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FOREWORD 

D e c l i n i n g  r a t e s  o f  n a t i o n a l  p o p u l a t i o n  growth,  c o n t i n u i n g  
d i f f e r e n t i a l  l e v e l s  o f  r e g i o n a l  economic a c t i v i t y ,  and s h i f t s  
i n  t h e  m i g r a t i o n  p a t t e r n s  o f  p e o p l e  and j o b s  a r e  c h a r a c t e r i s t i c  
e m p i r i c a l  a s p e c t s  of  many deve loped  c o u n t r i e s .  I n  some r e g i o n s  
t h e y  have combined t o  b r i n g  a b o u t  r e l a t i v e  (and i n  some c a s e s  
a b s o l u t e )  p o p u l a t i o n  d e c l i n e  o f  h i g h l y  u r b a n i z e d  a r e a s ;  i n  
o t h e r s  t h e y  have  b r o u g h t  a b o u t  r a p i d  m e t r o p o l i t a n  growth.  

The o b j e c t i v e  o f  t h e  Urban Change Task i n  IIASA's Human 
S e t t l e m e n t s  and  S e r v i c e s  A r e a  is  t o  b r i n g  t o g e t h e r  and s y n t h e s i z e  
a v a i l a b l e  e m p i r i c a l  and t h e o r e t i c a l  i n f o r m a t i o n  on t h e  p r i n c i p a l  
d e t e r m i n a n t s  and consequences  o f  such u rban  growth and d e c l i n e ,  

T h i s  paper ,  t h e  second o f  a series on m u l t i s t a t e  p r o j e c t i o n ,  
f o c u s e s  on place-of-residence-by-place-of-birth (PRPB) m u l t i -  
r e g i o n a l  p o p u l a t i o n  a n a l y s i s .  The s t a t e s  a r e  r e g i o n s  o f  b i r t h .  
P r o j e c t i o n s  c a r r i e d  o u t  w i t h  t h e  Markovian assumpt ion  a r e  con- 
t r a s t e d  w i t h  t h o s e  f o r  which t h i s  a s sumpt ion  is  r e l a x e d .  

A l i s t  o f  p u b l i c a t i o n s  i n  t h e  Urban Change S e r i e s  a p p e a r s  
a t  t h e  end of  t h i s  paper .  

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 

Th i s  paper  deve lops  a  p rocedure  f o r  c a r r y i n g  o u t  m u l t i r e g i o n a l  
popu l a t i on  p r o j e c t i o n s  d i s a g g r e g a t e d  by r e g i o n  o f  b i r t h .  Two 
c l a s s e s  o f  p r o j e c t i o n s  a r e  developed:  na t ive - independen t  -- pro- 
j e c t i o n s  t h a t  a s s i g n  t o  a l l  r e s i d e n t s  o f  a  r e g i o n  i d e n t i c a l  
p r o b a b i l i t i e s  of  t r a n s i t i o n  and na t ive -dependen t  p r o j e c t i o n s  t h a t  
f u r t h e r  d i s a g g r e g a t e  such p r o b a b i l i t i e s  by r e g i o n  o f  b i r t h .  The 
r e s u l t s  unde r sco re  t h e  impor tance  o f  i n c o r p o r a t i n g  p l ace -o f -b i r t h -  
s p e c i f i c  i n f o r m a t i o n  i n  demographic a n a l y s i s .  
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MULTISTATE POPULATION PROJECTIONS 

1 .  INTRODUCTION 

Much o f  ma themat ica l  demography i s  concerned w i t h  t h e  

measurement and p r o j e c t i o n  o f  changes  o f  s t a t e ,  o r  s t a t u s ,  -- 
e x p e r i e n c e d  by i n d i v i d u a l s  d u r i n g  t h e i r  l i f e t i m e ,  e . g . ,  changes  

i n  m a r i t a l  s t a t u s ,  i n  employment s t a t u s ,  i n  e d u c a t i o n a l  s t a t u s ,  

and i n  r e s i d e n t i a l  l o c a t i o n .  The s t u d y  o f  such t r a n s i t i o n s  

from s t a t e  t o  s t a t e  and t h e  e v o l u t i o n  o f  t h e  a s s o c i a t e d  s t a t u s -  

s p e c i f i c  p o p u l a t i o n s  is  t h e  f o c u s  o f  a  g r ~ w i n g  body o f  meth- 

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

a s  m u l t i s t a t e  demography (Rogers ,  1 3 8 0 ) .  

Recent  work i n  r n u l t i s t a t e  ma themat ica l  demography h a s  

i d e n t i f i e d  a  u n i f y i n g  matr ix-based g e n e r a l i z a t i o n  o f  c l a s s i c a l  

t e c h n i q u e s  which i l l u m i n a t e s  t h e  common f e a t u r e s  o f  many o f  t h e  

well-known methods f o r  d e a l i n g  w i t h  t r a n s f e r s  between m u l t i p l e  

s t a t e s  o f  e x i s t e n c e .  For  example, it i s  now unders tood  t h a t  

m u l t i p l e  decrement  l i f e  tables ,  m a r i t a l  s t a t u s  l i f e  t a b l e s ,  

t a b l e s  o f  working l i f e ,  t a b l e s  of  e d u c a t i o n a l  l i f e ,  and m u l t i -  

r e g i o n a l  l i f e  t a b l e s  a l l  a r e  members o f  a  g e n e r a l  c l a s s  o f  

increment-decrement  l i f e  t a b l e s  known a s  m u l t i s t a t e  l i f e  t a b l e s .  

I t  a l s o  h a s  become e v i d e n t  t h a t  p r o j e c t i o n s  o f  p o p u l a t i o n s  

d i s a g g r e g a t e d  by s t a t u s  c a n  be c a r r i e d  o u t  u s i n g  a  common 

nethodology o f  m u l t i s t a t e  -- p r o j e c t i o n .  - 

-1 - 



Although t r a d i t i o n a l  s i n g l e - s t a t e  methods a r e  more 

pa r s imonious  i n  t h e i r  d a t a  r e q u i r e m e n t s  and p r o v i d e  r e a s o n a b l y  

a d e q u a t e  r e s u l t s  f o r  many p u r p o s e s ,  t h e y  c a n n o t  d e a l  w i t h  

i n t e r s t a t e  t r a n s i t i o n s  d i f f e r e n t i a t e d  by o r i g i n s  and d e s t i n a -  

t i o n s  and must ,  t h e r e f o r e ,  a c c o u n t  f o r  changes  i n  s t o c k s  by 

r e f e r e n c e  t o  - n e t  t o t a l s ,  e . g . ,  n e t  m i g r a t i o n .  I n  a  r e c e n t  

paper  w e  have shown t h a t  such  a n  approach may i n t r o d u c e  b i a s e s  

and i n c o n s i s t e n c i e s  i n t o  a  p r o j e c t i o n  and t h a t  m u l t i s t a t e  models 

have a  d e c i s i v e  advan tage  o v e r  s i n g l e - s t a t e  models a s  a  conse-  

quence o f  t h e i r  c a p a b i l i t y  f o r  p roduc ing  d i s a g g r e g a t e d  p r c j e c -  

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

o v e r  t i m e  and s p a c e  (Rogers  and P h i l i p o v ,  1 9 7 9 ) .  T h i s  f e a t u r e  

o f  m u l t i s t a t e  p r o j e c t i o n  methods i s  f u r t h e r  deve loped  i n  t h i s  

paper ,  i n  t h e  p a r t i c u l a r  c o n t e x t  o f  m u l t i r e g i o n a l  demography. 

