r a c t i c e ,  t h e r e f o r e ,  we wou ld  s e t  q l  

= 1 i n  ( 7 )  a n d  ( 8 ) .  The demand f u n c t i o n s  i n  ( 7 )  a n d  ( 8 )  t a k e ?  

t o g e t h e r  a r e  known a s  a  " c o n p l e t e "  demand s y s t e m .  However ,  we 

o n l y  c a r e  a b o u t  ( 7 ) ) w h i c h  i s  known a s  an " i n c o m p l e t e "  demand 

s y s t e m .  U h a t  c a n  we do w i t h  t h i s ?  

I n  a n s w e r i n g  t h i s  q u e s t i o n  i t  i s  i m p o r t a n t  t o  d i s t i n g u i s h  

b e t w e e n  p r o b l e m s  o f  e s t i m a t i o n  a n d  w e l f a r e  e v a l u a t i o n .  S t a r t i n g  

w i t h  t h e  l a t t e r ,  s u p p o s e  f o r  a  moment t h a t  we had  e s t i m a t e s  o f  

a l l  t h e  c o e f f i c i e n t s  i n  t h e  i n c o m p l e t e  demand s y s t e m  ( 7 ) .  Sup-  

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

b i l i t y  c o n d i t i o n s  f o r  i n c o m p l e t e  demand s y s t e m s  w h i c h ,  a s  shown 

by E p s t e i n  ( 1 9 8 2 1 ,  i n v o l v e  t h e  symmet ry  o f  t h e  S l u t s k y  t e r m s  w i t h  

r e s p e c t  t o  t h e  p i ' s ,  

a n d  t h e  n e g a t i v e  d e f i n i t e n e s s  ( n o t  - s e m i - d e f i n i t e n e s s )  o f  t h e  

S l u t s k y  m a t r i x ,  

G i v e n  t h e s e  a s s u m p t i o n s ,  L a F r a n c e  a n d  Hanemann ( 1 9 8 4 )  show t h a t  

t h e  i n c o m p l e t e  demand s y s t e m  ( 7 )  c o n t a i n s  s u f f i c i e n t  i n f o r m a t i o n  

t o  a l l o w  us t o  c a l c u l a t e  c o r r e c t l y  money w e l f a r e  m e a s u r e s  f o r  

c h a n g e s  i n  t h e  p i ' s .  S p e c i f i c a l l y ,  t h e y  show t h a t  t h e  s y s t e m  ( 7 )  

c a n  b e  i n t e g r a t e d ,  t r e a t i n g  t h e  q j ' s  as f i x e d  p a r a m e t e r s ,  t o  

o b t a i n  w h a t  i s  c a l l e d  a " q u a s i - i n d i r e c t  u t i l i t y  f u n c t i o n " , @ ( o , y ;  

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

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

f r o m  p '  t o  p H  



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

u t i l i t y  f u n c t i o n  v ( p , q . y )  o b t a i n e d  by i n t e g r a t i n g  t h e  c o m p l e t e  

s y s t e m  ( 7 )  a n d  ( a ) ,  i . e . ,  t h e  q u a n t i t i e s  C and E d e f i n e d  by ( 9 a ,  

b )  a l s o  s a t i s f y  

T h u s ,  h a v i n g  a c c e s s  o n l y  t o  t h e  i n c o m p l e t e  demand s y s t e m  f o r  t h e  

x ' s ,  ( 7 ) ,  d o e s  - n o t  c a u s e  p rob lems  f o r  w e l f a r e  e v a i u a t i o n s  w i t h  
m 
V 

r e s p e c t  t o  c h a n g e s  i n  t h e  p r i c e s  o f  t h e  x ' s .  

The p r o b l e m s  a r i s i n g  when o n e  works  w i t h  i n c o m p l e t e  demand 

s y s t e m s ,  t h e r e f o r e ,  have  t o  do w i t h  e s t i m a t i o n  r a t h e r  t h a n  

w e l f a r e  e v a l u a t i o n .  Here  i t  i s  u s e f u l  t o  d i s t i n g u i s h  between t h e  

c a s e  where  o n e  h a s  d a t a  on t h e  q j ' s  a s  w e l l  a s  t h e  p i ' s  a n d  x i ' s  

b u t  n o t  t h e  z j l s , a n d  t h e  c a s e  where one h a s  d a t a  on n e i t h e r  t h e  

q j ' s  n o r  t h e  z j l s .  T h i s  d i s t i n c t i o n  i s  t m p o r t a n t  b e c a u s e  d a t a  on 

t h e  p r i c e s  o f  o t h e r  goods  ( i . e .  n o n - r e c r e a t i o n  a c t i v i t i e s )  may be 

r e a d i l y  a v a i l a b l e  f rom some p u b l i s h e d  s o u r c e .  However, t h e  d a t a  

on t h e  r j ' s  would have t o  be o b t a i n e d  f rom a  h o u s e h o l d  su rvey ,  

buk o n e  ~98, ~ H u J ,  t o  c o n f i n e  t h e  i n t e r v i e w  t o  q u e s t i o n s  

a b o u t  r e c r e a t i o n  a c t i v i t i e s .  Under t h i s  s c e n a r i o  



w h e r e  o n e  knows t h e  q j ' s  b u t  n o t  t h e  z j ' s ,  t h e r e  i s  i n  p r i n c i p l e  

no  p r o b l e n  i n  e s t i m a t i n g  t h e  i n c o m p l e t e  demand s y s t e m  ( 7 ) .  B u t  

i f  o n e  has  no d a t a  on  e i t h e r  t h e  q j ' s  o r  t h e  z j l s  t h e n  t h e r e  i s  a  - 
p r o b l e m  i n  e s t i m a t i n g  ( 7 ) .  An e x c e p t i o n  i s  when o n e  c a n  a s s u n e  

t h a t  t h e  q j ' s  do n o t  v a r y  a c r o s s  t h e  s a m p l e  so t h a t  t h e y  can be 

t a k e n  a s  b e i n g  subsumed i n  t h e  c o e f f i c i e n t s  o f  t h e  demand 

f u n c t i o n s  i n  ( 7 ) .  3n the-, l a t t e r  c a s e  t h e  e s t i m a t e d  &n~aind 
C U  

e q u a t i o n s  be  i n t e g r a t e d  t o  o b t a i n  O ( p , y ;  q) , f rom w h i c h  w e l f a r e  1 
c a n  s a f e l y  be  c o n s t r u c t e d .  O t h e r w i s e ,  t h e  e s t i m a t i o n  o f  ( 7 )  

o m i t t i n g  q 2 ,  ...,q~ i s  a f o r m  o f  s p e c i f i c a t i o n  e r r o r  w h i c h  may 

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

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

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

i n c l u d e d  p i ' s  a n d  t h e  o m i t t e d  q j l s .  

