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1. The M o d e l l i n g  o f  P o o r l y  Unders tood  Sys tems 

The a im o f  t h i s  p a p e r  i s  t o  h i g h l i g h t  some o f  t h e  

d i f f i c u l t i e s  i n  t h e  dynamica l  m o d e l l i n g  of p o o r l y  under -  

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

f u n d a m e n t a l  r e s e a r c h  on t h e  s t r u c t u r e  and  work ings  o f  t h e  

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

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

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

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

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

s y s t e m s .  La rge  s c a l e  o p t i m i s a t i o n  and s i m u l a t i o n  methods 

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

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

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

a  s t r u c t u r e d  l e a r n i n g  p r o c e s s .  Research  i n t o  p l a n n i n g  

methodology r e q u i r e s  a  d i a l o g u e  between h y p o t h e s i s  and d a t a ,  

and be tween  t h e o r y  and  p r a c t i c e  t h a t  can  o n l y  b e  a c h i e v e d  

i n  an i t e r a t i v e  ongo ing  p r o c e s s .  

T h i s  c y c l i c a l  l e a r n i n g  p r o c e s s  h a s  b e e n  w e l l  documented 

i n  t h e  deve lopment  and  a p p l i c a t i o n  of  s i m p l e  c o m p a r a t i v e -  

s t a t i c  l a n d  u s e  models  i n  t h e  U . K .  (Massey a n d  Cordey-Hayes 

[19], B a r r a s  [l], Broadben t  [ 6 ] ) .  Such a  v iew h a s  a l s o  b e e n  

p u t  f o r w a r d  by  Boyce [3, 4 1 ,  Brewer [5], a n d  i n d i r e c t l y  and  

i n  much more p o l e m i c a l  form by Lee [17]. I n  t h e  c u r r e n t  

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



m i s a t i o n ) ,  much of  t h i s  e a r l i e r  expe r i ence  i s  b e i n g  i gno red .  

But t h i s  paper  w i l l  go no f u r t h e r  i n t o  t h i s  deba te ;  h e r e  

t h e  aim i s  s imply  t o  emphasise how impor tan t  i t  i s  t h a t  

dynamical  model l ing be i n t e g r a t e d  w i t h  a  s e r i o u s  programme 

o f  exper imenta l  r e s e a r c h  devoted t o  t h e  fo rma l  unders tand ing  

of  urban p rocesses .  

A framework which i s  u s e f u l  i n  t h i s  r e s p e c t  i s  o u t l i n e d  

below. The approach i s  d e r i v e d  from dynamical  systems t h e o r y ,  

which i t s e l f  i s  h i s t o r i c a l l y  a  d i r e c t  outgrowth of  t h e  

Lagrangian v iewpoint  of c l a s s i c a l  mechanics ( s e e  f o r  

example, Rosen [ 24 ] ) .  It can be used a s  a  dynamic o p t i m i s i n g  

approach,  o r  adapted a s  a  h e u r i s t i c  o r  s i m u l a t i o n  method. 

However, i n  urban systems i t  i s  p robab ly  more u s e f u l  s imply  

a s  a  g e n e r a l  s t r u c t u r i n g  framework f o r  t h e  exper imenta l  

a n a l y s i s  o f  growth and change. 

It i s  worth n o t i n g  t h a t  t h i s  approach i s  de r i ved  from 

a  s t a t e  space  approach t o  dynamical  systems t h e o r y  i n  

p re fe rence  t o  t h e  c l a s s i c a l  t r ans fo rm f u n c t i o n  methods. 

The l a t t e r  a r e  based on a  Laplace t r ans fo rm o f  a  l i n e a r  

i npu t -ou tpu t  d i f f e r e n t i a l  equa t i on ,  and t h u s  g i ve  a  h igh  

l e v e l  of a b s t r a c t i o n  t h a t  i s  s u i t a b l e  f o r  c o n t r o l  problems 

i n  e n g i n e e r i n g ,  b u t  i s  r a t h e r  opaque t o  t h e  mechanisms and 

behav iou ra l  changes t h a t  occur  w i t h i n  t h e  system. I n  urban 

and r e g i o n a l  p l ann ing  t h e  e x p l i c i t  manner i n  which t h e  

system changes and t h e  i n t e r m e d i a t e  s t a t e s  th rough which 

i t  passes  a r e  o f  v i t a l  impor tance.  An approach which i s  



based  on s t a t e  v a r i a b l e s  and d i r e c t  r a t e s  o f  change i s  

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

p r o c e s s e s  of  change,  and t h i s  makes i t  a  much more u s e f u l  

c o n c e p t u a l  framework f o r  p o l i c y  o r i e n t e d  dynamic a n a l y s e s  

o f  u rban  sys tems.  

The dynamica l  s t udy  o f  any sys tem h a s  two b a s i c  a s p e c t s :  

f i r s t l y ,  i t  must b e  dec ided  what c o n s t i t u t e s  an i n s t a n t a n e o u s  

d e s c r i p t i o n  o f  t h e  sys tem o f  i n t e r e s t ;  and second l y ,  t h e  

mechanisms t h a t  t r a n s l a t e  t h i s  i n f o r m a t i o n  from one p o i n t  

i n  t ime  t o  a n o t h e r  must b e  unde rs tood  and exp ressed  i n  

f o rma l  t e rms .  An o r d e r e d  n - t up le  o f  numbers ( x l ,  x2,  . . . , xn)  

a r i s i n g  from a  f i n i t e  s e t  o f  measurements r e p r e s e n t s  a  p o s s i b l e  

i n s t a n t a n e o u s  s t a t e  o f  t h e  sys tem o f  i n t e r e s t  and t h i s  no ta -  

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

But now t h e  manner i n  which t h i s  sys tem changes o v e r  t ime  

must b e  s p e c i f i e d ,  and t h i s  i s  much more d i f f i c u l t .  Sometimes 

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

o f  t h e  f u n c t i o n a l  dependenc ies  t h a t  e x p r e s s  t h e  r a t e s  o f  change. 

