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The U t i l i t y  and Compa t i b i l i t y  of 

Simple M ig ra t ion  Models 

David Gleave 

A b s t r a c t  

Th i s  paper  examines t h e  c o n t r i b u t i o n  t h a t  t h r e e  
s imp le  m ig ra t i on  models can make towards a  f u l l e r  
unders tand ing  of t h e  m ig ra t i on  p rocess .  The models 
employed a r e  a  Kinematic model, a  Markov Chain model 
and a  Modif ied Markov model. The i r  c a p a c i t i e s  t o  
r e f l e c t  t r e n d s  i n h e r e n t  i n  m ig ra t i on  m a t r i c e s  from 
England and Wales, I t a l y ,  Germany, and France a r e  
examined i n  t h r e e  ways. F i r s t l y ,  t h e  v a r i a t i o n s  
between t h e  p r o j e c t i o n s  of each model a r e  compared 
w i t h  t h e  maximum p r o j e c t e d  changes a f t e r  t e n  and 
f i f t y  y e a r s .  Secondly,  t h e  s e n s i t i v i t y  of  t h e  models 
t o  changes i n  system paramete rs  i s  exp lo red  i n  o r d e r  
t o  t es t  t h e  u t i l i t y  of t h e  models a s  moni tor ing  t o o l s .  
Th i r d l y ,  t h e  g e n e r a l i t y  of t h e  models is  t e s t e d  by 
making changes i n  t h e  geograph ic  s p e c i f i c a t i o n  of t h e  
German r e g i o n a l  system. 

An a s s o c i a t e  e x e r c i s e  employs a  more complex 
model i n c o r p o r a t i n g  p o s i t i v e  feedback e f f e c t s  i n  
o r d e r  t o  compare t h e  l i k e l y  r e d i s t r i b u t i v e  e f f e c t s  
of p o l i c y  i n p u t .  

1. I n t r o d u c t i o n  

The purpose of t h i s  paper  i s  t o  c o n s i d e r  t h e  l i k e l y  re- 
d i s t r i b u t i v e  e f f e c t s  on c u r r e n t  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 s  
o f  t r e n d s  i n h e r e n t  i n  p r e s e n t  m ig ra to ry  movements w i t h  an  
assumpt ion of  s t a t i o n a r i t y  i n  t h e  d a t a .  The b a s i c  e x e r c i s e  
c o n s i d e r s  how t h e s e  t r e n d s  w i l l  be r e f l e c t e d  by t h r e e  migra- 
t i o n  models of  va ry i ng  complex i ty .  The e x t r a p o l a t i o n s  from 
t h e s e  t r e n d s  a r e  n o t  themselves regarded a s  p r e d i c t i o n s  of 
f u t u r e  popu la t i on  d i s t r i b u t i o n s  s i n c e  t h e i r  main aim i s  t o  
p rov ide  t h e  p o l i c y  maker w i t h  in fo rmat ion  f o r  u s e  i n  p lann ing.  
For  t h i s  reason  t h e  models remain s imple ,  and d o  no t  c o n s i d e r  
t h e  e f f e c t s  of n a t u r a l  change through r e g i o n a l  v a r i a t i o n s  i n  
f e r t i l i t y  and m o r t a l i t y  r a t e s .  

The i n t e n t i o n  i s  t o  ach ieve  a  r e a l i s t i c  i n d i c a t i o n  of 
p r e s e n t  t r e n d s  a t  minimum cos t ,  and t h e r e f o r e  t h e  models a r e  
p r i n c i p a l l y  t e s t e d  f o r  c o m p a t i b i l i t y  and t h e  c i r cumstances  i n  
which compat ib le  p r o j e c t i o n s  occur .  I n  a s s o c i a t i o n  w i t h  t h i s  



main theme t h r e e  o t h e r  e x e r c i s e s  were undertaken.  F i r s t l y ,  
a  comparison between v a r i a t i o n s  i n  t h e  p r o j e c t i o n s  is re- 
por ted  f o r  two d i s t i n c t  pe r i ods  of m ig ra to ry  movements t o  
test  t h e  s e n s i t i v i t i e s  of t h e  models t o  changes i n  t h e  system 
parameters .  Secondly,  t h e  e f f e c t s  of d i f f e r e n t  s c a l e s  of 
r e g i o n a l  des ign  a r e  repo r ted  t o  r e f l e c t  t h e  s e n s i t i v i t i e s  of 
t h e  models t o  geograph ic  s p e c i f i c a t i o n .  Th i rd l y ,  t h e  ram i f i -  
c a t i o n s  f o r  t h e  system popu la t ion  v e c t o r  a r e  exp lored i n  a  
s i t u a t i o n  where p o l i c y  i n p u t  i s  d i r e c t e d  t o  a  l i m i t e d  number 
of r eg ions .  The t i m e  hor izon  f o r  t h e  p r o j e c t i o n s  i s  b a s i c a l l y  
f i f t y  y e a r s  b u t  v a r i e s  accord ing t o  d a t a  a v a i l a b i l i t y .  Th is  
i s  o u t l i n e d  i n  Sec t i on  2. 

The e x e r c i s e  i s  p a r t  of an  ongoing i t e r a t i v e  r e s e a r c h  
p r o j e c t  c a r r i e d  o u t  a t  IIASA and t h e  Cent re  f o r  Environmental  
S t u d i e s ,  London, which aims a t  a  more complete unders tand ing 
of t h e  dynamics of popu la t ion  movements and r e g i o n a l  economic 
growth. The work has been r e p o r t e d  i n  Cordey-Hayes and Gleave 
[ l l  , [21, and Gleave and Cordey-Hayes [41 . 
2 .  Data 

The d a t a  base  from which t h e  r e g i o n a l  popu la t ion  p ro jec -  
t i o n s  have been genera ted  compr ises t h e  i n t e r - r e g i o n a l  migra- 
t i o n  t a b l e s  of t h e  French,  German, I t a l i a n  and B r i t i s h  cen- 
suses .  The i n t e r - r e g i o n a l  popu la t ion  movements i n  France f o r  
t h e  p e r i o d s  1954-1962 and 1962-1968 f a c i l i t a t e  an assessment 
of t h e  changes i n  t h e  system parameters  of t h e  twenty-two 
p lann ing r e g i o n s  du r i ng  t h e  two p e r i o d s  under c o n s i d e r a t i o n .  