2 .  STATIONAXY AND STABLE POPULATION DISTXIBUTIONS 

To p r o v i d e  a  measure o f  c o n c r e t e n e s s  f o r  o u r  argument ,  

imagine a  p o p u l a t i o n  o f  a  s i n g l e  s e x  ( f e m a l e s )  d i s a g g r e g a t e d  

i n t o  5-year  a g e  g r o u p s  and f o r  e a s e  o f  e x p o s i t i o n ,  c o n s i d e r  

i t s  s p a t i a l  d i s t r i b u t i o n  t o  e x t e n d  o v e r  o n l y  two r e g i o n s ,  North 

and South .  F o r  a  numer ica l  i l l u s t r a t i o n  l e t  us draw o n  1965- 

1970 d a t a  f o r  t h e  Uni ted  S t a t e s  p r e v i o u s l y  examined i n  Rogers  

and C a s t r o  (1976) and ,  more r e c e n t l y ,  i n  Ledent  (1980) . These 

d a t a  a r e  set  o u t  i n  t h e  Appendices and w i l l  be  used  t h r o u g h o u t  

t h i s  paper .  Note t h a t  t h e  t h r e e  Census Regions: N o r t h e a s t ,  

North C e n t r a l ,  and W e s t  h a v e  been a g g r e g a t e d  t o g e t h e r  t o  form 

a  s i n g l e  r e g i o n :  t h e  R e s t  o f  t h e  Uni ted  S t a t e s  o r ,  more s i m p l y ,  

t h e  North. 

I n  1968, t h e  female  p o p u l a t i o n  o f  t h e  U.S. s t o o d  a t  102.3 

m i l l i o n ,  w i t h  32.5 m i l l i o n  i n  t h e  South  and 69.8 m i l l i o n  i n  t h e  

North (Appendix A ) .  Conven t iona l  s i n g l e - r e g i o n  l i f e  t a b l e  c a l -  

c u l a t i o n s  g i v e  a  Southern-born  baby g i r l  a  l i f e  expec tancy  o f  

74.11 y e a r s ,  j u s t  t h r e e  months less t h a n  t h e  c o r r e s p o n d i n g  l i f e  

expec tancy  o f  a  baby g i r l  b o r n  i n  t h e  North.  The g r o s s  r e p r o -  

d u c t i o n  r a t e s  i n  t h e  two r e g i o n s  a r e  1.18 and 1 .16 ,  r e s p e c t i v e l y .  

Cons ide r  n e x t  t h e  r e s u l t s  o f  a  m u l t i r e g i o n a l  (two s t a t e )  

a n a l y s i s  (Rogers ,  1 9 7 5 ) .  F i r s t ,  computing a  b i r e g i o n a l  l i f e  



t a b l e  (Appendix  B . l )  w e  o b s e r v e  t h a t  a b o u t  27 p e r c e n t  of a 

S o u t h e r n - b o r n  baby  g i r l ' s  l i f e  e x p e c t a n c y '  c a n  be e x p e c t e d  t o  

be l i v e d  i n  t h e  Nor th .  P r o j e c t i n g  t h e  b i r e g i o n a l  p o p u l a t i o n  

30 y e a r s  f o r w a r d  o n  t h e  a s s u m p t i o n  o f  c o n s t a n t  ra tes  g i v e s  a 

1998 n a t i o n a l  t o t a l  o f  138.6 m i l l i o n ,  w i t h  33.0 p e r c e n t  r e s i d i n g  

i n  t h e  S o u t h  (Appendix  B . 2 ) .  C o n t i n u i n g  t h i s  p r o j e c t i o n  t o  

s t a b i l i t y  y i e l d s  a n  u l t i m a t e  s h a r e  f o r  t h e  S o u t h  o f  34 .5  p e r c e n t  

and a n  i n t r i n s i c  r a te  o f  g rowth  o f  4.361 p e r  t h o u s a n d  (Appendices  

B.3 and  B . 4 ) .  

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

s t a t e  l i f e  t a b l e  w i t h  a  u n i t  r a d i x  may be i n t e r p r e t e d  a s  t h e  

s t a t i o n a r y  p o p u l a t i o n  t h a t  u n d e r l i e s  t h e  l i f e  t ab le  c a l c u l a t i o n s .  

T h i s  f e a t u r e  a l so  c a r r i e s  o v e r  t o  m u l t i s t a t e  l i f e  t a b l e s ;  h e n c e ,  

w e  may c o n c l u d e  t h a t  i n  t h e  s t a t i o n a r y  b i r e g i o n a l  p o p u l a t i o n  se t  

o u t  i n  Appendix  B.l a b o u t  72.6 p e r c e n t  o f  t h e  t o t a l  S o u t h e r n -  

b o r n  p o p u l a t i o n  resides i n  t h e  S o u t h  as n a t i v e s  w h e r e a s  84 .8  

p e r c e n t  o f  t h e  Nor the rn -bo rn  p o p u l a t i o n  l i v e s  i n  t h e  N o r t h ,  

l e a v i n g  t h e  r e m a i n i n g  15.2 p e r c e n t  t o  l i v e  i n  t h e  S o u t h  a s  

a l i e n s  ( i . e , ,  i n d i v i d u a l s  l i v i n g  i n  a p l a c e  d i f f e r e n t  f rom 

t h e i r  p l a c e  o f  b i r t h ) .  

M u l t i p l y i n g  t h e  s t a t i o n a r y  p o p u l a t i o n  i n  e a c h  a g e  g r o u p  

by  e - r ( x + 2 * 5 ) ,  where  r i s  t h e  i n t r i n s i c  r a t e  o f  g r o w t h  and  x  

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

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

r e s i d e n t  i n  e a c h  r e g i o n .  S i n c e  r i s  r e l a t i v e l y  s m a l l  i n  o u r  

U.S. i l l u s t r a t i o n  ( r = . 0 0 4 3 6 1 )  t h e  s tab le  s h a r e  o f  n a t i v e s  and  

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

( l i f e - t a b l e )  s h a r e ,  w i t h  t h e  above  72.6 a n d  84 .8  p e r c e n t a g e -  

n a t i v e s  t o t a l s  s h i f t i n g  t o  72 .3  and  86 .4 ,  r e s p e c t i v e l y .  M u l t i -  

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

p o p u l a t i o n  i n  e a c h  r e g i o n  ( i . e . ,  34.5 a n d  65 .5  p e r c e n t ,  re- 

s p e c t i v e l y )  g i v e s  t h e  s table  s h a r e ' s  o f  t h e  n a t i o n a l  p o p u l a t i o n  

i n  e a c h  o f  t h e  f o u r  place-of-residence-by-place-of-birth (PRPB) 

s u b c a t e g o r i e s ,  s e t  o u t  a s  t h e  b o t t o m  l i n e  i n  T a b l e  1 .  

 his e x p e c t a n c y  i s  a b i t  h i g h e r  i n  t h e  b i r e g i o n a l  c a l c u l a t i o n  
b e c a u s e  i n t e r r e g i o n a l  m i g r a t i o n  e x p o s e s  some o f  t h e s e  b a b i e s  
t o  t h e  s l i g h t l y  l o w e r  m o r t a l i t y  l e v e l s  i n  t h e  Nor th .  



T a b l e  1.  PRPB S t a b l e  S h a r e s  o f  T o t a l  N a t i o n a l  
P o p u l a t i o n :  U.S. Females ,  r=.004361 

3. NATIVE-INDEPENDENT MULTISTATE PRPB POPULATION PROJECTIONS 

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

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

p o i n t i n g  t o  t h e  n o t - s u r p r i s i n g  e m p i r i c a l  f a c t  t h a t  t h e  mig ra -  

TOTAL 

200.0 

100.0 

100.0 

P o p u l a t i o n  R e s i d i n g  i n  Region ( $ )  

t i o n  rates  o f  p e o p l e  r e t u r n i n g  t o ' t h e i r  r e g i o n  o f  b i r t h  a r e  

s i g n i f i c a n t l y  h i g h e r  t h a n  t h e ' a v e r a g e  ( L e d e n t ,  1980; Lee,  1974; 

Long and Hansen,  1975; Pliller, 1 9 7 7 ) .  I n  t h e  n e x t  s e c t i o n  

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

i t i e s  f o r  r e t u r n  m i g r a n t s  i n  t h e  m u l t i s t a t e  p r o j e c t i o n  model.  