P a r t i a l  Demand S y s t e m s  

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

f u n c t i o n  a v o i d s  many o f  t h e  e s t i m a t i o n  p r o b l e m s ,  b u t  i t  r a i s e s  

some c o n c e p t u a l  p r o b l e m s  f o r  w e l f a r e  e v a l u a t i o n .  I n  t h i s  case  one  

assumes t h a t  u (x l ,  ..., xN,zl, ..., z d  = f [ C ( x l ,  ..., x N ) , z l ,  ..., z ~ l  f o r  

some f u n c t i o n s  f f .1 a n d  ; ( a ) ,  w h e r e  f i s  an i n c r e a s i n g  f u n c t i o n  

o f  M + 1 a r g u m e n t s  and  q u a s i c o n c a v e  i n  z,  a n d  6 i s  i n c r e a s i n g  and 

q u a s i c o n c a v e  i n  x .  Thus  t h e  m a r g i n a l  r a t e  o f  s u b s t i t u t i o n  

b e t w e e n  a n y  p a i r  o f  x i ' s  i s  i n d e p e n d e n t  o f  e a c h  z ; ,  I g n o r i n g  t h e  

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

x i ' s  a n d  z j ' s  r e s u l t i n g  f r o m  t h e  m a x i m i z a t i o n  o f  u ( r , z )  s u b j e c t  

t o  1 pixi + 1 q j z j  = y  a r e  o f  t h e  f o r m  



W, t-he f u n c t i o n s  

may a l s o  be o b t a i n e d  by s o l v i n g  t h e  m a x i m i z a t i o n  prob lem 

( 1 4 )  maximize  ii ( K ~  , x 5 . t .  lP jx i=  y,r 

a d  

k t h e  f u n c t i o n  

a s  w e l l  a s  t h e  f u n c t i o n s  h f ( * )  may be o b t a i n e d  by s o l v i n g  t h e  
J 

m a x i m i z a t i o n  prob lem 

maximize f [ v ( p , y x ) , z l  s . t .  Y x  + 1 q j Z j S  y  
Y X * Z  

- 
where  v ( p . y x )  I 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  a r i s i n g  from t h e  

m a x i m i z a t i o n  prob lem ( 1 4 ) .  5 

I f  o n e  h a s  d a t a  on t h e  x i ' s ,  p i ' s  and q j ' s  b u t  n o t  t h e  z j l s .  

r a t h e r  t h a n  e s t i m a t i n g  t h e  demand f u n c t i o n s  ( 1 1 1 ,  he  may a s  w e l l  

r e l a x  t h e  s e p a r a b i l i t y  a s s u m p t i o n  and e s t i m a t e  t h e  i n c o m p l e t e  

denand  s y s t e m  ( 7 ) .  I t  i s  when one  h a s  no d a t a  on e i t h e r  t h e  q ' s  

o r  t h e  z ' s  t h a t  t h e  s e p a r a b i l i t y  a s s u m p t i o n  comes i n t o  t t s  own, 

s l n c e  t h e  e s t i m a t i o n  o f  ( 7 )  becomes p r o b l e m a t i c  b u t  t h e  e s t i n a t i o n  

o f  t h e  demand f u n c t i o n s  i n  (13) r e m a i n s  p e r f e c t l y  f e a s i b l e .  ( N o t e  

t h a t  y x  can be c a l c u l a t e d  f rom t h e  p i ' s  and x l l s ) .  



E q u a t i o n s  ( 1 3 )  w e r e  t e r m e d  " p a r t i a l  demand f u n c t i o n s "  by  

P o l l a k  ( 1 9 7 1 ) .  
J 

we w i l l  4 s 0  q ~ k  K ; ~ V \ ~ I M  " m i c r o - a l l o c a t i o n "  f u n c t i o n s  a n d  
a* 

IS ( 1 5 1 1 " m a c r o - a l l o c a t i o n "  f u n c t i o n  . The r e a s o n  f o r  o u r  

t e r m i n o l o g y  i s  t h a t  t h e  f u n c t i o n s  i n  ( 1 3 )  i n d i c a t e  how a  f i x e d  F.l 
L 

t o t a l  r e c r e a t i o n  b u d g e t ,  y,, s h o u l d  o p t i m a l l y  be  a l l o c a t e d  i n  

t e r m s  o f  v i s i t s  t o  i n d i v i d u a l  r e c r e a t i o n  s i t e s  a s  a  f u n c t i o n  o f  

t h e i r  c o s t s ,  w h i l e  t h e  f u n c t i o n  i n  ( 1 5 )  i n d i c a t e s  how t h e  o v e r a l l  
t 
t. 