For  example,  t h e  r a t e  a t  which a p a r t i c u l a r  s t a t e  v a r i a b l e  

x i ( t )  i s  chang ing  a t  t ime  t may depend o n l y  on t h e  e x i s t i n g  

s t a t e  ( x l ( t ) , x 2 ( t )  ,. . . , x n ( t ) ) ,  i . e .  

i = l , . .  . , n .  

Thus i n  t h i s  c a s e  t h e  dynamics o f  t h e  sys tem a r e  de te rmined  

by s p e c i f y i n g  t h e  i n s t a n t a n e o u s  d e s c r i p t i o n  ( x l ,  ..., xn)  and 



t h e  f u n c t i o n s  f l ,  . . . , f n .  It i s  very  r a r e  t h a t  we a r e  a b l e  

t o  s p e c i f y  t h e s e  f u n c t i o n a l  dependencies adequate ly  f o r  u rban 

sys tems,  and i t  i s  cons idered  h e r e  t h a t  t h e  expe r imen ta l  

deduc t ion  o f  t h e s e  f u n c t i o n s  i s  t h e  fundamenta l  long  te rm 

problem i n  t h e  a n a l y s i s  o f  growth and change. The f u n c t i o n s  

a r e  e s s e n t i a l l y  an exp ress ion  of t h e  exogenous " f o r ces "  t h a t  

a r e  a c t i n g  upon the  system and which a r e  r e s p o n s i b l e  f o r  i t s  

dynamical  behav iour .  The problem o f  i n t e r e s t  i s  how t o  

s t r u c t u r e  expe r imen ta l  a n a l y s i s  i n  o r d e r  t o  deduce t h e s e  

f u n c t i o n a l  dependencies.  

I f  t h e  f u n c t i o n s  f i  were known, t hen  i n  p r i n c i p l e ,  i t  

would be p o s s i b l e  t o  c o n s i d e r  how t h e  i n p u t s  t o  t he  sys tem 

cou ld  be chosen such t h a t  t h e  t r a j e c t o r y  t o  some pre-ass igned 

s t a t e  i s  made i n  a  " b e s t  p o s s i b l e "  way.' But we r e s t a t e  

t h a t  f o r  urban systems t h e s e  f u n c t i o n a l  dependencies a r e  

most ly  unknown, and t h e r e f o r e  an impor tan t  problem i s  how t o  

s t r u c t u r e  ana l yses  i n  o r d e r  t o  deduce t h e s e  f u n c t i o n s  w h i l s t  

c o n c u r r e n t l y  add ress ing  p o l i c y  q u e s t i o n s .  The nex t  two 

s e c t i o n s  o u t l i n e  our  a t t e m p t s  t o  do t h i s  i n  a  dynamical  

s tudy  of i n te r -u rban  m ig ra t i on .  

' ~ h i s  l e a d s  t o  v a r i a t i o n a l  p r i n c i p l e s  and "op t ima l  
c o n t r o l s .  " See, f o r  example, McFarlane 1201 ; Pae l i nck  [ 22 ]  
has  used a s i m i l a r  approach i n  t h e  a n a l y s i s  of  urban 
sys tems.  



2 .  A Framework f o r  t h e  Ana lys is  o f  M ig ra t ion  

Migra t ion  is  taken  a s  t h e  focus  o f  t h e  paper  p a r t l y  

because i t  i s  t h e  most v o l a t i l e  component o f  popu la t i on  

change, b u t  a l s o  because i t  p rov ides  t h e  l i nch -p in  i n t e r -  

a c t i o n  between t h e  demographic and employment growth s e c t o r s .  

I n  many urban growth models i t  i s  assumed t h a t  semi- inde- 

pendent  s.ubmodels of popu la t i on  and employment growth can be  

c o n s t r u c t e d  w i t h  m ig ra t i on  p r o v i d i n g  t h e  e q u i l i b r a t i n g  

mechanism between t h e s e  supp l y  and demand submodels 

(Hami l ton e t  a l .  [l3], F o r r e s t e r  [ lo], Kadanoff 1151 ) .  

S e c t i o n  3  q u e s t i o n s  t h e  v a l i d i t y  o f  t h i s  t r a d i t i o n a l  t heo ry  

o f  m ig ra t i on  and develops a  more dynamic concep tua l  s t r u c t u r e .  

Th is  s e c t i o n  summarises s e v e r a l  e a r l i e r  papers  (Cordey-Hayes 

[7, 8 1  3 c ordey-Hayes and Gleave [g] , Gleave and Cordey-Hayes 

1121) and i n t e g r a t e s  t h e s e  w i t h  more r e c e n t  r e s e a r c h .  