Sou th  

W e  s h a l l  c a l l  t h e  o u t p u t s  o f  s u c h  models  n a t i v e - d e p e n d e n t  pro-  

j e c t i o n s .  I n  t h i s  s e c t i o n ,  however ,  w e  t r e a t  f i r s t  t h e  s i m p l e r  

Nor th  

N a t i v e s  

72 .3  

c a s e  o f  n a t i v e - i n d e p e n d e n t  p r o j e c t i o n s ,  t h a t  i s ,  p r o j e c t i o n s  

N a t i v e s  

86.4 

A l i e n s  

27.7 

c a r r i e d  o u t  w i t h  models  which assume t h a t  a l l  o f  t h e  i n d i v i d u a l s  

A l i e n s  

13.6 

i n  a  r e g i o n a l  p o p u l a t i o n  e x p e r i e n c e  i d e n t i c a l  a g e - s p e c i f i c  r i s k s  

o f  moving, dy ing ,  and  S e a r i n g  o f f s p r i n g .  2 

34.5 

' ~ e c a u s e  o f  t h e  u n a v a i l a b i l i t y  o f  t h e  n e c e s s a r y  f e r t i l i t y  and  
m o r t a l i t y  d a t a ,  w e  are u n a b l e  t o  i n t r o d u c e  na t ive -dependency  
i n  b i r t h  and d e a t h  r a t e s .  

65 .5  

24.9 56.6 9 . 6  8.9 



3.1 F e r t i l i t y  

I n  p r o j e c t i n g  a  m u l t i s t a t e  popula t ion  forward over  t ime  

we s h a l l  a t  t imes  r e f e r  t o  people by where they  l i v e  and a t  

o t h e r  t imes  by where they  were born.  This  poses no d i f f i c u l -  

t i e s  when we a r e  d e a l i n g  wi th  s u r v i v o r s  of a  c u r r e n t  popu la t ion ;  

it becomes s imply a  ma t t e r  of  keeping t r a c k  of  i n d i v i d u a l s  born 

i n  each r eg ion .  I t  i s  t h e  b i r t h s  of new i n d i v i d u a l s  t h a t  needs 

t o  be examined, because bab ie s  may be born i n  t h e  reg ion  of  

r e s idence  of t h e i r  pa ren t s  a t  t h e  s t a r t  o r  a t  t h e  end of  t h e  

u n i t  i n t e r v a l  of  t ime,  and they  themselves may mig ra t e  du r ing  

t h e  same i n t e r v a l  i n t o  y e t  ano ther  reg ion .  

I n  t h e  convent iona l  m u l t i s t a t e  p r o j e c t i o n  model, some of  

t h e  bab ie s  born i n  a  given reg ion  dur ing  a  u n i t  t ime i n t e r v a l  

( t ,  t + l )  can b e  l i v i n g  i n  another  reg ion  by t h e  end of t h a t  

i n t e r v a l .  Consequently,  a t  t ime t + l  t h e s e  bab ie s  can be d i s -  

t i n g u i s h e d  bo th  by t h e i r  p l ace  of  r e s i d e n c e ,  j ,  and by t h e i r  

p l a c e  of  b i r t h ,  i. Moreover, they a l s o  may be c l a s s i f i e d  by 

t h e  r eg ion  o f  r e s idence ,  say  k ,  of t h e i r  p a r e n t  a t  t h e  s t a r t  

of t h e  t ime i n t e r v a l ,  because each r e g i o n a l  popula t ion  of  

pa ren t s  i s  a p o t e n t i a l  c o n t r i b u t o r  of b a b i e s  t o  each PRPB- 

s p e c i f i c  ca t ego ry  of  bab ie s .  For example, i n  ou r  two-region 

i l l u s t r a t i o n  based on U.S. d a t a ,  we d i s t i n g u i s h  t h e  fo l lowing  

f o u r  c a t e g o r i e s  of  bab ie s  f o r  each of t h e  two r e s i d e n c e - s p e c i f i c  

c a t e g o r i e s  of p a r e n t .  

region of residence region of b i r th  region of residence 
a t  time t of parent during ( t , t + l )  of baby a t  time t + l  of baby 

(Region k = S ,  n) (Region s or n) (Region s or n )  



L e t  

B (f") ( x )  
i k j  bi (x) = - 

k  j  

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

( t ,  t + l )  i n  r e g i o n  i and a l i v e  i n  r e g i o n  j  a t  t i m e  t + l ,  p e r  

x-year-o ld  i n d i v i d u a l  l i v i n g  i n  r e g i o n  k  a t  t i m e  t .  Summing 

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

b i r t h  r a t e  (Rogers ,  1975, p.  1 2 1 ) :  

where 

Fh ( x )  = a n n u a l  b i r t h  r a t e  of  p e o p l e  aged 
x t o  x+4 r e s i d i n g  i n  r e g i o n  h ;  

L . ( x )  = t o t a l  number o f  pe r son-years  l i v e d  
hO I between a g e s  0  t o  5  i n  r e g i o n  j ,  

p e r  pe r son  born  i n  r e g i o n  h  ( t h e  
s t a t i o n a r y  l i f e  t a b l e  p o p u l a t i o n ) ;  

s ( x )  = p r o p o r t i o n  o f  p e o p l e  i n  r e g i o n  k  
kh and aged x  t o  x+4 t h a t  s u r v i v e  t o  

b e  i n  r e g i o n  j  and aged x+5 t o  x+9, 
f i v e  y e a r s  l a t e r ;  and 

L ( 0 )  = r a d i x  o f  r e g i o n  h  ( se t  e q u a l  t o  u n i t y  h  i n  o u r  c a l c u l a t i o n s ) .  

S i n c e ,  by d e f i n i t i o n ,  

i one can  r e a d i l y  d e v e l o p  c o m p u t a t i o n a l  fo rmulas  f o r  b  ( x )  by 
k  j 

" p i c k i n g  o f f "  t h e  a p p r o p r i a t e  components i n  Equa t ion  ( 2 ) .  F o r  

o u r  two-region (South-North)  example,  t h i s  g i v e s  f o u r  e q u a t i o n s  

o f  t h e  form: 



f o r  o u r  two r e g i o n - s p e c i f i c  nonmigra t ing  p a r e n t s ,  ( each  w i t h  

one  e q u a t i o n  f o r  m i g r a t i n g  b a b i e s  and o n e  f o r  n o m i g r a t i n g  

b a b i e s ) ,  and a n o t h e r  f o u r  of  t h e  form: 

f o r  o u r  two r e g i o n - s p e c i f i c  m i g r a t i n g  p a r e n t s  ( a a a i n  each  w i t h  

one  f o r  m i g r a t i n g  b a b i e s  and one  f o r  nonmigra t ing  b a b i e s ) .  

