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PREFACE 

The research reported herein was performed under the 

auspices of the Interactive Decision Analysis (IDA) Project 

in the Systems and Decision Sciences Program. This paper 

reports on a class of group choice problems under uncertainty, 

with applications to the problem of locating public facilities 

such as power plants or prisons, which have potentially noxious 

side effects. This research complements the overall thrust of 

the IDA Project to study the theoretical foundations of inter- 

ventions directed at improving individual and group decision 

processes. In this regard, the collective choice mechanisms 

analyzed in this paper for group bargaining problems under 

uncertainty should be of interest both for their theoretical 

properties as well as for their implications for the important 

practical problem of siting public facilities. 

Alexander Kurzhanski 
SDS Program Leader 
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I. I n t r o d u c t i o n  

W i t h i n  t h e  g e n e r a l  f i e l d  o f  r i s k  management  t h e  s i t i n g  o f  n o x i o u s  

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

m a g n i t u d e  o f  t h i s  c o n f l i c t  h a s  b e e n  i n d i c a t e d  by  G l a d w i n  ( 1 9 8 0 ) .  He 

i d e n t i f i e d  366 d i s p u t e s  r e g a r d i n g  i n d u s t r i a l  f a c i l i t y  s i t i n g  o r  

e x p a n s i o n  i n  t h e  U n i t e d  S t a t e s  d u r i n g  t h e  p e r i o d  1 9 7 0  t o  mid-1978.  

A l m o s t  o n e - h a l f  o f  t h e s e  i n v o l v e  c h e m i c a l  p r o c e s s  f a c i l i t i e s .  F u r t h e r -  

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

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

v a r i e t y  o f  d i f f e r e n t  s o u r c e s  ( G o e t z e ,  1 9 8 2 ) .  T h i s  o p p o s i t i o n  h a s  b e e n  

s o  e f f e c t i v e  t h a t  no new o f f - s i t e  h a z a r d o u s  m a t e r i a l s  d i s p o s a l  f a c i l i -  

t i e s  (HMDF) h a v e  b e e n  s i t e d  i n  t h e  U .  S .  d u r i n g  t h e  p e r i o d  1980-1983 .  

(Bacow and M i l k e y ,  1 9 8 3 ) .  

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

d i l e m m a .  On t h e  o n e  h a n d ,  p e o p l e  demand t h e  g o o d s  and  s e r v i c e s  whose  

p r o d u c t i o n  y i e l d s  t o x i c  m a t e r i a l s  a s  b y - p r o d u c t s .  F u r t h e r m o r e ,  t h e r e  

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

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

p r e s e n c e  would y i e l d  b e n e f i t s  i n  e x c e s s  o f  t h e  r i s k s  a n d  c o s t s .  On t h e  

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

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

t h a t  o v e r  9 5  p e r c e n t  o f  r e s p o n d e n t s  wou ld  a c t i v e l y  p r o t e s t  a g a i n s t  

s i t i n g  a  h a z a r d o u s  m a t e r i a l s  f a c i l i t y  n e a r  t h e i r  home (U.S. C o u n c i l  o n  

E n v i r o n m e n t a l  Q u a l i t y ,  -1 9 8 0 ) .  
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I r o n i c a l l y ,  t h i s  i n a b i l i t y  t o  s i t e  new f a c i l i t i e s  i s  posing 

a d d i t i o n a l  r i s k s  s i n c e  t h e  volume o f  hazardous m a t e r i a l s  i s  growing a t  

a  r a t e  o f  3 p e r c e n t  per year  and a t  l e a s t  50 t o  60 major new s i t e s  w i l l  

be requ i red  over t h e  nex t  few y e a r s  (U.S. E P A ,  1980) .  Hence, s o c i e t y  

i s  i n  t h e  ex t remely  u n f o r t u n a t e  p o s i t i o n  o f  f a c i n g  a  dilemma. S o c i e t y  

i s  "damned i f  we doM deve lop  new s i t e s  because o f  l o c a l  o p p o s i t i o n  and 

I1damncd i f  we d o n ' t f 1  s i n c e  g e n e r a t o r s  and d i s p o s e r s  o f  hazardous 

m a t e r i a l s  may be tempted t o  engage i n  unsa fe  m a t e r i a l s  management 

p r a c t i c e s ,  g iven  t h e  dwind l ing c a p a c i t y  a t  e x i s t i n g  f a c i l i t i e s .  

I n s i g h t  i n t o  p o s s i b l e  s o l u t i o n s  t o  t h i s  dilemma may be ob ta ined  by 

add ress ing  t h e  fo l l ow ing  q u e s t i o n :  Why do r e s i d e n t s  o f  p o t e n t i a l  h o s t  

communit ies f i n d  t h e  n e t  r i s k s  o f  a  HMDF t o  be unacceptab le?  The 

answer t o  t h i s  q u e s t i o n  i s  mul t i - f ace ted  a s  i s  expected f o r  any complex 

problem. We o f f e r  two reasons  why l o c a l  communit ies p e r c e i v e  t h e  r i s k s  

t o  be unacceptab le  and ,  t h e r e f o r e  engage i n  l o c a l  o p p o s i t i o n .  F i r s t ,  

l a r g e  u n c e r t a i n t i e s  sur round t h e  impact o f  t h e s e  f a c i l i t i e s .  For 

example, we l a c k  s u f f i c i e n t  s c i e n t i f i c  knowledge t o  p r e d i c t  t h e  

r e l a t i o n s h i p  between t h e  f requency and d u r a t i o n  o f  exposure t o  some 

t y p e s  o f  t o x i c  m a t e r i a l s  and any r e s u l t a n t  h e a l t h  e f f e c t s ;  some o f  

which may be l a t e n t  and i r r e v e r s i b l e .  l  Second, c o n f l i c t s  w i t h  r e s p e c t  

t o  s i t i n g  hazardous m a t e r i a l s  f a c i l i t i e s  a r i s e  because t h e  e x t e r n a l  

c o s t s  a r e  s p a t i a l l y  concen t ra ted  around t h e  h o s t  community wh i le  t h e  

n e t  b e n e f i t s  o f  t h e  nox ious f a c i l i t y  tend t o  accrue  t o  t h o s e  communi- 

Consul t  Page (1978)  and Wynne (1984) f o r  a d d i t i o n a l  d i s c u s s i o n  o f  
t h e  g e n e r i c  c h a r a c t e r i s t i c s  o f  t o x i c  m a t e r i a l s  and r e l a t e d  r i s k  
management concerns .  



t i e s  t 9 a t  a r e  s u f f i c i e n t l y  d i s t a n t  f r o m  t h e  s i t e  t o  b e  v i r t u a l l y  immune 

f r o m  a n y  e x t e r n a l  c o s t s . 2  C o n s e q u e n t l y ,  t h e  h o s t  c o m m u n i t y  may b e l i e v e  

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

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

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

o p p o s i t i o n  t o  t h e  s i t i n g  o f  n o x i o u s  f a c i l i t i e s ,  s u c h  a s  a n  HMDF. By - e x  

a n t e  c o m p e n s a t i o n  we mean e i t h e r  m o n e t a r y  a n d / o r  i n - k i n d  p a y m e n t s  

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

o f  a  f a c i l i t y .  Our  w o r k i n g  h y p o t h e s i s  i s  t h a t  t h e s e  p a y m e n t s  may b e  

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

h o s t  c o m m u n i t y )  a n d  t h o s e  who b e n e f i t  f r o m  t h e  s i t i n g  o f  t h e  f a c i l i t y ,  

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

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

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

f a c i l i t y  i n  i t s  j u r i s d i c t i o n . 3  

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

p r o b l e m .  By t h i s  we mean t h a t  c o m m u n i t i e s  w i t h i n  a  r e g i o n  m u s t  d e c i d e :  

How d o  we l o c a t e  a  s i n g l e ,  f i x e d - s i z e  f a c i l i t y  t h a t  may b e  n e e d e d  w i t h  

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

t h e  r e g i o n ?  I n  o t h e r  w o r d s ,  t h e  c o m m u n i t i e s  h a v e  t w o  d e c i s i o n s  t o  

m a k e .  F i r s t ,  t h e y  m u s t  d e c i d e  i f  t h e y  ( a s  a  g r o u p )  w a n t  t h e  f a c i l i t y .  

T h e n ,  t h e y  m u s t  d e c i d e  w h e r e  t o  l o c a t e  t h e  f a c i l i t y .  T h e  i n t r a -  

2  
A d m i t t e d l y ,  t h e  f a c i l i t y ' s  i m p a c t s  a r e  s t o c h a s t i c .  H e n c e ,  t h e  e x t e r n a l  
c o s t s  s h o u l d  b e  c a l l e d  r i s k s  o r  e x p e c t e d  l o s s e s .  H o w e v e r ,  f o r  r e a s o n s  
o f  a n a l y t i c a l  t r a c t a b i l i t y ,  we a r e  a s s u m i n g  t h a t  t h e  c o s t s  a n d  b e n e f i t s  
a r e  d e t e r m i n i s t i c .  