The sys tem cons ide red  h e r e  f o r  m ig ra t i on  a n a l y s i s  i s  

concep tua l l y  a  r e l a t i v e l y  s imp le  one. We a r e  i n t e r e s t e d  i n  

t h e  r a t e s  o f  change o f  popu la t i on  o f  a  s e t  o f  c i t y  r e g i o n s  

i n  te rms o f  t h e  p r o b a b i l i t y  o f  t r a n s i t i o n s  ( m i g r a t i o n )  

between t h e  c i t y  r eg ions .  Thus l e t  xi denote  t h e  popu la t i on  

o f  c i t y  r e g i o n  i and - dxi i t s  r a t e  o f  change over  t ime due t o  
d t  ~ ~ 

mig ra t i on .  Denote t h e  p r o b a b i l i t y  p e r  u n i t  t ime o f  a 

t r a n s i t i o n  from ca tego ry  i t o  j as a i j .  S i m i l a r l y ,  x  i s  
j 

t h e  occupa t i on  number o f  j and a  i s  t h e  t r a n s i t i o n  j i 

c o e f f i c i e n t  which r e p r e s e n t s  t h e  p r o b a b i l i t y  a  j t o  i 



t r a n s i t i o n  i n  u n i t  t ime .  The r a t e  o f  change o f  t h e  occu- 

p a t i o n  number o f  ca tegory  i i s  t h u s  s imply  r e l a t e d  t o  t h e  

d i f f e r e n c e  betwee'n t h e  inward and outward f lows f o r  t h a t  

ca tego ry .  

Rosen [24] d e s c r i b e s  how t h e  s o l u t i o n s  of t h i s  s e t  o f  

e q u a t i o n s  have t h e  g e n e r a l  form 

where t h e  second e x p o n e n t i a l  r e p r e s e n t s  an undamped 

o s c i l l a t o r y  f u n c t i o n  (u i  and vi a r e  r e l a t e d  t o  t h e  t r a n s i t i o n  

parameters  a i j ;  t hey  a r e  t h e  e igenva lues  of  t h e  a i j  m a t r i x ) .  

The t ime v a r i a t i o n  o f  t h e  popu la t i on  o f  a  c i t y  r eg ion  

( x i )  can t h u s  e x h i b i t  a  v a r i e t y  o f  behav iours  depending on 

t h e  s i g n  of ui and i t s  magnitude r e l a t i v e  t o  vi. I f  ui i s  

p o s i t i v e  and much l a r g e r  t h a n  vi ,  t hen  xi i n c r e a s e s  a lmost  

e x p o n e n t i a l l y  w i th  t ime;  when ui i s  n e g a t i v e  and l a r g e r  

t han  vi, t h e  xi dec reases  e x p o n e n t i a l l y ,  and when ui i s  

sma l l  b h t  vi i s  l a r g e ,  t hen  xi e x h i b i t s  damped o s c i l l a t i o n s .  

Thus a  v a r i e t y  o f  t r a j e c t o r i e s  a r e  p o s s i b l e  and t h e  e x p l i c i t  

p r o p e r t i e s  o f  t h e  dynamical  system a r e  determined by t h e  

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

upon t h e  system. Given a  s p e c i f i c  f u n c t i o n a l  form f o r  ( a i j ) ,  

t hen  i t  i s  p o s s i b l e  t o  o b t a i n  a  p a r t i c u l a r  s o l u t i o n  of t h e  



b a s i c  equa t i ons  ( 2 )  above, which would t h e n ,  f o r  example, 

a n a l y t i c a l l y  d e s c r i b e  t h e  popu la t i on  changes due t o  m ig ra t i on  

w i t h i n  a  system of i n t e r a c t i n g  c i t y  r eg ions .  

Th is  a n a l y t i c a l  approach t o  urban growth and change 

p rocesses  sugges ts  t h a t  a  u s e f u l  s t r a t e g y  f o r  s t r u c t u r i n g  

expe r imen ta l  work ( i n  t h i s  case  f o r  m i g r a t i o n  a n a l y s i s )  i s : 2  

i )  To c o n s t r u c t  an account ing  ma t r i x  compr is ing .  

t r a n s i t i o n  p r o b a b i l i t i e s  from o b s e r v a t i o n s  of  

p a s t  behav iour .  Th is  p rov ides  a  d e s c r i p t i o n  

of  t h e  m ig ra t i on  p rocess  through t ime i n  a  

u s e f u l  summary form, b u t  t h i s  must be fo l lowed by: 

i i) An i n t e r p r e t a t i o n  of t h e s e  parameters  i n  terms 

o f  hypo thes i sed  c a u s a l  r e l a t i o n s h i p s  which 

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

i i i )  These t e s t e d  hypotheses  f o r  t h e  p a r t i c u l a r  form 

of a i j  cou ld  t h e n  g i v e  s p e c i f i c  s o l u t i o n s  t o  

equa t i ons  ( 2 )  which would t hen ,  i n  p r i n c i p l e ,  

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

ove r  t ime,  o r  a t  l e a s t  t h e  "behaviour  modes" 

(approx imate t ime p a t h )  o f  t h a t  system of c i t y  

r e g i o n s .  It shou ld  a l s o  beg in  t o  p rov ide  t h e  

unde rs tand ing  necessa ry  f o r  t h e  implementat ion 

of p o l i c i e s  aimed a t  s t e e r i n g  t h e  system of  

c i t y  r eg ions  t o  some p lanned n a t i o n a l  s e t t l e m e n t  

p a t t e r n .  

