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FOREWORD 

The public provision of urban facilities and services often 
takes the form of a few central supply points serving a large 
number of spatially dispersed demand points: for example, 
hospitals, schools, libraries, and emergency services such as 
fire and police. A fundamental characteristic of such systems 
is the spatial separation between suppliers and consumers. No 
market signals exist to identify efficient and inefficient geo- 
graphical arrangements, thus the location problem is one that 
arises in both East and West, in planned and in market economies. 

This problem is being studied at IIASA by the Public Facility 
Location Task, which started in 1979. The expected results of 
this Task are a comprehensive state-of-the-art survey of current 
theories and applications, an established network of international 
contacts among scholars and institutions in different countries, 
a framework for comparison, unification, and generalization of 
existing approaches, as well as the formulation of new problems 
and approaches in the field of optimal location theory. 

This paper draws on the the abstract work of location 
theorists to develop a suitable perspective for decision makers 
faced with public facility location problems. The elasticity 
of consumer demand, particularly with respect to accessibility, 
and the influence of fellow consumers on demand are the two 
principal focal points addressed by the author. 

Related publications in the Public Facility Location Task 
are listed at the end of this report. 

Andrei Rogers 
Chairman 
Human Settlements 
and Services Area 





ABSTRACT 

The multi-facility generalisation of the Weber problem is 
used as a point of departure from which to examine a number of 
conceptual issues of location-allocation models. The restrictive 
assumption that consumers are allocated to their nearest facility 
is relaxed; an alternative formulation incorporating a spatial 
interaction model is outlined. Furthermore, it is argued that 
perfectly inelastic demand formulations should also be extended, 
because effected consumer utilisation is directly dependent on 
the pattern of facilities, particularly the distance consumers 
have to travel to reach the facilities. The final characteristic 
of static models to be considered is multi-level formulations, 
and it is suggested that this could provide a means to develop 
dynamic models. 
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TOWARDS A COMPREHENSIVE FRAMEWORK 
FOR LOCATION-ALLOCATION MODELS 

1 . INTRODUCTION 

A l f r ed  Weber 's (1909) a b s t r a c t  l o c a t i o n  t heo ry  f o r  t h e  i n -  

d i v i d u a l  f i rm ,  o r i g i n a t i n g  from t h e  work o f  Fermat,  can  be re- 

garded a s  t h e  f ounda t i on  o f  a  wide range o f  l o c a t i o n - a l l o c a t i o n  

models t h a t  have been fo rmu la ted  t o  examine p u b l i c  f a c i l i t y  l o -  

c a t i o n  problems. I n  t h i s  pape r ,  t h e  a im i s  t o  employ t h e  o r i -  

g i n a l ,  s imp le  Weber model a s  a  p o i n t  o f  d e p a r t u r e  towards a  

development o f  a  g e n e r a l i s e d  and i n t e g r a t e d  framework f o r  l oca -  

t i o n - a l l o c a t i o n  problems.  I t  p r o v i d e s  bo th  a  background t o  d i s -  

c u s s  e x i s t i n g  models and a n  o p p o r t u n i t y  t o  f o rmu la te  new models. 

L o c a t i o n - a l l o c a t i o n  problems,  j o i n t l y  o p t i m i s i n g  t h e  l oca -  

t i o n  o f  f a c i l i t i e s  and t h e  a l l o c a t i o n  o f  consumers t o  them (by 

min imis ing o r  maximising a  s p e c i f i e d  o b j e c t i v e  f u n c t i o n ) ,  can  

a s s i s t  d e c i s i o n  makers e v a l u a t e  and compare t h e  comb ina t iona l  

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

A t  t h e  o u t s e t ,  it i s  impo r tan t  t o  d i s t i n g u i s h  between ser- 

v i c e s  f o r  which consumers must t r a v e l  t o  a  f a c i l i t y ,  such a s  

schoo l s ,  h e a l t h  c l i n i c s ,  l i b r a r i e s ,  and r e c r e a t i o n a l  f a c i l i t i e s ,  

and s e r v i c e s  which a r e  d e l i v e r e d  t o  consumers, p a r t i c u l a r l y  e m e r -  

gency ( h e a l t h  and f i r e )  s e r v i c e s ;  p a r t i c u l a r  a t t e n t i o n  i n  t h i s  

paper  w i l l  be  g i ven  t o  t h e  consumer a t t r a c t i n g ,  r a t h e r  t han  



d e l i v e r y ,  sys tems .  T h i s  does  n o t  mean t h a t  t h e  l o c a t i o n -  

a l l o c a t i o n  framework s h o u l d  n o t  be employed t o  s t u d y  l o c a t i o n a l  

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

n a t u r e  o f  t h e  problem, u s e r  behav iou r  d o e s  n o t  have t o  b e  model- 

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

o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  s e r v i c e s  b e i n g  p r o v i d e d ,  it i s  nec- 

e s s a r y  t o  r e c o g n i s e  t h e  e x i s t e n c e  o f  d i f f e r e n t  d e c i s i o n  makers;  i n  

c o n t r a s t  t o  t h e  o r i g i n a l  Weber problem, t h e  components o f  l o c a -  

t i o n  and a l l o c a t i o n  a r e  u s u a l l y  under taken  by d i f f e r e n t  d e c i s i o n  

makers.  Fo r  i n s t a n c e ,  l o c a t i o n  i s  u s u a l l y  d e c i d e d  by t h e  o r g a n i -  

s a t i o n  p r o v i d i n g  t h e  s e r v i c e ,  whereas  s p a t i a l  a l l o c a t i o n  i s  usu- 

a l l y  dependent  on i n d i v i d u a l  consumer 's  c h o i c e  ( e x c e p t i n g ,  s a y ,  

t h e  p a t i e n t  r e f e r r a l  sys tem i n  h e a l t h  service p r o v i s i o n ) .  

Weber 's model i s  f o r m a l l y  s t a t e d  i n  S e c t i o n  2 t o  h i g h l i g h t  

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

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

t h a t ,  i n  many r e s p e c t s ,  t h e  Weber problem i s  a  s p e c i a l  c a s e  o f  

t h e  g e n e r a l i s a t i o n s  c o n s i d e r e d  below. S e c t i o n  3 i s  t h e  ma jo r  

s e c t i o n  o f  t h i s  p a p e r .  The b r i e f  r e f e r e n c e  i n  S e c t i o n  2 t o  re- 

c e n t  i n c o r p o r a t i o n s  o f  a  s p a t i a l  i n t e r a c t i o n  model i n t o  l o c a t i o n -  

a l l o c a t i o n  models  i s  f o l l owed  by a  l o n g  d i s c u s s i o n  on  e l a s t i c i t y  

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

ers'  a c c e s s i b i l i t y  t o  f a c i l i t i e s .  Another  r e l a t e d  b e h a v i o u r a l  

a s p e c t ,  t h e  i n f l u e n c e  o f  o t h e r  consumers o n  a n  i n d i v i d u a l  con- 

s u m e r ' s  e f f e c t i v e  demand, i s  c o n s i d e r e d  i n  a s s o c i a t i o n  w i t h  t h e  

i d e a o f  s u p p l y - l e d  demand i n  p u b l i c  s e r v i c e .  These i s s u e s  a r e  

ex tended  i n  t h e  e x a m i n a t i o n  o f  h i e r a r c h i c a l  and dynamic models ,  

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

The g e n e r a l  c o n t e x t  o f  t h e  e n t i r e  paper  i s  t h e  development  o f  a  

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

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

a t o r y  examina t ion  o f  h i e r a r c h i c a l  and dynamic models .  The con- 

c l u d i n g  comments c o n t i n u e  t h i s  theme by making s o n e  g e n e r a l  sug- 

g e s t i o n s  a b o u t  t h e  r o l e  o f  l o c a t i o n - a l l o c a t i o n  models  i n  t h e  

dec is ion-mak ing  p r o c e s s .  