3 
T h e  r e l a t e d  p r o b l e m  o f  d e v e l o p i n g  a n  a p p r o p r i a t e  d i s p o s a l  t a x  o r  
c h a r g i n g  s c h e m e  f o r  i n d u s t r i e s  t h a t  a r e  r e s p o n s i b l e  f o r  p r o d u c i n g  
h a z a r d o u s  m a t e r i a l s  w i l l  n o t  b e  t r e a t e d  h e r e .  S e e  K n e e s e  a n d  Bower 
( 1 9 7 2 )  a n d  N i c h o l s  ( 1 9 8 4 )  f o r  a  d i s c u s s i o n  o f  a  t a x  a n d  c h a r g i n g  s c h e m e  
f o r  e n v i r o n m e n t a l  r e g u l a t i o n  a n d  p o l l u t i o n  a b a t e m e n t .  
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c o m m u n i t y  s i t i n g  p r o b l e m  a l s o  n e e d s  t o  b e  a d d r e s s e d ,  b u t  w i l l  n o t  b e  

c o n s i d e r e d  h e r e .  T h i s  p r o b l e m  i n v o l v e s  a  number  o f  i n t r a - c o m m u n i t y  

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

p r e f e r e n c e  a n d  r i s k  p e r c e p t i o n  among c o m m u n i t y  r e s i d e n t s .  F o r  m o r e  

d e t a i l  see U.S. EPA, 1 9 7 9 ,  O t H a r e ,  -* e t  a 1  , 1 9 8 3  a n d  F i s c h h o f f ,  

e t  a 1  1 9 8 2 .  -. , 
T h e  p a p e r  i s  o r g a n i z e d  a s  f o l l o w s .  S e c t i o n  I1 d e s c r i b e s  t h e  

a t t r i b u t e s  o f  a  n o x i o u s  f a c i l i t y  a n d  p r o v i d e s  two e x a m p l e s  o f  how - e x  

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

s i t i n g  p r o c e s s .  S e c t i o n  I11 d i s c u s s e s  t h e  i n a p p r o p r i a t e n e s s  o f  t h e  

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

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

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

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

t h e  h o s t  c o m m u n i t y  a n d  p o s i t i v e  i m p a c t s  t o  o t h e r s .  S e c t i o n  I V  d e v e l o p s  

a  s e a l e d - ( 1 o w ) b i d  a u c t i o n  s i t i n g  m o d e l ,  g r o u n d e d  i n  t h e  t h e o r e t i c a l  . 

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

m i s r e p r e s e n t a t i o n .  T h i s  m o d e l  a s s u m e s  t h a t  t h e  f a c i l i t y ' s  i m p a c t s  a r e  

known t o  a l l  c o m m u n i t i e s  w i t h  c e r t a i n t y .  S e v e r a l  v a r i a t i o n s  o f  t h i s  

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

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

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

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

t o r y  e x p e r i m e n t s )  s t u d i e s .  
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11. Noxious F a c i l i t i e s  and Compensat ion  A r rangemen ts  

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

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

( A u s t i n ,  S m i t h ,  and W o l p e r t ,  1 9 7 0 ) .  More s p e c i f i c a l l y ,  O f H a r e  ( 1 9 7 7 )  

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

* L o c a l i z e d .  E i t h e r  t e c h n o l o g i c a l  o r  economic c o n s t r a i n t s  p r e v e n t  t h e  

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

* Asvmmetr ic S ~ a t i a l  D i s t r i b u t i o n  o f  S o c i a l  C o s t s  and B e n e f i t s .  The 

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

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

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

s o c i a l  b e n e f i t s  t o  t h e  h o s t  communi ty .  

* E x t e n s i v e  i n  S p a c e  and W i l l  D i s p l a c e    xi sting Uses. 

Hazardous  m a t e r i a l s  d i s p o s a l  f a c i l i t i e s  (HMDF) o r  t r a s h  d i s p o s a l  

f a c i l i t i e s  p r o v i d e  good i l l u s t r a t i o n s  o f  a  n o x i o u s  f a c i l i t y .  I n  

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

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

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

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

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

F i n a l l y ,  t h e  f a c i l i t y  p r o d u c e s  a  number o f  s o c i a l  c o s t s  and b e n e f i t s  

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

A s  F i g u r e  I i l l u s t r a t e s ,  t h e  s o c i a l  b e n e f i t s  c o n s i s t  o f  b o t h  a  

r e g i o n w i d e  s a f e t y  b e n e f i t  ( E l )  and a  l o c a l i z e d ,  n o n s a f e t y  b e n e f i t  ( E 2 ) .  

El i s  a  b e n e f i t  s i n c e  i t  i s  i n t e r p r e t e d  a s  t h e  amount o f  u n t r e a t e d  

h a z a r d o u s  m a t e r i a l s  ( M I  t h a t  a  communi ty  m i g h t  b e  e x p o s e d  t o  i n  t h e  

a b s e n c e  o f  t h e  f a c i l i t y .  
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The e x t e r n a l i t y  i s  a l s o  undep le tab le ,  i . e . ,  community A ' s  consumption 

o f  t h e  e x t e r n a l i t y  does not prevent community B from consuming t he  same 

l e v e l  of foregone ltexposure.l t  I n  c o n t r a s t ,  E2 i s  a  s e t  o f  t h e  l o c a l i z -  

ed nonsafety bene f i t s .  The s e t  inc ludes such b e n e f i c i a l  consequences 

a s  ne t  employment c r e a t i o n  and increased tax revenues. These a r e  

assumed t o  accrue only  t o  t he  host  community and, t h e r e f o r e ,  a r e  

l l l oca l i zed  .I1 I n  o the r  words, t h e  nonsafety b e n e f i t s  a r e  assumed t o  - not  

s p i l l  over i n t o  abu t t i ng  communities. 

The s o c i a l  c o s t s  c o n s i s t  o f  both non-catast rophic  and c a t a s t r o p h i c  

consequences. The noncatas t roph ic  c o s t s ,  E3, a r e  those assoc ia ted 

w i t h ,  f o r  example, increased t ruck  t r a f f i c  t h a t  c r e a t e s  no ise  and d u s t  

i n  t he  process o f  de l i ve r i ng  unt reated waste m a t e r i a l s  t o  the  f a c i l i t y .  

Catas t roph ic  c o s t s  E 4 ,  a r e  those high l o s s  events  such a s  exp los ions ,  

f i r e s ,  o r  l a n d f i l l  l i n e r  rup tu re .  We assume t h a t  t he  s o c i a l  c o s t s  do 

not  s p i l l  over i n t o  abu t t i ng  communities . 4  

Compensation Arrangements 

A s  a  po l icy  t o o l  f o r  s i t i n g  f a c i l i t i e s ,  compensation i s  used t o  

achieve t he  s o c i a l  ob j ec t i ves  of Pareto e f f i c i e n c y  and equ i t y .  E f f i c i -  

ency r e f e r s  t o  t he  opt imal a l l o c a t i o n  of  resources ,  such a s  acc ident  

p r e ~ e n t i o n  expend i tu res ,  assoc ia ted  w i t h  s e l e c t i n g  one of t he  p o t e n t i a l  

s i t e s .  Note t h a t  i n  t he  s i t i n g  problem, market f o r ces  cannot induce 

e f f i c i e n c y  s i nce  the  negat ive  consequences o f  d i sposa l  a r e  not 

market- t raded,  a s  i n  t he  case  of unsafe jobs o r  products.5 

I n  r e a l i t y ,  t h e  s o c i a l  c o s t s  may s p i l l  over i n t o  abu t t i ng  communities, 
p a r t i c u l a r l y  i f  t he  f a c i l i t y  i s  located near t h e  communityls border .  
However, t h i s  p o s s i b i l i t y  does not  a f f e c t  the  performance o f  t he  
compensation procedure developed i n  Sect ion I V .  

5 See Viscusi  (1983) f o r  a  d i scuss ion  of the  r o l e  of  market f o r ces  i n  
genera t ing  e f f i c i e n t  l e v e l s  o f  acc ident  prevent ion when t he  r i s k s ,  
i . e . ,  s t o c h a s t i c  negat ive  consequences, a r e  market- traded. 
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The E q u i t y  c r i t e r i o n  i s  c o n c e r n e d  w i t h  t h e  i m p a c t  o f  t h e  s i t i n g  

d e c i s i o n  on t h e  d i s t r i b u t i o n  o f  n e t  b e n e f i t s  o r  " g a i n s "  among communi- 

t i e s  w i t h i n  t h e  r e g i o n .  The s p e c i f i c  p rob lem i s  t o  d e t e r m i n e  a  f a i r  

d i v i s i o n  o f  t h e  g a i n s  f rom a p p r o p r i a t e  d i s p o s a l  among t h e  h o s t  communi- 

t y  and t h e  r e m a i n i n g  c o m m u n i t i e s .  Cerny  (1984 )  p o i n t s  o u t  t h a t  t h e r e  

a r e  t h r e e  ways o f  d e f i n i n g  e q u i t y  f o r  d e t e r m i n i n g  w h e t h e r  t h e  s i t e  

s e l e c t i o n  d e c i s i o n  was a  f a i r  one .  A l l o c a t i v e  e q u i t y  r e f e r s  t o  t h e  

d i s t r i b u t i o n  o f  c o s t s  and  b e n e f i t s  be tween  d i f f e r e n t  i n t e r e s t e d  

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

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

c o m m u n i t i e s  s i n c e  t h e y  may e i t h e r  demand l e s s  c o m p e n s a t i o n  o r  have  l e s s  

p o l i t i c a l  c l o u t  t h a n  more a f f l u e n t  a r e a s .  F i n a l l y ,  i n t e r g e n e r a t i o n a l  

e q u i t y  re fe rs  t o  t h e  i m p a c t  o f  a  f a c i l i t y  on f u t u r e  g e n e r a t i o n s .  