2 ~ h e  f i r s t  two s t e p s  a r e  s i m i l a r  t o  t h e  s t r a t e g y  desc r i bed  
by G insberg  Ell] i n  h i s  work on a  Semi-Markov approach t o  
m ig ra t i on  a n a l y s i s .  



Thus i n i t i a l l y  ou r  aim i s  t o  i n t e r p r e t  t h e  a  f o r  
i j  

c i t y  reg ions  i n  te rms of  t h e  c h a r a c t e r i s t i c s  of  i and j .  

Cons iderab le  s i m p l i f i c a t i o n  of  t h e  s o l u t i o n  p rocedure  of  

equa t i ons  ( 2 )  i s  p o s s i b l e  i f  t h e  a i j  a r e  decomposed i n t o  

two components, which have been c a l l e d  i n  e a r l i e r  papers  

an "escape p r o b a b i l i t y  p e r  u n i t  t ime1' ( E ~ )  , e q u i v a l e n t l y  

an  escape f requency ,  and a  " cap tu re  c ross -sec t i on "  ( u j ) .  

Th i s  s i m p l i f i c a t i o n  s e p a r a t e s  t h e  m ig ra t i on  i n t e r a c t i o n  

i n t o  dynamic "mover pool"  and " d i f f e r e n t i a l  a t t r a c t i o n "  

components. For  example, from conven t i ona l  s p a t i a l  i n t e r -  

a c t i o n  theory  i t  i s  hypothes ised  t h a t  t h e  " d i f f e r e n t i a l  

a t t r a c t i o n "  depends not  on ly  upon t h e  i n t r i n s i c  a t t r i b u t e s  

of  ci-t;y r e g i o n  j a s  pe rce i ved  from i ,  b u t  a l s o  upon t h e  

competing a t t r a c t i o n s  from a l l  o t h e r  p o s s i b l e  d e s t i n a t i o n s  j .  

That i s ,  t h e  p r o b a b i l i t y  of a  migrant  from i s e l e c t i n g  a  

d e s t i n a t i o n  j  from a  competing s e t  of c i t y  r e g i o n s  i s  

where q r e p r e s e n t s  some " i n t r i n s i c  a t t r a c t i v e n e s s "  of  c i t y  
j  

r e g i o n  j f o r  p o t e n t i a l  m ig ran ts ;  t h e  popu la t i on  ( P . )  and t h e  
J 

f u n c t i o n  f ( c i j )  weight t h i s  i n t r i n s i c  a t t r a c t i o n  i n  r e l a t i o n  

t o  i t s  s i z e  and d i s t a n c e  from t h e  o r i g i n  r e g i o n  i .  Hence, 

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

t o  c i t y  r e g i o n  j i n  u n i t  t ime becomes 



E x p e r i m e n t a l  r e s u l t s  b a s e d  on an a n a l y s i s  o f  20 c i t y  

r e g i o n s  i n  t h e  Un i ted  Kingdom do s u g g e s t  t h a t  t h e r e  e x i s t s  

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

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

t h a t  t h e r e  e x i s t s  a  s t r o n g  feedback  r e l a t i o n s h i p  between q 
j 

and  E~ t h a t  domina tes  t h e  p r o p e r t i e s  o f  t h e  mover p o o l .  I t  

i s  t h i s  l a t t e r  f a c t  t h a t  may have c a u s e d  d i f f i c u l t y  and  

anomalous r ' e s u l t s  i n  many m i g r a t i o n  a n a l y s e s .  

The n e x t  s e c t i o n  c o n s i d e r s  t h e  s t r u c t u r e  o f  t h i s  feedback  

mechanism i n  t h e  c o n t e x t  o f  a  s i m u l a t i o n  model b a s e d  upon t h e  

e x p e r i m e n t a l  a n a l y s i - s  ment ioned above .  It does s o  by  compar ing 

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

t o  m i g r a t i o n  and r e p o r t s  t h e  p r o g r e s s  t o  d a t e  on a  t h e o r e t i c a l  

i n t e r p r e t a t i o n  o f  ci and  q i n  te rms  of  t h e  chang ing  c h a r a c -  
j 

t e r i s t i c s  o f  t h e  20 c i t y  r e g i o n s .  

3.  R i v a l  Hypotheses on t h e  R e l a t i o n s h i p  between t h e  

D i r e c t i o n a l  Components o f  M i g r a t i o n  

Tne t r a d i t i o n a l  economic approach  t o  m i g r a t i o n  i s  

summarised i n  t h e  f o l l o w i n g  f l ow d iagram.  



F I G U R E  1 

LABOUR 

S U R P L U S  

T H E  CHAIN OF CAUSALITY I M P L I E D  IN T H E  E C O N O M I C  THEORY 

OF M I G R A T I O N .  