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

( 1 3 )  p o s s e s s  t h e  s t a n d a r d  p r o p e r t i e s  o f  o r d i n a r y  demand f u n c t i o n s  - I 
h o m o g e n e i t y ,  s u m m a b i l i t y ,  a n d  s y m m e t r y  a n d  n e g a t i v e  s e m i - d e f i n i t e -  L 
n e s s  o f  t h e  S l u t s k y  t e r m s ,  C a h y / a p j  + fiJ ( afi:/aYx)]. I n  p a r t i c -  

r 
u l a r ,  w h i l e  some o f  t h e m  may e x h i b i t  z e r o  i n c o m e  e f f e c t s ,  i . e . ,  I: 

X 
aKilayX= 0, i t  i s  - n o t  p o s s i b l e  f o r  - a l l  o f  t h e  demand f u n c t i o n s  

f n  ( 1 3 )  t o  h a v e  z e r o  i n c o m e  e f f e c t s ;  n o r  i s  i t  p o s s i b l e  f o r  a l l  o f  
t 

t h e m  t o  h a v e  n e g a t i v e  i n c o m e  e f f e c t s ,  a f i i / a y x  < 0. T h i s  i s o n e  I 
o f  t h e  ways  i n  w h i c h  t h e y  d i f f e r  f r o m  i n c o m p l e t e  demand s y s t e m s ,  

s i n c e  i t  i s  e n t i r e l y  p o s s i b l e  f o r  a l l  o f  t h e  demand f u n c t i o n s  i n  i 
( 7 )  t o  h a v e  z e r o  o r  n e g a t i v e  d e r i v a t t v e s  w i t h  r e s p e c t  t o  t o t a l  

i n c o m e .  
t 

A l t h o u g h  p a r t i a l  demand f u n c t i o n s  f o r  t h e  x i ' s  c a n  be e s t i -  I 
m a t e d  u n d e r  c i r c u m s t a n c e s  i n  w h i c h  i t  i s  i m p o s s i b l e  t o  e s t i m a t e  

i n c o m p l e t e  demand f u n c t i o n s ,  t h i s  a d v a n t a g e  i s  n o t  o b t a i n e d  w i t h -  I 
o u t  some c o s t .  F i r s t ,  t h e  p a r t i a l  demand f u n c t i o n s  c a n  o n l y  be  1 
u s e d  t o  p r e d i c t  s i t e  p a t t e r n s  c o n d i t i o n a l  o n  a  g i v e n  

I 



t o t a l  r e c r e a t i o n  b u d g e t .  I f  p r i c e s  c h a n g e ,  s a y  from p '  t o  p " ,  

y x  a l s o  w i l l  change  from y x  ' = ~ ' ( p ' , q , y )  t o  y; '  = H ' ( P " , ~ , Y ) ,  

and  t h i s  change  c a n n o t  be a s c e r t a i n e d  from t h e  p a r t i a l  demand 

f u n c t i o n s  f o r  t h e  x ' s .  I n  p r a c t i c e  one  m i g h t  t r y  t o  c i r cumven t  

t h i s  problem by e s t i m a t i n g  some s o r t  o f  ad  hoc m a c r o - a l l o c a t i o n  

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

I n d e x  a s  a  c r u d e  a p p r o x i m a t i o n  t o  ( 1 5 ) ;  t h i s  a p p r o x i m a t i o n  would 
6 1 ,  

be used t o  p r e d i c t  t h e  change  from y x  t o  y,  . 
The s e c o n d  p rob lem,  t h e  c o n s t r u c t i o n  o f  w e l f a r e  m e a s u r e s ,  i s  

more s t u b b o r n .  Knowledge o f  t h e  p a r t i a l  demand f u n c t i o n s  

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

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

o f  t h e  p r i c e  change  from p '  t o  p". By I n t e g r a t i n g  ( 1 3 )  one can 

o b t a i n  t h e  p a r t i a l  i n d i r e c t  u t i l i t y  f u n c t i o n  ~ ( p r y x ) ,  b u t  n o t  t h e  

f u l l  i n d i r e c t  u t i l i t y  f u n c t i o n  v ( p , q . y ) .  The t r u e  w e l f a r e  

m e a s u r e s  f o r  t h e  p r i c e  change  s h o u l d  be based  on t h e  l a t t e r ;  t h e y  

a r e  t h e  q u a n t i t i e s  C and E d e f i n e d  i n  (10a  and  b l .  Suppose t h a t ,  

i n  a d d i t i o n  t o  knowing G ( p , y , ) ,  one  knows y; and  y ; ' ,  o r  can 

e s t i m a t e  them from some c r u d e ,  n o n - u t i l i t y - t h e o r e t i c  rnacro- 

a l l o c a t i o n  f u n c t i o n .  The b e s t  t h a t  o n e  can  hope t o  do i s  

c a l c u l a t e  t h e  q u a n t i t i e s  C and  E , where  

Hanemann ( 1 9 8 2 b )  showed t h a t  t h e s e  a r e  i n  g e n e r a l  d i f f e r e n t  from 

t h e  t r u e  w e l f a r e  m e a s u r e s ,  b u t  t h e y  a t  l e a s t  p r o v i d e  bounds on 

them: 



(17) E - < C and E - < f .  

The e m p i r i c a l  adequacy  of t h e s e  bounds ,  however ,  r e m a i n s  a n  open 

q u e s t i o n .  7 

I n c o r p o r a t i n g  Qua1  i  t y  

A n o t h e r  i s s u e  i n  m o d e l l i n g  demands f o r  m u l t i p l e  s i t e s  i s  t h e  

i n c o r p o r a t i o n  o f  q u a l i t y  d i f f e r e n c e s  among t h e  s i t e s .  Much o f  

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

b o t h  i n  t h e  s p e c i f i c a t i o n  o f  demand f u n c t i o n s  and i n  t h e i r  ap -  

p l i c a t i o n  f o r  w e l f a r e  e v a l u a t i o n s .  A common p r a c t i c e ,  w h e t h e r  

u s i n g  v i s i t a t i o n  d a t a  f o r  a  s i n g l e  s i t e  o r  s e v e r a l  s i t e s ,  was t o  

e s t i m a t e  a  demand f u n c t i o n  r e l a t i n g  t h e  number o f  v i s i t s  t o  a  

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

t h e  c o s t  o f  v i s i t i n g  t h e  s i t e ,  income,  and p e r h a p s  o t h e r  s o c i o -  

economic  v a r i a b l e s .  Denote  t h i s  demand f u n c t i o n  by x  = f ( p , y )  

where  x and  p  a r e  s c a l a r s .  When i t  was n e c e s s a r y  t o  e v a l u a t e  t h e  

b e n e f i t s  f rom o p e n i n g  up a  new r e c r e a t i o n  s i t e ,  t h i s  was based  on 

a  c r i t e r i o n  o f  p r i c e  dominance.  L e t  p '  be t h e  c o s t  t o  an i n d i -  

v i d u a l  o f  v i s i t i n g  t h e  c h e a p e s t  e x i s t i n g  s i t e ,  and p"  t h e  c o s t  

o f  v i s i t i n g  t h e  new s i t e .  Using t h e  M a r s h a l l i a n  measu re  o f  con-  

s u m e r ' s  s u r p l u s ,  t h e  b e n e f i t  f rom t h e  o p e n i n g  o f  t h e  new s i t e  was 

computed a s  8 

I o 
o t h e r w i s e .  