Ex a n t e  c o m p e n s a t i o n  may t a k e  t h e  form o f  m o n e t a r y  paymen ts  and /  

o r  paymen ts - i n - k i nd .6  Ex p o s t  c o m p e n s a t i o n  f o r  l o s s e s  c a n  b e  p r o v i d e d  

i n  t h e  form o f  i n s u r a n c e  and l i a b i l i t y  paymen ts .7  An examp le  o f  

i n - k i n d ,  ex  a n t e  c o m p e n s a t i o n  i n  t h e  U n i t e d  S t a t e s  is  t h e  b i r d  

s a n c t u a r y  p r o v i d e d  by t h e  M i s s o u r i  B a s i n  Power P r o j e c t ,  a  c o n s o r t i u m  o f  

s i x  u t i l i t i e s .  T h i s  c o n s o r t i u m  p r o p o s e d  a  $1 .6  b i l l i o n  c o a l - f i r e d  

u t i l i t y  p l a n t  on  t h e  L a r a m i e  R i v e r  i n  Wyoming. However,  a  l a w s u i t  had 

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

t h e  s u r r o u n d i n g  e n v i r o n m e n t .  The s u i t  was set t led  a f t e r  f i v e  y e a r s  o f  

O t h e r  f o r m s  o f  c o m p e n s a t i o n  may s u p p l e m e n t  o r  s u b s t i t u t e  f o r  ex a n t e  
paymen ts .  F o r  e x a m p l e ,  a f t e r  a  f a c i l i t y  h a s  been  c o n s t r u c t e d ,  t h e r e  
may b e  some fo rm o f  on -go ing  c o m p e n s a t i o n  t o  t h e  community t o  
r e i m b u r s e  r e s i d e n t s  f o r  any  s p e c i a l  c o s t s  t h a t  t h e  f a c i l i t y  may i m p o s e ,  
s u c h  a s  d e c r e a s e s  i n  p r o p e r t y  v a l u e s .  

7 T h e r e  i s  a  g r o w i n g  l i t e r a t u r e  on t h e  r o l e  o f  i n s u r a n c e  and a l t e r n a t i v e  
l i a b i l i t y  r u l e s  i n  p r o v i d i n g  paymen ts  f o r  l o s s e s .  S e e  Baram ( 1 9 8 2 ) ,  
G o e t z e  ( 1 9 8 2 ) ,  and Meyer ( 1 9 8 3 ) ,  who a r g u e  t h a t  i n d i v i d u a l s  r e c e i v e  
r e l a t i v e l y  l i m i t e d  p r o t e c t i o n  f rom e x i s t i n g  l i a b i l i t y  r u l e s  a s s o c i a t e d  
w i t h  s i t i n g  n o x i o u s  f a c i l i t i e s .  



nego t i a t i on ,  when t he  u t i l i t y  companies agreed t o  e s t a b l i s h  a $7.5 

m i l l i on  t r u s t  fund f o r  t he  s o l e  purpose of preserv ing a 60 mi le s t r e t c h  

o f  t h e  P l a t t  River;  t he  h a b i t a t  of seve ra l  spec ies  of  migratory b i r d s ,  

inc luding the  whooping crane.  Note t h a t  an i n i t i a l  o f f e r  of  $15 

m i l l i on  t o  the  env i ronmenta l i s t s  was re j ec ted  because i t  had the  

appearance of a b r ibe .  The coal  p lan t  was completed i n  1981 and i s  

f u l l y  ope ra t i ona l .  

The prov is ion of  compensation t o  the  host  community f aces  severe  

implementation problems. One of t h e  most d i f f i c u l t  i s  t h a t  communities 

may have an i ncen t i ve  t o  not only  exaggerate t h e i r  compensation 

requi rements,  b u t  a l so  t o  underrepor t  t h e i r  w i l l i ngness  t o  pay o t h e r  

communities t o  take t he  f a c i l i t y .  By doing s o ,  deve lopers  may be unable 

t o  s imul taneously  pay compensation and provide inexpensive,  s a f e  

d i sposa l  se r v i ces .  An add i t i ona l  concern i s  t h a t  some genera to rs  may 

dec ide ,  given the  r e l a t i v e l y  h igher  d i sposa l  f e e s  induced b y  exagger- 

ated compensation requi rements,  t o  r e tu rn  t o  i nappropr ia te  d i sposa l  

p rac t i ces  and take t h e  chance of e i t h e r  not being a r r e s t e d  o r ,  i f  

a r r e s t e d ,  paying r e l a t i v e l y  smal l  f i n e s .  

Consequently, one o f  t he  emerging noxious f a c i l i t y  s i t i n g  i s s u e s  

i s  t h a t  of compensation reve la t i on .  Can one design dec is ion  procedures 

t h a t  provide communities with economic incen t i ves  t o  t r u t h f u l l y  revea l  

t h e i r  compensation requirements?8 O'IHare (1977) i s  one of t he  f i r s t  t o  

recognize t h e  d e s i r e  fo r  p re ference misrepresenta t ion  i n  t he  form o f  

8 There i s  a s t rand  of l i t e r a t u r e  i n  noxious f a c i l i t y  l oca t i on  theory  
t h a t  addresses t he  importance of compensation i n  dea l ing  w i t h  community 
oppos i t ion  [Aust in ,  Smith, and Wolpert (1970) ;  and Wolpert (1976) l .  
However, these papers do not address  the  p o s s i b i l i t y  o f  s t r a t e g i c  
misrepresenta t ion  of compensation requirements b y  communities. 
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e x a g g e r a t e d  c l a i m s  f o r  c o m p e n s a t i o n .  He s u g g e s t e d  t h a t  a  V i c k r e y - t y p e ,  

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

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

The  n e x t  s e c t i o n  d e m o n s t r a t e s  t h a t  t h e  C l a r k e  d e m a n d - r e v e a l i n g  

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

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

f a c i l i t y  p r o b l e m .  T h u s ,  i n  S e c t i o n  I V  we p r o p o s e  a  s e a l e d  b i d  a u c t i o n  

s i t i n g  m o d e l  a n d  s e v e r a l  v a r i a t i o n s  t h e r e o f .  

111. I n a p p r o p r i a t e n e s s  o f  t h e  C l a r k e  Mechan ism 

T h e  l i t e r a t u r e  o n  d e m a n d - r e v e a l i n g  m e c h a n i s m s  i n i t i a l l y  a p p e a r s  t o  

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

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

C l a r k e  ( 1 9 7 1 ,  1 9 7 2 )  i n d u c e s  i n d i v i d u a l s  t o  d e c l a r e  t h e i r  t r u e  p r e -  

ferences f o r  a  p u r e  p u b l i c  c o m m o d i t y  b y  c h a r g i n g  a t a x  w h i c h  i s  

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

o u t c o m e .  Even  t h o u g h  t h e  C l a r k e  m e c h a n i s m  is  i n c e n t i v e  c o m p a t i b l e ,  i t  

h a s  s e v e r a l  w e a k n e s s e s  ( G r o v e s  a n d  L e d y a r d ,  1 9 7 7 ) .  F o r  e x a m p l e ,  i n  

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

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

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

o p t i m a l  . 
On c l o s e r  i n s p e c t i o n ,  o n e  f i n d s  t h a t  t h e  C l a r k e  p r e f e r e n c e  

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

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

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

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

h a v i n g  t h e  f a c i l i t y  i n  i t s  j u r i s d i c t i o n .  H e n c e ,  t h e  C l a r k e  m e c h a n i s m  
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may c r e a t e  a  n e g a t i v e  l e v e l  o f  welfare f o r  a l l  t h e  c o m m u n i t i e s ,  s i n c e  

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

w i t h o u t  e l i m i n a t i n g  t h e  t r u t h t e l l i n g  i n c e n t i v e . 9  F u r t h e r m o r e ,  s i n c e  

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

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

b e n e f i t  t o  t h e  e n t i r e  r e g i o n .  

An E x a m p l e  

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

u s i n g  t h e  C l a r k e  m e c h a n i s m  f o r  t h e  n o x i o u s  f a c i l i t y  p r o b l e m .  Assume 

t h a t  s i t e s  A ,  B ,  a n d  C a r e  a s s o c i a t e d  w i t h  c o m m u n i t i e s  1 ,  2 ,  a n d  3 ,  

r e s p e c t i v e l y .  The  v a l u e  m a t r i x  ( T a b l e  I )  i n d i c a t e s  t h a t  e a c h  c o m m u n i t y  

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

j u r i s d i c t i o n ,  u n l e s s  i t  r e c e i v e s  c o m p e n s a t i o n .  F o r  e x a m p l e ,  T a b l e  I 

i n d i c a t e s  t h a t  c o m m u n i t y  1  i s  $ 8  d o l l a r s  worse o f f  i f  t h e  f a c i l i t y  i s  

i n  i t s  b a c k y a r d ,  so i t s  t r u e  w i l l i n g n e s s  t o  a c c e p t  (WTA) = $ 8 .  I t  i s  

$4  d o l l a r s  b e t t e r  o f f  i f  t h e  HMDF i s  l o c a t e d  i n  o n e  o f  t h e  o t h e r  t w o  

c o m m u n i t i e s ,  so i t s  t r u e  w i l l i n g n e s s  t o  p a y  (WTP) = $4.  