2 .  MULTIFACILITY GENERALISATION OF THE WEBE3 PROBLEM: 
DIRECTIONS TOWARDS A COHERENT FRAMEWORK 

The m u l t i f a c i l i t y  g e n e r a l i s a t i o n  o f  t h e  Weber model i s  t h e  

e l e m e n t a r y  and fundamenta l  form o f  t h e  l o c a t i o n - a l l o c a t i o n  prob- 

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

problem, i n v o l v i n g  t h e  optimum l o c a t i o n  o f  s u p p l y  f a c i l i t i e s  

which min imise  t h e  t o t a l  we igh ted  t r a v e l  d i s t a n c e  ( o r  t r a n s p o r t  

c o s t s )  c o n t r a c t e d  i n  s a t i s f y i n g  demand. The problem o f  o p t i m a l l y  

l o c a t i n g  a  set  o f  p ( u n c a p a c i t a t e d )  s u p p l y  f a c i l i t i e s ,  I s )  - , t o  

min imise  t h e  a g g r e g a t e  we igh ted  d i s t a n c e  between them and t h e  n  

exogenous ly  g i v e n  demand p o i n t s  i s  r e p r e s e n t e d  a s  a  c o n t i n u o u s  

s p a c e  l o c a t i o n - a l l o c a t i o n  problem 

Min TC = 1. ,I Oi h i j  c i j  
 IS,^) - - i = j  j=1 

s u b j e c t  t o  

where 0 i s  t h e  q u a n t i t y  desanded a t  l o c a t i o n  x i ,y i ,  and t h e  
i 

d i s t a n c e  ( o r  g e n e r a l i s e d  c o s t )  between t h e  demand p o i n t  i and 

t h e  s u p p l y  p o i n t  j  i s  r e p r e s e n t e d  by c i j  (i = l , . . . n ;  j  = I , . . . , p )  

which i s  u s u a l l y  assumed t o  b e  t h e  C a r t e s i a n  o r  Euchdean d i s t a n c e ,  

"j 
i s  a  b i n a r y  v a r i a b l e ,  p o s s e s s i n g  a  u n i t a r y  v a l u e  i f  t h e  de- 

mand p o i n t  i i s  a l l o c a t e d  t o  supp ly  f a c i l i t y  j ,  and z e r o  o t h e r -  

w i s e .  I t  i s  no ted  t h a t  b o t h  e x a c t  and h e u r i s t i c  s o l u t i o n  pro-  

c e d u r e s  have been deve loped  f o r  t h i s  o p t i m i s a t i o n  problem [see, 

f o r  example,  Beaumont (1981)  f o r  more d e t a i l s ] .  



A number of  c h a r a c t e r i s t i c s  o f  t h i s  problem a r e  l i s t e d  be- 

low t o  p rov ide  t h e  founda t ion  of  t h e  remain ing s e c t i o n s  o f  t h i s  

paper .  A l l  t h e  models examined i n  t h i s  paper a r e  concerned w i t h  

l o c a t i n g  f a c i l i t i e s  on a  p l a n e  r a t h e r  t han  on a  s p e c i f i e d  ne t -  

work. Whereas it would, obv ious ly ,  be i n t e r e s t i n g  t o  compare 

t h e  e f f e c t s  of  t h e s e  a l t e r n a t i v e  s p a t i a l  s t r u c t u r e s ,  i t i s  a r -  

gued t h a t  a  p l ane  i s  a p p r o p r i a t e  when t h e  t r a n s p o r t  network is 

w e l l  developed and when t h e  f a c i l i t i e s  a r e  n o t  r e s t r i c t e d  t o  a  

sma l l  set  o f  p o s s i b l e  l o c a t i o n s .  

Another c h a r a c t e r i s t i c  sha red  by a l l  t h e  models t h a t  a r e  

d i scussed  i n  t h i s  paper  i s  t h e  employment o f  t h e  same d i s t a n c e  

metric [ s e e  equa t i on  ( 2 . 4 ) ] .  I t  i s  o n l y  a  s p e c i a l  c a s e  o f  t h e  

g e n e r a l  d i s t a n c e  m e t r i c .  

and it i s  noted t h a t  a  number of  f o rmu la t i ons  o f  l o c a t i o n -  

a l l o c a t i o n  models have a p p l i e d  r e c t i l i n e a r  d i s t a n c e  

I n  common w i t h  t h e  v a s t  m a j o r i t y  o f  l o c a t i o n - a l l o c a t i o n  

models, t h e  a l l o c a t i o n  o f  consumers t o  f a c i l i t i e s  i n  t h e  Weber 

problem i s  based on  t h e  n e a r e s t  c e n t r e  hypo thes i s .  C o n s t r a i n t  

( 2 . 2 )  ensu res  t h e  "a l l -o r -no th ing"  a l l o c a t i o n  procedure ,  and no 

consumers have t o  t r a v e l  t o  f u r t h e r  c e n t r e s  because o f  t h e  in -  

c l u s i o n  of c a p a c i t y  c o n s t r a i n t s .  To r e l a x  t h i s  r e s t r i c t i v e  

assumpt ion,  e x t e n s i o n s ,  i n c o r p o r a t i n g  a  s p a t i a l  i n t e r a c t i o n  model 

t o  r e f l e c t  consumers1 l o c a t i o n  cho i ce ,  have been r e c e n t l y  postu-  

l a t e d  (see, f o r  i n s t a n c e ,  Beaumont 1980, Coehlo and Wilson 1976, 

Hodgson 1978, and Leonard i  1978) and,  i n  f a c t ,  it has  been dem- 

o n s t r a t e d  t h a t  t h e  Weber problem i s  a  s p e c i a l  l i m i t i n g  c a s e  

(Beaumont 1980) .  T h i s  behav ioura l  a s p e c t  i s  developed below, 

p a r t i c u l a r l y  a s  a g g r e g a t e  d i s t a n c e  ( o r  t r a n s p o r t  c o s t )  i s  no 

l o n g e r  an  a p p r o p r i a t e  c r i t e r i o n  o f  u s e r  b e n e f i t  when consumer 

cho i ce  i s  i nc luded .  Indeed,  it shou ld  be r e c a l l e d  t h a t  Weber ls  



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

c o s t  l o c a t i o n  was t h a t ,  under  t h e  assumpt ions  o f  p e r f e c t  compe- 

t i t i o n ,  un i fo rm n o n - t r a n s p o r t a t i o n  c o s t s ,  and p e r f e c t l y  i n e l a s t i c  

demand, t h i s  c r i t e r i o n  i s  a l s o  t h e  optimum p r o f i t - m a x i m i s i n g  

l o c a t i o n .  

