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FOREWORD 

D e c l i n i n g  r a t e s  o f  n a t i o n a l  p o p u l a t i o n  growth,  c o n t i n u i n g  
d i f f e r e n t i a l  l e v e l s  o f  r e g i o n a l  economic a c t i v i t y ,  and s h i f t s  
i n  t h e  m i g r a t i o n  p a t t e r n s  o f  peop le  and j o b s  a r e  c h a r a c t e r i s t i c  
e m p i r i c a l  a s p e c t s  o f  many developed c o u n t r i e s .  I n  some r e g i o n s  
t h e y  have combined t o  b r i n g  a b o u t  r e l a t i v e  (and i n  some c a s e s  
a b s o l u t e )  p o p u l a t i o n  d e c l i n e  o f  h i g h l y  u r b a n i z e d  a r e a s ,  i n  o t h e r s  
t h e y  have b r o u g h t  a b o u t  r a p i d  m e t r o p o l i t a n  growth.  

The o b j e c t i v e  o f  t h e  Urban Change Task i n  IIASA's Human 
S e t t l e m e n t s  and S e r v i c e s  Area i s  t o  b r i n g  t o g e t h e r  and s y n t h e s i z e  
a v a i l a b l e  e m p i r i c a l  and t h e o r e t i c a l  i n f o r m a t i o n  on t h e  p r i n c i p a l  
d e t e r m i n a n t s  and consequences  of  such urban growth and d e c l i n e .  

T h i s  p a p e r  by E r i c  Sheppard ,  a  v i s i t i n g  Research  S c h o l a r  
i n  t h e  Urban Change Task,  d i s c u s s e s  t h e  r o l e  o f  s p a t i a l  i n t e r -  
a c t i o n  i n  models o f  change i n  i n t e r - u r b a n  sys tems .  A g e n e r a l  
me thodo log ica l  framework f o r  i n c o r p o r a t i n g  s p a t i a l  i n t e r a c t i o n  
i s  l a i d  o u t  and used t o  r ev iew t h e  l i t e r a t u r e  on c i t y  s i z e  
d i s t r i b u t i o n s  and on t h e  d i f f u s i o n  of  s h o r t - t e r m  economic c y c l e s  
between c i t i e s .  A model o f  p a t t e r n s  of  m e t r o p o l i t a n  c o n c e n t r a -  
t i o n  and d e c o n c e n t r a t i o n  i s  t h e n  p rov ided  a s  a n  a p p l i c a t i o n  o f  
t h i s  framework. 

A l i s t  o f  p u b l i c a t i o n s  i n  t h e  Urban Change S e r i e s  a p p e a r s  
a t  t h e  end of  t h i s  p a p e r .  

Andrei  Rogers 
Chairman 
Human S e t t l e m e n t s  
and S e r v i c e s  Area 



ABSTRACT 

I t  seems c o n t r a d i c t o r y  t o  model urban system change wi thout  
cons ide r ing  changes i n  i n t e r -u rban  i n t e r a c t i o n  p a t t e r n s ,  b u t  
t h i s  has  f r e q u e n t l y  been t h e  c a s e  i n  t h e  urban l i t e r a t u r e .  
Cons idera t ion  and exp lana t ion  of changing i n t e r a c t i o n  p a t t e r n s  
i s  an a r e a  t o  which t h e  "geographer ' s  p e r s p e c t i v e "  has  much t o  
c o n t r i b u t e .  Most exp lana t ions  of c i t y  s i z e  d i s t r i b u t i o n s  have 
ignored i n t e r a c t i o n s  and t h u s  seem t o  be fundamental ly  i n  e r r o r .  
Short- term responses  of c i t i e s  t o  economic c y c l e s  may be i d e n t i -  
f i e d  and understood b e t t e r  by cons ide r ing  t h e  i n t e r -u rban  space- 
time d i f f u s i o n  p a t t e r n  of economic impulses.  Long-term changes 
such a s  urban c o n c e n t r a t i o n  and deconcen t r a t i on  can a l s o  be 
modeled wi th  dynamic i n t e r a c t i o n s .  Among o t h e r  conc lus ions  it 
can be shown t h a t  unequal u rban ,  and r e g i o n a l ,  growth r a t e s  a r e  
probable  i f  i n t e r a c t i o n  p a t t e r n s  a r e  dynamic, even i n  t h e  absence 
of economies of s c a l e .  
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I shall concentrate on economic and demographic interactions, 

many of the same conclusions hold for other types of contacts 

between cities, such as flows of information. A series of 

sections will illustrate how interactions play an important 

role in many of the issues of interest to issues of urban change, 

as raised by Korcelli (1  980) . 
The first section constructs the argument that theories 

of how interaction patterns respond to spatial configurations 

of opportunities are essential in dynamic modeling of multi- 

locational systems. This is an issue particularly, although 

not exclusively, studied by geographers, who can thus provide 

a complementary perspective to that of other social scientists 

in studying cities. The second section considers theories of 

urban size distributions, and concludes that, virtually without 

exception, the role of inter-urban links is ignored. It is 

suggested that such a neglect is only valid in the unlikely 

event that a theory can be developed showing that interactions 

are irrelevant to size distributions. 

Section 3 argues for the importance of studying short-run 

urban responses to economic cycles. Such crises are as important 

in trying to improve urban living conditions as are long-run 

trends. A body of literature which has provided insight into 

such issues is then examined from the perspective of the spatial 

interaction paradigm. Finally, section 4 applies this paradigm 

to a long-run problem, that of urban concentration and dispersal. 

While no definitive theory results, it is demonstrated how many 

of the ideas put forward by others may together be incorporated 

into a common model with dynamic interactions. Dynamic inter- 

actions can also easily allow for the type of unbalanced spatial 

growth patterns that fundamentally underlie this phenomenon. 

Some data needs are also indicated. 

One question of terminology should be discussed at the 

outset. The expression "configuration" will be used to describe 

the geographical distribution of some phenomenon, instead of 

the more customary "spatial structure". The term structure and 



SPATIAL INTERACTIONS I N  DYNAMIC 
URBAN SYSTEMS 

INTRODUCTION 

D e s p i t e  t h e  l o n g  h i s t o r y  of  r e s e a r c h  i n t o  i n t e r - u r b a n  

s y s t e m s ,  q u e s t i o n s  o f  t empora l  change have been somewhat 

n e g l e c t e d .  T h i s  i s  p a r t i c u l a r l y  t r u e  w i t h  r e g a r d  t o  t h e  dev- 

elopment  o f  w e l l - s p e c i f i e d  t h e o r i e s ,  s i n c e  much o f  t h e  work 

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

more, t h e r e  i s  a  c u r i o u s  c o n t r a s t  i n  approaches  t a k e n  i n  d i f -  

f e r e n t  d i s c i p l i n e s .  Comparing t h e  work of  economis t s  and 

g e o g r a p h e r s ,  t h e  two most a c t i v e  g roups  i n  t h i s  a r e a ,  t h e  former  

c o n c e n t r a t e  on a s c r i b i n g  t h e  c a u s e s  o f  change i n  a  c i t y ,  t o  

v a r i a b l e s  r e p r e s e n t i n g  i t s  i n t e r n a l  s t r u c t u r e .  Geographers ,  

on t h e  o t h e r  hand,  have performed a  number o f  s t u d i e s  i s o l a t i n g  

t h e  impor tance  o f  i n t e r - u r b a n  f lows of  t e c h n o l o g y ,  l a b o r ,  

and commodit ies ,  w h i l e  showing a  p e r s i s t e n t  f a i l u r e  t o  i n c o r -  

p o r a t e  such  c o n s i d e r a t i o n s  i n t o  t h e  a p p r o p r i a t e  s o c i o l o g i c a l  

and economic t h e o r y .  I f  good t h e o r y  i s  n e c e s s a r y  t o  b o t h  

unders tand  and change urban s y s t e m s ,  t h e n  a  s t r o n g  c a s e  e x i s t s  

f o r  i n t e g r a t i n g  t h e s e  two approaches  t o g e t h e r  i n t o  a  c o h e r e n t  

c o n c e p t u a l  framework. 

The major  theme o f  t h i s  p a p e r  i s  a  p l e a  f o r  g r e a t e r  con- 

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

i n  our  t h e o r i e s  of  urban sys tem development.  The argument  i s  

phrased  p r i m a r i l y  f o r  i n t e r - u r b a n  sys tems  a l t h o u g h  s i m i l a r  

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



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

dynamics would b e :  

where M i s  a m a t r i x  o f  m i g r a t i o n  rates a t  t i m e  t ,  and  S: is  a  
t 

d i a g o n a l  m a t r i x  o f  s a v i n g s  p r o p e n s i t i e s ,  sit,  i n  r e g i o n  i a t  

t i m e  t .  

Two comments s h o u l d  be  made r e g a r d i n g  t h i s  model.  F i r s t ,  

it h a s  a  s i m p l e  Markovian t i m e  s t r u c t u r e  which  c a n n o t  a l l o w  

c y c l i c a l  change  w i t h o u t  s p e c i a l  a s s u m p t i o n s  a b o u t  M t '  More 

g e n e r a l l y  w e  c a n  w r i t e :  

I n  ( 3 ) ,  t i m e  l a g g e d  dependency  or  m u l t i p l i e r  e f f e c t s  have  been  

i n c o r p o r a t e d  i n t o  t h e  i n t e r a c t i o n  t e r m s  o f  M r a t h e r  t h a n  i n  t h e  
d  r e s p o n s e  f a c t o r s  S . T h i s  a l l o w s  a p p l i c a t i o n  o f  g e n e r a l  p o t e n t i a l  

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

e f f e c t s  (Sheppard  1 9 7 9 a , b ) .  T h i s  c h o i c e ,  however ,  w i l l  depend 

on c i r c u m s t a n c e s .  