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

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

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

f a c i l i t y  t o  b e  l o c a t e d  e l s e w h e r e . 1 0  T h e  WTA i s  t h e  minimum a m o u n t  o f  

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

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

a s  b e f o r e  t h e  f a c i l i t y  wa-s c o n s t r u c t e d .  I n  c o n t r a s t ,  t h e  WTP i s  t h e  

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

h a v i n g  t h e  f a c i l i t y  i n  i t s  b o u n d a r i e s  ( J u s t ,  e t  a l . ,  1 9 8 2 ) .  

9  T h i s  l i m i t a t i o n  was f i r s t  p o i n t e d  o u t  b y  T i d e m a n  a n d  T u l l o c k  ( 1 9 7 6 ) .  
See M u e l l e r  ( 1  9 7 9 ,  C h a p t e r  F o u r )  o r  T i d e m a n  a n d  T u l l o c k  ( 1 9 7 6 )  f o r  a 
d e t a i l e d  e x p l a n a t i o n  a s  t o  how t h e s e  t a x e s  a r e  c o m p u t e d .  
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TABLE I :  Value Matrix f o r  the  Three Community Locat ion Problem 

S i t e  

Community 

Net Benef i ts  
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T h e  C l a r k e  p r o c e d u r e  a d d s  t h e  WTP a n d  WTA f i g u r e s  f o r  e a c h  

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

2 ,  o r  e q u i v a l e n t l y ,  S i t e  B) a s  t h e  l f w i n n e r l f .  E a c h  c o m m u n i t y  i s  t h e n  

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

o u t c o m e .  F o r  e x a m p l e ,  a s  shown i n  T a b l e  11, i f  o n e  e l i m i n a t e d  Commun i t y  

1  l s  WTP a n d  WTA (Row 1 was e l i m i n a t e d  f r o m  T a b l e  I ) ,  t h e n  Communi ty  1 

( S i t e  A )  w o u l d  b e  c h o s e n  a s  t h e  s i t e  a n d  t h e  n e t  b e n e f i t  o f  t h i s  

f a c i l i t y  wou ld  b e  $11 ( i . e . ,  $4 + $7;  t h e  WTP f o r  c o m m u n i t i e s  2  p l u s  3 ,  

r e s p e c t i v e l y ) .  Commun i t y  1  w o u l d  be t a x e d  a n  a m o u n t  o f  $1  1 -$2=$9 ,  

r e p r e s e n t i n g  t h e  d i f f e r e n c e  b e t w e e n  t h e  n e t  b e n e f i t s  f r o m  Communi ty  2  

( t h e  b e s t  s i t e )  a n d  Commun i t y  1  i f  i t s  p r e f e r e n c e s  were n o t  c o n s i d e r e d .  

Communi ty  3 wou ld  p a y  a  t a x  o f  $ 8 - ( - $ 1 ) = $ 9 .  Communi ty  2  wou ld  n o t  h a v e  

t o  p a y  a t a x  s i n c e  i t  w o u l d  s t i l l  b e  c h o s e n  when i t s  own p r e f e r e n c e s  

were e l i m i n a t e d  f r o m  c o n s i d e r a t i o n .  

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

w i l l  b e  d e c i d e d l y  u n h a p p y  w i t h  t h e i r  p o s t - C l a r k e  t a x  s i t u a t i o n .  By 

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

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

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

may b e  p o s i t i v e .  

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

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

p a r k ,  t h e  e n t i r e  r e g i o n  a s  well a s  t h e  h o s t  c o m m u n i t y  r e c e i v e s  n e t  

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

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

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

t i e s  w - t h i n  t h e  r e g i o n  w i l l  t e n d  t o  b e n e f i t .  H e n c e ,  t h e r e  i s  a  n e e d  t o  
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d e v e l o p  a  b i d d i n g  p r o c e d u r e  which s p e c i f i c a l l y  l i n k s  e a c h  commun i t y ' s  

WTA b i d  ( f o r  h o s t i n g  a  f a c i l i t y  i n  o n e ' s  j u r i s d i c t i o n )  t o  i t s  announced 

w i l l i n g n e s s  t o  pay f o r  l o c a t i n g  it e l s e w h e r e .  

I V .  A u c t i o n  S i  t i n g - C o m p e n s a t i o n  Model 

T h i s  s e c t i o n  p r e s e n t s  a  s e a l e d - ( l o w l b i d  a u c t i o n  model  f o r  s e l e c t -  

i n g  and c o m p e n s a t i n g  t h e  community t h a t  h o s t s  a  s i n g l e ,  f i x e d - s i z e  

h a z a r d o u s  f a c i l i t y . l l  The key  i d e a  i s  t o  c r e a t e  a  l i m i t e d  i n c e n t i v e  f o r  

i n d i v i d u a l s  t o  m i s r e p r e s e n t  t h e i r  p r e f e r e n c e s  by  l i n k i n g  t h e  l o c a l i z e d  

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

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

i s  ( l / n - 1 )  o f  a  c o m m u n i t y ' s  announced c o m p e n s a t i o n  r e q u i r e m e n t ,  i . e . ,  

i t s  a c c e p t a n c e  b i d ,  when n  c o m m u n i t i e s  a r e  c a n d i d a t e  s i t e s .  F i n a l l y ,  

n o t e  t h a t  t h e  s i t i n g - c o m p e n s a t i o n  model  i s  n o t  a  t y p i c a l  a u c t i o n  model  

s i n c e  we d o  n o t  s p e c i f y  a  r e l a t i o n s h i p  be tween t h e  b i d d e r ' s  p r o b a b i l i t y  

o f  w i n n i n g  and h i s  b i d .  A l s o ,  we d o  n o t  s p e c i f y  a  (common) p r o b a b i l i t y  

d i s t r i b u t i o n  f rom wh ich  t h e  b i d d e r s 1  " r e s e r v a t i o n  v a l u e s "  a r e  d rawn ,  a s  

i s  commonly assumed i n  t h e  a u c t i o n  l i t e r a t u r e  ( e . g . ,  Myerson,  1981;  

R i l e y  and Samue lson ,  1 9 8 1 ;  o r  V i c k r e y ,  1 9 6 1 ) .  

A .  N o t a t i o n  and Assumpt ions  

The n o t a t i o n  and a s s u m p t i o n s  o f  t h e  model  a r e  a s  f o l l o w s :  

i = o n e  community among a  f i n i t e  s e t ,  N ,  o f  c o m m u n i t i e s  numbered 

i , j  = 1 , 2 ,  . . ., n ;  

k  = a  p o t e n t i a l  s i t e  ( o n e  p e r  communi ty)  among a  f i n i t e  s e t ,  K ,  o f  

m u t u a l l y  e x c l u s i v e  a l t e r n a t i v e  s i t e s ,  numbered k  = 1 , 2 ,  . . . , n  

w i t h  t y p i c a l  e l e m e n t s  i ,  j , k c  K ;  

l 1  A s  i n d i c a t e d  a b o v e ,  t h e  u s e  o f  a u c t i o n s  f o r  s i t i n g  n o x i o u s  f a c i l i t i e s  
seems t o  h a v e  been  s u g g e s t e d  o r i g i n a l l y  by O I H a r e  ( 1 9 7 7 ) .  R e l a t e d  
b a r g a i n i n g  p r o b l e m s  a r e  d i s c u s s e d  i n  R a i f f a  ( 1 9 8 2 ) .  
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t i ( k )  = a  t r a n s f e r  f u n c t i o n  i n d i c a t i n g  t h e  a m o u n t  o f  money r e c e i v e d  o r  

p a i d  b y  c o m m u n i t y  i i f  s i t e  k  i s  c h o s e n ;  f o r  i , k  = 1 , 2 ,  . . . , n ;  

U i ( k , t i ( k ) )  = p r e f e r e n c e s  o f  e a c h  c o m m u n i t y  i a r e  r e p r e s e n t e d  b y  a  

q u a s i - l i n e a r  ( i n  money )  m u l t i - a t t r i b u t e  u t i l i t y  f u n c t i o n  o f  t h e  

f o r m  U i ( k , t i ( k ) )  = V i ( k )  + t i ( k ) ;  f o r  a l l  i , j ,  = 1 , 2 , .  . ., n ;  

V i ( k )  = c o m m u n i t y  i t s  t r u e  v a l u e  o r  w i l l i n g n e s s  t o  p a y  f o r  s i t e  k .  We 

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

V i ( k  = i )  < 0  a n d  V i ( k  = j) > 0 . 1 2  T h a t  i s ,  we a s s u m e  t h a t  e a c h  

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

t o  p a y  a n o t h e r  c o m m u n i t y  t o  h o s t  i t ;  

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

j u r i s d i c t i o n .  We a s s u m e  t h a t  X i ( i )  < 0 ,  f o r  a l l  i = 1 , 2 ,  . . ., n .  

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

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

X i ( j )  = c o m m u n i t y  i t s  b i d  f o r  h a v i n g  t h e  f a c i l i t y  l o c a t e d  i n  c o m m u n i t y  

j .  We a s s u m e  t h a t  X i ( j )  > 0 f o r  a l l  i , j  = 1 , 2 ,  . . . , n . 
S t a t i n g  p a y o f f s  f o r  a l t e r n a t i v e  s i tes i n  terms o f  a s i n g l e  v a l u e  

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

made .  F i r s t ,  we a s s u m e  t h a t  e a c h  co 'mmuni ty  i s  p e r f e c t l y  i n f o r m e d  a b o u t  

t h e  f a c i l i t y ' s  c o n s e q u e n c e s  a t  e a c h  a l t e r n a t i v e  l o c a t i o n .  F o r  s i m -  

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

i s  o f  e q u a l  s i z e  a n d  h a s  a n  i d e n t i c a l  i n c o m e  d i s t r i b u t i o n . 1 3  

l 2  T h e  s p e c i f i c a t i o n  o f  V i ( k = j )  > 0  r e f l e c t s  t h e  a s s u m p t i o n  t h a t  t h e  
n e g a t i v e  c o n s e q u e n c e s  o f  t h e  f a c i l i t y  d o  n o t  s p i l l o v e r  i n t o  a d j a c e n t  
c o m m u n i t i e s .  