3.2 P r o j e c t i o n  

The a g e - s p e c i f i c  b i r t h  r a t e s ,  by l o c a t i o n  o f  b i r t h ,  may be  

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

(Rogers ,  1 9 7 5 ,  Ch. 5 )  t r a n s f o r m i n g  t h a t  model i n t o  a  m u l t i s t a t e  

p r o j e c t i o n  model,  where t h e  s t a t e s  o f  i n t e r e s t  i n  o u r  i n s t a n c e  

a r e  p l a c e s  o f  b i r t h .  Such a  t r a n s f o r m a t i o n  a l l o w s  one  t o  gen- 

e r a t e  p r o j e c t i o n s  t h a t  keep t r a c k  o f  t h e  r e g i o n s  o f  b i r t h ,  i . e . ,  

t h a t  produce  place-of-residence-by-place-of-birth (PRPB) pro-  

j e c t i o n s .  

Appendix B.5 d e s c r i b e s  t h e  d e t a i l s  o f  t h e  m a t r i x  mod-el. 

Note t h a t  t h e  Markovian assumpt ion  i s  s t i l l  r e t a i n e d .  A l l  

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

r e s i d e n t s ,  a l i e n s  a s  w e l l  a s  n a t i v e s ,  a r e  assumed t o  expe- 

r i e n c e  i d e n t i c a l  p r o b a b i l i t i e s  o f  t r a n s i t i o n .  T h i s  a s sumpt ion  

i s  r e l a x e d  i n  t h e  n e x t  s e c t i o n .  

Appendix B.6 sets o u t  t h e  m u l t i s t a t e  growth m a t r i x  f o r  

o u r  two-region (South  and N o r t h ) ,  t w o - s t a t e  ( n a t i v e s  and a l i e n s )  

example. Appendix B.7 p r e s e n t s  t h e  s t a b l e  d i s t r i b u t i o n  a c r o s s  

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

a p p l i e d  t o  any obse rved  p o p u l a t i o n .  The s t a b l e  d i s t r i b u t i o n  

depends o n l y  o n  t h e  e l e m e n t s  o f  t h e  growth m a t r i x  and n o t  on 

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

it i s  a l s o  of  some i n t e r e s t  t o  u s e  t h e  m a t r i x  t o  g e n e r a t e  pro-  

j e c t i o n s ,  a  30-year  p r o j e c t i o n  based on t h e  1963 p o p u l a t i o n  i s  

i n c l u d e d  i n  Appendix B.8 f o r  f u t u r e  r e f e r e n c e . )  



The s t a b l e  g rowth  r e s u l t s  i n  Appendix B.7 may b e  compared 

w i t h  t h o s e  p r e s e n t e d  ear l ier  f o r  t h e  c o n v e n t i o n a l  p r o j e c t i o n  

se t  o u t  i n  Appendix B.3. N o t e  t h a t  t h e  i n t r i n s i c  r a t e  o f  g rowth  

r e m a i n s  t h e  same ( r= .004361)  as  d o e s  t h e  s p a t i a l  d i s t r i b u t i o n  o f  

t h e  n a t i o n a l  p o p u l a t i o n  (SHAs = 34.462 a n d  SHAn = 6 5 . 5 4 % ) .  

The n a t i o n a l  a n d  r e g i o n a l  a g e  c o m p o s i t i o n s  r e m a i n  unchanged ,  

w i t h  t h e  mean a g e  i n  t h e  S o u t h  b e i n g  37.94 y e a r s  a n d  t h a t  i n  

t h e  Nor th  36.65. I n  s h o r t ,  t h e  t w o  p r o j e c t i o n s  t o  s t a b i l i t y  

g i v e  i d e n t i c a l  r e s u l t s ,  as t h e y  i n d e e d  mus t .  The m u l t i s t a t e  

p r o j e c t i o n ,  however ,  i n c l u d e s  a d d i t i o n a l  i n f o r m a t i o n ;  namely,  

it d i s a g g r e g a t e s  r e g i o n a l  p o p u l a t i o n s  by p l a c e  o f  b i r t h .  I t  

r e v e a l s ,  f o r  example ,  t h a t ,  a t  s t a b i l i t y ,  t h e  mean a g e  o f  t h e  

a l i e n  p o p u l a t i o n  i n  t h e  S o u t h  w i l l  b e  a b o u t  1 3  y e a r s  o l d e r  t h a n  

t h a t  o f  t h e  n a t i v e  p o p u l a t i o n  and some 2 .5  y e a r s  younge r  t h a n  

t h e  N o r t h ' s  a l i e n  p o p ~ l l a t i o n .  A l l  o f  t h e s e  s t a b l e  g rowth  re- 

s u l t s ,  however ,  c o u l d  b e  o b t a i n e d  w i t h o u t  t h e  m u l t i s t a t e  growth  

m a t r i x .  W e  h a v e  shown earl ier  ( T a b l e  1 )  t h a t  a s i m p l e  w e i g h t i n g  

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

i d e n t i c a l  r e s u l t s .  The u s e f u l n e s s  of t h e  g rowth  m a t r i x ,  t h e r e -  

f o r e ,  l i es  i n  g e n e r a t i n g  p r o j e c t i o n s ,  s u c h  a s  t h e  o n e  f o r  1998 

p r e s e n t e d  i n  Appendix  B.8. 

4 .  ' NATIVE-DEPENDENT MULTISTATE PRPB POPULATION PROJECTIONS 

4 .1  D a t a  

I t  i s  w i d e l y  r e c o g n i z e d  t h a t  t h e  m i g r a t i o n  r a t e s  o f  r e t u r n  

m i g r a n t s  are s i g n i f i c a n t l y  above  t h e  a v e r a g e  ( L e d e n t ,  1980;  

Long and  Hansen,  1975; Miller ,  1 9 7 7 ) .  ~ i g r a t i o n  d a t a  p u b l i s h e d  

i n  t h e  1970 U.S. Census  p r o v i d e  e m p i r i c a l  s u p p o r t  fo r  t h i s  ob- 

s e r v a t i o n .  Appendix C sets o u t  t h e  r e l e v a n t  f i g u r e s  f o r  o u r  

two-reg ion  example.  

Appendix C. l  p r e s e n t s  d a t a  on  t h e  Sou the rn -bo rn  p o p u l a t i o n  

r e s i d i n g  i n  t h e  S o u t h  i n  1968. I t  shows a c r u d e  m i g r a t i o n  r a t e  

o f  S o u t h e r n - b o r n  f e m a l e s  t o  t h e  Nor th  o f  6.12 p e r  t h o u s a n d .  

Appendix C.2 sets o u t  t h e  c o r r e s p o n d i n g  d a t a  f o r  t h e  S o u t h e r n -  

b o r n  p o p u l a t i o n  l i v i n g  i n  t h e  N o r t h ,  a n d  g i v e s  them a  c r u d e  

m i g r a t i o n  r a t e  t o  t h e  S o u t h  ( i . e . ,  r e t u r n  m i g r a t i o n )  o f  23.79,  



rough ly  4 t i m e s  a s  l a r g e .  N e v e r t h e l e s s ,  because  t h e  p o p u l a t i o n  

a t  r i s k  i s  much l a r g e r  i n  t h e  Sou th ,  t h e  c o r r e s p o n d i n g  - n e t  

m i g r a t i o n  o f  Southern-born  i n t o  t h e  South  i s  n e g a t i v e .  

Appendix C.3 p r e s e n t s  d a t a  on  t h e  Northern-born p o p u l a t i o n  

l i v i n g  i n  t h e  South .  T h e i r  c r u d e  r a t e  o f  r e t u r n  m i g r a t i o n  t o  

t h e  North i s  32.39 p e r  thousand ,  a g a i n  abou t  4 t i m e s  t h e  r a t e  

o f  Northern-born m i g r a t i n g  i n  t h e  o p p o s i t e  d i r e c t i o n  (8.72 

a c c o r d i n g  t o  Appendix C.4). Once a g a i n ,  t h e  n e t  m i g r a t i o n  of  

n a t i v e s  i n t o  t h e i r  r e g i o n  o f  b i r t h  is  n e g a t i v e .  

