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Spatial Mobility and Settlement Patterns: 

An Application of a Behavioural Entropy 

Abstract 

This paper is concerned with the intricate interrelation 
between urban and rural development. Particular attention 
is paid to suburbanization processes and mobility patterns, 
with an emphasis on the links between spatial structures and 
the development of settlement patterns. 

In addition, a formal analysis is presented which 
investigates the determinants of mobility behaviour and 
consequences of the latter for a settlement system. 

Next, a variety of entropy hypotheses is introduced 
to estimate the most probable spatial flows in a settlement 
system. 

Finally, an integrated behavioural entropy approach is 
proposed as a reasonable method to fill in the "black box" 
of a settlement pattern and its associated spatial flows. 

The analysis is illustrated by means of an empirical 
study of one of the Dutch provinces. 

1 .  INTRODUCTION 

The pattern of human settlements in Western countries has 
undergone significant changes during the last decades. In the 
past the urban agglomerations have exerted strong attraction 
forces, so that the rise of big metropolitan concentrations was 
stimulated. These positive attraction forces included both 
residential and employment conditions. 

As the urban concentrations grew faster, the residential 
climate was affected increasinqlv. This has induced the sub- - 
urbanization process, a widespread scattering of population 
around the big centres. Several factors behind the suburban- 
ization process can be distinguished (see also ~i jkamp [ 1975bl ) : 

- qualitative and quantitative shortages of dwellings 
in many urban areas, caused by losses from the war and 
by the rise in population; 

- congestion and pollution in densely populated or highly 
industrialized areas in big centres; 



- t h e  a t t r a c t i v e n e s s  o f  h i g h - q u a l i t y  e n v i r o ~ u n e n t a l  
c o n d i t i o n s  i n  r e g i o n s  around c e n t r a l  c i t i e s ;  

- improvement of  p h y s i c a l  i n f r a s t r u c t u r e  f rom c e n t r a l  
c i t i e s  t o  s u r r o u n d i n g  r e g i o n s ;  

- r ise i n  w e l f a r e ,  so t h a t  r i c h e r  p e o p l e  i n  p a r t i c u l a r  
a r e  a b l e  t o  overcome t h e  r i se  i n  t r a n s p o r t a t i o n  c o s t s  
f rom more remote  r e s i d e n t i a l  a r e a s  t o  employment 
c e n t r e s .  

The f a c t o r s  ment ioned above i n d i c a t e  t h a t  f r e q u e n t l y  u r b a n  
r e s i d e n t - i a l  and l i v i n g  c o n d i t i o n s  a r e  f a r  f rom f a v o u r a b l e .  
"Urbanism a s  a  way o f  l i f e "  ( c f .  W i r th  [ I9381 ) i s  b e i n g  r e j e c t e d  
i n c r e a s i n g l y  a s  a n  a c c e p t a b l e  a t t i t u d e .  On t h e  c o n t r a r y ,  a n t i -  
u rban ism ( c f .  G l a s s  [ I9551 ) i s  becoming more and more a p p a r e n t ;  
t h e  f l i g h t  t o  t h e  s u b u r b s  and t o  remote  a r e a s  i s  i t s  l o g i c a l  
consequence.  

Dur ing  t h e  l a s t  decade  t h i s  s u b u r b a n i z a t i o n  p r o c e s s  h a s  
c o n t i n u e d  a t  such  a  s c a l e  t h a t  an  u r b a n i z a t i o n  o f  t h e  s u b u r b s  
h a s  emerged ( c f .  M a s o t t i  and Hadden [ I  9721 ) . T h i s  s p a t i a l  
s h u f f l i n g  p r o c e s s  was n o t  o n l y  d u e  t o  t h e  d e c l i n e  i n  t h e  s u p p l y  
o f  e n v i r o n m e n t a l  goods ,  b u t  a l s o  t o  t h e  r ise i n  t h e  demand f o r  
e n v i r o n m e n t a l  goods .  Ana lyses  o f  s h i f t s  i n  p r i o r i t i e s  f o r  en-  
v i r o n m e n t a l  goods and o f  t h e  r e p e r c u s s i o n s  o f  s h i f t s  i n  t h e  
p r e f e r e n c e  s t r u c t u r e  upon s p a t i a l  d i f f u s i o n  o f  p o p u l a t i o n  a r e  
c o n t a i n e d  i n ,  f o r  example,  Cebu la  and Vedder [ I9731 and Nijkamp 
[ I  9 7 6 ~ 1 .  

I t  s h o u l d  b e  n o t e d  t h a t  t h e  a g g l o m e r a t i o n  a d v a n t a g e s  o f  
u rban c e n t r e s  ( l i k e  shopp ing  f a c i l i t i e s ,  h i g h l y  q u a l i f i e d  ser- 
v i c e  i n s t i . t u t i o n s ,  gove rnmen ta l  i n s t i t u t i o n s ,  and t h e  a v a i l -  
a b i l i t y  o f  a  b i g  and v a r i e d  l a b o u r  m a r k e t )  have  p r e v e n t e d  a  
random d i f f u s i o n  o f  s e t t l e m e n t  p a t t e r n s  t h r o u g h o u t  a  c o u n t r y .  
I n s t e a d ,  a  d i f f u s e  c l u s t e r i n g  o f  s e t t l e m e n t  p a t t e r n s  around 
b i g  c i t i e s  h a s  t a k e n  p l a c e .  

T h i s  l a r g e - s c a l e  d i f f u s e  c o n c e n t r a t i o n  of  r e s i d e n t i a l  a r e a s  
around t h e  t r a d i t i o n a l  c e n t r e s  h a s  e x e r t e d  a  t w o f o l d  e f f e c t .  

F i r s t ,  t h e  t r a d i t i o n a l  r o l e  o f  u rban  c e n t r e s  a s  p l a c e s  o f  
c r e a t i v e  e n t r e p r e n e u r s h i p  and a s  growth p o l e s  f o r  s u r r o u n d i n g  
( p a r t i c u l a r l y  l a g g i n g )  a r e a s  i s  i n  s e r i o u s  d a n g e r  d u e  t o  t h e  
d i s i n t e g r a t i o n  o f  t h e  u rban  s t r u c t u r e  ( c o n g e s t i o n ,  s e g r e g a t i o n )  
and t h e  weak f i n a n c i a l  b a s e  o f  l a r g e  c i t i es .  I t  i s  n o t  s u r -  
p r i s i n g  t h a t  a t  t h e  moment t h e  i d e a  o f  c i t i es  a s  s i g n i f i c a n t  
g rowth  c e n t r e s  i n  a  s p a t i a l  deve lopment  p r o c e s s  i s  open t o  d o u b t  
( c f .  a l s o  Hansen [ 1 9 7 5 ] ) .  The s t a g n a t i o n  o f  many b i g  c i t i e s  
r a i s e s  t h e  q u e s t i o n  o f  whether  u r b a n i z a t i o n  and l a b o u r - e x t e n s i v e  
t e c h n o l o g i e s  form a  g u a r a n t e e  f o r  a b a l a n c e d  soc ioeconomic  
growth  o f  a  n a t i o n  or r e g i o n .  The s p a t i a l  s p r e a d  o f  i n n o v a t i o n s  
and growth  f rom b i g  c e n t r e s  onwards t o  s u r r o u n d i n g  a r e a s  is  
b e i n g  a f f e c t e d  by t h e  s t a g n a t i o n  o f  b i g  c i t i es  (c f .  ~ a s u & n  
[ 19731 ) . 



I n  a d d i t i o n  t o  t h e s e  s e r i o u s  t h r e a t s  t o  a n  i n t e g r a t e d  de-  
velopment p r o c e s s ,  env i ronmen ta l  problems a l s o  have t o  b e  
ment ioned.  The s p a t i a l  d i s p e r s i o n  o f  p o p u l a t i o n  t o  a r e a s  
around b i g  c i t i e s  h a s  l e d  t o  a  c o n s i d e r a b l e  d e c l i n e  i n  t h e i r  
env i ronmen ta l  q u a l i t y :  a  d e c l i n e  i n  t h e  q u a n t i t y  o f  n a t u r a l  
a r e a s  due t o  r o a d - b u i l d i n g  and h o u s e - b u i l d i n g ,  c o n g e s t i o n  i n  
r e c r e a t i o n  a r e a s ,  c o n g e s t i o n  and p o l l u t i o n  due  t o  i n c r e a s e d  
t r a f f i c ,  etc .  

I t  i s  i m p o r t a n t  t o  a s k  whether  t h e  s p a t i a l  d i f f u s i o n  o f  
s e t t l e m e n t  p a t t e r n s  shou ld  c o n t i n u e  t o  f o l l o w  t h e  t r e n d  j u s t  
ment ioned.  One may e x p e c t  t h a t  u n c o n t r o l l e d  development  w i l l  
n o t  o n l y  d e s t r o y  t h e  urban c l i m a t e ,  b u t  a l s o  t h e  r u r a l  and 
suburban c l i m a t e .  T h e r e f o r e ,  many p l a n n i n g  a g e n c i e s  ( f o r  
example,  i n  t h e  N e t h e r l a n d s )  a r e  c o n f r o n t e d  w i t h  t h e  i s s u e  o f  
how t o  d e v e l o p  an i n t e g r a t e d  and ba lanced  p h y s i c a l  p l a n n i n g ?  

One o f  t h e  i n s i g h t s  r e c e n t l y  g a i n e d  i s  t h a t  e f f e c t i v e  
s p a t i a l  p l a n n i n g  r e q u i r e s  a  s i g n i f i c a n t  improvement of urban 
r e s i d e n t i a l  and l i v i n g  c o n d i t i o n s  t o  r e d u c e  t h e  u n c o n t r o l l e d  
f l i g h t  from t h e  c i t i es .  Urban r e n o v a t i o n  p o l i c i e s  a r e  a  m a t t e r  
o f  ma jor  conce rn  f o r  u rban p l a n n e r s .  T h i s  r e n o v a t i o n  does  n o t  
imply a  comple te  d e s t r u c t i o n  and rep lacemen t  o f  o l d e r  u rban  
a r e a s .  The aim i s  t o  m a i n t a i n  t h e  p o s i t i v e  e l e m e n t s  o f  t h e  
soc ioeconomic and s o c i o p s y c h o l o g i c a l  s t r u c t u r e  o f  t h e s e  ( o l d e r )  
a r e a s .  The emphas is  o f  such an  urban p o l i c y  i s  on improvement 
o f  d w e l l i n g s ,  c r e a t i o n  o f  s m a l l - s c a l e  r e c r e a t i o n  a r e a s ,  v a r i e t y  
o f  r e s i d e n t i a l  a r e a s ,  a c c e s s i b i l i t y  o f  r e s i d e n t i a l  a r e a s ,  
ma in tenance o f  c h a r a c t e r i s t i c  u rban e l e m e n t s ,  p u b l i c  f a c i l i t i e s  
etc.  By means o f  e x t e n s i v e  s u b s i d y  programs an a t t e m p t  c a n  be  
made t o  make t h i s  r e - u r b a n i z a t i o n  s u c c e s s f u l .  