I n  r e l a t i o n  t o  t h e  demand s i d e  o f  l o c a t i o n - a l l o c a t i o n  models ,  

t h e  assumpt ion  o f  exogenous ly  known, p e r f e c t l y  ( p r i c e )  i n e l a s t i c  

consumer demand ( t h a t  is,  t h e  l e v e l  o f  demand is i n d e p e n d e n t  o f  

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

t h e i r  l o c a t i o n  p a t t e r n )  can  be  r e l a x e d .  F i r s t l y ,  t h e  m a j o r i t y  

o f  models a r e  d e t e r m i n i s t i c ;  t h e  magn i tude and l o c a t i o n  o f  demand 

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

f o r e c a s t i n g  f u t u r e  s i t u a t i o n s ,  t h e  Weber problem h a s  been exam- 

i n e d  under  c o n d i t i o n s  o f  u n c e r t a i n t y  (see, f o r  example,  Cooper 

1 9 7 8 ) , a n d  more g e n e r a l ,  s t o c h a s t i c  l o c a t i o n - a l l o c a t i o n  models 

have been r e c e n t l y  p roposed (Ermol iev  and Leonard i  1 9 8 0 ) .  S to -  

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

and a r g u a b l y  more fundamenta l ,  t h e  assumpt ion  o f  p e r f e c t l y  i n -  

e l a s t i c  demand is c l e a r l y  a  s p e c i a l  l i m i t i n g  c a s e  o f  a  whole 

cont inuum o f  p o s s i b l e  s i t u a t i o n s .  I n  t h e  proposed e x t e n s i o n s  

and r e f o r m u l a t i o n s  o f  the  Weber problem, it i s  assumed t h a t  t h e  

l e v e l  o f  e f f e c t i v e  demand i s  d i r e c t l y  dependen t  on  t h e  consumers '  

a c c e s s i b i l i t y  t o  f a c i l i t i e s .  A t  t h i s  s t a g e ,  it i s  s u f f i c i e n t  t o  

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

g e n e r a l ,  a n  o b j e c t i v e  f u n c t i o n  t o  min imise  a g g r e g a t e  t r a n s p o r t  

c o s t s  no l o n g e r  s a t i s f i e s  Weber 's  o r i g i n a l  a im o f  p r o f i t  - maximi- 

s a t i o n ;  it i s  n e c e s s a r y  t o  e x p l i c i t l y  maximise p r o d u c e r s '  p r o f i t  

( o r  p r o d u c e r s  ' s u r p l u s )  . 
I f  consumers '  demand i s  assumed t o  be s o l e l y  dependen t  on 

a c c e s s i b i l i t y  ( s i m p l y  s t a t e d ,  it i s  dependen t  on t h e  d i s t a n c e  

t o  and t h e  r e l a t i v e  a t t r a c t i v e n e s s  o f  a l l  f a c i l i t i e s ) ,  a  s e l f -  

p e r p e t u a t i n g ,  p o s i t i v e  feedback  s i t u a t i o n  would r e s u l t  i f  t h e  

problem i s  u n c a p a c i t a t e d .  An e x t e n s i o n  o f  a  f a c i l i t y ' s  c a p a c i t y  

would p roduce,  by d e f i n i t i o n ,  a n  improvement i n  i t s  a c c e s s i b i l -  

i t y ,  which,  i n  t u r n ,  would i n c r e a s e  consumers '  demand because  o f  

t h e  p a r t i c u l a r  ( e l a s t i c  demand) model f o r m u l a t i o n .  A s  F i g u r e  1 

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

The i n t r o d u c t i o n  o f  a n  upper  s i z e  l i m i t ,  or  c a p a c i t y  c o n s t r a i n t ,  
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Figure 1 .  P o s i t i v e  feedback i n  an  uncapac i ta ted  l oca t i on -  
a l l o c a t i o n  model. 

i s  advocated,  and t h i s  can have impor tant  s p a t i a l  e f f e c t s ,  such 

a s  a  mod i f i ca t ion  t o  t h e  p a t t e r n  of a l l o c a t i o n  of consumers t o  

f a c i l i t i e s  and a  change i n  o v e r a l l  consumer demand. 

Two f u r t h e r ,  b a s i c  t h e o r e t i c a l ,  r a t h e r  than d e s c r i p t i v e ,  

ex tens ions  towards a  coheren t  s t r u c t u r e  f o r  l o c a t i o n - a l l o c a t i o n  

models a r e  m u l t i - l e v e l ,  h i e r a r c h i c a l  models and dynamic models. 

The v a s t  ma jo r i t y  of  models, such a s  t h e  Weber problem, a r e  

s i n g l e - l e v e 1 , s t a t i c  fo rmu la t ions .  Given t h e  h i e r a r c h i c a l  organ- 

i z a t i o n  of va r i ous  p u b l i c  f a c i l i t i e s ,  mu l t i - l eve l  r e p r e s e n t a t i o n s  

a r e  requ i red  t o  ana lyse  t h e  coord inated s p a t i a l  p rov i s ion  of re -  

l a t e d  s e r v i c e s .  S i m i l a r l y ,  s t a t i c  fo rmu la t ions ,  concerned w i th  

one p a r t i c u l a r  t ime, a l s o  usua l l y  f a i l  t o  cap tu re  t h e  essence of 

t h e  l o c a t i o n  problem. A s t a t i c  formulat ion i s  s u f f i c i e n t  i f  

n e i t h e r  t h e  magnitude nor l o c a t i o n  of  demand changes over  t ime 

and i f  t h e  c o s t s  of  r e l o c a t i o n  a r e  n e g l i g i b l e .  



The p r o b l e m a t i c  c h a r a c t e r i s t i c s  o f  many l o c a t i o n - a l l o c a t i o n  

models have been h i g h l i g h t e d ,  and t h i s  p r o v i d e s  a  f o u n d a t i o n  t o  

d e v e l o p  a  more c o h e r e n t  model ing s t r u c t u r e .  Given t h e  p a r t i c u l a r  

i n t e r e s t  i n  c o n s u m e r - a t t r a c t i n g  s e r v i c e  sys tems ,  a t t e n t i o n  i s  

g i v e n  t o  t h e  i n t e r p l a y  between demand-side mechanisms ( i n c l u d i n g  

p r i c e  e l a s t i c i t y  o f  consumer demand w i t h  consumers '  s p a t i a l  

c h o i c e  b e h a v i o u r )  and a  s u p p l y - s i d e  mechanism (based  o n  a  f a c i l -  

i t y ' s  s u p p l y  c a p a c i t y ) .  I n  a d d i t i o n  t o  a n  i n c o r p o r a t i o n  o f  more 

r e a l i s t i c  assumpt ions  a b o u t  consumers '  b e h a v i o u r ,  some a t t e n t i o n  

w i l l  b e  g i v e n  t o  u n d e r l y i n g  w e l f a r e  t h e o r y  and o r g a n i z a t i o n a l  

f e a t u r e s  o f  supp ly .  