Appendix C a l s o  i n d i c a t e s  t h a t  t h e  n a t i v e - a l i e n  composi- 

t i o n  o f  t h e  f lows  i n  t h e  two d i r e c t i o n s  d i f f e r s .  The f low from 

t h e  South  t o  t h e  North c o n s i s t s  o f  883.4 thousand Southern-  

b o r n s  and 580.9 thousand r e t u r n i n g  Nor thern-borns ,  a  1.5 t o  1 

n a t i v e - t o - a l i e n  r a t i o .  The f low firom t h e  North t o  t h e  Sou th ,  o n  

t h e  o t h e r  h a n d , c o n s i s t s  o f  2.8 m i l l i o n  Nor thern-borns  a g a i n s t  730.8 
thousand r e t u r n i n g  Southern-borns ,  a  3.8 t o  1 n a t i v e - t o - a l i e n  

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

i s  t h e  2 t o  1 r a t i o  of  t h e  two p o p u l a t i o n s  a t  r i s k .  The Nor th ,  

w i t h  a b o u t  t w o - t h i r d s  of t h e  n a t i o n a l  p o p u l a t i o n  s e n d s  rough ly  

2.4 t i m e s  a s  many m i g r a n t s  t o  t h e  South  a s  it r e c e i v e s  i n  r e t u r n .  

Although na t ive -dependen t  m i g r a t i o n  d a t a  s u c h  a s  a p p e a r  i n  

Appendix C a r e  a v a i l a b l e  f o r  t h e  U . S . ,  a p p a r e n t l y  no comparable 

d a t a  on f e r t i l i t y  and m o r t a l i t y  e x i s t .  Thus i n  what f o l l o w s  w e  

r e t a i n  t h e  Markovian assumpt ion  f o r  b i r t h  and d e a t h  r a t e s ,  

assuming t h a t  everyone r e s i d i n g  i n  a  g i v e n  r e g i o n  i s  exposed 

t o  i d e n t i c a l  r i s k s  o f  f e r t i l i t y  and m o r t a l i t y .  Consequent ly  

o u r  development  of  a  na t ive -dependen t  m u l t i s t a t e  p r o j e c t i o n  

model w i l l  t r e a t  o n l y  m i g r a t i o n  a s  b e i n g  na t ive -dependen t .  The 

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

b e  s t r a i g h t f o r w a r d ,  b u t  i n  t h e  U.S. c o n t e x t ,  a t  l e a s t ,  i t  i s  

l i k e l y  t h a t  s u c h  a n  e x t e n s i o n  would n o t  produce s i g n i f i c a n t l y  

d i f f e r e n t  r e s u l t s .  

4.2 L i f e  Tab le  

The computa t ion  o f  a  PRPB na t ive -dependen t  l i f e  t a b l e  i s  

a  s t r a i g h t f o r w a r d  e x k r c i s e  (Leden t ,  1980). One s imply  c a l c u -  

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



appropriate PRPB probabilities. No new conceptual innovations 

are required; indeed a standard multiregional life table pro- 

gram (Willekens and Rogers, 1978) may be used. Such a program, 

applied to the data in Appendix C, produced the native-depen- 

dent life table summarized in Appendices D.l and D.2. 

Appendix D.l shows that the probabilities of return mi- 

gration are significantly larger than those of non-return mi- 

gration. For example, the probability that a Southern-born 

20 year-old female living in the South will be in the North 5 

years later is .0551. For the corresponding Northern-born 

female residents of the South this probability is .2749; the 

return migration probability is 5 times higher. Roughly the 

same differential is exhibited by return migration to the 

South (.0263 as against .1300). 

Applying such probabilities to Southern-born and Northern- 

born cohorts in a multistate life table gives the expectations 

of life set out in Appendix D.2. Table 2 presents, for example, 

the expectations of remaining lifetime at age 20. Illustrated 

there are the sharp differences in the locations where remaining 

lifetimes are expected to be lived. A Southern-born female 

living in the North at age 20 is likely to spend over half of 

her remaining expected lifetime of 56.59 years back in her 

region of birth, about 6 times the corresponding duration of 

residence for a Northern-born female at the same age and loca- 

tion. 

4.3 Fertility 

The introduction of native-dependent migration behavior 

into the calculation of the fertility elements of the multi- 

state growth matrix is straightforward and uses the native- 

dependent probabilities and survivorship proportions defined 

in the native-dependent life table. The formulas for bi (x) 
k j 

receive an additional subscript denoting the place of birth of 

the parent. Thus 

m i bi = hbkj (x) 
kj h=l 



Table  2. E x p e c t a t i o n s  of  Remaining L i f e t i m e  a t  Age 20, 
by P l a c e  o f  B i r t h  and P l a c e  o f  F u t u r e  Residence  

A. Southern-born  p o p u l a t i o n  

Residence  a t  Age 20 

B. Northern-born p o p u l a t i o n  

Residence  a t  Age 20 

P l a c e  
of  

F u t u r e  
Residence  

South  

North 

TOTAL 

South  

46.41 

10.10 

56.51 

North - 
32.43 

24.16 

56.59 

P l a c e  
of 

F u t u r e  
Residence  

South 

North 

TOTAL 

South  

13.06 

43.52 

56.58 

North 

5.08 
I 

53.55 

56.63 



where the rates now receive a subscript on the left-hand side 

to denote the place-of-birth-specific probabilities used to 

calculate expected births. 

The required computation procedure can be more readily 

understood if Equations ( 4 )  and (5) are first re-expressed in 

the alternative form (Willekens and Rogers, 1978, p. 59): 

and 

since 

and 

when the linear integration formula is used to calculate person- 

years on a unit radix. 

Equations (7)-(10) may be transformed into native-dependent 

formulas by replacing p ( 0 )  by hpkj (0) and ski (x) by h ~ k i  (x) , k j 
respectively. The native-dependent probabilities and survivor- 

ship proportions may be obtained from the multistate life table 

(see, for example, Appendices D.l and D.3). In our two-region 

numerical example, the birth rates with h equal to the baby's 

place of birth may be found as a residual: 



4.4 Projection 

Collecting the various native-dependent birth rates and 

survivorship proportions to form the matrices S(x) and S(x) - - 
defined in Equation (B.6) of Appendix B.5 and organizing them 

in the structure of the growth matrix defined in Equation (B.5), 

and illustrated in Appendix D.3, yields a native-dependent 

multistate projection model that distinguishes among transition 

probabilities and regional populations according to place of 

birth. Such a model produces rather different projections than 

does its native-independent counterpart discussed in Section 3 

of this paper. Table 3 provides a comparison of selected out- 

puts. More detailed outputs of the native-dependent model may 

be found in Appendices D.4 and D.5. 

Table 3 identifies two very important characteristics of 

native-dependent and native-independent projections. First, 

aggregate totals and growth rates are the same in the two kinds 

of projections if the Markovian assumption is retained for 

fertility and mortality rates. For example, in both projections, 

the U.S. total female population is projected to stand at 138.6 

million in 1998 and to ultimately converge to an intrinsic rate 

of growth of .00436. Second, the percentage share of natives 

in each regional population is consistently underestimated in 

the native-independent projections because they do not take 

into account the higher migration probabilities of return mi- 

grants. This suggests that disaggregations by place of birth 

may not lead to significant improvements in accuracy with which 

national population growth - is projected; however, they are an 

important input to projected redistributions of national pop- 

ulations. 

