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FOREWORD 

The e v o l u t i o n  of  human p o p u l a t i o n s  o v e r  t i m e  a n d  s p a c e  h a s  
b e e n  a  c e n t r a l  c o n c e r n  o f  many s c h o l a r s  i n  t h e  Human S e t t l e m e n t s  
and  S e r v i c e s  Area  a t  IIASA d u r i n g  t h e  p a s t  s e v e r a l  y e a r s .  From 
1975 t h r o u g h  1978 some o f  t h i s  i n t e r e s t  was 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  T a s k ,  which was f o r m a l l y  
c o n 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 n g  t h e  T a s k ' s  r e s u l t s ,  t o  c o n c l u d i n g  i t s  c o m p a r a t i v e  
s t u d y ,  a n d  t o  e x p l o r i n g  p o s s i b l e  f u t u r e  a c t i v i t i e s  t h a t  n i g h t  
a p p l y  t h e  m a t h e m a t i c a l  methodology  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  i s  p a r t  o f  t h e  T a s k ' s  d i s s e m i n a t i o n  e f f o r t .  I t  
i s  a  d r a f t  o f  a  c h a p t e r  t h a t  i s  t o  a p p e a r  i n  a  volume e n t i t l e d  
Migration and Settlement: A Comparative Study. O t h e r  s e l e c t e d  
p u b l i c a t i o n s  summarizing 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 a r e  l i s t e d  a t  t h e  b a c k .  
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ABSTRACT 

This paper reviews the accounting frameworks underpinning 
the data inputs to the Comparative Migration and Settlement 
(CMS) task now that the majority of country studies are either 
published as IIASA Research Reports or are in the publication 
pipeline. Rigorous comparisons are made of accounting, sex, age, 
time, and regional definitions used in the CMS set of studies, 
and the methods used to estimate required model inputs from 
available data are described. These comparisons and descriptions 
should serve as required reading for researchers embarking on 
further analysis of the CMS task outputs or on any future exer- 
cise in comparing the spatial patterns of population change and 
movement in different countries. 
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DATA BASES AND ACCOUNTING FRAMEWORKS 
FOR IIASA'S COMPARATIVE YIGRATION 
AND SETTLEMENT STUDY 

1 .  INTRODUCTION 

1.1.  The Compara t ive  M i g r a t i o n  a n d  S e t t l e m e n t  (CMS) S t u d y  

I n  1975, a  g r o u p  o f  r e s e a r c h  s c h o l a r s  f rom IIASA1s N a t i o n a l  

Member O r g a n i z a t i o n  (NMO) c o u n t r i e s  m e t  i n  Laxenburg  t o  d i s c u s s  

common i s s u e s  o f  i n t e r n a l  m i g r a t i o n  and s p a t i a l  p o p u l a t i o n  d i s -  

t r i b u t i o n .  I t  was s u g g e s t e d  t h a t  IIASA u n d e r t a k e  a  q u a n t i t a t i v e  

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

dynamics i n  a l l  o f  i t s  17 NMO c o u n t r i e s  ( f o r  d e t a i l s  see Rogers  

1976a and W i l l e k e n s  1 9 7 8 ) .  Such a  s t u d y  would i n v o l v e  n a t i o n a l  

s c h o l a r s ,  u s e  a  common methodology,  and be c a r r i e d  o u t  on  a  com- 

p a r a t i v e  b a s i s  a s  much a s  p o s s i b l e .  The methodology o f  m u l t i -  

r e g i o n a l  demographic  a n a l y s i s  was p r o p o s e d  a s  t h e  common a n a l y t i -  

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

it would e n a b l e  o n e  t o  s i m u l t a n e o u s l y  c o n s i d e r  m i g r a t i o n  and d i f -  

f e r e n t i a l  f e r t i l i t y  and m o r t a l i t y  among t h e  r e g i o n s .  The p ro -  

p o s a l s  were a d o p t e d  and  members 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 began  t h i s  work a t  IIASA. 

One o f  t h e  e x p e c t e d  outcomes o f  t h e  CMS s t u d y  was a  s e t  o f  

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

by a  n a t i o n a l  s c h o l a r .  Each r e p o r t  was i n t e n d e d  t o  p r o v i d e  a n  

ove rv iew o f  r e c e n t  p a t t e r n s  o f  change  i n  m i g r a t i o n  and  i n  r e g i o n a l  



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

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

p o p u l a t i o n  r e d i s t r i b u t i o n  t h a t  can  be g a i n e d  from i t ,  and t o  g i v e  

a  b r i e f  r ev iew o f  p o p u l a t i o n  d i s t r i b u t i o n  p o l i c y  i s s u e s .  A com- 

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

IIASA a s s i s t e d  e x t e n s i v e l y  i n  d a t a  p r o c e s s i n g  and  i n  t h e  p r e p a r -  

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

Each s t u d y  i n v o l v e d  a  number of  s t e p s  which a r e  se t  o u t  i n  

F i g u r e  1 .  F i r s t l y ,  t h e  n a t i o n a l  i n v e s t i g a t o r  assembled  popula-  

t i o n ,  b i r t h s ,  d e a t h s ,  and m i g r a t i o n  d a t a  f o r  t h e  set  o f  r e g i o n s  

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

Regions  w e r e  d e f i n e d  by t h e  n a t i o n a l  c o l l a b o r a t o r s  and w e r e  gen- 

e r a l l y  c o n t i n g u o u s  u n i t s  o f  t e r r i t o r y  t h a t  d i v i d e d  up  t h e  coun- 

t r ies  concerned .  The number o f  r e g i o n s  i n  t h e  s t u d i e s  ranged 

from a  minimum o f  4 t o  a  maximum o f  13. The second  and t h i r d  

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

a v a i l a b l e  d a t a  e i t h e r  by t h e  n a t i o n a l  i n v e s t i g a t o r  o r  by IIASA 

s t a f f .  The d a t a  t h u s  e s t i m a t e d  were t h e n  used  a s  i n p u t  t o  t h e  

s u i t e  o f  s p a t i a l  p o p u l a t i o n  a n a l y s i s  programs (SPA programs)  

d e s c r i b e d  i n  W i l l e k e n s  and Rogers ( 1 9 7 8 )  and t h e  c o u n t r y  a n a l y s i s  

was run  on IIASA's PDP 1 1  computer .  A v a r i e t y  o f  o u t p u t s  con- 

c e r n i n g  t h e  p o p u l a t i o n  s t r u c t u r e  and dynamics o f  t h e  c o u n t r y ' s  

m u l t i r e g i o n a l  s y s t e m  was t h u s  o b t a i n e d ,  and  t h e s e  w e r e  t h e n  a n a l -  

yzed by t h e  n a t i o n a l  i n v e s t i g a t o r  and i n c o r p o r a t e d  i n  t h e  coun- 

t r y ' s  r e s e a r c h  r e p o r t .  Of c o u r s e ,  i n  p r a c t i c e ,  t h e r e  was a  good 

d e a l  o f  r e i t e r a t i o n  o f  s t e p s  i n  t h e  CMS t a s k ,  and s e v e r a l  c y c l e s  

w e r e  c a r r i e d  o u t  more t h a n  once .  

The purpose  o f  t h i s  p a p e r  i s  t o  d e s c r i b e  i n  g e n e r a l  terms 

t h e  k i n d s  of  d a t a  t h a t  were  u s e d ,  t h e  k i n d s  o f  e s t i m a t i o n  t ech-  

n i q u e s  t h a t  w e r e  employed and  t h e  consequences  o f  d a t a  problems 

t h a t  were e n c o u n t e r e d  i n  c a r r y i n g  o u t  t h e  CMS s t u d y .  

1 . 2 .  The IIASA S e t  o f  C o u n t r i e s  

What k i n d  o f  c o u n t r i e s  were i n c l u d e d  i n  t h e  CMS t a s k  as a  

r e s u l t  of  IIASA membership? T a b l e  1 p r o v i d e s  a  se t  o f  b a s i c  

i n d i c a t o r s  f o r  a l l  c o u n t r i e s  e x t r a c t e d  from t h e  r e s e a r c h  r e p o r t s  

and from t h e  World Development Repor t  (World Bank 1 9 8 0 ) .  The set 
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F i g u r e  1 .  S t e p s  i n  t h e  CMS s t u d y  f o r  e a c h  member n a t i o n .  



Table  1 .  Basic  demographic and economic i n d i c a t o r s  f o r  IIASA 
member n a t i o n s  

Coun t ry  
( s t u d y  p e r i o d )  

u e a a  Ave. a n n u a l  Crude Crude  
(1000s P o p u l a t i o n  g rowth  o f  b i r t h  d e a t h  

o f  s q .  (x 1 0 6 )  i n  p o p u l a t i o n  rate  ra te  
km. ) s t u d y  yea@ ( p e r  1000) ( p e r  1000) 

1 U n i t e d  Kingdom (1970)  244 
2 F i n l a n d  (1974)  337 
3 Sweden (1974)  450 
4 GDR (1975)  108 
5 N e t h e r l a n d s  (1974)  4 1 
6 Canada (1966-71) 9 ,976  
7 Hungary (1974)  9 3 
8 S o v i e t  Union (1974)  22,402 
9 FRG (1974)  249 

10 A u s t r i a  (1966-71) 84  
11 Poland  (1975)  313 
1 2  B u l g a r i a  (1975)  111 
1 3  F r a n c e  (1968-75) 547 
1 4  C z e c h o s l o v a k i a  (1975)  128  
1 5  J a p a n  (1970)  37 2 
1 6  Uni t ed  S t a t e s  (1965-70) 9 ,363  
1 7  I t a l y  (1971)  3 01 

Coun t ry  
( s t u d y  p e r i o d )  

L i f e  T o t a l  GNP P e r c e n t  Xorl d 
e x p e c t a n c y  f e r t i l i t y  p e r  o f  popu- Bank 
a t b i r t h  r a t e  ( p e r  c a p i t a  l a t i o n  classi- 
( y e a r s )  woman) ( $ 1  o f  work- f i c a t i o n  

i n g  a g e  

1 Uni t ed  Kingdom (1970)  7 3 1 . 7  5 , 0 3 0  64 I C  
2 F i n l a n d  (1974)  7 2 1 . 7  6 , 8 2 0  6 8  I C  
3 Sweden (1974) 7 5 1 . 7  1 0 , 2 1 0  64 I C 
4 GDR (1975)  7 2 1.8 5 , 7 1 0  63 CPE 
5 N e t h e r l a n d s  (1974)  7 4 1 . 6  8 , 4 1 0  65 I C  
6 Canada (1966-71) 74 1 . 9  9 , 1 8 0  66 I C  
7 Hungary (1974)  7 0 2.2 3 , 4 5 0  66 C PE 
8 S o v i e t  Union (1974)  7 0  2.4 3 ,700  6 5  CPE 
9 FRG (1974)  7 2 1 .4  9 , 5 8 0  65  I C 

10 A u s t r i a  (1966-71) 7 2 1 .7  7 , 0 3 0  63 I C  
11 Poland  (1973) 7 1 2.3 3 , 6 7 0  66 CPE 
12  B u l g a r i a  (1975) 7 2 2.3 3 , 2 3 0  66 CPE 
1 3  F r a n c e  (1968-75) 7 3 1 . 9  8 , 2 6 0  63 I C 
1 4  C z e c h o s l o v a k i a  (1975)  7 0  2.4 4 ,720  64 CPE 
1 5  J a p a n  (1970)  7 6 1.8 7 ,280  68 I C  
1 6  U n i t e d  S t a t e s  (1965-70) 73  1.8 9 , 5 9 0  65 I C 
1 7  I t a l y  (1971)  7 3 1 . 9  3 ,850  64 I C 

Notes :  GDR - German Democra t i c  R e p u b l i c ,  FRG - F e d e r a l  R e p u b l i c  o f  Germany, 
GNP - G r o s s  N a t i o n a l  P r o d u c t ,  I C  - I n d u s t r i a l i z e d  c o u n t r y ,  CPE - 
C e n t r a l l y  p l a n n e d  economy. S e e  n e x t  p a g e  f o r  n o t e s  on  d a t a  s o u r c e s .  



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

wor ld  ( S o v i e t  Union, Un i t ed  S t a t e s ,  and Canada)  t o g e t h e r  w i t h  

m o d e r a t e l y  and s m a l l - s i z e d  European c o u n t r i e s .  I n  p o p u l a t i o n  s i z e  

t h e  c o u n t r i e s  r a n g e  from F i n l a n d  ( j u s t  unde r  5 m i l l i o n s  i n  1981)  

t o  t h e  S o v i e t  Union (261 m i l l i o n s  i n  1 9 7 8 ) .  The t o t a l  p o p u l a t i o n  

o f  IIASA member c o u n t r i e s  i n  1978 was 969.2 m i l l i o n s  o r  23 p e r c e n t  

o f  t h e  w o r l d  t o t a l .  I n  terms o f  l e v e l  o f  deve lopmen t  t h e  IIASA 

se t  c o n t a i n s  17 o u t  o f  t h e  30 c o u n t r i e s  w i t h  p e r  c a p i t a  income 

o v e r  $3,000 p e r  annum i n  1978 (see F i g u r e  2 ) .  I n  a d d i t i o n ,  t h e y  

have  some o f  t h e  h i g h e s t  l i f e  e x p e c t a n c i e s  among t h e  c o u n t r i e s  o f  

t h e  wor ld  ( F i g u r e  2 )  c o m p r i s i n g  17 o f  t h e  39 c o u n t r i e s  w i t h  l i f e  

e x p e c t a n c i e s  o f  70 o r  o v e r  i n  1978. The CMS t a s k  t h u s  i n v o l v e d  

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

r e l a t i v e l y  r i c h ,  d e v e l o p e d  c o u n t r i e s ,  a  m a j o r i t y  o f  which f a l l  i n  

t h e  World Bank ' s  " i n d u s t r i a l i z e d  c o u n t r i e s "  c a t e g o r y ,  a  m i n o r i t y  

o f  which f a l l  i n  i t s  " c e n t r a l l y  p l anned  economies"  c l a s s .  

1 .3 .  The Sys tems o f  I n t e r e s t  i n  t h e  CMS S tudy :  The Sys tems 
S t u d i e d  

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

t h e  s t u d i e s  u n d e r  t h e  CMS t a s k  was l i m i t e d .  T h i s  w a s  done  i n  

o r d e r  t o  make t h e  e x e c u t i o n  o f  t h e  t a s k  f e a s i b l e .  To c a r r y  o u t  

a  1 7 - n a t i o n  c o m p a r a t i v e  s t u d y  it was n e c e s s a r y  t h a t  t h e  method- 

o l o g y  a d o p t e d  be s p e c i f i e d  and  f i x e d  p r i o r  t o  t h e  s t a r t  o f  t h e  

s t u d y .  To have  changed  t h e  methods used  mid-way t h r o u g h  t h e  

s t u d y  would have  been  f o o l i s h ,  f o r  i t  i s  on  s u c h  g rounds  t h a t  

many p r o j e c t s  f a i l .  

Notes on d a t a  sou rces  f o r  Table  1. 
a 
b World Bank (1980) , Table 1, pp. 110-111. 

The f i g u r e  i s  taken  from t h e  r e s e a r c h  r e p o r t  f o r  t h e  count ry  concerned. See 
t h e  l i s t  g iven  a t  t h e  end of t h i s  paper .  

C 
The corresponding Grea t  B r i t a i n  ( t h e  s tudy  a r e a  f o r  t h e  m u l t i r e g i o n a l  popu- 

d l a t i o n  a n a l y s i s )  popu la t i on  i s  53.9 m i l l i o n .  
The f i g u r e  f o r  Canada o m i t t i n g  t h e  Yukon and Northwest T e r r i t o r i e s  ( t h e  s tudy  
a r e a  f o r  t h e  m u l t i r e g i o n a l  popu la t i on  a n a l y s i s )  is  20.7 m i l l i o n s .  The popu- 
l a t i o n  i s  an a r i t h m e t i c  average  of  t h e  1966 and 1977 Census popula t ions  i n  
both ca se s .  e 
This  i s  t h e  1971 Census popu la t i on  f o r  A u s t r i a .  

'further rnu l t i reg iona l  a n a l y s e s  were c a r r i e d  o u t  f o r  1973 and 1974 i n  t h e  
Poland s tudy when t h e  mid-year popu la t i on  was 33.5 and 33.8 m i l l i o n s .  

B ~ h i s  i s  t h e  Census 1975 popu la t i on  
h 
.An October l s t ,  1971 f i g u r e .  

7, 
,Populat ion f o r  J u l y  l s t ,  1970. 
4 An average of January l s t ,  1971 and January l s t ,  1972 popu la t i on  e s t ima te s .  ;c 

The Grea t  B r i t a i n  popu la t i on  was 54.3 m i l l i o n s .  
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Figure 2. The distribution of countries and IIASA member nations 
by per ca2ita income and by life expectancy. (Source 
of data: World Bank 1980). 



The i m p o r t a n t  l i m i t a t i o n s  o f  t h e  CMS t a s k  were a s  f o l l o w s :  

i )  The a g e  c l a s s i f i c a t i o n  was by f i v e - y e a r  a g e  g r o u p s .  

ii) The r e g i o n s  were l i m i t e d  i n  number. 

iii) The t e m p o r a l  f rame o f  r e f e r e n c e  was l i m i t e d  t o  one  

p e r i o d  i n  t h e  r e c e n t  p a s t  ( e n d  d a t e s  v a r y  f r o m  1970 

t o  1 9 7 5 ) .  

i v )  The s y s t e m  s t u d i e d  was l i m i t e d  t o  t h e  c o u n t r y  con- 

c e r n e d  a n d  i n t e r a c t i o n s  w i t h  t h e  res t  o f  t h e  w o r l d  

were n o t  g e n e r a l l y  i n c l u d e d  i n  t h e  m u l t i r e g i o n a l  

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

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

V )  F u r t h e r  c l a s s i f i c a t i o n s  o f  t h e  popu la t ion -by  b i r t h  

p l a c e  o r  by e t h n i c  o r  s o c i o e c o n o m i c  group-were n o t  

a t t e m p t e d .  

D e t a i l e d  comments a r e  made o n  e a c h  o f  t h e s e  l i m i t a t i o n s  i n  

t h e  c o u r s e  o f  t h i s  p a p e r .  I n  f u t u r e  s t u d i e s  many o f  them c a n  

and  w i l l  b e  e l i m i n a t e d ,  b u t  i n  t h e  f i r s t  s u c h  e f f o r t  o f  compar- 

i n g  t h e  p o p u l a t i o n  dynamics  o f  r e g i o n s  w i t h i n  a  s e t  o f  17 coun-  

t r i e s ,  t h e  l i m i t a t i o n s ,  w e  f e e l ,  a r e  j u s t i f i e d .  

T h i s  p a p e r  sets o u t  a  s y s t e m a t i c  p r e s e n t a t i o n  of  t h e  a c c o u n t -  

i n g  frameworks w i t h i n  which t h e  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 e s  

o f  t h e  CMS t a s k  a r e  embedded. The c o n c e p t s  a r e  d e s c r i b e d  i n  gen- 

e r a l  terms i n  s e c t i o n  2. Age and  t i m e  f rameworks a r e  d e v e l o p e d  

i n  s e c t i o n  3 .  S e c t i o n  4 d e a l s  w i t h  t h e  s p a t i a l  f rameworks adop-  

t e d  i n  t h e  i n d i v i d u a l  c o u n t r y  s t u d i e s ,  and  s e c t i o n  5  d e s c r i b e s  

t h e  e s t i m a t i o n  p rob lems  a n d  p r o c e d u r e s  i n v o l v e d  f o r  t h e  s t o c k s ,  

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

s i s .  An o v e r v i e w  o f  some o f  t h e  p r i n c i p a l  p rob lems  a s s o c i a t e d  

w i t h  compar ing  t h e  r e s u l t s  and  t h e  l e s s o n s  t o  b e  l e a r n e d  f o r  

f u t u r e  work a r e  drawn o u t  i n  t h e  l a s t  s e c t i o n .  