Second,  t h e  s e p a r a t i o n  made i n  ( 3 ) ,  i f  a p p r o p r i a t e ,  a l l o w s  

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

f r o m  t h a t  o f  ( i n  t h i s  case) t h e  e c o n o m i s t  who would s u g g e s t  

t h e  c h o i c e  o f  v a r i a b l e s  i n  ( 3 ) .  The f a c t  t h a t  t h e s e  t w o  q u e s t i o n s  

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

f o r  i n t e r d i s c i p l i n a r y  work,  t o  which  e a c h  s p e c i a l i s t  w i l l  con- 

t r i b u t e  h i s  o r  h e r  s p e c i f i c  e x p e r t i s e  (Sheppard  1 9 7 9 ~ ) .  I t  

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

a s  l i k e l y  t o  p r o d u c e  i n c o r r e c t  r e s u l t s  a s  i s  any  model which  

i n c o r r e c t l y  c h o o s e s  zk and  y ,  - o r  n e g l e c t s  sd ( c f .  Rogers  and  

P h i l i p o v  1 9 7 9 ) .  An i n t e r d i s c i p l i n a r y  a p p r o a c h  i s  t h u s  e s s e n t i a l .  



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

t i o n s ;  such  a s  t h e  mix o f  secondary  v e r s u s  t e r t i a r y  i n d u s t r y  

i n  a  c i t y .  

1 .  A METHODOLOGY FOR DYNAMIC SPATIAL MODELING 

The aim of  a  dynamic s p a t i a l  t h e o r y  i s  t o  r e p l i c a t e  t h e  

changes  t h a t  occur  i n  t h e  phenomenon under s t udy .  Taking a  

d i s c r e t e  space- t ime r e p r e s e n t a t i o n  l e t  t h e  v e c t o r  = ( y l t ,  

- , Y n t  ) r e p r e s e n t  t h e  l e v e l s  o r  s t o c k s  of v a r i a b l e  y  i n  e ach  

r e g i o n  i a t  t i m e  t .  The prime i n d i c a t e s  t r a n s p o s i t i o n  o f  a  

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

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

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

t e r m s  i s  n o t  s u f f i c i e n t ,  however, t o  r e p r e s e n t  a  concep t i on  

o f  t h e  s p a t i a l  dynamics,  a s  t h e  l i n k s  between r e g i o n s  form a  

nece s sa ry  component. Thus w e  must d e f i n e  an  i n t e r a c t i o n  m a t r i x  

showing t h e  i n f l u e n c e  o f  f a c t o r s  i n  i a t  t i m e  t on r e g i o n  j  

a t  t i m e  t + b t .  Gene ra l l y :  

k  where sit = ( x l  , . . . ,xk  ) i s  a  v e c t o r  of  v a l u e s  f o r  v a r i a b l e  n t  
xk a t  each  l o c a t i o n  i ,  t i m e  t ,  and Ckt  i s  a  m a t r i x  w i t h  e n t r i e s  

( c t j t )  r e p r e s e n t i n g  t h e  e f f e c t  of  one u n i t  o f  v a r i a b l e  xk on 
it 

Yj , t + b t  . Obviously ,  e ach  x  i s  assumed t o  have an  a d d i t i v e  e f f ec t  k  

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

f u n c t i o n  o f  t h e  s p a t i a l  s t r u c t u r e  o f  t h e  sys tem.  I n  c e r t a i n  

c a s e s ,  Ckt may be p a r t i t i o n e d  i n t o  two m a t r i c e s ,  one  r e p r e s e n t i n g  

t h e  l e v e l  of  s p a t i a l  i n t e r a c t i o n  and t h e  o t h e r  r e p r e s e n t i n g  

i n  s i t u  b e h a v i o r a l  r e s p o n s e s  l i n k i n g  xik and yi. Thus, f o r  

example,  i f  yi r e p r e s e n t s  incomes saved i n  r e g i o n  i ,  xik r e p r e s e n t s  

t h e  p o p u l a t i o n  i n  i ,  and c;,. i s  t h e  m i g r a t i o n  r a t e  between i 

and j ,  and peop le  a r e  assumed t o  s ave  a l l  t h e i r  money i n  t h e i r  



A t  f i r s t  g l a n c e  an e q u a t i o n  such a s  ( 1 )  o r  ( 3 )  seems t o  

r e p r e s e n t  a  l i n e a r  sys tem t h u s  be ing  s u b j e c t  t o  t h e  c o n v e n t i o n a l  

a n a l y s i s  of  such  models.  For example,  one  might  a n t i c i p a t e  

assuming t h e  composi te  m a t r i x  M sd t o  be  c o n s t a n t  o v e r  t i m e  

which would a l l o w  s t a t i s t i c a l  e s t i m a t i o n  of i t s  v a l u e s  a s  

pa r ame te r s  from t i m e  series d a t a .  However, geog raph i c  t h e o r y  

t e l l s  us  t h a t  such an assumpt ion i s  a  s i m p l i f i c a t i o n  t h a t  i s  s o  

i n a c c u r a t e  t h a t  i t s  u se  f o r  d e s c r i p t i v e  purposes  must be r e j e c t e d .  

The t e r m s  ( m i j )  o f  M ,  f o r  example,  r e p r e s e n t  t h e  p r o p o r t i o n  o f  

t r i p s  from i t h a t  t e r m i n a t e  a t  j .  Th i s  i s  a  f u n c t i o n  b o t h  o f  

t h e  p a t t e r n  o f  t h e  c o n f i g u r a t i o n  of  o p p o r t u n i t i e s  and of  com- 

munica t ions  i n  t h e  system. I n  ou r  e x p e n d i t u r e  example [ e q u a t i o n  

( 2 )  1 

where F i s  a  m a t r i x  of  d i s t a n c e  f r i c t i o n  e f f e c t s .  Thus,  i f  

d i j  i s  t h e  d i s t a n c e  from i t o  j w e  would e x p e c t  a f i j / a d i j  < 0, 

where f i j  i s  a n  a r b i t r a r y  e lement  of F. A s  a  s imp le  example,  

w e  might  e x p e c t  m i g r a t i o n  t o  be approximated by a " g r a v i t y "  

model : 

where EEt i s  a  d i a g o n a l  s q u a r e  m a t r i x  w i th  xk occupying t h e  
it 

p o s i t i o n  o f  t h e  i - t h  d i a g o n a l  e lement .  

S u b s t i t u t i o n  of  ( 5 )  i n t o  ( 2 )  r e a d i l y  demons t r a t e s  t h a t  

t h e  p rope r  model i s  q u a d r a t i c  r a t h e r  t han  l i n e a r ,  s u g g e s t i n g  

how g r o s s l y  i n a c c u r a t e  any assumpt ion o f  l i n e a r i t y  can  be .  

Concep tua l ly  speak ing ,  t h e  e v o l u t i o n  o f  s p a t i a l  c o n f i g u r a t i o n s  

i s  a  f u n c t i o n  o f  i n t e r a c t i o n  p a t t e r n s ,  which themse lves  a r e  

g e n e r a t e d  by p a s t  c o n f i g u r a t i o n s .  There i s  an " i n t e r a c t i o n  

feedback"  model w i t h  a  t h e o r y  o f  i n t e r a c t i o n  dependen t  on a  

t h e o r y  o f  c o n f i g u r a t i o n a l  change and v i c e  v e r s a .  Thus t h e  



geographer has much to contribute to any dynamic urban systems 

theory by increasing our understanding of the laws of motion 

of interaction patterns. It is unfortunate, then, that geograph- 

ical research in this direction has not provided a coherent 

body of convincing theory (Sheppard 1979d). 

In modeling those components of urban system change that 

are amenable to quantitative approaches, the above interaction 

feedback framework provides a general methodological foundation. 

Then locations of equations (3) and (4) may be chosen to represent 

cities or urban regions, together with those non-metropolitan 

rural regions that are important. Further, the model may be 

readily disaggregated, to allow for incorporation of theoretical 

relations and accounting identities that allow for the differ- 

ential structural components of change. Thus economic variables 

may be disaggregated by activity type (Leontief 1951), demographic 

variables split into age and sex groups (Willekens and Rogers 

1978), and social and political variables distinguished by 

occupation, social class, preferences and power relations 

(Friedman 1972). Such disaggregations represent increases in 

computational rather than theoretical complexity, but at the 

same time represent vital considerations if structual causes 

of change are to be separated from changes in the "laws of 

motion" of urban systems. The following sections, it is hoped, 

will aid in illustrating how the qeneral methodlogical frame- 

work outlined above is applicable to problems of interest in 

understanding urban systems dynamics. 

2. CITY SIZE DISTRIBUTIONS 

Richardson (1973) has provided a review and classification 

of explanations for the so-called "rank-size rule'', describing 

the regularity that has been observed to exist in many urban 

systems between the size of a city and its ordinal rank in 

terms of size with respect to the other members of the system. 

Since more recent papers (Dacey 1979, Parr and Suzuki 1973) 

have added no new dimensions to this typology, it is perhaps 

useful to review it here as follows: 



a) explanations generating city size distributions from 

assumptions about city growth rates and population 

reallocations as functions of city size 

b) explanations deducing population sizes from employment 

multipliers generated by assuming some type of central 

place system 

c) explanations deduced from economic models specifying 

growth rates and economies of scale as a function of 

city size 

d) explanations based on allometric relations between 

city size and growth rates 

The rank size rule itself says nothing about the relative 

locations of the cities in the system, and indeed from the 

spatial analyst's point of view the concept says little. The 

conceptualization of equations (3) and (4) would suggest, 

considering y as a vector of populations, that urban growth -t 
trends are strongly related to past spatial configurations, and 

interaction patterns. However, it is of interest to note that 

none of the types of explanations reviewed by Richardson 

incorporate this. In each case growth rates are independent 

of the size of other cities in the system, and of the configura- 

tion of cities. 

