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FOREWORD 

Many l a r g e  urban agglomerat ions i n  t h e  developed c o u n t r i e s  
a r e  e i t h e r  exper ienc ing  popula t ion dec l i ne  o r  a r e  growing a t  
r a t e s  lower than  those  of  middle-sized and smal l  s e t t l e m e n t s .  
This t r e n d  i s  i n  d i r e c t  c o n t r a s t  t o  t h e  one f o r  l a r g e  c i t i e s  
i n  t h e  l e s s  developed wor ld,  which a r e  growing r a p i d l y .  Urban 
c o n t r a c t i o n  and d e c l i n e  i s  genera t ing  f i s c a l  p ressu res  and 
f u e l i n g  i n t e r r e g i o n a l  c o n f l i c t s  i n  t h e  developed n a t i o n s ;  ex- 
p l o s i v e  c i t y  qrowth i n  t h e  l e s s  developed world is c r e a t i n g  
problems of urban absorp t ion .  These developments c a l l  f o r  t h e  
re fo rmu la t ion  of  urban p o l i c i e s  based on an improved under- 
s tand ing  of t h e  dynamics + h a t  have produced t h e  c u r r e n t  p a t t e r n s .  

During t h e  per iod  1 9 7 9 - 1 9 8 2 ,  t he  former Human Set t lements  
and Serv i ces  Area examined p a t t e r n s  of  human s e t t l e m e n t  t r a n s -  
format ion a s  p a r t  of  t h e  research  e f f o r t s  o f  two t a s k s :  t h e  
Urban Change Task and t h e  Populat ion,  Resources,  and Growth 
Task. Th is  paper was w r i t t e n  a s  p a r t  of t h a t  resea rch  a c t i -  
v i t y .  I ts  p u b l i c a t i o n  was de layed,  and i t  i s  t h e r e f o r e  being 
i ssued now a  few months a f t e r  t he  d i s s o l u t i o n  of t h e  HSS Area. 

Andrei Rogers 
former Chairnan 
of t he  Human Se t t l emen ts  
and Serv ices  Area 
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ON FORECASTING URBAN AND RURAL POPULATIONS: 
SOME METHODOLOGICAL REFLECTIONS 

1 . INTRODUCTION 

Most a t t e m p t s  t o  f o r e c a s t s  t h e  p r o p o r t i o n s  o f  a  popula- 

t i o n  t h a t  w i l l  be l i v i n g  i n  urban and r u r a l  a r e a s  use  a  model 

f o r e c a s t i n g  s h i f t s  between two homogeneous s t a t e s :  r u r a l  and 

urban (Ledent ,  1980; Uni ted Na t ions ,  1980) . The aim o f  t h i s  

s h o r t  paper  i s  t o  a t t e m p t  t o  e s t i m a t e  how such f o r e c a s t s  must 

be c o r r e c t e d  t o  accoun t  f o r  t h e  f u l l  complex i ty  o f  a  mu l t i -  

r e g i o n a l  system, and t o  a l l ow t r a n s i t i o n s  from r u r a l  t o  urban 

a r e a s  over  t i m e .  Pu re l y  demographic d i s c r e t e  t i m e  f o r e c a s t s  

from an i n i t i a l  p e r i o d  T t o  some f u t u r e  p e r i o d  T ,  w i l l  be 

cons ide red ,  and t h e  e f f e c t s  of age d i s t r i b u t i o n s  on m ig ra t i on  

and f e r t i l i t y  r a t e s  w i l l  be n e g l e c t e d .  I n s t e a d ,  a t t e n t i o n  

w i l l  be focused on an i s s u e  emphasized e lsewhere (Sheppard, 

1980 ) ;  t h a t  t h e  dynamics of  u r b a n i z a t i o n  canno t  be f u l l y  under- 

s t ood  o r  p r e d i c t e d  w i t hou t  a l l ow ing  f o r  t h e  i n te rdependenc ies  

between t h e  v a r i o u s  t y p e s  of  urban and r u r a l  a r e a s ;  t h a t  i s  

t h e  f u l l  geography of  popu la t i on  change. By i n t r o d u c i n g  a  

methodology t o  c o r r e c t  f o r e c a s t s  i n  a  way t h a t  a l l ows  f o r  

t h i s ,  t h e  importance o f  t h i s  f u l l  s p e c i f i c a t i o n  may be es t ima ted .  