2. . ACCOUNTING FRAMEWORKS 

2 .1 .  P o p u l a t i o n  Accoun t s  i n  G e n e r a l  

M u l t i r e g i o n a l  demographic  a n a l y s i s  a ims  a t  a  b e t t e r  under -  

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

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

o f  change  i n  t h e  p o p u l a t i o n  s i z e  ( s t o c k )  and  c o m p o s i t i o n  i n  terms 



o f  f lows  o f  p e o p l e  among v a r i o u s  s t a t e s  o f  t h e  "demographic  s y s -  

tem."  The f l o w - p e r s p e c t i v e  r e q u i r e s  f l o w  d a t a .  These  d a t a  may 

c o n v e n i e n t l y  be a r r a n g e d  i n  a n  a c c o u n t i n g  framework. Accoun t s  

a r e  n o t  o n l y  c o n v e n i e n t  d a t a  r e p r e s e n t a t i o n  schemes ,  t h e y  a l s o  

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

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

d a t a .  

I n  t h i s  p a p e r ,  t h e  d a t a  b a s e  o f  t h e  CMS s t u d y  w i l l  b e  ap- 

p roached  i n  a n  a c c o u n t i n g  framework. The CMS p r o j e c t  d i d  n o t  

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

p o p u l a t i o n "  a n a l y s i s ,  s i n c e  t h e  main p u b l i c a t i o n s  o n  s p a t i a l  

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

f o r  t h e  CMS s t u d y  had been  f i n a l i z e d .  

P o p u l a t i o n  a c c o u n t s  are  two- o r  m u l t i d i m e n s i o n a l  t a b l e s  

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

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

matrices and  a l l  p o s s i b l e  s t a tes  o f  d e s t i n a t i o n  a s  column c lasses .  

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

o r  f o r  e a c h  o f  s e v e r a l  p o p u l a t i o n  c a t e g o r i e s  ( d i s a g g r e g a t e  ac- 

c o u n t s ) .  I n  m u l t i r e g i o n a l  a n a l y s i s ,  a g e - d i s a g g r e g a t e d  a c c o u n t s  

a r e  u s e d ,  i . e . ,  a l l  f l o w s  must  be  g i v e n  f o r  e a c h  o f  t h e  ( f i v e  

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

o f  p o p u l a t i o n  a c c o u n t s  i s  beyond t h e  s c o p e  o f  t h i s  p a p e r ;  t h e  

r e a d e r  i s  r e f e r r e d  t o  o t h e r  works f o r  d e t a i l s  ( S t o n e  1971, 1975, 

I l l i n g w o r t h  1976,  Rees and  Wilson  1977,  Rees 1977a,  1980, 1 9 8 1 ) .  

W e  l i m i t  o u r s e l v e s  t o  t h e  p r e s e n t a t i o n  o f  t h e  two t y p e s  o f  ac-  

c o u n t s  t h a t  are fundamen ta l  i n  s p a t i a l  p o p u l a t i o n  a n a l y s i s ,  s i n c e  

t h e y  r e l a t e  t o  d i f f e r e n t  ways o f  measu r ing  m i g r a t i o n  f l o w s :  

movement and  t r a n s i t i o n  a c c o u n t s .  T h i s  d i s t i n c t i o n  h a s  i m p o r t a n t  

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

a s  w e  w i l l  show. 

2 . 2 .  Movements and T r a n s i t i o n s  

Q u i t e  d i s t i n c t i v e  i n s t r u m e n t s  a r e  used  t o  measu re  m i g r a t i o n  

f l o w s .  R e g i s t r a t i o n  s y s t e m s  a r e  g e n e r a l l y  used  i n  Europe ,  where 

e a c h  change  o f  a d d r e s s  ( and  hence  e a c h  move) must  be  r e g i s t e r e d  

w i t h  t h e  l o c a l  a u t h o r i t i e s .  I n  c o u n t r i e s  w i t h  a  r e g i s t r a t i o n  



s y s t e m ,  e a c h  move ( p a s s a g e  from one  s t a t e  t o  a n o t h e r )  i s  c o u n t e d ,  

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

a r e  s a i d  t o  be  movement d a t a .  O t h e r  c o u n t r i e s ,  l i k e  t h e  U.S., 

J a p a n ,  and  t h e  U . K . ,  d e r i v e  m i g r a t i o n  s t a t i s t i c s  f rom a  r e t r o -  

s p e c t i v e  q u e s t i o n  i n  t h e  n a t i o n a l  c e n s u s .  I n  t h i s  q u e s t i o n ,  

r e s p o n d e n t s  a r e  a s k e d  t o  s t a t e  what  t h e i r  a d d r e s s  ( p l a c e  o f  resi-  

d e n c e )  was some u n i t  number o f  y e a r s  ago .  I n d i v i d u a l  moves a r e  

n o t  r e c o r d e d ;  o n l y  t h e  t r a n s i t i o n  a  p e r s o n  made be tween t h e  s t a r t  

and  end o f  a  g i v e n  t i m e  i n t e r v a l  i s  r e c o r d e d .  These  d a t a  r e p r e -  

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

The d i s t i n c t i o n  be tween movements and  t r a n s i t i o n s  a r e  v i s a -  

a l l y  i l l u s t r a t e d  i n  F i g u r e  3 .  The f i g u r e  shows t h e  m o b i l i t y  ex-  

p e r i e n c e  o f  8  i n d i v i d u a l s  d u r i n g  t h e  i n t e r v a l  f rom t t o  t + T. 
Each l i n e  r e p r e s e n t s  a  l i f e l i n e  o f  a n  i n d i v i d u a l .  Eve ry  t i m e  a  

p e r s o n  ( and  h i s  l i f e l i n e )  c r o s s e s  t h e  boundary  be tween r e g i o n  i 

and r e g i o n  j ,  a  move o c c u r s .  A p e r s o n  c a n  make s e v e r a l  moves 

w i t h i n  t h e  i n t e r v a l .  P e r s o n s  ( 3 )  and  ( 8 )  make two moves, f o r  

example ,  i n  F i g u r e  3. A l though  a  p e r s o n  c a n  make s e v e r a l  moves 

w i t h i n  a n  i n t e r v a l ,  h e / s h e  c a n  make o n l y  o n e  t r a n s i t i o n .  P e r s o n  

( 3 )  f o r  i n s t a n c e ,  w i l l  n o t  f i g u r e  i n  t h e  t r a n s i t i o n  c o u n t ,  de-  

s p i t e  h a v i n g  moved t o  r e g i o n  j  f o r  a  s h o r t  p e r i o d  i n  t h e  t i m e  

i n t e r v a l .  Some t r a n s i t i o n s - f o r  example ,  a  p e r s o n  a l i v e  i n  re- 

g i o n  i a t  t i m e  t and  dead  i n  r e g i o n  j  l a t e r  i n  t h e  per iod-do 

c a r r y  i n f o r m a t i o n  o n  t h e  a d d i t i o n a l  move t h a t  must  have  t a k e n  

p l a c e .  Note t h a t  t h e  d i s t i n c t i o n  between movements and t r a n s -  

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

and  d e a t h  t o t a l s  t h e  movement and  t r a n s i t i o n  c o u n t s  a r e  i d e n t i -  

c a l .  

I n  t h e  CMS s t u d y ,  b o t h  r e g i s t r a t i o n - b a s e d  movement d a t a  

and  c e n s u s - b a s e d  t r a n s i t i o n  d a t a  were employed. F i g u r e  4 shows 

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

b a s e  maps d e p i c t i n g  t h e  1978 p o p u l a t i o n s  o f  t h e  c o u n t r i e s  i n -  

v o l v e d .  Movement d a t a  w e r e  u s e d  i n  1 1  o u t  o f  17 c o u n t r y  s t u d i e s  

and  t r a n s i t i o n  d a t a  were employed i n  6 o u t  o f  17 c o u n t r i e s .  I n  

no c o u n t r y  were b o t h  k i n d s  o f  d a t a  s i m u l t a n e o u s l y  a v a i l a b l e  f o r  

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 .  The a rgument  a g a i n s t  c o l l e c t -  

i n g  b o t h  t y p e s  o f  s t a t i s t i c s  by n a t i o n a l  s t a t i s t i c a l  o f f i c e s  h a s  
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F i g u r e  3. T r a n s i t i o n s  from t h e  i n i t i a l  s t a t e  t o  t h e  f i n a l  s t a t e  
and movements o f  i n d i v i d u a l s  r e p r e s e n t e d  by l i f e l i n e s  
( - ) ,  a  move from r e g i o n  i t o  r e g i o n  j ( v ) ,  a  move 
from r e g i o n  j t o  r e g i o n  i ( A ) ,  a  b i r t h  (01, and a  
d e a t h  (0) . 

been t h a t  d u p l i c a t i o n  i s  t h e r e b y  avo ided  and c o s t s  saved .  How- 

e v e r ,  a s  w e  have a r g u e d  i n  F i g u r e  3  and show i n  s e v e r a l  p l a c e s  

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

d i f f e r e n t  i n  numer ica l  magni tude  t o  s u g g e s t  t h a t  t h i s  argument  

i s  unfounded. Views a r e  now b e g i n n i n g  t o  s h i f t  and some coun- 

t r i e s  ( e . g . ,  t h e  Uni ted  Kingdom) which have i n  t h e  p a s t  r e l i e d  

on c e n s u s  measures  have now deve loped  a  r e g i s t r a t i o n  and survey-  

based  sys tem of d a t a  c o l l e c t i o n  (Ogi lvy  1 9 8 0 a ) .  

The d i s t i n c t i o n  between movements and t r a n s i t i o n s  i s  c r u c i a l  

i n  s p a t i a l  p o p u l a t i o n  a n a l y s i s .  R e s e a r c h e r s  on m i g r a t i o n  (Courgeau 

1973a, 1973b, 1980, Rees 1977b) have l o n g  been aware of  t h e  d i s -  

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

m u l t i r e g i o n a l  l i f e  t a b l e  model have o n l y  r e c e n t l y  been r e a l i z e d  

(Leden t  1980a, Ledent  and Rees 1 9 8 0 ) .  A major  i m p l i c a t i o n  
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i s  t h a t  t h e  l i f e - t a b l e  p r o b a b i l i t i e s ,  which a r e  t r a n s i t i o n  prob-  

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

t r a n s i t i o n  d a t a .  I n  t h e  n e x t  s e c t i o n ,  w e  e l a b o r a t e  on  t h i s  

i m p l i c a t i o n .  F i r s t ,  however ,  w e  show how d i f f e r e n t  t y p e s  o f  d a t a  

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

2 .3 .  Movement Accoun t s  and  T r a n s i t i o n  Accoun t s  

Accounts  p r o v i d e  a  u s e f u l  framework f o r  d i s t i n g u i s h i n g  be- 

tween movements and  t r a n s i t i o n s .  The s t r u c t u r e  o f  a  movement 

a c c o u n t  i s  shown i n  T a b l e  2 ,  t h e  t r a n s i t i o n  a c c o u n t  i s  p r e s e n t e d  

i n  T a b l e  3 .  Each a c c o u n t  i n v o l v e s  a  se t  I o f  r e g i o n s  i n t e r n a l  

t o  t h e  c o u n t r y ,  t h e r e  b e i n g  1 , 2 ,  ..., N i n t e r n a l  r e g i o n s ,  and a n  

e x t e r n a l  r e g i o n  s e t ,  0,  c a l l e d  f o r  p r e s e n t  p u r p o s e s  " t h e  o u t s i d e  

wor ld . "  To t h e s e  " e x i s t i n g "  s t a t e s  w e  mus t  add t h e  e n t r y  p o i n t  

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

p o p u l a t i o n  s t o c k s  are l i n k e d  t o  f i n a l  p o p u l a t i o n  s t o c k s  v i a  a c -  

c o u n t i n g  e q u a t i o n s .  F o r  t h e  moment, no a g e  o r  s e x  d e t a i l  i s  

i n c l u d e d .  I n  t h e  movement case f o r  t y p i c a l  r e g i o n  i, t h e  a c c o u n t -  

i n g  e q u a t i o n  is  as  f o l l o w s  

s t o c k  a t  end  o f  p e r i o d  = s t o c k  a t  s t a r t  o f  p e r i o d  

- o u t f l o w s  + i n f l o w s  

where I r e f e r s  t o  t h e  se t  o f  r e g i o n s  i n t e r n a l  t o  t h e  s y s t e m  b e i n g  

s t u d i e d  ( u s u a l l y  t h e  c o u n t r y ) .  The f i r s t  f o u r  t e r m s  i n  which  

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

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

d e f i n e  t h e  d i a g o n a l  e n t r y  i n  t h e  movement a c c o u n t s ,  which i s  d e s -  

i g n a t e d  Ri ( f o r  r e s i d u a l ) .  T h i s  t e r m  a c t s  a s  a  b a l a n c i n g  i t e m  

i n  t h e  a c c o u n t s ,  h a s  no  s u b s t a n t i v e  i n t e r p r e t a t i o n ,  and  may on 

e x t r e m e  o c c a s i o n  be n e g a t i v e  ( a s  i n  t h e  example  o f  a  movement 

a c c o u n t s  i n  T a b l e  4 ) .  T h i s  Ri t e r m  i s  t o  be  d i s t i n g u i s h e d  f rom 

t h e  t e r m  t h a t  o f t e n  a p p e a r s  i n  t h e  d i a g o n a l  o f  movements t a b l e s :  

namely,  t h e  t o t a l  number o f  movements w i t h i n  t h e  r e g i o n ,  which 
ii m i g h t  be  termed M . 



T a b l e  2 .  Movement a c c o u n t  f o r  a  m u l t i r e g i o n a l  sys tem w i t h i n  a 
s i n g l e  c o u n t r y  i n  a  s i n g l e  p e r i o d .  

S t a t e  a f t e r  move i n  p e r i o d  

D e s t i n a t i o n  r e g i o n s  

I n t e r n a l  O u t s i d e  
S t a t e  p r i o r  t o  r e g i o n s  wor ld  
move i n  p e r i o d  1 2  ... N 0  Death T o t a l s  

1 2  
O r i g i n  r e g i o n s  1  R' M * * *  M~~ M I  O D p1  

I n t e r n a l  2  M 2 1  R2  ... 
r e g i o n s  M2 M2 O 

O u t s i d e  
wor ld  

B i r t h  g1 B2 ... B 0 @ 8' 
N 

T o t a l s  p . l  p . 2  ... p . N  M' 0 
D '  T 

Definitions of var iables  
i 

R - res idual  accounts balancing term for  region i (no substantive meaning) 

- migrations (moves) from region i t o  region j 

M~~ - emigrations (moves) from regicn i t o  outside world 

D - deaths i n  region j 
pi. - population a t  the s t a r t  of the period i n  region i. The . r e f e r s  t o  

summation over a l l  possible future  s t a t e s  i n  the period and indicates  
t ha t  the population stock i s  defined for  the s t a r t  of the period 

M O j  - immigrations (moves) from the outside world t o  region j 

@ - item ignored o r  s e t  to  zero 
0. 

M - the t o t a l  number of immigrations to  in te rna l  regions from the outside 
world 

i 
B - b i r th s  i n  region i 

p - j  - population a t  the end of period i n  region j .  The . r e f e r s  t o  summation 
over a l l  possible pas t  s t a t e s  i n  the period and ind ica tes  t ha t  the  
population stock i s  defined for  the  end of the period 

.o 
M - the t o t a l  number of emigrations from the in te rna l  regions to  the out- 

side world 

D' - the t o t a l  number of deaths i n  the i n t e rna l  regions 

T - the grand t o t a l  
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T a b l e  4 .  A movement and  a  t r a n s i t i o n  a c c o u n t  f o r  t h e  F i g u r e  3 
example.  

A .  1,IOVEMENT ACCOUPJTS 

S t a t e  a f t e r  move i n  p e r i o d  

D e s t i n a t i o n  r e a i o n s  

O u t s i d e  
I n t e r n a l  r e g i o n s  w o r l d  
i j 0 Dea th  T o t a l s  

S t a t e  p r i o r  t o  
move i n  p e r i o d  

O r i g i n  r e g i o n s  

I n t e r n a l  i 
r e g i o n s  j 

O u t s i d e  
w o r l d  0 

B i r t h  

T o t a l s  

B .  T3ANSITION ACCOUNTS 

F i n a l  s t a t e  i n  p e r i o d  

S u r v i v a l  Dea th  

I n t e r n a l  O u t s i d e  I n t e r n a l  O u t s i d e  
I n i t i a l  s t a t e  r e g i o n s  w o r l d  r e g i o n s  wor ld  
i n  p e r i o d  i j 0 i j 0 T o t a l s  

E x i s t e n c e  

I n t e r n a l  i 1 
r e g i o n s  j 1 

O u t s i d e  
w o r l d  0 0 

B i r t h  

I n t e r n a l  i 1 0 0 
r e g i o n s  j 0 1 0 

T o t a l s  3 3 0 



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

l i n k s  i n i t i a l  and f i n a l  p o p u l a t i o n s  i s  

w h e r e  t h e  terms i n  b r a c k e t s  d e f i n e  t h e  d i a g o n a l  e n t r y  i n  t h e  ac-  
e i , s i  c o u n t s  K which r e f e r s  t o  p e r s o n s  who s u r v i v e  and s t a y  i n  

r e g i o n s  o v e r  t h e  p e r i o d .  T h i s  h a s  s u b s t a n t i v e  meaning i n  c o n t r a s t  

2 . 4 .  Placement  o f  t h e  CMS S tudy  i n  t h e  Account ing  Frameworks 

W e  c a n  now p l a c e  t h e  m u l t i r e g i o n a l  a n a l y s e s  o f  t h e  CMS s t u d y  

w i t h i n  t h e s e  two a c c o u n t i n g  frameworks. 

There a r e  two a s p e c t s  o f  t h i s  s t a t e m e n t :  ( 1 )  method o f  s u r -  

v i v a l  p r o b a b i l i t y  e s t i m a t i o n  and ( 2 )  d e g r e e  o f  c l o s u r e  o f  t h e  

system. 

2 . 4 . 1 .  Methods  o f  C a l c u l a t i n g  t h e  L i f e  T a b l e  S u r v i v a l  
Probab i  l i t i e s  

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

t y p e s  o f  d a t a  have been d i s c u s s e d  i n  d e t a i l  by Ledent  and R e e s  

( 1 9 8 0 ) .  Three approaches  t o  p r o b a b i l i t y  e s t i m a t i o n  a r e  d i s t i n -  

g u i s h e d :  t h e  movement approach ,  t h e  h y b r i d  approach ,  and t h e  

t r a n s i t i o n  approach .  

I n  t h e  movement approach ,  movement c o n c e p t s  a r e  a p p l i e d  i n  

t h e  e q u a t i o n  f o r  e s t i m ~ t i n g  s u r v i v a l  p r o b a b i l i t i e s  and movement 

d a t a  a r e  employed t o  e s t i m a t e  t h e  m i g r a t i o n  r a t e s  



where p  i s  a  m a t r i x  o f  m u l t i r e g i o n a l  s u r v i v a l  p r o b a b i l i t i e s  f o r  
-X 

age  t r a n s i t i o n  x  t o  x  + n ,  PIx i s  a  s p e c i a l  m a t r i x  o f  m i g r a t i o n  

and m o r t a l i t y  r a t e s  ( s e e  Rogers  and Ledent  1976,  W i l l e k e n s  and 

Rogers 1978 f o r  d e t a i l s ) ,  n  i s  t h e  age  i n t e r v a l  and T t h e  t i m e  

i n t e r v a l  i n v o l v e d .  T h i s  e q u a t i o n  is  d e s i g n a t e d  " o p t i o n  3" i n  

W i l l e k e n s  and Rogers  ( 1 9 7 8 ) .  I n  t h e  h y b r i d  a p p r o a c h ,  t h e  same 

e q u a t i o n  i s  used  b u t  t r a n s i t i o n  d a t a  a r e  used  t o  compute t h e  m i -  

g r a t i o n  r a t e s  i n v o l v e d .  F i n a l l y ,  i n  t h e  t r a n s i t i o n  approach  

s u r v i v o r s h i p  rates ,  Sx, a r e  computed d i r e c t l y  o r  i n d i r e c t l y  from 

t r a n s i t i o n  t y p e  d a t a  (sometimes v i a  a c c o u n t s )  and t h e  s u r v i v a l  

p r o b a b i l i t i e s  computed by i n t e r p o l a t i o n  between s u c c e s s i v e  S  
-X 

m a t r i c e s  u s i n g  

o r  some more s o p h i s t i c a t e d  i n t e r p o l a t i o n  t e c h n i q u e .  