Since the rank size rule is simply a picture of current 

population patterns, which themselves are the result of past 

interdependent growth relations, it is strange indeed that no 

explanations have taken this into account. Such factors are 

recognized among less quantitatively oriented urban analysts. 

For example, the existence of primate distributions in former 

colonies has been frequently, and plausibly, explained by the 

dualistic development of the country, with the major port 

being linked into the world economy whereas other cities, with 

poorly developed links with this port, stagnate. Okabe (1979) 

and Sheppard (1976) show how, with a "gravity" theory of inter- 

actions, an interaction feedback model can easily generate this 

type of polarized growth theoretically. Okabe also shows its 

application to the Japanese urban system. I know, however, of 

no other attempts to theoretically substantiate these issues. 



For the explanations reviewed by Richardson to be convincing, 

it must be shown that the matrices Mt, driving population change 

through their impact on migration and birth and death rates, can 

be approximated by a diagonal matrix. There has been no attempt 

to show this, and in fact common sense would suggest that such a 

reduction would be unlikely. The conclusion then follows that 

the geographer's story is not being told here, and that without 

this the validity of our explanations is likely to be limited. 

It is curious, given this, that the rank size rule is such 

a common phenomenon in urban systems. If the geography of the 

system is important we might expect each different geography to 

produce a distinctive urban size graph. On the other hand, how- 

ever, there are almost as many explanations of this phenomenon 

as there are examples of its existence, suggesting the many ways 

by which a rank size curve can be reached. Allowance of urban 

interdependencies can only increase the number of possible expla- 

nations. This suggests the conclusion that the rank size rule 

is an over-identified concept. There are, perhaps, so many 

ways of reaching it that a general theory should not be sought. 

Instead it should be accepted as a fact of life. In this sense 

one is reminded of the negative binomial distribution in point 

pattern analysis and the central limit theorem in statistics. 

This does not imply that the rank size distribution is an 

irrelevant concept. It may be useful to identify certain situa- 

tions, such as that of excessive primacy, which are generally 

agreed to be undesirable. In addition, the size distributions 

generated by dynamic models can be indicative of their descrip- 

tive accuracy. As regards the use of city distributions in 

evaluating the social desirability of an urban system, there 

seems to be no agreement on what is an "optimal" distribution. 

Indeed this in all likelihood depends on the particular economic, 

social and political system. 

Thus I conclude that the size distribution of cities should 

be regarded as a derivative concept rather than a starting 

point; as something that is deduced from applying a general 

urban systems dynamic model to a particular situation. In 



addition, in evaluating the desirability of a particular type 

of size distribution, we should not jump to conclude that a 

rank size pattern is in some sense optimal because we observe 

it frequently or because we have explanations for it. That 

would represent the type of capitulation of normative thinking 

to reality that radical analysts rightly typify as s t a t u s  quo 

maintaining social science (Harvey 1972). Instead, it is neces- 

sary to develop rules for evaluating urban system outcomes so 

that they can be sorted into desirable and undesirable ones. 

It may well be that urban size distributions turn out to be an 

important indicator in such a classification, but if so that is 

something that is to be deduced rather than assumed. 

3. SHORT-TERM URBAN CYCLES 

The existence of cyclical phenomena seems endemic to the 

modern economy, giving rise to serious national policy issues 

related to unemployment, inflation, over-accumulation, and 

trade imbalances. At present, policies which can effectively 

mitigate these effects are not widely agreed on by economists, 

but nevertheless it is essential to at least attempt to predict 

the timing and severity of such cycles in order to try and 

understand this source of short-term economic crisis. A similar 

argument exists at the urban scale, where such cycles cause 

major problems for cities. Indeed, national cyclic behavior 

is just the sum of urban and regional oscillations. The exis- 

tence and importance of this phenomenon in western countries 

has already been documented, and it is likely to exist also in 

Eastern European countries. This suggests that counter-cyclic 

policies with a specific urban dimension represent a topic of 

transnational interest, and worthy of study. If such policies 

could be made effective they could only have a positive effect 

on the national economic picture. 

Three ways of looking at this question can be identified 

with the aid of the methodological framework suggested in 

section 1. First, if economic change diffuses through the 

urban system it may be possible to identify cities that are 



the first to show economic upturns and downturns. Such cities 

could then be used as leading indicators; sub-economies that 

foreshadow economic cycles. Second, the different structural 

mix of the urban economy in different cities implies that cycles 

will be more damaging in some cities than others. Examination 

of structural effects will both indicate what types of urban 

economies seem more desirable, and also pinpoint cities that 

need most immediate attention. Finally, if it is possible to 

understand the spatial interaction mechanisms which propagate 

the diffusion of economic fluctuations between cities, and to 

isolate such external agents of change from internal factors, 

then it is possible to talk of the possibilities of controlling 

cycles by erecting barriers in the way of the diffusion process. 

Of these three questions--the time-space lags in cycles, 

structural effects, and understanding the diffusion mechanism-- 

the most work has been done on the first problem. The second 

one has also received some attention, but from a different 

point of view. The third issue, however, has received little 

notice. To illustrate this, I shall describe past work on 

urban cyclic behavior, thus indicating the areas needing most 

work. 

Research on identifying the temporal and spatial leads 

and lags between cities of an urban system has been largely 

the domain of geographers. The earliest work concentrated on 

collecting monthly data, on unemployment rates, employment 

rates, or wages, for a number of cities, subjecting the data 

of each city to a time series analysis, and then comparing the 

time series to identify the sequence of temporal leads and 

lags exhibited by cities. This was done by comparing the 

timing of upturns and downturns in different cities (Bassett 

and Haggett 1971), by correlating the time series with one 

another at various leads and lags and selecting that lag at 

which the correlation was highest (.Casetti et al. 1971, Jeffrey 

1970), and, most rigorously, by cross-spectral analysis (Hepple 

1975). The results were then either mapped to indicate space- 

time lags (Figure I), or subjected to multivariate analysis 
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t o  i d e n t i f y  common t r e n d s  i n  t h e  d i f f u s i o n  p r o c e s s  ( J e f f r e y  

e t  a l .  1 9 6 9 ) .  

I n  t e r m s  o f  e q u a t i o n  ( 3 )  above ,  t h e s e  a p p r o a c h e s  s i m p l i f y  

it t o  t h e  u n i v a r i a t e  and  n o n - i n t e r d e p e n d e n t  model :  

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

More r e c e n t l y  t h i s  h a s  been  e x t e n d e d  t o  a n  i n t e r d e p e n d e n t  

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

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

( B a r t e l s  1977 ,  B e n n e t t  1 9 7 5 a ) :  

The i n t e r a c t i o n  components  a r e  t h e n  s t a t i s t i c a l l y  e s t i m a t e d :  

d i r e c t l y  by - a u t o - r e g r e s s i v e  moving - - a v e r a g e  (ARMA) a p p r o a c h e s ,  

o r  less d i r e c t l y  by s p e c t r a l  a n a l y s i s  ( B e n n e t t  1979,  Rayner  

1 9 7 1 ) .  

The g o a l  o f  u s i n g  t h e s e  models  t o  i d e n t i f y  c i t i e s  t h a t  

are a lways  l e a d i n g  i n d i c a t o r s ,  and  t o  show t h a t  t h e  s t r u c t u r e  

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

w i t h  mixed s u c c e s s .  The r e s u l t s  o f t e n  v a r y  o v e r  t i m e  and  a l so  

d i f f e r  d e p e n d i n g  o n  t h e  w a v e l e n g t h  o f  c y c l e s ,  and  no  g e n e r a l  

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

o f  t h e  u r b a n  s y s t e m  have  been  f o r t h c o m i n g .  I c a n  s u g g e s t  t w o  

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

i n  a h i g h l y  i n t e r d e p e n d e n t  manner ,  w i t h  m o s t  e n t r i e s  i n  M t 
b e i n g  p o s i t i v e .  A s  a r e s u l t  t h e  i n i t i a l  d i f f u s i o n  o f  o n e  

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

o r d e r  c y c l e s  i n  v a r i o u s  d i r e c t i o n s  t h a t  t a k e  t i m e  t o  work 

t h e m s e l v e s  o u t  (Sheppa rd  1 9 7 9 a ) .  I n d e e d  t h e s e  may o v e r l a p  w i t h  

t h e  i n i t i a l  s h o c k s  f r o m  t h e  n e x t  c y c l e .  A s  a  r e s u l t  it i s  



h a r d l y  s u r p r i s i n g  t h a t  l e a d s  and l a g s  a r e  complex phenomena; 

one cou ld  o n l y  e x p e c t  them t o  be e a s i l y  i d e n t i f i e d  i f  t h e  s t r u c -  

t u r e  o f  i n t e r a c t i o n s  i n  Ms reduced t o  a  d i r e c t i o n a l  network 

w i t h  few c y c l e s .  Second,  models such a s  ( 6 )  and ( 7 )  i g n o r e  

exogenous e x p l a n a t o r y  v a r i a b l e s  i n c o r p o r a t e d  i n t o  ( 3 ) .  I n  

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

w i t h  a  p r o p e r l y  s p e c i f i e d  model which p r e d i c t s  unemployment 

and o t h e r  v a r i a b l e s  from a  se t  o f  s i m u l t a n e o u s  space- t ime 

e q u a t i o n s  (King e t  a l .  1969) : 

where - Y '  = ( y t ,  sit, ..., X I  ) i s  a  (1  x kn)  v e c t o r ;  -kt 

X '  - 
-t-s - Y , t-S ..., -m, X '  t-s ) is  a  (1  x mn) v e c t o r ,  

* 
M i s  a  (mn x kn)  v e c t o r  o f  s p a t i o - t e m p o r a l  a u t o r e g r e s s i v e  

S - - - - 

moving - - a v e r a g e  c o e f f i c i e n t s  i n c o r p o r a t i n g  t h e  e f f e c t s  

o f  a  set  of  exogenous - v a r i a b l e s  ( X ~ + ~ , . . . , X ~ )  

T h i s  "STARMAX" model h a s  been r e p r e s e n t e d  a s  a  l i n e a r  model,  * 
where Ms i s  e s t i m a t e d  a s  a  l a r g e  a u t o c o r r e l a t e d  r e g r e s s i o n .  