Suppose t h a t  H s i t e s  a r e  a v a i l a b l e  t o  t he  i n d i v i d u a l ,  inc lud ing  

t h e  new s i t e ,  with p r i c e s  P I ,  ..., p ~ .  The i m p l i c i t  o rd ina ry  

demand func t ion  f o r  any s i t e ,  say t he  i  t h  s i t e ,  f s  

1 f ( p , y )  i f  p i <  p j  a l l  j # i  
118b) x i P  h ( P  l . . . . , p N , ~ l = {  

0 o the rwi se .  

The only  u t i l i t y  model which would gene ra t e  t h i s  type of  demand 

f u n c t i o n  i s  

i . e . .  t h e  va r ious  s i t e s  a r e  p e r f e c t  s u b s t i t u t e s  and e i t h e r  they 

o f f e r  e x a c t l y  t h e  same q u a l i t y  of  r e c r e a t i o n  exper ience  o r  e l s e  

consumers a r e  e n t i r e l y  i n d i f f e r e n t  t o  t h e  nonpr ice  a s p e c t s  of  

r e c r e a t i o n  exper ience .  

None of t h e s e  assumptions  seems very p l a u s i b l e .  I t  i s  an 

empi r i ca l  f a c t  t h a t  many i n d i v i d u a l s  who p a r t i c i p a t e  i n  

waterbased r e c r e a t i o n  v i s i t  more than one s i t e ,  a n d  even those  

w h o  v i s i t  only one s i t e  r a r e l y  v i s i t  t h e i r  cheapes t  s i t e .  

Moreover, i n  most r eg ions  t h e r e  i s  some v a r i a t i o n  in t h e  q u a l i t y  

of  r e c r e a t i o n  expe r i ence  a f fo rded  by d i f f e r e n t  s i t e s ,  and casual  

ev idence  s u g g e s t s  t h a t  r e c r e a t i o n i s t s  c a r e  a b o u t  a t  l e a s t  some 

dimensions of s i t e  q u a l i t y  and t r a d e  o f f  p r i c e  a n d  q u a l i t y  in 

making t h e i r  r e c r e a t i o n  d e c i s i o n s .  The re fo re ,  t h e r e  i s  a s t rong  

case  f o r  i n t roduc ing  s i t e  q u a l i t y  i n t o  models of  r e c r e a t i o n  

behavior .  



T h i s  can be d o n e  i n  two ways ,  a n d  t h e  c h o i c e  among them 

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

m e a s u r e s  o f  s i t e  q u a l i t y ;  a s  i n d i c a t e d  i n  C h a p t e r  7 ,  t h i s  i s  n o t  

a l w a y s  a  s i m p l e  t a s k .  I f  q u a l i t y  i s  n o t  e a s i l y  m e a s u r e d  

e x p l i c i t l y ,  o n e  c a n  i n t r o d u c e  i t  i m p l  i c i  t l y  b y  t r e a t i n g  t h e  

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

demand f u n c t i o n s  f o r  them. T h u s ,  u t i l i t y  i s  some f u n c t i o n  

u ( x l  ,..., x N , z ) > b u t  - n o t  G ( l x i ,  z) a s  i n  ( 1 8 c ) t  t h e  i n d i v i d u a l  has  

d i f f e r e n t  p r e f e r e n c e s  f o r  d i f f e r e n t  s i t e s ,  a n d  t h e r e f o r e  does n o t  

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

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

d i f f e r e n c e s  i n  s i t e  q u a l i t y )  a r e  n o t  made e x p l i c i t .  

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

1 N  h [pl, ..., p ~ , q , y ) ,  ..., h ( p l ,  ..., p ~ , q . y ) .  t e l l s  o n e  - how t h e  

demand f o r  s i t e s  d i f f e r s  - e.g.  f o r  s i t e s  1 a n d  2 ,  e v e n  i f  pl = 

p 2  7 

G3 
hl( * )  > h 2 (  - 1  - b u t  n o t  a t h e  demand d i f f e r s .  T h i s  c a u s e s  

some p r o b l e m s  when o n e  w a n t s  t o  p r e d i c t  t h e  c o n s e q u e n c e s  o f  

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

new s i t e .  I n  p r a c t i c e ,  o n e  w o u l d  h a v e  t o  assume t h a t  t h e  new 

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

a p p l y  t h e  p r i c e  d o m i n a n c e  c r i t e r i o n  imp1  i c i  t i n  ( 1 6 a  , b ) .  9 

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

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

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

d o i n g  t h i s  w e r e  d i s c u s s e d  i n  C h a p t e r  7 i n  t h e  c o n t e x t  o f  a demand 

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

demand s y s t e m s  f o r  mu1 t i p t e  s i t e s .  L e t  bik r e p r e s e n t  t h e  l e v e l  



o f  t h e  k t h  q u a l i t y  c h a r a c t e r i s t i c  a s s o c i a t e d  w i t h  a  v i s i t  t o  s i t e  

i ,  k = l,...,K and i = l,...,N and  l e t  b i  = ( b i l ,  ..., b i K ) .  The 

u t i l i t y  f u n c t i o n  i s  assumed t o  be u ( x l ,  ..., x ~ , b l ,  ..., b N , z )  and 

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

i xi = h  p  . p b . .  b q  1 .  N o  One i m p l t c a t i o n  s h o u l d  

I m m e d i a t e l y  be n o t e d :  t h e  demand f o r  any s i t e  depends  i n  p r i n c i p l e  

