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FOREWORD 

I n t e r e s t  i n  human s e t t l e m e n t  s y s t e m s  and  p o l i c i e s  h a s  been  
a c e n t r a l  p a r t  o f  u r b a n - r e l a t e d  work a t  t h e  I n t e r n a t i o n a l  
I n s t i t u t e  f o r  A p p l i e d  Sys tems  A n a l y s i s  (IIASA) f rom t h e  o u t s e t .  
From 1975 t h r o u g h  1978 t h i s  i n t e r e s t  w a s  m a n i f e s t e d  i n  t h e  work 
o f  t h e  M i g r a t i o n  and  S e t t l e m e n t  Task ,  which was f o r m a l l y  con- 
c l u d e d  i n  November 1978.  S i n c e  t h e n ,  a t t e n t i o n  h a s  t u r n e d  t o  
d i s s e m i n a t i o n  o f  t h e  T a s k ' s  r e s u l t s ,  t o  t h e  c o n c l u s i o n  o f  i t s  
c o m p a r a t i v e  s t u d y ,  and  t o  t h e  e x p l o r a t i o n  o f  p o s s i b l e  f u t u r e  
work t h a t  m i g h t  a p p l y  t h e  newly-deve loped  m a t h e m a t i c a l  method- 
o l o g y  t o  o t h e r  r e s e a r c h  t o p i c s .  

T h i s  p a p e r  c o n s i d e r s  t h e  i m p a c t  o f  t h e  Markovian a s s u m p t i o n  
f r e q u e n t l y  made r e g a r d i n g  i n t e r r e g i o n a l  m i g r a t i o n  p a t t e r n s  and  
shows t h a t  s u c h  a n  a s s u m p t i o n  c r e a t e s  i n a c c u r a c i e s  i n  p r o c e d u r e s  
f o r  i n f e r r i n g  m i g r a t i o n  s t r e a m s  from p l a c e  o f  b i r t h  d a t a .  

P a p e r s  summar iz ing  p r e v i o u s  work on m i g r a t i o n  and  s e t t l e m e n t  
a t  IIASA a r e  l i s t e d  a t  t h e  back  o f  t h i s  p a p e r .  

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



ABSTRACT 

This note attempts to assess the impact of the assumption 
that interregional migration patterns are independent of the 
birthplace on the accuracy of the method suggested by Rogers 
and von Rabenau (1971) to infer interregional migration streams 
from place-of-residence-by-place-of-birth (PRPB) data. 

This assumption is shown to be the main element responsible 
for the relative inaccuracies of the method, a result which 
suggests that the use of an additional subscript to identify 
the birthplace, in matrix generalizations of some standard 
mathematical models of population growth and distribution, should 
be made with caution. 
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A NOTE ON THE ESTIMATION OF 
INTERREGIONAL MIGRATION STREAMS 
FROM PLACE-OF-RESIDENCE-BY- 
PLACE-OF-BIRTH (PRPB) DATA 

INTRODUCTION 

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

on i t s  r o l e  a s  a  component of  p o p u l a t i o n  change i n  a  g i v e n  

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

s o  f o r t h ) .  Most m i g r a t i o n  s t u d i e s  a r e  i n  e f f e c t  devo ted  t o  

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

and e x i t s .  The d a t a  used i n  t h o s e  s t u d i e s  a r e  g e n e r a l l y  

measured by u s i n g  c e n s u s  i n f o r m a t i o n ,  s i n c e  it i s  u s u a l l y  t h e  

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

G e n e r a l l y  t h i s  d a t a  i s  o b t a i n e d  w i t h  a d i r e c t  c e n s u s  

q u e s t i o n  a b o u t  m i g r a t i o n ,  b u t  f r e q u e n t l y  it h a s  t o  be  e s t i m a t e d  

u s i n g  i n f o r m a t i o n  from two c o n s e c u t i v e  c e n s u s e s .  I n  t h e  l a t t e r  

c a s e ,  t h e  method c o n s i s t s  o f  e s t i m a t i n g  p o p u l a t i o n  growth 

e x p e c t e d  i n  t h e  absence  o f  m i g r a t i o n  and comparing i t  w i t h  t h e  

observed i n t e r c e n s a l  m i g r a t i o n  ( L e e  e t  a l .  1 9 7 5 ) .  When r e l i a b l e  

v i t a l  s t a t i s t i c s  a r e  n o t  a v a i l a b l e ,  t h e  e x p e c t e d  growth i n  t h e  

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

r a t e  method i n  which t h e  s u r v i v a l  r a t e s  a r e  assumed t o  be 

s p e c i f i c  t o  t h e  p l a c e  o f  b i r t h  ( E l d r i d g e  and K i m  1 9 6 8 ) .  



The t r a d i t i o n a l  s i n g l e - r e g i o n  f o c u s  i n  a n a l y z i n g  m i g r a t i o n ,  

however ,  r e v e a l s  o n l y  t h e  " t i p  o f  t h e  i c e b e r g " .  F o r  example ,  

when examining  t h e  p a t t e r n  o f  m i g r a t i o n  w i t h i n  a  s y s t e m  o f  r e g i o n s ,  

it f o r c e s  one t o  examine t h e  r e g i o n a l  n e t  m i g r a t i o n  f l o w s  

i n d e p e n d e n t l y  o f  e a c h  o t h e r .  I n  o t h e r  words ,  t h i s  a p p r o a c h  d o e s  

n o t  a l l o w  an  i n v e s t i g a t i o n  o f  t h e  i n t e r d e p e n d e n c e  be tween  

r e g i o n s .  Hence,  m o t i v a t e d  by p l a n n i n g  p u r p o s e s  t o  s e a r c h  f o r  

a  b e t t e r  u n d e r s t a n d i n g  o f  i n t e r n a l  m i g r a t i o n ,  demographers  a r e  

g r a d u a l l y  s h i f t i n g  t h e i r  i n t e r e s t  f rom r e g i o n a l  n e t  m i g r a t i o n  

f lows  t o  i n t e r r e g i o n a l  m i g r a t i o n  s t r e a m s .  T h i s  remark  a p p l i e s  

t o  d e v e l o p e d  c o u n t r i e s - - i n  which t h e  i n t e r a c t i o n  between r e g i o n s  

t e n d s  t o  i n c r e a s e  w i t h  economic growth--as  w e l l  a s  t o  d e v e l o p i n g  

c o u n t r i e s - - i n  which t h e  t r a n s f e r  o f  p o p u l a t i o n  be tween  r u r a l  

and  u r b a n  a r e a s  i s  no l o n g e r  p r i m a r i l y  u n i d i r e c t i o n a l .  