3 .  BASIC CHARACTERISTICS OF A COHERENT FRAMEWORK: DEMAND 
ELASTICITY, CAPACITY CONSTRAINTS, HIERARCHICAL STRUCTURE, 
AND DYNAMICS 

I n  t r a n s p o r t a t i o n  p l a n n i n g ,  t r i p  g e n e r a t i o n  and d i s t r i b u t i o n  

models have p layed  s i g n i f i c a n t  r o l e s  i n  t r a v e l  f o r e c a s t i n g .  These 

componen t -o f - t rave l  demand models s h o u l d  b e  i n c o r p o r a t e d  i n t o  

l o c a t i o n - a l l o c a t i o n  problems t o  a d e q u a t e l y  r e p r e s e n t  consumers '  

behav iou r .  Simply s t a t e d ,  it i s  assumed t h a t  t r i p  g e n e r a t i o n  

( o r  demand) i s  a  f u n c t i o n  o f  consumers '  a c c e s s i b i l i t y  t o  oppor-  

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

consumers '  t r i p  d i s t r i b u t i o n .  

I n  t h i s  s e c t i o n ,  a  d i s c u s s i o n  o f  t h e s e  a s p e c t s  o f  demand i s  

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

t h e s e  c h a r a c t e r i s t i c s  a r e  ex tended  i n  h i e r a r c h i c a l  and dynamic 

models .  

3 .1 .  Demand E l a s t i c i t y  

Even i f  i n  situ p o t e n t i a l  demand i s  un i fo rm,  unequa l  con- 

sumpt ion  r e s u l t s  f rom consumers '  d i f f e r e n t  r e l a t i v e  l o c a t i o n s  t o  

f a c i l i t i e s ;  i n d e e d ,  it i s  t h e  n a t u r e  o f  g e o g r a p h i c a l  space  t h a t  

c r e a t e s  i m p u r i t y  i n  p u b l i c  goods.  T h i s  h a s  been a  major  impetus  

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

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

g e n e r a l ,  c o n c e n t r a t i o n  i n  a  few, l a r g e  f a c i l i t i e s  would be more 

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

would be  r e l a t i v e l y  e q u i t a b l y  d i s t r i b u t e d .  O f t e n ,  however, t h e  



a n a l y s e s  a r e  b a s e d  o n  models  t h a t  assume p e r f e c t  ( p r i c e )  i n e l a s -  

t i c i t y  o f  consumer demand, and ,  c o n s e q u e n t l y ,  it i s  i m p o s s i b l e  

t o  a s s e s s  t h e  e f f e c t  o n  o v e r a l l  p a t t e r n s  o f  u t i l i s a t i o n  [ a  cr i -  

t e r i o n  t h a t  was deemed i m p o r t a n t  by T e i t z  (1968)  i n  h i s  s e m i n a l  

e x p o s i t i o n  on  p u b l i c  f a c i l i t y  l o c a t i o n  p r o b l e m s ) .  The l e v e l  o f  

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

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

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

i l i t i e s . a n d  t h e  s i z e  o f  f a c i l i t i e s .  

A v a r i e t y  o f  demand e l a s t i c i t y  f u n c t i o n s  b a s e d  on  a c c e s s i -  

b i l i t y  have  been  p roposed  (see Beaumont 1981, Leonard i  1980a, and  

Wi lson 1 9 7 3 ) ,  a l t h o u g h  t h e r e  rema ins  a  need t o  e x t e n d  t h e  d e f i -  

n i t i o n  o f  t h i s  f undamen ta l  c o n c e p t  t o  c o v e r  m u l t i - p u r p o s e  t r i p s  

as w e l l  a s  s i n g l e - p u r p o s e  t r i p s .  However, t h e  c o n c e p t  o f  a c c e s -  

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

a v a i l a b l e  t o  consumers ,  and ,  f o r  i l l u s t r a t i v e  p u r p o s e s ,  p a r t i c u -  

l a r  a t t e n t i o n  is  g i v e n  t o  Hansen ' s  (1959)  f r e q u e n t l y  c i t e d  d e f i -  

n i t i o n  o f  a c c e s s i b i l i t y .  

I n  o r d e r  t o  r e p r e s e n t  t h e  o b s e r v e d  t r i p  d i s t r i b u t i o n  p a t -  

t e r n s  o f  consumers,  it i s  n e c e s s a r y  t o  r e l a x  t h e  r e s t r i c t i v e  

a l l o c a t i o n  o f  consumers t o  t h e i r  n e a r e s t  f a c i l i t i e s .  B e n e f i t s  

c a n  b e  d e r i v e d  by p a t r o n i s i n g  a  more d i s t a n t  o u t l e t ,  and  t h i s  

c a n  be  r e p r e s e n t e d  by a  g r a v i t y - t y p e  s p a t i a l  i n t e r a c t i o n  model .  

Fo rma l l y ,  t h e s e  a s p e c t s  o f  t r i p  g e n e r a t i o n  and  d i s t r i b u t i o n  a r e  

d i s p l a y e d  i n  t h e  f o l l o w i n g  model 

where T i j  i s  t h e  a c t u a l  demand f rom a  consumer a t  l o c a t i o n  i 

f rom a  f a c i l i t y  a t  l o c a t i o n  j .  Oi s c a l e s  t h e  l e v e l  o f  demand 

w i t h  r e g a r d  t o  consumers '  a c c e s s i b i l i t y  o f  f a c i l i t i e s  f rom zone 

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

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

h e a l t h  c a r e ,  s u p p l y  creates t h e  demand l e v e l  r a t h e r  t h a n  t h e  



demand d e t e r m i n i n g  t h e  l e v e l  o f  s u p p l y .  The t e r m  

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

is  a  f u n c t i o n  o f  a c c e s s i b i l i t y ,  Hansen-type (1959)  a c c e s s i b i l i t y .  

W .  is  d e f i n e d  a s  n o r m a l i s e d  f a c i l i t y  s i z e  (and i s  an endogenous 
3 

r e l a t i v e  measure o f  a t t r a c t i v e n e s s ) ,  B i s  a d i s t a n c e  d e t e r r e n t  

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

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

e l a s t i c i t y .  ( P e r f e c t  i n e l a s t i c i t y  i s  when a e q u a l s  z e r o ,  and 

when it i s  less t h a n  o n e ,  it r e p r e s e n t s  a  d e c r e a s i n g  m a r g i n a l  

e f f e c t  o f  a c c e s s i b i l i t y  o n  e f f e c t i v e  demand changes . )  The f i n a l  

t e r m  i s  p a r t  of a c o n v e n t i o n a l ,  p r o d u c t i o n - c o n s t r a i n e d  s p a t i a l  

i n t e r a c t i o n  model (Wi lson 1971! ,  which r e p r e s e n t s  t h e  p r o b a b i l i t y  

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

T h i s  p e r m i t s  a n  e x t e n s i o n  o f  t h e  common, b e h a v i o u r a l  assumpt ion  

t h a t  consumers t r a v e l  t o  t h e i r  n e a r e s t  f a c i l i t y ,  which i s ,  i n  

f a c t ,  a  s p e c i a l ,  l i m i t i n g  case when i s  i n f i n i t e .  