Note that in the native-dependent projection the South's 

share of the national population total consistently hovers 

at the level of 32 percent, whereas in the native-independent 

projection it increases slightly over time to an ultimate 

share of just over 34 percent. A comparison of the mean 

ages of natives and aliens in Appendices B.7 and D.5 suggests 

that the native-dependent projection generates a slightly older 

native population and a younger alien population in each region. -- 



Table 3. Alternative PRPB Projections to 1998 
and Stability: U.S. Females, 1968* 

A. Native-Dependent Projections (Appendices D.4 and D.5): 
r = .004360 

B. Native-Independent Projections (Appendices B.7 and B.8): 
r = .004361 

TOTAL 

102,277,016 

(100.0) 

138,609,888 

(100.0) 

( 100 - 0 )  

Year 

1968 

% 

1998 

% 

Stab le  % 

* 
Totals may differ slightly due to independent rounding. 

Population Residing in Region 

TOTAL 

102,277,016 

( 100 .O) 

138,592,928 

(100.0) 

Year 

1968 

% 

1998 

% 

South 

 stable % 

Population Residing in Region 

North 

~atives 

28,885,548 

(28.2) 

38,495,044 

(27.8) 

(26.9) 

(24.9) (8.9) 1 (100.0) I (9.6) I (56.6) I 

Natives 

63,662,232 

(62.2) 

86,446,904 

(62.4) 

(63.3) 

Aliens 

3,586,779 

(3.5) 

6,289,250 

(4.5) 

(5  .O) 

South 

Aliens 

6,142,451 

(6  - 0 )  

7,378,696 

(5.3)  

(4.7) 

Natives 

28,885,548 

(28.2) 

34,966,964 

(25.2) 

North 

Aliens 

3,586,779 

(3.5) 

10,832,081 

(7.8) 

Natives 

63,662,232 

(62.2) 

81,580,392 

(58.9) 

Aliens 

6,142,451 

(6.0) 

11,213,493 

(8.1) 



5. EXTENSIONS 

The fundamenta l  c o n c e p t s  d i s c u s s e d  i n  t h i s  p a p e r  have been 

i l l u s t r a t e d  w i t h  a  f o u r - s t a t e  p r o j e c t i o n  model i n  which two o f  

t h e  s t a t e s  r e f e r r e d  t o  r e g i o n s  of  r e s i d e n c e  and t h e  o t h e r  two 

t o  r e g i o n s  o f  b i r t h .  T h i s  d i s a g g r e g a t i o n  produced PRPB popu- 

l a t i o n  p r o j e c t i o n s ,  i . e . ,  p r o j e c t i o n s  o f  r e g i o n a l  p o p u l a t i o n s  

d i s a g g r e g a t e d  i n t o  n a t i v e s  and a l i e n s .  The e x t e n s i o n  o f  t h i s  

p r o j e c t i o n  methodology t o  a  l a r g e r  number o f  s t a t e s  i s  r e l a -  

t i v e l y  s t r a i g h t f o r w a r d .  For  example,  w e  may f u r t h e r  d i s a g g r e -  

g a t e  n a t i v e s  i n t o  s t a y e r s ,  who n e v e r  have  l e f t  t h e  r e g i o n  o f  

b i r t h ,  and r e t u r n e r s .  3 A n d  a l i e n s  may b e  d i s a g g r e g a t e d  i n t o  

new a l i e n s ,  i n m i g r a n t i n g  a l i e n s  a r r i v i n g  d u r i n g  t h e  t i m e  i n -  

t e r v a l  j u s t  conc luded ,  and o l d  a l i e n s .  Thus w e  have t h e  

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

r e s i d e n t s  = n a t i v e s  + a l i e n s  

= s t a y e r s  + r e t u r n e r s  + o l d  a l i e n s  + new a l i e n s  

Appendix E sets o u t  such a  d i s a g g r e g a t i o n  o f  t h e  p r o j e c t e d  

n a t i v e - i n d e p e n d e n t  s t a b l e  p o p u l a t i o n  p r e s e n t e d  e a r l i e r  i n  

Appendix B . 7 .  An analogous  r e s u l t  cou ld  b e  o b t a i n e d  f o r  t h e  

na t ive -dependen t  s t a b l e  p o p u l a t i o n  i n  Appendix D . 5 .  

Tab le  4 e x t r a c t s  s e l e c t e d  r e s u l t s  from Appendix E. Note 

t h e  s u r p r i s i n g l y  l a r g e  s h a r e s  o f  t h e  n a t i v e  and a l i e n  popula-  

t i o n s  accoun ted  f o r  by s t a y e r s  and o l d  a l i e n s ,  r e s p e c t i v e l y .  

And o b s e r v e  t h e  l a r g e  v a r i a t i o n s  e x h i b i t e d  by t h e  mean a g e s  

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

3 ~ t a y e r s  can  o n l y  b e  approximated  w i t h  t h e  assumpt ion  t h a t  i n -  
d i v i d u a l s  p r e s e n t  i n  a r e g i o n  b o t h  a t  t h e  beg inn ing  and end o f  
a u n i t  i n t e r v a l  o f  t i m e  never  l e f t  t h e  r e g i o n  d u r i n g  t h a t  t i m e  
p e r i o d .  



T a b l e  4 .  S t a y e r s ,  R e t u r n e r s ,  O l d  A l i e n s ,  a n d  N e w  A l i e n s  i n  t h e  S t a b l e  P o p u l a t i o n * :  
N a t i v e - I n d e p e n d e n t  M u l t i s t a t e  P r o j e c t i o n  ( r  = . 0 0 4 3 6 1 ) .  

* 
The s table  p o p u l a t i o n  shown h e r e  i s  n o t  t h e  s tab le  e q u i v a l e n t  p o p u l a t i o n  se t  o u t  i n  
Append ix  B.7, b u t  it is  p r o p o r t i o n a l  t o  it a n d  c o u l d  b e  s c a l e d  t o  t h e  s a m e  t o t a l s .  

Reg ion  
o f  

R e s i d e n c e  

S o u t h  

P o p u l a t i o n  ( s t a b l e )  

S h a r e  o f  T o t a l  ( % I  
Mean Age 

- ,  -.-.- 

A l i e n s  
R e s i d e n t s  

44,748,500 

100.0 

37.94 

O ld  A l i e n s  

10,674,229 

23.8 

51.82 

N a t i v e s  

New A l i e n s  
-- 

1,700,556 

3.8 

31.42 
--.-- 

S t a y e r s  

30,996,010 

69.3 

32.71 

N o r t h  

P o p u l a t i o n  ( s t ab l e )  85,099,416 1 100.0 1 71'i!:i: S h a r e  o f  T o t a l  ( % )  

Mean Age 36.65 

10,225,156 1  ,360,090 

12.0 1.6 

49.35 25.42 
_ _ - - - . - -  

R e t u r n e r s  
. --.. 