M ig ra t ions  between t h e  e leven  German Lander du r i ng  1970- 
1971 and an agg rega te  of e i g h t  s p a t i a l  u n i t s  which f u s e s  t h e  
c i t y  of Hamburg w i t h  t h e  Land of Bremen, t h e  Lander Schleswig- 
Ho l s te i n  and Neidersachsen,  and e l i m i n a t e s  W e s t  B e r l i n ,  per-  
m i t  an  assessment  o f  t h e  e f f e c t s  of r e g i o n a l  des ign  on popu- 
l a t i o n  p r o j e c t i o n s .  The I t a l i a n  t a b l e s  r e f e r  t o  popu la t ion  
s h i f t s  between twenty r e g i o n s  dur ing  t h e  same t i m e  pe r i od ,  
1970 t o  1971, w h i l s t  t h e  B r i t i s h  d a t a  a r e  concerned w i t h  
movements between twenty c i t y  r e g i o n s  du r i ng  1960-1961 
( F i e l d i n g  [ 3 1 ) .  The t r a n s i t i o n  m a t r i c e s  t h e r e f o r e  r e f e r  t o  
annual  m ig ra t i ons  excep t  f o r  t h e  French d a t a .  I n  a l l  c a s e s  
a  comparison of t h e  p r o j e c t i o n s  of t h e  t h r e e  a l t e r n a t i v e  
models was p o s s i b l e .  

The Models 

The models used i n  t h e  e x e r c i s e  w e r e  1) a Kinematic 
model, 2) a  Markov Chain model and 3)  a  Iqodif ied Markov model 
which pe rm i t s  feedback e f f e c t s  of t h e  popu la t ion  a t t r a c t i v e -  
n e s s  of t h e  p o t e n t i a l  d e s t i n a t i o n  reg ion .  They a r e  s p e c i f i e d  
i n  t h e  fo l low ing  way: 



1) The Kinematic model is  t h e  most e lementary  of t h e  
t h r e e  and assumes t h a t  t h e  equ i l i b r i um s t a t e  of t h e  system 
i s  determined by two parameters f o r  each reg ion  i n  t h e  sys-  
t e m .  These parameters  a r e  t h e  r e g i o n a l  escape f requency,  
E~ and t h e  c a p t u r e  c r o s s  s e c t i o n  p which a r e  de f i ned  a s :  i 

and 

where 

E = escapes  f requency from reg ion  i; 
i 

'i 
= c a p t u r e  c r o s s  s e c t i o n  of r eg ion  i; 

Mi j 
= migran ts  from reg ion  i t o  reg ion  j ;  

= popu la t ion  of reg ion  i. 

The equ i l i b r i um popu la t ion  i s  de f i ned  a s  t h e  product  of 
t h e  t o t a l  system popu la t ion  (which i s  he ld  c o n s t a n t )  and t h e  
r a t i o  of t h e  p ropo r t i on  of  t h e  r e g i o n s '  escape s e c t i o n  and 
escape f requency,  d i v i ded  by t h e  system sum of t h i s  propor- 
t i o n .  Hence 

where 

P ; = equ i l i b r i um popu la t ion  of r eg ion  i; 

P, = system popu la t ion  where * means: sum t h e  
miss ing  s u b s c r i p t .  

Th is  equa t ion  may be expanded i n  t e r m s  of b a s i c  d a t a  i n p u t  
i n  t h e  fo l lowing manner: 



where 

A = system c o n s t a n t  of p r o p o r t i o n a l i t y  ensu r i ng  

The i n p u t  f o r  t h i s  model t h e r e f o r e  compr ises  e i t h e r  t h e  
set  of  r e g i o n  popu la t i on  t o t a l s  and t h e  r a t i o  of in -migra t ion  
t o  out -migra t ion  o r  t h e  t o t a l  i n -m ig ra t ion  and pe r - cap i t a  
ou t -m ig ra t ion .  P r o j e c t i o n s  can  be made f o r  a n  n  r e g i o n  sys-  
t e m  w i t h  on l y  2n + 1 paramete rs .  The Kinematic i n t e r p o l a t i o n  
f o r  t h e  r e g i o n a l  popu la t i on  p r o j e c t i o n s  a t  t i m e  t i s  g iven  
by: 

Th i s  equa t i on  r e q u i r e s  no f u r t h e r  d a t a  i n p u t  assuming t h e  
a v a i l a b i l i t y  of p e r - c a p i t a  rates of  ou t -m ig ra t ion .  The model 
t h e r e f o r e  i s  e a s i l y  o p e r a t i o n a l i s e d .  

2)  The Markov model i s  somewhat more demanding i n  terms 

of d a t a  i n p u t  and r e q u i r e s  e i t h e r  n2 paramete rs  f o r  an n  r e g i o n  
r\ 

system compr is ing  a mig ra t i on  t r a n s i t i o n  m a t r i x  o r  nL + 1 
parameter  compr is ing  t r a n s i t i o n  p r o b a b i l i t y  m a t r i x  and system 
popu la t i on  t o t a l .  Assuming convergence,  t h e  e q u i l i b r i u m  pop- 
u l a t i o n  v e c t o r  i s  independent  of t h e  i n i t i a l  popu la t i on  vec- 
t o r  and depends o n l y  upon t h e  t r a n s i t i o n  p r o b a b i l i t y  m a t r i x  
A where 

The e q u i l i b r i u m  popu la t i on  of r eg ion  i i s  g i ven  by: 

The popu la t i on  d i s t r i b u t i o n  of t h e  system a t  any t i m e  
t depends o n l y  upon t h e  sta te  of t h e  system a t  t h e  p rev ious  
t i m e  pe r i od  and t h e  t r a n s i t i o n  ma t r i x .  Hence: 