2 .  THE BASE FORECAST 

Under t h e  assumpt ion of  c o n s t a n t  m ig ra t i on  r a t e s ,  t o  be 

r e l a x e d  l a t e r ,  Ledent (1980) d e s c r i b e s  t h e  f o l l ow ing  model, 

which seems t o  t y p i f y  a  b a s i c  u r b a n / r u r a l  f o r e c a s t :  

where p r ( r ) ,  p u ( t )  a r e  t h e  r u r a l  and urban popu la t i ons  a t  t ime 

t ;  o  o  a r e  t h e  r u r a l  and urban ou tm ig ra t i on  r a t e s ;  and a  
I ' u  r ' 

a  a r e  the r u r a l  and urban r a t e s  o f  n a t u r a l  i n c r e a s e .  For  t h e  u  
purposes o f  t h i s  paper  t h i s  i s  r e fo rmu la ted  a s :  

Pu ( t )  = (au+muu) pu (t- 1 ) + mrupr (t- 1 ) 

where m i s  t h e  r a t e  o f  m ig ra t i on  from r u r a l  t o  urban a r e a s ,  r u  
and m 

U U ,  mrr a r e  t h e  p r o p o r t i o n  o f  t h e  popu la t i on  remain ing 

r e s p e c t i v e l y  i n  t h e  urban and r u r a l  a r e a s .  System ( 2 )  i nco r -  

p o r a t e s  assumpt ions o f  no i n t e r n a t i o n a l  m i g r a t i o n ,  and b i r t h s /  

d e a t h s  accumulated a t  t h e  end of  t h e  t i m e  p e r i o d .  I n  ma t r i x  

form: 



Then t h e  b a s e  f o r e c a s t  i s :  

where s = T - T. F u r t h e r ,  t h e  b a s e  e q u i l i b r i u m  f o r e c a s t  i s  

g i v e n  by t h e  p r i n c i p a l  l e f t  hand e i g e n v e c t o r  o f  MB a s s o c i a t e d  

w i t h  t h e  e q u i l i b r i u m  r a t e  o f  i n c r e a s e  A :  

3 .  INCORPORATING MULTIREGIONAL FLOWS 

Assume t h a t  t h e  n a t i o n  may b e  d i v i d e d  i n t o  many r e g i o n s ,  

o f  s u f f i c i e n t l y  s m a l l  s i z e  t h a t  each r e g i o n  c a n  be  d e s c r i b e d  

a s  e i t h e r  r u r a l  o r  u rban .  I ndex  t h e s e  by r i ,  ui t o  r e f e r  t o  

t h e  i - t h  r u r a l  o r  u rban  r e g i o n .  I f  t h e  m i g r a t i o n  r a t e s  m r a r  , 
m m and r a t e s  o f  n a t u r a l  i n c r e a s e  a U  , a r  1 j 

u . r  u . u  
1 j '  1 j  I m r . u  

1 j i i 

a r e  known a t  t i m e  T ,  t h e n  t h e  f o l l o w i n g  f o r e c a s t s  can  b e  made 

of  t h e  p o p u l a t i o n  a t  t i m e  p e r i o d  T and i n  e q u i l i b r i u m :  

where p i ( t )  = [ p  , p  . p  , p  , . • • p  1 , A M  i s  t h e  l a r g e s t  

e i g e n v a l u e  o f  M ,  and M N 



The popu la t i on  v e c t o r  and t h e  components o f  change m a t r i x  have 

both  been p a r t i t i o n e d  i n t o  urban and r u r a l  r e g i o n s .  

Now d e f i n e  t h e  agg rega t i on  ma t r i x  E o f  d imension 2 by M+N:  

where t h e  f i r s t  row has  M ones (co r respond ing  t o  t h e  r u r a l  

r e g i o n s )  and t h e  second row has  N ones .  Then t h e  f i r s t  co r -  

r e c t e d  f o r e c a s t  of t h e  u r b a n / r u r a l  popu la t i on  s p l i t  i s :  

and t h e  e q u i l i b r i u m  v e c t o r  i s :  

I t  i s  t r u e  by d e f i n i t i o n  t h a t  ( s e e  Appendix) : 

where [ P ( t )  I = - 



Note i n  ( 1 1 )  t h a t  t h e  r e l a t i o n s h i p  between MB and M depends - 
on t h e  popu la t i on  d i s t r i b u t i o n  a t  t h e  t ime t h e  agg rega te  com- 

ponents  o f  change w e r e  es t ima ted .  Th is  r e f l e c t s  t h e  complexi-  

t i e s  of  popu la t i on  h e t e r o g e n e i t y .  From ( 1  1 ) ; 

The c o r r e c t i o n  t o  be a p p l i e d  t o  t h e  base  f o r e c a s t  i s  t hen :  

From e q u a t i o n s  ( 4 ) ,  ( 8 1 ,  and ( 1 0 ) :  