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

a l l  o t h e r  s i t e s .  As n o t e d  i n  C h a p t e r  7 ,  t h i s  may c a u s e  some prob-  

l e m s  where  o n e  employs  s u b j e c t i v e  r a t h e r  t h a n  o 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 n d  when i n d i v i d u a l s  do - n o t  v i s i t  a l l  a v a i l a b l e  s i t e s ,  

b e c a u s e  i t  i s  o f t e n  d i f f i c u l t  i n  p r a c t i c e  t o  e l i c i t  s u b j e c t i v e  r a t -  

dngs  o f  s i t e  q u a l i t y  f o r  s i t e s  t h a t  p e o p l e  do n o t  v i s i t  (Hanemann, 

1984b ;  Hanemann. 1 9 7 8 ,  Ch 6 ) .  0 
F o l l o w i n g  t h e  d i s c u s s i o n  i n  C h a p t e r  7 ,  t h e  u t i l i t y  f u n c t i o n  

u ( x , b , z )  may be  g e n e r a t e d  e i t h e r  by a d d i n g  t h e  q u a l i t y  v a r i a b l e s ,  b .  

t o  some known u t i l i t y  f u n c t i o n  u ( x , z )  i n  an ad  hoc manner ,  o r  by 

e m p l o y i n g  t h e  t r a n s f o r m a t i o n  method. Fo r  example ,  w i t h  s c a l i n g ,  

t h e  u t i l i t y  f u n c t i o n  i s  

whe re  + ( b i l  may be i n t e r p r e t e d  a s  an  o v e r a l l  i n d e x  o f  s i t e  i ' s  

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



w h i l e  w i t h  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 ,  t h e  

u t i l i t y  f u n c t i o n  i s  

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

( 2 0 6 )  xi = h i (p ,b ,q ,y )  = fii[pl-q J i l (bl)  ,..., pN-q JiN(bN!,q.yl.  

i = 1, ..., N. 
T h e  u n f o r t u n a t e  i m p l i c a t i o n  o f  s c a l i n g  m e n t i o n e d  e a r l i e r  c a r r i e s  

o v e r  t o  ( 1 9 a , b ) .  T h a t  i s  i f  t h e  demand f o r  a  s i t e  i s  p r i c e  i n e l a s -  > 
t i c ,  an i n c r e a s e  i n  q u a l i t y  r e d u c e s  i t s  demand.  

However i t  i s  g e n e r a t e d ,  a  u t i l i t y  f u n c t i o n  i n c o r p o r a t i n g  

q u a l i t y  c h a r a c t e r i s t i c s  o f  t h e  g e n e r a l  f o r m  u ( x , b , z )  may a p p e a r , f r o m  

o n e  p o i n t  o f  v i e w ,  t o  be  t o o  much o f  a  good  t h i n g .  T h i s  i s  b e c a u s e ,  

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

e a c h  o f  t h e  g o o d s  a s  d i f f e r e n t  c o m m o d i t i e s :  even i f  a l l  t h e  s i t e s  

h a d  e x a c t l y  t h e  same c h a r a c t e r i s t i c s  ( i . e . ,  b i k = b .  f o r  e v e r y  i ,  j J k 

a n d  a l l  k ) ,  t h e  g e n e r a l  f o r m u a t i o n  u ( x , b , z )  i m p l i e s  t h a t  t h e y  w o u l d  

h a v e  d i f f e r e n t  demand f u n c t i o n s ,  w h i c h  may be i m p l a u s i b l e .  T h i s  c a n  

be  r e m e d i e d ,  f o r  e x a m p l e ,  by s p e c i a l i z i n g  ( 1 9 a )  o r  ( 2 0 a )  t o  

I n  t h e s e  f o r m u l a t i o n s ,  i f  a l l  s i t e s  had  e x a c t l y  t h e  same 

c h a r a c t e r i s t i c s ,  t h e y  w o u l d  h a v e  e x a c t l y  t h e  same demand;  i f  t h e y  

hzC d i f f e r e n t  c h a r a c t e r i s t i c s  t h e n ,  u n l i k e  t h e  s i t u a t i o n  i n  

( 1 8 c ) ,  t h e y  w o u l d  h a v e  d i f f e r e n t  d e m a n d s .  H o w e v e r ,  ( 2 1 )  a n d  ( 2 2 )  



imply  t h a t ,  a l l o w i n g  f o r  q u a l i t y  d i f f e r e n c e s ,  t h e  s i t e s  a r e  a l l  

p e r f e c t  s u b s t i t u t e s  and  an i n d i v i d u a l  would g e n e r a l l y  v i s i t  o n l y  

one  s i t e ,  t h e  s e l e c t i o n  o f  t h i s  s i t e  i n v o l v i n g  a  t r a d e  o f f  

between p r i c e  and  q u a l i t y .  1 2  

A l e s s  e x t r e m e  a p p r o a c h  would be t o  assume t h a t  r e c r e a t i o n  

s i t e s  can be g r o u p e d  i n t o  s e v e r a l  c l a s s e s ,  e a c h  c l a s s  

r e p r e s e n t i n g  a  d i f f e r e n t  t y p e  o f  r e c r e a t i o n  e x p e r i e n c e  

( f r e s h w a t e r  v e r s u s  s a l t w a t e r  s i t e s ,  i s o l a t e d  v e r s u s  h e a v i l y  urban  

s l t e s ,  e t c . )  a n d ,  t h e r e f o r e ,  h a v i n g  a  d i f f e r e n t  demand 

f u n c t i o n .  F o r  example ,  i f  t h e r e  were  t h r e e  c l a s s e s  i n d e x e d  by A ,  

B ,  and  C ,  i n s t e a d  o f  ( 2 2 )  t h e  u t i l i t y  f u n c t i o n  would be  

(231 u(x,b,z1 = E [I 3.I 4.2  3.2 + I $i(bi15+ :&$,(bi) xi+ I $j(bil $1. 
id i id: idi id: 

H e r e ,  even  i f  a l l  N s i t e s  had e x a c t l y  t h e  same measu red  

c h a r a c t e r i s t i c s ,  s i t e s  o f  t y p e  A would have d i f f e r e n t  demand 

f u n c t i o n s  f r o m  s i t e s  o f  t y p e  B o r  t y p e  C ,  b u t  w i t h i n  e a c h  c l a s s  

a l l  s i t e s  would have  a  common demand f u n c t i o n .  Models  o f  t h i s  

s o r t  w i l l  be e x p l o r e d  f u r t h e r  i n  t h e  n e x t  C h a p t e r .  