The t r a n s i t i o n  p r o b a b i l i t y  e lements  i n  t h i s  approach incor -  
p o r a t e  t h e  r e l a t i v e  a t t r a c t i o n  of t h e  d e s t i n a t i o n  r e g i o n ,  t h e  
d i s t a n c e  f r i c t i o n  between t h e  o r i g i n  and d e s t i n a t i o n  reg ions  
and any economic and/or s o c i a l  f a c t o r s  p e c u l i a r  t o  t h e  d e t e r -  
m ina t ion  of m ig ra t i on  between t h e  p a i r .  Most i n t e r a c t i o n  
models,  p a r t i c u l a r l y  t h e  fami l y  of g r a v i t y  models,  p o s t u l a t e  
t h a t  t h e  f low from o r i g i n  t o  d e s t i n a t i o n  i s  a  f u n c t i o n  of 
t h e  "popu la t ion"  a t  t h e  o r i g i n ,  t h e  "popu la t ion"  a t  t h e  des-  
t i n a t i o n  and a  f u n c t i o n  of t h e  d i s t a n c e  between them. That  
is :  

3 )  However, t h e  e f f e c t  of t h e  Markov Chain model re- 
por ted  above i s  t o  f o s s i l i s e  t h e  d e s t i n a t i o n  e f f e c t  a s  it 

o p e r a t e s  a t  t i m e  to s i n c e  a  = MO ./P:, and t h e r e f o r e  t h e  
i j  1 -I 

a l l o c a t i o n  of m ig ran ts  between a l t e r n a t i v e  d e s t i n a t i o n s  re- 
mains cons tan t .  I t  may be reasonab le ,  e s p e c i a l l y  i f  t h e  pop- 
u l a t i o n  t e r m s  a r e  l i n e a r ,  t o  r e s p e c i f y  t h e  t r a n s i t i o n  ma t r i x  
by e i t h e r  t a k i n g  i n t o  account  t h e  r e l a t i v e  changes i n  a t t r a c -  
t i v e n e s s  of a l t e r n a t i v e  d e s t i n a t i o n s  o r  t o  r e s p e c i f y  t h e  
t r a n s i t i o n  ma t r i x .  The second approach was adopted and t h e  
concept  of f i e l d  s t r e n g t h  between p a i r s  of r eg ions  is  i n t r o -  
duced t o  c l a r i f y  t h e  procedure.  The f i e l d  s t r e n g t h  between 
r e g i o n s  i s  de f i ned  a s :  

Assoc ia ted w i t h  t h e  concept  of f i e l d  s t r e n g t h  i s  a  t i m e  con- 
s t a n t  of  p r o p o r t i o n a l i t y  f o r  each o r i g i n  a t  each t i m e  pe r i od ,  

a t  which ensu res  t h a t  i 



The projection of migrants at time t therefore becomes: 

The Modified Markov model projections may be estimated in 
terms of the same data input as the Markov model, but obvious- 
ly require more computational time as the transition param- 
eters have to be re-evaluated on each cycle. 

Whilst the effects of changes in the system parameters 
(U.S and E.S) and changes in region design were evaluated in 
1 1 

terms of their effects on the projections of the three models 
reported above, the ramifications of policy input were con- 
sidered against a fourth migration model. The assumption 
adopted was that policy measures were directed at particular 
regions only and that the policy measures achieved the de- 
sired level of success. The purpose then was to see the 
overall effects on the distribution of population in the 
system. The model used here was the Cumulative Inertia, 
~ifferential Attractiveness (CIDA) model reported in Cordey- 
Hayes and Gleave [ 2 1  which predicts regional population at 
time t to be: 

(17) 

where 

P ~ - ~  = the population who moved into region j d years 
ja-d ago and who were then aged a-d years; 

a = propensity to migrate through residence time, 
parameter; 

i = "attractiveness" of region. 

This model assumes that the rate of out-migration is a func- 
tion of the period of residence in the region and that in- 
migration is a function of the "attractiveness" of the des- 
tination region modified by population and distance effects. 
The exercise involved varying the attractiveness parameter of 
selected regions. 



These models a r e  now cons idered  i n  t e r m s  of t h e  v a r i -  
a t i o n s  of t h e i r  p r o j e c t i o n s  and c a p a c i t y  t o  r e p r e s e n t  t r e n d s  
i n h e r e n t  i n  t h e  i n i t i a l  m ig ra t i on  ma t r i x .  

4 .  Ana l ys i s  of P r o j e c t i o n s  

The r e l a t i v e  per formances of t h e  t h r e e  b a s i c  models may 
b e  cons idered  f o r  p r o j e c t i o n  p e r i o d s  of va ry ing  l e n g t h  and 
eva lua ted  i n  a  number of  ways. I t  was cons idered  a p p r o p r i a t e  
t o  c o n s i d e r  t h e  impact of i n h e r e n t  t r e n d s  a f t e r  p e r i o d s  of 
around t e n  and f i f t y  y e a r s  f o r  t h e  fo l l ow ing  reasons .  The 
r e g i o n a l  s h i f t s  i n  popu la t i on  over  t h e  s h o r t e r  t e r m  a r e  l i k e l y  
t o  be of i n t e r e s t  t o  p l anne rs  concerned w i t h  t h e  p r o v i s i o n  
of a  ba lanced s o c i a l  and economic i n f r a s t r u c t u r e  over  a p e r i -  
od when s t r o n g e r  economic t r e n d s  a r e  o n l y  s u s c e p t i b l e  t o  
l i m i t e d  mod i f i ca t i on .  The longer- term e f f e c t s  a r e  more i n t e r -  
e s t i n g  t o  t h o s e  concerned w i t h  deve lop ing n a t i o n a l  s e t t l e m e n t  
s t r a t e g i e s  and i n s t i g a t i n g  a  programme of  long range  r e g i o n a l  
economic management. However, t h e  p e r i o d s  of rev iew were 
s e l e c t e d  s u b j e c t i v e l y  and a r e  t h e r e f o r e  open t o  c r i t i c i s m .  