S S Ap; ( T )  = E ~ ( T ) .  [ M  . E '  - E '  . M B I  - - - - 
This  c o r r e c t i o n  must be a d d e d t o  t h e  base  f o r e c a s t  t o  g i ve  a  

modi f ied  f o r e c a s t .  I f t h e  c o r r e c t i o n  i s  e q u a l  t o  ze ro ,  p e r f e c t  

agg rega t i on  i s  p o s s i b l e  (Rogers,  1971) .  The c o r r e c t i o n  i s  

on ly  equa l  t o  z e r o  i f  e i t h e r  E . E '  e q u a l s  t h e  i d e n t i t y  ma t r i x  - - 
(which i s  never  t r u e ) ,  o r  i f  t h e r e  a r e  no m ig ra t i ons  between 

r u r a l  and urban a r e a s  and t h e  urban and r u r a l  popu la t i ons  a r e  

i n i t i a l l y  i d e n t i c a l  
2 

( i . e . ,  M.E' . [P( - r )  ] . E . M = M  ) . The s i z e  - - - - - -  
of  t h e  c o r r e c t i o n ,  however, i s  an e m p i r i c a l  q u e s t i o n .  I t  may 

be e a s i l y  c a l c u l a t e d  g iven  P- l ( - r )  and M. The c o r r e c t e d  e q u i l i -  - 
b r i m  f o r e c a s t  i s :  

which i s  aga in  o n l y  equa l  t o  ze ro  under p e r f e c t  a g g r e g a t i o n ,  

when X of  equa t i on  ( 5 )  and A M  of  equa t i on  ( 9 )  w i l l  be equa l  

(Rogers,  1975 ) .  



4 .  INCORPORATING URBANIZATION 

When l o n g  t e r m  f o r e c a s t s  a r e  made, t h e r e  i s  an  a d d i t i o n a l  

s o u r c e  o f  e r r o r ;  r e g i o n s  t h a t  were r u r a l  become u r b a n  a s  

c i t i e s  expand and v i l l a g e s  e v o l v e  t o  towns. Assume t h a t  t h e  

change o f  a  r e g i o n  f rom r u r a l  t o  u rban d o e s  n o t  a l t e r  migra- 

t i o n  r a t e s  between it and o t h e r  r e g i o n s .  I n  o t h e r  words ,  

assume t h a t  u rban and r u r a l  r e s i d e n t s  have t h e  same m o b i l i t y  

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

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

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

4 . 3 .  Aggregate  Ad jus tments  

Given a  t w o - s t a t e  f o r e c a s t ,  such  a s  p i ( T ) ,  t h i s  must b e  

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

r b u t  u rban a t  t i m e  T .  p i ( T )  i s  no l o n g e r  c o r r e c t  s imp ly  

because  t h e  o r i g i n a l  u r b a n / r u r a l  c l a s s i f i c a t i o n  i s  no l o n g e r  

v a l i d .  A s imp le  minded a d j u s t m e n t  c a n  b e  made, however,  a s  

f o l l o w s .  Assume q r u ( s )  is  t h e  p r o b a b i l i t y  t h a t  a  r u r a l  a r e a  

a t  t i m e  r h a s  become u rban  s p e r i o d s  l a t e r ,  a t  t i m e  T .  Then 

t h e  a d j u s t e d  b a s e  f o r e c a s t  i s :  

where 

is  z e r o ;  i. e . ,  t h a t  u rban a r e a s  I t  w i l l  be assumed t h a t  qUr 

neve r  c o m p l e t e l y  r e v e r t  t o  r u r a l  a r e a s  due t o  t h e  p h y s i c a l  

n a t u r e  o f  a  c i t y .  I n  t h i s  a d j u s t e d  f o r e c a s t  t h e  u rban  popu- 

l a t i o n  i s  t h e n  s i m p l y  i nc remen ted  by t h e  p r o b a b i l i t y  o f  a  

r u r a l  t o  u rban t r a n s i t i o n  m u l t i p l i e d  by t h e  f o r e c a s t  r u r a l  

p o p u l a t i o n .  C l e a r l y  t h i s  assumes t h a t  t h e  p r o b a b i l i t y  o f  a  

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

r u r a l  a r e a .  