E s t i m a t i o n  t h e o r y  f o r  such models h a s  o n l y  r e c e n t l y  been 

developed (Hepple 1976, Benne t t  1 9 7 9 ) ,  and p r a c t i c a l  e x p e r i e n c e  

i s  l i m i t e d  t o  one  r e g i o n a l  c a s e  s t u d y  ( B e n n e t t  1 9 7 5 b ) ,  s o  w e  

know l i t t l e  o f  t h e i r  p r e d i c t i v e  s u c c e s s .  

I f  a  s u i t a b l e  d i s a g g r e g a t i o n  o f  e q u a t i o n s  such a s  ( 8 )  i n t o  

economic s e c t o r s  i s  c a r r i e d  o u t ,  i t  i s  p o s s i b l e  t o  u s e  t h i s  

c o n c e p t i o n  f o r  modeling t h e  e f f e c t s  o f  u rban  economic s t r u c t u r e  

on c y c l i c a l  b e h a v i o r .  W e  s h o u l d  e x p e c t  economic s t r u c t u r e  t o  

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

i n f l u e n c i n g  some i n d i c a t o r s  more t h a n  o t h e r s .  Th i s  would be 

r e f l e c t e d  i n  t h e  e s t i m a t e d  c o e f f i c i e n t s .  There h a s  been v e r y  

l i t t l e  r e s e a r c h  a t  a l l  r i g o r o u s l y  modeling t h e  e f f e c t s  o f  

s t r u c t u r a l  mix on a  s u b - n a t i o n a l  economy and t r y i n g  t o  d e s i g n  

s p e c i f i c  c o u n t e r - c y c l i c  p o l i c i e s  (Engerman 1965, LIEsperence  

1977) .  Only L ' E s p e r e n c e l s  s t u d y  o f  Ohio c o n c e n t r a t e s  on t h i s  



issue, and he uses an econometric export-base model aggregated 

into two locations: Ohio and the rest of the world. This econo- 

metric approach introduces structural disaggregation at the 

expense of extreme spatial aggregation. One question which 

becomes particularly acute with disaggregated models is manage- 

ability. There is a real danger in this type of model that 

data needs, computational requirements, and even the require- 

ments made of investigators trying to understand and interpret 

results, will all get out of hand. This will be addressed below. 

The third issue identified, that of trying to understand 

the interaction mechanisms governing the diffusion of cyclical 

behavior, has not been researched. All the models discussed 

above treat the urban system model as one which is linear in 

its parameters. Even in equations (6), (7) and (8) the coef- 

ficients are dependent on the lags, but not the observed time 

period t. Thus they are held constant over time in order to 

provide degrees of freedom for estimation purposes. However, 

it was argued in section 1 that such a conception is fundamentally 

misleading, as these represent spatial interaction terms, and 

will thus change over time as the configuration of opportunities 

varies. Bennett (1975~) has allowed for time varying parameters, 

using Kalman filters for statistical estimation. However, this 

problem is fundamentally theoretical rather than statistical, 

since for a well specified method we must be able to understand 

what the interactions are, and how they change. It is by intro- 

ducing more theory into our models in this manner that we can 

hope to reduce the number of unknowns to be estimated without 

sacrificing the dynamic properties of these models(Bannister 1976). 

Summarizing, a certain amount of basic empirical research 

has been performed on the subject of short run cyclical crises 

in urban systems. As the above outline shows in comparison to 

the scheme of section 1, there is still much to be done in for- 

mulating adequate theories of cyclical responses and of their 

spatial diffusion. These must, of course, include demographic, 

social and political factors in addition to economic ones. It 

should be remembered how easily any resulting model can grow 



t o  an impossible  s i z e .  I n  o r d e r  t o  develop a manageable approach 

some s e v e r e  s i m p l i f i c a t i o n s  w i l l  be necessary  t o  concen t r a t e  on 

major f a c t o r s .  I would a rgue ,  however, t h a t  t h e  e s sence  of a 

systems approach should  be h o l i s t i c ;  i n i t i a l l y  l a y i n g  o u t  t h e  

e n t i r e  scheme be fo re  r educ t ion  of t h e  model on pragmatic grounds. 

4 .  A NAIVE MODEL OF URBAN DECONCENTRATION 

There has  been a r e c e n t  upsurge of  i n t e r e s t  i n  t h e  so -ca l l ed  

process  of "deconcen t r a t i on" ,  whereby former t r e n d s  toward 

i n c r e a s i n g  popu la t ion  agglomeration i n  t h e  l a r g e s t  urban a r e a s  

a r e  weakening ( K o r c e l l i  1980) .  Research on t h i s  q u e s t i o n  has  

involved p r i m a r i l y  e m p i r i c a l  a n a l y s i s  of  t h e  d a t a  ( M o r r i l l  1980, 

Bourne 1980) and t h e  conc lus ions  a r e  a t  bes t ,mixed (Gordon 1979) .  

The aim i n  t h i s  s e c t i o n  i s  t o  counter-balance such work by 

provid ing  a s imple  t heo ry  of urban change t h a t  a l lows  f o r  decon- 

c e n t r a t i o n .  The  r e s u l t i n g  model i s  na ive  i n  t h e  s e n s e  t h a t  on ly  

some obvious r e l a t i o n s h i p s  a r e  inc luded ,  w i t h  no a t t empt  a t  a  

comprehensive framework. Only a r e l a t i v e l y  l i m i t e d  aim i s  

sought ,  t h a t  of demonstra t ing an a p p l i c a t i o n  of  t h e  gene ra l  

methodological  s t r u c t u r e  o u t l i n e d  i n  s e c t i o n  1 .  

From a t h e o r e t i c a l  p o i n t  of view, it would be u n s a t i s f a c t o r y  

t o  a s c r i b e  t h e  deconcen t r a t i on  t o  a "c lean  break" from p a s t  

t r e n d s .  In s t ead  of r e l y i n g  on some such s t r u c t u r a l  i n s t a b i l i t y ,  

it would s e e m  b e t t e r  t o  e x p l a i n  how a break might occur .  I n  a 

g e n e r a l  s ense  t h i s  can be achieved by having a t heo ry  where 

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

concen t r a t i on  and deconcen t r a t i on )  a r e  always p r e s e n t ,  b u t  w i t h  

t h e  r e l a t i v e  weight a s c r i b e d  t o  each changing over  t i m e .  F u r t h e r ,  

an exp lana t ion  would be needed which accounts  f o r  such changes,  

and shows how an i n c r e a s e  i n  t h e  weight a p p l i e d  t o  one s e t  of  

f o r c e s  l e a d s  t o  a dec rease  i n  t h e  importance of t h e  o t h e r .  I n  

s h o r t ,  t h e  weights  should be r e l a t e d  t o  one another .  

The theo ry  t o  be developed he re  i s  f o r  a s o c i e t y  where 

economic e f f i c i e n c y  i s  t h e  prime mot iva t ing  f o r c e  of  product ion.  

Thus c e r t a i n  t ypes  of  a c t i v i t i e s  by c e n t r a l  a u t h o r i t i e s  a r e  n o t  

i nco rpo ra t ed ,  and government i s  seen  a s  r e f l e c t i n g ,  r a t h e r  than  



inducing, change. In addition, I should say something about the 

underlying conception of spatial economic growth in the model. 

Two general explanations of deconcentration are possible. On 

the one hand, it has been regarded as a readjustment of the 

economy towards balanced growth in all regions (Weinstein 1980). 

This position, based on neo-classical economics, is countered 

by the argument that deconcentration is a reversal in the dynamics 

of polarized growth with the roles of the fast and slow growing 

regions being reversed. The ideas presented below come closer 

to the latter position. 

At a conceptual level two stories of growth could be told. 

The story of concentration argues that the market orientation 

of industry, and migration in response to economic opportunity 

form a self-reinforcing cycle of spatially concentrated growth. 

The urbanization economies resulting from this situation stimu- 

late further cost savings, technological advances and birth of 

new industries, and large urban areas grow at a rate consistently 

faster than that of smaller cities. At a regional level, this 

has been well summarized by the "Verdoorn Law" (Dixon and Thirl- 

wall 1975; Ledent and Gordon 1980). This growth is possible 

with adequate population increases (Hicks 1950) which in the 

case of large cities has been facilitated by drawing on a pool 

of labor from smaller cities, rural areas, and peripheral 

regions. Further, with scale economies there is relatively 

little reason for capital disinvestment to slower growing places 

to help them catch up in a neo-classical sense. 

A tale of deconcentration reflects the increased movement 

of industry and population out of the largest cities. In the 

case of industry this can be related to diseconomies of large 

scale urbanization, to the higher wages and unionization in 

metropolitan centers, to a fall in communication costs making 

industry more footloose, and to the structural shift in the 

economy towards market oriented service activities which follow 

the deurbanizing population. Other factors include a rise in 

demand for certain resource industries, particularly coal 

(Markusen 1979), and a decreased need for scale economies within 

individual plants as they become part of larger corporate 



structures. All this adds up to capital disinvestment on a 

large scale, but without necessarily implying equilibration 

(Bluestone and Harrison 1980). In the case of population, the 

shift out of cities can be explained by stronger preferences 

for rural areas, by migration for retirement purposes, and by 

the increasing number of jobs available outside the largest 

cities. 