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

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

been  f a c i l i t a t e d  by t h e  deve lopmen t  o f  a  f o r m a l  demography 

(Rogers  1968,  1975 and  1979)  b u t  it h a s  been  hampered by a  d a t a  

problem t h a t  i s  most  s e v e r e  i n  t h e  d e v e l o p i n g  c o u n t r i e s .  Most 

c e n s u s e s  i n  d e v e l o p e d  c o u n t r i e s  c o n t a i n  a  d i r e c t  q u e s t i o n  on 

m i g r a t i o n  which a l l o w s  o n e  t o  p roduce  t a b l e s  o f  i n t e r r e g i o n a l  

m i g r a t i o n  s t r e a m s  o b s e r v e d  o v e r  a  f i x e d  p e r i o d  p r e c e d i n g  t h e  

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

i n c l u d e  any  q u e s t i o n  c o n c e r n i n g  m i g r a t i o n  a t  a l l ,  g e n e r a l l y  

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

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

a l l o w s  one  t o  p roduce  t a b l e s  o f  i n t e r r e g i o n a l  s t r e a m s  o f  l i f e t i m e  

m i g r a t i o n .  Thus ,  f o r  s u c h  c o u n t r i e s ,  t h e  p rob lem i s  o n e  o f  

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

Fo r  t h i s  p u r p o s e ,  a  method h a s  been  p r o p o s e d  by Rogers  and  

von Rabenau (1971)  which g e n e r a l i z e s  t h e  method u s e d  i n  t h e  

t r a d i t i o n a l  n e t  m i g r a t i o n  a n a l y s i s  men t ioned  above  ( E l d r i d g e  

and  K i m  1 9 6 8 ) .  I t  e s t i m a t e s  i n t e r c e n s a l  m i g r a t i o n  s t r e a m s  f rom 

place-of-residence-by-place-of-birth (PRPB) d a t a  i n  two 

c o n s e c u t i v e  c e n s u s e s .  U n f o r t u n a t e l y ,  t h e  method o f t e n  l e a d s  t o  

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

i n  t h e  c a s e  of  o l d e r  a g e  g r o u p s .  T h i s  r a i s e s  q u e s t i o n s  r e g a r d i n g  



t h e  r e l i a b i l i t y  of t h e  method, something t h a t  w e  a t t e m p t  t o  

answer i n  t h i s  n o t e .  

Th i s  e s s a y  c o n s i s t s  o f  t h r e e  s e c t i o n s .  S e c t i o n  One, 

i n t e n d e d  a s  a  background s e c t i o n ,  p r o v i d e s  a  b r i e f  d e s c r i p t i o n  

o f  t h e  Rogers-von Rabenau PRPB method and d i s c u s s e s  i t s  
weaknesses.  Then, w i t h  t h e  h e l p  o f  p l a c e ~ o f - b i r t h - s p e c i f i c  

m i g r a t i o n  s t r e a m  d a t a  f o r  t h e  female  p o p u l a t i o n  o f  t h e  Uni ted  

S t a t e s  t a k e n  from t h e  1970 Census (US Bureau of  t h e  Census 

1 9 7 3 ) ,  S e c t i o n  Two p r e s e n t s  a  numer ica l  a s s e s smen t  o f  t h i s  

method t o  tes t  t h e  adequacy o f  t h e  main u n d e r l y i n g  assumpt ion.  

Th i s  l e a d s  t o  t h e  f o r m u l a t i o n  o f  some c o n j e c t u r e s  a b o u t  t h e  

accu racy  of  t h e  method which,  i n  S e c t i o n  Three ,  a r e  a n a l y t i c a l l y  

j u s t i f i e d  w i t h  r e g a r d  t o  t h e  c a s e  of a  two-region sys tem.  

1 .  THE ROGERS-VON RABENAU PRPB METHOD: AN OVERVIEW 

The PRPB method i s  based on t h e  m u l t i r e g i o n a l  model of  

p o p u l a t i o n  growth and d i s t r i b u t i o n  deve loped  by Rogers (1968,  

1975 ) .  T h i s  model c an  be e x p r e s s e d  i n  compact form a s  

where {w ( t )  } i s  a  v e c t o r  c o n s i s t i n g  o f  K s u b v e c t o r s  (one  f o r  

e v e r y  age  g roup)  each  o f  which c o n t a i n s  R e l emen t s  (one f o r  

each  r e g i o n )  r e p r e s e n t i n g  t h e  s i z e  of t h e  p o p u l a t i o n  a t  t i m e  

t i n  t h e  c o r r e s p o n d i n g  age  g roup ,  G i s  a  growth m a t r i x  - 
o p e r a t o r  s i m i l a r  t o  t h e  c l a s s i c  L e s l i e  m a t r i x  b u t  w i t h  R x R 

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

p r o p o r t i o n s  sx ( s i m i l a r l y ,  s u b m a t r i c e s  Bx r e p l a c e  t h e  u s u a l  

f e r t i l i t y  e l emen t s  bx) . T y p i c a l l y ,  t h e  (.it j  ) - t h  e l emen t  jisx 
of  S  r e p r e s e n t s  t h e  p r o p o r t i o n  o f  t h o s e  aged x  t o  x+n ( n  -.x 
be ing  t h e  l e n g t h  o f  t h e  t i m e  and a g e  i n t e r v a l )  i n  r e g i o n  i 

who s u r v i v e  i n  r e g i o n  j a t  t h e  end o f  an  n-year  t i m e  i n t e r v a l .  

Thus 



(t) } is the R x 1 subvector of {w where {wx (t) } relating to those 

aged x to x+n at time t. 

Equation (2) suggests that the availability of age- 

specific population data by region in two consecutive censuses 

could lead to the estimation of Sx--i.e., the estimation of 

intercensal interregional migration streams--especially if the 

data available would be consistent with a matrix extension of 

the equation. Thus, Rogers and von Rabenau (1 971 ) make the 

assumption that the migration-mortality pattern of the various 

regional populations contained in {wx (t) 1 is independent of their 
place of birth, which enables them to generalize (2) into 

where Wx - (t) is a S x S matrix in which the i-th column represents 

the regional distribution of those born in the i-th region, 

who at time t are aged x to x+n: typically, the (it])-th 

Ji~(t) represents the number of those born in region j element 

who at time t are aged x to x+n and living in region i. 

Observing that 

it follows that the availability of place-of-residence-by-place- 

of-birth (PRPB) data in two consecutive censuses apparently 

makes it possible to estimate intercensal interregional 

migration streams. 



Rogers and von Rabenau (1971) a p p l i e d  t h i s  method t o  

t h e  c a s e  o f  PRPB d a t a  f o r  w h i t e  females  i n  t h e  two-region 

sys tem of t h e  E a s t  North C e n t r a l  D i v i s i o n  and t h e  R e s t  o f  t h e  

United S t a t e s  i n  1950 and 1960. They found a few obv ious  

i n a c c u r a c i e s  such  a s  t h e  p r e s e n c e  o f  n e g a t i v e  e l emen t s  i n  some 

of  t h e  s u b m a t r i c e s  .sx of  s u r v i v o r s h i p  p r o p o r t i o n s ,  which 

indeed  c a s t s  some d o u b t s  a b o u t  t h e  soundness  of  t h e  method. 