I f  w e  c r o s s - t a b u l a t e  c o n c e p t  ( o r  e q u a t i o n  t y p e )  a g a i n s t  d a t a  

t y p e ,  w e  o b t a i n  a  box w i t h i n  which t h e  CMS c o u n t r y  s t u d i e s  c a n  b e  

c l a s s i f i e d  ( T a b l e  5 ) .  S i n c e  a l l  c o u n t r y  s t u d i e s  e x c e p t  t h a t  f o r  

F rance  employ e q u a t i o n  ( 3 )  t o  estimate s u r v i v a l  p r o b a b i l i t i e s  t h e  

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

t i o n  o f  t h e  F r e n c h  s t u d y .  I n  t h e  F rench  s t u d y  a method i n v o l v i n g  

t r a n s i t i o n  c o n c e p t s  (Leden t  and Courgeau 1980) w a s  a p p l i e d  i n  

which seven-year  m i g r a t i o n  and s t a y e r  rates c o n d i t i o n a l  on s u r -  

v i v a l  were  f a c t o r e d  down t o  a f i v e - y e a r  t i m e  i n t e r v a l  (by  r a i s i n g  

t h e  m a t r i x  o f  ra tes  t o  t h e  power 5 / 7 )  and t h e n  used  t o  compute 

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

i n t e r p o l a t i o n  t e c h n i q u e .  

The t r a n s i t i o n  approach  w a s  a l s o  a p p l i e d  by Leden t  and R e e s  

(1980) t o  t h e  Uni t ed  Kingdom d a t a ,  and a  compar ison  was made be- 

tween t h e  r e s u l t s  o f  t h e  two a p p r o a c h e s  f o r  a common t h r e e  r e g i o n  

sys tem ( E a s t  A n g l i a ,  S o u t h  E a s t ,  and  t h e  R e s t  o f  B r i t a i n ) .  The 

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

t o  b e  s p e n t  i n  t h e  r e g i o n  of  b i r t h  d i f f e r e d  by 4 . 5  p e r c e n t  i n  t h e  

c a s e  o f  t h e  smallest r e g i o n ,  E a s t  A n g l i a .  The d i f f e r e n c e  c a n  

u l t i m a t e l y  b e  a t t r i b u t e d  t o  t h e  way t h e  d i a g o n a l  terms were 

hand led  i n  t h e s e  p a r t i c u l a r  a p p l i c a t i o n s  o f  h y b r i d  and t r a n s i t i o n  

approaches .  ( F o r  d e t a i l s ,  see Ledent  and Rees 1 9 8 0 ) .  



T a b l e  5 .  The CMS c o u n t r y  s t u d i e s  c l a s s i f i e d  by approach  t o  
m u l t i r e g i o n a l  l i f e  t a b l e  c o n s t r u c t i o n  

Data 

Concepts  Moves T r a n s i t i o n s  

Movement Movement Approach Hybrid Approach 

F i n l a n d  Uni ted  Kingdom (1)  
Sweden Canada 
GDR Japan  
N e t h e r l a n d s  A u s t r i a  
Hungary Uni ted  S t a t e s *  
FRG 
Poland 
B u l g a r i a  
Czechos lovak ia  
S o v i e t  Union 
I t a l y  

T r a n s i t i o n  T r a n s i t i o n  Approach 

France  
Uni ted  Kingdom ( 2 )  

Notss:  
GDR - German Democratic Republ ic  
FRG - Federa l  Republic o f  Germany 

Source of f i g u r e  framework: Ledent and Rees (1980) Table  1. 
United Kingdom (1) : t h e  Research Report a n a l y s i s  (Rees 1 9 7 9 ~ ) .  
United. Kingdom ( 2 )  : a n a l y s i s  r epo r t ed  i n  Ledent and Rees (1980) . 

2 . 4 . 2 .  Degree  o f  C l o s u r e  o f  t h e  M u l t i r e g i o n a l  S y s t e m s  

The impor tance  o f  m i g r a t i o n  s t r e a m s  e x t e r n a l  t o  t h e  coun- 

t r y ' s  sys tem b e i n g  s t u d i e d  was u s u a l l y  d i s c u s s e d  i f  c o n s i d e r e d  

r e l e v a n t  i n  e a c h  CMS r e p o r t ,  b u t  e x t e r n a l  m i g r a t i p n  f lows  were 

n o t  i n c o r p o r a t e d  i n  t h e  m u l t i r e g i o n a l  a n a l y s i s .  T h i s  i s  a  common 

p r a c t i c e  i n  l i f e  t a b l e  a n a l y s i s  where l i f e  h i s t o r i e s  a r e  drawn 

o f  p e r s o n s  born  i n  t h e  c o u n t r y  c o n s i d e r e d  and where a  l i f e  expec- 

t a n c y ,  t h a t  i s  comparable  t o  t h e  c o n v e n t i o n a l  c o n c e p t ,  c a n  o n l y  

b e  c a l c u l a t e d  by assuming p e o p l e  do n o t  l e a v e t h e  m u l t i r e g i o n a l  

system. Excluding e x t e r n a l  m i g r a t i o n  i s  a n  a p p r o p r i a t e  p r a c t i c e  

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

a  p o p u l a t i o n  w i t h  f i x e d  demographic r a t e s  i s  i n v e s t i g a t e d .  The 

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

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



p o p u l a t i o n  d i s t r i b u t i o n .  A t  t h e  t i m e  t h e  CMS s t u d y  was c a r r i e d  

o u t ,  t h e  n e c e s s a r y  computer  programs f o r  i n c o r p o r a t i n g  e x t e r n a l  

f l o w s  i n  p r o j e c t i o n s  were s t i l l  unde r  deve lopmen t  and t h e r e  were 

g r e a t  d i f f i c u l t i e s  i n  a s s e m b l i n g  comparab le  i n t e r n a t i o n a l  migra-  

t i o n  s t a t i s t i c s  f o r  r e g i o n s  w i t h i n  c o u n t r i e s .  I t  was t h e r e f o r e  

d e c i d e d  a t  t h e  1 9 7 5  Workshop n o t  t o  i n c l u d e  e x t e r n a l  m i g r a t i o n .  

I t  i s ,  however ,  u s e f u l  t o  make a n  a s s e s s m e n t  o f  t h e  i m p o r t a n c e  

o f  e x t e r n a l  m i g r a t i o n  a s  a  component o f  p o p u l a t i o n  change .  

To make a n  a s s e s s m e n t  o f  t h e  d e g r e e  t o  which t h e  v a r i o u s  

c o u n t r y  s t u d i e s  a r e  c l o s e d  i n  t h e  CMS s t u d y ,  a  common t a b l e  was 

drawn up ( T a b l e  6 ) .  T h i s  t a b l e  i s  e q u i v a l e n t  t o  e i t h e r  t h e  move- 

ment a c c o u n t  w i t h o u t  a  b i r t h s  row and d e a t h s  column (see T a b l e  

2 )  o r  t h e  t o p  l e f t - h a n d  o r  e x i s t - s u r v i v e  q u a d r a n t  o f  t h e  t r a n s i -  

t i o n  a c c o u n t .  Added t o  t h e  t a b l e  a r e  rows f o r  " t o t a l  i n t e r n a l  

i n m i g r a t i o n , "  " i m m i g r a t i o n  f l o w s , "  and " t o t a l  i n m i g r a t i o n , "  t o -  

g e t h e r  w i t h  a d d i t i o n a l  columns f o r  " t o t a l  i n t e r n a l  o u t m i g r a t i o n , "  

" e m i g r a t i o n  f l o w s , "  " t o t a l  o u t m i g r a t i o n , "  and  " i n t r a r e g i o n a l  m i -  

g r a t i o n . "  Our b e s t  e s t i m a t e s  o f  t h e s e  q u a n t i t i e s  f rom e v i d e n c e  

g i v e n  i n  e a c h  r e s e a r c h  r e p o r t  and  from o t h e r  s o u r c e s  i s  g i v e n  i n  

T a b l e  7 .  A l l  f i g u r e s  have  been  c o n v e r t e d  i n t o  e q u i v a l e n t  a n n u a l  

a v e r a g e s  by d i v i d i n g  by T I  t h e  l e n g t h  o f  t h e  p e r i o d  ( n o t  r e a l l y  

t h e  c o r r e c t  method i n  t h e  c a s e  o f  t r a n s i t i o n  d a t a  b u t  n o t  t o o  

i n a c c u r a t e  e m p i r i c a l l y ) ,  and  t h e  r a t e s  have  been  worked o u t  u s i n g  

mid-year  o r  a v e r a g e  p o p u l a t i o n s  a t  r i s k  f o r  t h e  s t u d y  p e r i o d s  

( a g a i n  n o t  r e a l l y  t h e  c o r r e c t  method i n  t h e  c a s e  o f  t r a n s i t i o n  

d a t a  b u t  n e c e s s a r y  f o r  compar i son  w i t h  t h e  movement d a t a ) .  I n  

many cases f a i r l y  c r u d e  e s t i m a t e s h a d  t o  be  made o f  i m m i g r a t i o n  

and e m i g r a t i o n  f l o w s  s o  t h a t  o n l y  " r e l a t i v e  o r d e r s  o f  magn i tude  

compar i son"  are r e a l l y  p o s s i b l e .  

How i m p o r t a n t  a r e  e x t e r n a l  m i g r a t i o n  f l o w s ?  The p e r c e n t a g e  

c o n t r i b u t i o n  o f  e x t e r n a l  m i g r a t i o n  t o  t h e  combined t o t a l  o f  i n -  

t e r n a l  i n t e r r e g i o n a l  m i g r a t i o n  and  e x t e r n a l  m i g r a t i o n  i s  computed 

i n  column ( 1 )  o f  T a b l e  8 f o r  t h e  c o u n t r i e s  f o r  which t h e  r e l e v a n t  

f i g u r e s  a r e  a v a i l a b l e .  F o r  some t h r e e  c o u n t r i e s - t h e  U n i t e d  

Kingdom, Canada,  and t h e  F e d e r a l  R e p u b l i c  o f  Germany-more t h a n  

h a l f  o f  t h e  m i g r a t i o n  f l o w s  a r e  e x t e r n a l ;  f o r  t h r e e  c o u n t r i e s -  

Sweden, t h e  N e t h e r l a n d s ,  and  France-between a  q u a r t e r  and  a  h a l f  
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T a b l e  7 .  I n t e r n a l  a n d  e x t e r n a l  m i g r a t i o n  f l o w s  a n d  r a t e s ,  
IIASA n a t i o n s ,  a n n u a l  a v e r a g e s .  

Number T o t a l  T o t a l  Note on 
o f i n t r a -  i n t e r -  Imi- mi- sou rce  and 
r e g i o n s  r e g i o n  r e g i o n  g r a t i o n  g r a t i o n  d e r i v a t i o n  

(A) (B) ( C )  ( D l  

United Kingdom 
F in l and  
Sweden 
GDR 
Nether lands  
Canada 
Hungary 
S o v i e t  Union 
FRG 
A u s t r i a  
Poland 
Bu lga r i a  
France 
Czechoslovakia  
Japan 
Uni ted S t a t e s  
I t a l y  

b. Ra tes  ( p e r  1,000 p o p u l a t i o n  p e r  y e a r )  

United Kingdom 
Fin land  
Sweden 
GDR 
Nether lands  
Canada 
Hungary 
S o v i e t  Union 
FRG 
A u s t r i a  
Poland 
Bu lga r i a  
France 
Czechoslovakia  
Japan  
United S t a t e s  
I t a l y  



Notes and s o u r c e s  f o r  Tab le  7 

1. Columns A ,  B ,  and C:  OPCS (1974 ) ,  Table  l A ,  p .  1. Column E from Table  
11, p .  27 i n  Rees ( 1 9 7 9 ~ ) .  Emigra t ion  e s t i m a t i o n  procedure  exp l a ined  i n  
Rees (1980) .  

2. Columns A and B: computed from Appendix A i n  Rikkinen (1979 ) .  Columns 
C and D: e s t i m a t e d  from Table  2 .1  and f i g u r e s  on p .  5 i n  Rikkinen (1979) .  

3 .  Column B: computed from Appendix A of  Andersson and Holmberg (1980) . 
Columns C a ~ d  D: e s t i m a t e d  from d a t a  i n  J enk in s  (1976) .  

4 .  Column B: computed from Appendix A o f  Mohs (1980 ) .  
5. Columns A and B: computed from Appendices A and F o f  Drewe (1980 ) .  

Columns C and D: e s t i m a t e d  from d a t a  i n  J e n k i n s  ( 1976 ) .  
6.  A l l  s t a t i s t i c s  r e f e r  t o  annua l  ave r ages  o f  f i ve -yea r  f i g u r e s  computed by 

d i v i d i n g  t h e  f i ve -yea r  f i g u r e s  by f i v e .  Column A: computed from S t a t i s -  
t i c s  Canada (1977 ) ,  Tab le  4.65,  p .  217. Column B: computed from Appendix 
A i n  Termote (1980) . Columns C and D: e x t r a c t e d  from Liaw (1977) , pp. 90- 
91. 

7. Columns A and B computed from Appendix A i n  B i e s  and Tekse (1980 ) .  The 
m i g r a t i o n  f i g u r e s  a r e  f o r  bo th  permanent and temporary mig ran t s .  

8 .  Computed from T s e n t r a l ' n o e  S t a t i s t i c h e s k i e  Uprav len ie  (19721, Tab le  1. 
The number of  emig ran t s  is assumed equa l  t o  t h e  number o f  immigrants.  
(The m u l t i r e g i o n a l  a n a l y s i s  w a s  c a r r i e d  o u t  f o r  a system o f  8 r e g i o n s  o n l y ) .  

9. Column B: computed from t h e  Appendix i n  Koch and Ga t zwe i l e r  ( 1980 ) .  Col- 
umns C and D: e s t i m a t e d  from d a t a  i n  J e n k i n s  ( 1976 ) .  

lo. Columns A and B: e s t i m a t e d  from Dziewonski and K o r c e l l i  ( 1978 ) ,  Tab l e s  
5 and 9 .  

11. Columns A and B: computed from Appendix A ,  Tab l e s  1 . 6  and 2.2 i n  P h i l i p o v  
(1978) .  

12.  Column B: computed from Table  27, p .  97 i n  Ledent  and Courgeau ( for thcoming)  
Columns C and D: Tab l e  19 ,  p .  77 i n  Ledent  (1980a) .  

13.  Column B: computed from Appendix A o f  Kuhnl ( f o r t hcoming ) .  
14.  Columns A ,  B ,  and C t o t a l  combined: r a t e  from Long and Boer t - l e in  (19761, 

Table  2,  p .  6 and p o p u l a t i o n  from Nanjo, Kawashima,and Kuroda ( for thcoming)  
Tab le  7 ,  p .  22, Migrants  from Tab l e  11, p.  31 i n  Nanjo, Kawashima, and 
Kuroda ( fo r thcoming)  . Column A i s  computed by s u b t r a c t i o n  assuming t h e  
column C f i g u r e  i s  zero .  

15.  T o t a l s  o f  Columns A ,  B,  and C from r a t e  i n  Long and B o e r t l e i n  (19761, 
Tab le  2, p. 6 and r e s i d e n t  p o p u l a t i o n  o f  USA a t  J u l y  1, 1970 i n  U.S. 
Bureau of t h e  Census (1975 ) ;  Column B f i g u r e  from Tab l e  3 .2 ,  p .  31  i n  
Long and F rey  ( fo r t hcoming ) ;  Column C t o t a l  from U.S. Bureau o f  t h e  Cen- 
s u s  (1975) . Column A o b t a i n e d  by s u b t r a c t i o n .  

15. C o l u ~ n  B: computed- from J u s t  and Rogers (1980) , Appendix A .  

Genera l  Note: a c a v e a t  

The d i f f e r e n t  c o u n t r i e s  have r a t h e r  va ry ing  d e f i n i t i o n s  of  t h e  t e rms  " i m -  
migran t"  and "emigran t . "  The Uni ted  Kingdom s t a t i s t i c s  ( i n  t h e  Census and i n  
t h e  I n t e r n a t i o n a l  Passenger  Survey)  i n c l u d e  B r i t i s h  c i t i z e n s :  i n  f a c t ,  t h e s e  
a r e  t h e  l a r g e s t  c i t i z e n s h i p  group i n  b o t h  immigrat ion and e m i g r a t i o n  s t reams .  
Canadian immigrat ion s t a t i s t i c s ,  on t h e  o t h e r  hand, do n o t  appear  t o  coun t  
r e t u r n i n g  Canadian c i t i z e n s  who have s p e n t  some permanent r e s i d e n c e  t i m e  
abroad.  Uni ted S t a t e s  s ta t i s t ics  f a i l  t o  mention t h e  e x i s t e n c e  of  emig ran t s  
( t o  t h e  a u t h o r s '  knowledge).  The p r i n c i p a l  d i f f i c u l t i e s  stem from t h e  d i s -  
t i n c t i o n  between a n  i n t e r n a t i o n a l  m ig ran t  i n  t h e  demographic s e n s e  (a  person  
changing permanent r e s i d e n c e  a c r o s s  an  i n t e r n a t i o n a l  bo rde r  w i t h  a n  i n t e n t i o n  
t o  r e s i d e  f o r  a y e a r  a t  l e a s t  a t  t h e  d e s t i n a t i o n )  and an i n t e r n a t i o n a l  migran t  
i n  t h e  l e g a l  s ense  ( a  pe r son  admi t t ed  t o  a coun t ry  under  t h e  p r o v i s i o n s  o f  a 
p a r t i c u l a r  p i e c e  o f  l e g i s l a t i o n ,  e i t h e r  f o r  s e t t l e m e n t  o r  f o r  work) .  A s  a 
r e s u l t  t h e  s t a t i s t i c s  i n  t h i s  t a b l e  can  on ly  be regarded  as r e f l e c t i n g  t h e  
o r d e r  o f  magnitude of e x t e r n a l  f lows .  P r e c i s e  comparison of  f l ow  f i g u r e s  
i n  t h e  t a b l e  i s  t h e r e f o r e  unwise. 
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of t h e  m i g r a t i o n  f lows  a r e  e x t e r n a l .  For  t h e  S o v i e t  Union e x t e r -  

n a l  m i g r a t i o n  makes up on ly  2 p e r c e n t  o f  t o t a l  m i g r a t i o n  f lows.  

Of t h e  remaining c o u n t r i e s  w e  would guess  t h a t  f o r  F in l and ,  

A u s t r i a ,  t h e  United S t a t e s ,  and I t a l y ,  e x t e r n a l  m i g r a t i o n  c o n t r i -  

b u t e s  between 5 and 25 p e r c e n t  o f  t o t a l  f lows ,  whereas f o r  Japan,  

t h e  German Democrat ic  Republ ic ,  Hungary, Poland,  B u l g a r i a ,  and 

Czechoslovakia  e x t e r n a l  f lows  probably  make up less t h a n  5 pe r -  

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

p layed  i n  F i g u r e  5.  The s i g n i f i c a n c e  of i n t e r n a t i o n a l  l a b o r  

exchanges f o r  Western Europe and North America and t h e i r  s i g n i f i -  

cance  f o r  E a s t e r n  Europe, t h e  S o v i e t  Union, and Japan i s  c l e a r .  

The second column of Tab le  8 g i v e s  t h e  same s t a t i s t i c s  a s  t h e  

f i r s t  b u t  i n  a  complementary f a s h i o n .  The t h i r d  column a s s e s s e s  

t h e  c o n t r i b u t i o n  o f  immigrants  t o  t h e  mig ran t  pop l i l a t i ons  e n t e r -  

i n g  t h e  CMS reg ions - l e s s  t h a n  1 p e r c e n t  o f  Russ ian  i nmig ran t s  

come from abroad ,  whereas 4 6  p e r c e n t  o f  Canadian i n m i g r a n t s  a r e  

immigrants .  The f i n a l  column o f  t h e  t a b l e  p r o v i d e s  a  s t a t i s t i c  

t h a t  i s  independent  o f  t h e  number and s i z e  o f  r e g i o n s  chosen f o r  

a n a l y s i s  i n  t h e  c o u n t r y  s t u d i e s  by e x p r e s s i n g  . the  number o f  ex- 

t e r n a l  m ig ran t s  a s  a  pe r cen t age  o f  a l l  m i g r a n t s  i r r e s p e c t i v e  o f  

t h e  d i s t a n c e  o f  m i g r a t i o n .  Th i s  r educes  t h e  importance  of  i n t e r -  

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

c o u n t r i e s  i t s  c o n t r i b u t i o n  t o  t o t a l  m ig ran t  f lows i s  s u b s t a n ' t i a l .  