I n  r e l a t i o n  t o  t h i s  d i s c u s s i o n  a b o u t  denand,  i t is  appro-  

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

economics:  t h e  s u b s t i t u t i o n  and income e f f e c t s .  For example,  

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

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

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

o f  e f f e c t i v e  demand would d e c l i n e - t h e  income e f f e c t .  A t  

a n o t h e r  ex t reme,  i f  a l a r g e ,  new f a c i l i t y  was l o c a t e d  i n  zone i ,  

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

t r i p s  b e c a u s e  o f  i t s  r e l a t i v e  a t t r a c t i v e n e s s  i n  compar ison t o  

i t s  compet ing f a c i l i t i e s - t h e  s u b s t i t u t i o n  e f f e c t .  I n  p r a c t i c e ,  

when a s s e s s i n g  o v e r a l l  changes i n  t h e  p a t t e r n  o f  t r a v e l  demand, 

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

Fu r the rmore ,  it is p o s s i b l e  t o  g i v e  (Hansen- type)  accessi- 

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

1 - la rsha l l i an  microeconomic c o n c e p t  o f  consumer s u r p l u s ,  which,  it 

h a s  been d e m o n s t r a t e d ,  i s  b a s i c a l l y  a n  a c c e s s i b i l i t y  i n d e x .  For  



i n s t a n c e ,  Leonard i  (1978) d i s c u s s e s  a  so -ca l l ed  l o g - a c c e s s i b i l i t y  

fo rmu la t ion ,  and,  i n  d e f i n i n g  a  s u i t a b l e  c r i t e r i o n  f o r  measur ing 

consumer b e n e f i t ,  Beaumont (1980) examines a  l o c a t i o n - a l l o c a t i o n  

model t h a t  max in ises  l o c a t i o n  s u r p l u s .  I n  bo th  models,  however, 

it i s  assumed t h a t  demand i s  p e r f e c t l y  i n e l a s t i c ,  which it has  

a l r e a d y  been argued i s  o n l y  a  s p e c i a l  c a s e ,  and t h a t  t r i p s  a r e  

s i n g l e -  r a t h e r  t han  mul t i -purpose i n  n a t u r e .  

One p o s s i b i l i t y  i s  t o  ex tend  t h e  conven t i ona l  s p a t i a l  i n t e r -  

a c t i o n  model by i n c o r p o r a t i n g  o r i g i n - s p e c i f i c  B paramters ,  O i .  
Fol lowing t h e  argument adopted i n  a n  e a r l i e r  paper  (Beaumont 1981) 

t h e  l o c a t i o n - a l l o c a t i o n  problem would be  w r i t t e n  a s  

n  Oi P -BiCi 
Flax LS = 1 l o g  W .  e 
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One advantage o f  t h e  model r e p r e s e n t e d  by equa t i on  (3 .1 )  i s  

t h a t  it i s  p o s s i b l e  t o  f o rmu la te  an a s s o c i a t e d  l o c a t i o n a l  s u r p l u s  

o b j e c t i v e  f u n c t i o n  t h a t  can be nax imised.  The d e r i v a t i o n  h e r e  

i s  based on t h e  a l t e r a t i o n  i n  b e n e f i t  r e l a t i n g  t o  t h e  changes i n  

t r a n s p o r t a t i o n  c o s t s  f o r  a  d i f f e r e n t  p a t t e r n  of  supp ly .  [ A s  

Neuberger (1971) and Wi l l iams (1976) demons t ra te ,  it i s  p o s s i b l e  t o  

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

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

d i s t r i b u t i o n  o f  f a c i l i t i e s  anZ consumer demand; it i s  i n d i c a t e d  

l a t e r  t h a t  t h e s e  e x t e n s i o n s  a r e  e s p e c i a l l y  impor tan t . ]  Such a n  

e v a l u a t i o n ,  based on t r a n s p o r t  c o s t  changes,  i s  e s p e c i a l l y  per -  

t i n e n t  g i ven  t h e  contemporary s i t u a t i o n  r e g a r d i n g  t h e  r e a l  p r i c e  

and con t inued  a v a i l a b i l i t y  o f  pe t ro leum,  and it a l s o  p rov ides  a  

u s e f u l  i l l u s t r a t i o n  i n  t h e  o v e r a l l  argument. The change i n  bene- 

f i t ,  ALS is g iven  by t h e  p a t h  i n t e g r a l  

ALS = - 1  1 d c  T i j  (g) 
i = l  ] = I  

P 

where p i s  some p a t h  i n  cos t - space  between t h e  i n i t i a l  and f i n a l  
1 c o n f i g u r a t i o n  o f  supp l y  p o i n t s ,  - so and - s , r e s p e c t i v e l y .  Using 



e q u a t i o n  (3 .1 )  a s  t h e  t r a v e l  demand model, t h e  l o c a t i o n a l  s u r -  

p l u s  o b j e c t i v e  f u n c t i o n  i s  

and a  h e u r i s t i c  s o l u t i o n  p rocedure  c a n  b e  d e r i v e d .  

A t  t h i s  s t a g e ,  it s h o u l d  be no ted  t h a t ,  a l t h o u g h  t h e  sum- 

ma t ion  o f  i n d i v i d u a l  components t o  d e t e r m i n e  a g g r e g a t e  consumer 

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

t a k e  a c c o u n t  o f  d i s t r i b u t i o n a l  i s s u e s .  Arguab ly ,  it might  be  

more a p p r o p r i a t e  t o  a p p l y  a n  o b j e c t i v e  f u n c t i o n  concerned w i t h  

t h e  e q u a l i s a t i o n  o f  consumers '  a c c e s s i b i l i t y  t o  f a c i l i t i e s .  

With r e g a r d  t o  t h i s  s p a t i a l  e q u i t y  i s s u e ,  a t t e n t i o n  i s  drawn t o  

t h e  f a m i l y  o f  s o - c a l l e d  c e n t r e  problems,  which min imise  t h e  maxi- 

mum o f  t h e  we igh ted  d i s t a n c e s  between s u p p l y  and demand p o i n t s .  

I t  s h o u l d  a l s o  be  remembered t h a t  models  f o r m u l a t e d  t o  max in i se  

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

t r i b u t i o n a l  d imens ion .  

3 .2 .  C a p a c i t y  E f f e c t s  

To d a t e ,  t h e  proposed e x t e n s i o n s  have been p r i m a r i l y  con- 

c e r n e d  w i t h  t h e  demand s i d e  o f  l o c a t i o n - a l l o c a t i o n  models.  