I t  s h o u l d  be  ment ioned t h a t  t h e  urban p o l i c y  ment ioned 
above i s  o f  c r u c i a l  impor tance ,  s i n c e  i t  a t t e m p t s  t o  r e s t o r e  
t h e  p o s i t i o n  o f  t h e  c i t i e s  a s  t h e  h e a r t  o f  a  s p a t i a l  s t r u c t u r e .  
Balanced p h y s i c a l  and u rban  p l a n n i n g  i s  t h e  o n l y  way t o  a v o i d  
t h e  " c i t y  o f  t h e  dead"  (Mumford [ 1 9 6 1 ] ) .  

A p a r t  from t h e  q u e s t i o n  o f  whether  t h e  f i n a n c i a l  c a r r y i n g  
c a p a c i t y  o f  a  c i t y  i s  s u f f i c i e n t  t o  d e v e l o p  b a l a n c e d  u rban  
development  and t o  p r o v i d e  p o s i t i v e  e x t e r n a l  e f f e c t s  t o  s u r -  
round ing  r e g i o n s ,  one s h o u l d  b e  aware o f  t h e  f a c t  t h a t  a  re- 
u r b a n i z a t i o n  p o l i c y  c a n n o t  be  t h e  o n l y  means f o r  ba lanced  
r e g i o n a l - u r b a n  development .  A modera te  d i s p e r s i o n  of  popu la-  
t i o n  i s  d e s i r a b l e  i n  v iew of  t h e  growth o f  p o p u l a t i o n ,  t h e  
d e c l i n e  i n  o c c u p a t i o n  r a t e s  f o r  d w e l l i n g s ,  and t h e  f l e x i b i l i t y  
o f  p h y s i c a l  p l a n n i n g .  

Obv ious ly ,  t h e r e  i s  a  need f o r  e f f e c t i v e  p l a n n i n g .  However, 
a  b a s i c  problem i s  t h e  l a c k  o f  i n f o r m a t i o n  a b o u t  m o b i l i t y  p a t -  
t e r n s  and m o b i l i t y  m o t i v e s  of  p e o p l e .  C l e a r l y ,  s u c h  i n s i g h t s  
i n t o  t h e  s t r u c t u r e  o f  s e t t l e m e n t  p a t t e r n s  a r e  a  n e c e s s a r y  con- 
d i t i o n  f o r  s u c c e s s f u l  p h y s i c a l  p l a n n i n g .  



I n  t h e  fo l l .ow ing  s e c t i o n s  p a r t i c u l a r  a t t e n t i o n  w i l l  be p a i d  
t o  m o b i l i t y  p a t t e r n s  ( s e c t i o n  2 )  and s p a t i a l  f l o w s  i n  a  se t t l e -  
ment sys tem ( s e c t i o n  3 ) .  Nex t ,  i t  w i l l  be shown t h a t  t h e  u s e  
o f  m u l t i - c r i t e r i a  p r o f i l e s  i s  mean ing fu l  t o  s t u d y  t h e  r e l a t i o n -  
s h i p s  between t h e  e l e m e n t s  o f  a  s p a t i a l  and u rban  s t r u c t u r e  and 
t h e  deve lopment  o f  s e t t l e m e n t  p a t t e r n s  ( s e c t i o n  41. Then a  
b e h a v i o u r a l  model based on  t h e  t h e o r e t i c a l  i d e a s  o f  s e c t i o n  4 
w i l l  be  deve loped  ( s e c t i o n  5 ) ;  a l s o  a  v a r i e t y  of en- t ropy-  
h y p o t h e s e s  w i l l  b e  s u g g e s t e d  t o  o b t a i n  i n s i g h t s  i n t o  t h e  most 
p r o b a b l e  s p a t i a l  f l o w s  i n  a  s e t t l e m e n t  sys tem ( s e c t i o n  6 ) .  I n  
s e c t i o n  7 a  s y n t h e s i s  o f  a  b e h a v i o u r a l  a p p r o a c h  and a n  e n t r o p y  
app roach  w i l l  b e  p r e s e n t e d .  F i n a l l y ,  s e c t i o n  8 d e s c r i b e s  an  
e m p i r i c a l  a p p l i c a t i o n .  

2 .  M o b i l i t v  P a t t e r n s  i n  a  S ~ a t i a l  S t r u c t u r e  

A s p a t i a l  sys tem i s  n o t  a  homogeneous e n t i t y .  On t h e  con-  
i r a r y ,  t h e r e  i s  a  g r e a t  v a r i e t y  and d i f f e r e n t i a t i o n  o f  phenomena 
t h r o u g h  s p a c e .  Heterogeneous  a r e a s ,  unequa l  s p a t i a l - t e m p o r a l  
d i f f u s i o n  p a t t e r n s ,  soc ioeconomic  and r e s i d e n t i a l  d i s c r e p a n c i e s ,  
and b o t t l e n e c k s  i n  t r a f f i c  ne tworks  a r e  phenomena which demon- 
s t r a t e  t h a t  u n i f o r m i t y  i n  s p a c e  i s  an  i l l u s i o n .  

The g r e a t  v a r i e t y  i n  t h e  e l e m e n t s  of  a  s p a t i a l  s t r u c t u r e  
and t h e  g r e a t  v a r i e t y  i n  p r e f e r e n c e  p a t t e r n s  and  o p p o r t u n i t i e s  
o f  p e o p l e  l e a d  t o  a  s i t u a t i o n  where d i f f e r e n c e s  i n  s p a t i a l  be- 
h a v i o u r  a r e  dominant .  Consequen t l y ,  m o b i l i t y  p a t t e r n s  and 
s e t t l e m e n t  p a t t e r n s  a r e  c l o s e l y  l i n k e d  t o g e t h e r  f o r  v a r i o u s  
g r o u p s  o f  p e o p l e .  

M o b i l i t y  p a t t e r n s  c a n  b e  assumed t o  a r i s e  f rom s i g n i f i c a n t  
d i c c r e p a n c i e s  among t h e  e l e m e n t s  o f  a  s p a t i a l  s t r u c t u r e .  These 
e l e m e n t s  a r e ,  among o t h e r s ,  employment, h o u s i n g ,  t r a n s p o r t ,  
n a t u r a l  and r e c r e a t i o n  a r e a s ,  p o l l u t i o n ,  and p u b l i c  a m e n i t i e s .  
Depending on t h e  d e g r e e  o f  d e v i a t i o n  o f  t h e  l o c a l  s u p p l y  o f  
t h e s e  e l e m e n t s  w i t h  r e s p e c t  t o  t h e  i n d i v i d u a l  and c o l l e c t i v e  
p r i o r i t i e s  a t t a c h e d  t o  them, a  s p a t i a l  d i s p e r s i o n  f rom b i g  
u rban  c e n t r e s  t o  t h e  s u r r o u n d i n g  a r e a s  w i l l  t a k e  p l a c e .  I n  a  
r a t h e r  s i m p l e  way t h e  t e n s i o n  between r e s i d e n t i a l  and l i v i n g  
c o n d i t i o n s  on  t h e  one hand,  and employment and a g g l o m e r a t i o n  
c o n d i t i o n s  on t h e  o t h e r  hand c a n  be  i l l u s t r a t e d  by means o f  
F i g u r e  1 .  

F i g u r e  1 :  S p a t i a l  i n t e r a c t i o n  f l o w s .  

1. 
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A s  t h e  q u a l i t i e s  o f  t h e  p r o d u c t i o n  sys tems a t  t h e  v a r i o u s  
l o c a l i t i e s  d i v e r g e  more from t h e  r e s i d e n t i a l  p r e f e r e n c e s  o f  
p e o p l e ,  t h e  d e g r e e  o f  s p a t i a l  i n t e r a c t i o n  i n  t h e  form o f  com- 
mut ing f l o w s ,  m i g r a t i o n  f l o w s  and r e c r e a t i o n  f l o w s  w i l l  i n c r e a s e .  

A more e x t e n s i v e  p i c t u r e  o f  s p a t i a l  i n t e r a c t i o n s  a s s o c i a t e d  
w i t h  d i s c r e p a n c i e s  i n  s p a t i a l  s t r u c t u r e  (soc ioeconomic ,  env i ron -  
m e n t a l ,  r e s i d e n t i a l  and u rban)  i s  shown i n  F i g u r e  2 .  

The r e l a t i o n s h i p s  p r e s e n t e d  i n  F i g u r e  2 may be c a u s a l ,  
i n t e r d e p e n d e n t  o r  l i m i t i n g .  I n  p r i n c i p l e ,  t h e y  c a n  be d e s c r i b e d  
by means o f  a  fo rma l  ma themat i ca l  model, a  s o - c a l l e d  -- s p a t i a l  
impact  model (see Nijkamp [ 1 9 7 6 d ] ) .  However, t h e r e  i s  f r e q u e n t l y  
a c o n s i d e r a b l e  l a c k  o f  i n f o r m a t i o n ,  p a r t i c u l a r l y  a s  f a r  as t h e  
s p a t i a l  i n t e r a c t i o n s  a r e  concerned.  On t h e  o t h e r  hand,  t h e  p r e -  
s e n t 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  s t r u c t u r e  i n  a  c o h e r e n t  impact  
sys tem p r o v i d e s  more i n s i g h t  i n t o  t h e  comp lex i t y  and g e n e r a l  
f e a t u r e s  of  such  a s t r u c t u r e .  Such an  i n t e g r a t e d  v iew o f  p ro -  
d u c t i o n  s y s t e m s ,  s e t t l e m e n t  s y s t e m s ,  and m o b i l i t y  p a t t e r n s  i s  
a l s o  a n e c e s s a r y  c o n d i t i o n  t o  make p u b l i c  p o l i c y  more s u c c e s s f u l ,  
p a r t i c u l a r l y  i n  t h e  f i e l d s  o f  i n f r a s t r u c t u r e  p l a n n i n g ,  e n v i r o n -  
men ta l  management and development  programming. 

A u s e f u l  method t o  o b t a i n  more a d e q u a t e  i n s i g h t  i n t o  t h e  
development  o f  a  s p a t i a l  sys tem i s  a  s c e n a r i o - a n a l y s i s ,  which 
p r e s e n t s  a  ser ies o f  a l t e r n a t i v e  development  p a t t e r n s .  The 
s p a t i a l  i n t e r a c t i o n s  a s s o c i a t e d  w i t h  e a c h  i n d i v i d u a l  deve lopment  
p a t t e r n  c a n  b e  gauged by means o f  F i g u r e  2 .  By c a r r y i n g  o u t  a  
c r i t i c a l  p a t h  a n a l y s i s  one  may i n s p e c t ,  f o r  example,  t h e  d e g r e e  
t o  which t h e  e x i s t i n g  i n f r a s t r u c t u r e  is s a t i s f a c t o r y  w i t h  r e s p e c t  
t o  t h e  c o r r e s p o n d i n g  p r o d u c t i o n  and s e t t l e m e n t  s c e n a r i o s .  