I t  rema ins  t o  d e t e r m i n e  q ( S ) .  W e  s h a l l  suppose t h a t  t h e  r u  
two r e a s o n s  f o r  a  r u r a l - u r b a n  t r a n s i t i o n  can  b e  s e p a r a t e l y  

e s t i m a t e d .  To e s t i m a t e  t h e  number o f  r e g i o n s  t h a t  become 

u rban  due t o  autonomous u rban  growth ,  w e  r e q u i r e  e s t i m a t e s  

of  t h e  ' b i r t h  r a t e '  o f  new c i t i e s  p e r  annum, b  (Simon, 1955; 

V in ing ,  1974) , and t h e  mean a r e a  o f  a  new c i t y ,  6 .  Then t h e  

l a n d  a r e a  o f  r u r a l  s e t t l e m e n t  which h a s  become u r b a n  i n  one 

t i m e  p e r i o d  i s :  

where R ( t )  i s  t h e  t o t a l  a r e a  t h a t  i s  r u r a l  a t  t i m e  t ,  and 
* 

A r u  
( t , t + l )  i s  t h e  l a n d  a r e a  t h a t  changes  f rom r u r a l  t o  u rban  

due t o  autonomous u rban  growth between t and t + l .  I g n o r i n g  

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

* T- 1 

A r u  ( T , T )  = A* ( k ,  k + l )  
k=T r u  

To e s t i m a t e  u r b a n - r u r a l  t r a n s i t i o n s  due t o  u rban  e x p a n s i o n ,  

i t i s  n e c e s s a r y  t o  have  t h e  f o l l o w i n g  i n f o r m a t i o n :  t h e  c r i -  

t i c a l  p o p u l a t i o n  d e n s i t y  above which a  r e g i o n  i s  r e g a r d e d  t o  

be  u r b a n ;  t h e  t o t a l  a r e a  o f  t h e  c o u n t r y  t h a t  i s  r u r a l ;  and 

an e s t i m a t e  o f  how p o p u l a t i o n  d e n s i t i e s  a r e  chang ing  a round  

c i t i es .  D e f i n i t i o n  o f  a n  a r e a  a s  u rban s o l e l y  on t h e  b a s i s  

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

demographic  f o r e c a s t  t h e r e  i s  no o t h e r  c h o i c e .  E s t i m a t i o n  

o f  p o p u l a t i o n  e x p a n s i o n  a round  a  c i t y  may be c a l c u l a t e d  u s i n g  

t h e  f o l l o w i n g  f o r m u l a ,  which h a s  p roven t c  b e  s u c c e s s f u l  i n  

d e s c r i b i n g  i n t r a - u r b a n  p o p u l a t i o n  d e n s i t i e s  (Newl ing 1964,  1969) : 

where 



Here D ( s , t )  i s  t h e  popu la t i on  d e n s i t y  a t  d i s t a n c e  s from t h e  

c i t y  c e n t e r  and t i m e  t .  Combining t h e s e  e q u a t i o n s :  

Equat ion ( 2 2 )  must however be e s t i m a t e d  on e m p i r i c a l  d a t a ,  and 

even i n  l o g a r i t h m i c  form i t  i s  non - l i nea r .  The e s t i m a t i o n  

equa t i on  would be :  

l o g  D ( s , t )  = A + a t  - BexpC-yt) + E .  ( 23 )  

where A ,  a ,  6 ,  y ,  a r e  c o n s t a n t s ,  and E i s  s t o c h a s t i c  e r r o r .  

A s i m p l e r  e q u a t i o n  f o r  d e s c r i b i n g  t h e  same spa t io - tempora l  

d i f f u s i o n  o f  p o p u l a t i o n  d e n s i t i e s  i s  ( C a s e t t i  e t  a l ,  1971) :  

~ ( s , t )  = exp 1-6s  + a t  - y t s )  D ( O , O )  ( 2 4 )  

Th is  i s  l o g - l i n e a r  and e s t i m a b l e  by s t a n d a r d  methods. S ince  

c i t i e s  o f  d i f f e r e n t  s i z e s  show d i f f e r e n t  dynamics o f  popula- 

t i o n  d e n s i t y ,  it would be d e s i r a b l e  t o  e s t i m a t e  ( 2 4 )  s e p a r a t e l y  

f o r  each major  c i t y  u s i n g  h i s t o r i c a l  d a t a ,  o r  f o r  g roups af 

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

d a t a .  

Given e m p i r i c a l  e s t i m a t e s  o f  B ,  a  and y  i t  i s  then  p o s s i -  

b l e  t o  e s t i m a t e  u r b a n i z a t i o n  due t o  urban expans ion .  Def ine 
- 
D a s  t h e  c r i t i c a l  p o p u l a t i o n  d e n s i t y  d e f i n i n g  an urban s e t t l e -  

ment p a t t e r n .  I f  5 occu rs  a t  d i s t a n c e  ? from a  c i t y  c e n t e r ,  

t hen  a l l  a r e a s  c l o s e r  t o  t h e  c e n t e r  t han  ? may be d e f i n e d  a s  

urban by t h e  w e l l  known p r o p e r t y  t h a t  popu la t i on  d e n s i t i e s  on 

t h e  urban f r i n g e  d e c l i n e  w i t h  d i s t a n c e  from t h e  c i t y  c e n t e r .  