1 3  A m o r e  r e a l i s t i c  se t  o f  a s s u m p t i o n s  w o u l d ,  o f  c o u r s e ,  a d d r e s s  s u c h  
i s s u e s  a s :  c o m m u n i t y  p l a n n i n g  g r a n t s  a n d  o t h e r  i n f o r m a t i o n  g e n e r a t i o n  
p r o c e d u r e s  w h i c h  e n a b l e  c o m m u n i t i e s  t o  e s t i m a t e  t h e  n v a l u e n  t h e y  p l a c e  
o n  a l t e r n a t i v e  s i tes  [ S e e  K l e i n d o r f e r  ( 1 9 8 4 )  f o r  a  d i s c u s s i o n  o f  t h e s e  
p o i n t s ] .  
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B .  The Prob lem 

The b a s i c  s t r u c t u r e  o f  t h e  p rob lem i s  a s  f o l l o w s .  The r e g i o n a l  

s i t i n g  a g e n c y  h a s  t h e  t a s k  o f  d e t e r m i n i n g  wh ich  o n e  o f  t h e  c o m m u n i t i e s  

w i l l  b e  c h o s e n .  To d o  s o ,  i t  e l i c i t s  an  a c c e p t a n c e  b i d ,  X i ( k = i )  < 0 ,  

f rom e a c h  communi ty  i = 1 , 2 ,  . . . , n. T h i s  b i d  r e p r e s e n t s  t h e  minimum 

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

j u r i s d i c t i o n ,  i . e . ,  k = i .  I f  t h e  f a c i l i t y  i s  e v e n t u a l l y  s i t e d  i n  com- 

m u n i t y  j * ,  t h e n  communi ty  i must  pay  an  amount ,  t i ( j 8 ) = - X i ( k = i ) / ( n - 1 1 ,  

t o  compensa te  t h e  " w i n n i n g n  communi ty ,  j*. 

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

i n c l u d i n g :  l o w e s t  a c c e p t a n c e  b i d ,  maximum b u d g e t  s u r p l u s ,  o r  random 

c h o i c e  ( e . g . ,  l o t t e r y ) .  Each o f  t h e s e  c r i t e r i a  may i n d u c e  d i f f e r e n t  

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

wh i ch  t h e  o b j e c t i v e  o f  t h e  r e g i o n a l  a g e n c y  i s  t o  l o c a t e  t h e  f a c i l i t y  a t  

t h e  s i t e  w i t h  t h e  l o w e s t  b i d  s u b j e c t  t o  t h e  c o n s t r a i n t  t h a t  t h e r e  i s  no 

b u d g e t  d e f i c i t .  

The a g e n c y ' s  p r o b l e m ,  c o r r e s p o n d i n g  t o  t h i s  o b j e c t i v e ,  may b e  

s t a t e d  i n  terms o f  t h e  a c c e p t a n c e  b i d s  a s  f o l l o w s :  

Choose t h e  minimum e l e m e n t  o f  

{ x i ( i )  ti = 1,2, . . ., n )  

s u b j e c t  t o :  

t j ( i * )  - X i ( i ) ,  - 0, i , j  = 1 , 2 ,  . . . , n. 
j+i 

T h a t  i s ,  s e l e c t  t h e  communi ty  w i t h  t h e  l o w e s t  f e a s i b l e  b i d ,  whe re  

f e a s i b i l i t y  means  o t h e r  c o m m u n i t i e s  a r e  w i l l i n g  t o  pay  t o t a l  

c o m p e n s a t i o n  a t  l e a s t  e q u a l  t o  t h e  a c c e p t a n c e  b i d  r e q u i r e d  by t h e  

c a n d i d a t e  communi ty .  
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An a l t e r n a t i v e  c r i t e r i o n  would b e  t o  max imize  n e t  s u r p l u s ,  s u b j e c t .  

t o  t h e  same n o n - d e f i c i t  c o n s t r a i n t .  I n  t h i s  c a s e  t h e  a g e n c y ' s  p rob lem 

is :  

Max [ z t j ( i )  - X i ( i ) l  i , ~  = 1 , 2 ,  0 ,  n  ( 2 )  
i jfi 

s u b j e c t  t o  

t j ( i )  - X i ( i )  - > 0 i ,  = 1 2 ,  . . ., n  
j + i  

A r e a s o n a b l e  a s s u m p t i o n  is t h a t  e a c h  community would l i k e  t o  be  a t  

l e a s t  a s  well o f f  a f t e r  t h e  s i t e  s e l e c t i o n  p r o c e s s  t h a n  i f  no s i t e  were  

c h o s e n  ( t h e  s t a t u s  q u o ) .  we f o r m a l l y  e x p r e s s  t h i s  a s s u m p t i o n  by 

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

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

F a c i l i t y i n  i :  X i ( i )  + V i ( i )  - > 0 i ,  = 1 2 ,  . . ., n  ( 3 )  

F a c i l i t y  i n  j: t i ( j )  + v i ( j )  - > 0 
where  we a s s o c i a t e  t h e  v a l u e  "0" w i t h  t h e  s t a t u s  quo .  

The two p r e c e d i n g  s e l e c t i o n  c r i t e r i a  a r e ,  o f  c o u r s e ,  o n l y  exam- 

p l e s .  The p o i n t  i s  t h a t  t h e  r e g i o n a l  a g e n c y  mus t  c h o o s e  a c c e p t a b l e  

c r i t e r i a  b e f o r e  g a t h e r i n g  e a c h  c o m m u n i t y l s  b i d s ,  X i ( i )  and X i (  j) , on  

e a c h  f e a s i b l e  s i t e  s i n c e  e a c h  community w i l l  announce  i ts  b i d s  i n  

r e s p o n s e  t o  t h e  s i t e  s e l e c t i o n  and t r a n s f e r  r u l e s .  T h u s ,  t h e  funda-  

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

and e f f i c i e n t  o u t c o m e s .  

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

d e s i g n  a  s e t  o f  t r a n s f e r ,  i . e . ,  c o m p e n s a t i o n  and t a x ,  r u l e s  which 

l i m i t  a  commun i t y ' s  i n c e n t i v e  t o  d r a s t i c a l l y  d i s t o r t  i t s  p r e f e r e n c e s  

f o r  a l t e r n a t i v e  s i t e s .  However,  e a c h  community h a s  an  i n c e n t i v e  t o  

m i s r e p r e s e n t  i t s  p r e f e r e n c e s  by o v e r s t a t i n g  i t s  ! ' a c c e p t a n c e  b i d n  and 

u n d e r s t a t i n g  i t s  w i l l i n g n e s s  t o  pay i f  i t  b e l i e v e s  t h a t  i t won ' t  b e  
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p e n a l i z e d  by t h i s  a c t i o n . ,  F o r  e x a m p l e ,  s u p p o s e  commun i ty  i knew t h a t  

a l l  o t h e r  c o m m u n i t i e s  would b i d  $100 ,000  o r  mo re  a s  a n  a c c e p t a n c e  b i d .  

If t h e .  r e s i d e n t s  o f  commun i ty  i were w i l l i n g  t o  a c c e p t  t h e  f a c i l i t y  f o r  

o n l y  $ 5 0 , 0 0 0 ,  t h e y  would s t i l l  want  t o  b i d  u p  t o  $ 9 9 , 9 9 9 ,  a s s u m i n g  t h a t  

t h e  " w i n n e r n  was t h e  commun i ty  mak ing  t h e  l o w e s t  b i d .  

Hence ,  t h e  s e l e c t i o n  o f  communi ty  i w i t h  t h e  e x a g g e r a t e d  b i d  o f  

$ 9 9 , 9 9 9  i s  a n  ex  p o s t  P a r e t o - i n e f f i c i e n t  l o c a t i o n  ( e v e n  t h o u g h  i t  

s o l v e s  t h e  f i r s t  p r o b l e m ) ,  s i n c e  t h e  r e m a i n i n g  j f i  c o m m u n i t i e s  a r e  

a s s e s s e d  a n  a d d i t i o n a l  $ 4 9 , 9 9 g ' i n  t a x  paymen ts .  T h e s e  t a x e s  would n o t  

h a v e  t o  b e  p a i d  i f  commun i ty  i was i n d u c e d  t o  s u b m i t  a  t r u t h f u l  b i d  o f  

$ 5 0 , 0 0 0 .  