C l e a r l y ,  t h e  s e a r c h  f o r  an  o p t i m a l  p o l i c y  and f o r  o p t i m a l  
dec is ion-mak ing  h a s  t o  be  based on a  m u l t i p l i c i t y  o f  c r i t e r i a .  
I n  t h i s  r e s p e c t ,  t h e  u s e  o f  r e c e n t l y - d e v e l o p e d  m u l t i - c r i t e r i a  
a n a l y s e s  ( f o r  example,  a  concordance a n a l y s i s ;  Nijkamp [1975c ] )  
may b e  ex t reme ly  u s e f u l .  The major  a d v a n t a g e  o f  t h e s e  k i n d s  o f  
a n a l y s i s  i s  t h a t ,  i n  a d d i t i o n  t o  t r a d i t i o n a l  e f f i c i e n c y  c r i t e r i a ,  
i n t a n g i b l e  e f f e c t s  a l s o  can  b e  t a k e n  i n t o  c o n s i d e r a t i o n .  Con- 
s e q u e n t l y ,  t h e  u s e  o f  a  m u l t i - c r i t e r i a  a n a l y s i s  o f f e r s  more 
o p p o r t u n i t i e s  f o r  a  b a l a n c e d  and i n t e g r a t e d  s p a t i a l  p o l i c y .  

Obv ious l y ,  such  a  m u l t i - c r i t e r i a  p o l i c y  r e q u i r e s  d e t a i l e d  
i n f o r m a t i o n  a b o u t  s p a t i a l  f l o w s  between l o c a l  p r o d u c t i o n  sys tems  
and loca l  s e t t l e m e n t  sys tems ,  s i n c e  m o b i l i t y  p a t t e r n s  and i n f r a -  
s t r u c t u r a l  p r o v i s i o n s  may b e  o n e  of  t h e  d e c i s i v e  f a c t o r s  i n  
s p a t i a l  and p h y s i c a l  p l a n n i n g .  I n  g e n e r a l ,  o r i g i n - d e s t i n a t i o n  
t a b l e s  of  t h e s e  f l o w s  a r e  n o t  a v a i l a b l e .  T h i s  d i s a g g r e g a t i o n  
problem w i l l  b e  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n .  
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3. Spatial Interactions Between Production ----- Systems and 

Settlement Systems 

A detailed analysis of spatial interactions requires a 
large data set. In general, such a data set is not available 
or only available in an aggregated form. In consequence, the 
spatial classification used in many interaction analyses is 
frequently too rough to guarantee reliable and detailed out- 
comes. For example, an analysis of journeys-from-home-to-work 
on the basis of regional data instead of local data has only a 
limited meaning. Generally speaking, the degree of spatial 
interaction is higher and more varied as the spatial classifi- 
cation is more refined. For example, commuting flows in a 
spatial production-settlement system can be analyzed more 
adequately as the spatial scale is more detailed. 

Adequate insight into the spatial development of an area 
and into effective policies requires detailed information on 
mobility patterns between local production systems and local 
settlement systems. This information is a prerequisite for 
predicting and evaluating spatial patterns (in a scenario- 
analysis, for example). Therefore, a spatial interaction 
analysis also has to include elements useful for prediction 
and planning (cf. Nijkamp [1976a] ) , including the specific 
local characteristics of the successive production and settle- 
ment systems. 

In view of the foregoing remarks, a spatial interaction 
analysis based on an origin-destination table should be carried 
out at the lowest possible spatial scale. This condition re- 
quires disaggregation from regional data to interlocal flows. 
The remaining part of the paper will focus on the way in which 
global information on production and settlement systems can be 
disaggregated to the level of interlocal interactions (cf. 
Magoulas et al. [I9751 and Morrison [I 9731 ) . 

The decision to commute from place i to j rests on a 
variety of factors. Given the fact that spatial interactions 
and mobility patterns result from polar tensions between local 
production and settlement conditions (see Figure 2 ) ,  the fol- 
lowing three main factors for a decision to commute from i to 
j can be distinguished: 

- the employment conditions of place j correspond more 
closely to the individual employment and income 
preferences than the employment conditions of place i 
(in other words, the employment attractiveness of 
place j (denoted by wj) is higher than the employment 
attractiveness of place i (denoted by wi)). 

- the environmental and residential conditions of place 
i correspond more clcsely to the individual settlement 
preferences than the environmental and residential 
conditions of place j (in other words, the environmental- 
residential attractiveness of place i (denoted by mi) is 
higher than the environmental-residential attractiveness 
of -place j (denoted by m . ) ) . 

I 



- t h e  d i s t a n c e  f rom p l a c e  i t o  j (measured i n  t i m e ,  money 
o r  m i l e s )  i s  s u c h  t h a t  t h e  n e t  (employment and e n v i r o n -  
m e n t a l - r e s i d e n t i a l )  a t t r a c t i v e n e s s  compensa tes  f o r  t h e  
d i s a d v a n t a g e s  a r i s i n g  f rom t h e  d i s t a n c e  f r i c t i o n .  

These n o t a t i o n s  c a n  be  i n t e g r a t e d  i n  a  p r o b a b i l i t y  m a t r i x  
f o r  s p a t i a l  m o b i l i t y  p a t t e r n s  (see F i g u r e  3 and F i g u r e  4 ) .  

low . . . . . . . . h i g h  

F i g u r e  3 :  A p r o b a b i l i t y  m a t r i x  F i g u r e  4 :  A p r o b a b i l i t y  m a t r i x  
f o r  m o b i l i t y  p a t t e r n s  f o r  m o b i l i t y  p a t t e r n s  
(commuting) between (commuting) between 
p l a c e  i and j on  t h e  p l a c e  i and j on  t h e  
b a s i s  o f  employment b a s i s  o f  env i ronmen ta l -  
a t t r a c t i v e n e s s .  r e s i d e n t i a l  a t t r a c t i v e -  

n e s s .  

The shaded p a r t s  o f  F i g u r e  3 and F i g u r e  4 i n d i c a t e  t h a t  
s p a t i a l  i n t e r a c t i o n  (commuting) f l o w s  a r e  p r o b a b l e  i f  w > w i  

j and m < m i .  T h i s  p r o b a b i l i t y  i s  h i g h e r  a s  w j  d i v e r g e s  more 
j f rom w i ,  and m i  more from m j I n  o t h e r  words,  t h e  commuting 

p r o b a b i l i t y  between a  l o c a l  p r o d u c t i o n  s y s t e m  and a  l o c a l  set t le -  
ment  sys tem is  a t  i t s  maximum i n  t h e  upper  r i g h t  c o r n e r  o f  F i g u r e  
3 and  F i g u r e  4 .  

I t  s h o u l d  b e  n o t e d  t h a t  t h e  t h i r d  f a c t o r  ( d i s t a n c e  f r i c t i o n  
o r  a c c e s s i b i l i t y )  may p l a y  a  p r o h i b i t i v e  r o l e  w i t h  r e s p e c t  t o  
t h e  o c c u r r e n c e  o f  s p a t i a l  commuting f l o w s .  Consequen t l y ,  t h e  
a c c e s s i b i l i t y  f rom i t o  j (deno ted  by b i j )  i s  of c r u c i a l  impor t -  
a n c e .  T h i s  c a n  b e  i l l u s t r a t e d  by means o f  t h e  f o l l o w i n g  
p r o b a b i l i t y  b l o c k  f o r  s p a t i a l  i n t e r a c t i o n s .  The shaded  a r e a  
o f  F i g u r e  5 r e f l e c t s  t h e  f a c t  t h a t  a  s p a t i a l  l i n k  between p l a c e s  
i and j w i l l  b e  more p r o b a b l e  a s  w j ,  m i  and  b i j  a r e  h i g h e r .  
T h i s  p r o b a b i l i t y  i s  e q u a l  t o  1 a t  t h e  extreme p o i n t  P i n  F i g u r e  
5. 



Figure 5: An integrated probability block for mobility patterns 
(commuting) between place i and j. 

The foregoing notions about spatial interactions can be 
generalized by taking into account spatial spillover effects. 
An example of the latter situation is the case where the 
environmental attractiveness of place i is codetermined by the 
environmental and recreational conditions of an adjacent place 
k. The existence of such spatial spillover effects may influ- 
ence to a considerable degree the development of a settlement 
pattern or, in general, of a multiregional socioeconomic system 

It is clear, that the preceding notions of spatial inter- 
actions and spatial attractiveness phenomena have to be elab- 
orated in an operational sense. Therefore, in the next section 
a method will be presented by means of which the attractiveness 
of local systems can be quantified and integrated into a spatial 
interaction framework. 

4 .  A Multi-Criteria Profile Analysis of Spatial Interaction 

In the foregoing paragraph attention was paid to the 
qualities of local settlement and production systems. Concepts 
like environmental-residential attractiveness and employment 
attractiveness can be described by means of a recently developed 
multi-criteria profile analysis (see Nij kamp [ 1975af 1976bl and 
Paelinck and Nijkamp [ I  9751 ) . 

A multi-criteria profile can be conceived of as a vector 
representation of a series of elements that characterize a cer- 
tain phenomenon. For example, the environmental residential 
attractiveness of a place i can be represented by means of the 
following profile pi, in which each element pi , (h = 1, ..., K) 
is a quantitative characteristic of place i f  wklch can be 
considered as one of the determinants of settlement behaviour: 



size of recreation areas 

cultural facilities 

stock cf dwellings 

population dispersion 

medical provisions 

educational provisions 

availability of natural areas 

In principle, each element of the foregoing profile can be 
quantified for each place i in a regional system. By means of 
generalized distance measures (or similarity measures) the 
relative discrepancy A i .  of the environmental-residential pro- 
file between place i and j can be determined, after standard- 
isation and normalisation, as follows (see also Paelinck and 
Nijkamp [ 1 9 7 5 ] )  : 

In this way A i .  can be used as one of the explanatory 
variables for spatial int-eractions from place i to j .  This 
formal presentation corresponds to the ideas presented in 
Figure 4. If necessary the environmental-residential attractive- 
ness indicators can be split up into residential factors in a 
narrow sense, environmental and recreational factors in a broader 
sense, and social-cultural factors. In the last case various 
discrepancy indices instead of one discrepancy index would be 
obtained. 

If for theoretical or practical reasons a discrepancy-index 
between places is less desirable or useful, one can also cal- 
culate an environmental-residential attractiveness indicator for 
each place i separately on the basis of the profile vector pi 
described above. Such a uni-dimensional indicator can be cal- 
culated from a multi-dimensional profile vector in various 
alternative ways: 

- transform the elements of p n  into an interval scale. 
This implies that each l o c d  characteristic k of the 
profile is transformed into an index on the basis of 
its relative magnitude with respect to other places. 



- use a multi-variate technique (factor-analysis, e.g.) 
to transform the oriqinal hulti-dimensional data matrix 
(over all places) into a limited number of mutually in- 
dependent components. 

- use an interdependence analysis to reduce the multi- 
dimensional data matrix to a limited number of original 
variables which reflect the original multi-dimensional 
profile to a maximum degree (see also Soyce, Fahri and 
Weischedel [ 19741 ) . 

In the empirical part of our study the first method has been used. 

In addition to the environmental-residential attractiveness 
indicator of a place i, one can determine in a similarway the 
average first-order contiguity attractiveness of adjacent places 
(corrected for distance frictions; see Nijkamp [1976b]). In 
this way, the spatial spillover effects can be taken into account 
in a mobility analysis of settlement systems. 