C o r n e r  S o l u t i o n s  - The T r e a t m e n t  o f  Ze ro  V i s i t s  

The  a b o v e  d i s c u s s i o n  a l s o  s e r v e s  t o  i l l u s t r a t e  how " c o r n e r  

s o l u t i o n s "  i n  which an  i n d i v i d u a l  h a s  z e r o  consumpt ion  o f  some 

goods  

can a r i s e  f rom p u r e l y  t h e o r e t i c a l  

c o n s i d e r a t i o n s .  Y e t ,  t h i s  i s  more t h a n  a  t h e o r e t i c a l  phenome- 

non.  I n  p r a c t i c e ,  whenever  o n e  works  w i t h  d a t a  on t n d i v i d u a l s '  

consumpt ion  b e h a v i o r  and a  f a i r l y  d i s a g g r e g a t e d  commodity c l a s s i -  

f i c a t i o n ,  he i s  l i k e l y  t o  o b s e r v e  i n s t a n c e s  o f  c o r n e r  s o l u t i o n s  



I n  t h e  r e c r e a t i o n  c o n t e x t ,  f o r  e x a m p l e ,  a l t h o u g h  i n d i v i d u a l s  may 

v i s i t  s e v e r a l  s i t e s  o v e r  t h e  c o u r s e  o f  t h e  r e c r e a t i o n  s e a s o n ,  i t  

i s  unusua l  t o  f i n d  t h a t  t h e y  v i s i t  a l l  p o s s i b l e  s i t e s .  - 1 3  

The r a m i f i c a t i o n s  o f  c o r n e r  s o l u t i o n s ,  bo th  s t a t j s t i c a l  and 

u t i l i t y - t h e o r e t i c ,  have o n l y  r e c e n t l y  begun t o  r e c e i v e  a t t e n -  

t i o n .  From a  s t a t i s t i c a l  p o i n t  o f  v i e w ,  p e r h a p s  t h e  most  impor-  

t a n t  i m p l i c a t i o n  i s  t h a t  t h e r e  i s  a  p r o b a b i l i t y  mass a t  x i  = 0 

which n e e d s  t o  be i n c o r p o r a t e d  i n t o  t h e  e s t i m a t i o n  p r o c e d u r e ,  a s  

i n  T o b i t  models .  From t h e  p o i n t  o f  view of  economic model formu- 

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

s a t i s f y  an a d d i t i o n a l  r e s t r i c t i o n  b e s i d e s  homogene i ty ,  sum- 

m a b i l i t y ,  and t h e  symmetry and n e g a t i v e - s e m i d e f i n i t e n e s s  of t h e  

S l u t s k y  m a t r i x ,  namely t h a t  t h e y  assume o n l y  n o n - n e g a t i v e  v a l u e s ;  

t h u s  a  f u n c t i o n  l i k e  

c a n n o t  i n  f a c t  be a  v a l i d  f o r m u l a  f o r  an o r d i n a r y  demand sys t em 

w i t h o u t  some f u r t h e r  m o d i f i c a t i o n  b e c a u s e  i t s  r a n g e  e x t e n d s  t o  

t h e  n e g a t i v e  o r t h a n t .  F u r t h e r m o r e ,  t h e r e  i s  a  more s u b t l e  

problem i n  d e a l i n g  w i t h  c o r n e r  s o l u t i o n s  i n  a  manner c o n s i s t e n t  

w i t h  t h e  h y p o t h e s i s  o f  u t i l i t y  m a x i m i z a t i o n .  Suppose t h a t ,  a t  

t h e  c u r r e n t  p r i c e s  a n d  income,  a n  i n d i v i d u a l  i s  consuming some 

p o s i t i v e  amounts  of  goods 3 t h r o u g h  N b u t  n o t h i n g  o f  goods 1 a n d  

2 .  Then,  s m a l l  changes  i n  t h e  p r i c e s  p 1  o r  p 2  w i l l  have  no - 
(23 

e f f e c t  on h i s  demands f o r  goods 3 ,  ..., N .  With in  some r e g i o n  of  

( p , y )  s p a c e  h i s  demand f u n c t i o n 5  h i (  . ) ,  i  = 3 ,..., N ,  w i l l  b e  



i n d e p e n d e n t  o f  pl and  p2 and w i l l  depend o n l y  on p3,  . . . , p K  and 

y .  Thus,  a s  one  moves f rom c o r n e r  t o  c o r n e r  t h e  a rgumen t s  o f  t h e  

demand f u n c t i o n s  change ;  o n l y  a t  an i n t e r i o r  s o l u t i o n  ( i . e . ,  t h e  

i n d i v i d u a l  v i s i t s  e v e r y  s i t e )  do t h e  demand f u n c t i o n s  depend on 

t h e  f u l l  s e t  o f  p r i c e s ,  p1. . . . . pH .  The p a t h o l o g y  o f  c o r n e r  

s o l u t i o n s  i s  examined i n  some d e t a i l  i n  Hanemann (1984d1 ,  and 

w i l l  be summarized i n  t h e  next  C h a p t e r .  