C .  V a r i a t i o n s  o f  t h e  A u c t i o n  Model 

Our p r o p o s e d  b i d d i n g  p r o c e d u r e  l i n k s  t h e  l o c a l i z e d  s o c i a l  c o s t s  o f  

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

t i ( j )  = - X i ( i ) / ( n - l ) ,  w h e r e  n  i s  t h e  number o f  c o m m u n i t i e s  i n  t h e  

r e g i o n .  T h u s ,  i f  a commun i ty  s u b m i t s  a  h i g h e r  a c c e p t a n c e  b i d ,  X i ( i ) ,  i t  

w i l l  h a v e  t o  pay  a  l a r g e r  t a x ,  t i (  j )  , t o  t h e  r e g i o n a l  a g e n c y  i f  t h e  

f a c i l i t y  i s  s i t e d  i n  a n o t h e r  commun i ty  j f i  . F o r  t h i s  r e a s o n  t h e r e  is 

a l i m i t e d  i n c e n t i v e  t o  m i s r e p r e s e n t  o n e ' s  . p r e f e r e n c e s  b y  b i d d i n g  

X i (  i ) f V i ( i ) .  F u r t h e r m o r e ,  t h e  mechanism g u a r a n t e e s  a  t a x  s u r p l u s  i f  

t h e  f a c i l i t y  i s  l o c a t e d  i n  t h e  communi ty  w i t h  t h e  l o w e s t  b i d .  The 

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

a s s u m i n g  t i ( j )  = - X i ( i ) / ( n - 1 1 ,  c a n  b e  examined  b o t h  t h e o r e t i c a l l y  and  

e m p i r i c a l l y  ( v i a  c o n t r o l l e d  e x p e r i m e n t s ) .  N o t e ,  t h a t  a  common assump-  

t i o n  f o r  a l l  v a r i a t i o n s  i s  t h a t  t h e  f a c i l i t y ' s  e x t e r n a l  c o s t s  a r e  

l o c a l i z e d .  T h e s e  v a r i a t i o n s  a r e  a s  f o l l o w s :  
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1 .  One-Sho t  S e a l e d -  ( L o w e s t )  B i d  A u c t i o n  

I n  t h i s  p r o c e d u r e  e a c h  c o m m u n i t y  b i d s  a n  a m o u n t  X i ( i )  r e q u i r e d  f o r  

a c c e p t i n g  t h e  f a c i l i t y .  T h e  l o w e s t  b i d  i s  c h o s e n  a s  t h e  s i t e .  When 

e a c h  c o m m u n i t y  knows  i t s  own p r e f e r e n c e s ,  b u t  h a s  n o  i n f o r m a t i o n  o n  

o t h e r s ,  t h e n  a  m a x i - m i n  b i d d i n g  s t r a t e g y  a p p e a r s  t o  be d e s i r a b l e .  F o r  

t h i s  p r o b l e m ,  t h i s  m e a n s  t h a t  t h e  c o m m u n i t y  w i l l  c h o o s e  X i ( i )  s o  t h a t  

V i ( i ) + X i ( i ) = ( m i n i m u m  Vi( j )  ) + t i (  j ) = ( m i n i m u m  V i (  j )  1 - X i ( i > / ( n - 1  1 ( 4 )  
j f i  j f i  

f o r  a l l  i , j  = 1 , 2 ,  ... , n  a n d  i f  j. 

N o t e  t h a t  t h e  t r a n s f e r  r u l e ,  t i ( j )  = - X i ( i ) / ( n - 1 1 ,  i s  a n  e x o g e n o u s  

s p e c i f i c a t i o n .  

I t  i s  e a s i l y  v e r i f i e d  t h a t  ( 4 )  i s  a n  e q u i l i b r i u m  max i -m in  s t r a t e -  

g y .  The  f i r s t  e x p r e s s i o n  o n  t h e  l e f t  h a n d  s i d e  o f  ( 4 )  r e p r e s e n t s  t h e  

p a y o f f  t o  c o m m u n i t y  i i f  s i t e  i i s  s e l e c t e d ,  w h i l e  V i ( j )  + t i ( j )  i s  t h e  

p a y o f f  i f  s o m e  o t h e r  s i t e  j f i  i s  s e l e c t e d .  A s  X i ( i )  i s  i n c r e a s e d ,  

X i ( i ) + V i ( i )  i n c r e a s e s  a n d  V i ( j ) + t i ( j )  = V i ( j ) - X i ( i ) / ( n - 1 )  d e c r e a s e s .  

T h e  max i -m in  p a y o f f  o c c u r s  when e q u a l i t y  i s  a c h i e v e d  b e t w e e n  t h e  s i t e  i 

p a y o f f ,  X i ( i )  + V i ( i ) ,  a n d  t h e  w o r s t  p o s s i b l e  a l t e r n a t i v e  s i t e  j f i  

p a y o f f ,  V i ( j )  - X i ( i ) / n - 1 .  T h i s  i s  w h a t  ( 4 )  i n d i c a t e s .  

We c a n  s o l v e  ( 4 )  f o r  X i ( i )  t o  o b t a i n :  

X i ( i )  = "-1 [ (M in imum V i ( j ) )  - V i ( i ) I  - ( 5 )  
n  j f i  f o r  a l l  i ,  j = 1 , 2 , .  . . , n  a n d  j f i .  

From (5) t h e  i n d i v i d u a l  r a t i o n a l i t y  c o n d i t i o n s  ( 3 )  a re  s a t i s f i e d  f o r  

t h e  max i -m in  s t r a t e g y  p r e c i s e l y  when 

V i ( i )  + X i ( i )  = - "-1 (Minimum V i ( j ) )  + 1  V i ( i )  > 0  - - (6) 
n  j f i  n  

s i n c e ,  i f  X i ( i )  + V i ( i )  0 ,  t h e n  b y  ( 4 )  V i ( j )  + t i ( j )  > 0  w i l l  o b t a i n  - 
f o r  a l l  j. N o t e  t h a t  ( 6 )  c a n  be . r e w r i t t e n  a s  

- V i  ( i )  - < Minimum V i (  j )  f o r  a l l  i , j  = 1 , 2 ,  . . . , n  ( 6 a )  
n- 1  i f  j a n d  i f  j 
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i . e . ,  t h e  a v e r a g e  t a x ,  wh ich  mus t  b e  l e v i e d  on communi ty  i t o  compen- 

s a t e  community j f o r  h o s t i n g  t h e  f a c i l i t y ,  c a n n o t  b e  any  l a r g e r  t h a n  

t h e  minimum o f  communi ty  i l s  t r u e  w i l l i n g n e s s  t o  pay  t o  have  t h e  

f a c i l i t y  s i t e d  o u t s i d e  i ts  j u r i s d i c t i o n .  For  t h e  maxi-min p r o c e d u r e  t o  

b e  f e a s i b l e ,  ( 6 )  would have  t o  b e  s a t i s f i e d  f o r  a l l  p o t e n t i a l  s i tes  

i = 1 , 2 ,  . . ., n .  14 

I n  sum, t h e  o n e - s h o t ,  s e a l e d - ( 1 o w ) b i d  a u c t i o n  is a n  i n d i v i d u a l l y  

r a t i o n a l  and c o a l i t i o n - f r e e  mechanism.  I t  i s  n o t  i n c e n t i v e  c o m p a t i b l e ,  

b u t  c o m m u n i t i e s  a r e  d i s s u a d e d  from g r e a t l y  e x a g g e r a t i n g  t h e i r  compen- 

s a t i o n  r e q u i r e m e n t s .  A l s o ,  i t  g e n e r a t e s  a  t a x  s u r p l u s  ( n e t  o f  compen- 

s a t i o n ) .  The p r o c e d u r e  i s  c o a l i t i o n  f r e e  s i n c e  e a c h  c o m m u n i t y l s  

t r a n s f e r  f u n c t i o n  i s  i n d e p e n d e n t  o f  any  o t h e r  communi ty1 s a c c e p t a n c e  

b i d .  T h u s ,  two o r  more c o m m u n i t i e s  c a n n o t  s t r a t e g i c a l l y  l i n k  t h e i r  

b i d s  i n  o r d e r  t o  e x t r a c t  m u t u a l  g a i n  f rom t h e  a u c t i o n  p r o c e d u r e s .  l 5  

T h i s  l a t t e r  c h a r a c t e r i s t i c  c o n t r a s t s  w i t h  t h e  Demand R e v e a l i n g  
I 

Mechanisms i n a b i l i t y  t o  p r e v e n t  a  c o a l i t i o n  o f  c o n s u m e r s  f rom s t r a t e -  

g i c a l l y  m i s r e p r e s e n t i n g  t h e i r  c o l l e c t i v e  demand a n d ,  t h e r e b y ,  el imi-  

n a t i n g  t h e  i n c e n t i v e  c o m p a t i b i l i t y  o f  t h e s e  mechan isms ( G r o v e s  and 

L e d y a r d ,  1 9 7 7 ) .  

2.  L o t t e r y  cum A u c t i o n  

T h i s  p r o c e d u r e  r e s e m b l e s  t h e  o n e - s h o t  a u c t i o n  e x c e p t  f o r  t h e  

fo l1 .ow ing  v a r i a t i o n .  S t a g e  1 c o n s i s t s  o f  a  l o t t e r y  i n  wh ich  e a c h  

community s u b m i t s  a  b i d  X i ( i ) .  Then o n e  community i s  randomly  c h o s e n  

a s  a  p o t e n t i a l  s i t e .  T h i s  c o m m u n i t y l s  b i d .  i s  p u b l i c l y  p o s t e d  . Then 

1 4  I f  a  community was u s i n g  a  maxi-min b i d d i n g  s t r a t e g y  and  ( 6 )  were  
v i o l a t e d ,  t h e  community would p r e s u m a b l y  p e r c e i v e  t h a t  i t  m i g h t  end u p  
worse  o f f  t h a n  w i t h  t h e  s t a t u s  quo .  I n  t h i s  c a s e  i t  may p r e f e r  n o t  t o  
b e  a  c a n d i d a t e  s i t e .  