What k i n d s  o f  e f f e c t s  a r e  i n t roduced  by i g n o r i n g  e x t e r n a l  

m i g r a t i o n  f lows i n  t h e  1 0  s t u d i e s  where t h e  f lows a r e  impor t an t ?  

Three e f f e c t s  may be d i s t i n g u i s h e d .  

( 1 )  The e f f e c t  on computat ion o f  o v e r a l l  l i f e  e x p e c t a n c i e s  

( e i t h e r  s i n g l e  r e g i o n  o r  m u l t i r e g i o n )  w i l l  be f a i r l y  unimportant .  

More impor tan t  i n  t h i s  r e s p e c t  may be t h e  method of  e s t i m a t i n g  

m o r t a l i t y  p r o b a b i l i t y  from m o r t a l i t y  r a t e s  f o r  t h e  f i r s t  age  i n -  

t e r v a l .  

(ii) The e f f e c t  on t h e  computat ion o f  p r o j e c t e d  p o p u l a t i o n s  

w i l l  be o f  some impor tance ,  e s p e c i a l l y  i f  e m i g r a t i o n  and immigra- 

t i o n  a r e  v e r y  d i f f e r e n t l y  d i s t r i b u t e d  w i t h i n  t h e  coun t ry  concerned.  

Th i s  i s  c e r t a i n l y  t h e  c a s e  i n  t h e  Uni ted  Kingdom, France ,  and t h e  

Nether lands  i n  which immigrat ion f lows  a r e  c o n c e n t r a t e d  i n  t h e  

c a p i t a l  r e g i o n s  (South  E a s t ,  P a r i s  r e g i o n ,  and South Hol land,  re- 

s p e c t i v e l y ) ,  and i n  which emig ran t  f lows  a r e  more e v e n t l y  d i s t r i -  

bu ted .  





(iii) The major  impac t ,  however, w i l l  be  on t h e s e  p roduc t s  

o f  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  i n v o l v i n g  "ma t r i x "  r e s u l t s -  

f o r  example, t h e  m a t r i x  o f  l i f e  e x p e c t a n c i e s  by p l a c e  o f  b i r t h  

and p l a c e  o f  r e s i d e n c e .  A s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  l i v e s  

o f  peop le  l i v i n g  i n  c o u n t r i e s  w i t h  h i g h  e m i g r a t i o n  r a t e s  a r e  

l i k e l y  t o  be  s p e n t  o u t s i d e  t h a t  coun t ry .  T h i s  i s  n o t  w i t h i n  t h e  

demographic sys tem covered  i n  t h e  CMS s t u d y .  What happens i n  

t h e  CMS a n a l y s i s  i s  t h a t  t h e  y e a r s  t h a t  would have been s p e n t  

abroad  a r e  added whol ly  t o  t h o s e  s p e n t  i n  t h e  r e g i o n  o f  b i r t h  i n  

t h e  movement and h y b r i d  approaches ,  and a r e  added p r o p o r t i o n a l l y  

o v e r  a l l  i n t e r n a l  r e g i o n s  i n  t h e  t r a n s i t i o n  approach (see Ledent  

a cd  Rees 1 9 8 0 ,  s e c t i o n  5 . 2  f o r  t h e  d e t a i l e d  a rgumen t s ) .  

3 .  SEX, TIME,  AND AGE FRAMEWORKS 

3 . 1 .  Disagg rega t i on  by Sex 

Popu l a t i on ,  b i r t h s ,  d e a t h s ,  and m i g r a t i o n  d a t a  were n o t  

a v a i l a b l e  f o r  a l l  c o u n t r i e s  by s ex .  Where t h e s e  d a t a  were a v a i l -  

a b l e ,  t h e y  were agg rega t ed  t o  pe r sons  p r i o r  t o  t h e  a n a l y s i s  i n  

most s t u d i e s  though o c c a s i o n a l l y  a n a l y s e s  w e r e  c a r r i e d  o u t  f o r  

b o t h  s e x e s  ( a s  i n  t h e  m u l t i r e g i o n a l  l i f e  t a b l e s  of  t h e  Canadian 

and French s t u d i e s ) .  The a g g r e g a t i o n  was s imply  made t o  l i m i t  

t h e  amount o f  o u t p u t  t h a t  n a t i o n a l  a u t h o r s  had t o  d i g e s t .  

For  t h e  demographic a n a l y s e s ,  s i n g l e - s e x  modelswere  employed 

r a t h e r  t h a n  t h e  more cus tomary female  dominant models.  I t  was 

assumed t h a t  t h e  b i r t h s  were d i s t r i b u t e d  by age  group o f  mother  

a t  t i m e  o f  m a t e r n i t y .  Although t h e  d i s t r i b u t i o n  by ave rage  age  

of  p a r e n t s  w i l l  d i f f e r  s l i g h t l y  from t h a t  by female  p a r e n t  o n l y ,  

t h i s  d i f f e r e n c e  i s ,  i n  p r a c t i c e ,  n e g l i g i b l e .  Ex tens ion  o f  t h e  

computer program t o  hand l e  two-sex models i n  f u t u r e  e x e r c i s e s  

i s  planned.  

3 . 2 .  T i m e  Frameworks 

Demographic d a t a  a r e  c o l l e c t e d  c o n t i n u o u s l y  o r  p e r i o d i c a l l y  

o v e r  t i m e .  The p o p u l a t i o n  a n a l y s t  ha s  t o  s e l e c t  t h e  a p p r o p r i a t e  

s t a t i s t i c s  f o r  a  ba se  p e r i o d  f o r  i n p u t  t o  t h i s  model. The b a s e  

p e r i o d  shou ld  i d e a l l y  be t h e  same f o r  a l l  component i n p u t s  (F ig -  

u r e  6 )  . 
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Figure 6. The ideal time framework for the CMS task. 



The p o p u l a t i o n  s t o c k  d a t a  needed f o r  m u l t i r e g i o n a l  popula-  

t i o n  a n a l y s i s  shou ld  f u l f i l l  two f u n c t i o n s  i n  a n  i d e a l  framework. 

They shou ld  s e r v e  a s  c o n s t r a i n t s  on p o p u l a t i o n  change o v e r  t h e  

p e r i o d  and a s  a  p o p u l a t i o n  a t  r i s k  f o r  e v e n t s  and f lows  d u r i n g  

t h e  p e r i o d .  Thus, i f  w e  w e r e  t o  b u i l d  p o p u l a t i o n  accoun t s  p r i o r  

t o  o u r  m u l t i r e g i o n a l  a n a l y s i s ,  w e  would need d a t a  f o r  beg inn ing  

o f  p e r i o d  p o p u l a t i o n s ,  end o f  p e r i o d  p o p u l a t i o n s ,  and a n  e s t i m a t e  

o f  t h e  p o p u l a t i o n s  a t  r i s k  f o r  b i r t h s ,  d e a t h s ,  and movements 

d a t a ,  which might  be e i t h e r  t h e  ave r age  o f  beg inn ing  and end o f  

p e r i o d  p o p u l a t i o n s  o r  t h e  mid-period p o p u l a t i o n  e s t i m a t e  o r  a  

m u l t i r e g i o n a l  p o p u l a t i o n  a t  r i s k  computed from a s s o c i a t e d  t r a n -  

s i t i o n  accoun t s  (Rees and Wilson 1977) .  The p o p u l a t i o n s  a t  r i s k  

f o r  t r a n s i t i o n  d a t a  would be  t h e  beg inn ing  o f  p e r i o d  p o p u l a t i o n s  

(Ledent  and R e e s  1980 ) ,  s i n c e  h e r e  s u r v i v o r s h i p  p r o p o r t i o n s  

( p r o b a b i l i t i e s )  and n o t  r a t e s  a r e  c a l c u l a t e d  from t h e  d a t a .  

However, a s  F i g u r e  7  r e v e a l s  t h e  a c t u a l  frameworks used 

a r e ,  i n  s e v e r a l  c a s e s ,  f a r  from i d e a l ,  even g iven  t h e  absence  o f  

underp inn ing  p o p u l a t i o n  accoun t s .  I n  g e n e r a l ,  t h e  s t u d i e s  which 

employ movements d a t a  d e r i v e d  from r e g i s t e r  d a t a  a r e  a b l e  t o  

match t h e  p e r i o d s  used f o r  b i r t h s ,  d e a t h s ,  and m i g r a t i o n  f low 

d a t a  p r e c i s e l y  and u se  t h e  mid-period o r  ave r age  p o p u l a t i o n  

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

Sweden, F e d e r a l  Republ ic  o f  Germany, B u l g a r i a ,  Czechos lovak i a ) .  

Because o f  l a c k  o f  adequa t e  d a t a ,  o t h e r  movement-based s t u d i e s  

employed beg inn ing  o f  p e r i o d  o r  end o f  p e r i o d  p o p u l a t i o n s  

(German Democrat ic  Republ ic ,  Ne the r l ands ,  Hungary, S o v i e t  Union, 

Poland)  , t h e r e b y  i n t r o d u c i n g  e r r o r s  i n t o  t h e i r  subsequen t  r a t e  

c a l c u l a t i o n s .  The e r r o r s  a r e  expec t ed  t o  be s m a l l ,  however, 

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

T rans i t i on -based  s t u d i e s  f a c e d  t h e  problem t h a t  t h e  p e r i o d s  

o f  measurement o f  t r a n s i t i o n  d a t a ,  be ing  keyed t o  t h e  census  

d a t a ,  w e r e  n o t  t h e  same a s  t h o s e  f o r  t h e  b i r t h s  and d e a t h s  d a t a .  

The s o l u t i o n  i n  t h e  c a s e  o f  t h e  Canadian s t u d y  (and t h e  Uni ted  

Kingdom a n a l y s e s  r e p o r t e d  i n  Rees 1979a and Ledent  and Rees 1980, 

h e r e a f t e r  r e f e r r e d  t o  a s  Uni ted  Kingdom 2 )  was t o  e s t i m a t e  t h e  

r e q u i s i t e  p e r i o d  v i t a l  s t a t i s t i c s  from d e t a i l e d  t i m e  s e r i e s  

(mon th ly ) .  I n  o t h e r  c a s e s  (Uni ted  Kingdom a n a l y s i s  r e p o r t e d  i n  
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F i g u r e  7 .  The t i m e  framework f o r  t h e  d a t a  i n p u t s  t o  t h e  CMS 
t a s k .  



i n  Rees 1979c, h e r e a f t e r  r e f e r r e d  t o  a s  Uni ted  Kingdom 1 ,  F r ance ,  

and A u s t r i a )  some o f  t h e  d i s c r e p a n c i e s  i n  t i m e  r e f e r e n c e  were 

l e f t  unreso lved  o r  o n l y  p a r t i a l l y  a d j u s t e d  f o r .  

The e r r o r s  t h a t  r e s u l t  from t h e  k ind  o f  m i s s p e c i f i c a t i o n  o f  

t i m e  r e f e r e n c e  o f  t h e  i n p u t  components a r e  p robab ly  n o t  g r e a t  

f o r  t h e  one-year-per iod t r a n s i t i o n  d a t a .  The deg ree  o f  e r r o r  

depends on t h e  deg ree  o f  i n s t a b i l i t y  i n  f e r t i l i t y  and m o r t a l i t y  

r a t e s  d u r i n g  t h e  p e r i o d .  The p rocedure  adopted i n  t h e  Canadian 

s t u d y  o f  compi l ing  b i r t h  and d e a t h  s t a t i s t i c s  f o r  a l l  t h e  y e a r s  

i n  t h e  p e r i o d  o f  t r a n s i t i o n  i s  t o  be recommended. 

Converse ly ,  t h e  d i s c r e p a n c i e s  h i g h l i g h t  t h e  inadequacy of  

p e r i o d i c  c e n s u s e s  f o r  mon i to r i ng  m i g r a t i o n  behav io r  u n l e s s  t h e s e  

censuse s  a r e  q u i n q u e n n i a l  and l i n k e d  ( a s  i n  t h e  Canadian p r a c t i c e ) .  

I n  t h e  Uni ted  Kingdom, t h e  p r e s s u r e  from p o p u l a t i o n  p r a c t i t i o n e r s  

h a s  persuaded t h e  O f f i c e  o f  P o p u l a t i o n  Censuses  and Surveys  t o  

e x p l o i t  p a r t i a l  r e g i s t e r  d a t a  ( t h e  N a t i o n a l  Hea l t h  S e r v i c e  Cen- 

t r a l  R e g i s t e r )  t o  g e n e r a t e  movement d a t a  f o r  q u a r t e r l y  and annua l  

p e r i o d s  (Ogi lvy 1980a, 1980b) .  There  i s ,  however, one  good argu- 

ment f o r  n o t  b e i n g  r i g i d  i n  a d h e r i n g  t o  t h e  t i m e  framework d i c -  

t a t e d  by a c c o u n t i n g  p r i n c i p l e s .  The f l e x i b i l i t y  i n  t i m e  frame- 

works a l lowed  by t h e  programs used i n  t h e  CMS s t u d y  makes pos- 

s i b l e  a n a l y s i s  o f  p o p u l a t i o n  dynamics when t h e  d a t a  a r e  less t h a n  

i d e a l .  

3 . 3 .  Age-Time Frameworks 

I n  t h e  movement approach  a l l  d a t a  a r e  normal ly  c l a s s i f i e d  

by age  a t  t h e  t i m e  o f  t h e  e v e n t  ( b i r t h / m a t e r n i t y ,  d e a t h ,  o r  m i -  

g r a t i o n )  : f o r  example, e v e n t s  o v e r  one y e a r  cou ld  t h e r e f o r e  be  

counted i n  space  abcd i n  F i g u r e  8 A t s  Lex i s  d iagram and e x t r a -  

p o l a t e d  (by m u l t i p l i c a t i o n  by f i v e )  t o  f i l l  space  a e f d .  I n  t h e  

t r a n s i t i o n  approach ,  t r a n s i t i o n s  (o f  m i g r a n t s )  a r e  coun ted  by 

c o h o r t s  moving from be ing  aged x  - 5 t o  x  a t  t i m e  t t o  be ing  aged 

x  t o  x  + 5 a t  t i m e  t + 5 a s  i n  F i g u r e  8B. 

I t  i s  e a s y  t o  see how t h e  a l l - a g e  t r a n s i t i o n  a c c o u n t s  of  

Table  3 c a n  be  conve r t ed  i n t o  a g e - s p e c i f i c  a c c o u n t s  (Tab l e  9 ) .  

A l l  w e  have  done i s  add a  s u b s c r i p t ,  s a y  x ,  t o  i n d i c a t e  t h e  



time- 
t t +5 t +10 t t+ l  t +5 

+ C 

A. Flovement approach framework 

B. Transition approach framework 

Data 
4 I 

--\J" \. Transition b I e 

. . A  

Figure 8. Lexis diagrams showing the age-time frameworks of the 
movement and transition approaches. 
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p a r a l l e l o g r a m  o f  i n t e r e s t  [ w i t h  p o i n t s  ( x , t )  , ( x  + 5 , t ) ,  ( x  + 5 ,  

t + 5 ) ,  and ( x  + 1 0 ,  t + 5 )  i n  F i g u r e  8B] ,  f o l l o w i n g  Stone  (1971)  

and Rees ( 1 9 8 1 ) .  The a c c o u n t s  a r e  r educed  i n  s i z e  because  t h e  

b i r t h s  p o r t i o n  i n  t h e  a g g r e g a t e  r e p r e s e n t a t i o n  s imply  becomes 

t h e  f i r s t ,  i n f a n t  c o h o r t .  The t r a n s i t i o n  r a t e s  o r  s u r v i v o r s h i p  

r a t e s ,  S ,  f o r  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  a r e  s imply  de- 

f i n e d  a s  

and 

s i j  = , ; i ,sj  
X 

s i j  = , b i , s j  b i , .  . 
-n -n K-n 

where siJ i s  t h e  r a t e  a t  which t h e  r e g i o n  i p o p u l a t i o n  aged x  
X 

t o  x + n  s u r v i v e s  t o  be aged x  + n  t o  x  + 2n i n  r e g i o n  j .  The 

s;: i s  t h e  e q u i v a l e n t  r a t e  f o r  p e r s o n s  born  (aged '-n t o  0" a t  

t h e  s t a r t )  i n  t h e  p e r i o d .  

W e  can  make t h e  same d i s a g g r e g a t i o n  o f  t h e  movement ac-  

c o u n t s  ( T a b l e  10)  b u t  t h i s  i n v o l v e s  s h i f t i n g  t h e  age-t ime frame- 

work t o  t h a t  o f  t h e  t r a n s i t i o n  approach ( F i g u r e  8 B ) .  I f  w e  s t a y  

w i t h  t h e  F i g u r e  8A framework, w e  must d e f i n e  two a c c o u n t s  r e f e r -  

r i n g  t o  t r i a n g l e s  a e f  and a f d  i n v o l v i n g  two s e p a r a t e  c o h o r t s ,  

l a b e l l e d  c and c  + 1 ,  r e s p e c t i v e l y .  I n  t h e s e  two a c c o u n t s  o n l y  

one o f  t h e  open ing  and c l o s i n g  s t o c k s  r e f e r  t o  p o p u l a t i o n  a t  a  

p o i n t  i n  t i m e .  The o t h e r  one  r e f e r s  t o  p o p u l a t i o n  a t t a i n i n g  an  

e x a c t  age  i n  a  p e r i o d .  When w e  p u t  them t o g e t h e r  t o  form a  

l i f e  t a b l e  p a r a l l e l o g r a m  ( a e g f ) ,  by assuming t h e  r a t e s  of  adf  

a p p l y  t o  e f g ,  an  open ing  s t o c k  o f  p e r s o n s  a t t a i n i n g  age  x  i s  

matched w i t h  a  c l o s i n g  s t o c k  o f  p e r s o n s  a t t a i n i n g  age  x  + n .  

I n f o r m a t i o n  f o r  t h e s e  open ing  and c l o s i n g  s t o c k s  i s  s imply  n o t  

a v a i l a b l e  ( a l t h o u g h  t h e  a c c o u n t s  can  be c o n s t r u c t e d - s e e  Chap- 

ters  1 4  and 15 i n  Rees and Wilson 1977) . 

3.4. Age C l a s s i f i c a t i o n s  

A l l  o f  t h e  CMS s t u d i e s  a d o p t  f i v e - y e a r  age  g r o u p i n g s  a s  

t h e  l e v e l  o f  d i s a g g r e g a t i o n  f o r  which it was f e a s i b l e  t o  g a t h e r  

o r  e s t i m a t e  t h e  n e c e s s a r y  i n p u t  d a t a  s t r e a m s .  Care ,  however,  i s  
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needed i n  h a n d l i n g  t h e  age  c l a s s i f i c a t i o n s .  For  b i r t h s ,  d e a t h s ,  

and movements d a t a  t h e  c l a s s i f i c a t i o n  i s  s t r a i g h t f o r w a r d l y  l i n k e d  

t o  t h e  model framework ( F i g u r e  9A).  However, f o r  t r a n s i t i o n - t y p e  

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

age  c l a s s i f i c a t i o n .  

Censuses t a b u l a t e  m i g r a t i o n  d a t a  by a g e  group a t  t h e  t i m e  

o f  t h e  census .  I t  i s  i n c o r r e c t  t o  assume t h a t  t h e  f i g u r e s  i n  

t h e  t a b l e s  can  b e  e n t e r e d  d i r e c t l y  i n t o  t h e  r a t e  d e f i n i t i o n  equa- 

t i o n s  o f  e i t h e r  t h e  movement o r  h y b r i d  approach  ( F i g u r e s  9B and 

9C):  m o b i l i t y  r a t e s  s h o u l d  b e  d e f i n e d  a s  n e i t h e r  

nor  

I n s t e a d ,  t h e  n e c e s s a r y  model i n p u t s  s h o u l d  be e s t i m a t e d  from ad- 

j a c e n t  age  g roups  d a t a  t h u s :  

I n  t h e  Uni ted  Kingdom t h i s  e q u a t i o n  i s  used t o  c o n v e r t  t h e  

d a t a  t o  t h e  model age-t ime s p a c e  ( F i g u r e  9B) .  I n  t h e  A u s t r i a n  

s t u d y  e q u a t i o n  ( 9 )  i s  used  and i n  t h e  Canadian s t u d y  e q u a t i o n  

( 1 0 )  i s  used t o  d e r i v e  t h e  m o b i l i t y  r a t e s .  However, Ledent  and 

Rees (1980,  Tab le  25) show t h a t  t h e  e r r o r  i n t r o d u c e d  d o e s  n o t  

have v e r y  s e r i o u s  e f f e c t s  on s t a t i s t i c s  i n  t h e  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  i n  which t h e  age s u b s c r i p t  h a s  been summed 

o v e r .  