So far, only environmental-residential attractiveness has 
been discussed. Clearly, in an analogous way employment attrac- 
tiveness can be determined. The employment attractiveness in- 
dicator can be constructed on the basis of local employment 
profiles which may include the number of job opportunities, the 
average wage rate, the degree of social stability, the quality 
of labour, etc. By means of the employment profile the corre- 
sponding attractiveness indicator wj for a place j can be 
calculated (see also Figure 3). Here again spatial spillover 
effects due to contiguous attractiveness can be distinguished. 

The foregoing multi-criteria profile analysis can be seen 
as an operational method to describe in an integrated way the 
various elements of production and settlement systems as 
represented in Figure 2. Given the institutional framework, 
given a certain spatial governmental policy, and given the 
development of exogenous variables (population growth, e-g.), 
the multi-criteria framework may be extremely useful in 
describing and predicting mobility patterns associated with 
changes in the production and settlement profiles (by means of 
a scenario-analysis, e.g.). In a next section an attempt will 
be made to construct a formal model for dealing with this 
problem. 

5. A Behavioural Model for Mobility Patterns in Production- 

Settlement Svstems 

In this section a formal model will be developed to describe 
the mobility patterns arising from the forces between the various 
attraction profiles in a production-settlement system. Particular 
attention will be paid to commuting flows, although the analysis 
can be generalised directly to all other types of mobility phe- 
nomena. Given the theoretical notions presented in section 4 
the following formal model will be assumed: 



o r s k  
V i j  = f'",, W j ,  m i ,  m f 

where: 

v  = volume o f  i n t e r a c t i o n  (commuting) f rom s e t t l e -  
i j  ment p l a c e  i t o  p roduc t i on  p l a c e  j r 

d i j  = d i s t a n c e  from i t o  j (measured i n  t i m e ,  money 
o r m i l e s )  , 

w = employment a t t r a c t i v e n e s s  i n d i c a t o r  of  p l a c e  j , 
j  

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

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

S 
m = a t t r a c t i v e n e s s  i n d i c a t o r  f o r  s p o r t s  accomodat ions i i n  p l a c e  i , 
mk = a t t r a c t i v e n e s s  i n d i c a t o r  f o r  c u l t u r a l  f a c i l i t i e s  i i n  p l a c e  i. 

I n  a d d i t i o n  t o  t h e  f o rego ing  l o c a l  c h a r a c t e r i s t i c s  o f  p l a c e s  
i and j ,  t h e  s p a t i a l  s p i l l o v e r  e f f e c t s  a r i s i n g  from a t t r a c t i o n  
e f f e c t s  o f  con t i guous  p l a c e s  can be  i nc l uded  a s  w e l l .  Normal ly,  
t h e  f o rego ing  model might  be  es t ima ted  by means o f  l e a s t - s q u a r e s  
p rocedu res ,  p rov ided  an  e x t e n s i v e  d a t a  set  on s p a t i a l  f l ows  be- 
tween s e t t l e m e n t  p l a c e s  and p roduc t i on  p l a c e s  i s  a v a i l a b l e .  

However, such an i n t e r l o c a l  d a t a  matrix i s  on l y  r a r e l y  
a v a i l a b l e .  Sometimes, d a t a  on commuting f l ows  between a  l i m i t e d  
number o f  s p e c i f i c  p l a c e s  a r e  a v a i l a b l e ,  b u t  i n f o r m a t i o n  on t h e  
e n t i r e  s p a t i a l  p a t t e r n  i s  g e n e r a l l y  m i ss i ng .  F r e q u e n t l y ,  how- 
e v e r ,  a t  a  more agg rega ted  l e v e l ,  p a r t i c u l a r l y  a t  a  r e g i o n a l  
l e v e l ,  a  s p a t i a l  d a t a  m a t r i x  on commuting f l ows  i s  a v a i l a b l e ,  
because many (un)employment d a t a  a r e  ga the red  a t  a  r e g i o n a l  l e v e l .  

I f  an  i n t e r r e g i o n a l  m o b i l i t y  m a t r i x  f o r  journeys-from-home- 
to-work i s  a v a i l a b l e ,  t h e  b a s i c  problem i s  t o  t r a n s f o r m  t h i s  
m a t r i x  i n t o  a  d i s a g g r e g a t e d ,  l o c a l  form. Th i s  i m p l i e s ,  however, 
t h a t  a  t r a d i t i o n a l  l e a s t - s q u a r e s  method f o r  e s t i m a t i n g  ( 5 . 1 )  i s  
n o t  u s e f u l .  The re fo re ,  an  a d a p t a t i o n  has  t o  b e  c a r r i e d  o u t  t o  
gauge i n t e r l o c a l  f l ows  on t h e  b a s i s  of i n t e r r e g i o n a l  f l ows .  

C l e a r l y ,  t h e  abundant  amount o f  d e g r e e s  o f  freedom w i t h  
r e s p e c t  t o  t h e  s p a t i a l  a l l o c a t i o n  o f  m o b i l i t y  f l ows  canno t  be  
so l ved  w i t h o u t  a d d i t i o n a l  i n f o rma t i on .  

Three p o s s i b i l i t i e s  e x i s t  t o  f i l l  t h i s  gap.  A f i r s t  pos- 
s i b i l i t y  t o  a r r i v e  a t  a  mean ingfu l  d i s a g g r e g a t i o n  is t o  t a k e  
i n t o  accoun t  t h e  s p e c i f i c  l o c a l  c h a r a c t e r i s t i c s  ( t h e  l o c a l  



a t t r a c t i v e n e s s  i n d i c a t o r s )  o f  a l l  p l a c e s  i n  t h e  m u l t i r e y i o n a l  
sys tem,  g i v e n  t h e  a d d i t i v i t y  c o n d i t i o n s  w i t h  r e s p e c t  t o  t h e  
known i n t e r r e g i o n a l  f l o w s  ( s e c t i o n  5 ) .  The second way i s  t o  u s e  
some a d a p t e d  -- e n t r o p y  hypo theses  t o  c a l i b r a t e  t h e  most p r o b a b l e  
s p a t i a l  m o b i l i t y  p a t t e r n  a t  a  l o c a l  l e v e l  ( s e c t i o n  6 ) .  The 
f i n a l  way i s  t o  i n t e g r a t e  b o t h  methods,  s o  t h a t  b o t h  b e h a v i o u r a l  
and e n t r o p y  e l e m e n t s  a r e  i n c l u d e d  i n  t h e  a n a l y s i s  ( s e c t i o n  7 ) .  

Now t h e  f i r s t  method w i l l  be c o n s i d e r e d .  T h i s  method i s  
d i r e c t l y  based  on  r e l a t i o n s h i p  ( 5 . 1 ) .  A s  set o u t  above,  i n f o r -  
mat ion  on  v i  i s  n o t  a v a i l a b l e .  However, t h e  v a r i a b l e s  V i j  have 
t o  s a t i s f y  tde i n t e r r e g i o n a l  a d d i t i v i t y  c o n d i t i o n s .  These con- 
d i t i o n s  c a n  b e  f o r m a l i z e d  f o r  r e g i o n s  r and s a s  f o l l o w s :  

L L v  
i E r j  E s  i j  = v  r s r s IS 

where v i  r e p r e s e n t s  t h e  (unknown) commuting f l ow  from p l a c e  
r j s  

1 l n  r e g i o n  r t o  p l a c e  j ln r e g i o n  s ,  and vrs t h e  (known) com- 
mut ing f l o w  f rom r e g i o n  r t o  r e g i o n  s .  The e l e m e n t s  V i  , c a n  

r s 
be i n c l u d e d  i n  a  v e c t o r  v  o f  o r d e r  I ( I  - 1 )  x  1 ,  where I 
i n d i c a t e s  t h e  t o t a l  number o f  p l a c e s  i n  t h e  s p a t i a l  sys tem 
concerned .  I n  a n  ana logous  way, t h e  e l e m e n t s  vr- can  b e  i n c l u d e d  
i n  a  v e c t o r  V o f  o r d e r  R ( R  - 1 )  x  1 ,  where R r e p r e s e n t s  t h e  num- 
b e r  o f  r e g i o n s  i n  t h e  s p a t i a l  sys tem.  C o n d i t i o n  ( 5 . 2 )  can  be  
w r i t t e n  i n  m a t r i x  n o t a t i o n  a s :  

where H i s  a  r e g i o n a l  summation m a t r i x  o.E o r d e r  R ( R  - 1 )  x  I 
( I  - I ) ,  which adds  up t h e  i n t e r l o c a l  f l o w s  between two r e g i o n s  
t o  a n  i n t e r r e g i o n a l  f l ow :  

I f  r e l a t i o n s h i p  ( 5 . 1 )  i s  assumed t o  b e  a  l i n e a r  f u n c t i o n  o f  
t h e  a t t r a c t i v e n e s s  i n d i c a t o r s ,  t h e  f o l l o w i n g  s p e c i f i c a t i o n  may 
b e  adop ted :  



where X i s  t h e  m a t r i x  o f  K known l o c a l  a t t r a c t i v e n e s s  i n d i c a t o r s  
(o f  o r d e r  1(1 - 1 )  x  K ) ,  and B i s  a  v e c t o r  o f  unknown p a r a m e t e r s  
(o f  o r d e r  K x 1 ) .  S i n c e  v  is -unknown,  a  p r o c e d u r e  h a s  t o  b e  
deve loped t o  c a l i b r a t e  v  and - B s i m u l t a n e o u s l y .  T h i s  p r o c e d u r e ,  
which rests main ly  on ( 5 . 3 ) ,  a t t e m p t s  t o  c a l i b r a t e  f, such  t h a t  
a  maximum co r respondence  i s  ach ieved  between t h e  e s t i m a t e d  f l o w s  
and t h e  known f l o w s  a c c o r d i n g  t o  ( 5 . 3 )  . 

The p r o c e d u r e  used h e r e  a t t e m p t s  t o  select v a l u e s  o f  - B 
which min imize t h e  d i f f e r e n c e  between e s t i m a t e d  and known 
i n t e r r e g i o n a l  f l o w s  by means o f  a n  approx ima t ion  o f  t h i s  
d i f f e r e n c e  v i a  a  power f u n c t i o n  (o f  a n  a r b i t r a r y  d e g r e e ) .  