C l e a r l y ,  t h e  v e r y  e s s e n c e  o f  such  problems r e l a t e s  t o  t h e  com- 

p l e x  i n t e r a c t i o n s  between s u p p l y  and demand. T h i s  i n t e r a c t i o n  

i s  model led  i n  c o n j u n c t i o n  w i t h  t h e  c o n c e p t  o f  a  " p u r e  p u b l i c  

good, "  which i s  concerned  w i t h  whether  an i n d i v i d u a l  c o n s u n e r ' s  

e f f e c t i v e  u t i l i s a t i o n  i s  a f f e c t e d  by t h e  number o f  o t h e r  con- 

sumers who want  t o  s h a r e  t h e  same f a c i l i t y .  Complete p u r i t y  i s  

u n l i k e l y ,  and a  s i m p l e  and common way o f  i n c o r p o r a t i n g  some i n -  

d i c a t o r  o f  s u p p l y - s i d e  c a p a b i l i t i e s  i s  t h rough  t h e  u s e  o f  capac-  

i t y  c o n s t r a i n t s .  However, c o n c e p t u a l l y ,  it i s  more s a t i s f a c t o r y  

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

t r a c t i v e n e s s  measure W because  i t  i s  a  component i n  consumers '  
j 

t r a v e l  dec is ion-mak ing  p r o c e s s  (and it would remain  p o s s i b l e  t o  



a l s o  i n c l u d e  c a p a c i t y  c o n s t r a i n t s )  . I ndeed ,  L e o n a r d i  ( 1  980b) 

combines b o t h  t h e s e  f a c e t s  t o g e t h e r  i n  a n  a c c e s s i b i l i t y -  and 

c o n g e s t i o n - s e n s i t i v e  demand l o c a t i o n  model. By mod i fy ing  t h e  

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

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

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

measure,  s u g g e s t e d  by Leonard i  (1980b) ,  i s  unused c a p a c i t y ;  a s  

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

l e a d s  t o  demand. Assuming t h a t ,  f o r  a p a r t i c u l a r  t y p e  o f  f a c i l -  

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

W ,  by d e f i n i t i o n ,  t h e  unused c a p a c i t y  o f  a  p a r t i c u l a r  f a c i l i t y  

l o c a t e d  a t  j ,  U i s  
j ' 

where W i s  a  s i m p l e  f u n c t i o n  o f  t h e  magn i tude o f  f l ows  t o  t h e  
j  

p a r t i c u l a r  f a c i l i t y  

Such a s i m p l e  measure  o f  a t t r a c t i v e n e s s  p r o v i d e s  a n  endogenous 

mechanism t o  overcome t h e  p o s i t i v e - f e e d b a c k  t y p e ,  s n o w b a l l i n g  

growth e f f e c t ,  which was ment ioned ear l ie r .  The a s s o c i a t e d  e l a s -  

t i c  t r a v e l  demand model is 

and t h e  l o c a t i o n - a l l o c a t i o n  problem t o  maximise l o c a t i o n a l  s u r -  

p l u s  is 

P -BCi j  
u l o g  1 u j  e 

1  Max LS = - 1 Oi e j = l  

I s  1 uB i 



which d o e s  n o t ,  however,  e x h i b i t  a  c o n v e n t i o n a l  n e o c l a s s i c a l  

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

e q u a t i o n  ( 3 . 8 )  a r i s i n g  from t h e  f u n c t i o n a l  i n t e r r e l a t i o n s h i p  

r e p r e s e n t e d  by e q u a t i o n  ( 3 . 7 ) .  

3 .3 .  H i e r a r c h i c a l  S t r u c t u r e s  

I t  i s  somewhat s u r p r i s i n g  t h a t  t h e  v a s t  n a j o r i t y  o f  l o c a t i o n -  

a l l o c a t i o n  models f a i l  t o  t a k e  accoun t  o f  h i e r a r c h i c a l ,  m u l t i -  

l e v e l  s t r u c t u r e s ,  which a r e  o f  fundamenta l  impor tance  f o r  a  co- 

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

f o c u s e s  o n  t h e  i n t e r a c t i o n s  between consumers and f a c i l i t i e s  a t  

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

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

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

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

d i f f e r e n t  t r e a t m e n t s  would p robab ly  e x h i b i t  d i f f e r e n t  c h a r a c t e r -  

i s t ics  ( s u c h  a s  s p e c i a l i s t  t r e a t m e n t s  b e i n g  p rov ided  i n  o n l y  a  

few l o c a t i o n s ,  and more g e n e r a l ,  everyday  s e r v i c e s  b e i n g  p rov ided  

i n  a  r e l a t i v e l y  l a r g e  number o f  l o c a t i o n s ) ,  i t i s  i x p o r t a n t  t o  

b e  a b l e  t o  r e f l e c t  t h e  p a t i e n t  r e f e r r a l  sys tem by e x p l i c i t l y  t a k -  

i n g  a c c o u n t  o f  i n t e r a c t i o n s  between s e r v i c e  l e v e l s .  

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

c h a r a c t e r i s t i c  c a n  be  s u g g e s t e d .  S imp le  d i s a g g r e g a t i o n  o f  a  

s p a t i a l  i n t e r a c t i o n  model by t y p e  o f  s e r v i c e  would n o t  i n c o r p o r a t e  

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

some k ind  o f  j o i n t  ( m u l t i - l e v e l )  a t t r a c t i v e n e s s  f u n c t i o n  was 

employed. Such a  f o r m u l a t i o n  h a s  been employed i n  t h e . n u m e r i c a 1  

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

Beaumont, e t  aZ. ( 1 9 8 2 ) .  

A second approach  would b e  t o  e x t e n d  t h e  m u l t i - f a c i l i t y ,  gen- 

e r a l i s a t i o n  o f  t h e  Weber problem t o  i n c l u d e  b o t h  t h e  we igh ted  

d i s t a n c e s  between demand and s u p p l y  p o i n t s  and between s u p p l y  

p o i n t s  o f  d i f f e r e n t  o r d e r s  (assuming f a c i l i t i e s  o f  t h e  same l e v e l  

p r o v i d e  i d e n t i c a l  s e r v i c e s ) .  Assuming t h a t  t h e r e  a r e  N l e v e l s  

( k  = 1 , .  . . , N ) ,  t h e  problem t o  min imise  a g g r e g a t e  we igh ted  d i s -  

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



where t h e r e  a r e  n  demand p o i n t s  and p ( k )  f a c i l i t i e s  i n  o r d e r  k .  

The s p a t i a l  a l l o c a t i o n  component between consumers and f a c i l i -  

t ies ,  P 
i j ( k )  

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

a c t i o n  model;  Vkl  a l l o c a t e d  e a c h  f a c i l i t y  o f  o r d e r  k  t o  t h e  

n e a r e s t  f a c i l i t y  o f  a d i f f e r e n t  o r d e r  (1). W h i l s t  t h i s  model 

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

i s t i c s  a r e  i n c o r p o r a t e d  i n  t h e  models  d e s c r i b e d  below. 