A t  t i m e  p e r i o d  T; 

h 

where D i ( s , ~ )  i s  t h e  p r e d i c t e d  popu la t i on  d e n s i t y  f o r  c i t y  

( o r  c i t y  s i z e  c l a s s )  i a t  t ime  TI u s i n g  t h e  e s t i m a t e d  para -  
h h h 

meters  B i ,  a i r  yi.  The d i s t a n c e  zi a t  which t h e  c r i t i c a l  



d e n s i t y  i? i s  reached f o r  c i t y  i a t  t ime  T  i s  g iven  by s o l v i n g :  

f o r  Ti, g i ven  D and a l l  t h e  pa ramete rs  from e s t i m a t i n g  ( 2 4 )  : 

The f o r e c a s t i n g  s t e p s  f o r  urban expans ion  a r e  t hen  a s  f o l l ows :  

[ I 1  Es t ima te  ( 2 4 )  f o r  each c i t y  ( s i z e  c l a s s )  

[ 2 1  C a l c u l a t e  Si f o r  each c i t y  us i ng  e q u a t i o n  (27 )  

[ 3 ]  C a l c u l a t e  t h e  a r e a  t h a t  h a s  become urban around c i t y  i ,  
i 

Aru l  a s  : 

* 
where si was t h e  mean r a d i u s  o f  t h e  c i t y  a t  t i m e  r .  

[ 4 1  C a l c u l a t e  t h e  p r o p o r t i o n  of  l a n d  t h a t  has  changed from 

r u r a l  t o  urban due t o  c i t y  exapns ion  between r and T  a s  

4 . 2 .  Aggregate F o r e c a s t  Co r rec ted  f o r  Urban Change 

The c o r r e c t i o n  t o  be a p p l i e d  t o  t h e  base  f o r e c a s t  would 

be : 



where 

and qru = + 1 A i U ]  / R ( r )  , and can on l y  be c a l c u l a t e d  
i 

us ing  in fo rmat ion  t o  e s t i m a t e  ( 1  7) , ( 2 4 )  , and (28)  . The 

p o s s i b i l i t y  of making t h i s  c o r r e c t i o n  w i l l  depend on a v a i l -  
* 

a b i l i t y  of  d a t a  on b ,  6 ,  D ( s . T ) ,  and s i t  a s  w e l l  a s  s p e c i f y i n g  
- 
D .  

4.3. D isaggrega te  Adjustments 

To make ad jus tmen ts  t o  t h e  m u l t i r e g i o n a l  f o r e c a s t  p l ( T ) ,  
-1 

i t i s  g e n e r a l l y  s u p e r i o r  i f  a  d i s a g g r e g a t e  ad jus tment  i s  made, 

s i n c e  t h i s  r e q u i r e s  no new i n fo rma t i on ,  and i s  s u p e r i o r  t o  

s imply pos t -mu l t i p l y i ng  - p ; ( ~ )  by Q .  The s t e p s  would be a s  .., 
f o l l ows  

[ I ]  Est imate  ( 2 4 )  f o r  each  c i t y  

[ 2 ]  C a l c u l a t e  Si f o r  each c i t y  us i ng  equa t i on  (27)  

[31 I d e n t i f y  t h e  s e t  of  t hose  r u r a l  r e g i o n s  t h a t  l i e  

w i t h i n  d i s t a n c e  si o f  t h e  c e n t e r  o f  c i t y  i ,  {R1 
* 

[ 4 ]  Est imate  ArU ( r , T )  u s i n g  (18)  and c a l c u l a t e  t h e  

es t ima ted  number o f  r u r a l  a r e a s  becoming urban * 
due t o  autonomous c i t y  growth, NrU (-r,T) a s :  

where R2 i s  t h e  mean land  a r e a  of  a  r u r a l  r eg ion  ex- 

c lud ing  t hose  i nco rpo ra ted  i n  t h e  s e t  {R1 ). 

[ S ]  C a l c u l a t e  an a d j u s t e d  f o r e c a s t  a s  f o l l ows :  



* 
P i 4 ( T )  = P '  ( T )  .Q - 3 - 

* 
Here E i s  an a g g r e g a t i o n  m a t r i x  o f  d imension 2 by M+N, where - 
e n t r i e s  on row one e q u a l  one o n l y  f o r  r u r a l  r e g i o n s  n o t  i n  

t h e  s e t  { R  1 ,  and e n t r i e s  on row two e q u a l  one on ly  f o r  u rban 
1 

r e g i o n s t a n d  r u r a l  r e g i o n s  i n  t h e  s e t  {R1}. A l l  o t h e r  e n t r i e s  
* * 

i n  E a r e  ze ro .  E t h e n  agg rega tes  a l l  u rban a r e a s ,  and r u r a l  - - 
a r e a s  t h a t  became urban due t o  c i t y  expans ions  i n t o  t h e  urban 

s e c t o r .  Equat ion  (31)  t h u s  a d j u s t s  t h e  f o r e c a s t  f o r  c i t y  

expans ion.  Equat ion  (32 f u r t h e r  a d j u s t s  t h e  f o r e c a s t s  f o r  * 
autonomous urban growth ,  w i t h  Q d e f i n e d  a s :  - 