A s  Rogers and von Rabenau (1971) themse lves  i n d i c a t e ,  

t h e r e  a r e  s e v e r a l  f a c t o r s  which a r e  a c t i n g  t o  produce  such  a 

r e s u l t .  F i r s t ,  t h e r e  a r e  e r r o r s  r e l a t e d  t o  t h e  p r o d u c t i o n  of  

t h e  d a t a ,  such a s  ( 1  ) e r r o r s  i n  age  r e p o r t i n g ;  (2)  e r r o r s  i n  

enumerat ion;  ( 3 )  e r r o r s  i n  r e p o r t i n g  t h e  p l a c e - o f - b i r t h .  

Second,  t h e  method i s  based  on a r a t h e r  q u e s t i o n a b l e  assumpt ion:  

it is  a well-known f a c t  t h a t  s u r v i v o r s h i p  p r o p o r t i o n s  a r e  n o t  

independen t  o f  t h e  p l a c e  of b i r t h  o f  t h e  i n d i v i d u a l s  concerned .  

I t  is l i k e l y  t h a t  t h e  former  f a c t o r - - t h e  d a t a  r e l i a b i l i t y  

problem--is  o f  s m a l l e r  impor tance  i n  a ccoun t i ng  f o r  t h e  i n a c -  

c u r a c i e s  obse rved  by Rogers and von Rabenau. I t  appea r s  t h a t  

even i n  a  s i t u a t i o n  r e l a t i v e l y  f r e e  of  any d a t a  r e l i a b i l i t y  

problem, such  i n a c c u r a c i e s  wculd remain i n  e x i s t e n c e .  T h i s  

i s  i l l u s t r a t e d  i n  t h e  n e x t  s e c t i o n ,  which a l s o  a t t e m p t s  t o  

a s s e s s  t h e  impact  o f  t h e  a fo rement ioned  me thodo log i ca l  assump- 

t i o n  on t h e  r e s u l t s  o b t a i n e d .  

2 .  THE IMPACT OF THE PRINCIPAL UNDERLYING ASSUMPTION: AN 
EMPIRICAL TEST 

The US Bureau of  t h e  Census (1973) r e p o r t s  p l a c e - o f - b i r t h  

s p e c i f i c  m i g r a t i o n  s t r e a m  d a t a  w i t h i n  t h e  Uni ted  S t a t e s  

between 1965 and 1970 (see Tab l e  11 ,  pages  91-430). The d a t a  

f o r  t h e  female  p o p u l a t i o n  o f  each  of  t h e  10 age  g roups  c o n s i d e r e d :  

0-4, 5-9, 10-14, 14-19, 20-24, 25-29, 30-39, 40-49, 50-50 and 

'60+ i n  1965 have been agg rega t ed  t o  y i e l d ,  f o r  e ach  of  t h e  

age  groups  concerned ,  two m a t r i c e s  of  l i f e t i m e  m i g r a t i o n  

s t r e a m s  between t h e  f o u r  US Census Regions:  one deno ted  by 

( 1 9 6 5 1  , r e l a t e s  t o  t h e  t r a n s i t i o n s  obse rved  between t h e  t i m e  5x 
of  b i r t h  and 1965, w h i l e  t h e  o t h e r ,  deno ted  by K x  

* 
( 1 9 7 0 )  , r e l a t e s  



t o  t h e  t r a n s i t i o n s  o b s e r v e d  between t h e  t i m e  o f  b i r t h  and 1970 

( t h e  a g e  s u b s c r i p t  x  r e l a t e s  t o  t h e  a c t u a l  a g e  i n  1 9 6 5 ) .  

j i  ( t )  o f  K ( ~ )  r e p r e s e n t s  t h e  T y p i c a l l y ,  t h e  ( i , j ) - t h  e l e m e n t  Kx -x  

number o f  t h o s e  born  i n  r e g i o n  i b e l o n g i n g  t o  a g e  g roup  x  and 

l i v i n g  i n  r e g i o n  j  a t  t i m e  t .  

L e t  S d e n o t e  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  between 
-X 

1965 and 1970 c o r r e s p o n d i n g  t o  t h o s e  i n  a g e  g roup  x i n  1965. 

Then, i n  a c c o r d a n c e  w i t h  t h e  method p roposed  by Rogers  and 
h 

von Rabenau, w e  can  o b t a i n  a n  e s t i m a t e  Sx o f  t h i s  m a t r i x  from 

o r  from 

where Tx ( t )  i s  a  s t o c h a s t i c  m a t r i x  o b t a i n e d  by d i v i d i n g  e a c h  

e l e m e n t  of  K ( t )  by t h e  sum o f  t h e  e l e m e n t s  i n  t h e  column t o  
- X  

which i t  b e l o n g s .  

Note t h a t  t h e  above a p p l i c a t i o n  o f  t h e  Rogers-von Rabenau 

method i s  performed under  c i r c u m s t a n c e s  which s i g n i f i c a n t l y  

d i f f e r  from t h e  c o n d i t i o n s  u n d e r l y i n g  t h e  normal  u t i l i z a t i o n  

o f  t h e  Rogers and von Rabenau method. F i r s t ,  t h e  p o p u l a t i o n  o f  

r e f e r e n c e  i s  t h e  same a t  b o t h  e n d s  o f  t h e  t i m e  i n t e r v a l ,  hence  

t h e  p o s s i b i l i t y  o f  e r r o r s  due  t o  t h e  i m p l i c i t  t r e a t m e n t  o f  

m o r t a l i t y  is r u l e d  o u t .  Second,  t h e  two sets o f  l i f e t i m e  

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

a r e  known from a s i n g l e  c e n s u s ,  which c o n s i d e r a b l y  d i m i n i s h e s  

t h e  p o s s i b i l i t y  o f  e r r o r s  due  t o  c e n s u s  enumera t ion .  

The i n t e r e s t  of  s u c h  an  a p p l i c a t i o n  o f  t h e  Rogers-von 

Zabenau method i s  t o  r e d u c e  t o  a  minimum t h e  i m p a c t  o f  e r r o r s  

c o n c e r n i n g  t h e  p r o d u c t i o n  o f  d a t a  i n  o r d e r  t o  produce  a  more 

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

assumpt ion  on t h e  r e s u l t s  o b t a i n e d .  