1 5  Communi t ies  may h a v e  an  i n c e n t i v e  to  c o l l u d e  i f  t h e y  were p e r m i t t e d  t o  
make s i d e  paymen ts .  
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S t a g e  2  c o n s i s t s  o f  a  s e a l e d - b i d  a u c t i o n  i n  w h i c h  t h e  r e m a i n i n g  n-1 

c o m m u n i t i e s  c a n  b i d  a g a i n  w h i l e  t h e  c o m m u n i t y  c h o s e n  i n  S t a g e  1  m u s t  

m a i n t a i n  i t s  i n i t i a l  b i d .  T h e  u l t i m a t e  w i n n e r  i s  t h e  commmuni ty  w i t h  

t h e  l o w e s t  b i d  a t  t h e  e n d  o f  S t a g e  2 .  A l l  o t h e r  c o m m u n i t i e s  m u s t  p a y  

a n  a m o u n t  -X i / (n -1  b a s e d  o n  t h e i r  b i d  i n  S t a g e  1 .  

T h e  L o t t e r y  cum A u c t i o n  is d e s i g n e d  t o  a d d r e s s  t h e  e q u i t y  i s s u e s  

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

c a n  make a  v e r y  l o w  b i d  i n  S t a g e  1  g u a r a n t e e i n g  t h a t  t h e y  w i l l  o n l y  

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

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

s i t e  i n  S t a g e  1 ,  t h e y  c a n  . t h e n  r a i s e  t h e i r  b i d  a b o v e  t h e  p o s t e d  v a l u e ,  

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

If X i ( i )  t r u l y  r e f l e c t e d  t h e  p r e f e r e n c e s  o f  t h e  c o m m u n i t i e s ,  t h e n  

we w o u l d  e x p e c t  t h e  s a m e  r e s u l t  f r o m  t h e  t w o - s t a g e  l o t t e r y  a s  f r o m  t h e  

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

s m a l l  a m o u n t  i n  S t a g e  1  ( r e l a t i v e  t o  t h e  b i d  s u b m i t t e d  b y  t h e  l o t t e r y  

w i n n e r l a n d  s u b s e q u e n t l y  r a i s e  t h e i r  b i d  i n  S t a g e  2  a b o v e  t h e  p o s t e d  

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

o u t c o m e .  H o w e v e r ,  o n  a v e r a g e ,  t h e  t w o - s t a g e  l o t t e r y  w i l l  b e  b u d g e t -  

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

b e  c h o s e n  i n  S t a g e  1  w i t h  l / n  p r o b a b i l i t y .  

3 .  M u l t i p l e  Round S e a l e d - B i d  A u c t i o n  

I n  t h i s  p r o c e d u r e ,  e a c h  c o m m u n i t y  m a k e s  a n  i n i t i a l  b i d ,  X i ( i ) ,  

k n o w i n g  t h a t  i t  c a n  c h a n g e  i t s  b i d  i n  t h e  n e x t  r o u n d .  B i d d i n g  s t o p s  i n  

t h e  r+ l  r o u n d  if t h e  b i d s  o f  a l l  c o m m u n i t i e s  a r e  i d e n t i c a l  t o  t h o s e  i n  

t h e  p r e v i o u s  r o u n d  r ,  i . e . ,  Xf ( i>  = x f + l  ( i ) ,  i = 1  . . . n .  T h e  

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

p o t e n t i a l  s i tes  a r e  c h a r g e d  t i ( j )  = -X i / ( " -1 ) .  
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From a  t h e o r e t i c a l  p o i n t  o f  v i e w  o u r  i n t e r e s t  i s  i n  t h e  e x i s t e n c e  

o f  a  s t a b l e  Nash e q u i l i b r i u m  f o r  t h i s  p r o c e d u r e .  E x i s t e n c e  d e p e n d s  o n  

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

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

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

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

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

i n g  i f  c o n v e r g e n c e  w i l l  t a k e  p l a c e ;  t h e  t y p e s  o f  s t r a t e g i e s  u t i l i z e d  

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

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

4.  S e a l e d - B i d  A u c t i o n  ( P e r f e c t  I n f o r m a t i o n )  

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

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

r e f l e c t  t h i s  k n o w l e d g e .  More s p e c i f i c a l l y ,  o n e  c a n  s h o w  t h a t  t h e r e  a r e  

a  n u m b e r  o f  s t a b l e  Nash e q u i l i b r i u m  b u t  t h e  o n e  t h a t  i s  l i k e l y  t o  

p r e v a i l  resembles t h e  o p t i m a l  p a y m e n t  f r o m  a  V i c k r e y  (1961 s e c o n d -  

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

t h e  max i -m in  s o l u t i o n s  w i t h  n o  i n f o r m a t i o n .  T h e  c o m m u n i t y  c h o s e n  u n d e r  

t h i s  p r o c e d u r e ,  s a y  c o m m u n i t y  j ,  c a n  now s p e c i f y  a  b i d ,  d e n o t e d  by  

X f ,  w h i c h  i s  S u n i t s  b e l o w  t h e  s e c o n d  l o w e s t  b i d ,  ~ f * ,  a n d  s t i l l  

o b t a i n  t h e  f a c i l i t y ,  w h i l e  m a k i n g  a g r e a t e r  p r o f i t  i n  t h e  p r o c e s s .  A l l  

o t h e r  c o m m u n i t i e s  h a v e  a n  i n c e n t i v e  t o  b i d  X f *  i n s u r i n g  t h a t  t h e y  w i l l  

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

l o c a t e d  e l s e w h e r e .  

T h i s  N a s h  e q u i l i b r i u m  h a s  t h e  a t t r a c t i v e  c h a r a c t e r i s t i c  o f  b e i n g  
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e s s e n t i a l l y  b u d g e t  b a l a n c i n g  ( i . e . ,  Z Xf* .- X I  = & I .  T h e  c o m m u n i t y  
i Z  j 

w h i c h  r e c e i v e s  t h e  s i t e  w i l l  m a k e  a  " p r o f i t w ,  i d e n t i c a l  t o  t h e  a m o u n t  

o b t a i n e d  f r o m  a V i c k r e y  a u c t i o n ,  s i n c e  i t s  p a y m e n t  is d e t e r m i n e d  b y  t h e  

s e c o n d  l o w e s t  b i d d e r .  U s i n g  c o n t r o l l e d  l a b o r a t o r y  e x p e r i m e n t s ,  o n e  

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

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

a u c t i o n .  

D .  A n E x a m p l e  

L e t  u s  now t u r n  t o  a n  e x a m p l e  o f  a s e a l e d - b i d  a u c t i o n  m e c h a n i s m  

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

( N a s h )  s o l u t i o n s  when e a c h  c o m m u n i t y  h a s  e i t h e r  n o  i n f o r m a t i o n  o r  

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

v a l u e s ,  V i ( i )  a n d  V i ( j ) .  T a b l e  I11 p r e s e n t s  e a c h  c o m m u n i t y t s  o p t i m a l  

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

c a s e s ,  a s s u m i n g  t h a t  a  max i -m in  s t r a t e g y  i s  u t i l i z e d  b y  a l l  p a r t i c i -  

p a n t s .  

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

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

T h e  n e t  v a l u e s  r e f l e c t  t h i s  s t r a t e g y .  I n  c o n t r a s t ,  when t h e r e  i s  

p e r f e c t  i n f o r m a t i o n ,  c o m m u n i t y  2  b i d s  o n e  c e n t  b e l o w  t h e  maximum b i d  o f  

Commun i t y  1  ( t h e  s e c o n d  l o w e s t  b i d d e r )  a n d  m a k e s  a n  a d d i t i o n a l  p r o f i t  

o f  $ 1 . 9 9 .  I ts  t o t a l  p r o f i t  o f  $2 .99  i s  t h e  same a s  i f  o n e  h a d  u t i l i z e d  

a V i c k r e y  a u c t i o n  f o r  a  p r i v a t e  g o o d  w h e r e  there were n o  e x t e F n a l  

b e n e f i t s ,  i . e . ,  V i ( j )  = 0 .  Commun i t y  3 is  a b l e  t o  m a k e  a n  a d d i t i o n a l  

$1 p r o f i t s  b y  l o w e r i n g  i t s  b i d  f r o m  1 0  t o  8 a n d ,  t h e r e b y ,  r e d u c i n g  i t s  

t a x  p a y m e n t  f r om $5 t o  $4 .  Commun i t y  2 i s  s t i l l  c h o s e n  a s  t h e  s i t e .  
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TABLE 111: Optimal Maximin B i d s  and Net Value f o r  Sealed-Bid Auction 

No Information Per fec t  Information 

Community 

1 

2 

3 

Bid : Xi ( .) Net Value Bid: Xi( .) 