* * * 
wi th  qru = N r U  ( T , T ) / N ~  where N r  i s  t h e  number o f  r u r a l  a r e a s  

exc l ud ing  t hose  i n  t h e  s e t  { R, 1 .  

4 . 4 .  Disaggrega te  Co r rec ted  F o r e c a s t  f o r  Urban Change 

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

us i ng  ( 3 4 )  , (31)  , (32)  : 



5 .  FORECASTING USING LARGE REGIONS 

I n  t h e  m u l t i r e g i o n a l  f o r e c a s t  adopted above it was assumed 

t h a t  each r e g i o n  cou ld  be  un ique ly  desc r i bed  a s  urban o r  r u r a l .  

I n  t h e  even t  t h a t  t h i s  i s  n o t  t h e  c a s e ,  which i s  l i k e l y  t o  be 

r e l a t i v e l y  common because f o r  d a t a  reasons  sma l l  r e g i o n s  a r e  

t y p i c a l l y  i n a p p r o p r i a t e ,  f u r t h e r  ad jus tments  must be made. 

L e t  t h e  set  of r e g i o n s  be d i v i ded  i n t o  3  groups:  Those 

t o t a l l y  urban ( t y p i c a l l y  l a r g e  c i t i e s ) ,  t h o s e  t o t a l l y  r u r a l ,  

and t h o s e  t h a t  a r e  mixed. I t  i s  on l y  f o r  t h e  l a s t  group t h a t  

ad jus tments  must be i nco rpo ra ted .  Cor respond ing ly ,  p a r t i t i o n  

t h e  v e c t o r  & i n t o  t h r e e  and t h e  m a t r i x  M i n t o  n i n e  segments. 
"d 

Assume f o r  mixed r e g i o n  k  t h e  urban popu la t i on  a t  t i m e  t 

i s  uk ( t ) p k  ( t )  where uk ( t )  i s  t h e  p r o p o r t i o n  o f  t h e  popu la t i on  

t h a t  i s  urban a t  t i m e  t .  A t  some f u t u r e  p o i n t  T t h e  urban 

p ropo r t i on  i n  k  i s  l i k e l y t o b e  d i f f e r e n t .  I ts  new va lue  may 

be es t ima ted  i f  t h e  r a t e  o f  growth of  t h e  urban p o p u l a t i o n ,  

gUk, and t h e  r u r a l  p o p u l a t i o n ,  grk,  i n  r e g i o n  k  a r e  known a t  

t h e  s t a r t  of t h e  f o r e c a s t .  Then a  reasonab le  e s t i m a t e  of 

uk ( T )  i s :  

A 

where p  ( T )  i s  t h e  expec ted  popu la t i on  i n  mixed reg ion  k  i f  
k  

c u r r e n t  growth r a t e s  con t i nue .  I f  t h e  aggrega te  growth r a t e  

of popu la t i on  i n  k  i s  g  k  ' 

But 

where r T i s  t h e  p r o p o r t i o n  of t h e  popu la t i on  i n  k  t h a t  i s  k  
r u r a l  a t  t ime T .  Thus, us i ng  ( 3 4 ) ,  ( 3 5 ) ,  ( 3 6 ) :  



rk (T) = 1 - uk (T) ( 3 9 )  

The m u l t i r e g i o n a l  f o r c a s t  w i t h  mixed r e g i o n s  p r e s e n t ,  a t  t i m e  

TI  i s :  

where t h e  s u b s c r i p t s  u ,  k  and  r r e f e r  t o  u r b a n ,  mixed and r u r a l  

r e g i o n s .  T h i s  may now b e  a g g r e g a t e d  i n t o  u r b a n / r u r a l  f o r e c a s t s  

by : 

h 

& ( T I  = & ( T ) . D ' ( T )  - (40 

where 

where 6 ( T )  i s  e s t i m a t e d  u s i n g  e q u a t i o n s  ( 3 7 ) ,  (38 )  , and (39 )  . - 