Data Model Data Model 

A.  Movement a p p r o a c h :  B .  Hybr id  a p p r o a c h :  
1  y e a r  1  y e a r  
( n  - 5 ,  T - 1 )  ( n  - 5 ,  T - 1 )  

x-n 

X 

x+n 

Data 

Mavements as events in SR ageitirne space 

e,e,m, Transistions as events in . . ageltime space 

Model 

C .  Hybr id  approach :  5  y e a r  
( n  - 5 ,  T - 5 )  

F i g u r e  9 .  The d a t a  and  model ma tch ing  problem.  ( S o u r c e :  Ledent  
and  Rees 1980,  F i g u r e  4 . )  



3.5. T i m e  Per iod  o f  Migrat ion Measurement 

A g lance  back a t  F igu re  7 shows t h a t  t h e  t ime  pe r iod  over  

which movement d a t a  were ga the red  was always one yea r .  F igure  

8A shows t h a t  t h i s  d a t a  i s  e x t r a p o l a t e d  t o  an imaginery f i ve -  

yea r  per iod  i n  t h e  m u l t i r e g i o n a l  popu la t ion  a n a l y s i s  [because 
n  of t h e  - terms on t h e  r i g h t  hand s i d e  of equa t ion  ( 3 ) ] .  I f  w e  
T 

had measured movements over  f i v e  yea r s  i n s t e a d ,  and t h e  under- 

l y i n g  mig ra t ion  p a t t e r n  had n o t  changed, we would have recorded 

t h e  same number of  moves; moves l i k e  b i r t h s  and d e a t h s  a r e  ad- 

d i t i v e  over  t i m e .  

I n  t h e  c a s e  of s t u d i e s  where t r a n s i t i o n  d a t a  were used,  

t h e  t ime p e r i o d s  were one year  (United Kingdom I ) ,  f i v e  y e a r s  

(Canada, A u s t r i a ,  United S t a t e s ,  United Kingdom 2 ) ,  and seven 

yea r s  ( F r a n c e ) .  The one-year d a t a  were m u l t i p l i e d  by f i v e  i n  

t h e  United Kingdom 1 c a s e  and t h e  seven-year French mig ra t ion  
5 mat r ix  was r a i s e d  t o  t h e  f r a c t i o n  power (-1 i n  o r d e r  t o  make 7 

t h e  t ime i n t e r v a l  (TI  and age i n t e r v a l  ( n )  e q u i v a l e n t .  The 

o t h e r  d a t a  matched requi rements  a s  t o  n  and T I  and s o  were n o t  

a d j u s t e d .  A comparison i n  Table  1 1  of t h e  United Kingdom 1 

(Rees 1 9 7 9 ~ )  and United Kingdom 2 l i f e  t a b l e s  (Ledent and R e e s  

1980) r e v e a l s  a  profound d i f f e r e n c e  between t h e  outcomes i n  

terms of d i s t r i b u t i o n  of  l i f e  among r eg ions  of  r e s i d e n c e  f o r  t h e  

one-year and f ive -yea r  based ana lyses .  Although e x a c t  a n a l y s i s  

of t h e s e  d i f f e r e n c e s  a w a i t s  f u r t h e r  s tudy  and more d e t a i l e d  in -  

format ion,  t h e  p r i n c i p a l  reason  appears  t o  be t h a t  t h e  t r a n s i -  

t i o n  p r o b a b i l i t i e s  a r e  n o t  homogeneous a c r o s s  subgroups of  t h e  

popula t ion .  

What i m p l i c a t i o n s  do t h e s e  f i n d i n g s  have f o r  c o m ~ a r i n g  t h e  

r e s u l t s  o f  t h e  CMS s t u d i e s ?  C l e a r l y ,  t hey  mean t h a t  we a r e  un- 

a b l e  t o  compare r e s u l t s  w i th  p r e c i s i o n  u n l e s s  t h e  s t u d i e s  con- 

cerned use  t h e  same type  o f  mig ra t ion  d a t a  and same per iod  l e n g t h .  

The d i f f e r e n c e s  t h a t  can  be genera ted  a r e  d i sp l ayed  i n  F i g u r e  

10. The f i g u r e  p r e s e n t s  r e t e n t i o n  pe rcen tages ,  i . e . ,  t h e  

population-weighted average  percen tages  o f  l i f e  expected t o  be  

l i v e d  i n  t h e  r eg ion  of  b i r t h ,  f o r  a  t h r e e  r eg ion  United Kingdom 

system ( E a s t  Angl ia ,  South Eas t  and Rest  of B r i t a i n )  and a  four-  

r eg ion  United S t a t e s  system (ave rages  a r e  c a l c u l a t e d  over  t h e  

r eg ions )  . 



T a b l e  1 1 .  L i f e  e x p e c t a n c i e s  and p e r c e n t a g e  d i s t r i b u t i o n s  o f  
l i f e  f o r  t h r e e  U n i t e d  Kingdom r e g i o n s .  

P e r c e n t a g e  o f  l i f e  s p e n t  r e s i d e n t  i n :  L i f e  

E a s t  
Region o f  b i r t h  A n g l i a  

S o u t h  R e s t  o f  t a n c y  
E a s t  B r i t a i n  ( y e a r s )  

ONE-YEAR blIGRATION AND DEATHS DATA ( U . K .  1 )  

E a s t  A n g l i a  4 1 
Sou th  E a s t  4 
R e s t  o f  B r i t a i n  2 

FIVE-YEAR MIGRATION AND DEATHS DATA ( U . K .  2 )  

E a s t  A n g l i a  5 6  
South  E a s t  4 
R e s t  o f  B r i t a i n  2  

Source: Ledent and Rees (1980) Appendix A.3.1., runs  7 through 15. Not a l l  
t h e  percentages  sum t o  100 because of rounding e r r o r .  

The f i g u r e  i n d i c a t e s  t h a t  on  t h e  b a s i s  o f  f i v e - y e a r  migra-  

t i o n  d a t a  a  p e r s o n  i n  t h e  U n i t e d  Kingdom may on  t h e  a v e r a g e  ex- 

p e c t  t o  spend 82 p e r c e n t  o f  h i s / h e r  l i f e t i m e  i n  h i s / h e r  r e g i o n  

o f  b i r t h .  The r e t e n t i o n  p e r c e n t a g e  i s  7 5  i f  one -yea r  m i g r a n t  

d a t a  a r e  employed. The s t a t i s t i c  l a b e l l e d  "one-year  m i g r a n t  x  

1 .220" n e e d s  some e x p l a n a t i o n .  The one-year  complements  o f  t h e  

r e t e n t i o n  f i g u r e s  ( 1 0 0 - r e t e n t i o n  p e r c e n t a g e - t h a t  i s ,  t h e  pe rcen -  

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

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

t o  moves f o r  i n t e r r e g i o n a l  m i g r a t i o n  p l a n s  r e p o r t e d  by O g i l v y  

( 1 9 8 0 a ) .  T h i s  69 p e r c e n t  i s  t h u s  a  g u e s s  a s  t o  t h e  r e s u l t s  t h a t  

migh t  have  been  o b t a i n e d  i f  movement d a t a  had b e e n  u s e d .  

The e q u i v a l e n t  U n i t e d  S t a t e s  f i g u r e  u s i n g  f i v e - y e a r  m i g r a n t  

d a t a  i s  69 p e r c e n t .  The d i f f e r e n c e  o f  13 p e r c e n t a g e  p o i n t s  be- 

tween t h i s  U n i t e d  S t a t e s  f i g u r e  and  i t s  U n i t e d  Kingdom c o u n t e r -  

p a r t  i s  a  r e a l  one  a n d  means t h a t  p e r s o n s  bo rn  i n  t h e  U n i t e d  

S t a t e s  a r e  e x p e c t e d  t o  spend 13 p e r c e n t  more o f  t h e i r  l i v e s  o u t -  

s i d e  t h e i r  b i r t h  r e g i o n  t h a n  a r e  p e r s o n s  b o r n  i n  t h e  U n i t e d  

Kingdom. 
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A comparison of  t h e  Uni ted  Kingdom f i g u r e s  demons t ra tes  t h e  

impor tance  o f  hav ing  t h e  same t ype  o f  m i g r a t i o n  d a t a  and szme 

pe r i od  l e n g t h  i f  r e s u l t s  ough t  t o  be comparable.  D i f f e r e n c e s  i n  

r e t e n t i o n  p e r c e n t a g e s  a r e  made o f  d i f f e r e n c e s  due t o  

movement r a t h e r  t h a n  t r a n s i t i o n  concep t  

75 - 69 = 6  p o i n t s  

one-year  r a t h e r  t h a n  f i v e - y e a r  p e r i o d  

8 2  - 75 = 7  p o i n t s  

The r e a l  d i f f e r e n c e  o f  13 pe r cen t age  p o i n t s  between t h e  Uni ted  

S t a t e s  and t h e  Uni ted  Kingdom m i g r a t i o n  p r o p e n s i t y  would have 

been masked i f  t h e  Uni ted  Kingdom one-year  m ig ran t  d a t a  o r  t h e  

movement d a t a  w e r e  used.  

Is t h e r e  any th ing  t h a t  cou ld  have been done i n  t h e  CMS s t u d y  

t o  have avo ided  d i s t u r b i n g  i n c o m p a r a b i l i t i e s  due t o  d i f f e r e n c e s  

i n  t h e  t y p e  o f  m i g r a t i o n  d a t a  and i n  pe r i od  l e n g t h s ?  The answer 

must be "p robab ly  n o t "  on two coun t s .  F i r s t l y ,  i n t e r r e g i o n a l  

m i g r a t i o n  s t a t i s t i c s  a r e  expens ive  demographic s t a t i s t i c s  t o  c o l -  

l ec t  and a r e  u s u a l l y  c o l l e c t e d  and t a b u l a t e d  i n  o n l y  a  few ways. 

The o n l y  c o u n t r i e s  i n  which t h e r e  appea r s  t o  have been any c h o i c e  

a r e  t h e  Uni ted  Kingdom (one-year  and f i v e - y e a r  m i g r a t i o n  t a b l e s ,  

Census 1971) and t h e  S o v i e t  Union ( two-year  m i g r a t i o n  t a b l e s ,  

Census 1970; r e g i s t r a t i o n  based movement t a b l e s  f o r  s i n g l e  y e a r s ) .  

For Hungary, movement d a t a  w e r e  used ,  a l t hough  t h e  1970 census  

c o l l e c t e d  f i v e - y e a r  t r a n s i t i o n  d a t a ;  t h e s e  d a t a  have ,  however, 

n o t  been t a b u l a t e d .  For  Japan ,  1970 one-year  t r a n s i t i o n  d a t a  

were used;  movement d a t a  w e r e  g e n e r a t e d  by a  r e g i s t r a t i o n  sys tem,  

b u t  t h e s e  d a t a  w e r e  n o t  t a b u l a t e d  f o r  age  c a t e g o r i e s  (Nanjo 1981) .  

I n  member c o u n t r i e s  o f  t h e  European Communities, t r a n s i t i o n  d a t a  

(one- and two-year p e r i o d s )  a r e  nowadays c o l l e c t e d  a s  p a r t  of  

l a b o r  f o r c e  s u r v e y s ;  t h e  m i g r a t i o n  d a t a  a r e ,  however, g e n e r a l l y  

n o t  t a b u l a t e d .  The second argument i s  t h a t  t h e  n a t u r e  o f  t h e  

d i f f e r e n c e s  and t h e i r  e f f e c t s  have o n l y  become c l e a r  because  t h e  

CMS s t u d y  h a s  been c a r r i e d  o u t .  

W e  t u r n  n e x t  t o  an  examina t ion  i n  d e t a i l  o f  t h e  s p a t i a l  

frameworks adopted i n  t h e  c o u n t r y  s t u d i e s ,  which w e  have s o  f a r  

neg l ec t ed .  



4 .  THE REGIONS USED 

4.1. The Concept  of  "Region" 

The c o n c e p t  o f  a  " r e g i o n "  h a s  been much a r g u e d  a b o u t  i n  t h e  

s o c i a l  s c i e n c e s ,  p a r t i c u l a r l y  i n  geography (Gr igg  1967; Hagge t t ,  

C l i f f e ,  and Frey  1 9 7 7 ) .  Two views have been i n  c o n f l i c t .  The 

f i r s t  sees c o u n t r i e s  be ing  d i v i d e d  up i n t o  f u n c t i o n a l ,  " r e a l "  

r e g i o n s  t h a t  o r g a n i z e  human a c t i v i t y  (commuting, t r a d e ,  t r a f f i c ,  

i n f o r m a t i o n  f l o w s ,  and c o n t r o l ) .  The second view i d e n t i f i e s  re- 

g i o n s  by u s i n g  c l a s s i f i c a t o r y  p r i n c i p l e s  o f  uni form g r o u p i n g  w i t h  

a  c o n t i g u i t y  c o n s t r a i n t  a d d r e s s e d  t o  t h e  purpose  a t  hand. The 

r e g i o n s  used  f o r  a d m i n i s t r a t i v e  o r  p l a n n i n g  p u r p o s e s  may have 

t h e  c h a r a c t e r i s t i c s  o f  e i t h e r  f u n c t i o n a l  o r  fo rmal  r e g i o n s  or  a  

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

e v o l u t i o n ,  u s u a l l y  a s s o c i a t e d  w i t h  a  c o l l e c t i v e  r e g i o n a l  consc ious -  

n e s s .  

Geographers  have p u t  fo rward  s t r o n g  arguments  t h a t  t h e  evo- 

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

s t u d i e d  u s i n g  f u n c t i o n a l  u rban  r e g i o n s  a s  i n  Ber ry  and G i l l a r d  

(1977) and H a l l  and Hay ( 1 9 8 0 ) .  R e s e a r c h e r s  b u i l d  up t h e i r  re- 

g i o n s  by a d d i n g  t o  s i g n i f i c a n t  employment c e n t e r s  t h o s e  a r e a l  

u n i t s  ( o p e r a t i o n a l  taxonomic u n i t s )  t h a t  have  s t r o n g  c o n n e c t i o n s  

i n  terms o f  journey-to-work f lows .  The changes  i n  p o p u l a t i o n  and 

employment i n  t h e  sys tem o f  f u n c t i o n a l  u r b a n  r e g i o n s  a r e  t h e n  

s t u d i e d ,  and i n  some i n s t a n c e s  (Kenne t t  1980) t h e  components of  

p o p u l a t i o n  change ( n a t u r a l  i n c r e a s e ,  n e t  m i g r a t i o n ,  g r o s s  migra-  

t i o n  f l o w s )  a r e  s t u d i e d .  

There a r e ,  however, problems w i t h  a d o p t i n g  s u c h  r e g i o n a l  

u n i t s :  some p r a c t i c a l ,  some m e t h o d o l o g i c a l .  F i r s t l y ,  i n  most 

c o u n t r i e s  f u n c t i o n a l  u rban  r e g i o n s  a r e  n o t  adop ted  a s  t h e  a r e a l  

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

and m i g r a t i o n  s t a t i s t i c s  broken down by a g e  and s e x .  To e s t i m a t e  

t h e  m i s s i n g  d a t a  i t e m s  would be  a  major  r e s e a r c h  t a s k  i n  i t s e l f .  

Secondly ,  t h e r e  t e n d  t o  b e  many f u n c t i o n a l  u rban  r e g i o n s  w i t h i n  

a  c o u n t r y  (70 i n  Sweden, 130 odd i n  G r e a t  B r i t a i n ,  200 p l u s  i n  

t h e  Uni ted  S t a t e s ) .  A s  a  r e s u l t ,  t h e  m i g r a t i o n  f l o w s  m a t r i x  

would be  e x t r e m e l y  s p a r s e  and any a n a l y s i s  based  on it would be  



r a t h e r  u n r e l i a b l e .  There would a l s o  be t h e  problem of reworking 

t h e  e x i s t i n g  computer programs (Willekens and Rogers 1978) t o  

cope wi th  an order-of-magnitude i n c r e a s e  i n  t h e  number of reg ions  

t o  be handled. 

Of cour se ,  demographic a n a l y s i s  o f  f u n c t i o n a l  urban reg ions  

i s  p e r f e c t l y  p o s s i b l e  on a  s i n g l e  reg ion  o r  aggregated system 

b a s i s  ( s ay ,  n  systems of t h r e e  r eg ions  c o n s i s t i n g  of t h e  f u n c t i o n a l  

urban reg ion ,  t h e  r e s t  of t h e  count ry ,  and t h e  r e s t  of t h e  w o r l d ) ,  

a s  Long and Frey ( for thcoming)  have shown i n  t h e i r  s t u d y  of t h e  

United S t a t e s .  I n  g e n e r a l ,  such an a n a l y s i s  on a  comparative 

b a s i s ,  would pose s u b s t a n t i a l  d a t a  problems. 

A s  a  r e s u l t  o f  t h e s e  problems a  d e c i s i o n  was taken very  e a r l y  

i n  t h e  CMS s tudy  t o  l e a v e  t h e  d e l i n e a t i o n  of r eg ions  very much t o  

t h e  n a t i o n a l  c o l l a b o r a t o r s .  They were asked t o  dec ide  upon a  

po l icy- re levant  s e t  of r eg ions  i n t o  which t h e i r  country  could be 

d iv ided  and f o r  which most popula t ion  d a t a  could be ob ta ined  with- 

o u t  t oo  much d i f f i c u l t y .  The number of r eg ions  t o  be i d e n t i f i e d  

was cons t r a ined  t o  be l e s s  than  o r  equa l  t o  1 2 ,  which was f e l t  t o  

be a  maximum f o r  t h e  purposes of t h e  p r o j e c t  (which was t o  a  l a r g e  

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

v e r s i o n  of t h e  computer program used was cons t r a ined .  (For Poland, 

13 r eg ionswereused  and t h e  program was executed on a  l a r g e r  com- 

p u t e r  i n  Warsaw. ) 

4 . 2 .  The Regions Chosen 

What kinds  of r eg ions  were chosen by au tho r s  of t h e  CMS s tudy  

and what problems of comparabi l i ty  do they pose? 

Table 1 2  s e t s  , o u t t h e  names and numbers of  r eg ions  t h a t  e x i s t  

and a r e  used i n  each country .  The r e g i o n a l  s e t s  a r e  c l a s s i f i e d  

i n t o  coarse  ( l e s s  than  s i x  reg ions  i n  t h e  s e t )  , medium ( s i x  t o  

15 r eg ions )  , and f i n e  (more than  15 r eg ions )  . Mult i reg iona l  anal-  

y ses  were c a r r i e d  o u t  a t  e i t h e r  t h e  c o a r s e  o r  t h e  medium s c a l e  o r  

both;  i n  some s t u d i e s  a d d i t i o n a l  s ing le - reg ion  ana lyses  were ca r -  

r i e d  o u t  a t  t h e  f i n e  s c a l e  ( f o r  example, Koch and Gatzweiler  1980, 

s e c t i o n  2 . 2 ) .  The c o a r s e  s c a l e  c o n s i s t s  of s e t s  of r eg ions  which 

a r e  aggrega t ions  of medium s c a l e  r eg ions  f o r  which a l l  t h e  neces- 

s a r y  d a t a  were a v a i l a b l e .  



Table  1 2 .  The r e g i o n s  used i n  t h e  CMS s tudy .  