T h i s  p r o c e d u r e  stems f rom a  d i r e c t  s e a r c h  method f o r  
ex t reme p o i n t s  of  f u n c t i o n s ,  deve loped by Hooke and J e e v e s  
[19611. I t  i s  an i t e r a t i v e  method which a t t e m p t s  t o  o b t a i n  
a  minimum d i s c r e p a n c y  between c a l i b r a t e d  and known v a l u e s  of  - 
v  by means of  a  s u c c e s s i v e  a d a p t a t i o n  o f  t h e  unknown p a r a m e t e r  - 
v e c t o r  f3. The p r o c e d u r e  s t a r t s  o f f  f rom a n  i n i t i a l  v a l u e  of  g, 
w h i l e  n e x t  V i s  c a l c u l a t e d  on t h e  b a s i s  o f  ( 5 . 3 )  and ( 5 . 4 ) .  
Then t h e  ~ o o k e  and J e e v e s  p r o c e d u r e  s e a r c h e s  i n  a l l  K d i r e c t i o n s  
(and i n  t h e  i n t e r m e d i a t e  d i r e c t i o n s )  t o  d e t e r m i n e  whether  a  s h i f t  
o f  f3 i n  one  o f  t h e s e  d i r e c t i o n s  w i l l  l e a d  t o  a  lower  d i s c r e p a n c y  
between t h e  c a l i b r a t e d  and known v a l u e s  o f  T. I f  s o ,  a  new 
s t a r t i n g  p o i n t  o f  f3 i s  c a l c u l a t e d  and t h e  p r o c e d u r e  i s  r e p e a t e d .  
By means o f  a  l i m i t e d  number o f  ana logous  s t e p s  a n  extremum c a n  
b e  found ,  s o  t h a t  t h e  i n t e r l o c a l  f l o w  m a t r i x  c a n  b e  c a l c u l a t e d  
d i r e c t l y  by means o f  ( 5 . 5 )  . Given t h e  u n d e r l y i n g  b e h a v i o u r a l  
assumpt ions ,  t h i s  m a t r i x  c a n  be  conce ived  of  a s  t h e  b e s t  c a l -  
i b r a t i o n  o f  t h e  m o b i l i t y  p a t t e r n  a s s o c i a t e d  w i t h  a  g i v e n  p ro -  
d u c t i o n  and s e t t l e m e n t  sys tem.  A more d e t a i l e d  e x p o s i t i o n  of  
t h e  method o f  Hooke and J e e v e s  i s  c o n t a i n e d  i n  Appendix A .  

A s e r i o u s  problem o f  t h e  a fo remen t ioned  method i s  t h e  f a c t  
t h a t  a  s t a t i s t i c a l  tes t  o f  t h e  i n t e r l o c a l  r e s u l t s  i s  h a r d l y  
p o s s i b l e ,  because  t h e s e  r e s u l t s  c a n n o t  b e  compared w i t h  obse rved  
d a t a .  There  i s  o n l y  one tes t  p o s s i b l e ,  v i z .  t h e  d e g r e e  t o  which 
t h e  obse rved  and t h e  c a l i b r a t e d  i n t e r r e g i o n a l  d a t a  d i f f e r .  I n  
t h e  p r e v i o u s  c a s e ,  however,  t h e s e  d i f f e r e n c e s  can b e  made a r -  
b i t r a r i l y  s m a l l  (up  t o  any  E - l i m i t ) .  

I n  v iew o f  t h e s e  tes t  problems a n  a l t e r n a t i v e  s p e c i f i c a t i o n  
o f  t h e  problem may be c o n s i d e r e d ,  v i z .  by w r i t i n g  ( 5 . 5 )  a s  a 
r e g r e s s i o n  e q u a t i o n :  

where E i s  a  v e c t o r  o f  d i s t u r b a n c e  terms of  o r d e r  I ( I  - 1 )  x 1 .  
By p r e m u l t i p l y i n g  ( 5 . 6 )  w i t h  t h e  summation m a t r i x  H ,  t h e  f o l l o w -  
i n g  r e s u l t  i s  o b t a i n e d :  



o r :  

where v and P  a r e  known. With t h e  a i d  o f  t h e  l a t t e r  r e g r e s s i o n  
e q u a t i o n  t h e  p a r a m e t e r  v e c t o r  (3 c a n  a l s o  be  e s t i m a t e d .  The 
o b v i o u s  advan tage  o f  t h e  r e g r e s s i o n  p r o c e d u r e  i s  t h e  f a c t  t h a t  
now a  p o s s i b i l i t y  f o r  t e s t i n g  t h e  r e s u l t s  d o e s  e x i s t ,  a l t h o u g h  
i t  s h o u l d  be  n o t e d  t h a t  t h i s  t e s t  i s  o n l y  r e l e v a n t  f o r  i n t e r -  
r e g i o n a l  f l o w s  and n o t  f o r  i n t e r l o c a l  f l o w s .  I n  t h i s  r e s p e c t ,  
t h e  r e g r e s s i o n  p r o c e d u r e  o f f e r s  no s i g n i f i c a n t  improvement.  

The methods d e s c r i b e d  above c a n  be  used t o  gauge B and a l s o  
t h e  i n t e r l o c a l  m o b i l i t y  p a t t e r n .  Given t h e  s t r u c t u r e  o f  s u c h  a  
model ,  t h e  r e s u l t s  may a l s o  be  used f o r  p r e d i c t i n g  t h e  m o b i l i t y  
p a t t e r n  i n  a s c e n a r i o - a n a l y s i s  f o r  t h e  f u t u r e .  I n  t h i s  way, t h e  
a fo remen t ioned  method c a n  b e  used  t o  gauge t h e  i n t e r l o c a l  mob i l -  
i t y  p a t t e r n  a s s o c i a t e d  w i t h  a l t e r n a t i v e  s p a t i a l  p o l i c i e s  con- 
c e r n i n g  p r o d u c t i o n  and s e t t l e m e n t  s y s t e m s ,  assuming  a t  l e a s t  
t h a t  t h e  b e h a v i o u r a l  s t r u c t u r e  w i l l  remain  more o r  less c o n s t a n t  
i n  t h e  f u t u r e .  O t h e r w i s e ,  a  s e n s i t i v i t y  a n a l y s i s  w i t h  r e s p e c t  
t o  s h i f t s  i n  b e h a v i o u r a l  p a t t e r n s  may b e  c a r r i e d  o u t .  

Changes i n  t h e  s p a t i a l  s t r u c t u r e  ( f o r  example,  i n c r e a s e d  
a c c e s s i b i l i t y  a r i s i n g  f rom an improved i n f r a s t r u c t u r e )  c a n  a l s o  
be a n a l y z e d  by means o f  t h e  f o r e g o i n g  model .  I n  c o n c l u s i o n ,  i n  
s p i t e  o f  l a c k  o f  i n f o r m a t i o n  t h e  f o r e g o i n g  b e h a v i o u r a l  model may 
b e  u s e f u l  i n  a n a l y z i n g  m o b i l i t y  p a t t e r n s  a s s o c i a t e d  w i t h  l o c a l  
p r o d u c t i o n  and s e t t l e m e n t  sys tems .  

I n  t h e  n e x t  s e c t i o n  a n  a l t e r n a t i v e  a n a l y s i s  w i l l  b e  p r e -  
s e n t e d  and e l a b o r a t e d .  

6 .  Ent ropy  Hypotheses  f o r  S p a t i a l  M o b i l i t y  P a t t e r n s  1 

I n  t h e  f i e l d  o f  s p a t i a l  i n t e r a c t i o n  models  and  o f  m o b i l i t y  
a n a l y s e s  e n t r o p y  models  a r e  becoming i n c r e a s i n g l y  p o p u l a r  ( c f .  
Wi lson [ 1 9 7 0 ] ) .  Examples i n c l u d e  m i g r a t i o n  s t u d i e s ,  shopp ing  
mode ls ,  and t r a f f i c  s t u d i e s .  

En t ropy  h y p o t h e s e s  c a n  be  conce ived  o f  a s  t h e  f o u n d a t i o n  
s t o n e s  f o r  t h e  u s e  o f  g r a v i t y  models  i n  v a r i o u s  s p a t i a l  a n a l y s e s .  
By means o f  t h e  h y p o t h e s i s  o f  a  maximum e n t r o p y  t h e  most p r o b a b l e  
c o n f i g u r a t i o n  of a  s p a t i a l  sys tem can  b e  d e r i v e d .  An e x p o s i t i o n  
o f  t h e  background of  e n t r o p y  i s  found i n  Nijkamp and P a e l i n c k  
[ 1 9 7 4 ] ,  and a n  i n t e r p r e t a t i o n  i n  terms of b e h a v i o u r a l  assumpt ions  
( p a r t i c u l a r l y ,  t h e  m i n i m i z a t i o n  o f  g e n e r a l i z e d  c o s t s )  i s  c o n t a i n e d  
i n  Nijkamp [1975d ] .  

 his p a r t  rests on Nijkamp and Wiersma [ 19761 . 



The t r a d i t i o n a l  en t ropy  approach r e s t s  on t h e  i d e a  t h a t ,  
g i ven  t h e  marg ina l  t o t a l s  of a  f low ma t r i x  and g iven  a  t o t a l  
d i s t a n c e  budget  ( i n  terms of  t ime ,  money o r  m i l e s ) ,  t h e  most 
p robab le  guess  concern ing  t h e  t o t a l  f low ma t r i x  can  be ob ta i ned  
by maximizing t h e  co r respond ing  en t ropy  f u n c t i o n .  The en t ropy  
model a s s o c i a t e d  w i t h  t h e  m o b i l i t y  p a t t e r n  between l o c a l  p ro-  
d u c t i o n  and s e t t l e m e n t  systems (see s e c t i o n  5 )  can be fo rma l i zed  
a s :  

max w = - 1 1 ( v  I n  v i  - v  i r J S  i r j  i r j  ) 
r s 

where D i s  t h e  (known) volume of  f l ows  which have p l a c e  j i n  
's 

reg ion  s a s  d e s t i n a t i o n ,  Oi t h e  (known) volume o f  f lows which 
r 

have p l a c e  i i n  r e g i o n  r a s  o r i g i n ,  and T t h e  (known) t o t a l  
d i s t a n c e  budget .  

The s o l u t i o n  of  t h i s  t r a d i t i o n a l  en t ropy  model is :  

v  - - Ai B Oi  D exp ( -  Bdi 
i r j  r J s  r j s  r s 1 

( 6 .2 )  

where : 

- Ai - { j l  B j  D exp ( - 6 d i  
s j s  

) I - '  
r s r s 

and : 

B = { i l  Ai  Oi exp ( -  Bdi 
1 s  

) I - '  
r r r r s 

C l e a r l y ,  t h e  f o rego ing  en t ropy  model i s  o n l y  u s e f u l  when 
t h e  marg ina l  t o t a l s  D and Oi a r e  known. I t  was a l r e a d y  

j r 



i n d i c a t e d  i n  t h e  f o r e g o i n g  p a r a g r a p h  t h a t  f r e q u e n t l y  n o t  a l l  
t h e s e  l o c a l  m a r g i n a l  t o t a l s  a r e  known. Sometimes o n l y  t h e  
i n t e r r e g i o n a l  f l o w s  a r e  known. T h i s  a g a i n  r a i s e s  t h e  q u e s t i o n  
o f  how t o  d i s a g g r e g a t e  t h e  i n t e r r e g i o n a l  f l ows  t o  i n t e r l o c a l  
f l o w s .  The s o l u t i o n  r e q u i r e s  a n  a d a p t a t i o n  o f  t h e  o r i g i n a l  
e n t r o p y  f o r m u l a t i o n .  

The e n t r o p y  f o r m u l a t i o n  f o r  t h e  d i s a g g r e g a t i o n  problem 
is :  

max w = - 1 1 ( v  I n  v  - v  
ir js i r j s  i r j s  i r j  

) 

where t h e  t o t a l  d i s t a n c e  budget  can  b e  c a l c u l a t e d  on t h e  b a s i s  
o f  t h e  known i n t e r r e g i o n a l  f l ow  m a t r i x .  