5.1 . C o r r e c t e d  F o r e c a s t  w i t h  Aggregate  Regions 

With l a r g e  r e g i o n s ,  and  n e g l e c t i n g  c o r r e c t i o n s  n e c e s s i -  

t a t e d  by u rban a r e a s  becoming r u r a l  a r e a s ,  t h e  c o r r e c t i o n  t o  

t h e  b a s i c  f o r e c a s t  i s :  

When t h e  r e g i o n s  a r e  l a r g e  it becomes d i f f i c u l t  t o  f u r t h e r  

a d j u s t  t h e  f o r e c a s t s  t o  a c c o u n t  f o r  u rban  e x p a n s i o n  and new 

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



s i n c e  they  a r e  phenomena a s s o c i a t e d  w i t h  a  lower geograph ica l  

s c a l e .  ~ h u s  mixed r e g i o n s  may become urban o r  t h e  u r b a n / r u r a l  

mix i n  r e g i o n s  may s h i f t .  What i s  r e q u i r e d  h e r e  i s  a method 

of  f o r e c a s t i n g  u  ( T )  t h a t  i s  d i f f e r e n t  from t h e  na ive  p ro jec -  k  
t i o n  a p p l i e d  above. But of  cou rse  f o r e c a s t i n g  u k ( T )  u s i n g  

sub reg iona l  d a t a  i s  i d e n t i c a l  t o  t h e  t a s k  of  f o r e c a s t i n g  t h e  

n a t i o n a l  r u r a l / u r b a n  popu la t i on  s p l i t  u s i n g  r e g i o n a l  d a t a .  

Thus w i th  mixed r e g i o n s  t h e  same f o r e c a s t i n g  p rocess  a s  ou t -  

l i n e d  e a r l i e r  must be repea ted  a t  a  s m a l l e r  s c a l e  i n  o r d e r  t o  

account  p r o p e r l y  f o r  u rban change. 

6 .  CHANGING RATES OF MIGRATION 

A ' g r a v i t y - t y p e '  model of  urban and r u r a l  popu la t i on  

change i n c o r p o r a t i n g  chang ing m ig ra t i on  r a t e s  has been pro-  

posed f o r  use  by t h e  Uni ted Nat ions  (1980) . Reformulated 
\ 

t o  conform wi th  t h e  n o t a t i o n  of  t h i s  paper  and i n  d i s c r e t e  

t i m e  : 

where 

This model, however, i s  weak t h e o r e t i c a l l y .  By t r e a t i n g  

m and mUU a s  r e s i d u a l s ,  n e t  of  r u ra l - u rban  o r  u rban- ru ra l  rr 
mig ra t i on ,  t h e  i m p l i c a t i o n  i s  t h a t  t h e r e  i s  no m ig ra t i on  be- 

tween c i t i e s  o r  r u r a l  a r e a s .  I t  i s  more c o n s i s t e n t  t o  pose 

t h e  e x i s t e n c e  of  such m i g r a t i o n ,  b u t  t o  s e p a r a t e  it i n  t u r n  

from non-migrants.  I f  u r  i s  t h e  p r o p e n s i t y  of  a  r u r a l  migrant  

t o  m i g r a t e ,  t hen  a  more c o n s i s t e n t  model i s :  



AS sume 

m (t-1) = f p (t- l) /  f  p (t-1) + f u u P u ( t - l )  
u r  u r  r [ u r  r 

By d e f i n i t i o n ,  because movers must be accounted f o r :  

There fo re :  

The e q u a t i o n s  ( 4 5 ) ,  (46)  , become, i n  m a t r i x  form: 

where 

(.B) = I' "1 



Equa t ion  (53 )  i s  c l o s e  i n  s p i r i t  t o  t h e  Un i ted  Na t ions  

p r o p o s a l ,  b u t  i s  n o n - l i n e a r .  A l though it may be  s i m p l i f i e d  

i n  t h e  two s t a t e  c a s e  (Leden t ,  1 9 8 0 ) ,  t h e  dynamics o f  t h e  

m u l t i r e g i o n a l  case a r e  v e r y  complex (Sheppard ,  19 82)  . The 

g e n e r a l  e q u a t i o n  f o r  f o r e c a s t i n g  T  t i m e  p e r i o d s  ahead i s  

v e r y  l o n g  and c a n  o n l y  be  s o l v e d  r e c u r s i v e l y  i n  t h e  m u l t i -  

r e g i o n a l  c a s e .  Thus a  compar ison o f  t h e  m u l t i r e g i o n a l  c a s e  

w i t h  t h i s  u r b a n / r u r a l  c a s e  i s  most e a s i l y  examined f o r  j u s t  

one t i m e  p e r i o d .  