The p r o j e c t i o n s  w e r e  compared by r e l a t i n g  t h e  v a r i a t i o n s  
between extreme e s t i m a t e s  w i t h  t h e  maximum p r o j e c t e d  growth 
o r  d e c l i n e .  I f  t h e  models w e r e  t o  r e f l e c t  t h e  system changes 
i n  a  s i m i l a r  manner, t h e  r a t i o  of  t h e  v a r i a t i o n s  i n  e s t i m a t e  
t o  p r o j e c t e d  popu la t i on  changes would tend  t o  ze ro .  There 
w e r e  no a  p r i o r i  grounds f o r  a n t i c i p a t i n g  t h a t  t h e  r a t i o  of 
t h e s e  components would va ry  i n  a  sys tema t i c  way, f o r ,  w h i l s t  
t h e  Modif ied Markov model may be expected t o  r ende r  ext reme 
p r o j e c t i o n s  where r a p i d  growth o r  d e c l i n e  is a c h a r a c t e r i s t i c  
of t h e  reg ion ,  o n l y  a  sma l l  v a r i a t i o n  i n  t h e  p r o j e c t i o n s  would 
be needed t o  produce a  h igh r a t i o  when l i t t l e  r e g i o n a l  popu- 
l a t i o n  change was a n t i c i p a t e d .  

4 . 1  Ten Year P r o j e c t i o n s  

The p r o j e c t i o n s  w e r e  c o n t r a s t e d  by s e l e c t i n g  from each  
n a t i o n a l  m ig ra t i on  system a sample of t h r e e  r e g i o n s  charac-  
t e r i s e d  by r a p i d  growth,  s low growth and d e c l i n e .  These a r e  
i l l u s t r a t e d  i n  F igu re  1. These sample r e g i o n s  w e r e  ana lysed  
t o  a s s e s s  whether any sys tema t i c  v a r i a t i o n s  e x i s t e d  between 
t h e  d i f f e r e n c e s  i n  t h e  model p r o j e c t i o n s  and t h e  r a t e  of pop- 
u l a t i o n  change. The p e r  c a p i t a  v a r i a t i o n  i n  popu la t i on  pro- 
j e c t i o n s  was found t o  have s i g n i f i c a n t  l i n e a r  r e l a t i o n  t o  t h e  
r a t e  of  popu la t i on  d e c l i n e ,  a s  i n  t h e  c a s e  of t h e  t e n  year  
d a t a ,  rc = 0 . 8 3  ( s i g n i f i c a n t  a t  t h e  5% con f idence  l e v e l ,  

F i g u r e  2 ) .  The r e g r e s s i o n  c o - e f f i c i e n t  e f f e c t i v e l y  measured 
t h e  percen tage  v a r i a t i o n  between t h e  e s t i m a t e s  p e r  u n i t  pop- 
u l a t i o n  change, and f o r  t h e  s h o r t  run  sample p r o j e c t i o n s  was 
.1479. I n  a l l  c a s e s  excep t  two, t h e  extreme p r o j e c t i o n  was 
genera ted  by t h e  Modif ied Markov model. A second f e a t u r e  
of  i n t e r e s t  was t h e  r e l a t i o n s h i p  between t h e  p r o j e c t e d  p e r  
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c a p i t a  popu la t ion  change and t h e  d i f f e r e n c e s  between t h e  
e s t i m a t e s  p e r  u n i t  change, i l l u s t r a t e d  i n  F igu re  3. I n  t h e  
c a s e  of t h e  t e n  year  d a t a  t h e  r e l a t i v e  d i f f e r e n c e  between 
t h e  e s t i m a t e s  was lowest  i n  extreme c a s e s  of growth o r  d e c l i n e .  
However, it i s  a b s o l u t e  d i f f e r e n c e  between p r o j e c t i o n s  r a t h e r  
than  t h e  r e l a t i v e  d i f f e r e n c e  which i s  of most importance, and 
consequent ly  t h e  reg ions  of s m a l l e s t  popu la t ion  change a r e  
t h e  e a s i e s t  t o  p lan  f o r .  The t h r e e  models p rov ide  f a i r l y  
compat ib le p r o j e c t i o n s  f o r  a  per iod  of t e n  y e a r s  o r  so.  There 
was a l s o  some i n d i c a t i o n  t o  sugges t  t h o s e  systems c l o s e r  t o  
equ i l i b r i um w e r e  c h a r a c t e r i s e d  by s i m i l a r  p r o j e c t i o n s .  The 
g r e a t e s t  c o n t r a s t s  occur red i n  t h e  c a s e  of t h e  I t a l i a n  system 
which i s  a t  p r e s e n t  i n  g r e a t  d i sequ i l i b r i um.  

4 . 2  F i f t y  Year P r o j e c t i o n s  

The f i f t y  yea r  p r o j e c t i o n s  f o r  t h e  same twelve sample 
reg ions  show some minor changes from t h e  t e n  year  e s t i m a t e s .  
Most expected was a  d ivergence i n  t h e  model p r o j e c t i o n s ,  f o r  
t h e  Modif ied Markov model t ends  t o  compound t h e  a t t r a c t i v e n e s s  
o r  u n a t t r a c t i v e n e s s  of r eg ions  and has ten  t h e i r  r a t e  of change 
w h i l s t  t h e  Markov and Kinematic models a r e  con t inuous ly  moving 
towards a  s t a t e  of equ i l i b r ium.  Th is  i s  mani fes t  i n  t h e  re- 
g r e s s i o n  c o - e f f i c i e n t  r e l a t i n g  t h e  d i f f e r e n c e s  i n  e s t i m a t e s  
pe r  u n i t  popu la t ion  w i th  t h e  maximum pe r  c a p i t a  r a t e  of change 
which r o s e  from 0.1479 t o  0.3418 (F igure  4 ) .  

The r e l a t i o n s h i p  was more s i g n i f i c a n t  i n  t h e  c a s e  of t h e  
f i f t y  year  d a t a  ( f o r t y - e i g h t  yea rs  i n  t h e  French c a s e ) ,  
r = 0.98 ( s i g n i f i c a n t  a t  t h e  1% conf idence l e v e l ) .  The 

C 

d i f f e r e n c e  between t h e  e s t i m a t e s  pe r  u n i t  maximum change 
showed t h e  most i n c r e a s e  i n  t h e  c a s e  of t h e  f a s t  growth and 
rap id  d e c l i n e  reg ions  changing by f a c t o r s  of 3.9, 4 . 2 ,  2.8 
and 3.4, i n  t h e  c a s e s  of C G t e  d'Azur,  Coventry,  Newcastle 
and Campania r e s p e c t i v e l y .  The slower changing reg ions  d i d  
n o t  d i s p l a y  t h i s  c h a r a c t e r i s t i c ,  l a r g e l y  because of a  l i m i t e d  
impact of t h e  feedback e f f e c t  i n  t h e  Modif ied Markov model. 
For example Nottingham, Emilia-Romagna and Rheinland-Pfalz 
inc reased  t h e  v a r i a t i o n s  i n  p r o j e c t i o n  pe r  u n i t  change by 
f a c t o r s  of 1 . 0 2 ,  1.10 and 0.71. 