The s o l u t i o n  o f  t h i s  p a r t i c u l a r  e n t r o p y  model i s  (see a l s o  
Appendix B) : 

where: 

I t  s h o u l d  b e  n o t e d  t h a t  t h i s  l a s t  e n t r o p y  model c o n t a i n s  
l e s s  i n f o r m a t i o n  t h a n  ( 6 . 2 ) ,  s i n c e  i n f o r m a t i o n  a b o u t  l o c a l  f l o w s  
i s  i n c l u d e d .  T h e r e f o r e ,  one may e x p e c t  t h a t  ( 6 . 2 )  w i l l  p r o v i d e  
more r e l i a b l e  r e s u l t s  t h a n  ( 6 . 5 ) ,  p rov ided  t h e  a d d i t i o n a l  i n f , .> r -  
mat ion  i s  a v a i l a b l e .  Fu r the rmore ,  one s h o u l d  t a k e  a c c o u n t  oL 
t h e  f a c t  t h a t  t h e  backgrounds o f  b o t h  e n t r o p y  models a r e  d i f -  
f e r e n t :  model ( 6 . 2 )  a ims a t  gaug ing  t h e  i n t e r l o c a l  f l ow  m a t r i x  
by means o f  l o c a l  m a r g i n a l  t o t a l s ,  whereas  model ( 6 . 6 )  aims a t  
gaug ing  t h e  i n t e r l o c a l  f l o w  m a t r i x  by means o f  i n t e r r e g i o n a l  
f l ows .  

F i n a l l y ,  i f  i n f o r m a t i o n  on b o t h  t h e  l o c a l  m a r g i n a l  t o t a l s  
and t h e  i n t e r r e g i o n a l  f l o w s  i s  a v a i l a b l e ,  a  mean ing fu l  app roach  
would b e  t o  i n t e g r a t e  b o t h  models .  Then t h e  e n t r o p y  of  t h e  mo- 
b i l i t y  p a t t e r n  between l o c a l  p r o d u c t i o n  and s e t t l e m e n t  sys tems  



has to be maximized subject to the marginal totals and the inter- 
regional flows. This entropy model can be specified as follows: 

max w = - 1 1 ( v  In v - v 
ir js irj irj irj 

1 

The solution of the latter model is (see Appendix B): 

This generalized model rests on two sources of information. 
If these sources are available, the latter model can be consid- 
ered as the most adequate representation of an entropy model 
for mobility patterns. The solution technique of this general- 
ized entropy model is analogous to that of the traditional 
entropy model, in the sense that the iterative procedure in- 
cludes-now a switch among four parameters, viz.-c , Ai , B 

rs r js 
and f 3 .  Therefore, the computing time for arriving at a con- 
verging solution will be somewhat longer (cf. Bouchard and 
Pijers [ I  9641 ) . 

7. A Synthesis of Behavioural and Entropy Hypotheses 

The use of entropy models has been criticized from several 
sides owing to the rather mechanical nature of the entropy 
hypotheses, particularly as far as the physical backgrounds 
are concerned. This criticism is valid, in as far as behavioural 
assumptions are not introduced explicitly in the derivation of 
entropy models. However, it should be noted that an entropy 
hypothesis in a spatial interaction model can be interpreted by 
means of a dual formulation in terms of behavioural hypotheses 
about a collective mobility behaviour (see Nij kamp [ 1976dl) . 
This behavioural hypothesis states that all people together will 



choose a mobility pattern which minimizes a certain generalized 
travel cost function, based on the differential attractiveness 
of places of origin and destination. 

In view of the latter behavioural interpretation one may 
wonder whether it would not be meaningful to introduce behav- 
ioural assumptions a priori and explicitly in entropy models. 
So far this possibility has received only little attention. 
In this paragraph an attempt will be made to analyze this 
question. 

The introduction of behavioural assumptions in an entropy 
model has two advantages: (a) the mechanical nature of entropy 
models will be abandoned; (b) the probability background of 
entropy models will be maintained. 

Now the question arises as to how behavioural elements can 
be introduced into entropy models. In principle, there are 
three possibilities of including behavioural hypotheses in an 
entropy model: (a) in the entropy function itself; (b) in the 
traditional entropy constraints; (c) in the form of new entropy 
constraints (for example, by means of (5.1 ) ) . 

The last possibility is very hard to realize, since a be- 
havioural model like (5.1) is deterministic, so that the use of 
this behavioural model would assign the flows in a unique way 
without taking into account the entropy assumptions. 

Possibility (b) might be applied in principle, but includes 
many arbitrary elements. For example, one might assume that the 
original distance budget might be transformed into a soc~.opsycho- 
logic distance budget by means of the attractiveness of the 
origins and destinations. However, it appears to be extremely 
difficult to find a reasonable specification which is not com- 
pletely arbitrary. 

Possibility (a) appears to be the most meaningful one. 
This possibility, which is based on some ideas from information 
theory and Bayesian statistics, will be discussed here more 
thouroughly. 

According to Theil [1967], entropy can be conceived of as 
the expected information content of a message. In a more 
general sense, one may state that entropy is linked up with ,he 
degree of uncertainty prevailing in a choice situation with 
many different possibilities. A reduction in the entropy of a 
system reflects a decline in the degree of uncertainty. There- 
fore, additional information will lead to a decline in entropy 
and to a higher degree of certainty. 

These ideas correspond to a certain extent to a number of 
elements from Baysesian statistics, in which the influence of 
prior information in the ultimate (posterior) results is anal 
yzed (cf. Raiffa and Schaifer [I9611 ) . A basic idea is the 
distinction between prior probabilities and posterior probabil- 
ities. Prior probabilities reflect the chance that a certain 



even t  w i l l  occu r  on t h e  b a s i s  o f  p r i o r  i n f o rma t i on  in t roduced  
from o u t s i d e  t h e  a n a l y s i s  i t s e l f  ( s u b j e c t i v e  i d e a s ,  e x t e r n a l  
i n f o rma t i on ,  a l t e r n a t i v e  a n a l y s e s ,  e t c . ) .  P o s t e r i o r  p robab i l -  
i t i e s  r e f l e c t  t h e  u l t i m a t e  chance t h a t  an e v e n t  w i l l  occu r  
t a k i n g  i n t o  accoun t  t h e  p r i o r  i n f o rma t i on .  

Now t h e  behav iou ra l  model s p e c i f i e d  i n  ( 5 . 1 )  can  be  used 
t o  deduce p r i o r  p r o b a b i l i t i e s  f o r  a  m o b i l i t y  p a t t e r n  between 
l o c a l  p roduc t ion  and s e t t l e m e n t  sys tems.  The assumpt ion made 
h e r e  i s  t h a t  t h e  behav iou ra l  model p rov ides  o n l y  a  b e s t  f i r s t  
guess  f o r  t h e  s p a t i a l  commuting f l ows ,  s i n c e  due t o  l a c k  of 
i n f o rma t i on  t h i s  model canno t  be t e s t e d  i n  an  e n t i r e l y  s a t i s -  
f a c t o r y  manner. The re fo re ,  t h e  r e s u l t s  of  t h i s  model can be 
conce ived o f  a s  a  reasonab le  approx imat ion ,  a l t hough  s e v e r a l  
d i s t u r b a n c e s  may e x i s t .  Th is  f i r s t  approx imat ion  can now be 
cons ide red  a s  a  p r i o r  i n f o rma t i on  f o r  t h e  en t ropy  model. 
The re fo re ,  we d e f i n e  pi a s  t h e  p r i o r  p r o b a b i l i t y  t h a t  a  

r s 
c e r t a i n  commuting f low v  from p l a c e  i i n  r e g i o n  r t o  p l a c e  

i r j  

j  i n  r e g i o n  s w i l l  occu r  acco rd ing  t o  model ( 5 . 1 ) .  I n  o t h e r  
words : 

0 v  
0 

i j 
- - r s 

P i  j v I r s 

where : 

s o  t h a t  t h e  a d d i t i v i t y  c o n d i t i o n s  f o r  p r o b a b i l i t i e s  a r e  s a t i s f i e d .  
The f o rego ing  approach i m p l i e s  t h a t  t h e  behav iou ra l  model (5 .1 )  
p rov ides  t h e  p r i o r  i n f o rma t i on  by means of  ( 7 . 1 ) .  Th i s  p r i o r  
i n f o rma t i on  can now b e  i n t r oduced  i n t o  t h e  en t ropy  model t o  
c a l c u l a t e  t h e  p o s t e r i o r  p r o b a b i l i t i e s  o f  t h e  s p a t i a l  f l ow m a t r i x  
(see a l s o  Hobson and Cheng [I9731 and Kul lback [19591) .  These 
p o s t e r i o r  p r o b a b i l i t i e s  w i l l  be  denoted by pi 

r s '  

Next ,  one may d e f i n e  a  c o n d i t i o n a l  p r o b a b i l i t y  a s  t h e  chance 
t h a t  an  even t  w i l l  o c c u r ,  g i ven  t h e  p r i o r  p r o b a b i l i t y .  Th i s  
c o n d i t i o n a l  p r o b a b i l i t y  g i v e s  rise t b  t h e  n o t i o n  of  a n  average  
c o n d i t i o n a l  en t ropy  (see Nijkamp and P a e l i n c k  [q974] and T h e i l  
[1967] .  Th i s  ave rage  c o n d i t i o n a l  en t ropy  can  b e  w r i t t e n  a s :  



T h i s  i m p l i e s  t h a t  model ( 6 . 5 )  can  be w r i t t e n  u l t i m a t e l y  a s :  

The l a t t e r  model c o n t a i n s  bo th  behav iou ra l  e l emen ts  (owing 
t o  t h e  p r i o r  i n f o r m a t i o n  v" and p r o b a b i l i t y  e l emen ts  ( f rom 

l r j  s 
t h e  g e n e r a l i z e d  e n t r o p y  mode l ) .  The c a l i b r a t i o n  o f  t h i s  model 
can  be  c a r r i e d  o u t  i n  a  way ana logous t o  t h e  t r a d i t i o n a l  e n t r o p y  
model. The c o n c l u s i o n  may b e  t h a t  t h e  f o r e g o i n g  c o n d i t i o n a l  
en t r opy  t h e o r y  l i n k s  t h e  advan tages  o f  a  behav iou ra l  model t o  
t h o s e  o f  a  g r a v i t y  model1.  