None of the factors discussed w.ith respect to deconcentra- 

tion represent both necessary and sufficient conditions accounting 

for the rise of this phenomenon, so obviously the process is 

complex. Indeed there is little in the above accounts that will 

explain why a shift might occur. However, it can be seen how 

a process of cumulative de-urbanization can be deduced once the 

shift does occur. 

A Production-oriented Demo-economic Model 

The model developed below is designed to be descriptive 

and to be able to account for both types of processes outlined 

above given the appropriate conditions. It is within such a 

framework that one can look for explanations of the existence 

of trend reversal. It is a demo-economic model in that popula- 

tion and production are included. Rates of capital accumul~tion 

in a city depend on the competitiveness of its industries in the 

national market, which in turn is based on prices and delivery 

costs. Growth is constrained by the availability of, and wages 

negotiated by, labor, and unemployment is a result of capital 

accumulation at a rate lower than that of population growth. 

The distinctive factor is that this is linked together by dynamic 

interactions. Inter-urban commodity flows depend on inter- 

urban purchases, which in turn depend on the prices at any 

one point in time. This is converted into spatial variations 

in the accumulation of capital, determined by a strong tendency 

to equalize rates of profits everywhere. Migration depends on 

economic opportunities and preferences, with certain segments 

of the population more able to respond to different pull factors. 



Neglected components i n  t h i s  i n i t i a l  t r e a t m e n t  i n c l u d e  n a t u r a l  

i n c r e a s e ,  p o p u l a t i o n  ag ing ,  t h e  r o l e  of  c o r p o r a t e  s t r u c t u r e  and 

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

urban sys tem,  a l t hough  each should  be i n c o r p o r a t e d .  

Price Determination 

In  t h i s  model,  market  p r i c e s  a r e  determined p r i m a r i l y  by 

p roduc t i on  c o s t s ,  p l u s  a  mark-up r e p r e s e n t i n g  t h e  p r o f i t  r a t e .  

The r a t i o n a l e  f o r  t h i s  concep t ion  i s  t h a t  i n  modern economies 

t h e  l e s s - t han -compe t i t i ve  n a t u r e  o f  most p roduc t i on  p r o c e s s e s  

i m p l i e s  t h a t  supp ly  f a c t o r s  a r e  r e l a t i v e l y  more impor t an t  t h a n  

demand f a c t o r s  i n  t h e  market .  A l t e r n a t i v e l y ,  such p roduc t i on  

p r i c e s  can be regarded  a s  t h e  minimum p r i c e  a t  which f i r m s  w i l l  

produce. Prices f a l l i n g  below t h e s e  l e v e l s  would imply a  

combination o f  d i s i n v e s t m e n t  from t h a t  l o c a t i o n ,  and a  tendency 

t o  reduce p roduc t i on  by n o t  u s i n g  a l l  c a p i t a l  r e s o u r c e s  i n  an  

a t t empt  t o  push up p r i c e s .  W e  s h a l l  a l s o  assume an e q u a l  r a t e  

of p r o f i t  i n  a l l  i n d u s t r i e s  i n  a l l  c i t i es .  Then p r i c e s  a r e  

determined by : 

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

and s u b s c r i p t s  r e p r e s e n t  t h e  N l o c a t i o n s  ( c i t i e s )  and t i m e  

p e r i o d s .  Here: 

i s  t h e  p roduc t i on  p r i c e  f o r  good k  i n  c i t y  i ,  t i m e  t P i t  

a  * i s  t h e  amount o f  good m sh ipped  from j  t o  i t h a t  i s  
j i t  

used t o  produce t h e r e  one u n i t  o f  k  a t  t i m e  t 

mk 
a j i t  = a  * i s  t h e  t e c h n o l o g i c a l  i npu t -ou tpu t  c o e f f i c i e n t  .it 

J - i n  r e g i o n  i ,  t i m e  t 

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

produced i n  j  a t  t i m e  t .  I n  g e n e r a l ,  w e  s h a l l  assume 
m -  m m m 

P j i t  - P j t  + cj i t ,  where c j i t  i s  t h e  p e r  u n i t  t r a n s -  

p o r t  c o s t  of m a t  t i m e  t 



w wW a r e  t h e  wage r a t e s  i n  c i t y  i f o r  b l u e  and w h i t e  
i t f  it 

c o l l a r  workers ,  r e s p e c t i v e l y  

k  a r e  t h e  hours  of b l u e  and w h i t e  c o l l a r  l a b o r  L i ~ '  L i ~  
n e c e s s a r y  t o  produce one u n i t  o f  k ,  i n  r e g i o n  i 

n i s  t h e  r a t e  o f  p r o f i t  

These e q u a t i o n s  a r e  an  e lement  o f  t h e  Cambridge (England) 

concep t i on  of  economic growth (Abraham-Frois and Be r r eb i  1979, 

P a s i n e t t i  1977, Morishima 1973) t r a n s l a t e d  i n t o  s p a t i a l  terms. 

I n  m a t r i x  form: 

where: 

km a r r a n g e d ,  a s  At 
i s  a  MN by MN m a t r i x  o f  e lements  a i j t  

f o r  pt, w i t h  N 2  b l o c k s ,  each  M x M ,  r e p r e s e n t i n g  i n t r a -  

urban i n p u t - o u t p u t  c o e f f i c i e n t s  ( i n  t h e  b locks  on t h e  

main d i a g o n a l ) ,  and i n t e r - u r b a n  b locks  l i n k i n g  each  

p a i r  o f  N c i t i e s  

Pt i s  a  s i m i l a r  NM by MN m a t r i x  o f  e lements  p  km 
i j t  

M 
L '  = [ L i e , . .  . , LN] i s  a  1  x MN v e c t o r  -1 

w i s  a  MN by MN d i a g o n a l  m a t r i x  w i t h  t h e  f i r s t  M-elements -1 t L L 
e q u a l  t o  wit, t h e  second M-elements e q u a l  t o  w ~ ~ ,  e t c .  

i '  i s  an  a p p r o p r i a t e l y  dimensioned v e c t o r  o f  o n e s ,  and t h e  - 

symbol @ r e f e r s  t o  an unorthodox m a t r i x  m u l t i p l i c a t i o n :  

B = A @ C  i m p l i e s  b i j  - - a i j  c i j ,  V i , j .  

k  - I f  w e  assume p i j t  
k  k  

- Pi + ci j t ,  and i f  t r a n s p o r t  r a t e s  between 

a l l  c i t i e s  a r e  known, t h e n  i n  sys tem (10)  t h e r e  a r e  MN + 2N + 1  
k  I unknowns, t h e  pi s ,  w i l s ,  and n .  I f  t h e  w i t s  a r e  t a k e n  a s  

exogenous, and i f  w e  add a n o t h e r  e q u a t i o n  t o  normal ize  p r i c e s :  



t h en  (1  1  ) and (1  0 )  may be s o l v e d  f o r  t h e  r e l a t i v e  p r i c e  l e v e l s  

and f o r  t h e  r a t e  o f  p r o f i t .  Th i s  i s  t h e  s t a n d a r d  approach based 

on S r a f f a  ( P a s i n e t t i  1977) .  U n f o r t u n a t e l y ,  t h i s  i s  n o t  adequa te  

f o r  t h e  s p a t i a l  c a s e  s i n c e  t h e  r e l a t i v e  p r i c e s  a r e  se t  [ i n  
k e q u a t i o n  ( 1 1 ) ]  i ndependen t l y  o f  c i j t .  S ince  c k  and p  a r e  i j t  j t 

bo th  measured i n  t h e  same monetary u n i t s ,  t h i s  i s  i n c o n s i s t e n t .  

One s o l u t i o n  t o  t h i s  problem i s  t o  d e f i n e :  

where pyt  i s  t h e  p r i c e  o f  a  " u n i t "  o f  t r a n s p o r t a t i o n  p rov ided  
1 - 

a t  i ,  and g T j  r e p r e s e n t s  t h e  number of  u n i t s  o f  t r a n s p o r t a t i o n  

nece s sa ry  t o  s h i p  k  from i t o  j ,  which w e  can  assume t o  be g i v e n  

exogenously .  Then w e  can  add t h e  fo l l owing  e q u a t i o n  t o  de te rmine  
C 

pit; t h e  p r i c e  o f  t r a n s p o r t a t i o n  a t  i 

I n  a d d i t i o n ,  set 

Then e q u a t i o n s  ( 10 ) , ( 13) and ( 14)  have MN + N + 1  unknowns i n  

MN + N + 1  e q u a t i o n s ,  i f  wages and i n p u t  c o e f f i c i e n t s  a r e  p re -  

de t e rmined ,  and can  t h e r e f o r e  be so lved .  This  sys tem d o e s ,  

however, n e g l e c t  t h e  e x t r a  t i m e  t aken  t o  c i r c u l a t e  goods ,  and 

i t s  e f f e c t  on t h e  p r o f i t  r a t e  (Steedman 1977) .  

Note t h a t  p r i c e s  a r e  assumed t o  be l i n e a r l y  r e l a t e d  t o  

p roduc t i on  l e v e l s .  Th i s  c o u l d  be i n t e r p r e t e d  t o  mean t h a t  

i n d u s t r i e s  have c o n s t a n t  r e t u r n s  t o  s c a l e .  However, a n o t h e r  



less r e s t r i c t i v e  j u s t i f i c a t i o n  i s  p o s s i b l e  (Ka leck i  1 9 7 1 ) .  I n  

i n d u s t r i e s  where t h e r e  i s  e x c e s s  c a p a c i t y ,  p roduc t i on  i n c r e a s e s  

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

of  t h e  c u r r e n t  f i x e d  c a p i t a l  and l a b o r  f o r c e ,  r a t h e r  t h a n  by 

changing t h e  s i z e  o f  t h e  p l a n t .  W e  would t h u s  e x p e c t  t h e  

marg ina l  c o s t s  o f  p r o d u c t i o n  t o  change ve ry  l i t t l e ,  and a  

l i n e a r  p r i c e  r e l a t i o n s h i p  would be a  good approx imat ion .  