The theo ry  i s  e s s e n t i a l l y  based on a  "push-pu l l "  

phenomenon t h a t  seems i n t u i t i v e l y  s e n s i b l e  : mig ra t i on  i s  

mot iva ted  by poor  employment cor ld i t ions  ( low wages, h igh  

unemployment) and migran ts  a r e  d i f f e r e n t i a l l y  a t t r a c t e d  t o  

a r e a s  w i th  h igh  wages and low unemployment. Such a  p rocess  

i s  s e l f - e q u i l i b r a t i n g  s i n c e  ou t -migra t ion  reduces  t h e  l abou r  

s u r p l u s  and in -migra t ion  reduces  t h e  l a b o u r  s h o r t a g e .  A s  

ment ioned above, t h i s  e q u i l i b r a t i n g  mechanism between t h e  

supp ly  and demand f o r  l abou r  has  been used t o  l i n k  t h e  

employment and demographic s e c t o r s  o f  a  number o f  r e g i o n a l  

models ( f o r  example, Hamil ton [13], F o r r e s t e r  [ lo], 

Kadanoff [15]) .  The b a s i c  hypotheses  t h a t  u n d e r l i e  t h e  

above push- p u l l  t heo ry  a r e  t h a t  in -migra t ion  i s  d i r e c t l y  

r e l a t e d  t o  t h e  economic a t t r a c t i v e n e s s  o f  an a r e a ,  and t h a t  

ou t -migra t ion  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  in -migra t ion .  

4 1 I 
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A g r e a t  d e a l  o f  r e s e a r c h  was c a r r i e d  o u t  on  m i g r a t i o n  i n  

t h e  1 9 6 0 ' s .  The g e n e r a l  c o n c l u s i o n  was t h a t  i n - m i g r a t i o n  

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

t i v e n e s s ,  b u t  s e v e r a l  r e s e a r c h e r s ,  i n  p a r t i c u l a r  Lowry [18] 

a n d  L a n s i n g  a n d  M u e l l e r  [16], c o n c l u d e  t h a t  p e r  c a p i t a  g r o s s  

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

o f  t h e  g e n e r a t i n g  r e g i o n .  T h i s  means t h e  p e r  c a p i t a  r a t e s  

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

o f  t h e i r  economic  c h a r a c t e r ,  a n d  t h e r e f o r e  o u t - m i g r a t i o n  

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

Thus,  t h e r e  a r e  two r i v a l  h y p o t h e s e s  on t h e  r e l a t i o n s h i p  

b e t w e e n  t h e  d i r e c t i o n a l  components  o f  m i g r a t i o n .  T h e s e  a r e :  

( i )  t h e  s t a n d a r d  economic  h y p o t . h e s i s  t h a t  i n -  a n d  o u t -  

m i g r a t i o n  a r e  i n v e r s e l y  r e l a t e d ;  and ( i i ) t h e  e m p i r i c a l l y  

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

economic  c h a r a c t e r i s t i c s  o f  t h e  a r e a  (and  i s  t h e r e f o r e  un- 

r e l a t e d  t o  i n - m i g r a t i o n  wh ich  i s  d e p e n d e n t  on a r e a l  c h a r a c -  

t e r i s t i c s ) .  Cordey-Hayes a n d  G leave  [g] h a v e  t e s t e d  t h e s e  

h y p o t h e s e s  by  r e f e r e n c e  t o  c i t y - r e g i o n  d a t a  f o r  E n g l a n d  

a n d  Wa les ,  a n d  f o u n d  t h a t  n e i t h e r  h y p o t h e s i s  was c o r r e c t .  

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

r a t e s  o f  i n - m i g r a t i o n  a n d  o u t - m i g r a t i o n  was o b s e r v e d .  T h a t  

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

t h e  h i g h e s t  p e r  c a p i t a  o u t - m i g r a t i o n  r a t e s .  D e c l i n i n g  r e g i o n s  

were  o b s e r v e d  t o  h a v e  t h e  l o w e s t  p e r  c a p i t a  r a t e s  o f  o u t -  

m i g r a t i o n  a n d  m in ima l  i n - m i g r a t i o n .  D e c l i n e  s h o u l d  t h e r e f o r e  



be a s s o c i a t e d  w i t h  a  l ack  of compensat ing f low of i n -  

m ig ran ts ,  r a t h e r  t han  w i t h  h igh  ou t -migra t ion .  S i m i l a r  

r e s u l t s  had been ob ta ined  by M i l l e r  [21] and Stone [25]. 

Th is  d i r e c t  r e l a t i o n s h i p  between t h e  d i r e c t i o n a l  

components of  m ig ra t i on  was exp la ined  by a  dynamic mechanism 

which a s s o c i a t e d  r e g i o n a l  ou t -migra t ion  w i t h  in -migran ts  

from a  p rev ious  t ime  p e r i o d .  That i s ,  an i n t r i n s i c  a t t r a c -  

t i v e n e s s  concept  was used t o  e x p l a i n  t h e  d i f f e r e n t i a l  

a t t r a c t i o n  o f  m ig ran ts  t o  s p e c i f i c  d e s t i n a t i o n s ,  bu t  t hen  

a  p o s i t i v e  feedback mechanism was i n t roduced  such t h a t  r e c e n t  

m ig ran ts  t o  an a r e a  were more l i k e l y  t o  move on aga in  t han  

were t h e  remainder  o f  t h e  r e s i d e n t  popu la t i on ,  who had 

e s t a b l i s h e d  a  s t r o n g  network o f  s o c i a l  and economic t i e s  i n  

t h e  a r e a .  Th i s  feedback ,  based on a  s e l e c t i v e  c o n c e n t r a t i o n  

of mobi le popu la t i on ,  s a t i s f a c t o r i l y  exp la ined  t h e  mechanism 

t h a t  r e l a t e s  t h e  d i r e c t i o n a l  component o f  m ig ra t i on ,  bu t  

what i s  miss ing  i s  an assoc ia t ' ed  t heo ry  of  l a b o u r  m o b i l i t y .  