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

b u i l d  t h e  h i e r a r c h y  downwards as a n  i n c r e m e n t a l  t y p e  o f  l o c a t i o n -  

a l l o c a t i o n  model. A s  a n  i l l u s t r a t i o n ,  a n  N- leve l ,  s u c c e s s i v e l y  

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

s e r v i c e s  o f  o r d e r  x  and a l s o  t h e  s e r v i c e s  o f  a l l  l ower  o r d e r s  

( x - 1 , x - 2 , . . . , 1 ) ]  i s  d e s c r i b e d .  A l though t h i s  s t r u c t u r e  i s  ob- 

v i o u s l y  a  s p e c i a l  c a s e ,  which i s  o n l y  o p p o s i t e  f o r  p a r t i c u l a r  

t y p e s  o f  s e r v i c e s ,  t h i s  assumpt ion  is e a s i l y  r e l a x e d .  The f i r s t  

s t a g e  c a n  b e  t h o u g h t  o f  as a u s u a l ,  s i n g l e - l e v e l  l o c a t i o n -  

a l l o c a t i o n  model conce rned  w i t h  o p t i m a l l y  l o c a t i n g  ( a c c o r d i n g  t o  

some s p e c i f i e d  c r i t e r i o n )  a set  o f  P(N) s u p p l y  f a c i l i t i e s  o f  

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

t i o n  o f  n  (where n  > P(N) demand p o i n t s ) .  Once t h i s  problem h a s  

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

problem. S p e c i f i c a l l y ,  g i v e n  t h e  optimum p a t t e r n  o f  f a c i l i t i e s  

o f  o r d e r  N (and t h e  o r i g i n a l  d i s t r i b u t i o n  o f  demand p o i n t s )  , t h e  

n e x t  s t a g e  i s  t o  o p t i m a l l y  l o c a t e  a  set o f  P(N-1) [where P(N-1) > 

P ( N ) ]  s u p p l y  f a c i l i t i e s  o f  o r d e r  N-1. A s  o r d e r  N-1 s e r v i c e s  a r e  

p r o v i d e d  by t h e  h i g h e s t  o r d e r  f a c i l i t i e s  ( a t  l e a s t ,  under  t h e  

assumpt ion  o f  a  s u c c e s s i v e l y  i n c l u s i v e  h i e r a r c h y ) ,  it i s  n e c e s s a r y  



to optimally locate only P (N-1) - P (N) facilities of order N-1 , 
cjivc!n t:ht\ location of the faci l i tics of order N. A s  It'iclur-c 2 

!-; t ~ o w s  schcrnat ical ly, this proccldurc is repented until thc corn- 

plctr spatial hierarchy is determined. 

A general extension to this kind of derivation of a hierarchy 

would he to take account of distances between facilities of 

different orders (specifically facilities of a higher-order when 

a successively inclusive hierarchy exists). In such a situation, 

it would be necessary to successively re-examine the location of 

existing orders when locating an additional order to ensure system 

optimality. 

Within this proposed hierarchiacal framework, it is possible 

to employ various extensions to the Tdeber problem that have 

already been considered. An additional framework would be to view 

hierarchical development as a temporal process, incorporating it 

into dynamic models (which are briefly considered in the next 

section). 

3.4. Dynamic Models 

Arguably, the essence of the public facility location prob- 

lem is dynamics, becaus? of the large capital investment involved. 

In general, however, location-allocation models are concerned 

with producing optimal, static spatial patterns. This is only 

appropriate if the costs of facility relocation are negligible 

and if neither the magnitude nor distribution of demand changes 

over time. In relation to the spatial dimension, it has already 

been suggested that large facilities are attractive to consumers 

and probably enable suppliers to accrue scale economies but 

that a concentration in a few facilities increases transport 

costs and may reduce levels of utilisation. In relation to the 

temporal dimension, it would be argued that a large number cf 

small facilities would provide flexibility for future investment, 

although capacity problems may be unnecessarily numerous in the 

early stages. Clearly, the phasing of spatial development against 

a continually changing environment is a very difficult, but a very 

important, facility location problem. 



EXOGENOUS INPUTS I 
I - demand points, - d I 

- number of fac i l i t i es  i n  
each level P k ( k = l ,  ..., N )  

INITIAL PROBLEM 

- optimally locate Pk f ac i l i t i e s  
of order k 

INCREMENTAL PROBLEM 

- optimally locate Fk f ac i l i t i es  
of order k given the 

location of fac i l i t i es  of a l l  
higher order ( k  + 1, ..., N )  

t YES 

,,7 

Figure 2. A hierarchical location-alloation model: a succes- 
sively inclusive hierarchy. 



I n  t h i s  s e c t i o n ,  a  b r i e f  d i s c u s s i o n  o f  a  dynamic,  h i e r a r c h i -  

c a l  framework i s  p r e s e n t e d  a f t e r  a  d e s c r i p t i o n  o f  a  dynamic ex- 

t e n s i o n  o f  t h e  Weber prob lem. F o r  f u r t h e r  d e t a i l s ,  see S c o t t  

(1971,  1975) and Sheppard  (1974)  who o f f e r  g e n e r a l  s t r u c t u r a l  

f rameworks f o r  t h e  m a r r i a g e  o f  t h e  s p a t i a l  and  t e m p o r a l  dimen- 

s i o n s  i n  f a c i l i t y  l o c a t i o n  p rob lems.  

S c o t t  (1975)  e x t e n d e d  t h e  Weber problem t o  m in im ise  t o t a l  

we igh ted  d i s t a n c e  ( o r  t r a n s p o r t  c o s t s )  o v e r  T  t i m e  p e r i o d s ,  dur -  

i n g  which t i m e  t h e  number ( n t ) ,  l e v e l  (O i t )  and  l o c a t i o n  ( x i t ,  

'it ) o f  demand p o i n t s  a l te r .  The prob lem was t o  l o c a t e  o n e  

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

f u t u r e  v a r i a t i o n s .  Fo rma l l y ,  t h i s  was r e p r e s e n t e d  a s  

T 
n  
t 

Min 
1 ' x i t r y i t  

where 

and t h e  s u b s c r i p t  t r e p r e s e n t s  t h e  t i m e  p e r i o d  (and d i s c o u n t e d  

costs c o u l d  b e  employed) .  

Some o f  t h e  e x t e n s i o n s  c o n s i d e r e d  i n  p r e v i o u s  sectors sug- 

g e s t  avenues  t o  p u r s u e .  Fo r  i n s t a n c e ,  h i e r a r c h i c a l  deve lopment  

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

(or c o n t r a c t i o n ) ,  which c o u l d  be  combined w i t h  a n  endogenous,  

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

l e v e l s  ( s p e c i f i c a l l y ,  unused c a p a c i t y )  and demand c h a r a c t e r i s t i c s .  

Fo r  c o m p a r a b i l i t y ,  a  framework f o r  a  dynamic ( s u c c e s s i v e l y  

i n c l u s i v e )  h i e r a r c h i c a l  l o c a t i o n - a l l o c a t i o n  model is  o u t l i n e d .  

The deve lopment  p r o c e s s  i s  assumed t o  b e  p r i m a r i l y  i n c r e m e n t a l  

i n  n a t u r e ,  t a k i n g  a c c o u n t  o f  e x i s t i n g  i n f r a s t r u c t u r e .  W h i l s t  

no s p e c i f i c  o p t i m i s i n g  c r i t e r i o n  i s  s u g g e s t e d ,  it is n o t e d  t h a t ,  

i f  a  consumers '  s u r p l u s  o b j e c t i v e  f u n c t i o n  was u s e d ,  it would 

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

i n  o r i g i n  and d e s t i n a t i o n  c h a r a c t e r i s t i c s  a s  w e l l  a s  t o  changes  



i n  t r a n s p o r t  c o s t s .  For example, e x t r a  t r i p s  may be  b e n e f i c i a l  

because of  t h e  i n c r e a s e d  a t t r a c t i v e n e s s  a c c e s s i b i l i t y  o f  some 

f a c i l i t i e s ,  b u t  t h i s  shou ld  n o t  be cons ide red  s o l e l y  i n  terms 

o f  e x t r a  t r a n s p o r t  c o s t s .  