Scale of regions 

Country Coarse Medium Fine 

1. United Kingdom 2 Standard Regions 10  Standard 18 Conurbations & 

& Remainder of ~ e ~ i o n s ~  Region Remainder 
country 

a 
61 Counties & 

Reaions 

2 .  Finland --- 1 2  Laani A 16 Economic Reg:. 1 ons 
(provincesr 

--- b C 
3. Sweden 8 Regions 24 Counties 

70 A-Regions 

4. GDR 5 Regions 
b 

15 Regions cd 219 Kreise 
( d i s t r i c t s )  (count ies)  

5. Netherlands 5 geogr phic 1 2  Provinces Cd 40 COROP Regions E Regions 129 Economic Geo- 
graphic Areas 

6. Canada --- 10 Provinces b 

7. Hungary --- 6 Economic Plan- 25 Counties & 
C 

ning Regionsb Country Towns 

8. Soviet Union Urban and Rural 8 Units: 7 Urban 15 Republics 
Areasa Regions & 1 

r u r a l  remainder 
b 

9. FRG --- 11 Lander b 
58 Republics 

( s t aaes )  

10. Austria 4 Lander aggre- 9 ~ & d e r ~  95 Gemeinden 
gationsa ( s t a t e s )  

11. Poland -- - 13 Regions 
b 22  Voivodships ( t o  

1975),  49 voivod- 
ships  (s ince  1975y 

1 2 .  Bulgaria --- 7 Regions 
b 28 D i s t r i c t s  

--- b C 
13. France 8 Zeats 22 Regions 

14. Czechoslovakia --- 1 2  Regions b 

15. Japan --- 8 Regions b 47 Prefectures  

16. United S t a t e s  4 Regionsa 9 Census 
b 

50 S t a t e s  
Divisions 

17. I t a l y  4 S t a t i s t i c a l  --- 
~ e ~ i o n s b  

20 Administrative 
Units 

a 
b Pr incipal  mult iregional  analyses c a r r i ed  ou t  a t  t h i s  sca le .  

Additional mult iregional  analyses ca r r i ed  out  a t  t h i s  sca le .  
C 
$dditional s ing le  region analyses c a r r i ed  ou t  a t  t h i s  sca le .  

Data provided i n  Reseazch Report a t  t h i s  sca le  f o r  mult iregional  ana lys i s .  
Notes f o r  t h i s  Table a r e  on the  following page. 



A m a j o r i t y  o f  t h e  r e g i o n a l  sets used c o n s i s t e d  o f  aggrega-  

t i o n s  o f  a d m i n i s t r a t i v e  (governmenta l  o r  p l a n n i n g )  a r e a s .  I n  

some c a s e s  ( f o r  example,  Sweden, J a p a n )  t h i s  a g g r e g a t i o n  was made 

by t h e  a u t h o r s ;  i n  o t h e r s  ( f o r  example,  t h e  Uni ted  Kingdom, F r a n c e )  

t h e  a g g r e g a t i o n s  were wide ly  used f o r  s t a t i s t i c a l  r e p o r t i n g  pur-  

poses  by government a g e n c i e s .  I n  o t h e r  s t u d i e s  t h e  r e g i o n s  a n a l -  

yzed were used f o r  p l a n n i n g  o r  p o l i c y  purposes .  The ~ a a n i  o f  

F i n l a n d ,  t h e  P r o v i n c e s  o f  Canada, t h e  Economic P l a n n i n g  Regions 

o f  Hungary, t h e  g e o g r a p h i c  r e g i o n s  o f  t h e  N e t h e r l a n d s ,  t h e  ~ a n d e r  

o f  t h e  F e d e r a l  ~ e p u b l i c  of Germany, and t h e  Lgnder o f  A u s t r i a  a l l  

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

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

r e g i o n a l  a n a l y s e s  o f  t h e  CMS s t u d i e s  a r e  shown i n  F i g u r e s  11A and 
11B, and t h e  names a r e  s p e l l e d  o u t  i n  f u l l  i n  T a b l e  13. A few 

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

r e g i o n s .  

Notes f o r  Table 1 2 .  

The United Kingdom region ana lys i s  covers 11 regions:  the  e i g h t  s tandard 
regions of England, p l u s  Wales, Scotland, and Northern I re l and .  I n  the  
mul t i regional  a n a l y s i s  Northern I re l and  was omitted. The th ree  regions  
(coarse r eg iona l i za t ion)  a r e  used i n  t h e  United Kingdom chapter  a n a l y s i s  
and t h e  Ledent and Rees (1980) study. The standard regions  a r e  aggrega- 
t i o n s  f o r  s t a t i s t i c a l  purposes of the  admin i s t r a t ive  count ies .  
The provinces a r e  admin i s t r a t ive  u n i t s .  
The regional  u n i t s  a r e  amalgamations of  count ies  (adminis t ra t ive  u n i t s ) .  
The mul t i regional  ana lys i s  of t h e  German Democratic Republic was c a r r i e d  
o u t  p r i n c i p a l l y  using f i v e  macroregions, though some a n a l y s i s  was done 
with 15 regions which were t h e  15 adminis t ra t ive  d i s t r i c t s  of t h e  German 
Democratic Republic (Bezi rke) .  The macroregions were aggregations of t h e  
admin i s t r a t ive  d i s t r i c t s .  
The f i v e  regions a r e  groups of the  12 adminis t ra t ive  provinces. 
The Canadian study omits the  Yukon and North West T e r r i t o r i e s  from t h e  
mult iregional  ana lys i s .  The provinces a r e  adminis t ra t ive  u n i t s .  
The s i x  regions a r e  groupings of  t h e  25 admin i s t r a t ive  d i s t r i c t s .  
The urban regions a r e  n o t  contiguous. 
The Lander a r e  admin i s t r a t ive  regions.  
The four regions a r e  groupings of t h e  nine Austr ian Lander. 
The 1'3 Pol ish  regions  a r e  groupings of the  49 (post-1975) adminis t ra t ive  
voivodships. Before 1975 t h e r e  were 22 voivodships. 
The seven Bulgarian regions  a r e  groupings of 28 adminis t ra t ive  d i s t r i c t s .  
The "Zeats" a r e  the  "Zones dlEtude e t  dlAmenagement du T e r r i t o i r e , "  o r ig -  
i n a l l y  defined fo r  t h e  r eg iona l i za t ion  of  t h e  Six th  National Plan. They 
a r e  groupings of t h e  22 programming regions.  
Some e i g h t  of t h e  regional  u n i t s  f a l l  i n  t h e  Czech Republic and four  i n  
the  Slovak Republic. 
The e i g h t  regions a r e  aggregations of the  47 adminis t ra t ive  p re fec tu res .  
The four regions  a r e  aggregations of  the  nine census d i v i s i o n s  which a r e  
amalgamations of t h e  50 adminis t ra t ive  s t a t e s .  
The four  regions a r e  amalgamations of the  20 adminis t ra t ive  d iv i s ions .  





F i g u r e  11B. The r e g i o n s  u s e d  i n  t h e  CMS s t u d y :  (B) Europe .  
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The a c u t e  o b s e r v e r  w i l l  n o t e  t h a t  a  c o u p l e  o f  r e g i o n a l i z a -  

t i o n s  f a i l  t o  be e x h a u s t i v e  o f  t h e  n a t i o n a l  t e r r i t o r y .  Nor the rn  

I r e l a n d  i s  o m i t t e d  from t h e  Uni ted  Kingdom m u l t i r e g i o n a l  a n a l y s i s  

because  o f  t h e  l a c k  of p u b l i s h e d  d a t a  on m i g r a t i o n  t o  Nor the rn  

I r e l a n d  from t h e  r e g i o n s  o f  G r e a t  B r i t a i n .  T h i s  d e f i c i e n c y  c o u l d  

s u r e l y  have been r e c t i f i e d .  The second i n s t a n c e  i s  t h e  omiss ion  

o f  t h e  Yukon and Nor th  West T e r r i t o r i e s  from t h e  Canadian s t u d y  

on t h e  grounds  o f  t h e i r  s m a l l  p o p u l a t i o n  s i z e ,  a l t h o u g h  Liaw 

(1977, 1979) does  i n c l u d e  them i n  h i s  work. 

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

s i z e )  g i v e s  rise t o  problems o f  c o m p a r a b i l i t y  b o t h  w i t h i n  coun- 

t r i e s  and between them. Courgeau (1973b) h a s  s t u d i e d  t h e  r e l a -  

t i o n s h i p  between t h e  l e v e l  o f  m i g r a t i o n  ( m i g r a t i o n  r a t e )  and t h e  

number o f  u n i t s  i n t o  which t h e  n a t i o n a l  t e r r i t o r y  i s  d i v i d e d  (F ig -  

u r e  12A). H e  p r o p o s e s  a  power f u n c t i o n  t o  e x p r e s s  t h i s  r e l a t i o n -  

s h i p .  A p a r a l l e l  p r o p o s i t i o n  i s  g i v e n  i n  F i g u r e  12B. The migra-  

t i o n  l e v e l  i s  a n  i n v e r s e  power f u n c t i o n  o f  t h e  a v e r a g e  a r e a l  s i z e .  

Country A ' s  m i g r a t i o n  r a t e s  a r e  c o n s i s t e n t l y  h i g h e r  t h a n  t h o s e  

of  c o u n t r y  B when e q u i v a l e n t  numbers o f  r e g i o n s  a r e  t a k e n  i n t o  

accoun t .  However, it might  be q u i t e  f e a s i b l e  t o  o b s e r v e  a  h i g h e r  

i n t e r r e g i o n a l  m i g r a t i o n  l e v e l  f o r  c o u n t r y  B i f  t h e  number o f  u n i t s  

i n v o l v e d  was s u f f i c i e n t l y  g r e a t e r ,  a s  i s  t h e  c a s e  when s t u d i e s  1  

and 2  a r e  compared i n  F i g u r e  12A. 

A s i m i l a r  e f f e c t  can  a p p l y  when two r e g i o n s  a r e  compared 

w i t h i n  a  c o u n t r y .  The s m a l l e r  t h e  r e g i o n ,  o t h e r  t h i n g s  b e i n g  

e q u a l ,  t h e  h i g h e r  t h e  obse rved  o u t m i g r a t i o n  r a t e s .  But t h e  pro-  

p e n s i t y  o f  m i g r a n t s  t o  move o v e r  g i v e n  d i s t a n c e s  may be  e x a c t l y  

t h e  same. Thus, t h e  Lander o f  Bremen and Hamburg a r e  much s m a l l e r  

t h a n  t h e  o t h e r  ~ a n d e r  o f  t h e  F e d e r a l  Repub l i c  o f  Germany, and t h e  

m i g r a t i o n  l e v e l s  obse rved  a r e  much h i g h e r .  

Of c o u r s e ,  Bremen and Hamburg Lander a r e  under  bounded d e f i n -  

i t i o n s  o f  t h e i r  r e s p e c t i v e  f u n c t i o n a l  urban r e g i o n s  ( F i g u r e  5 ,  

p .  13 i n  Koch and G a t z w e i l e r  1 9 8 0 ) ,  and t h u s  a  major  p a r t  o f  t h e i r  

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

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



log M 

M-migration rate 

S T U D Y  1 S T U D Y  2 

N l  
log  N 

N2 

N-number of regions into which national 
territory is divided 

A. Courgeau's relationship. 

log M 

Mzmigration rate 

M2 

M l  

log A 
Anaverage area of region set 

B. The inverse of Courgeau's relationship. 

Figure 12. Migration rates as a function of the number and 
average size of measurement units. 



However, t h e  b i g g e s t  c o n t r a s t  between and  w i t h i n  se ts  of  

r e g i o n s  i s  t h e  c o n t r a s t  between t h e  r e g i o n s  o f  t h e  S o v i e t  Union 

and  t h e  o t h e r  c o u n t r i e s .  The S o v i e t  Union r e g i o n s  a r e  c o l l e c -  

t i o n s  of  u r b a n  i s l a n d s  i n  a  r u r a l  s e a ;  o n l y  t h e  r u r a l  r e m a i n d e r  

p r e s e r v e s  t h e  p r o p e r t y  o f  c o n t i g u i t y .  Seven o f  t h e  e i g h t  " r e -  

g i o n s "  w i l l  b e  s m a l l  i n  c o l l e c t i v e  a r e a l  e x t e n t ,  a n d  t h e  e i g h t h  

w i l l  b e  v a s t .  S i n c e  t h e  S o v i e t  Union i s  c u r r e n t l y  i n  t h e  p r o c e s s  

o f  r a p i d  u r b a n i z a t i o n  (Sobo leva  1980,  Rogers  1 9 8 0 ) ,  t h i s  p a r t i c -  

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

compare w i t h  o t h e r  r e g i o n a l i z a t i o n s .  

4 .3 .  A g g r e g a t i o n  Exper imen t s  

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

r i e d  o u t  a t  more t h a n  one  s c a l e  ( U n i t e d  Kingdom 2 ,  German Demo- 

c ra t i c  R e p u b l i c ,  N e t h e r l a n d s ,  A u s t r i a ) .  These  " s h r i n k i n g "  e x p e r i -  

ments  show t h a t  a g g r e g a t i o n  b e f o r e  i n p u t  t o  m u l t i r e g i o n a l  a n a l y -  

sis gave  v e r y  s i m i l a r  r e s u l t s  t o  a g g r e g a t i o n  a f t e r  a n a l y s i s .  Thus ,  

t h e  l i f e  e x p e c t a n c y  i n  E a s t  A n g l i a  o f  p e r s o n s  b o r n  i n  E a s t  A n g l i a  

w a s  29.80 y e a r s  i n  t h e  10 r e g i o n  a n a l y s i s  and 29.72 i n  t h e  t h r e e  

r e g i o n  a n a l y s i s .  These  f i n d i n g s  c o n f i r m  t h o s e  o f  Rogers  (1976b)  

who showed t h a t  d e c o m p o s i t i o n  ( t e a r i n g  t h e  r e g i o n a l  s y s t e m  a p a r t )  

had a much g r e a t e r  e f f e c t  t h a n  a g g r e g a t i o n .  

4 . 4 .  Assessment  

I t  i s  c l e a r  f rom t h e  above  d i s c u s s i o n  t h a t  t h e r e  a r e  c o n s i d -  

e r a b l e  p rob lems  i n  compar ing  t h e  r e g i o n a l  p a t t e r n s  o f  m o r t a l i t y ,  

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

t h a t  no un i fo rm c r i t e r i a  o r  r e g i o n a l i z a t i o n  r u l e s  a re  y e t  a v a i l -  

a b l e  t o  d e a l  w i t h  t h e  problem o f  t h e  dependence  o f  m i g r a t i o n  

l e v e l s  on  r e g i o n a l  d i s a g g r e g a t i o n .  R e g i o n a l  p o p u l a t i o n  dynamics  

must  be  viewed as a  v a r i e t y  o r  s p e c t r u m  o f  scales (compare t h e  

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

g r o u p s  i n  c i t i e s  i n  P o o l e  and  Boa1 1973 and  R e e s  1979b,  pp .  297- 

3 0 2 ) .  T a b l e  13 t e l l s  u s  t h a t  t h i s  i s  what  many o f  t h e  s t u d y ' s  

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

t e r n s  u s i n g  c o a r s e ,  medium, and  f i n e  l e v e l s  o f  r e s o l u t i o n .  How- 

e v e r ,  a s  w e  show i n  t h e  n e x t  s e c t i o n ,  t h e  d i f f i c u l t i e s  i n  p r e p a r -  

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

s t r i c t  a n a l y s i s  t o  t h e  medium s c a l e .  



5 .  THE ESTIMATION OF MODEL INPUTS 

5 . 1 .  P r i n c i p l e s  

The f i r s t  s t e p s  i n  t h e  CMS s t u d y  were t o  e s t i m a t e  f o r  e a c h  

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

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

1 ) .  Fo r  o n e  r e a s o n  o r  a n o t h e r  t h e  d a t a  g a t h e r e d  and  p u b l i s h e d  

by  n a t i o n a l  s t a t i s t i c a l  o f f i c e s  a r e  n e v e r  q u i t e  i n  t h e  c o r r e c t  

form f o r  a n a l y s i s .  O f f i c i a l  d a t a  mus t  o f t e n  b e  a d j u s t e d  o r  d i s -  

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

Sometimes t h i s  work o f  e s t i m a t i o n  i s  needed  b e c a u s e  t h e  d a t a  are 

m i s s i n g ;  more o f t e n ,  e s t i m a t i o n s  a r e  c a r r i e d  o u t  b e c a u s e  t h e  work 

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

e i t h e r  p r o h i b i t i v e l y  c o s t l y  or  p r o h i b i t i v e l y  l e n g t h y  i n  t i m e .  

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

( 1 )  The d a t a  s h o u l d  match t h e  c o n c e p t ( s )  demanded o f  t h e  

v a r i a b l e s  i n p u t  t o  t h e  p o p u l a t i o n  model .  

( 2 )  The d a t a  s h o u l d  b e  c o r r e c t e d  f o r  known unde r -  o r  o v e r -  

e n u m e r a t i o n .  

( 3 )  The t i m e  p o i n t s  o r  p e r i o d s  o f  d a t a  c o l l e c t i o n  s h o u l d  

match  t h o s e  o f  t h e  model.  

( 4 )  The d a t a  s h o u l d  a p p l y  t o  r e g i o n s  u s e d  i n  t h e  model .  

( 5 )  The a g e  d i s a g g r e g a t i o n  o f  t h e  i n p u t  d a t a  s h o u l d  match  

t h a t  demanded i n  t h e  model.  

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

i n g  concept adjustment, correction for under- or over-enumeration, 

temporal adjustment, regional admustment, and age disaggregation. 

5 . 2 .  The E s t i m a t i o n  o f  P o p u l a t i o n  S t o c k s  

P o p u l a t i o n  s t o c k s  c a n  b e  measured  i n  s e v e r a l  ways.  The popu- 

l a t i o n  c a n  b e  enumera ted  i n  a  c e n s u s  or  c o u n t e d  o n  a  r e g i s t e r ,  

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

f rom demographic  e v e n t s  and  f l o w s  c o u n t s ,  and  f rom o t h e r  corre- 

l a t e d  d a t a  series s u c h  a s  e l e c t o r a l  r e g i s t e r s  a n d ' h o u s i n g  s t a t i s -  

t i c s  (OPCS 1 9 8 0 b ) .  I n  f a c t ,  t h e  c l a s s i f i c a t i o n  o f  c o u n t r y  s t u d i e s  

by s o u r c e  o f  p o p u l a t i o n  s t o c k  d a t a  i n  T a b l e  14 i s  t h e  same a s  t h a t  

f o r  m i g r a t i o n  s t a t i s t i c s  i n  F i g u r e  4 e x c e p t  i n  t h e  c a s e  o f  t h e  



T
a

b
le

 
1

4
. 

P
o

p
u

la
ti

o
n

 
s

to
c

k
 

s
o

u
rc

e
s

, 
te

m
p

o
ra

l 
a

d
ju

s
tm

e
n

ts
, 

a
n

d
 a

g
e

 b
re

a
k

d
o

w
n

s.
 

S
o

u
rc

e
 

C
e

n
su

s 
R

e
g

is
te

r 
E

s
ti

m
a

te
 

T
e

m
p

o
ra

l 
a

d
ju

s
tm

e
n

t 
T

e
m

p
o

ra
l 

a
d

ju
s

tm
e

n
t 

T
e

m
p

o
ra

l 
a

d
ju

s
tm

e
n

t 
N

o
t 

N
o

t 
N

o
t 

L
a

s
t 

a
g

e
 

N
ee

d
ed

 
n

e
e

d
e

d
 

N
ee

d
ed

 
n

e
e

d
e

d
 

N
ee

d
ed

 
n

e
e

d
e

d
 

g
ro

u
p

 
i

n
 

N
o

t 
N

o
t 

N
o

t 
ra

w
 

C
a

rr
ie

d
 

c
a

rr
ie

d
 

C
a

rr
ie

d
 

c
a

rr
ie

d
 

C
a

rr
ie

d
 

c
a

rr
ie

d
 

re
g

io
n

a
l 

C
o

u
n

tr
y

 
o

u
t 

o
u

t 
o

u
t 

o
u

t 
o

u
t 

o
u

t 
d

a
ta

 

U
n

it
e

d
 

K
in

g
d

o
m

 
1
 

X
 

8
 5+

 

U
n

it
e

d
 

K
in

g
d

o
m

 
2 

X
 

F
in

la
n

d
 

S
w

ed
en

 

G
D

R
 

N
e

th
e

rl
a

n
d

s 

C
an

ad
a 

H
u

n
g

ar
y

 

S
o

v
ie

t 
U

n
io

n
 

FR
G

 

A
u

s
tr

ia
 

P
o

la
n

d
 

B
u

lg
a

ri
a

 

F
ra

n
c

e
 

C
z

e
c

h
o

sl
o

v
a

k
ia

 

J
a

p
a

n
 

U
n

it
e

d
 S

ta
te

s
 

I
ta

ly
 

8
 5+

 

N
o

te
s:

 
G

D
R

-G
er

m
an

 
D

e
m

o
c

ra
ti

c
 

R
e

p
u

b
li

c
, 

F
R

G
-F

ed
er

al
 

R
e

p
u

b
li

c
 

o
f 

G
er

m
an

y
. 