Cur ren t l y ,  a  t heo ry  which looks  a t  i n te r -u rban  m ig ra t i on  a s  

an e x t e n s i o n ' o f  t h e  l o c a l  l a b o u r  market i s  b e i n g  developed 

and t e s t e d  (Renahaw [23], Gleave and Cordey-Hayes 1121 ) . 
Th is  t heo ry  i s  o u t l i n e d  i n  t h e  f low diagram below. 

Here t h e  p r o b a b i l i t y  o f  ou t -migra t ion  i s  hypo thes i sed  

t o  depend on l o c a l  employment c o n d i t i o n s ,  t h e  d i f f e r e n t i a l  

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

knowledge/ in format ion of  t h e  o p p o r t u n i t i e s  o u t s i d e  t h e i r  

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

marke t  i n  wh ich t h e r e  a r e  many job v a c a n c i e s  and low 

unemployment w i l l  g e n e r a l l y  have  a  r a p i d  v o l u n t a r y  t u r n -  

o v e r  o f  j o b s .  T h i s  i s  b e c a u s e  employees h a v e  a  r i s k - f r e e  

o p p o r t u n i t y  t o  change t h e i r  j o b s  i n  a n  a t t e m p t  t o  match 

t h e i r  d i f f e r e n t i a l  s k i l l s  a n d  t a s t e s  t o  a  d i f f e r e n t i a t e d  

j o b  marke t .  T h i s  m a t c h i n g  o f  a b i l i t i e s  and  t a s t e s  t o  j o b s  

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

movers a r e  a c q u i r i n g  new s k i l l s  and g a i n i n g  i n f o r m a t i o n  n o t  

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

one .  T h a t  i s ,  c o n d i t i o n s  t h a t  f a v o u r  l o c a l  l a b o u r  marke t  

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

and  g i v e  a  b e t t e r  knowledge o f  s p a t i a l l y  more e x t e n s i v e  

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

i n t e r - u r b a n  m i g r a t i o n ,  a s  i n d i c a t e d  by t h e  p o s i t i v e  feedback  

a r r o w s  i n  t h e  f l ow  d iag ram.  High numbers o f  job  v a c a n c i e s  

a l s o  a t t r a c t  m i g r a n t s  f rom o t h e r  r e g i o n s  and t h e r e f o r e  growth 

r e g i o n s  w i l l  b e  c h a r a c t e r i s e d  by h i g h  i n - m i g r a t i o n  and  h i g h  

ou t -m ig ra . t i on .  C o n v e r s e l y ,  low v a c a n c i e s  a n d  h i g h  unemploy- 

ment l e a d  t o  a  s t a t i c  l o c a l  l a b o u r  market  w i t h  few p e o p l e  

c h a n g i n g  j o b s .  The t i g h t n e s s  o f  t h e  l a b o u r  m a r k e t  p r o d u c e s  

C a u t i o n ,  o v e r - s p e c i a l i s a t i o n ,  and  p o s s i b l y  low p r o d u c t i v i t y .  

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

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

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

m i g r a t i o n .  



These arguments a r e  p resen ted  h e r e 3  s imply  t o  r e c a s t  

i n t e r - u r b a n  m ig ra t i on  i n  a  way t h a t  h a s  i m p l i c a t i o n s  f o r  bo th  

r e s e a r c h  and p o l i c y .  F i r s t l y ,  cons ide r  b r i e f l y  t h e  imp l i ca-  

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

i )  The r e s u l t s  sugges t  t h a t  t h e  t r a d i o n a l  demographic- 

employment l i nkage  based on m ig ra t i on  a s  t h e  e q u i l i b r a t i n g  

mechanism between t h e  supp ly  and demand f o r  l a b o u r  i s  i n c o r r e c t .  

The re fo re ,  t h e  r e s u l t s  o f  r e g i o n a l  and i n t e r - r e g i o n a l  models 

based  on t h i s  conceptua l  l i nkage  shou ld  be  t r e a t e d  w i t h  

c a u t i o n  (Hamil ton [13] , F o r r e s t e r  [lo] , Kadanoff [15] ) . 
i i )  It i s  o f  i n t e r e s t  t o  compare t h e  f low diagrams f o r  

t h e  " s tanda rd  economic t h e o r y n ( p .  11)  and t h e  "mob i l i t y  

t heo ry "  ske t ched  above. The former a r e  based on a  d e t e r -  

r n i n i s t i c  cha in  o f  mono-causal i ty  and a r e  s t a t i c .  The l a t t e r  

i s  s t o c h a s t i c ,  w i t h  many feedback loops  g i v i n g  m u l t i - c a u s a l i t y  

and i s  dynamic. Whereas t h e  concepts  o f  t h e  t r a d i t i o n a l  

economic approach a r e  homogeneous l abou r ,  complete i n fo rma t i on  

and p e r f e c t  m o b i l i t y ,  t h e  approach argued h e r e  i s  based upon 

he te rogeneous  l a b o u r ,  p a r t i a l  i n fo rma t i on  and s t r o n g  d i f f e r -  

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

complex s t o c h a s t i c  p rocess  t h a t  i nvo l ves  i n t e r a c t i o n s  amongst 

many p a r t i c i p a n t s - - a n d  t h e r e f o r e  shou ld  be  model led a s  such .  