6 . 1 .  The C o r r e c t e d  F o r e c a s t  w i t h  Changing I n t e r a c t i o n s  

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

chang ing  i n t e r a c t i o n s  o f  e q u a t i o n  ( 5 3 )  a l l o w i n g  f o r  m u l t i -  

r e g i o n a l  f l o w s ,  i s :  

where p ' ( T )  i s  t h e  n o n - l i n e a r  f o r e c a s t  f o r  t h e  f u l l  m u l t i -  
-6 

r e g i o n a l  sys tem.  

When a  one  p e r i o d  c o r r e c t i o n  i s  d e s i r e d :  

where 



and ( A )  , ( p )  , (e6) , F a r e  e q u i v a l e n t  t o  m a t r i c e s  (eB) , ( F ~ )  , - * - 
FB ex tended  i n  s i z e  t o  r e p r e s e n t  t h e  f u l l  m u l t i r e g i o n a l  

sys tem.  Note t h a t  t h e  two f o r e c a s t s  are assumed t o  be  i d e n t i c a l  

a t  t i m e  p e r i o d  (T-1 ) i n  e q u a t i o n  (54)  : 

F u r t h e r  c o r r e c t i o n s  f o r  r u r a l  a r e a s  t h a t  become u r b a n  

a r e a s ,  and f o r  r e g i o n s  w i t h  mixed u rban  and r u r a l  p o p u l a t i o n s  

may a l s o  b e  g i v e n .  Thus t h e  c o r r e c t i o n  e q u i v a l e n t  t o  e q u a t i o n  

( 3 0 ) ,  a g g r e g a t e  c o r r e c t i o n s  f o r  u rban c h a n g e ,  i s :  

P '  (T) .E.Q - 
-6 - - 

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

p r e s e n c e  o f  mixed r e g i o n s  i s :  

7. CONCLUSIONS 

T h i s  p a p e r  h a s  s u g g e s t e d  a  series o f  seven  fo rmu lae  

[ e q u a t i o n s  ( 1 4 1 ,  ( 3 0 ) ,  (331 ,  ( 4 1 1 ,  (541 ,  ( 5 6 ) ,  ( 5 7 )  I f o r  

c o r r e c t i n g  u rban  and r u r a l  f o r e c a s t s  t h a t  a r e  o n l y  composed 

o f  two homogeneous and pe rmanen t l y  d e f i n e d  s t a t e s  ' u r b a n '  

and ' r u r a l ' .  The c o r r e c t i o n s  a c c o u n t  f o r :  t h e  a g g r e g a t i o n  

e r r o r  i n  assuming  t h a t  m u l t i r e g i o n a l  m i g r a t i o n  r a t e s  may b e  

subsumed under  o n l y  two f lows ( r u r a l  t o  u r b a n  and  v i c e  v e r s a ) ;  

t h e  e r r o r  i nduced  because  f o r m e r l y  r u r a l  a r e a s  may b e  u r b a n  

by t h e  end o f  t h e  f o r e c a s t ;  and r e g i o n s  which a r e  p a r t l y  u rban  

and p a r t l y  r u r a l .  I f  c o n s t a n t  m i g r a t i o n  r a t e s  a r e  assumed 

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

second t y p e  l i s t e d  h e r e  have  h i g h  secondary  d a t a  r e q u i r e m e n t s .  

These r e s u l t s  s h o u l d  a l s o  be r e a d i l y  g e n e r a l i z a b l e  t o  models 

w i t h  f u l l  l i f e  t a b l e s .  With chang ing  m i g r a t i o n  r a t e s ,  com- 

p u t a t i o n  i s  cumbersome and no s i m p l e  s o l u t i o n s  a r e  known. 

However, h e r e  a l s o  t h e  c o r r e c t i o n s  a r e  i n  p r i n c i p l e  computab le .  



In this case, however, introduction o f q e  distributions is 

very difficult even analytically (Gurtin and MacCamy, 1974). 

It is hoped that an approach such as this can at least provide 

a foundation for methods that will allow some rule-at-thumb 

adjustments of aggregate urban-rural demographic forecasts. 
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APPENDIX 

Equat ion  ( 1 0 )  f o l l ows  immediate ly  from t h e  d e f i n i t i o n s  of 

E; and ph. To d e r i v e  ( 1  1 ) , r e c a l l  t h a t  t h e  popu la t i on  from 

r t h a t  remains i n  some r u r a l  r eg ion  dur ing  t h e  T - t h  t i m e  p e r i o d  i I 

i s  P, (T) - 1  a r  +? m r ,  I. ] F u r t h e r  t h e  fo l l ow ing  i d e n t i t y  i s  t r u e :  
i i j  l j  

whence 

The same ho lds  f o r  the o t h e r  t h r e e  t r a n s i t i o n s ,  and ( 1  1 ) exp resses  

t h i s  i n  ma t r i x  form. 