Although t h e  r e l a t i o n s h i p  between t h e  per  c a p i t a  d i f f e r -  
ence between p r o j e c t i o n s  and t h e  per  c a p i t a  r a t e  of growth 
s h i f t s  s i g n i f i c a n t l y  from t h e  t e n  year  per iod  t o  t h e  f i f t y  
year  pe r i od ,  t h e  r a t i o  of t h e  d i f f e r e n c e  between t h e  p ro jec -  
t i o n s  and t h e  maximum p red i c ted  r e g i o n a l  change does no t  do 
so .  Th is  can be seen by c o n t r a s t i n g  F igu res  5  and 3. Although 
t h e  sample reg ion  mean i n c r e a s e s  from .255 t o  .372, sugges t ing  
inc reased  v a r i a t i o n  i n  p r o j e c t i o n s ,  t h e  s tandard  e r r o r s  of 
t h e  e s t i m a t e  a r e  s o  l a r g e  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r -  
ence a t  t h e  55 conf idence l e v e l  between t h e  two r a t i o s  of t h e  
sample f o r  t h e  two p o i n t s  i n  t ime (t  s t a t i s t i c  = 1 .71 ) .  Con- 
sequent l y  t h e r e  i s  on ly  c o n f l i c t i n g  ev idence t o  r e p o r t  when 



BAYERN 
l 

NIEDERSACHSEN 
l EMILIA- R OMAGNA 

PARIS 
l 

l NOTTINGHAM 

.2 . 4  .6 .8 
RHEINLAND-PFALZ l 

l NEWCASTLE 
MAXIMUM DIFFERENCE BETWEEN PROJECTIONS 

CAM PANIA 
MAXIMUM REGIONAL CHANGE IN POPULATIONS 

l ___) 

FIGURE 3. MAXIMUM PER CAPITA POPULATION CHANGE AGAINST PROJECTKIN 
VARIATIONS PER UNIT- POP, CHANGE. SAMPLE REGIONS AFTER 
TEN YEARS. 



F l  GURE 4.THE RELATIONSHIP BETWEEN PROJECTION VARIATION PER CAPITA AND MAXIMUM 
GROWTH PER CAPITA FOR TWELVE SAMPLE REGIONS AFTER FIFTY YEARS 
( FOURTY -EIGHT IN FRENCH CASE ) 

MAXIMUM PREDICTED GROWTH1 INITIAL POPULATION IN REGION 



PIE MO N'TE 
COTE DIAZUR ..CO.VENTRY 

BAYERN 

EM1 LIA - ROMAGNA 

PARIS 
NIEDERSACHSEN 

NOTT INGHAM 

.6 
RHEINLAND- PFALZ 

NEWCASTLE 

CAMPANIA 

MAXIMUM DIFFERENCE BETWEEN PROJECTIONS 
MAXIMUM REGIONAL CHANGE IN POPULATION 

FIGURE 5. MAXIMUM PER CAPITA POPULATION CHANGE 
AGAINST PROJECTION VARlAT IONS PER UNIT POI? 
CHANGE. SAMPLE REGIONS AFTER FIFTY YEARS. 



seek ing  an  answer t o  t h e  q u e s t i o n ,  " a r e  t h e  s h o r t  run  p ro jec -  
t i o n s  less c o n t r a s t i n g  and c o n t r a d i c t i n g  t han  t h e  long run?"  
There i s  a l s o  no ev idence t o  conf i rm t h a t  t h e  p r o j e c t i o n s  
a r e  more compat ib le  f o r  more s t a b l e  r a t h e r  t han  less s t a b l e  
systems;  i n  f a c t  t h e r e  is  some sugges t ion  t o  t h e  c o n t r a r y  
f o r  i n  t h e  long run  c a s e  it was t h e  s low growth/dec l ine  
r e g i o n s  which mani fes ted t h e  g r e a t e s t  r e l a t i v e  v a r i a t i o n  i n  
t h e i r  popu la t i on  p r o j e c t i o n s .  The c o n t r a s t s  between t h e  pro-  
j e c t i o n s  of  t h r e e  models a r e  i l l u s t r a t e d  i n  F i g u r e s  6  t o  9  
f o r  Coventry and Newcast le,  r e g i o n s  o f  r a p i d  growth and de- 
c l i n e ,  and f o r  P a r i s  and Emilia-Romagna, r e g i o n s  of compat ib le  
and c o n t r a s t i n g  p r o j e c t i o n s .  

4.3 S h i f t s  i n  System Parameters  

How e f f i c i e n t  a r e  t h e  t h r e e  b a s i c  models i n  r e f l e c t i n g  
changes i n  t h e  system parameters? Th i s  a s p e c t  of  t h e  popula- 
t i o n  p r o j e c t i o n  problem was examined i n  t h e  c o n t e x t  o f  French 
p r o j e c t i o n s  based upon behaviour  d u r i n g  t h e  t i m e  p e r i o d s  
1954-1962 and 1962-1968 when a  v igo rous  programme of  decen- 
t r a l i s a t i o n  and r e g i o n a l  a s s i s t a n c e  was i n  o p e r a t i o n .  Basi-  
c a l l y  t h e  growth of t h e  P a r i s  r e g i o n  was t o  be con ta ined  by 
s t i m u l a t i n g  t h e  p r o v i n c i a l  r e g i o n a l  economies. 