L ,  

Determining  S p a t i a l  I n t e r a c t i o n s  

I f  t h e  f low of  good k  from i f o r  u se  i n  p roduc t  m i n  r e g i o n  
km j  a t  t i m e  t i s  x i j  t ,  t hen :  

a  km . xm = 
km 

i j t  j t  X i j t  

Assume t h a t  pu rchase  o r d e r s  made a t  t i m e  t depend on i n f o r m a t i o n  

ga ined  a b o u t  p r i c e s  a t  t i m e  t - 1 .  Thus t h e  l o c a t i o n s  from 

which i n p u t  goods a r e  bought  by each  i n d u s t r y  w i l l  be a  f u n c t i o n  

of  t h e  p r e v i o u s  p a t t e r n  o f  p r i c e s .  Within s e v e r a l  r e g i o n s  

producing good k  and competing f o r  t h e  market  r e p r e s e n t e d  by t h e  

demand by i n d u s t r y  m a t  j ,  w e  would e x p e c t  t h e  market  s h a r e  o f  

t h i s  demand commanded by r e g i o n  i t o  be i n v e r s e l y  r e l a t e d  t o  t h e  

p r i c e  pk . f o r  example i j t '  

k  k  a  km i j t  = 1 - pij t /p.  j t  

where p  k  - k 
- z P i j t -  I n  f a c t ,  s uch  an  e q u a t i o n ,  a l t hough  

- j t  
p l a u s i b l e ,  c an  be i n c o n s i s t e n t  s i n c e  i t  would be expec t ed  t h a t  

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

purchased from each  r e g i o n ,  would be expec ted  t o  keep i t s  over -  

a l l  p roduc t i on  t echno logy  r e l a t i v e l y  unchanged. W e  s h a l l  assume 

t h a t  t h e  p r o d u c t i o n  t echno logy  i s  independen t  of  l o c a t i o n  p a t -  

t e r n s  and o f  t i m e ,  and i s  d e f i n e d  i n  r e g i o n  j  by a  series of 

i n p u t  c o e f f i c i e n t s  [ a  1k 
- j ' * * . '  

aMkl ,  Vk , j .  Then: 
- 3  



With ( 18) o n l y  l i m i t e d  forms o f  ( l a b o r - s a v i n g )  t e c h n o l o g i c a l  

change a r e  p o s s i b l e .  A l e a s t  b i a s e d  approximate  e s t i m a t e  f o r  

f lows  c o u l d  t h e n  be  o b t a i n e d  from i n f o r m a t i o n  t h e o r e t i c  methods 

by choos ing  a  km t o  minimize ( S n i c k a r s  and Weibu l l  1977) : i j t  

C a  
km km k  
i j t  1 l o g  ai j t / (1-pi j t -1/p.  jt-l 

i , j  , k rm 

s u b j e c t  t o  c o n s t r a i n t  (1  7 )  . Thus p a s t  p r i c e s  a r e  used  t o  

p r o j e c t  c u r r e n t  i n t e r r e g i o n a l  f l o w s ,  which i n  t u r n  a r e  used  t o  

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

i n  ( 17)  and ( 1 8 )  a l s o  i n c o r p o r a t e  t r a n s p o r t a t i o n  i n d u s t r i e s .  

Def ine  t h e  v e c t o r  of  p r o d u c t i o n  a t  t i m e  t: x '  = [ x i  t , . . . ,  -t 
x i t ]  c o n t a i n i n g  MN e l e m e n t s .  Then it must be t r u e ,  i f  markets  

a r e  c l e a r e d ,  t h a t  demands a t  t + 1  a r e  m e t  by p r o d u c t i o n  a t  t: 

Morishima (1973) h a s  shown, f o r  a  two-sec to r  one- reg ion  economy 

l i k e  t h a t  o f  ( 1 9 ) ,  b u t  w i t h  i n t e r a c t i o n s  c o n s t a n t ,  t h a t  t h e r e  

e x i s t s  an e q u i l i b r i u m  growth r a y ,  b u t  t h a t  it i s  u n s t a b l e .  

S i m i l a r l y ,  Okabe (1979) h a s  shown how m u l t i - c i t y  sys tems  w i t h  

dynamic i n t e r a c t i o n s  e x h i b i t  e q u a l  growth r a t e s  f o r  a l l  c i t i es  

o n l y  under  s p e c i a l  a s sumpt ions .  Thus t h e  c o n c e p t  o f  s c a l e  

economies i s  unnecessa ry  i n  o r d e r  t o  a c c o u n t  f o r  u n s t a b l e  i n t e r -  

u rban  growth p a t t e r n s  w i t h  d i f f e r e n t  growth r a t e s  i n  d i f f e r e n t  

c i t i e s  ( c f .  Ledent  and Gordon 1 9 8 0 ) .  T h i s  is  a  v e r y  s i m p l e  

model,  a b s t r a c t i n g  from t h e  s a v i n g s ,  i n v e s t m e n t ,  and consumption 

b e h a v i o r  o f  t h e  v a r i o u s  a c t o r s  i n  t h e  economy. However, t o g e t h e r  

e q u a t i o n s  ( 1 7 ) - ( 1 8 )  , ( l o ) ,  ( 1 3 ) ,  (14)  and ( 1 9 )  d e t e r m i n e  t h e  



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

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

p e r i o d .  

External Economies and Diseconomies 

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

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

c o s t s  w i t h i n  c i t i e s  it would seem u s e f u l  t o  i n c o r p o r a t e  t h e s e .  

I n  r e a l i t y ,  u r b a n i z a t i o n  economies  are  a form o f  t e c h n o l o g i c a l  

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

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

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

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

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

r e l a t i v e  t o  demand (Morishima 1973,  Marx 1 9 7 4 ) .  I n  e i t h e r  

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

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

f rom p r o f i t ,  l e a d i n g  t o  a p r i c e  r ise as c a p i t a l  f l o w s  o u t .  A s  

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

a d j u s t m e n t s  t o  t h e  p r i c e s  i n  e q u a t i o n  ( 1 0 ) .  

D e f i n e  u:t as t h e  p r o p o r t i o n a l  d e c r e a s e  i n  p r i c e s  due  t o  

u r b a n i z a t i o n  economies  a t  l o c a t i o n  i f o r  i n d u s t r y  k.  W e  would 
k  e x p e c t  u;, t o  be  p o s i t i v e l y  r e l a t e d  t o  p o p u l a t i o n  s i z e ,  n; , ;  

k  I L 2 k  I L 

8ui/8ni > 0;  8  ui/8n: < 0 .  I n  a d d i t i o n ,  u: would v a r y  by 

i n d u s t r i a l  t y p e .  I n d u s t r i e s  w i t h  s t r o n g  e x t e r n a l  economies  

would have  u; more s t r o n g l y  r e l a t e d  t o  n i ,  whereas  more s e l f -  

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

which  ac t  as a s u b s t i t u t e  f o r  u r b a n i z a t i o n  economies ( P r e d  
k  1977)  would h a v e  a  smaller u i t  S i m i l a r l y ,  d e f i n e  rFt a s  b e i n g  

t h e  p r o p o r t i o n a t e  i n c r e a s e  i n  p r i c e s  due t o  r e n t s  and  t a x e s  

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

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

and t h e  p o l i t i c a l  geography  o f  e a c h  c i t y ,  a s  w e l l  as t o  c i t y  

s i z e .  Now d e f i n e  v e c t o r s :  



Then : 

W 
[ i '  - u '  + r ' l p '  = ( 1  + n )  [ i '  P t @ ~ t  + 1 L '  w '  ] ( 2 0 )  -t -t -t L=B -l -Lt 

I n c o r p o r a t i n g  P o p u l a t i o n  

I t  h a s  been  assumed t h u s  f a r  t h a t  p r o d u c t i o n  i s  u n h i n d e r e d  

by l i m i t s  on  t h e  a v a i l a b i l i t y  o f  l a b o r  and r e s o u r c e s  a s  f a c t o r s  

o f  p r o d u c t i o n  [ c a p i t a l  a v a i l a b i l i t y  i s  g u a r a n t e e d  by ( 1 9 ) l .  

Here, w e  s h a l l  c o n c e n t r a t e  on l a b o r .  I t  i s  immedia te ly  o b v i o u s  

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

must  h o l d :  

M 
Here &IL i s  t h e  s u b v e c t o r  o f  &h i n c o r p o r a t i n g  [ L I B , . . . ,  L i B l ;  

M 
and 5It i s  t h e  s u b v e c t o r  I x l t  , . . . , xit1 o f  x;. e l  i s  t h e  t o t a l  it 
employable  l a b o r  f o r c e  of  t y p e  L  i n  r e g i o n  i. Once a g a i n  t h e s e  

c o n s t r a i n t s  a r e  n o t  a u t o m a t i c a l l y  s a t i s f i e d  by ( 1 9 ) .  I n s t e a d  

t h e y  r e p r e s e n t  a  f u l l  employment c e i l i n g  which when approached  

would s h a r p l y  l i m i t  g rowth  i n  r e g i o n  i. I s h a l l  n o t  a t t e m p t  

h e r e  t o  model t h e  e f f e c t s  o f  such  a s t a g n a t i o n ,  n o r  t r y  and  

i n c o r p o r a t e  a H i c k s i a n  c y c l e  (Hicks  1 9 5 0 ) .  R a t h e r  ( 2 1 a )  and  

(21b)  s h o u l d  be  s e e n  as r e l a t i o n s  t o  b e  computed t o  c h e c k  t h e  

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



I t  i s  t h e r e f o r e  i m p o r t a n t  t o  model demographic change.  