United Kingdom 1 study in which an estimate is used. Indirect 

population estimates are not needed in countries with population 

registers. 

Concept adjustment is occasionally necessary for population 

stocks. Census populations are tabulated in one of two ways: 

as either the enumerated ( d e  facto) population actually present 

in a household on census night or the "usually resident" ( d e  

j u r e )  population counted by place of usual residence, census night 

visitors being transferred back to households of usual residence. 

In the United Kingdom censuses of 1966  and 1971 the main region- 

by-age-by-sex population stock tables are for enumerated popula- 

tions, and the detailed group numbers must be adjusted to a 

"usually resident" total, 

Population stocks can also be classified differently. In 

England and Wales, for instance, a distinction is made between 

"home," "total," or "civilian" population. The home population 

is that population actually resident in England and Wales dis- 

tributed by area. The total population consists of the home 

population p l u s  members of national armed forces serving abroad 

but minus the forces of other countries temporarily stationed in 

the country. Only the home population can be used for regional 

analysis but the total population may be employed in the national 

analysis. In that event, regional populations need not neces- 

sarily aggregate to the national. 

Correction for under- or over-enumeration may be applied to 

census or register based population stocks data if a measure of 

likely error is available in the form of a post-census survey 

for census derived populations or in the form of a census for 

register derived populations. Correction for a 1.4  percent under- 

enumeration was needed for the 1966 census based on populations 

in the United Kingdom 2 study. Andersson and Holmberg (1980) in- 

clude a discussion of errors associated with register counts. 

The time frameworks for population stocks has been discussed 

already in section 3.2 (see Figure 7). Table 14 notes whether or 

not the necessary adjustments have been made. 



Regional adjustment is rarely necessary for study periods 

of only one year and in statistical systems in which the building 

blocks (departments in France, states and counties in the United 

States, Lander in Austria and the Federal Republic of Germany) 

remain fixed over long periods of time. Where radical changes 

have taken place in the local government system of units and 

boundaries (as in Poland or the United Kingdom) the reconstruction 

of time series of spatially compatible time series of demographic 

data is an involved and error-prone process. Every time a spatial 

revision takes place, the timer series must be adjusted. There 

was some suspicion that the resort to demographic cartograms in 

the United Kingdom study was an attempt to gloss over this prob- 

lem. 

The need for further age disaggregation of population stock 

data is rare. In order to make reasonable life expectancy esti- 

mates, the population age breakdown (by five-year age groups) 

should extend to at least 85 years. Where the age breakdown of 

regional populations was insufficient, deconsolidation proportions 

were applied to disaggregate an age group such as "60+" into 

quinquennial age groups "60-64, 65-69,. ..,80-84, 85+." The decon- 

solidation proportions were derived either from national popula- 

tion data (as in the Bulgarian study), from equivalent regions 

within the country, or from other countries (as in the Soviet 

Union study where deconsolidation proportions from Poland were 

used) . 
A particular age grouping is used for the German Democratic 

Republic. For planning purposes, age groups 0-1, 1-3, 3-6, 6-10, 

10-15, 15-18, 18-21, 21-25, followed by the five-year age groups 

25-30, 30-35, and so on, are considered in statistical publica- 

tions. For the CMS study, the age grouping was rearranged into 

five-year age groups on this basis of the age composition at the 

national level, which was available in single years of age. 

5.3. The Estimation of Deaths and Births 

Concept adjustment is not normally required for deaths data 

since death registrations are tabulated as a matter of course by 

area of usual residence. Under-enumeration in developed countries 



i s  n o t  r e g a r d e d  a s  s e r i o u s  and t h e  e x i s t e n c e  o f  combined b i r t h  

and d e a t h  r e g i s t r a t i o n  sys tems e n s u r e s  a c c u r a c y  o f  t h e  r e p o r t e d  

i n f o r m a t i o n .  

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

i s  o c c a s i o n a l l y  needed i f  a n  i n t e r c e n s a l  p e r i o d  i s  used t o  match 

t h e  m i g r a t i o n  d a t a  t i m e  span .  Annual c o u n t s  of  d e a t h s  f o r  r e -  

g i o n s  can be a d j u s t e d  by a p p l y i n g  t empora l  f r a c t i o n s  based on 

q u a r t e r l y  o r  monthly n a t i o n a l  d a t a .  Termote (1980)  d e s c r i b e s  

t h e  p r o c e d u r e s  i n v o l v e d  i n  t h e  Canadian s t u d y .  

Regional  a d j u s t m e n t  was n o t  r e q u i r e d  i n  any o f  t h e  s t u d i e s  

( a p a r t  from Uni ted  Kingdom I ) ,  I n  t h e  absence  o f  a  r e v i s e d  s t a -  

t i s t i c a l  series ( a s  i n  OPCS1s Population T r e n d s  j o u r n a l )  based 

on t h e  s p a t i a l  r e a s s i g n m e n t  o f  d e a t h s  r e c o r d s ,  knowledge of  t h e  

p o p u l a t i o n  t r a n s f e r s  t h a t  have r e s u l t e d  can  be  used t o  e f f e c t  a n  

e s t i m a t e  o f  "new" r e g i o n  d e a t h s .  

I t  i s  u s u a l l y  p o s s i b l e  t o  e s t i m a t e  t h e  c o n t e n t s  of  t h e  f o l -  

lowing p o p u l a t i o n  m a t r i x  

where pi] i s  t h e  p o p u l a t i o n  a t  a  p o i n t  i n  t i m e  t c l a s s i f i e d  by 

" o l d "  r e g i o n  i and "new" r e g i o n  j .  The row t o t a l s  o f  t h i s  m a t r i x  
pi. , a r e  t h e  t i m e  t " o l d "  r e g i o n  p o p u l a t i o n s ;  i f  w e  d i v i d e  e a c h  

e lement  of  t h e  P m a t r i x  by i t s  row t o t a l  we o b t a i n  a  m a t r i x  of - 
i j  r e d i s t r i b u t i o n  c o e f f i c i e n t s ,  r , a r r a n g e d  i n  a  s i m i l a r  m a t r i x ,  

R .  W e  c a n  now p o s t m u l t i p l y  row v e c t o r s  o f  d e a t h s  by t h e  m a t r i x  - 
of r e d i s t r i b u t i o n  c o e f f i c i e n t s  

D x ( o l d )  R - = D (new) - X (13)  

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

r e g i o n a l  c l a s s i f i c a t i o n .  T h i s  t e c h n i q u e  was o c c a s i o n a l l y  employed 

t o  b u i l d  c o n s i s t e n t  t i m e  series o f  t h e  components o f  growth i n  

t h e  Uni ted  Kingdom s t u d y  (Rees 1979a,  1 9 7 9 ~ ) .  



Occas iona l ly ,  t h e  age d i sagg rega t ion  of dea ths  d a t a  was in -  

s u f f i c i e n t l y  d e t a i l e d  f o r  model i n p u t ,  a s  i n  t h e  Bulgar ian and 

United Kingdom s t u d i e s .  The age groups f o r  which d e a t h s  d a t a  a r e  

a v a i l a b l e  and a r e  needed a r e  shown i n  Table 15. S ince  a  d e t a i l e d  

age composit ion o f  dea ths  was a v a i l a b l e  a t  t h e  n a t i o n a l  l e v e l ,  

broad age c l a s s e s  were d i sagg rega t ed  us ing  n a t i o n a l  d a t a .  I n  t h e  

c a s e  o f  Bu lga r i a ,  d i s a g g r e g a t i o n  i s  done p r o p o r t i o n a l l y  t o  t h e  

n a t i o n a l  age s t r u c t u r e  of  d e a t h s  w i t h i n  t h e  broad age c l a s s e s .  

For t h e  United Kingdom, d e a t h s  i n  broad age c l a s s e s  a r e  d i sagg re -  

ga t ed  us ing  n a t i o n a l  d e a t h  r a t e s  f o r  t h e  age groups t h a t  compose 

t h e  age c l a s s e s .  The procedure  i s  desc r ibed  by Rees (1980) .  I t  

imp l i e s  t h a t  t h e  s h a p e  of t h e  n a t i o n a l  m o r t a l i t y  curve w i t h i n  an 

age c l a s s  i s  imposed on to  t h e  r eg ion ,  whereas t h e  l e v e l  of t h e  

curve i s  determined by t h e  number of  dea ths  i n  t h e  age c l a s s  i n  

t h e  reg ion .  

Table  15. The age groups f o r w h i c h  d e a t h s  d a t a  a r e  a v a i l a b l e  and 
needed, United Kingdom and Bulgar ia .  

Nat iona l  Age Regional  Age Groups Model Age 
Groups United Kingdom Bu lga r i a  Groups 



L e t  t h e  age  g roup  be x  t o  x  + n ,  and t h e  age  c l a s s ,  con- 

t a i n i n g  x t o  x + n ,  be  w t o  w + zn.  L e t  D: be t h e  number of  
i d e a t h s  i n  r e g i o n  i and age  c l a s s  w t o  w + zn ;  Px i s  t h e  popula-  

t i o n  i n  r e g i o n  i and age  g roup  x t o  x  + n;  d z  i s  t h e  age- 

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

and age  g roup  x t o  x + n  i s  

I n  one i n s t a n c e  age  c l a s s i f i e d  d a t a  had t o  be  a g g r e g a t e d :  

b o t h  t h e  Uni ted  Kingdom and t h e  B u l g a r i a n  r e g i o n a l  d e a t h  t a b l e s  

d i s t i n g u i s h  between d e a t h s  under  one  y e a r  o f  age  and d e a t h s  a t  

a g e s  one t o  f o u r .  T h i s  d i s a g g r e g a t i o n  h a s  l o n g  been r e c o g n i z e d  

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

most developed c o u n t r i e s ,  it had r e l a t i v e l y  l i t t l e  e f f e c t  on 

a v e r a g e  l i f e  e x p e c t a n c i e s  [ ~ e e s  (1979a,  p .  51)  s u g g e s t s  t h a t  

a d o p t i n g  t h e  f i n e r  d i s a g g r e g a t i o n  lowers  t h e  l i f e  e x p e c t a n c i e s  

f o r  B r i t i s h  r e g i o n s  by abou t  t h r e e  weeks] .  

L i t t l e  needs  t o  be added t o  t h e  above d i s c u s s i o n  when b i r t h s  

d a t a  a r e  c o n s i d e r e d .  The o n l y  e s t i m a t i o n  problem concerned t h e  

meaning o f  t h e  age  c l a s s i f i c a t i o n  i n  r e l a t i o n  t o  t h e  p o p u l a t i o n  

model, and t h i s  w e  have d i s c u s s e d  e a r l i e r  i n  s e c t i o n  3 . 1  

5 . 4 .  The E s t i m a t i o n  o f  M i g r a t i o n  Flows: Minor Problems 

W e  c o n c e n t r a t e  i n  t h i s  s e c t i o n  on t h e  problems of  e s t i m a t -  

i n g  m i g r a t i o n  f lows  s u f f i c i e n t l y  c l a s s i f i e d  by age  f o r  i n p u t  t o  

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

t h e  problems o f  concep t  a d j u s t m e n t ,  under-enumerat ion ,  and re- 

g i o n a l  a d j u s t m e n t ,  

The v a r i o u s  m i g r a t i o n  c o n c e p t s  used i n  t h e  CMS c o u n t r i e s  

have been d i s c u s s e d  i n  some d e t a i l  i n  p r e c e d i n g  s e c t i o n s .  The 

c o n c e p t u a l  d i f f e r e n c e s  between movement and t r a n s i t i o n  d a t a  and 

between t r a n s i t i o n  d a t a  o v e r  s h o r t  and long  t i m e  i n t e r v a l s ,  have 

been no ted .  Choice between c o n c e p t s  was o c c a s i o n a l l y  a v a i l a b l e  

t o  CMS a u t h o r s  (Uni ted  Kingdom), b u t  i n  g e n e r a l  i n s u f f i c i e n t  



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

d a t a  i n t o  a n o t h e r ,  even i f  a  model o f  t h e  p r o c e s s  c o u l d  be pro-  

posed ( K i t s u l  and P h i l i p o v  1 9 8 0 ) .  

These major  c o n c e p t u a l  d i f f e r e n c e s  w e r e  n o t  t h e  o n l y  prob- 

l e m s  f a c e d  i n  t h e  CMS s t u d y ,  however. I n  t h e  Hungarian c a s e  

s t u d y ,  t h e  a u t h o r s  were f a c e d  w i t h  two sets o f  m i g r a t i o n  s t a -  

t i s t i c s ,  t h o s e  d e s c r i b e d  a s  temporary  and t h o s e  d e s c r i b e d  a s  

permanent.  Each p e r s o n  c a n  have a  temporary  p l a c e  o f  r e s i d e n c e  

i n  a d d i t i o n  t o  h i s / h e r  permanent  r e s i d e n c e .  Although a  migra-  

t i o n  i s  normal ly  d e f i n e d  a s  a  change o f  permanent  r e s i d e n c e ,  i n  

c o u n t r i e s  o r  r e g i o n s  where r e s t r i c t i o n s  a r e  p l a c e d  on  such  

changes  i n  permanent r e s i d e n c e - u s u a l l y  because  some a t t e m p t  i s  

b e i n g  made t o  l i m i t  t h e  growth o f  t h e  l a r g e s t  m e t r o p o l i s  i n  a  

c o u n t r y  ( e . g . ,  Budapest)-- temporary m i g r a t i o n s  ( v i s i t s )  may t a k e  

on a  r a t h e r  permanent  c h a r a c t e r .  T h i s  h a s  happened t o  a  ma jo r  

d e g r e e  i n  Hungary and B i e s  and Tekse (1980) t h e r e f o r e  add temp- 

o r a r y  and permanent m i g r a t i o n  t o g e t h e r  b e f o r e  u s i n g  them a s  i n -  

p u t s  t o  t h e i r  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 .  T h i s  r a i s e s  

r e g i o n a l  m i g r a t i o n  l e v e l s  i n  Hungary above t h o s e  obse rved  i n  

o t h e r  E a s t e r n  European c o u n t r i e s  i n  t h e  CMS s t u d y .  

Under-enumeration and m i s r e p o r t i n g  a r e  always a  p o t e n t i a l  

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

t h e  most mobi le  o f  t h e  p o p u l a t i o n  a r e  t h e  most l i k e l y  t o  b e  

missed .  R e t r o s p e c t i v e  c e n s u s  q u e s t i o n s  upon which t h e  m i g r a t i o n  

s t a t i s t i c s  r e l y  depend on a c c u r a t e  r e c a l l  by t h e  r e s p o n d e n t  and 

a c c u r a t e  c l a s s i f i c a t i o n  by c e n s u s  c l e r i c a l  s t a f f .  The u s u a l  a s -  

sumption t h a t  r e s e a r c h e r s  make i s  t h a t  t h e  e r r o r s  w i l l  t e n d  t o  

c a n c e l  o u t .  R e g i s t r a t i o n  sys tems  a v o i d  most o f  t h e s e  d i f f i c u l -  

t i e s  b u t  n o t  e n t i r e l y  a s  Andersson and Holmberg 's  (1980) d i s c u s -  

s i o n  o f  t h e  Swedish sys tem r e v e a l s .  An a d d i t i o n a l  problem a s -  

s o c i a t e d  w i t h  many c e n s u s e s  i s  t h a t  t h e  m i g r a t i o n  q u e s t i o n  i s  

o n l y  asked  o r  t a b u l a t e d  f o r  a  sample (10 ,  2 5 ,  5 0  p e r c e n t )  of  t h e  

p o p u l a t i o n .  I t  n i g h t  be  i n t e r e s t i n g  t o  r u n  t h e  a n a l y s e s  i n  such  

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

v a l u e s  t o  a s s e s s  whether  r e s u l t s  based on mean v a l u e s  w e r e  t h e  

average  of a  narrow o r  a  wide band o f  a l t e r n a t i v e s .  



Regional  ad ju s tmen t  o f  m i g r a t i o n  f l ows ,  when r e q u i r e d  by 

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

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

f low d a t a .  Equa t ions  ( 12) and ( 13) do n o t  g i v e  v e r y  good r e s u l t s  

f o r  m i g r a t i o n  f low t a b l e s .  I n s t e a d  m i g r a t i o n  model based  t e ch -  

n i q u e s  ( S t i l l w e l l  1978) must be used.  

5 .5 .  The Es t ima t i on  o f  Migra t ion  Flows: The Problem o f  Age 

Es t ima t i on  o f  m i s s ing  m i g r a t i o n  f l ows  by qu inquenn i a l  age 

groups  proved t o  be t h e  g r e a t e s t  problem i n  p r e p a r i n g  t h e  n a t i o n a l  

d a t a  sets  f o r  i n p u t  t o  t h e  Wi l l ekens  and Rogers ( 1978) programs. 

Th i s  i nvo lved  s u b s t a n t i a l  r e s e a r c h  i n t o  t h e  a p p l i c a t i o n  and f u r -  

t h e r  development o f  t e c h n i q u e s ,  developed i n  r e g i o n a l  s c i e n c e  and 

t r a n s p o r t a t i o n  s c i e n c e  t o  i n f e r  s p a t i a l  i n t e r a c t i o n  f lows from 

incomplete  d a t a  (Wi l l ekens  1977, Wi l l ekens ,  ?6r, and R a q u i l l e t  

1979) .  Recen t l y ,  t h e  e s t i m a t i o n  methods have been s i m p l i f i e d  and 

extended t o  a l l o w  f o r  t h e  combinat ion o f  v a r i o u s  s o u r c e s  o f  p r i o r  

i n fo rma t ion  i n  o r d e r  t o  come up w i t h  t h e  b e s t  e s t i m a t e s  p o s s i b l e  

(Wi l l ekens  1981 ) .  The rev iew p r e s e n t e d  i n  t h i s  s e c t i o n ,  draws 

on t h i s  r e s e a r c h ;  t h e  numer ica l  r e s u l t s  shown a r e ,  however, iden- 

t i c a l  t o  t h o s e  o b t a i n e d  by t h e  e n t r o p y  maximizat ion  t e chn ique  

proposed i n  Wi l l ekens ,  ~ 6 r ,  and R a q u i l l e t  ( 1979 ) .  

A major f e a t u r e  o f  t h e  e s t i m a t i o n  method i s  i t s  focus  on 

t h e  s t r u c t u r e  o f  t h e  whole d a t a  se t  t o  p r e d i c t  v a l u e s  o f  m i s s ing  

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

prov ided  by accoun t s .  The s t r a t e g y  t o  p r e d i c t  ( o r  e s t i m a t e )  m i s -  

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

(Wil lekens  1981, p.  2 ) .  

( 1 )  S e t  up t h e  accoun t i ng  frames.  (The accoun t  i s  a  mul t i -  

d j  mensional  con t ingency  t a b l e .  ) 

( 2 )  Develop a  model o f  t h e  d a t a  i n  t h e  accoun ts .  (Although 

v a r i o u s  models of  d a t a  s t r u c t u r e s  a r e  a v a i l a b l e ,  t h e  

p a r a m e t r i c  l o g - l i n e a r  model h a s  been found most appro- 

p r i a t e  f o r  o u r  purpose  s i n c e  i t s  pa r ame te r s  deno t e  

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

c l a s s i f i e d  v a r i a b l e s . )  



( 3 )  Enter  t h e  a v a i l a b l e  d a t a  i n t o  t h e  account .  ( F i l l  t h e  

account  a s  f a r  a s  p o s s i b l e  and l i s t  o t h e r  p r i o r  in-  

format ion s e p a r a t e l y . )  

( 4 )  Determine t h e  parameter-values o f  t h e  pa rame t r i c  model 

on t h e  b a s i s  of t h e  d i f f e r e n t  t ypes  of  p r i o r  informa- 

t i o n ,  supplemented by hypotheses about  c e r t a i n  s t r u c -  

t u r a l  r e l a t i o n s h i p s  i n  t h e  d a t a  t o  be e s t ima ted .  

( 5 )  Apply t h e  model t o  i n f e r  t h e  v a l u e s  of  t h e  miss ing 

e lements .  