How f a r  was t h e  success  of  t h e s e  a t t e m p t s  r e f l e c t e d  i n  
t h e  p r o j e c t i o n s ?  F i g u r e s  10, 11 and 12 show t h e  r e g i o n a l  
t i m e  p a t h s  f o r  t h e  P a r i s  r eg ion ,  t h e  Provence-CGte d'Azur 
reg ion  and Bretagne based upon t h e  two t r a n s i t i o n  m a t r i c e s .  
The d i s c r e p a n c i e s  between t h e  s i x  y e a r  p r o j e c t i o n  from 1962 
and t h e  1968 i n i t i a l  popu la t i on  must f i r s t  be exp la ined .  
Three f a c t o r s  account  f o r  t h i s :  a )  t h e  n a t u r a l  i n c r e a s e  of 
popu la t i on  through a  s u r p l u s  of  b i r t h s  over  d e a t h s ,  b )  pos i -  
t i v e  n e t  i n t e r n a t i o n a l  m ig ra t i on  and c )  t h e  e r r o r  i n  t h e  
p r o j e c t i o n  e s t i m a t e  based on 1954 t o  1962 mig ra t ion .  However, 
t h e  v a r i a t i o n s  i n  t h e  e s t i m a t e s  i n  t h e  t h r e e  c a s e s  i l l u s t r a t e d  
a r e  q u i t e  sma l l  i n  comparison w i t h  t h e  d i f f e r e n c e  between t h e  
1954-1962 based p r o j e c t i o n  and t h e  a c t u a l  popu la t i on  i n  1968, 
p a r t i c u l a r l y  i n  t h e  c a s e s  of Provence-CGte dVAzur  and Bretagne.  
The changes i n  r e g i o n a l  economic a t t r a c t i v e n e s s  of t h e  r e g i o n s  
i n d i c a t e d  by t h e  s h i f t s  i n  t h e  c a p t u r e  c r o s s - s e c t i o n  parameter  
f o r  P a r i s  and f o r  Bretagne a r e  s t r o n g l y  r e f l e c t e d  by major 
changes i n  t h e  t r a j e c t o r i e s  of  t h e  r e g i o n a l  popu la t i ons .  
Major changes i n  t h e s e  paramete rs  a r e  s t r o n g l y  r e f l e c t e d  i n  
t h e  p r o j e c t i o n s  t o  t h e  e x t e n t  t h a t  v a r i a t i o n s  i n  t h e  popula- 
t i o n s  a t t r i b u t a b l e  t o  t h e  d i f f e r e n t  assumpt ions of  t h e  models 
a r e  ve ry  sma l l  compared w i t h  v a r i a t i o n s  due t o  pa rame t r i c  
change. A l l  t h r e e  models appear  t o  be  q u i t e  s e n s i t i v e  t o  
such changes. 
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4 . 4  The E f f e c t s  of Region Design 

The e f f e c t s  of r e s p e c i f y i n g  t h e  r e g i o n  system w e r e  ex- 
p l o red  i n  t h e  c a s e  of t h e  German d a t a  and i n  t h e  manner ou t -  
l i n e d  i n  t h e  d a t a  s e c t i o n .  The c i r cumstances  i n  which a 
r e s p e c i f i c a t i o n  of s p a t i a l  u n i t s  w i l l  n o t  e f f e c t  t h e  popula- 
t i o n  d i s t r i b u t i o n  of  the system a r e  v e r y  l i m i t e d .  W e  need, 
by way of example, o n l y  cons ide r  t h e  c a s e  where a l a r g e  r e g i o n  
is  d i sagg rega ted  i n t o  two subreg ions  ( o r  v i c e  v e r s a )  t o  i l l u s -  
t r a t e  t h e  p o i n t .  The r e g i o n a l  popu la t i on  p r o j e c t i o n s  of t h e  
Kinematic model w i l l  o n l y  remain t h e  same when: 

where x and y a r e  exhaus t i ve  subreg ions  of  r e g i o n  j such  t h a t  

'j = Px 
+ P .  

Y 
S i m i l a r l y ,  i n  t h e  c a s e  of t h e  Markov model t h e  r e g i o n a l  

popu la t i on  p r o j e c t i o n s  w i l l  o n l y  remain t h e  same i f  t h e  ou t -  
m ig ra t i on  t r a n s i t i o n  v e c t o r s  a r e  i d e n t i c a l ,  t h a t  is: 

a x i  = a f o r  a l l  i, i f x , y  (19)  
y i  

and when t h e  in -m ig ra t ion  t r a n s i t i o n  v e c t o r  of  one subreg ion 
i s  a s c a l e r  p roduc t  of t h e  second subreg ion  and p r o p o r t i o n a l  
t o  t h e  r a t i o  of t h e  i n i t i a l  subreg ion popu la t i ons .  That  is :  

f o r  a l l  i, i # x , y  

where 

More s imply ,  t h e  r e g i o n  popu la t i on  p r o j e c t i o n s  remain 
c o n s t a n t  o n l y  when subreg ion  d i s a g g r e g a t e s  a r e  homogenous o r  
r e g i o n a l  amalgams a r e  un ions  of homogenous u n i t s .  The examples 
c i t e d  t o  i l l u s t r a t e  t h e s e  p o i n t s  a r e  t h e  p r o j e c t i o n s  f o r  
Schleswig-Holste in and Hamburg and t h e  p r o j e c t i o n s  f o r  Bayern. 
F i gu re  13 shows t h e  p r o j e c t i o n s  of t h e  summed popu la t i ons  i n  
t h e  eleven-Lander c a s e  and t h e  p r o j e c t i o n s  f o r  t h e  agg rega te  
r e g i o n  i n  t h e  8-Lander c a s e  w h i l s t  F i gu re  1 4  shows t h e  impact  
on a r e g i o n  whose s p e c i f i c a t i o n  does n o t  change. The d i f f e r -  
ence i n  t h e  f i f t y  y e a r  p r o j e c t i o n s  f o r  Bdyern i s  a t t r i b u t a b l e  
n o t  o n l y  t o  t h e  h e t e r o g e n e i t y  of  t h e  two p a i r s  of agg rega te  
r e g i o n s  b u t  a l s o  t o  t h e  exc lus ion  of  B e r l i n .  
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4.5 The Impact of Policy Input 

The effect of policy impact was evaluated by adjusting 
the regional attractiveness parameters of the CIDA model in 
order to explore the system ramifications of 1) effective 
controls imposed on a fast growth region, and 2) stimulating 
growth in a stagnating region. Table 1 below compares the 
projected region population proportions after fifty years 
with the initial distribution. This exercise was carried 
out for the England and Wales planning regions. 

Table 1. 