A f u r t h e r  c o n s e q u e n c e  o f  c o r n e r  s o l u t i o n s  c o n c e r n s  t h e  

manner  i n  which a s t o c h a s t i c  e l e m e n t  i s  combined w i t h  zn economic 

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

e s t i m a t i o n .  By f a r  t h e  most  common p r a c t i c e  $n demand a n a l y s i s  

i s  t o  p o s t u l a t e  some u t i l i t y  model d e v o i d  o f  s t o c h a s t i c  e l e m e n t s ,  

u ( x , z ) ,  d e r i v e  t h e  c o r r e s p o n d i n g  demand s y s t e m ,  a l s o  d e v o i d  o f  

i s t o c h a s t i c  e l e m e n t s ,  h ( p . q , y ) ,  i = 1, ..., N, and  t h e n ,  i n  t h e  

l a s t  m i n u t e  a s  i t  w e r e ,  add some e r r o r  t e r m s  E ~ ,  ..., E~ t o  

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

s t o c h a s t i c  e q u a t i o n s  xi = h f ( p , q , y )  + e f .  An a l t e r n a t i v e  

p r o c e d u r e  would be t o  i n t r o d u c e  t h e  random e l e m e n t s  i n t o  t h e  

u t i l i t y  f u n c t i o n  a t  t h e  v e r y  b e g i n n i n g ,  u ( x , z , E ) ,  and t h e n  

d e r i v e  t h e  demand s y s t e m  i n  t h e  c o n v e n t i o n a l  manner a l l o w i n g  t h e  

random e l e m e n t s  t o  c a r r y  o v e r  t o  t h e  o r d i n a r y  demand f u n c t i o n s .  

i 
x i a h  ( P , ~ . Y . E ) .  A l though  t h i s  has  o c c a s i o n a l l y  been con-  

s i d e r e d  i n  t h e  c o n t e x t  o f  demand models  c o r r e s p o n d i n g  t o  i n t e r i o r  

s o l u t i o n s ,  n o t a b l y  by P o l l a k  and  Wales ( 1 9 6 9 ,  f o o t n o t e  1 3 1 ,  i t  

t u r n s  o u t  t o  be o f  c r u c i a l  f m p o r t a n c e  %n demand models  f o r  c o r n e r  

s o l u t i o n s ,  a s  w i l l  be  shown i n  t h e  n e v t  C h a p t e r .  



The f o u r  t o p i c s  d i s c u s s e d  so f a r  - t h e  u s e  o f  demand s y s t e w s  

c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  o f  u t i l i t y  m a x i m i z a t i o n ,  t h e  

t r e a t m e n t  o f  " o t h e r "  g o o d s ,  t h e  m e t h o d  by  w h i c h  q u a l i t y  

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

o f  c o r n e r  s o l u t i o n s  - p r o v i d e  c r i t e r i a  by whch e x i s t i n g  m u l t i p l e  

s i t e  demand m o d e l s  c a n  be  e v a l u a t e d .  I n  t h e  f o l l o w i n g  C h a p t e r  we 

r e v i e w  some o f  t h e s e  m o d e l s ,  and  we o u t l i n e  some new a p p r o a c h e s  

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



F O O T N O T E S  TO C H A P T E R  8  

1. The  p r e f e r e n c e - s t r u c t u r a l  i m p l i c a t i o n s  o f  i m p o s i n g  s y m m e t r y  

o n  a d  h o c  demand s y s t e m s  s u c h  as  x .  = a i  + $ i j  p j  + y i y  1 

I n  x .  1 = ai  + 1 B i j  P j t  y iy ,  i = l . . .  N a r e  e x p l o r e d  i n  
j 

L a F r a n c e  a n d  Hanemann ( 1 9 8 4 ) .  

2 .  We a r e  a s s u m i n g  a demand s y s t e m  w h i c h  a p p l i e s  t o  t h e  b e h a v i o r  

o f  i n d i v i d u a l  c o n s u m e r s .  The q u e s t i o n  o f  m o d e l l i n g  a g g r e g a t e  

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

c o m p l e x  a n d  w i l l  n o t  b e  a d d r e s s e d  h e r e .  

W i l l i g ' s  ( 1 9 7 6 )  o r  V a r t i a ' s  ( 1 9 8 3 )  a p p r o x i m a t i o n s .  T h e s e  a r e  

p r o c e d u r e s  f o r  a p p r o x i m a t i n g  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  

1 v ( p , y )  u n d e r l y i n g  t h e  demand f u n c t i o n s  h  [ -  1 . .  .., h N ( *  ) ,  a n d  m? 

a r e  c l e a r l y  n e e d e d  when v ( p , y )  d o e s  n o t  h a v e  a c l o s e d - f o r m  

e x p r e s s i o n .  B u t  t h e y  p r o d u c e  n o n s e n s i c a l  r e s u l t s  t f  t h e  

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

h o m o g e n e i t y ,  o r  summabi 1  i ty .  

4 .  T h e  same c o n c l u s i o n  a p p l i e s  when t h e  q u a l i t y  a t t r i b u t e s  o f  

t h e  x ' s  a f f e c t  p r e f e r e n c e s  a n d  t h e r e f o r e  e n t e r  t h e  demand 

f u n c t i o n s  ( 7 1  a n d  ( 8 ) .  W e l f a r e  e v a l u a t i o n s  f o r  c h a n g e s  i n  

t h e  q u a l i t y  o f  t h e  x ' s  c a n  v a l i d l y  be b a s e d  o n  t h e  i n c o m p l e t e  

demand s y s t e m  ( 7 ) .  w i t h o u t  k n o w i n g  ( 8 ) .  



5 .  I f  t h e  s u b - u t i l i t y  f u n c t i o n  i i ( . )  i s  h o m o t h e t i c ,  
X 

c ( p , y x )  = + ( p ) y x  and ( 1 5 )  becomes y x  = H ( @ @ ) , q , ~ ) ,  

where  4 i s  homogeneous o f  d e g r e e  o n e .  

6. I t  - i s  p o s s i b l e ,  however .  t h a t  a y x / a y  = a nx/aY - < 0. 

7.  I t  can be shown t h a t  t h e  same a rgumen t  a p p l i e s  t o  w e l f a r e  

m e a s u r e s  f o r  c h a n g e s  i n  t h e  q u a l i t i e s  o f  t h e  x ' s ,  i f  t h e s e  
a r e  a r g u m e n t s  i n  C ( .  ) . 

8. F o r  e x a m p l e s  o f  t h i s  p r o c e d u r e  s e e  M a n s f i e l d  ( 1 9 7 1 ) ,  Ackerman 

e t  a l .  ( 1 9 7 4 )  and  K n e t s c h  ( 1 9 7 7 ) .  