For t h i s  purpose  t h e  p o p u l a t i o n  w i l l  be s p l i t  by age  i n t o  

r e t i r e d  and n o n - r e t i r e d  and by o c c u p a t i o n  i n t o  b l u e  and w h i t e  

c o l l a r  workers .  Of c o u r s e ,  much f i n e r  d i s a g g r e g a t i o n s  can  be  

conce ived  o f ,  f o r  example,  t o  c a p t u r e  t h e  age  s e l e c t i v i t y  o f  

m i g r a t i o n .  S i n c e  m i g r a t i o n  i s  p a r t l y  i n  r e s p o n s e  t o  economic 

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

d e t e r m i n e  r e l e v a n t  economic f a c t o r s .  T h i s  w i l l  be  done h e r e  

w i t h  r e f e r e n c e  t o  t h e  r e l a t i v e l y  , c o m p e t i t i v e  l a b o r  market  of  

Western c o u n t r i e s  w i t h  which I am more f a m i l i a r .  Equa t ions  

( 2 2 )  and ( 2 3 )  d e t e r m i n e  wages and unemployment r a t e s :  

where Axt = (x t  - Xt- 1 ) /xt- 1 I G i ( t )  i s  a  t i m e  t r e n d  r e p r e s e n t i n g  

" c u l t u r a l  and h i s t o r i c a l "  f a c t o r s ,  a f f e c t i n g  t h e  t r e n d  of  wages, 
e t h a t  a r e  i n d e p e n d e n t  o f  c u r r e n t  economic c o n d i t i o n s .  

vit  i s  
t h e  unemployment r a t e  i n  o c c u p a t i o n  L ,  l o c a t i o n  t .  u f t  i s  t h e  

r a t e  of  u n i o n i z a t i o n  i n  o c c u p a t i o n  t y p e  1, t i m e  t .  Unemployment 

i s  de te rmined  from: 

M i g r a t i o n  p a t t e r n s  a r e  assumed t o  be somewhat d i f f e r e n t  

f o r  b l u e  and w h i t e  c o l l a r  workers .  For  w h i t e  c o l l a r  workers  

two groups  of  f a c t o r s  a r e  assumed t o  i n f l u e n c e  migra t ion :  

economic c o n d i t i o n s  and r e s i d e n t i a l  p r e f e r e n c e s .  The former  

f l u c t u a t e  a s  t h e  u rban  sys tem d e v e l o p s ,  whereas t h e  l a t t e r  a r e  

assumed t o  be a  r e l a t i v e l y  c o n s t a n t  m i g r a t i o n  "wind",  dependen t  

more on t h e  envi ronment  and o t h e r  " q u a l i t y  of  l i f e "  i n d i c e s .  
e Def ine  f i j t  a s  t h e  p r o b a b i l i t y  t h a t  a  m i g r a n t  of t y p e  i, moving 

from i f o r  economic p u r p o s e s ,  goes t o  j .  Then: 



where d i j  i s  t h e  d i s t a n c e  between i and j ,  and n  i s  i n c l u d e d  
j t 

i n  (24)  i n  o r d e r  t o  c a p t u r e  t h e  a t t r a c t i v e  e f f e c t  of  d e s t i n a t i o n  

s i z e ,  s i n c e  t h i s  i s  r e l a t e d  t o  t h e  number o f  job  v a c a n c i e s ,  t h e  

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

l i k e l i h o o d  t h a t  p r e v i o u s  m i g r a n t s  from i have moved t o  j .  

Def ine  a l s o  h i j ,  g i v e n  exogenous ly ,  as t h e  p r o b a b i l i t y  

t h a t  a m i g r a n t  l e a v i n g  i f o r  non-economic r e a s o n s ,  w i l l  m i g r a t e  

t o  j .  Then, i n  a  manner s imi la r  t o  Cordey-Hayes and Gleave  

( 1 9 7 4 ) ,  assume t h a t  o u t m i g r a t i o n  f rom i depends  on job  t u r n o v e r  

and on how l o n g  a m i g r a n t  h a s  l i v e d  i n  i. Thus i f  w e  d e f i n e  

gW as t h e  number o f  w h i t e  c o l l a r  workers  i n  i who choose  t o  it 
m i g r a t e  d u r i n g  t i m e  p e r i o d  t ;  

W 
A v a r i e t y  o f  sets o f  w e i g h t s  a g i v e n  exogenous ly ,  are p o s s i b l e  s 
and c o u l d  be  i n c o r p o r a t e d  i n t o  m i g r a t i o n  p r o j e c t i o n s  by d e v e l o p i n g  

a semi-Markov model (Ginsberg  1 9 8 0 ) .  m W . i , t-s i s  t h e  number of  

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

Then w h i t e  c o l l a r  m i g r a t i o n  may b e  de te rmined  by: 

where MW i s  a  N x N m a t r i x  of  g r o s s  m i g r a t i o n s ,  t 
and H are 

r.7 Ft 
N x N matrices c o n t a i n i n g  e l e m e n t s  f W  i j t  and h i j  r e s p e c t i v e l y ,  

and G~ i s  a d i a g o n a l  m a t r i x  w i t h  i t s  i - t h  e l ement  e q u a l  t o  
- -  -t 

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

For  b l u e  c o l l a r  workers  I assume t h a t ,  because  of lower 

wages and t h e  n a t u r e  o f  t h e i r  o c c u p a t i o n ,  t h e y  are more t i e d  

t o  t h e  o p p o r t u n i t i e s  p r o v i d e d  by t h e  job  marke t ,  and less a b l e  



t o  e x e r t  t h e i r  p r e f e r e n c e s  i n d e p e n d e n t l y  o f  t h i s .  Thus,  f o r  

example, one  might  e x p e c t  t h a t  b l u e  c o l l a r  workers  c u r r e n t l y  

b e i n g  p u t  o u t  o f  work i n  t h e  n o r t h - e a s t e r n  Uni ted  S t a t e s  w i l l  

f i n d  it h a r d e r  t o  move t o  t h e  s o u t h  t h a n  w i l l  w h i t e  c o l l a r  

workers .  Th i s  may be p a r t l y  due t o  t h e  wage d i f f e r e n t i a l  between 

t h e  two o c c u p a t i o n a l  c l a s s e s ,  b u t  o t h e r  f a c t o r s  a r e  p robab ly  

e q u a l l y  i m p o r t a n t .  Blue c o l l a r  workers  a r e  less f l e x i b l e  i n  

t h e  t y p e s  o f  jobs  t h e y  c a n  t a k e  s i n c e  t h e y  have been u n a b l e  

t o  a c q u i r e  a  r ange  o f  s k i l l s  t o  match t h o s e  o f  w h i t e  c o l l a r  

workers .  Thus t h e y  a r e  more t i e d  t o  t r a d i t i o n a l  j o b  o p p o r t u n i -  

t i e s .  S i m i l a r l y ,  employers  i n  newly i n d u s t r i a l i z i n g ,  r u r a l ,  

and o f t e n  l e s s  u n i o n i z e d  a r e a s  w i l l  be r e l u c t a n t  t o  h i r e  workers  

accustomed t o  h i g h e r  wages and amenable t o  j o i n i n g  a  un ion .  

I n  a  c r u d e  e f f o r t  t o  c a p t u r e  t h e s e  d i f f e r e n t i a l s ,  I assume: 

B - B 
f i j t  - ( d i j  j t  

W vB - v  
it ' it n )  j t f  j t  

gyt = f ( 1  a: mB v  B B 
e 1 . i , t - s f  it ' it s 

where d e f i n i t i o n s  a r e  a s  b e f o r e .  eB i s  i n c l u d e d  i n  (29)  it 
because  o u t m i g r a t i o n  of  b l u e  c o l l a r  workers ,  b e i n g  less a p t  

t o  change t h e i r  jobs  r a p i d l y ,  may be  more r e l a t e d  t o  t o t a l  

r e s i d e n t s  t h a n  t o  p a s t  m i g r a t i o n  h i s t o r y .  

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

I f  w e  assume t h a t  r e t i r e d  p e o p l e  have t h e  same d e s i r e s  w i t h  

r e s p e c t  t o  a  g e n e r a l  l i v i n g  envi ronment  a s  w h i t e  c o l l a r  w o r k e r s ,  

t h e n  H may be  used t o  approx imate  t h e i r  m i g r a t i o n  p a t t e r n s ;  

where t h e  s u p e r s c r i p t  R r e f e r s  t o  " r e t i r e d " .  GRd c o u l d  be  -t 
de te rmined  from: 



where nez is the number of retired people, formerly of occupa- 

tion L, in i at time t, and yL is the migration propensity of 

retired people of type L. We would expect yW > yB because of 

income differentials. 

To complete the population component we should account 

for employable people and total population: 

L' - L L where et - [elt,..., eNtl 

B q , qW are multipliers converting employable people into popula- 
tion numbers, and n' = Inlt, .. . , nNt] ; BR WR nR' = Inlt + n, t,..., 

WR -t -t 
nBR + nNt] . Equations (22) - (3 3) determine populations, but Nt 
treat categories W, B, and R as independent of one another. 

In fact, of course, they represent occupational states between 

which it is possible to move. So in practice there should be 

a probabilistic transition matrix describing occupational mobi- 

lity and aging in each region. This has been left out for 

reasons of conceptual clarity. 

The above analysis completes a dynamic demo-economic 

model with interaction feedback included as an inherent compon- 

ent. The entire system can be simulated recursively (Figure 2) 

to generate urban population and employment distributions through 

time. 