One o f  t h e  key v a r i a b l e s  i n  a  s t o c h a s t i c  l i n k a g e  between t h e  

demographic and employment s e c t o r s  i s  t h e  dynamic concept  o f  

3~ more fo rma l  p r e s e n t a t i o n  o f  t h e  above m ig ra t i on  t h e o r y  
w i l l  be  pub l i shed  i n  t h e  for thcoming p r o j e c t  r e p o r t  by t h e  
p r e s e n t  a u t h o r s .  



job vacancy. I n  a  s e p a r a t e  con tex t  ( t h a t  ~ f  manpower p l a n n i n g ) ,  

s e v e r a l  l abou r  market models based on a  dynamic t r ea tmen t  of 

job vacanc ies  have been developed (Ho l t  and David [14], 

Har r i son  White [26], Bartholomew [ 2 ] ) ,  and t h e s e  a r e  c u r r e n t l y  

b e i n g  reviewed i n  an a t t emp t  t o  l i n k  m ig ra t i on  t o  a  s t o c h a s t i c  

t r ea tmen t  of t h e  components o f  employment change (Gleave and 

Cordey-Hayes [12] ) . 
i i i )  More g e n e r a l l y ,  t h e  above r e s e a r c h  on m ig ra t i on  

sugges ts  t h a t  i t  would be very u s e f u l  t o  develop a  method- 

o logy capab le  of  t r e a t i n g  occupa t i ona l  m o b i l i t y  and geo- 

g r a p h i c a l  mob i l i t y  w i t h i n  t h e  same a n a l y t i c a l  framework. 

P o t e n t i a l l y ,  t h e  framework would be a b l e  t o  i n t e g r a t e  

s p a t i a l  s e t t l e m e n t  systems w i th  s o c i o l o g i c a l  concepts  o f  

r e l a t i v e  oppo r tun i t y ,  occupa t i ona l  m o b i l i t y  and e q u i t y .  

On t h e  p o l i c y  s i d e ,  t h e  d i f f e r e n c e s  between t h e  t h r e e  

r i v a l  hypo theses  have impo r tan t  i m p l i c a t i o n s .  For  example, 

t h e  second i m p l i e s  t h a t  p o l i c i e s  aimed a t  h a l t i n g  ou t -  

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

cou ld  be  ach ieved i s  t o  s t e e r  ou t -migran ts  away from 

congested c i t i e s  t o  s e l e c t e d  growth a r e a s .  The r e s u l t s  

sugges t  t h a t :  

i )  A l a r g e  p a r t  of i n t e r - u r b a n  m ig ra t i on  i n  developed 

c o u n t r i e s  i s  a spontaneous movement of i n d i v i d u a l s  moving 

from economic " s t r e n g t h  t o  s t r e n g t h , "  r a t h e r  t h a n  b e i n g  

"pushed" from economical ly  weak reg ions .  Th i s  i s  o f  

i n t e r e s t  because i t  s u g g e s t s  t h a t  t h e r e  may be  a more s u b t l e  



r e s t r u c t u r i n g  occu r i ng  t han  s imply  t h e  growth and d e c l i n e  

o f  some r e g i o n s .  A lso,  t h e  r e s u l t  i m p l i e s  t h a t  a  n a t i o n a l  

s e t t l e m e n t  p o l i c y  does no t  need t o  s t i m u l a t e  m ig ra t i on  b u t  

s imply  t o  channel  i t  t o  s e l e c t e d  growth a r e a s .  But t h e s e  

growth a r e a s  w i l l  be  more s u c c e s s f u l  i f  t hey  have a  d i v e r s e  

range o f  job o p p o r t u n i t i e s ,  p rov id ing  a  s e t t i n g  f o r  volun- 

t a r y  job t u rnove r  and occupa t i ona l  m o b i l i t y ,  r a t h e r  t han  a  

h i g h l y  s p e c i a l i s e d  employment s t r u c t u r e  based on one o r  

two l a r g e  p l a n t s .  

i i )  The r e s u l t s  a l s o  sugges t  t h a t  i t  i s  i n e v i t a b l e  t h a t  

each  r e g i o n  l o s e  a s u b s t a n t i a l  p r o p o r t i o n  of  i t s  young, dynamic 

and most mobi le popu la t i on  each y e a r ,  and t h e r e f o r e  n a t i o n a l  

s e t t l e m e n t  p o l i c y  shou ld  recogn i se  t h a t  new o r  expanding 

towns w i l l  have t o  be c o n t i n u a l l y  a t t r a c t i n g  popu la t i on  t o  

compensate f o r  t h e  l a r g e  numbers who w i l l  l eave  i r r e s p e c t i v e  

o f  how s u c c e s s f u l  t h e  town may b e .  



References 

Ba r ras ,  R .  e t  a l .  "An Opera t i ona l  Urban Development 
Model o f  Ches i re , "  Environment and P lann ing ,  1 
(1971) ,  115-233. 

Bartholomew, D . J .  S t o c h a s t i c  Models f o r  S o c i a l  
P rocesses .  Second E d i t i o n .  London, J .  Wiley, 
1973. 

Boyce, D.E., Day, N . D . ,  and McDonald, C .  Metropo l i taq  
P lan  Making, Monograph S e r i e s  4 ,  Regional  Sc ience  
I n s t i t u t e ,  Pennsy lvan ia ,  1970. 

Boyce, D.E. and A l len ,  W .  Bruce. "Transpor tatLon 
Research : Problems and P rospec ts , "  u, 
A t l a n t a  meet ing,  1973, i n  p r e s s .  