I n  Table  1 ,  we show, a s  e x h i b i t s  ( a )  and ( b )  , t h e  two 

sets of  t r a n s i t i o n  p r o b a b i l i t i e s  T ( 1 9 6 5 )  and Tx 
-X  - 9 7 0 )  r e l a t i v e  

t o  t h e  g roup  o f  f emales  aged 20 t o  24 i n  1964. The e s t i m a t e  
h 

S20 fo l l owing  from t h e  a p p l i c a t i o n  o f  ( 5 )  t o  t h e s e  two sets 

appea r s  a s  e x h i b i t  ( c )  i n  t h e  same t a b l e :  it does  n o t  i n d i c a t e  

any obvious  i n a c c u r a c y .  However, a s  i n  Rogers and Rabenau's  

i l l u s t r a t i o n ,  some o f  t h e  m a t r i x  e s t i m a t e s  have e l e m e n t s  which 

a r e  n e g a t i v e  o r  g r e a t e r  t h a n  one:  see f o r  example,  e x h i b i t  
h 

( c )  i n  Table  2  which shows t h e  e s t i m a t e  S  -6O+' 
A 

The above f i n d i n g ;  namely, t h e  r e s u l t  t h a t  Sx i s  n o t  

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

o f  t h e  f a c t  t h a t  t h e  p roduc t  of  a  s t o c h a s t i c  m a t r i x  b y - t h e  

i n v e r s e  of a  s t o c h a s t i c  m a t r i x  y i e l d s  a  m a t r i x  which h a s  column 

sums of  u n i t y  b u t  may have n e g a t i v e  e lements  (see Hara ry ,  

L i p s t e i n ,  and S tyan  1970, p. 1172) .  

A c t u a l l y ,  i n  t h e  c a s e  of  o u r  a p p l i c a t i o n ,  such  i n a c c u r a c i e s  

appea r  w i t h  t h e  s i x t h  age  group (one n e g a t i v e  e l emen t )  and 

t e n d  t o  i n c r e a s e  i n  number w i t h  age  ( t h r e e  n e g a t i v e  e l emen t s  

i n  t h e  c a s e  o f  t h e  s e v e n t h  a g e  g roup ;  s i x  n e g a t i v e  e lements  

and two e l emen t s  g r e a t e r  t h a n  one f o r  t h e  e i g h t h  a g e  g roup ;  

two a d d i t i o n a l  n e g a t i v e  e l emen t s  i n  t h e  c a s e  o f  t h e  n i n t h  

age  group)  . * 
Is t h e r e  any r a t i o n a l  e x p l a n a t i o n  t o  a ccoun t  f o r  such  

a  r e s u l t ?  The answer t o  t h i s  seems t o  be p o s i t i v e  a s  we 
h 

n o t e  t h a t  t h e  o f f - d i a g o n a l  e l emen t s  of  S a r e  o f  t h e  same -x  
magnitude a s  t h e  d i f f e r e n c e  between t h e  co r r e spond ing  e l emen t s  

of  T L ~ ~ ~ ~ )  - and Tx ... ( 1 9 6 5 )  . Such a  r e s u l t  which can  be  e a s i l y  

checked from t h e  numer i ca l  i l l u s t r a t i o n s  p rov ided  i n  Tab l e s  

1  and 2 i s  r i g o r o u s l y  demons t ra ted  i n  S e c t i o n  Three  f o r  t h e  

two-region c a s e .  

*Note t h a t  t h e  s i m i l a r i t y  o f  t h i s  r e s u l t  w i t h  t h e  one r e p o r t e d  
i n  Ledent  ( 1 9 7 8 ) ,  conce rn ing  t h e  implementa t ion  o f  t h e  so-  
c a l l e d  Opt ion 2 method developed by Rogers (1975) t o  c a l c u l a t e  
a  m u l t i r e g i o n a l  l i f e  t a b l e  from observed  d a t a  on r eg ion -  
s p e c i f i c  s u r v i v o r s h i p  p r o p o r t i o n s .  The same problem i s  a t  work 
work i n  b o t h  c a s e s .  



T a b l e  1 .  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 c e s  i n  t h e  US f o u r - r e g i o n  
s y s t e m  f o r  f e m a l e s  aged 20-24  i n  1965. 

From 

To Nor thea s t  North C e n t r a l  South West 

Nor thea s t  

North C e n t r a l  

South 

West 

Nor thea s t  

North C e n t r a l  

South 

West 

Nor thea s t  

North C e n t r a l  

South 

West 

Nor thea s t  

North C e n t r a l  

South 

West 

( C )  220 ( e s t i m a t e d )  

0.9676 0.0063 

(d l  z2, ( a c t u a l )  

Source:  C a l c u l a t e d  u s i n g  d a t a  r e p o r t e d  i n  US Bureau o f  t h e  
Census ( 1 9 7 3 ) .  



T a b l e  2 .  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 c e s  i n  t h e  U S  f o u r - r e g i o n  
s y s t e m  f o r  f e m a l e s  aged 60+ i n  1965. 

From 

To Nor thea s t  North C e n t r a l  South West 

Nor thea s t  0.8387 0.0181 

North C e n t r a l  0.0403 0.7380 

South 

West 

Nor thea s t  0.8241 0.0171 

North C e n t r a l  0.0390 0.7274 

South 0.0861 0.0796 

West 0.0508 0.1758 

h 

( C )  S60+ ( e s t i m a t e d )  

Nor theas t  0.9827 -0.0009 -0.0003 -0.0011 

North C e n t r a l  -0.0009 0.9860 

South 0.0148 0.0090 

West 0.0034 0.0057 -0.0001 1.0024 

( a c t u a l )  

Nor thea s t  0.9702 0.0021 0.0041 0.0024 

North C e n t r a l  0.0035 0.9701 0.0068 0.0096 

South 0.0213 0.0167 0.9848 0.0098 

West 0.0050 0.0110 0.0043 0.9783 

Source :  C a l c u l a t e d  u s i n g  d a t a  r e p o r t e d  i n  US Bureau  o f  t h e  
Census (1973) . 



For the young age groups, the off-diagonal elements of 

T ( 970) are generally higher than the corresponding elements - x h 

of Tx (1965) and thus S has positive diagonal elements. In the - X 
case of the older age groups, the relationship between the 

(1965) and T off-diagonal elements of Tx (1970) 'tends to reverse -.x 
itself under a double influence (there remain fewer people likely 

to move out of their region of birth, while returns to the 

region of birth, although diminishing rapidly with age, persist) 
h 

which accounts for the negative off-diagonal elements of Sx. 
The interest of the data set used in this paper is that 

it can also be aggregated to obtain the age-specific matrices 

M of the actual interregional streams observed between 1965 
5X 
and 1970. By dividing each element of this matrix by the 

sum of the elements in the relevant column, we immediately 

obtain the observed transition probability matrices S , of -.x 
which we show those relating to age groups 20-24 and 60+ in 

exhibits (d) of Tables 1 and 2 respectively. The comparison 

of those matrices with the corresponding estimated matrices 
h 

S [exhibits (c) in Tables 1 and 21 allows for a rough assess- 
-X 
ment of the 2ogers-von Rabenau PRPB method. 