8 0 8 

6 1 7.99 

10 2 8 

Net Value 

0 

2.99 

3 
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V .  F u t u r e  R e s e a r c h  

The s e a l e d - b i d  a u c t i o n  mechan isms d e v e l o p e d  i n  t h i s  p a p e r  a r e  

comp lemen ta ry  t o  t h e  l a r g e  body o f  e m p i r i c a l  work d e s i g n e d  t o  m e a s u r e  

w i l l i n g n e s s  t o  pay  and  w i l l i n g n e s s  t o  a c c e p t  v a l u e s  f o r  p u b l i c  and 

p r i v a t e  g o o d s  a s  well a s  e x t e r n a l i t i e s  ( B r o o k s h i r e ,  C o u r s e y  and  

S c h u l z e ,  1985).  I n  p a r t i c u l a r ,  we c a n  u s e  c o n t r o l l e d  l a b o r a t o r y  

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

mechan isms which u s e  t h e  exogenous  t r a n s f e r  r e l a t i o n s h i p ,  t i ( j )  = 

X i  i n - 1 .  I n  t h i s  way, we c a n  i d e n t i f y  e a c h  m e c h a n i s m ' s  s t r e n g t h s ,  

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

m e a s u r e s .  Some o f  t h e s e  m e a s u r e s  i n c l u d e :  

* I n f o r m a t i o n  P r o c e s s i n g  Costs--How d i f f i c u l t  i s  i t  f o r  c o m m u n i t i e s  

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

* E f  f i c iency- -How c l o s e  d o e s  t h e  p r o p o s e d  s o l u t i o n  come t o  mak ing  

e v e r y o n e  i n  t h e  r e g i o n  b e t t e r  o f f  w i t h o u t  making anyone  worse  o f f  

( P a r e t o  e f f i c i e n c y ) ?  

*Budget  Balancing--How c l o s e  d o e s  t h e  p r o p o s e d  s o l u t i o n  come t o  

b a l a n c i n g  t h e  t a x  and c o m p e n s a t i o n  t r a n s f e r s ?  

* E q u i t y - - I s  t h e  p r o p o s e d  s o l u t i o n  p e r c e i v e d  t o  y i e l d  a  f a i r  

d i s t r i b u t i o n  o f  n e t  b e n e f i t s  among t h e  commun i t i es?  

*Time t o  Solut ion--How much t ime w i l l  a  m u l t i - r o u n d  p r o c e d u r e  

r e q u i r e  t o  r e a c h  a  s o l u t i o n ?  When w i l l  a  m u l t i - r o u n d  p r o c e d u r e  f a i l  t o  

c o n v e r g e  s o  t h a t  t h e  u n d e s i r a b l e  s t a t u s  quo i s  m a i n t a i n e d ?  

* M i s r e p r e s e n t a t i o n  o f  P r e f e r e n c e s - - W i l l  a  p a r t i c u l a r  p r o c e d u r e  

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

s i t e s  and a s s o c i a t e d  c o m p e n s a t i o n  paymen ts .  
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A p o s s i b l e  e x p e r i m e n t a l  d e s i g n  f o r  t e s t i n g  t h e  h y p o t h e s i z e d  

p e r f o r m a n c e  o f  t h e  a u c t i o n  p r o c e d u r e s  i s  s u g g e s t e d  b y  Vernon  S m i t h ' s  

( 1 9 7 7 )  A u c t i o n  E l e c t i o n  (AE) mechan ism f o r  b o t h  c o n t i n u o u s  a n d  d i s c r e t e  

p u b l i c  c o m m o d i t i e s .  The AE m e c h a n i s m  would  work  i n  o u r  s i t i n g  p r o b l e m  

c o n t e x t  a s  f o l l o w s .  E a c h  c o m m u n i t y  wou ld  s u b m i t  a  b i d  f o r  i t s  s i t e ,  

s a y  X i ( i )  < 0 ,  a n d  f o r  e a c h  o f  t h e  o t h e r  s i t e s ,  s a y  X i ( j )  > 0. The 

b i d d i n g  i s  t e r m i n a t e d  a s  s o o n  a s  t h e r e  i s  o n e  s i t e  i w h e r e  

Z Xi( j )  + X i ( i )  > 0 .  The AE m e c h a n i s m  r e l i e s  o n  b u d g e t - b a l a n c i n g  
i+ j 

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

S m i t h  r e c o g n i z e s )  i t  d o e s  n o t  i n d u c e  t r u t h f u l  p r e f e r e n c e  r e v e l a t i o n .  

C o u r s e y  a n d  S m i t h  ( 1 9 8 5 )  r e c e n t l y  c o m b i n e d  t h i s  m e c h a n i s m  w i t h  a  

c o m p e t i t i v e  s e a l e d  b i d  a u c t i o n  i n  o r d e r  t o  a l l o c a t e  a  g o o d  whose  

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

I t  may b e  u s e f u l  t o  c o n t r a s t  t h e s e  a p p r o a c h e s  w i t h  t h e  b i d d i n g  p r o -  

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

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

u n d e r t a k e n  b y  C o u r s e y ,  H o v i s ,  and  S c h u l z e  ( 1 9 8 4 ) .  T h e y  e x p o s e d  

s u b j e c t s  t o  a n  u n p l e a s a n t  c h e m i c a l  s u b s t a n c e  a n d  s u b s e q u e n t l y  a s k e d  

them t o  i n d i c a t e  t h e i r  w i l l i n g n e s s  t o  p a y  (WTP) v a l u e  t o  a v o i d  t a s t i n g  

t h e  s u b s t a n c e ,  a s  well  a s  t h e i r  w i l l i n g n e s s  t o  a c c e p t  (WTA) v a l u e  f o r  

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

s u b j e c t s  d i d  n o t  r e c e i v e  a n y  d i r e c t  b e n e f i t  f r o m  h a v i n g  someone  e l s e  

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

b e t w e e n  WTA a n d  WTP i n  t h e  C o u r s e y  e t  a l .  s e t t i n g ,  w h i l e  s u c h  d i f -  -- 
f e r e n c e s  wou ld  b e  h y p o t h e s i z e d  f o r  t h e  n o x i o u s  f a c i l i t y  p r o b l e m .  
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I n  a d d i t i o n  t o  c o n c e r n s  abou t  e f f i c i e n t  a l l o c a t i o n ,  we a r e  

conv inced t h a t  e q u i t y  c o n s i d e r a t i o n s  must  be t a k e n  i n t o  accoun t  when 

d e s i g n i n g  a  compensa t ion  mechanism whose imp lementa t ion  r e q u i r e s  

p o l i t i c a l  s u p p o r t .  T h i s  concern  h a s  been r e i n f o r c e d  by a  r e c e n t  

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

a t i o n s  a r e  v e r y  i m p o r t a n t  t o  i n d i v i d u a l s  i nvo l ved  i n  b a r g a i n i n g  games 

where t h e  g a i n s  t o  some imply l o s s e s  t o  o t h e r s  ( s e e  Roth ,  1983; Y a a r i  

and Bar H i l l e l ,  1984)  . 
The b i dd i ng  p r o c e d u r e s  deve loped  i n  t h i s  paper  have t h e  l i m i t a t i o n  

t h a t  t h e y  may e x c l u d e  c e r t a i n  communi t ies  from c o n s i d e r a t i o n  when t h e  

maxi-min s o l u t i o n  may y i e l d  a  v a l u e :  minimum V i ( j )  + t i ( j )  < 0,  even 

though  t h e r e  w i l l  be a  p o t e n t i a l  s i t e  k  where Vi (k)  + t i ( k )  > 0. I n  

t h i s  c a s e ,  one would have t o  d e s i g n  some t y p e  o f  c r o s s - s u b s i d i z a t i o n  

p rocedu re  f o r  keep ing  community k  a s  a  p o t e n t i a l  c a n d i d a t e  f o r  s i t i n g .  

Note t h a t  i f  t h e  V i ( j )  a r e  i d e n t i c a l  a c r o s s  j ,  such  a  s i t i n g  oppo r t un i -  

t y  w i l l  n o t  e x i s t .  

The mechanisms d e s c r i b e d  i n  t h i s  paper  can  a l s o  b e  ex tended  t o  t h e  

i ncomp le te  i n f o r m a t i o n  c a s e  i n  which each  community h a s  a  p r i o r i  

b e l i e f s  r e g a r d i n g  o t h e r  commun i t i es t  w i l l i n g n e s s  t o  pay and w i l l i n g n e s s  

t o  a c c e p t .  I n  t h i s  c a s e ,  t h e  WTP v a l u e s  can  be  d e s c r i b e d  by a  

s u b j e c t i v e  p r o b a b i l i t y  d i s t r i b u t i o n .  B i ds  would t h e n  b e  made i n  t h e  

same manner a s  s p e c i f i e d  above. Opt imal  a u c t i o n  and compensat ion  

p r o c e d 3 i r e s ,  such  a s  t h o s e  s p e c i f i e d  by Meyerson ( 1981 and d f  Aspremont 

and Gerard-Vare t  (19831 ,  may b e  a p p r o p r i a t e  f o r  a n a l y z i n g  t h i s  problem. 

F i n a l l y  we have  assumed t h a t  t h e  nox ious  f a c i l i t y ' s  n e g a t i v e  

consequences  a r e  d e t e r m i n i s t i c ,  i . e . ,  t h e r e  i s  no r i s k  i n  t h e  prob lem.  

T h i s  i s  a  v e r y  s t r o n g  assumpt ion  s i n c e  ou r  r e s u l t s  m igh t  t end  t o  be  

h i g h l y  s e n s i t i v e  t o  t h e  i n t r o d u c t i o n  o f  r i s k  and u n c e r t a i n t y  i n t o  t h e  
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a u c t i o n  p r o c e d u r e s .  F u t u r e  e x p e r i m e n t a l  r e s e a r c h  m i g h t  i n c o r p o r a t e  

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

wou ld  b e  t h e  e l i c i t a t i o n  p r o c e d u r e s  u t i l i z e d  b y  K e r r y .  S m i t h ,  e t  a l .  

( 1 9 8 5 )  i n  a  r e c e n t  f i e l d  s u r v e y .  The  p u r p o s e  o f  t h e  s u r v e y  i s  t o  

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

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

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

e f f e c t s  may h a v e  o n  a  c o m m u n i t y ' s  b i d s .  
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