1,377,703 

3.1 

56.29 

2,320,481 

2.7 

53.83 



CONCLUSION 

Multistate population projections disaggregate conventional 

population projections into a number of state-specific sub- 

categories, such as region of residence, region of birth, and 

duration of residence in the current location. To the extent 

that interstate transition probabilities vary with such statuses, 

the disaggregated projections should produce more accurate re- 

sults. This appears to be particularly the case in projections 

of the distribution of an aggregate population across several 

status categories. Because in our numerical example we had to 

assume native-independent fertility and mortality rates, the 

aggregate growth rate of the population, not surprisingly, was 

unaffected by the disaggregation. However, it is likely that 

this would no longer be the case, for example, were disaggregated 

rural and urban data on fertility used in a projection for a 

typical developing country. 
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APPENDICES 

APPENDIX A: Native-Independent Input Data 

A.l - Input Data: South, 1968 
A.2 - Input Data: North, 1968 
A.3 - Input Data: USA, 1968 

APPENDIX B: Native-Independent Biregional 
and Multistate Analysis 

- Biregional Life Table: South and North, 1968 
- Biregional Projection: 1998 
- Biregional Projection: Stable Equivalent 

Population 
- Biregional Projection: Stable Equivalent 

Components and 
Intrinsic Rates 

- Native-Independent lllultistate 
Projection: Biregional Model 

- Native-Independent Multistate 
Projection: Growth Matrix, 1968 

- Native-Independent Multistate 
Projection: Stable Equivalent Population 

- Native-Independent Multistate 
Projection: 1998 

APPENDIX C: Native-Dependent Input Data 

C.l - Input Data: Southern-born, Southern residents, 1968 
C.2 - Input Data: Southern-born, Northern residents, 1968 
C.3 - Input Data: Northern-born, Southern residents, 1968 
C.4 - Input Data: Northern-born, Northern residents, 1968 



APPENDIX D: Native-Dependent Multistate Analysis 

D.l - Native-Dependent Multistate Life Table: 
Probabilities, 1968 

D.2 - ~ative-~ependent Multistate Life Table: 
Life Expectancies, 1968 

D.3 - Native-Dependent Multistate Projection: 
Growth Matrix, 1968 

D.4 - Native-Dependent Multistate Projection: 
1998  

D.5 - Native-Dependent Multistate Projection: 
Stable Equivalent Population 

D.6 - Native-Dependent Multistate Projection: 
Computer Program 

APPENDIX E: Native-Independent Multistate Projection to 
Stability (r=.004361): Stayers, Returners, 
Old Aliens, and New Aliens 



APPENDIX ~ . 1 :  I n p u t  D a t a :  S o u t h ,  1968 

populat ion  
number - % - 

3334898. 10.27 
3542782. 10.91 
3339162. 10.28 
2891785. 8.91 
231 1419. 7.12 
1990180. 6.13 
2037422. 6.27 
1985913. 6. 12 
1986324. 6.12 
1978231. 6.09 
1734004. 5.34 
1607191. 4.95 

b i r t h s  
number - X - deaths  

number - % - 
17782. 8.24 
1504. 0.70 
1161. 0.54 
1853. 0.86 
1786. 0.83 
1888. 0.87 
2846. 1.32 
4479. 2.08 
6585. 3.05 
9402. 4.36 

11382. 5.27 
15289. 7.08 
14476. 6.71 
19581. 9.07 
22675. 10.51 
26323. 12.20 
25558. 11.84 
31275. 14.49 

215845. 100.00 

a r r i v a l s  
number - X - 

depar t u r e s  
number - X - 

observed r a t e s  ( I 1080 
death  inmlg outmlg b i r t h  net  mi@ 

t o t  32472326. 
g r o s s  

F rude(x1000) n.age  
e ( 0 )  



APPENDIX A.2: Input Data: North, 1968 

age populat ion  b i r t h s  
number - Z -  number - Z -  

o t  69804680. 100.08 1085080. 100.00 
r OSS 

c r u d e  ( x  1000) 
m. age 30.40 26.05 
c (0) 

deaths  a r r i v a l s  departures  
number - Z - number - X - number - Z - b i r t h  

observed r a t e s  ( I 
death  inmig 

1088 ) 
ou tmig n e t  mig 

-0.260 
-0.483 
-0.396 
-0.019 
0.147 

-0.783 
-0.830 
-0.858 
-0.963 I 

N 
- 1  .024 F 
-1.562 I 
-2.851 
-3.671 
-2.201 
-0.908 
-0.735 
-0.294 
-0.143 



APPENDIX A.3: Input Data: USA, 1 9 6 8  

a8 e  populat ion  b i r t h s  
nnmber - Z - number - % - 

0 10787344. 10'. 55 0. 0.00 

30 6418244. 
35 6265910. 
40 6445360. 
45 6550952. 
50 5440207. 
55 4926576. 
60 3156774. 
65 2663896. 
70 2148305. 
75 1561937. 
80 967705. 
85 666417. 

tot102277000. 
g r o s s  
rude ( x  1000) 

X.sge  
e (0) 

deaths  
number - % - 

a r r i v a l s  
number - X - 

departures  
number - X - b i r t h  

observed r a t e s  t I 
death  iamig 

5.051 11.671 
0.383 8.828 
0.302 8.906 
0.588 19.042 
0.694 19.628 
0.834 13.745 
1.201 9.559 
1.961 7.526 
2.971 5.904 
4.335 4.312 
6.288 4.331 
9.204 5.055 
13.341 6.547 
21.070 5.291 
33.388 4.783 
55.595 3.948 
88.272 1.593 
154.965 0.772 

1000 ) 
ou tmig 

11.671 
8.828 
8.906 
19.042 
19.620 
13.745 
9.559 
7.526 
5.904 
4.312 
4.331 
5.055 
6.547 
5.291 
4.783 
3.948 
1 .593 
0.772 

net  mig 

0.808 
0.800 
0.008 
0.808 
0.808 
0.808 
0.808 
0.808 I 
0.808 N 
0.808 cn 
0.808 I 
0.808 
0.808 
0.808 
0.808 
0.808 
0.808 
0.808 



A P P E N D I X  B . l :  B i r e g i o n a l  Life Table: S o u t h  and Nor th ,  1968  



APPENDIX B.2: Biregional Projection; 
1 9 9 8  

population - - - - -  
t o t a l  south north 

total 138592928. 45799032. 92793888. 

percentage distribution - - - - - - - - - - - -  

88 e t o t a l  south north 

total 100.0800 108.0080 180.0008 
m .  ag 34.8294 35.4515 34.5224 
sha 100.0000 33.0457 66.9543 
1 am 1.840688 1.045199 1.0384?6 

r 0.007976 0.00884 1 0.00755 1 



APPENDIX B.3: Biregional Projection: 
Stable Ecuivalent Population 

s t a b l e  e q u i v a l e n t  t o  o r i g i n a l  p o p u l a t i o n  
aaaeaaaeaaoeaaaeaooeaaaaaaoeaaaeoaaeaaee 

a g e  t o t a l  s o u t h  n o r t h  

t o t a l  129885200. 44761572. 85123616. 

p e r c e n t a g e  d i s t r i b u t i o n  - - - - - - - - - - - -  

t o t a l  
m.ag 
s h a  
lam 

r  

t o t a l  s o u t h  n o r t h  



APPENDIX B.4: Biregional Projection: Stable Equivalent Components and Intrinsic Rates 

births deaths ou tmigration inmigration 

number rhte number rate number rate number rate 

south 700743. 0.015659 554 10'7. 0.012383 359335. 0.808830 407843. 0.8891 14 
north 1363633. 0.016024 943958. 0.01 1092 407843. 0.804793 359335. 0.004223 

total 2064376. 0.015898 1458069. 0.01 1537 767 1 78. 0.805908 767 178. 0.005908 

stable growth rate 0.00436 1 

normalizing .factor 74.0755 



APPENDIX B.5: Native-Independent Multistate 
Projection: Biregional Model 

Expressing each set of four age-specific birth rates 

defined in (4) and (5) in the form of a matrix, with the place- 

of-birth dependence (the subscript on the left-hand side) 

suppressed by assumption, gives 

n 
bss (XI. bns (XI 

~"(x) = Bn(x) = Bn(x) s- n... ... 
nn 

BS (x) = B'(x) = BS (x) = s... n- ... 