Region Policy I Initial Policy I1 
Containment Population Stimulation 
of Region 8 of Region 1 

1. Northern England .035 .066 .051 

2. Yorkshire-Humberside .116 .lo3 .I13 

3. Northwest England .I35 .I43 .I29 

4. East Midlands .I14 .075 

5. West Midlands .I17 .I11 

6. East Anglia .065 .036 

7. Southeast England .319 .357 

8. Southwest England .063 .075 

9. Wales .038 .055 

A rigorous constraint to growth in Southwest England was 
simulated by reducing the attractiveness parameter of that 
peripheral region by 33% and, by implication, making all other 
regions relatively more attractive. The economic growth of 
the Northern region was simulated by a threefold increase in 
its attractiveness parameter to bring it in line with the 
Southeast region. 

Comparing the fifty year vectors in the case of each 
policy measure with the initial distribution indicates that 
in the case of regions unaffected by policy input only small 
modifications were manifest in the projections. The growing 
regions, particularly East Anglia and the West Midland, con- 
tinued to grow at a fairly rapid rate whilst the declining 
regions, particularly Northwest England and Wales continued 



t o  d e c l i n e .  Nonetheless t h e r e  were sys temat ic  v a r i a t i o n s  
i n  t h e  t r a j e c t o r i e s  of t h e  reg ions  unaf fec ted  by po l i cy .  
The e f f e c t  of l i m i t i n g  growth i n  t h e  Southwestern reg ion was 
b a s i c a l l y  t o  d e f l e c t  growth from it t o  o t h e r  f a s t e r  growing 
reg ions  i n  Southern England. I n  f a c t ,  proximity t o  t h e  
Southwest reg ion  i t s e l f  was n o t  t h e  major cons idera t ion  i n  
determin ing t h e  r e d i r e c t i o n  of t h e  migrant  f low b u t  r a t h e r  
proximity t o  Southeastern England which i s  t h e  main r e s e r v o i r  
f o r  persons heading t o  t h e  Southwestern reg ion.  The reg ions  
which showed t h e  g r e a t e s t  readjustments  were East  Angl ia,  t h e  
Eas t  Midlands and t h e  West Midlands. The e f f e c t s  on t h e  
nor thern  reg ions  and Wales were smal l .  The Southwestern 
reg ion  i t s e l f  r e g i s t e r e d  a  d e c l i n e  i n  popula t ion a s  a  r e s u l t  
of t h i s  po l i cy  measure which was a s  g r e a t  a s  i t s  a n t i c i p a t e d  
growth wi thout  i n t e r f e r e n c e  i n  t h e  system. 

The second po l i cy  i npu t  was more d isappo in t ing  from t h e  
p o i n t  of view of reg iona l  equ i t y .  The d e c l i n e  reg ion ,  d e s p i t e  
cons iderab le  s t imu la t i on ,  cont inued t o  d e c l i n e ,  a l though t h e  
r a t e  over t h e  f i f t y  year  per iod was reduced from 4 7 %  t o  2 2 % .  
The main e f f e c t  of reducing t h e  r a t e  of d e c l i n e  was t o  mar- 
g i n a l l y  reduce t h e  growth r a t e  i n  t h e  Midlands reg ions  and 
t o  i nc rease  t h e  d e c l i n e  r a t e  i n  Northwestern England. Para- 
dox i ca l l y ,  t h e  Yorkshire reg ion ad jacen t  t o  Northern England 
bene f i t ed  from po l i cy  measure two probably by a t t r a c t i n g  a  
l a r g e r  p ropor t ion  of t h e  increased out-migrat ion r e s u l t i n g  
from t h e  inc reased in-migrat ion t o  t h e  Northern reg ion.  

S u p e r f i c i a l l y ,  t h e  lesson of t h i s  p a r t i c u l a r  exe rc i se  
i s  q u i t e  c l e a r .  Any a t tempts  t o  i n t e r f e r e  w i th  t h e  market 
mechanism t o  b r ing  about a  planned r e d i s t r i b u t i o n  of popula- 
t i o n  must be comprehensive and b a s i c a l l y  d i sc r im ina te  i n  
favour of a l l  t h e  dec l i n ing  reg ions  t o  a  l e s s e r  o r  g r e a t e r  
e x t e n t  and a g a i n s t  t h e  growth reg ions  i n  a  s i m i l a r  fash ion .  
To c o n s t r a i n  growth i n  one f a s t  growth a rea  simply se rves  t o  
r e d i r e c t  it t o  o t h e r  growth reg ions ,  w h i l s t  propping up in-  
d i v i d u a l  d e c l i n e  reg ions  has l i t t l e  o r  no p o s i t i v e  impact on 
o t h e r  reg ions  i n  d i s t r e s s .  

5. The Ef f i cacy  of Naive P ro jec t i on  Models 

The t h r e e  main models used i n  t h i s  e x e r c i s e  have now been 
eva luated i n  a  l a r g e l y  q u a l i t a t i v e  way and it i s  now poss ib le  
t o  b r i ng  toge the r  some of t h e  genera l  conc lus ions i n  o rde r  t o  
make a  t e n t a t i v e  s ta tement  on t h e i r  e f f i c a c y  and u t i l i t y .  

Perhaps t h e  most unexpected r e s u l t  from t h e  a n a l y s i s  of 
t h e  f i f t y  year  p ro jec t i ons  was t h e  cont inu ing compa t ib i l i t y  
of t h e  Modified Markov model w i th  t h e  o t h e r  two, f o r  t h i s  
former model i nco rpo ra tes  a  p o s i t i v e  feedback e f f e c t  which, 
a l though r e s u l t i n g  i n  increased divergence between t h e  e s t i -  
mates, s t i l l  produces a  p r o j e c t i o n  a f t e r  f i f t y  yea rs  which 
is,  on average, on ly  34% a t  var iance  w i th  t h e  maximum pred ic ted  