F i gu re  3 p o r t r a y s  a  dynamic, i nc remen ta l  ( s u c c e s s i v e l y  

i n c l u s i v e )  h i e r a r c h i c a l  l o c a t i o n - a l l o c a t i o n  model. Conceptua l ly ,  

g i ven  t h e  long- term n a t u r e  o f  p lann ing  f o r  p u b l i c  f a c i l i t i e s  and 

t h e  need t o  e x p l i c i t l y  t a k e  account  of  e x i s t i n g  s t o c k ,  a bene- 

f i c i a l  p rope r t y  o f  t h e  framework is  i t s  e x p l i c i t ,  combined rep-  

r e s e n t a t i o n  o f  p r e s e n t  and f u t u r e  d i s t r i b u t i o n  o f  f a c i l i t i e s  of  

d i f f e r e n t  o r d e r s .  Indeed,  it i s  t h e  p r e s e n t  c o n f i g u r a t i o n  of  

f a c i l i t i e s  which i s  probab ly  t h e  most impo r tan t  f a c t o r  determin-  

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

e f f i c i e n t  and e q u i t a b l e  p r o v i s i o n  of  s e r v i c e s .  Fu tu re  develop-  

ment is ,  t h e r e f o r e ,  r e a l i s t i c a l l y  m i r ro red  a s  a p a r t  o f  an on- 

go ing p rocess .  Dec i s i ons  r e l a t i n g  t o  f a c i l i t y  e x t e n s i o n  o r  

f a c i l i t y  c o n s t r u c t i o n  must t a k e  accoun t  of n o t  o n l y  t h e  a s p e c t s  

r e l a t e d  t o  consumer behav iour ,  such a s  t h e  amount o f  unused 

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

l a t e d  t o  s u p p l i e r  behav iour ,  such as o p e r a t i n g  c o s t s  [ f o r  example, 

i n  r e l a t i o n  t o  scale (d i s )economies ]  and c a p i t a l  c o s t s  (which 

are impor tan t  d e t e r m i n a n t s  o f  t h e  number o f  f a c i l i t i e s )  . ( Indeed,  

i n  g e n e r a l ,  i n s u f f i c i e n t  a t t e n t i o n  has  been g i ven  t o  p rov id i ng  

a sound economic b a s i s  f o r  c o s t  f u n c t i o n s ;  t h i s  is i n  s t a r k  con- 

t rast  t o ,  say ,  t h e  a n a l y s e s  o f  consumers'  s p a t i a l  cho i ce  behaviour . )  

A t  t h e  beg inn ing  o f  each  t i m e  p e r i o d ,  f o r  example, i f  an  aggre-  

g a t e  budget  c o n s t r a i n t  was known, it would be p o s s i b l e  t o  s imply 

de te rm ine  t h e  maximum number o f  new f a c i l i t i e s  t h a t  cou ld  be  con- 

s t r u c t e d  (and examine t h e o p p o r t u n i t i e s  f o r  t h e  expans ion o f  e x i s t -  

i n g  f a c i l i t i e s ) .  Assuming a n  elas t ic  demand fo rmu la t i on ,  it 

would be p o s s i b l e  t o  c o n s i d e r  t r a d e - o f f s  between f a c i l i t y  a t t r a c -  

t i veness -capac i t y  problems and d i s t a n c e  e f f e c t s  on t h e  o v e r a l l  

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

f e r e n t  numbers o f  f a c i l i t i e s .  P a r t i c u l a r  a t t e n t i o n  shou ld  be 

g i ven  t o  whether  t h e r e  is  a common c o r e  o f  optimum l o c a t i o n s  i n  

t h e s e  v a r i o u s  a n a l y s e s .  



F i g u r e  3 .  A dynamic ( s u c c e s s i v e l y  i n c l u s i v e )  h i e r a r c h i c a l  
l o c a t i o n - a l l o c a t i o n  model. 
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Such a framework is ,  t h e r e f o r e ,  v e r y  f l e x i b l e ,  and w h i l s t  it 

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

p a r t i c u l a r  s i t u a t i o n s ,  it s h o u l d  be e a s i l y  o p e r a t i o n a l i s e d .  I ts 

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

i n  t h e  c o n c l u d i n g  s e c t i o n .  

4 .  CONCLUDING COMMENTS 

A d e t a i l e d  re -examina t ion  o f  t h e  p r o p e r t i e s  o f  Weber 's  

o r i g i n a l  problem p r o v i d e d  a s u i t a b l e  f o u n d a t i o n  f rom which t o  a t -  

tempt  t o  d e v e l o p  a comprehens ive  framework f o r  l o c a t i o n - a l l o c a t i o n  

models .  M o s t  o f  t h e  fundamenta l  i s s u e s  are r a i s e d ,  a l t h o u g h  t h e  

r e s u l t i n g  d i s c u s s i o n  is n e c e s s a r i l y  s e l e c t i v e  and e x p l o r a t o r y ,  

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

problems.  T h e o r e t i c a l  i s s u e s  r e l a t i n g  t o  dynamic and h i e r a r c h i -  

ca l  models o b v i o u s l y  r e q u i r e  and  m e r i t  f u r t h e r  a t t e n t i o n .  

S u f f i c i e n t  d i f f e r e n t  f o r m u l a t i o n s ,  however, have  been o u t -  

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

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

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

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

a l l o c a t i o n  models,  c o u l d  be  s e e n  s imp ly  a s  a n  on-going d e c i s i o n -  

making p r o c e s s .  The i d e a  o f  a  c o n t i n u a l  p lanner -computer  i n t e r -  

a c t i v e  dec is ion-mak ing  p r o c e s s  h a s  been a l l u d e d  t o  e l s e w h e r e  

(Beaumont 1981) ,  and t h e  framework f o r  t h e  dynamic, h i e r a r c h i c a l  

model, f o r  i n s t a n c e ,  was d s v e l o p e d  t o  be s u f f i c i e n t l y  f l e x i b l e  

to  p e r m i t  t h i s  i m p o r t a n t  c h a r a c t e r i s t i c .  Moreover, w h i l s t  t h e r e  

w a s  no d i s c u s s i o n  a b o u t  p o s s i b l e  s o l u t i o n  a l g o r i t h m s ,  i t h a s  

been s u g g e s t e d  t h a t  h e u r i s t i c  p r o c e d u r e s  would b e  e s p e c i a l l y  at -  

t r a c t i v e ,  because  t h e y  n o t  o n l y  c c n c e p t u a l l y  s e p a r a t e  t h e  pro-  

cesses o f  l o c a t i o n  and a l l o c a t i o n ,  which u s u a l l y  i n v o l v e  d i f f e r e n t  

d e c i s i o n  makers,  b u t  a l s o  f a c i l i t a t e  a n  a c t i v e  invo lvement  o f  

p l a n n e r s .  
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