* 
and setting out the corresponding survivorship proportions as 

bS ss (x) bS ns (x) 

s 
bsn(x) bS nn (x) 

the matrix 

* 
Survivorship proportions are defined in the normal way 
(Rogers, 1975; p. 79) as: 

s (x) = ,s_(x) = s (x) = s ... ... 

s ... (x) = L(xi5) ... L-I - (x) . 

s (XI s (XI ss ns 

sSn(x) s nn (XI 



with the place-of-birth dependence suppressed once again, gives 

the usual population growth process defined as the matrix 

multiplication: 

where 

and 

The extension to the native-dependent case is straight- 

forward. The subscript on the left-hand side is then no longer 

suppressed and 



APPENDIX B.6: Native-Independent Multistate Projection; Growth Matrix, 1968 

region s ->  s 
.*.eeY.e.e.e.ee* 

first row 
s -) s s - >  n n -.'s 

survivorship proportions 
s - i  s s - >  11 n - ?  s 

0.935958 0.049674 0.880000 
0.955671 0.042408 0.888000 
0.932966 0.064580 0.080800 
0.908390 0.088108 0.000000 
(3.920653 0.075086 0.000000 
0.942773 0.051420 0.000000 
0.953487 0.037474 0.000000 
(3.9574 1 1 0. (3288 12 0.000000 
0.959195 0.028903 0.000000 
0.956670 0.01551 1 0.000000 
0.947575 0.013182 0.000000 
0.931320 0.013439 0.000000 
0.904106 0.014379 0.000000 
0.862672 0.014670 0.000000 
0.798310 0.813793 0.000000 
0.706043 0.008502 (3.000000 
1.043797 0.008439 0.000000 

region s - > n  
eaeeeeeeeeeeeeee 

first row 
s -.' s s - >  n n - >  s 

survivorship pi-.oportions 
S -:> S s ->  Ir n  - i  s 

0.024097 0.962689 0.000000 
0.021552 0.976834 0.000880 
0.031430 0.966459 0.000000 
0.041349 0.955595 0.000000 
0.037042 0.959360 0.000800 
0.028165 0.967107 0.000000 
0.021478 0.971198 0.0803000 
0.017534 0.970921 0.000800 
0.013995 0.968736 0.000000 
0.013131 0.961465 0.000000 
0.016611 0.946179 0.000000 
0.021793 0.924003 0.000000 
0.020939 0.897232 0.000000 
0.014408 0.858492 0.008000 
0.009920 0.7912!!0 0.000000 
0.005863 0.695346 8.008000 
0.005810 0.980017 0.000000 



APPENDIX B.6: Native-Independent Multistate Projection: Growth Matrix, 1968, continued. 

region n - > S  
@ 8 0 0 @ 8 * @ * 8 @ @ @ @ @ @  

first row 
s -:> s s - >  n n -1, s 

surv i vorship proportions 
s -'> s s - >  11 n - >  s 

0.000000 0.000800 0.935958 
0.000000 0.000000 0.955671 
0.000000 0.000008 0.932966 
0.000000 0.000000 0.908390 
0.000000 0.000000 0.920653 
0.000000 0.0000(30 0.942773 
0.000000 0.000000 0.953487 
0.000000 0.000000 0.957411 
0.000000 0.000000 0.959195 
(3.000000 0.000000 0.956670 
0.080000 0.000000 0.947575 
0,000000 0.000000 0.931320 
0.000000 0.0300000 0.904 106 
0.000000 0.000000 0.862672 
0.000000 0.000000 0.798310 
0.000000 0.008000 0.706043 
0.000000 0. (300000 1 .043797 

region n - > a  
.8.......8...... 

first row 
8 -.> S s - >  I1 n - i  s 

survi vorship proportions 
s -:> s s - >  11 n -.> s 

0.000000 0.000000 0.024097 
0.080000 0.000808 0.021552 
0.000000 0.000000 0.031430 
0.000000 0.000000 0.041349 
0.000000 0.000000 0.037042 
0.000000 0.000000 0.028165 
0.000000 0.000800 0.021478 
0.000000 0.000000 0.017534 
0.000000 0.0000030 0.013995 
0.000000 0.080000 0.013131 
0.000000 0.000000 0.016611 
0.000000 0.000008 0.021793 
0.080000 0.080000 0.020939 
0.000880 0.000000 0.014408 
0.000000 0.000000 0.009920 
0.000000 0.000000 0.005863 
0.000000 0.000000 0.005810 



APPENDIX B.7: Native-Independent llrultistate Projection: 
Stable Equivalent Population 

ag e t o t a l  s - >  s s - >  n n - >  s n - >  n s o o t h  north 

t o t a l  129885040. 32382706.  11588724. 

percentage  d i s  t r i b o  t i o o  - - - - - - - - - - - -  
t o t a l  ag a s - >  s s - >  11 n - >  s n -.> n south  north 

10 
15 
28 
25 
30 
35 
40 
45 
50 
55 
60 
65 
7 0  
75 
80 
85 

t o t a l  
m. ag , sha 
1 am 

r 



APPENDIX B.8: Native-Independent Multistate Projection: 
1 9 9 8  

p o p u l a t i o n  - - - - -  

a8 e total s - )  s s - >  n n - >  s n - >  n south north 

1 1 122237. 
40 35 10164838. 
45 8537646. 
50 6708679. 
55 5522834. 
60 5470576. 
65 49433 18. 
70 450 1 880. 
75 3750906. 
80 2258454. 
85 2 1 46892. 

total 138592928. 

age 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 

t o t a l  
m .  a g  
sha 
1 am 

I' 

percentage distribution - - - - - - - - - - - -  
t o t a l  

8.0754 
8.1757 
8.3146 
7.8771 
6.973 1 
6.0358 
7.5558 
8.0251 
7.3343 
6.1602 
4.8406 
3.9849 
3.9472 
3.5668 
3.2483 
2.7064 
1 .6296 
1.5491 

100.0000 
34.8294 

200.0000 
1 .040688 
0.007976 

south 

8.0024 
7.9768 
8.1210 
7.7727 
6.9129 
5.9915 
7.2823 
7.8025 
7.2398 
6.1622 
4.8733 
4.1181 
4.1176 
3.7995 
3.4297 
2.8395 
1.7891 
1 .7772 

188.0000 
35.4515 
33.0457 

1.045199 
0.00884 1 

north 

8.1114 
8.2739 
8.4101 
7.9287 
7.0028 
6.0577 
7.6907 
8.1350 
7.3810 
6.1593 
4.8244 
3.9232 
3.863 1 
3.4519 
3.1587 
2.6407 
1 .5508 
1 .4365 

100.0000 
34.5224 
66.9543 

1 .0384 76 
0.00755 1 



APPENDIX C.l: Input Data: Southern-born, Southern residents, 1968 

age popula t ion  
number - X - 

t o t  28885548. 180.08 
g r o s s  

rudecx 1000) g ,  age 30.34 
e  (0) 

b i r t h s  
number - X - 

d e a t h s  
number - X - 

a r r i v a l s  
number - X - 

departures  
number - X - b i r t h  

0.808 
0.808 
0.786 

39.557 
79.570 
61.281 
32.889 
16.543 
4.626 
0.295 
0.000 
0.808 
0.008 
0.000 
0.000 
0.808 
0.800 
0.000 

1.178 
16. 189 
25.80 

observed  r a t e s  ( x 1088 ) 
death  inmig outmig n e t  mig 



APPENDIX C . 2 :  I n p u t  D a t a :  S o u t h e r n - b o r n ,  N o r t h e r n  r e s i d e n t s ,  1 9 6 8  

88 e population 
number - % - 

births 
number - % - 

deaths arrivals 
number - % - number - % - 

departures 
number - % - observed rates ( x 1088 ) 

death i a m i g  outmig birth 

0.808 
0.808 
0.319 

27.181 
75.445 
67.405 
37.145 
18.579 
4.959 
0.296 
0.800 
0.808 
0.808 
0.800 
0.000 
0.808 
0.008 
0.808 

1.157 
20.298 

26.63 

net m i g  

tot 6142451. 100.00 

rn. age  35.47 
e (01 










