Brewer, A . D .  P o l i t i c i a n s .  Bu reauc ra t s ,  and t h e  
Consu l tan t .  New York, Bas i c  Books, 1973. 

Broadbent,  T.A. "An Approach t o  t h e  App l i ca t i on  o f  
Urban Models i n  t h e  P lann ing  System o f  t h e  U . K .  ," 
i n  Dynamic A l l oca t i on  i n  Space.  Un i ve rs i t y  o f  
Gothenberg, Sweden, 1973. 

Cordey-Hayes, M .  "Dynamic Frameworks f o r  S p a t i a l  
Models , I 1  Socio-Economic P lann ing  Sc ience ,  6 
(19721, 365-385 

Cordey-Hayes, M .  "On t h e  F e a s i b i l i t y  o f  S imu la t i ng  
t h e  Re la t i onsh ip  between Regional  Imbalance 
and C i t y  Growth," i n  Space-t ime Concepts i n  
Urban and Regional  Models, e d i t e d  by E.L. Cr ipps .  
London, P ion,  London Papers  i n  Reg iona l  Sc ience  4, 
1974. 

Cordey-Hayes, M .  and Gleave, D .  "Migrat ion Movements 
and t h e  D i f f e r e n t i a l  Growth o f  C i t y  Regions i n  
England and Wales ," CES Research Paper  1, and 
Papers of  t h e  Reaional  Sc ience  Assoc ia t i on ,  
Volume 33, 1973. 

F o r r e s t e r ,  J .  Urban Dynamics. Cambridge, Mass., 
MIT P r e s s ,  1969. 

Ginsberg,  R . K .  " I n c o r p o r a t i n g  Causal  S t r u c t u r e  and 
Exogenous In fo rma t i on  w i th  P r o b a b i l i s t i c  Models," 
J o u r n a l  o f  Mathemat ica l  S o c i o l o g y , ~ ( 1 9 7 2 ) ,  83-103. 



Gleave,  D. and Cordey-Hayes, M.  " I n te r -u rban  Migra t ion  
Seen a s  an  Ex tens ion  of t h e  Loca l  Labour Market ," 
Working Note, Cent re  f o r  Envi ronmenta l  S t u d i e s ,  1974. 

Hamil ton, H . R .  e t  a l .  Systems S imu la t ion  i n  Regional  
Ana l ys i s .  Cambridge, Mass., MIT P r e s s ,  1969. 

H o l t ,  C . C .  and David, M.H.  "Concept o f  Job Vacancies 
i n  a Dynamic Theory o f  t h e  Labor Market," i n  
The Measurement and I n t e r p r e t a t i o n  of ~ o b  
Vacancies,  NBER, Columbia U n i v e r s i t y  P r e s s ,  1966. 

Kadanof f ,  L. P. "From S imu la t ion  Model t o  P u b l i c  P o l i c y  ," 
American S c i e n t i s t ,  60 (1972) ,  74-79. 

Lansing,  J . B .  and Mue l le r ,  Eva. The Geographica l  
Mob i l i t y  o f  Labor. Survey Research Cen te r ,  
I n s t i t u t e  f o r  S o c i a l  Research,  Ann Arbor,  1967. 

Lee, D.B. "Requiem f o r  Large-Scale Models," J o u r n a l  
o f  American I n s t i t u t e  o f  P lanne rs ,  2 (19731, 
163-178. 

Lowry, I .  S.  Migra t ion  and Me t ropo l i t an  Growth: Two 
A n a l y t i c a l  Models. San F r a n c i s c o ,  Chandler ,  1966. 

Massey, D . B .  and Cordey-Hayes, M .  "The Use of Models 
i n  S t r u c t u r e  P lann ing , "  Town P l a n n i n ~  Review, 42 
(1971) ,  28-44. 

McFarlane , D .  Dynamical Systems Models. London, 
Harrap,  19 70. 

M i l l e r ,  A . R .  "The Migra t ion  o f  Employed Persons  t o  
and from Me t ropo l i t an  Areas of t h e  Uni ted S t a t e s , ' '  
J o u r n a l  o f  t h e  American S t a t i s t i c a l  Assoc ia t i on  
(December, 1967) ,  1418-1432. 

Pae l i n c k ,  J.  "Growth and Urban-rura l  D i s p a r i t i e s  ," 
Nether lands  Economic I n s t i t u t e  ( s e r i e s :  
Foundat ions o f  Emp i r i ca l  Economic Resea rch ) ,  1973. 

Renshaw, V. "Labour Mob i l i t y ,  Turnover  and Gross 
Migra t ion , "  Working Paper ,  Bureau of Bus iness  
Research,  U n i v e r s i t y  o f  Nebraska, L inco ln ,  1972. 

Rosen, R .  Dynamical Systems Theory i n  B io logy .  
New York, J .  Wiley, 1970. 



[25] S t o n e ,  L.O.  "On t h e  C o r r e l a t i o n  between M e t r o p o l i t a n  
Area I n -  and Out -m ig ra t ion  by Occupa t ion , "  
J o u r n a l  o f  t h e  American S t a t i s t i c a l  A s s o c i a t i o n ,  
66 ( ~ e c e m b e r  1 9 7 1 ) ,  693-701. 

[26] White,  H .  Chains o f  O p p o r t u n i t y ,  System Models o f  
M o b i l i t y  i n  O r g a n i s a t  i o n s .  Cambridge, Mass. , 
Harvard  U n i v e r s i t y  P r e s s ,  1970.  