Such a comparison reveals that: 

a) Off-diagonal elements are consistently underestimated 

by a considerable amount: in the case of the 20-24 

age group, the estimated off-diagonal elements are 

about two to ten times smaller than the observed ones. 

b) The smaller the value of the observed off-diagonal 

element, the higher the relative overestimation. 

A slight modification of the method perhaps could provide 

more acceptable estimates. In effect, we could easily avoid 

obtaining estimates of the survivorship proportions which are 

not situated between 0 and 1. Observing that the estimated 

matrix of transition probabilities for the whole population is 

likely to be stochastic in virtually all situations, we could 

estimate a consistent set of age-specific stochastic transition 

probability matrices using the entropy-maximizing method described 



i n  Wi l lekens  ( 1 9 7 7 ) .  U n f o r t u n a t e l y ,  a l t hough  t h i s  a d d i t i o n  

t o  t h e  Rogers-von Rabenau method y i e l d s  more c r e d i b l e  e s t i m a t e s  

o f  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 c e s - - e s p e c i a l l y  i n  t h e  

c a s e  of  t h e  o l d e r  age  g roups - - i t  does  n o t  improve t h e  accuracy  

of  such e s t i m a t e s  by ve ry  much. The u n d e r e s t i m a t i o n  o f  t h e  

o f f - d i a g o n a l  e lements  remains ,  s imply because  t h e  c e n t r a l  

m a t r i x  used i n  t h e  implementa t ion  of  W i l l e k e n s ' s  method--i .e . ,  

t h e  e s t i m a t e d  p r o b a b i l i t y  m a t r i x  f o r  t h e  whole popu la t i on - - a l so  

p r e s e n t s ,  by c o n s t r u c t i o n ,  unde re s t ima ted  o f f - d i a g o n a l  e l emen t s .  

An a l t e r n a t i v e  p e r s p e c t i v e  on t h e  performance o f  t h e  PRPB 

method can be o b t a i n e d  by comparing t h e  p r e d i c t e d  v a l u e s  o f  

t h e  t o t a l  m i g r a t i o n  f l ows , imp l i ed  by t h e  s u r v i v o r s h i p  p r o p o r t i o n s  

a s  e s t i m a t e d  above ,wi th  t h e i r  co r r e spond ing  a c t u a l  v a l u e s .  

I t  t u r n s  o u t  (Tab l e  3)  t h a t ,  f o r  t h e  whole o f  t h e  age  g roups ,  

t h e  number o f  p r e d i c t e d  m i g r a t i o n s  (1 ,495 ,810)  r e p r e s e n t s  o n l y  

37.0 p e r c e n t  o f  t h e  number o f  m i g r a t i o n s  a c t u a l l y  observed  

( 4 , 0 3 7 , 1 1 ) .  I n  f a c t ,  t h e  r a t i o  o f  p r e d i c t e d  t o  a c t u a l  migra- 

t i o n s  e x h i b i t s  s h a r p  v a r i a t i o n s  w i th  age .  I t  t a k e s  on i t s  

h i g h e s t  v a l u e  i n  t h e  c a s e  o f  t h e  15 t o  19 age  group (6  1  .0 

p e r c e n t )  and i t s  lowes t  v a l u e  (13.9 p e r c e n t )  i n  t h e  c a s e  o f  

t h e  30 t o  39 age  group.  Note t h a t  t h i s  r a t i o  i n c r e a s e s  w i t h  

age  beyond age  40 i n  s p i t e  o f  t h e  i n c r e a s i n g  number o f  obvious  

i n a c c u r a c i e s .  

Tab le  3. T o t a l  m i g r a t i o n  f l ows  i n  t h e  US four - reg ion  sys tem,  
1965-70, females :  a c t u a l  v e r s u s  p r e d i c t e d .  

P r e d i c t e d  

Age Group Ac tua l  P r e d i c t e d  Actua l  

0-4 
5-9 
10-14 
15-19 
20-24 
25-29 
30-39 
40-49 
50-59 
60+ 
A l l  Age Groups 



The c o n c l u s i o n  h e r e  i s  t h a t  t h e  Rogers-von Rabenau PRPB 

method i s  r e l a t i v e l y  i n a c c u r a t e  even i n  t h e  most f a v o r a b l e  c a s e ,  

i . e . ,  i n  t h e  absence  of  any d a t a  r e l i a b i l i t y  problem. W e  a r e  

t h u s  l e f t  w i t h  t h e  c o n c l u s i o n  t h a t  t h e  p r i n c i p a l  assumpt ion 

unde r ly ing  t h e  Rogers-von Rabenau method; namely, t h e  independence 

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

i n d i v i d u a l s  concerned ,  i s  t o o  c rude  an assumpt ion t o  y i e l d  

e s t i m a t e d  i n t e r r e g i o n a l  s t r e a m s  i n  agreement w i th  t h e  a c t u a l  

ones .  Evidence o f  t h i s  i s  prov ided  i n  Tab le  4 which shows t h e  

a c t u a l  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 c e s - - c r o s s - c l a s s i f i e d  by 

p l a c e  of  b i r t h - - i n  o u r  U S  f ou r - r eg ion  sys tem f o r  females  aged 

20 t o  24 i n  1965. What t h e  f i g u r e s  shown i n  t h i s  t a b l e  mainly 

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

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

w i t h i n  a  f i v e - y e a r  span.  I n  t h e  c a s e  o f  t h e  20-24 age  g roup ,  

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

which was observed  conce rns  South-born females  l i v i n g  i n  t h e  

Nor theas t :  it i s  as h igh  a s  0.1342. C l e a r l y ,  t h e  main assump- 

t i o n  unde r ly ing  t h e  Regions-von Rabenau PRPB method is  i n v a l i d  

i n  t h e  r e a l  wor ld .  

Fur thermore ,  t h e  comparison of  t h e  e s t i m a t e d  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  S20 [see e x h i b i t  ( d )  i n  Tab le  1 1  w i t h  t h e  

a c t u a l  p l a c e - o f - b i r t h - s p e c i f i c  t r a n s i t i o n  p r o b a b i l i t y  matrices 
r 

520 ( r  = 1 , 2 , 3 , 4 )  shown i n  Tab le  4 s u g g e s t s  t h a t  t h e  o f f - d i a g o n a l  
A 

e lements  of Sx a r e  s m a l l e r  t h a n  a l l  o f  t h e  co r r e spond ing  e l emen t s  -., 
r 

i n  S20 ( r  = 1 , . . . , R  where R i s  t h e  number o f  r e g i o n s ) .  Note - 
t h a t ,  i f  t h i s  i s  t r u e ,  t h e n  t h e  above presumpt ive  ev idence  

A 

t h a t  t h e  o f f - d i a g o n a l  e l emen t s  o f  S a r e  smaller t h a n  t h e  
-X 

co r r e spond ing  e l emen t s  o f  Sx a u t o m a t i c a l l y  h o l d s .  