Emp i r i ca l  A p p l i c a t i o n  

The a n a l y s i s  d e s c r i b e d  i n  t h e  p reced ing  pa rag raphs  was 
a p p l i e d  t o  one  of t h e  Dutch p r o v i n c e s ,  v i z .  ~ o r t h - ~ o l l a n d ~ .  
The s o u t h e r n  p a r t  o f  t h i s  p rov i nce  i n  p a r t i c u l a r  i s  con f ron ted  
w i t h  s e r i o u s  problems w i t h  r e s p e c t  t o  i t s  s p a t i a l  s t r u c t u r e :  
t h e  d e c l i n i n g  f u n c t i o n  o f  t h e  c i t y  o f  Amsterdam, urban reno-  
v a t i o n s  i n  v a r i o u s  c i t i e s ,  c o n g e s t i o n  and env i ronmenta l  q u a l i t y  
d e c l i n e  i n  many a r e a s ,  wide-spread s u b u r b a n i z a t i o n  i n  many 
d i r e c t i o n s ,  n o i s e  nu i sance  from t h e  a i r p o r t  o f  Amsterdam, d i s -  
t a n c e  f r i c t i o n  caused by t h e  Nor th-sea c a n a l ,  t h e  development  
of t h e  ha rbour  o f  Amsterdam and o f  t h e  ne ighbour ing  steel  i n -  
d u s t r y ,  e t c .  

I n  a d d i t i o n  t o  i n f o rma t i on  on p r o d u c t i o n ,  incomes,  i n v e s t -  
ments ,  c o n g e s t i o n ,  and p o l l u t i o n ,  a  p r e r e q u i s i t e  f o r  e f f e c t i v e  
s p a t i a l  p l ann ing  i s  i n s i g h t  i n t o  t h e  i n t e r l o c a l  s p a t i a l  p a t t e r n s  
o f  t h i s  a r e a .  The developments o f  s e t t l e m e n t  p a t t e r n s  and p ro -  
d u c t i o n  p a t t e r n s  a r e  h e r e  c l o s e l y  l i n k e d  t o  i n f r a s t r u c t u r a l  
p a t t e r n s  and m o b i l i t y  p a t t e r n s .  I t  i s  obv ious  t h a t  a  s p a t i a l  
d i ve rgence  between a  s e t t l e m e n t  sys tem and a  p r o d u c t i o n  sys tem 
w i l l  i nduce  s i g n i f i c a n t  s p a t i a l  i n t e r a c t i o n  problems.  The 
q u e s t i o n  a s  t o  whether  t h e  p r e s e n t  modal s p l i t  o f  t r a f f i c  f l ows  
needs chang ing  i s  a l s o  impo r t an t  i n  t h i s  r e s p e c t ;  t h e  Nor th Sea 
c a n a l  i n  p a r t i c u l a r  forms a  s p a t i a l  b a r r i e r  which r e s t r i c t s  

'A r e v e r s e  p rocedu re  may b e  t o  u s e  t h e  r e s u l t  o f  t h e  ex tended 
e n t r o p y  model ( 6 . 9 )  as ' f i c t i t i o u s '  o b s e r v a t i o n s  on t h e  V i j  - v a r i -  
a b l e s  from t h e  b e h a v i o u r a l  model ( 5 . 1 ) ,  s o  t h a t  t h e n  a  r e g r e s s i o n  
a n a l y s i s  can  b e  used t o  gauge t h e  pa ramete r  v e c t o r  6. - 

2 ~ a t a  abou t  t h i s  p rov i nce  a r e  c o n t a i n e d ,  f o r  example,  i n  D e  
Donnea [ I  971 ] , Gedeputeerde S t a t e n  van ~ o o r d - ~ o l l a n d  [ 1973, 19751 , 
De Langen e t  a l .  [ 1974 ] ,  Ne the r l ands  ~ c o n o m i c  I n s t i t u t e  [1972, 
1  97 51 , P r o j  e c t g r o e p  Noordzeekanaalgebied [ 197 1 1 , R o n t e l t a p  [ 1 968 I , 
Schreuder  [ 1974 ] ,  and V e r s t e d e l i j k i n g s n o t a  [19761. 



p o s s i b i l i t i e s  ti> i n f l . u c ; ~ c e  i ~ l ~ l ) l  i i - t y  p a t t e r n s  by means of  p h y s i c a l  
planni.ng. On t h e  nt.h::.r hand,  dr:y ctiarrlgc-: i n  t h e  s e t t l e m e n t  pro-  
f i l e  o r  P:~I t h e  produc:l:i~~l p r o f i i e ,  gene ra ted  by (endogenous o r  
exogenous) econox~ ic  developi.ne;i t-s o r  by a governmental  p o l i c y ,  
w i l l  a f f e c t  t h e  spat:; al. f low pai.: ) - e rn .  

l 'he a n a l y s i s  w a s  app l le r l  fo r  l-.he y e a r  1971 t o  e i g h t  l abou r  
r e g i o n s  i i ~ c l u d i ~ g ,  i n  . t ~ j t a l ,  f i f t y  pl-t - ( s e e  Appendix C and 
Map 1 ) .  During t h e  f i . r s t  s t a g e  of  t h e  a n a l y s i s  o n l y  an i n t e r -  
r e g i o n a l  f low m a t r i x  (c;f o r d e r  8 .x '3) was a v a i l a b l e .  For  each  
o f  t h e  f i f t y  p l a c e s ,  t.he anpl.oyment a t t r a c t i v e n e s s  i n d i c a t o r s  
and t h e  env i ronmenta l -J : -es iden t  id a t t r a c t i v e n e s s  i n d i c a t o r s  
were determined (see sect l ion 4 ) ,  

Next ,  t h e  behavioul-&I model, s p e c i f i e d  i n  ( 5 . 1 ) ,  was est i -  
rr~ated accord ing  t o  t h e  I . l r ~ e s  set  o u t  i.n s e c t i o n  5 .  

The nex t  s t e p  w a s  t..o ca. lcu l3t .e t h e  i n t e r l o c a l  f l ow m a t r i x  
by means of en t ropy  model ( 6 - 5  j , i ~ a s e d  on i n t e r r e g i o n a l  f lows 
onLj7. These resl.llts w e c e  l e s s  sa t . is fac . to ry ,  because t h e  f low 
m a t r i x  con ta ined  many zero's; t hey  can be  exp la i ned  by t h e  
sma l l  amount o f  i n f o r r i ~ ? ~ t i a i ~  used i n  t h i s  approach.  The l a r g e  
number of  z e r o ' s  a r i s e s  h e r e  from t h e  i m p l i c i t  d i s t a n c e  min i -  
m iza t ion  which forms t h e  duai.  background o f  t h e  en t ropy  concept .  
Hence, t h i s  p rccedure  s e e k s , ,  wit.11in each i n t e r r e g i o n a l  f l ow,  two 
p l a c e s  which have a  rnlrlimurrl d i s t a n c e .  Then t h e  f low t o t a l  i s  
ass igned  t o  t h e s e  two p l a c e s ,  whereas t h e  f l ows  between remain ing 
p l a c e s  a r e  set equa l  t-o zero .  The srnali  amount of  i n f o rma t i on  
used i n  t h i s  approach appea rs  t o  be i n s u f f i c i e n t  t o  p rov ide  
reasonab le  r e s u l t s .  The cor lc lus ion may be  t h a t  en t ropy  a n a l y s e s  
a r e  less u s e f u l  t o  di.ssg<;ireqat.e i l l te.t: i-eyional f l ows  t o  i n t e r -  
l o c a l  f l ows .  

A more s a t i s f a c t o r y  rc !su : l t  car-., be ach ieved by app ly ing  
en t ropy  model ( 6 .  '1 ) , a I though t h e  app l . i ca t i on  o f  t h i s  model 
r e q u i r e s  more in format io r l ,  v i z .  (:.he marg ina l  t o t a l s  of an i n t e r -  
l o c a l  f low m a t r i x .  These inarg inal  .tot-al.s w e r e  e s t i m a t e d  f o r  
1971 on  t h e  b a s i s  of a number o f  known d a t a  and on t h e  b a s i s  o f  
d a t a  from 1966. These resu1t .s  showed a much h i g h e r  deg ree  o f  
d i s p e r s i o n  of t h e  i n t . e r l o c a l  fl.01j.s t.hrough t h e  m a t r i x ,  i n d i c a t -  
i n g  t h a t  indeed mere adequa te  r e s u l t s  a r e  ach ieved a s  more i n -  
fo rmat ion  i s  i n t r oduced .  

I n  app ly ing  model ( 6 . 1 ) ,  however, t h e  i n fo rma t i on  abou t  
i n t e r r e g i o n a l  flows W ~ C ,  rl(3i.t %zed.  The re fo re ,  t h e  g e n e r a l i z e d  
en t ropy  model ( 6 . 8 )  was c;l.'i.i.brated t o  i .nc lude bo th  t h e  d a t a  on 
marg ina l  t o t a l s  and on i n t e r r e g i o n a l  e f f e c t s .  These r e s u l t s  
appeared t o  be a l r e a d y  r a t h e r  s a t i s f a c t o r y .  

Next ,  t h e  f i n a l  s t e p  was under taken ,  i n  which t h e  p r i o r  
i n f o rma t i on  from model ( 5  1 )  was inc luded  i n  t h e  ex tended 
en t ropy  model ( 7 .4 )  . T h i s  model s a t i s f i e d  t h e  f o l l ow ing  t h r e e  
c o n d i t i o n s :  ( a )  an  exp lana to ry  i n ~ d e l  f o r  s p a t i a l  behav iour  a s  
p r i o r  i n f o rma t i on ;  ( b )  i n t e r r e g i o n a l  a d d i t i v i t y  c o n d i t i o n s  f o r  



s p a t i a l  f l o w s ;  ( c )  a d d i t i v i t y  c o n d i t i o n s  f o r  l o c a l  m a r g i n a l  
t o t a l s .  The r e s u l t s  o f  t h i s  model a r e  r e p r e s e n t e d  i n  T a b l e  
1. 

These r e s u l t s  a p p e a r  t o  be  v e r y  mean ing fu l .  The re  i s  a  
c o n s i d e r a b l e  d i s p e r s i o n  o f  f l o w s  t h r o u g h  t h e  t a b l e ,  t h e  employ- 
ment a t t r a c t i v e n e s s  p l a c e s  ( l i k e  Amsterdam) a r e  s i g n i f i c a n t ,  
and t y p i c a l  commuting p l a c e s  a r e  a l s o  s i g n i f i c a n t .  

The f i n a l  c o n c l u s i o n  is  t h a t  t h e  g e n e r a l i z e d  e n t r o p y  
app roach ,  deve loped  h e r e  a s  a  s y n t h e s i s  o f  a  b e h a v i o u r a l  model 
and an  ex tended  e n t r o p y  model ,  p r o v i d e s  u s e f u l  r e s u l t s .  I ts  
use  i n  a n a l y z i n g  s p a t i a l  d i s p e r s i o n  and m o b i l i t y  p a t t e r n s  i n  
t h e  f i e l d  o f  p r o d u c t i o n  and s e t t l e m e n t  sys tems  i s  wor thwh i l e .  



Appendix A 

The Method o f  Hooke and J e e v e s  

The d i r e c t  s e a r c h  method of  Hooke and J e e v e s  [ I9611 i s  a  
r e c u r s i v e  s o l u t i o n  t e c h n i q u e  f o r  f i n d i n g  t h e  extremum o f  a 
n o n l i n e a r  f u n c t i o n  w i t h o u t  boundary c o n d i t i o n s  (see a l s o  Kowalik 
and Osborne [ 1 9 6 8 1 ) .  Each s t a g e  o f  t h e  method i n c l u d e s  two 
k i n d s  o f  movements: an  e x p l o r a t i o n  and a  p a t t e r n .  The e x p l o r a -  
t i v e  movement s e r v e s  t o  d e t e c t  t h e  l o c a l  b e h a v i o u r  of  t h e  func -  
t i o n ,  whereas  on t h e  b a s i s  of t h i s  e x p l o r a t i o n  a  p a t t e r n  i s  
deve loped  t o  f i n d  i n  an  e f f i c i e n t  way t h e  extremum o f  t h e  
f u n c t i o n .  