9 .  To be  more s p e c i f i c ,  i f  t h e  new s i t e  i s  l a b e l l e d  N + 1 and  i s  

d e t e r m i n e d  t o  be s i m i l a r  t o  e x i s t i n g  s i t e  1, s a y ,  t h e  assumed 
f U * L ~  

u t i l i t y  f o r q h e  o l d  and new s i t e s  is L 

t h e  demand f u n c t i o n s  f o r  s i t e s  1 and  N + 1 a r e  

1 
x1= I ~ ( P ~ . P ~ . - . . , P ~ * ~ * Y )  i f P l < P ~ + l ,  

0 o t h e r w i s e  

FI 0 i f  P 1  < P ~ + l  
X ~ + l  ' h l  P 2 % " . % p N * q > y )  o t h e r w i s e  

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

T h i s  a p p r o a c h  i s  f o l l o w e d  by B u r t  and Brewer  ( 1 9 7 1 )  and  

C i c c h e t t i  e t  a t .  ( 1 9 7 6 ) .  



10. T h i s  f o r m u l a t i o n  i s  c a l l e d  a  ' G e n e r a l i z e d  L a n c a s t e r "  mode l  i n  

Hanemann ( 1 9 8 2 a )  w h i c h  e x p l a i n s  f t s  r e l a t i o n  t o  b o t h  L a n c a s t e r ' s  

( 1 9 6 6 ,  1 9 7 1 )  q u a l i t y  m o d e l  a n d  t h e  m o d e l  e m p l o y e d  b y  H o u t h a k k e r  

( 1 9 5 1 - 5 2 )  a n d  T h e i l  ( 1 9 5 1 - 5 2 ) .  The l a t t e r  c a n  b e  shown t o  

u n d e r l i e  t h e  r e c r e a t i o n  demand m o d e l  o f  B rown  a n d  M e n d e l s o h n  

( 1 9 8 3 ) .  The  r e l a t i v e  a d v a n t a g e s  o f  t h e s e  t w o  a p p r o a c h e s  - t h e  

G e n e r a l i z e d  L a n c a s t e r  m o d e l  a n d  t h e  H o u t h a k k e r - T h e f l  mode l  - a r e  

d i s c u s s e d  b r i e f l y  o n  pp .  7 9 - 8 0  o f  Hanemann ( 1 9 8 2 a ) .  a n d  some 

r e l a t e d  i s s u e s  a r e  r a i s e d  i n  C h a p t e r  7 .  A f u l l e r  c o m p a r i s o n  o f  

B r o w n  a n d  M e n d e l s o h n ' s  w o r k  w i t h  o u r  own w i l l  b e  f o r t h c o m i n g .  

11. T h i s  r a i s e s  a  q u e s t i o n  a b o u t  j u s t  w h a t  i s  t h e  i n d i v i d u a l ' s  

e f f e c t i v e  c h o i c e  s e t ,  w h i c h  i s  d i s c u s s e d  f u r t h e r  b e l o w .  

1 2 .  I n  t h e  c a s e  o f  ( 2 1 ) .  t h e  i n d i v i d u a l  s e l e c t s  t h a t  s i t e  f o r  

w h i c h  pi/J,i(bi) i s  l o w e s t ;  i n  t h e  c a s e  o f  ( 2 2 )  h e  s e l e c t s  

t h a t  s i t e  f o r  w h i c h  pi-$i(bi) i s  t h e  l o w e s t .  

1 3 .  T h i s  r a i s e s  t h e  q u e s t i o n  a l r e a d y  m e n t i o n e d  i n  f o o t n o t e  1 1 ,  o f  

w h e t h e r  a l l  t h e  s i t e s  r e a l l y  e n t e r  i n t o  a n y  p e r s o n ' s  c h o i c e  

s e t .  I t  may w e l l  be  t h a t  r e c r e a t i o n  b e h a v i o r  s h o u l d  b e  

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

s i t e s  t o  an  e f f e c t i v e  c h o i c e  s e t ,  w h i c h  may v a r y  among 

I n d i v i d u a l s ,  a n d  t h e n  a  s e l e c t i o n  among t h e  s i t e s  f n  t h e  

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

m a x i m i z a t i o n  p a r a d i g m  e m p l o y e d  h e r e .  M o d e l l i n g  t h e  f o r m a t i o n  

o f  c h o i c e  s e t s ,  h o w e v e r ,  r a i s e s  b o t h  t h e o r e t i c a l  i s s u e s  w h i c h  



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

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

s e t s .  I n  some c a s e s  i t  may be  o b v i o u s  t o  t h e  a n a l y s t  w h a t  

c o n s t i t u t e s  e a c h  i n d i v i d u a l ' s  c h o i c e  s e t ;  i n  t h e  c a s e  o f  

s k i i n g  o r  w h i t e  w a t e r  r a f t i n g ,  f o r  e x a m p l e ,  w h e r e  s i t e s  c a n  

r e a d i l y  be  g r a d e d  a c c o r d i n g  t o  t h e i r  d i f f i c u l t y  a n d  t h e  

r e c r e a t i o n i s t ' s  d e g r e e  o f  s k i l l  o r  e x p e r i e n c e  c a n  be  d e t e r -  

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

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

o f  sw imming  a n d  b e a c h  r e c r e a t i o n ,  b y  c o n t r a s t ,  i t  may b e  m o r e  

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

e f f e c t i v e  c h o i c e  s e t s .  When f a c e d  w i t h  e x a c t l y  t h i s  p r o b l e m ,  

C a u l k i n s  e t  a1  ( 1 9 8 4 )  assumed t h a t  t h e  i n d i v i d u a l ' s  c h o i c e  

s e t  c o n s i s t s  o f  o n l y  t h o s e  s i t e s  w h i c h  h e  a c t u a l l y  v i s i t e d  

d u r i n g  t h e  c o u r s e  o f  t h e  s e a s o n ,  w h i c h  a p p e a r s  o v e r l y  r e -  

s t r i c t i v e  t o  u s .  

A l l  o f  t h i s  n o t -  

w i t h s t a n d i n g ,  i t  i s  s t i l l  l i k e l y  t h a t  c o r n e r  s o l u t i o n s  w i l l  

b e  o b s e r v e d  i n  s e l e c t i o n s  among t h e  e f f e c t i v e  c h o i c e  s e t .  
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