Now summarizing,  t h e  above numer ica l  t e s t  l e a d s  t o  

c o n j e c t u r e  t h a t  t h e  main assumpt ion o f  t h e  Rogers-von Rabenau 

PRPB method, i . e . ,  t h e  assumpt ion t h a t  s u r v i v o r s h i p  p r o p o r t i o n s  

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

concerned 

1 )  l e a d s  t o  u n d e r e s t i m a t i n g  t h e  o f f -d i agona l  e l emen t s  

o f  t h e  a c t u a l  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 c e s  and 



Table 4. 1965-70 transition probability matrices cross- 
classified by place of birth in the US four-region 
system for females aged 20-24 in 1965. 

From 

To Nor thea s t  North C e n t r a l  South W e s t  

Born anywhere i n  t h e  U S  

Nor thea s t  0.9118 0.0184 0.0265 0 -0207 

North C e n t r a l  0.0226 

South 0.0470 

West 0.0251 0.0394 0.0291 0.8882 

1 
Born i n  t h e  Nor thea s t  (S20) 

Nor thea s t  0.9335 0.2064 

North C e n t r a l  0.0157 

South 0.0304 

West 0.0204 0.0641 

L 
Born i n  t h e  North C e n t r a l  (S ) 

-20 

Nor thea s t  0.6029 

North C e n t r a l  0.2226 

South 0.0930 

West 0.0815 

Born i n  t h e  South (5;0) 
Nor thea s t  0.8074 

North C e n t r a l  0.0302 

South 0.1342 

West 0.0282 

4 
Born i n  t h e  West (S ) - 20 

Nor theas t  0.5794 

North C e n t r a l  0.0539 

South 0.0728 

West 0.2939 
- - - - -  -- - - 

Source: Ledent (1 980) . 



2 )  y i e l d s  estimates o f  t h e s e  o f f -d i agona l  e l emen t s  which 

a r e  less t h a n  t h e  smallest o f  t h e  co r r e spond ing  

e lements  i n  t h e  a c t u a l  p l a c e - o f - b i r t h  s p e c i f i c  

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 c e s .  

Unfo r tuna t e ly ,  w e  c anno t  demons t ra te  t h e  v a l i d i t y  o f  t h i s  

c o n j e c t u r e  i n  t h e  g e n e r a l  c a s e ,  i . e . ,  f o r  any v a l u e  o f  R.  

Only i n  t h e  two-region case are w e  a b l e  t o  j u s t i f y  it, a s  w e  

w i l l  show l a t e r  i n  t h e  c o u r s e  o f  t h e  n e x t  s e c t i o n .  

3 .  THE TWO-REGION CASE: A RIGOROUS ASSESSMENT 

I n  t h i s  s e c t i o n ,  w e  p r e s e n t  a  t h e o r e t i c a l  a s se s smen t  of  

t h e  p r i n c i p a l  assumpt ion o f  t h e  Rogers-von Rabenau method i n  

t h e  c a s e  o f  a  two-region system. 

F i r s t ,  l e t  u s  t a k e  up t h e  f o l l o w i n g  q u e s t i o n :  when does  
A 

t h e  e s t i m a t e d  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  S c e a s e  t o  be -x 

s t o c h a s t i c ?  Tha t  i s ,  what  v a l u e s  must T 
A 

( t + T )  and T 
-X  

( t )  t a k e  on 
-X 

s o  t h a t  t h e  e l emen t s  of  S  a r e  n o t  l o c a t e d  between z e r o  and one? 
- X  

L e t  

and 

A 

Thus, by a p p l i c a t i o n  o f  ( 6 ) ,  w e  o b t a i n  a  m a t r i x  S  whose column - x 
sums a r e  e q u a l  t o  one ,  i . e . ,  

where 



c-a + ad-bc 
u  = 1  - ( a+b )  

and 

d-b - ad+bc v  = 1  - ( a+b )  

From t h e s e  two fo rmu la s ,  it i s  r e a d i l y  e s t a b l i s h e d  t h a t  

u  and v  a r e  n o t  n e c e s s a r i l y  l o c a t e d  between z e r o  and one 

f o r  a l l  p o s s i b l e  v a l u e s  o f  a ,  b ,  c ,  and d  ( t hemse lves  l o c a t e d  
h 

between z e r o  and o n e ) .  For  example, t h e  e lement  u  o f  S  i s  
- X  

(i) n e g a t i v e  i f  

a + b < l  and a d - b c < a - c  

a + b > l  and a d - b c > a - c  

(ii) g r e a t e r  t h a n  one i f  

I n  p r a c t i c e ,  t h e  o f f - d i a g o n a l  e lements  o f  T 
( t + n )  ( t )  and Tx 

- X  - 
a r e  sma l l  s o  t h a t  ( 14 )  h o l d s .  Thus u  i s  g e n e r a l l y ' l e s s  t h a n  

one b u t  can  be e a s i l y  n e g a t i v e .  S i n c e  a  + b  i s  normal ly  less 

than  1 ,  it f o l l o w s  t h a t  u  i s  n e g a t i v e  i f  t h e  v a l u e  o f  t h e  c-e lement  

i s  less t h a n  t h e  v a l u e  o f  t h e  a-element p l u s  a  p o s i t i v e  o r  n e g a t i v e  

q u a n t i t y  o f  sma l l  magni tude,  bc - ad.  Thus, i n  t h e  two-region 
". 

c a s e ,  an o f f -d i agona l  e lement  of S  i s  n e g a t i v e  i f  t h e  co r r e spond ing  
-X 

element  o f  T ( t ( t+n)  i s  less t h a n  t h e  co r r e spond ing  e lement  o f  Tx 
--X 

up t o  a  sma l l  a d d i t i v e  t e r m . .  



Moreover, noting that for small values of a, b, c, and 

d, we have from (10) 

u - c-a + a [c+d - (a+b) 1 I (15) 

h 

we conclude that an off-diagonal element of Sx is approximately 
equal to the difference of the corresponding elements i n T  (t+T) -x 
and T(t) because the quantity a[c+d - (a+b)] is of the second 

-X 
order. 

Let us now turn to the justification, still in the two- 

region case, of the conjecture made in Section Two. 

For this purpose, let us introduce the following notation. 