r e g i o n a l  change. More complex models of popu la t ion  pred ic-  
t i o n  r e s u l t  i n  c o n t r a s t s  of t h i s  magnitude when r e l a t i v e l y  
minor mod i f i ca t i ons  a r e  made t o  c o n t r o l  parameters  such a s  
f e r t i l i t y  r a t e s .  Secondly, t h e  major c o n t r a s t  between t h e  
models is  exp la ined by t h e  i n h e r e n t  t endenc ies  of t h e  Markov 
and Kinematic models t o  move towards an  equ i l i b r i um s t a t e .  
The Modif ied Markov model does n o t  have t h i s  same tendency 
i n  t h e  pe r i ods  we have been cons ide r i ng  b u t  t h e  r e g i o n a l  
t r a j e c t o r i e s  a s s o c i a t e d  w i th  a l l  t h r e e  models have been ve ry  
s i m i l a r  over  pe r i ods  of around twenty- f ive years .  Th is  a s p e c t  
is  impor tant  because t h e  purpose of t h e  e x e r c i s e  is  t o  d i s -  
cover t h e  t r e n d s  i n h e r e n t  i n  t h e  system r a t h e r  t han  t o  make 
a c c u r a t e  p r e d i c t i o n s ,  and when t h e  p r o j e c t i o n s  a r e  ve ry  s i m -  
i l a r  over  t h e  middle run ,  d e s p i t e  t h e  p o s i t i v e  feedback 
e f f e c t s  of t h e  Modif ied model, t h e  message t o  t h e  p o l i c y  
maker is  q u i t e  c l e a r .  

The models a r e  a l s o  e f f i c i e n t  i n  r e f l e c t i n g  changes i n  
t h e  system parameters  a s  evidenced by t h e  e x e r c i s e  on t h e  
French d a t a .  They a r e  t hen  u s e f u l  t o o l s  f o r  moni tor ing t h e  
p rog ress  of p lann ing p o l i c y  and permi t  a  s w i f t  and easy  i n d i -  
c a t i o n  of changes i n  migra tory  t r e n d s .  It i s  impor tant  t o  
mention t h a t  t hey  must be app l i ed  a t  an  a p p r o p r i a t e  s c a l e  
which w i l l  be t h e  o p e r a t i o n a l  p o l i c y  s c a l e ;  it i s  u s e l e s s  t o  
ana lyse  mig ra t ion  and popu la t ion  change f o r  s p a t i a l  u n i t s  
which have no p o l i c y  con tex t .  

These favourab le  conc lus ions  do n o t  mean t h a t  more com- 
p lex  models of m ig ra t ion  and popu la t ion  p r o j e c t i o n  should be 
abandoned. To t h e  c o n t r a r y ,  t h e  models desc r i bed  above a r e  
u s e f u l  a n a l y t i c a l  t o o l s  f o r  t e s t i n g  and v a r i f y i n g  t h e  t h e o r e t -  
i c a l  con ten t  of more complex models. U n t i l  a  r i g o r o u s  be- . 
hav iour  based t h e o r e t i c a l  model (s)  of m ig ra t ion  is developed 
and t e s t e d ,  t h e  s impler  t ype  of model w i l l  have a  u s e f u l  r o l e  
t o  p l a y  i n  h i n t i n g  a t  r e g i o n a l  t r e n d s  and i n d i c a t i n g  t h e  
e f f e c t s  of p o l i c y  i n p u t s  i n  poor ly  understood mig ra t ion  systems. 



APPENDIX 

Population Projections for the Twelve Sample Regions 

Ten Year ~rojections 

a - Initial Population, 
b - Kinematic Projection, 
c - Markov Projection, 
d - Modified Markov Projection 
e - Maximum difference between estimates / Initial Population 

expressed as a percentage, 
f - Maximum Projected Growth / Initial Population expressed 

as a percentage. 

I 

Regions 

BAYERN 

NIEDERSACHSEN 

RHEINLAND-PFALZ 

COVENTRY 

NOTTINGHAM 

NEWCASTLE 

COTE D'AZUR 

PARIS 

LIMOUSIN 

PIEMONTE 

EMILIA-ROMAGNA 

CAMPANIA 

a 

10561100 

7121800 

3658900 

902250 

1494540 

2139170 

2757550 

7942660 

662320 

4389126 

3825570 

50-1584 

e 

0.43 

0.57 

0.48 

0.55 

0.40 

0.43 

0.63 

0.18 

0.08 

2.11 

0.81 

0.57 

f 

2.17 

1.97 

4.63 

5.67 

1.09 

-5.32 

6.20 

0.92 

-1.02 

6.93 

1.74 

-6.10 

b 

10744953 

7221089 

3636030 

952222 

1510787 

2034455 

2911090 

8001180 

655576 

4600726 

3860969 

4733332 

c 

10771844 

7242842 

3653766 

948466 

1504792 

2029832 

2920697 

8013653 

6 56 107 

4665286 

3891158 

4762244 

d 

10790518 

7262006 

3653775 

953444 

1505103 

2025275 

2928420 

8015500 

655777 

4693302 

3892071 

4746707 



Fifty Year Projections 

a - Initial Population, 
b - Kinematic Projection, 
c - Markov Projection, 
d - Modified Markov Projection, 
e - Maximum difference between estimates / Initial Population 

expressed as a percentage, 
f - Maximum Projected Growth / Initial Population expressed 

as a percentage. 

f 

10.25 

7.57 

-2.05 

30.89 

3.78 

5.36-24.16 

30.50 

2.91 

-4.91 

32.17 

7.64 

6.40-27.97 

Regions 

BAYERN 

NIEDERSACHSEN 

RHEINLAND-PFALZ 

COVENTRY 

NOTT INGHAM 

NEWCASTLE 

L 

COTE D'AZUR 

PARIS 

LIMOUSIN 

PIEMONTE 

EMILIA-ROMAGNA 

CAMPANIA 

c 

11294221 

7410006 

3625221 

1067637 

1529856 

1717501 

3346937 

8149942 

640331 

5275179 

4103229 

3954529 

a 

10561100 

7121800 

3658900 

902250 

1494540 

2139170 

2757550 

7942660 

662320 

4389126 

3825570 

5041584 

I 

d 

11643486 

7661274 

3613309 

1180945 

1533736 

1622375 

3598680 

8174130 

629816 

5801297 

4117771 

3631620 

b 

11292368 

7468864 

3583883 

1076708 

1551043 

1737115 

3264770 

8126830 

641127 

5166185 

3967470 

3815074 

e 

3.32 

3.53 

1.13 

12.56 

1.42 

12.11 

0.60 

1.59 

14.47 

3.93 
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