Assume t h e  f o l l o w i n g  f u n c t i o n :  

(A.  1 

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

X I  = ( x l , .  . . , X I )  - (A .  2)  

The e x p l o r a t i o n  t o  f i n d  t h e  minimum o f  f  ( x )  - i n c l u d e s  t h e  
f o l l o w i n g  s t e p s :  

- t a k e  an  i n i t i a l  v a l u e  x  and c a l c u l a t e  o1 = f  ( x l ) .  
- 1  - 

- l e t  xl s h i f t  i n  one  o f  t h e  d i r e c t i o n s  - e l i  = ( 0 , .  . . , 0 , 1 ,  

0 , .  . . , 0 )  w i t h  a n  amount Axi (i = 1 , .  . . , I )  , and c a l c u l a t e  

t h e  change  i n  t h e  f u n c t i o n  v a l u e  d e n o t e d  as AU;. 

i - i f  no l  < 0 ,  u s e  - xT1 = ( x l ,  ..., x i  + Axi, ..., x I )  a s  a new 

s t a r t i n g  p o i n t ,  and c a r r y  o u t  t h e  same s t e p  f o r  a  change 
* 

I i n  t h e  ( l + l )  th  e lemen t  of x1 . 
i * *  1 - i f  Aul > 0 ,  u s e  xl = ( x l ,  ... , x i  - 2Axi, ..., x I )  as a new 

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

i s  p o s i t i v e ,  t h e  ith e lemen t  i s  abandoned,  and  t h e  ( i + l )  th  

e l e m e n t  i s  i n c r e a s e d  w i t h  a n  amount  AX^+^. O t h e r w i s e ,  

x;* w i l l  b e  used  as t h e  new s t a r t i n g  p o i n t ,  and  t h e  ( i + l )  t h  
- * * 
e l e m e n t  o f  xl w i l l  be  i n c r e a s e d  w i t h  a n  amount  AX^+^. 



When i n  a l l  I d i r e c t i o n s ,  a s  w e l l  a s  i n  i n t e r m e d i a t e  d i r -  
e c t i o n s ,  t h e s e  e x p l o r a t i v e  movements a r e  c a r r i e d  o u t ,  a  new 
i n i t i a l  v a l u e  x2 i s  ob ta ined .  Th i s  new b a s i c  p 0 i n t . 5 ~  i s  now 
used t o g e t h e r  w i t h  t h e  f i r s t  p o i n t  xl t o  de te rm ine  a  p a t t e r n .  
The p a t t e r n  movement i s  determined a s  f o l l ows :  

where Axl2 i s  de f i ned  a s :  

(A. 4 )  

0 
On t h e  b a s i s  of  t h e  new p a t t e r n  p o i n t  x  t h e  f o rego ing  s t e p s  

w i l l  be repea ted .  I f  t hen  a  lower va lue  of-w i s  found,  t h e  
co r respond ing  v a l u e  of  x w i l l  be cons idered  a s  a  new i n i t i a l  
p o i n t  f o r  t h e  e x p l o r a t i v e  movement. I n  t h e  r e v e r s e  c a s e ,  t h e  
second p o i n t  s2 w i l l  be used a s  t h e  s t a r t i n g  p o i n t  f o r  a  f u r -  
t h e r  e x p l o r a t i o n .  

I f  from a  c e r t a i n  p o i n t  onwards t h e  e x p l o r a t i v e  movements 
do n o t  r e s u l t  i n  a  lower v a l u e  o f  f ( x ) ,  t h e  s t e p  l e n g t h s  w i l l  
be reduced and t h e  p rocedure  w i l l  be-repeated. A convergence 
w i l l  occu r ,  i f  t h e s e  s t e p  l e n g t h s  a r e  u l t i m a t e l y  s m a l l e r  t han  
a  c e r t a i n  & - l i m i t .  

The method of  Hooke and Jeeves  i s  r a t h e r  e a s i l y  a p p l i c a b l e  
f o r  convex f u n c t i o n s .  I n  t h e  c a s e  of  non-convexi ty ,  problems of 
l o c a l  opt ima do  a r i s e .  The advantage o f  t h i s  method i s  t h a t ,  
owing t o  t h e  p o s s i b i l i t y  o f  va ry i ng  t h e  s t e p  l e n g t h s ,  i n s i g h t  
may be ob ta i ned  i n t o  t h e  e x i s t e n c e  o f  l o c a l  op t ima.  These 
problems,  however, d i d  n o t  occur  i n  t h e  p r e s e n t  c a s e  o f  d e t e r -  
mining t h e  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 .  

F i n a l l y ,  it shou ld  be noted t h a t  t h e  method of Hooke and 
Jeeves  can  be cons ide red  a s  a  p a r t i c u l a r  c a s e  o f  t h e  s o l u t i o n  
techn ique  of  Rosenbrock [ 19601 (see a l s o  Walsh [ 19661 ) . The 
l a t t e r  procedure  a t t e m p t s  t o  f i n d  a  minimum f u n c t i o n  va lue  i n  
I mutua l l y  independent  d i r e c t i o n s  from an i n i t i a l  p o i n t  by 
means of a  Gram-Schmidt o r t h o g o n a l i z a t i o n  method. 



Appendix  B  

The Lag range  f u n c t i o n  L  a s s o c i a t e d  w i t h  ( 6 . 5 )  i s :  

~ = w +  1 'rs r s  - i$r jSLsVi j ) + B ( T - ~  1 v  i j d i j  ) (13.1) 
r s r s r j s  r s  r s  

The f i r s t - o r d e r  c o n d i t i o n s  f o r  a maximum a r e :  

o r :  

v  = e x p  ( -  
i r j  A r s  - 6di 

) 
r s 

o r :  

where  Crs i s  d e f i n e d  a s :  

I t  is  e a s i l y  s e e n  t h a t  t h i s  d e r i v a t i o n  shows t h e  v a l i d i t y  o f  
( 6 . 6 )  and  ( 6 . 7 ) .  

The L a g r a n g e  f u n c t i o n  a s s o c i a t e d  w i t h  ( 6 . 8 )  i s :  

- v  ) + B ( T - 1  I V  
+ r 1 s I 'rs (Vrs iLr r j s ES i r j s i i r j  sdirj 1 

r j s  

(B. 2 )  

(B. 3 :  

(B. 5 

The f i r s t - o r d e r  c o n d i t i o n s  f o r  a  maximum e n t r o p y  are: 



or: 

or: 

where: 

( B .  1 0 )  

( B .  1 1  ) 

(B .  1 2 )  

By making use of the three types of additivity conditions 
it can easily be derived that: 

( B .  1 4 )  



A p p e n d i x  C 

L a b o u r  R e g i o n s  a n d  P l a c e s  i n  t h e  S o u t h e r n  P a r t  of N o r t h - H o l l a n d  

L a b o u r  r e g i o n  I J m o n d  L a b o u r  reg ion  P u r m e r e n d  

1 .  B e v e r w i j k  
2 .  C a s t r i c u m  
3 .  H e e m s k e r k  
4 .  U i t g e e s t  
5 .  V e l s e n  

L a b o u r  reaion H a a r l e m  

6 .  B e n n e b r o e k  
7 .  B l o e m e n d a a l  
8 .  H a a r l e m  
9 .  H a a r l e r n m e r l i e d e  e n  

1 0 .  H e e m s t e d e  
1 1 .  Z a n d v o o r t  

L a b o u r  reg ion  Z a a n d a m  

1 2 .  A s s e n d e l f t  
1 3 .  J i s p  
1 4 .  K o o g  a/d Z a a n  
1 5 .  K r o m r n e n i e  
1 6 .  O o s t z a a n  
1 7 .  W e s t z a a n  
1 8 .  W o r m e r  
1 9 .  W o r m e r v e e r  
2 0 .  Z a a n d a m  
2 1 .  Z a a n d i j k  

L a b o u r  r e g i o n  H o o f d d o r p  

2 2 .  A a l s m e e r  
2 3 .  H a a r l e m m e r m e e r  
2 4 .  U i t h o o r n  

B e e m s t e r  
B r o e k  i n  Waterland 
E d a m  
G r a f t  de R i j p  
I l p e n d a m  
K a t w o u d e  
b l a r k e n  
M o n n i c k e n d a m  
P u r m e r e n d  
W i  jde W o r m e r  
Z e e v a n g  

S p a a r n w o u d e  
L a b o u r  reg ion  h e t  G o o i  

4 1 .  B l a r i c u r n  
4 2 .  B u s s u m  
4 3 .  I s - G r a v e l a n d  
4 4 .  H i l v e r s u m  
4 5 .  H u i z e n  
4 6 .  L a r e n  
4 7 .  N a a r d e n  

L a b o u r  r e a i o n  Wees~ 

4 8 .  M u i d e n  
4 9 .  N e d e r h o r s t  d e n  B e r g  
5 0 .  Weesp 

L a b o u r  reg ion A m s t e r d a m  

2 5 .  A m s t e l v e e n  
2 6 .  A m s t e r d a m  
2 7 .  D i e m e n  
2 8 .  L a n d s m e e r  
2 9 .  O u d e r - A m s t e l  



I"lap 1. Tlic . 5 u ~ ~ t h e r n  p a r t  n f  Nort.1)-tlollarid 

A IJmond 

tl iiaarlem 

C Zaandam 

Hoofddorp 

E Amsterdam 

F Purmerend 

G h e t  Gooi 

H Weesp 



T a b l e  1A: C o m m u t i n g  P a t t e r n  A c c o r d i n q  t o  B e h d v l o u r a l  E n t r o p y  ?I:-dcl 

9 1 3 C  
2 0 1 0  
2 1 2 0  
0 0 0 0  

3 0 2 8 1  
0 0 1 0  
0 1 2 0  
3  13  58 8  
0 0 0 0  
0 1 4 0  
0 1 2 0  
0 0 1 0  
0 0 0 0  
1 0 0 0  
2 0 1 0  
0 0 0 0  
0  0  0  0  
1 0 1 0  
3 0 1 0  

28 3  9 2  
0 0 0 0  
0 0 2 4 4  
4  46 0  22 
0  10 15  0  
2  40 80  17 

170 626 2160 700 
0 3 5 1  
0 2 3 0  
0 4 6 1  
0 0 0 0  
0  0  0  0  
0 0 0 0  
0 0 0 0  
0  0  0  0  
0 0 0 0  
0  0  0  0  
0 0 0 0  
0  0  0  0  
0 0 0 0  
0  0  0  0 
0 0 0 0  
O O C O  
0  0  0  0  
1 1 2 1  
0 0 0 0  
0  0  0  0  
0 0 0 0  
0  0  0  0  
0 0 0 0  
0 1 1 0  
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