Let the estimated transition probability matrix be 

h h 

(Mx and Nx are substituted for u and v) and the actual place- 

of-birth-specific transition probability matrices be 

and 

where the coefficients without a prime sign relate to 

migration out of the region of birth and those with a prime 

sign relate to migration toward the region of birth. Of 
course, in view of the evidence shown in Table 3, we have 

that 



mx < m i  and n  < n i  
X (19)  

A n a l y t i c a l l y ,  t h e  p r i n c i p a l  a s sumpt ion  o f  t h e  Rogers-von 

Rabenau PRPB method, i . e . ,  t h e  independence  o f  t h e  t r a n s i t i o n  

p r o b a b i l i t y  matrices v i s - a - v i s  p l a c e  o f  b i r t h ,  i m p l i e s  t h e  

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

and 

where { Kx ( t )  ( t )  1 i s  t h e  i - t h  column of  K . 
- X  

The matrices S' and s2 b e i n g  s t o c h a s t i c  matrices, b o t h  -x  -x 
( 2 0 )  and ( 2 1 )  c o n s i s t  o f  two s c a l a r  e q u a t i o n s  which a r e  n o t  

independen t  of e a c h  o t h e r .  Thus w e  are l e f t  w i t h  a  s y s t e m  

of  two s c a l a r  equa t ions - -one  b e i n g  a scalar  e q u a t i o n  o f  ( 2 0 ) ,  

t h e  o t h e r  b e i n g  a s c a l a r  e q u a t i o n  of  (21) - - in  two v a r i a b l e s  
A h h 

Mx and N x ,  which a l l o w s  one t o  d e r i v e  an  e x p r e s s i o n  of  Mx and 
h 1 ( t 
N i n  t e r m s  o f  t h e  e l e m e n t s  o f  S x t  s2 and Kx . 

- X  - 
L e t  u s ,  f o r  example,  choose  t h e  f i r s t  s c a l a r  e q u a t i o n  i n  

( 2 0 )  and t h e  second scalar  e q u a t i o n  i n  ( 2 1 ) .  W e  t h u s  h a v e ,  

a f t e r  d r o p p i n g  t h e  s u b s c r i p t  x  and t h e  s u p e r s c r i p t  ( t ) ,  t h e  

f o l l o w i n g  s y s t e m  o f  e q u a t i o n s  

and 



which can be rewritten as 

and 

Multiplying equation (24) by 2 2 ~  and adding to the result 

equation (25) multiplied by 12K leads to the following value 
A 

of M 

A 

an expression which shows that M depends not only on m and m' 

but also on n and n'. Similarly, we have 

In Section Two, we conjectured that the off-diagonal 
A 

elements of S are less than 

a) their observed counterparts 

b) the smaller of the corresponding elements in s1 and 
2 A A - 
S , i.e., M < m and N < n. 
-, 

Letting 

A 

be the observed counterpart of M, we can readily establish 

from (26) and (28) that 



S i n c e ,  i n  v i r t u a l l y  a l l  c a s e s ,  p e o p l e  born  a t  t h e  same 

t i m e  i n  a  g i v e n  r e g i o n  a r e  more l i k e l y  t o  be  found ,  a t  any 

subsequen t  a g e ,  i n  t h e i r  r e g i o n  o f  b i r t h  t h a n  o u t s i d e ,  w e  have 

and 

s o  t h a t  t h e  denominator  o f  t h e  r i gh t -hand  s i d e  of (29)  i s  

p o s i t i v e .  Then, owing t o  t h e  i n e q u a l i t i e s  c o n t a i n e d  i n  ( 1 9 ) ,  
A 

t h e  d i f f e r e n c e  M - M i s  p o s i t i v e .  

I n  a d d i t i o n ,  s u b t r a c t i n g  m on bo th  s i d e s  of  (26)  l e a d s ,  

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

A 

an e q u a t i o n  which shows t h a t  t h e  d i f f e r e n c e  m - M i s  p o s i t i v e .  

Thus, w e  have  

which j u s t i f i e s  o u r  c o n j e c t u r e  o f  S e c t i o n  Two i n  t h e  two- 

r e g i o n  c a s e .  

I n  a d d i t i o n ,  ( 32 )  s u g g e s t s  t h a t  t h e  independence  o f  i n t e r -  

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

n o t  o n l y  a  s u f f i c i e n t  b u t  a l s o  a  n e c e s s a r y  c o n d i t i o n  f o r  a  

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



To illustrate the above discussion, the US population 

system used in our illustration was aggregated into a two- 

region system consisting of the Southern Region and the Rest 
A 

of the US. The values of M, m and MI relating to migration 

out of the Southern Region, are reported for all concerned age 

groups in Figure 1. 

Clearly, the reliability of the Rogers-von Rabenau 
A 

PRPB method depends on how much M underestimates M. Figures 

shown in Table 3 as well as in Figure 1 indicate a considerable 

underestimation which we would like to assess in precise terms. 

For this purpose, let a(B) be the part of the population 

present in region l(2) at time t which was born in that same 

region, i.e., 

A 

Also, instead of studying directly the difference M - M, let 
h 

us break it down into two parts M - m and m - M which, owing 
to (33), are both positive. Let us first examine the difference 

M - m which we can easily express as 

M - m =  (m' - m ) 2 1 ~  
llK + 2 1 ~  

or, after substitution of (34), 

A 

As for the difference m - M, substituting (34) into (32) yields 

A 

m - M = (1 - 8 )  (m' - m) (1 - a) + (n' - n) B x 
a + B - 1  



Group ":: f 

F i g u r e  1 .  Mig ra t i on  from t h e  South t o  t h e  rest  o f  t h e  U S ,  
h 

1965-70, f emales :  v a l u e s  o f  M ,  m,  M and m' c o n t r a s t e d .  



where 

From (36) and (37) , it is clear that the discrepancy 
between the predicted and actual values of the migration 

propensities out of one region is larger 

(a) the larger the difference in the migration propensities 

of the natives and non-natives out of that region 

(b) the larger the difference in the migration propensities 

out of the other region by natives and non-natives 

of that region 

(c) the higher the ratio of the population in the other 

region to that of the region considered. 
h 

In fact, the difference M - M consists of two parts, one 
of which (the discrepancy between M and m) depends only on 

characteristics of the region of outmigration [see formula 
h 

(36)l while the other (the discrepancy between m and M) is 

primarily affected by characteristics of the other region 

[see formula (37)l. As suggested by the results shown in 

Figure 1 both these parts which appear to have similar magnitudes 

can be quite large. 

Let y denote the larger of the two values a and B and 
let Z denote the smaller of the two differences m' - m and 
n' - n. From (36), it follows that 

while, from (37) , it can be established (see Appendix) that 



Then w e  have  t h a t  

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

p r o p e n s i t i e s  o f  n a t i v e s  a n d  n o n - n a t i v e s  i s  q u i t e  l a r g e :  f o r  

example ,  i n  t h e  case o f  t h e  S o u t h e r n  ~ e g i o n ,  it v a r i e s  f rom 

0 .05  t o  0 .30  a c c o r d i n g  t o  a g e  g r o u p s  (see F i g u r e  1 ) .  Con- 
h 

s e q u e n t l y ,  t h e  lower bound o f  M - M which  r e p r e s e n t s  a few 

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

t h e  case o f  t h e  S o u t h e r n  Region (see F i g u r e  1 )  it v a r i e s  f rom 

0.015 ( i n  t h e  60 y e a r s  a n d  o v e r  a g e  g r o u p )  t o  0.071 ( i n  t h e  

20 t o  24 a g e  g r o u p ) .  