An Urban System Model 

The model o f  F i g u r e  2  cou ld  be o p e r a t i o n a l i z e d  on a  

manageable s c a l e  a s  f o l l o w s .  I n d u s t r i a l  s e c t o r s  cou ld  be 

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

l i g h t  manufac tu r ing ,  s e r v i c e s  and q u a t e r n a r y  a c t i v i t i e s .  Each 

s e c t o r  has  b road ly  d i f f e r e n t  i n p u t  and l a b o r  r equ i r emen t s ,  and 

re l ies  i n  d i f f e r e n t  d e g r e e s  on u r b a n i z a t i o n  economies.  These 

would be d e f i n e d  f o r  each c i t y  i n  t h e  urban sys tem,  w i t h  c i t i e s  

perhaps  b e s t  d e f i n e d  a s  f u n c t i o n a l  urban r e g i o n s .  F i n a l l y ,  

non-met ropo l i t an  r e g i o n s  s h o u l d  a l s o  be i n t r o d u c e d .  Any s imula-  

t i o n  exper iment  shou ld  i n c l u d e  c i t i e s  of  a l l  s i z e s  and a l s o  

v a r i o u s  t y p e s  o f  non-met ropo l i t an  r e g i o n s ;  one w i t h  an e x p l o i t -  

a b l e  r e s o u r c e  b a s e ,  a  r i c h  a g r i c u l t u r a l  r e g i o n ,  an  underdeveloped 

p e r i p h e r a l  r e g i o n ,  and a  " r e t i r e m e n t "  r e g i o n  w i t h  a  p l e a s a n t  

environment  . 
The p l a u s i b i l i t y  o f  t h i s  model can be  demons t ra ted  i n f o r m a l l y  

by c o n s i d e r i n g  some of  t h e  e x p l a n a t i o n s  f o r  d e c o n c e n t r a t i o n  

o u t l i n e d  e a r l i e r .  S u i t a b l e  v a l u e s  f o r  it and zt i n  (20)  w i l l  

c e r t a i n l y  g e n e r a t e  inves tment  i n  urban a r e a s  t h a t  w i l l  i n c r e a s e  

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

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

from t h e  market  w i l l  i n c r e a s e  and p roduc t i on  t h a t  f o rmer ly  con- 

c e n t r a t e d  i n  m e t r o p o l i s e s  can s h i f t  t h e r e .  F a c t o r s  encourag ing  

t h i s  w i l l  be h i g h e r  wages i n  l a r g e  urban a r e a s ,  i n c r e a s e d  exogenous 

demands f o r  r e s o u r c e s  ( such  a s  c o a l )  a v a i l a b l e  i n  r u r a l  a r e a s ,  

a s  w e l l  a s  d e c r e a s e s  i n  t h e  impor tance  of  u r b a n i z a t i o n  economies. 

I t  i s  a l s o  s e e n  t h a t ,  s i n c e  H w i l l  i n  a l l  l i k e l i h o o d  t o  

be b i a s e d  toward r u r a l  a r e a s ,  i n c r e a s e s  i n  w h i t e  c o l l a r  employ- 

ment o r  wages, and i n  ret i rees w i l l  g e n e r a t e  a  s h i f t  o f  emphasis  

i n  p o p u l a t i o n  movements from c o n c e n t r a t i o n  t o  d e c o n c e n t r a t i o n .  

Once i n d u s t r y  and/or  p o p u l a t i o n  s t a r t s  t o  d e c o n c e n t r a t e  t h e  

p r o c e s s  i s  cumula t ive .  S e r v i c e  i n d u s t r i e s  need ing  t o  be c l o s e  

t o  t h e i r  marke t s  w i l l  f o l l o w  t h e  p o p u l a t i o n ,  i f  t h e  range  of  

t h e i r  market  a r e a s  i s  n o t  d r a m a t i c a l l y  a l t e r e d  by lower t r a n s -  

p o r t  c o s t s .  S i m i l a r l y ,  peop l e  f o l l o w  i n d u s t r i a l  employment and 

t h e  "economic" m i g r a t i o n  p a t t e r n  s h i f t s  t o  a  p o s i t i o n  more i n  



conformi ty  w i th  t h e  non-economic p a t t e r n ,  H .  Meanwhile, b l u e  

c o l l a r  workers  may w e l l  be l e f t  behind i n  t h e  m e t r o p o l i s e s  a s  

t hey  a r e  less a b l e  t o  compete w i t h  ind igenous  non-metropol i tan  

p o p u l a t i o n s  f o r  u n s k i l l e d  jobs .  Wages may p e r s i s t  i n  be ing  

h i g h  i n  t h e  c i t i e s  due t o  t h e  impor tance  of c u l t u r a l ,  h i s t o r i c a l ,  

and t r a d e  union f a c t o r s ,  f u r t h e r  a c c e l e r a t i n g  t h e  change by 

p rov id ing  more m o t i v a t i o n  f o r  c a p i t a l  d i s i n v e s t m e n t .  

Another  e lement  i n  t h e  popu l a t i on  dynamics o f  urban sys tems 

sugges t ed  by K o r c e l l i  ( 1 9 8 0 )  can  a l s o  be c a p t u r e d .  A s  r u r a l  

a r e a s  l o s e  p o p u l a t i o n ,  c i t i e s  s t a r t  t o  compete more and more 

f o r  a  f i x e d  poo l  of  i n t e r - u r b a n  migran t s .  T h i s  w i l l  make urban 

growth p a t t e r n s  less s t a b l e ,  u n l e s s  a  poo l  of f o r e i g n  mig ran t  

workers  can  be drawn on t o  s u p p o r t  t h e  c i t i e s .  T h i s  l a s t  f e a t u r e  

may be happening i n  s e v e r a l  Western European c o u n t r i e s ,  and cou ld  

e a s i l y  be modeled. 

The t r u e  a b i l i t y  of  a  model such a s  t h i s  t o  c a p t u r e  s i g n i -  

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

w i thou t  r e s o r t i n g  t o  e x t e r n a l  ad hoe f a c t o r s ,  remains  t o  be 

s een .  Indeed t h e  model i s  s t i l l  i n s u f f i c i e n t  i n  some r e s p e c t s .  

For  i n s t a n c e ,  n e g a t i v e  c a p i t a l  accumulat ion  i n  a  c i t y  i s  impos- 

s i b l e  u n l e s s  p o p u l a t i o n  d e c l i n e s .  However, it d o e s ,  pe rhaps ,  

c a p t u r e  something of  t h e  d i a l e c t i c a l  n a t u r e  o f  a  sys tem i n  which 

t r e n d s  i n  one d i r e c t i o n  a t  t h e  same t i m e  r e i n f o r c e  t h o s e  i n f l u e n c e s  

t h a t  e v e n t u a l l y  push it i n  a  r e v e r s e  d i r e c t i o n .  Th i s  i s  t h e  

major  t h e o r e t i c a l  c h a l l e n g e .  

With t h e  h e l p  o f  t h i s  model, some c o n t r i b u t i o n  can a l s o  

be made t o  t h e  p r a c t i c a l  problem of  i d e n t i f y i n g  n e c e s s a r y  d a t a  

f o r  modeling d e c o n c e n t r a t i o n .  On t h e  s i d e  of  i n d u s t r y ,  it i s  

n e c e s s a r y  t o  r e e v a l u a t e  t h e  compara t ive  c o s t s  of  d i f f e r e n t  

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

and b e n e f i t s  of  urban s i z e  f o r  i n d u s t r i e s  o f  d i f f e r e n t  t y p e s ,  

and t h e  deg ree  t o  which s e r v i c e  i n d u s t r i e s  w i l l  f o l l o w  i n t e r -  

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

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

lower r e l o c a t i o n  c o s t s .  The whole n a t u r e  o f  c a p i t a l  d i s i n v e s t -  

ment from less a t t r a c t i v e  c i t i e s  i s  on ly  now be ing  s t u d i e d  



(Bluestone and Harrison 1 9 8 0 ) .  The responses of industry to 

spatial differences in unionization has also not been carefully 

studied. Technological change must be studied since long-run 

shifts toward tertiary and quaternary employment have clearly 

contributed to the ease of industrial deconcentration in response 

to population deconcentration. A final area where we have little 

geographical knowledge is the spread of corporate control in all 

economic sectors. The spatial impact of this upon differential 

growth rates, on the degree to which small firms can free them- 

selves of urban ties, and on the economic links between cities 

has been little studied (Holland 1 9 7 6 ) .  However, the little 

evidence available does suggest that conventional growth pole 

conceptions of the'diffusion of growth are seriously challenged 

by the data on corporate linkages (Pred 1 9 7 7 ) .  Such questions 

are amenable to contributions from the regional development and 

management-of-technological-change activities at IIASA. 

With population, the experience of the Human Settlements 

and Services Area can be drawn on to look at two possibly 

significant questions; the possibility of separating, and com- 

paring, non-economic and economic components of migration pat- 

terns, and the role of socio-economic position of the migrants 

in influencing both the resources and migration opportunities 

available to them when the decision to move is made. Another 

area of increasing importance is the role of migrant labor within 

the urban system. With the depletion of other cheap sources of 

labor in many Western economies, this is likely to become 

increasingly important. 

CONCLUSIONS 

The question of urban system change is tremendously 

important from a policy point of view. The fact that economic 

infrastructure has typically been much faster in adapting to 

new trends than has society as a whole has led to conflicts 

in many countries between economic and social goals, as well 

as between national and regional goals. One necessary, although 

not sufficient, step in successful public intervention is a 



development of adequate descriptive theories, so that we can 

better understand the impact of various policy instruments. 

This paper has been addressed to this question, and has argued 

that a necessary prerequisite for properly specified theories 

is an inclusion of endogenous changes in interaction patterns. 

Such changes help explain instabilities in growth rates and may 

contribute to understanding the sources of such fundamental 

trend reversals as urban deconcentration. It is to be hoped 

that the examples presented give some illustration of the impor- 

tance of spatial interaction in understanding urban systems and 

in developing better theories of their development than have 

existed in urban research to date. 
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