CONCLUSION 

I n  t h i s  n o t e ,  w e  h a v e  d e m o n s t r a t e d  t h e  r e l a t i v e  i n a c c u r a c y  

o f  t h e  method s u g g e s t e d  by Roger s  a n d  von Rabenau ( 1 9 7 1 )  t o  

i n f e r  i n t e r r e g i o n a l  m i g r a t i o n  streams f rom p l a c e - o f - r e s i d e n c e -  

by -p lace -o f  - b i r t h  (PRPB) d a t a .  The main r e a s o n  a c c o u n t i n g  f o r  

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

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

C l e a r l y ,  t h e  message  o f  t h i s  p a p e r  i s  t h a t  t h e  u s e  o f  a' 

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

g e n e r a l i z a t i o n s  o f  some m a t h e m a t i c a l  models  o f  p o p u l a t i o n  

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

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

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

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

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

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

I n  t h e  c a s e  o f  t h e  i m p l e m e n t a t i o n  o f  t h e  PRPB method,  t h e  

r e s u l t s  o b t a i n e d  i n c l u d e  some o b v i o u s  i n a c c u r a c i e s ,  s u c h  as 

t h e  p r e s e n c e  o f  n e g a t i v e  g r o s s  m i g r a t i o n  f l o w s .  B u t ,  i n  o t h e r  



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

t h e r e  a r e  no obv ious  i n a c c u r a c i e s  a l t h o u g h  t h e  r e s u l t s  can  

be shown t o  be l a r g e l y  i n c o r r e c t ,  Ledent  (1980) shows t h a t  

t h e  c u r r e n t  methodology used f o r  t h e  c o n s t r u c t i o n  o f  such  l i f e  

t a b l e s  l e a d s  t o  a  c o n s i d e r a b l e  o v e r e s t i m a t i o n  o f  m i g r a t i o n  

p r o p e n s i t i e s .  

How t h e n  can  one i n f e r  r e c e n t  m i g r a t i o n  s t r e a m s  (ove r  a  

s h o r t  f i x e d  p e r i o d  o f  t i m e )  from l i f e t i m e  m i g r a t i o n  s t r e a m  

d a t a ?  To o u r  knowledge, t h e r e  does  n o t  e x i s t  any a l t e r n a t i v e  

t o  t h e  Rogers-von Rabenau PRPB method. T h i s  i s  r a t h e r  

u n f o r t u n a t e  i n  view o f  t h e  g r e a t e r  i n t e r e s t  accorded  t o  t h e  

a n a l y s i s  o f  r e c e n t  m i g r a t i o n  p a t t e r n s  by demographers and 

p l a n n e r s ,  e s p e c i a l l y  i n  deve lop ing  c o u n t r i e s  which,  i n  most 

c a s e s ,  a r e  s t i l l  e x p e r i e n c i n g  an a c c e l e r a t e d  t r a n s f e r  o f  

p o p u l a t i o n  from r u r a l  t o  u rban  a r e a s .  Thus, c e n s u s e s  s h o u l d  

i n  a l l  c i r c u m s t a n c e s  a l l o w  one t o  measure c u r r e n t  m i g r a t i o n  

s t r e a m s ,  i . e . ,  o v e r  a  s h o r t  p e r i o d  b e f o r e  t h e  census  y e a r .  

Second, t h e  above e v i d e n c e  conce rn ing  t h e  impac t  o f  t h e  

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

a n a l y s i s  o f  i n t e r r e g i o n a l  m i g r a t i o n  p a t t e r n s  i s  more meaningful  

i f  t h e  d a t a  a v a i l a b l e  on c u r r e n t  i n t e r r e g i o n a l  m i g r a t i o n  s t r e a m s  

i s  c r o s s - c l a s s i f i e d  by p l a c e  o f  b i r t h .  

I t  f o l l o w s  from t h e  above two remarks  t h a t ,  i d e a l l y ,  

d a t a  on i n t e r r e g i o n a l  m i g r a t i o n  s t r e a m s  shou ld  be produced by 

a s k i n g  i n  c e n s u s e s  d i r e c t  q u e s t i o n s  conce rn ing  t h e  p l a c e  o f  

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

But ,  i n  t h e  c a s e  t h a t  some c o n s t r a i n t s  would a l l o w  f o r  o n l y  

one o f  t h e  two q u e s t i o n s ,  o u r  f i r s t  remark above s u g g e s t s  

t h a t  t h e  fo rmer  q u e s t i o n  ( p l a c e  o f  r e s i d e n c e  a t  a  f i x e d  p r i o r  

d a t e )  be asked i n  p r e f e r e n c e  t o  t h e  l a t t e r  one ( b i r t h p l a c e ) . *  

*Note t h a t ,  i n  c o n t r a s t  t o  t h i s ,  it i s  t h e  q u e s t i o n  on 
b i r t h p l a c e  which i s  most commonly used:  it i s  g i v e n  p r i o r i t y  
i n  t h e  Uni ted  S t a t e s  recommendations (Uni ted  Na t i ons  1970 ) .  
The f a c t  i s  t h a t  peop l e  c an  e a s i l y  name t h e i r  b i r t h p l a c e  
whereas t h e y  ve ry  o f t e n  have d i f f i c u l t y  r e c a l l i n g  where t h e y  
w e r e  l i v i n g  a t  some a r b i t r a r y  d a t e  i n  t h e  p a s t .  
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APPENDIX:  PROOF OF I N E Q U A T I O N  ( 4 0 )  

L e t  Z d e n o t e  t h e  smaller o f  t h e  two d i f f e r e n c e s  m' - m 

and n'  - n .  Then,  from ( 3 7 ) ,  w e  have 

The problem h e r e  i s  o n e  o f  f i n d i n g  a lower  bound f o r  

L e t  u s  suppose  t h a t  a i s  g i v e n  and l e t  u s  s t u d y  t h e  v a r i a t i o n s  

of  y  i n  terms o f  8 .  D i f f e r e n t i a t i n g  (A2) w i t h  r e s p e c t  t o  B 
y i e l d s  

which shows t h a t  z  is  a d e c r e a s i n g  f u n c t i o n  o f  6. Thus t h e  

minimal  v a l u e  o f  z , zmin I i s  o b t a i n e d  f o r  B = 1 , i. e . , 



- - 1 - a + x  
z min a 

It can be established that the minimal value of the right- 

hand side of ( A 4 )  is greater than x for all values of B 
comprised between 1 - a and 1 [the fact that B > 1 - a reflects 
the aforementioned observation that the denominator of the 

right-hand side of (29) is positive]. Thus, we have 
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