S t ep  4 may be sk ipped ,  i . e . ,  t h e  miss ing  e lements  may be 

p r e d i c t e d  d i r e c t l y  from t h e  a v a i l a b l e  d a t a  w i thou t  e x p l i c i t l y  

e s t i m a t i n g  t h e  model parameters .  This  s h o r t c u t  w i l l  be followed 

i n  t h i s  s e c t i o n .  The s t e p s  a r e  now d i scussed  i n  some d e t a i l .  

5 . 5 . 1 .  A c c o u n t i n g  Frameuork 

Mul t i r eg iona l  popu la t ion  a n a l y s i s  r e q u i r e s  mig ra t ion  f lows 

by age and by r eg ion  of  o r i g i n  and o f  d e s t i n a t i o n .  The r e q u i r e d  

d a t a  may be a r ranged  t o  c o n s t i t u t e  a  three-dimensional  account :  

r eg ion  of  o r i g i n ,  r eg ion  of  d e s t i n a t i o n ,  and age.  Age-specif ic  

accounts  a r e  shown i n  Tables  9 and 10. Only t h e  f i r s t  quadran ts  

of  t h e  movement and t r a n s i t i o n  accounts  a r e  of i n t e r e s t  s i n c e  

they  c o n t a i n  a l l  t h e  r e q u i r e d  d a t a  on i n t e r n a l  migra t ion .  Con- 

s i d e r  t h e  movement account .  The in format ion  on a g e - s p e c i f i c  

migra t ions  may be a r ranged  i n  l a y e r s  of  two-way t a b l e s  (Table  

1 6 ) .  Note t h a t  t h e  d i agona l  e lements  r e p r e s e n t  t h e  number o f  
i movements w i t h i n  t h e  r eg ion  and t h e r e f o r e  d i f f e r  from t h e  Rx 

elements i n  Table 10. 

5.5.2. Mode2 o f  Data i n  t h e  Account  

The i n v e s t i g a t i o n  o f  l a r g e  d a t a  s e t s  becomes r e l a t i v e l y  

s imple  by f i t t i n g  models t o  t h e  d a t a .  During t h e  p a s t  decade,  

a n a l y t i c a l  t echniques  have been developed f o r  s t r u c t u r a l  analy-  

s i s  of mul t id imensional  cont ingency t a b l e s  ( s e e ,  f o r  example, 

Bishop, Fienberg,  and Holland 1975) .  These t echn iques ,  which 

were o r i g i n a l l y  des igned  t o  i d e n t i f y  p a t t e r n s  o f  a s s o c i a t i o n  

among s e v e r a l  c r o s s - c l a s s i f i e d  c a t e g o r i c a l  v a r i a b l e s ,  may f r u i t -  

f u l l y  be a p p l i e d  f o r  e s t i m a t i n g  miss ing  c e l l  va lues  i n  t h e  



Tab le  16 .  Account  o f  novements  f o r  a g e  g r o u p  x t o  x + n .  

D e s t i n a t i o n s  
O r i g i n s  1 N T o t a l  2 . . . . .  

T o t a l  

c o n t i n g e n c y  t a b l e  o r  a c c o u n t .  I n  f a c t ,  t h e  problem o f  e s t i m a t -  

i n g  c e l l  v a l u e s  i n  a  m u l t i d i n e n s i o n a l  a c c o u n t  i s  e q u i v a l e n t  t o  

t h e  problem o f  q u a n t i f y i n g  a p p r o p r i a t e  i n t e r a c t i o n  e f f e c t s  (hy- 

p o t h e s i s  t e s t i n g ) ( W i l l e k e n s  1 9 8 1 ) .  T h i s  c a n  e a s i l y  be s e e n  by 

a p p r o p r i a t e l y  mode l ing  t h e  d a t a .  The model i s  g i v e n  i n  t h e  f i r s t  

e q u a t i o n  i n  F i g u r e  13. I t  i s  a  m u l t i p l i c a t i v e  o r  l o g - l i n e a r  

model. I t  h a s  e i g h t  t e r m s ,  t h e  number o f  terms depend ing  o n  t h e  

d imens ion  o f  t h e  a c c o u n t  o r  t h e  number o f  c r o s s - c l a s s i f i e d  v a r i -  

a b l e s  ( i n  t h i s  c a s e  t h r e e :  A d e n o t e s  r e g i o n  o f  o r i g i n ,  B r e g i o n  

o f  d e s t i n a t i o n ,  and  C a g e  g r o u p ) .  Each t e r m  r e p r e s e n t s  a  p a r -  
i j 

t i c u l a r  s t r u c t u r a l  e f f e c t  on  t h e  c e l l  v a l u e s  Mx . 
Accord ing  t o  t h e  model ,  t h e  e x p e c t e d  c e l l  c o u n t  i s  t h e  pro-  

d u c t  o f  v a r i o u s  e f f e c t s .  The o v e r a l l  e f f e c t ,  w ,  i s  a  s i z e  e f f e c t ;  

i t  i s  t h e  g e o m e t r i c  mean o f  a l l  e x p e c t e d  c e l l  c o u n t s  ( F i g u r e  1 3 ) .  

The main e f f e c t s  d e n o t e  t h e  e f f e c t s  on MiJ o f  r e l a t i v e  s i z e  d i f -  

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

on  t h e  nunbe r  o f  pliJ. When a l l  e l se  i s  e q u a l ,  l a r g e  a g e  g r o u p s  
X 

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



Mode 1 = w w A wB wC wAB wBC wABC 
X i j  x  i j  i x  J X  i j x  

Overall  mean e f f e c t  
n Mi j]'/RCL 

i , j , x  x 

Main e f f e c t s  

wB and wC : analogous 
j  x 

Fi rs t -order  i n t e r a c t i o n  e f f e c t s  (two-way o r  pairwise i n t e r a c t i o n )  

with z = w wA wB wC 
i 1 x  

wAC and wBC : analogous i x  j  x  

Second-order i n t e r a c t i o n  e f f e c t  (three-way i n t e r a c t i o n )  

ABC 1 M i j  
W = -  

i j x  z '  x  

with z l =  w w  
A wB wC AB AC wBC 

W W  
i j x  i j  i x  jx 

Const ra in ts  

w 
ABC = , w ABC = , w A9C = 1 
i jx i jx i j x  

i j  x 

R : number of rows 
C : number of columns 
L : number of l a y e r s  

Figure 13. Multiplicative formulation of log-linear model. 



between t h e  g e o m e t r i c  mean o f  t h e  x t h  l a y e r  and t h e  o v e r a l l  

geomet r i c  mean. The t e r m  w:: r e p r e s e n t s  t h e  i n t e r a c t i o n  e f f e c t  

between age  and o r i g i n .  Note t h a t  t h e  p a t t e r n  o f  i n t e r a c t i o n  

denoted  by t h i s  t e r m  i s  t h e  a v e r a g e  i n t e r a c t i o n  o v e r  a l l  AC- 

t a b l e s  ( i . e . ,  f o r  a l l  p o s s i b l e  d e s t i n a t i o n s  o r  j - v a l u e s  o f  B ) .  

The p a t t e r n  may d i f f e r  f o r  e a c h  l e v e l  o f  B ,  which r e s u l t s  i n  

d i f f e r e n t  from u n i t y  . v a l u e s  o f  wi j x  

By i n t r o d u c i n g  t h i s  m u l t i p l i c a t i v e  model, w e  hav3 t r a n s -  

formed t h e  problem of  p r e d i c t i n g  t h e  #:] v a l u e s  i n t o  a  problem 
i j  

of  e s t i m a t i n g  t h e  p a r a m e t e r s  wx , i . e . ,  o f  q u a n t i f y i n g  t h e  i n -  

t e r a c t i o n  e f f e c t s .  The p a r a m e t e r s  may b e  d e r i v e d ,  and hence t h e  

m i g r a t i o n  f l o w s  nay  be  de te rmined  from t h e  a v a i l a b l e  d a t a .  

5 . 5 . 3 .  E n t e r  t h e  A v a i l a b l e  Data  i n t o  t h s  Accourz ts  

I n  c c u n t r i e s  where m i g r a t i o n  i n f o r m a t i o n  is n o t  a b u n d a n t l y  

a v a i l a b l e ,  t h e  e x i s t i n g  d a t a  a r e  g e n e r a l l y  l i m i t e d  t o  a g g r e g a t e  

i n f o r m a t i o n  a b o u t  t h e  f lows .  W e  m i g h t ,  f o r  example,  know t h e  

t o t a l  m i g r a t i o n  f lows  between o r i g i n s  and d e s t i n a t i o n s  ( t h a t  i s ,  

a g g r e g a t e d  o v e r  a g e ) ;  t h e  t o t a l  o u t m i g r a t i o n  f lows  from o r i g i n s  

by age  group ( t h a t  i s ,  a g g r e g a t e d  o v e r  d e s t i n a t i o n s ) ;  o r  t h e  

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

a g g r e g a t e d  o v e r  o r i g i n s ) .  Each o f  t h z  known i t e m s  i s  a  two- 

d imens iona l  a r r a y  o r  m a t r i x ,  which i s  a  m a r g i n a l  ( b i v a r i a t e )  

t o t a l  of  t h e  t h r e e - d i m e n s i o n a l  a c c o u n t ,  and may be  e n t e r e d  a t  
i j  i. t h e  a p p r o p r i a t e  p l a c e  (M , Mx , M;') . The e s t i m a t i o n  problem, 

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

t o  by W i l l e k e n s ,  ~ 6 r ,  and X a q u i l l e t  (1979)  a s  t h e  " t h r e e  f a c e s  

( 3 F ) "  problem, s i n c e  t h e  a v a i l a b l e  d a t a  c a n  b e  imagined a s  con- 

s t i t u t i n g  t h e  t h r e e  f a c e s  o f  a  cube ( F i g u r e  1 4 ) .  

Although i n  t h e  CFS s t u d y  t h e  3F-problem i s  common, migra- 

t i o n  f lows  may be  p r e d i c t e d  from l e s s  d a t a .  I n  a  two f a c e  ( 2 F )  

problem, o n l y  two o f  t h e  t h r e e  f a c e s  ( b i v a r i a t e  m a r g i n a l  t o t a l s )  

a r e  g iven .  There  a r e  t h r e e  v a r i e t i e s  o f  t h e  2F-problem. I n  a  

one f a c e  and one edge  (1FE) problem, we would o n l y  know t h e  con- 

t e n t s  o f  some f a c e  t o g e t h e r  w i t h  a n  edge .  The e d g e s  r e p r e s e n t  

u n i v a r i a t e  m a r g i n a l  t o t a l s  (P!. . !li , M-j)  ; hence t h e r e  a r e  t h r e e  
X ' 

v a r i a t e s  o f  t h e  1FE-problem. The d a t a  l i m i t a t i o n '  i s  most s e v e r e  
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when o n l y  t h e  t h r e e  e d g e s  a r e  known ( t h r e e  edge  o r  3E-problem).  

I n  t h e  3E-problem, t h e  a v a i l a b l e  d a t a  a r e  l i m i t e d  t o  a  s i n g l e  

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

g i o n ,  and  a v e c t o r  o f  a r r i v a l s  by r e g i o n .  

The 3F-, 2F-, 1FE-, and 3E-problems r e p r e s e n t  v a r i o u s  s i t u -  

a t i o n s  o f  d a t a  a v a i l a b i l i t y .  Data  l i m i t a t i o n s  t h a t  a r e  e x p e r i -  

enced  i n  a  few c o u n t r i e s  p a r t i c i p a t i n g  i n  t h e  CMS s t u d y ,  c a n  be  

r e l a t e d  t o  t h e  f o u r  t y p e s .  T a b l e  17 n o t e s  what  k i n d  o f  problems 

had  t o  be  s o l v e d  i n  e a c h  c o u n t r y ' s  s t u d y .  A f u l l  3F-problem had 

t o  be  s o l v e d  f o r  B u l g a r i a  and  t h e  N e t h e r l a n d s ,  The e s t i m a t i o n  

p r o c e d u r e  f o r  t h e  N e t h e r l a n d s  i s  d e s c r i b e d  by D r e w e  and  W i l l e k e n s  

( 1 9 8 0 ) .  I n  t h e  F i n l a n d ,  Sweden, F e d e r a l  R e p u b l i c  o f  Germany, 

and Po land  s t u d i e s ,  t h e  n e c e s s a r y  m i g r a t i o n  f l o w s  d a t a  d i s a g g r e -  

g a t e d  by f i v e - y e a r  a g e  g r o u p s  were a v a i l a b l e  and no  f u r t h e r  es t i -  

m a t i o n  was r e q u i r e d .  

I n  t h e  Canada,  A u s t r i a ,  and F r a n c e  s t u d i e s ,  m i g r a t i o n  f l o w s  

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

c l a s s i f i c a t i o n  t o  t h e  a p p r o p r i a t e  age - t ime  framework had t o  b e  

c a r r i e d  o u t  (as  d i s c u s s e d  i n  s e c t i o n  3 ) .  I n  t h e  N e t h e r l a n d s  and  

B u l g a r i a  s t u d i e s  f u l l  3F-problems had  t o  b e  s o l v e d .  F i g u r e  15 

shows a  p o r t i o n  o f  t h e  B u l g a r i a n  p rob lem and  i t s  s o l u t i o n .  B e -  

tween t h e s e  two e x t r e m e s  w e r e  s i t u a t i o n s  i n  which t h e  a g e  break-  

down w a s  by 10 o r  15-year  a g e  g r o u p s  f o r  i n t e r r e g i o n a l  m i g r a t i o n  

f lows  ( U n i t e d  Kingdom 1 and  2 ) .  I n  o t h e r  c a s e s  t h e  o n l y  a g e  

c l a s s i f i e d  d a t a  a v a i l a b l e  were n o t  f o r  q u i n q u e n n i a l  a g e s  (German 

Democra t ic  R e p u b l i c )  o r  were n o t  s u f f i c i e n t l y  d i s a g g r e g a t e d  a t  

t h e  o l d e r  a g e s  ( J a p a n ,  U n i t e d  Kingdom, S o v i e t  Union,  B u l g a r i a ) .  

I n  t h e s e  c a s e s  model m i g r a t i o n  s c h e d u l e s  d e r i v e d  from t h e  work 

o f  Roger s ,  X a q u i l l e t  , and C a s t r o  ( 19 78)  o r  o t h e r  i n t e r p o l a t i v e  

o r  e x t r a p o l a t i v e  t e c h n i q u e s  had t o  b e  u s e d .  

5.5.4. Predict Missing Migration FZows 

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

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

e s t i m a t i o n  p r o c e d u r e  s t a r t s  o u t  w i t h  a  s e t  o f  p r e l i m i n a r y  es t i -  

ma tes  ( g u e s s e s )  o f  t h e  unknown m i g r a t i o n  f l o w s .  To d e s i g n  a  se t  

o f  a p p r o p r i a t e  p r e l i m i n a r y  e s t i m a t e s ,  p r i o r  i n f o r m a t i o n  on  
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Table 17 .  Nature of t h e  migra t ion  age e s t i m a t i o n  problems solved.  

--- - -- -- - - 

Country Desc r ip t i on  of  t h e  problem so lved  

United Kingdom 1 

United Kingdom 2 

Finland 

Sweden 

German Democratic 
Republic 

Netherlands 

Canada 

S o v i e t  Union 

Federa l  Repbulic 
o f  Germany 

Aus t r i a  

Poland 

Bu lga r i a  

France 

Czechoslovakia 

Japan 

United S t a t e s  

I t a l y  

Reduced 1FE-problem f o r  age groups 5-14, 35-44, 45-59, 
65+ (ages  a r e  age a t  l a s t  b i r t h d a y ) .  Age conversion 
f o r  t r a n s i t i o n  d a t a .  

Reduced 3F-problem f o r  age groups 5-14, 35-44, 45-59, 
65+ (ages  a r e  ages  a t  l a s t  b i r t h d a y ) .  Age conversion 
of  t r a n s i t i o n  d a t a .  

No problems t o  be solved.  

No problems t o  be solved.  

Model migra t ion  schedules  used t o  r e d i s t r i b u t e  migrants  
from age  groups 1, 1-3, 3-6, 6-10, 15-18, 18-21, 21-25, 
t o  e 5 ,  5-10 and 15-20, 20-25 (ages a r e  end p i n t s  of  
i n t e r v a l s )  . 
F u l l  3F-problem. 

Age conversion f o r t r a n s i t i o n  d a t a .  I n f a n t  migrants  
from b i r t h  p l a c e  t a b l e s .  

Reduced 1FE-problem f o r  age groups 40-49, 50-59, and 
60+ (ages  a t  l a s t  b i r t h d a y )  and a f u l l  3F-problem. 

Fu r the r  d i s agg rega t ion  o f  70+ age group us ing  P o l i s h  
schedules .  

No problems t o  be solved.  

Age convers ion  f o r  t r a n s i t i o n  d a t a .  Missing i n f a n t  
migran ts .  

No problems t o  be  so lved .  

Reduced 1FE-problem f o r  70+ age group. F u l l  3F-problem. 

Age convers ion  f o r  t r a n s i t i o n  d a t a .  

3F-problem b u t  wi th  some a d d i t i o n a l  c o n s t r a i n t s .  

I n t e r p o l a t i o n  from age groups 35-44, 45-54, 55-64, and 
65+ t o  f ive-year  age groups 35-39 t o  85+ (1FE-problem). 

Age convers ion  f o r  t r a n s i t i o n  d a t a .  

Extended 3E-problem (work i n  p r o g r e s s ) .  



Figu re  15.  The t h r e e  f a c e s  problem f o r  ~ u l g a r i a  i l l u s t r a t e d .  



m i g r a t i o n ,  o t h e r  t h a n  t h e  marg ina l  t o t a l s ,  may be  used.  For  i n -  

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

f o r c e  t h e  d i a g o n a l  e l e m e n t s  o f  t h e  m i g r a t i o n  m a t r i c e s  by age  t o  

b e  z e r o .  I n f o r m a t i o n  on l o c a t i o n a l  p r e f e r e n c e s  may b e  i n t r o d u c e d  

i n  t h e  se t  o f  o f f - d i a g o n a l  p r e l i m i n a r y  e s t i m a t e s .  How t h i s  may 

be done i s  i l l u s t r a t e d  i n  W i l l e k e n s  ( 1 9 8 1 ) .  I n  t h e  CMS s t u d y  w e  

d i d  n o t  have a d d i t i o n a l  i n f o r m a t i o n  on m i g r a t i o n  t h a t  would war- 

r a n t  s p e c i a l  a t t e n t i o n  g i v e n  t o  t h e  d e s i g n  o f  a  se t  o f  p r e l i m i n a r y  

e s t i m a t e s .  T h e r e f o r e ,  t h e  e s t i m a t i o n  p r o c e d u r e  was s t a r t e d  from 

a  uni form d i s t r i b u t i o n :  

f o r  a l l  i , j , x  

o  i j  where llx d e n o t e s  t h e  p r e l i m i n a r y  e s t i m a t e  o f  t h e  Oni1 e l e l e n t .  
X 

I n  most c a s e s ,  w e  c o u l d  d e d u c t  t h e  i n t r a r e g i o n a l  m i g r a t i o n  f lows  

from t h e  g i v e n  m a r g i n a l  t o t a l s  and hence l i m i t  t h e  e s t i m a t i o n  

problem t o  i n t e r r e g i o n a l  m i g r a t i o n .  ( D i a g o n a l  e l e m e n t s  w e r e  f o r c e d  
o  ii t o  b e  ze ro :  Mx = 0 f o r  a l l  i , x . )  

The e s t i m a t i o n  t e c h n i q u e  t h a t  was a p p l i e d  i s  an  e x t e n s i o n  

o f  t h e  e n t r o p y  method, w i d e l y  used i n  t r a n s p o r t a t i o n  s c i e n c e  and 

geography t o  i n f e r  s p a t i a l  i n t e r a c t i o n  f l o w s  from a g g r e g a t e  d a t a .  

The method i s  f u l l y  d e s c r i b e d  and i l l u s t r a t e d  i n  b l i l l e k e n s ,  P 6 r ,  

and R a q u i l l e t  ( 1979) , where a l s o  t h e  computer program ( w r i t t e n  

i n  FORTRAN) i s  g i v e n .  The a l g o r i t h m  i s  an  i t e r a t i v e  p rocedure .  

However, it c a n  be  shown t h a t  i n  t h r e e  o f  t h e  f o u r  problem t y p e s ,  

t h e  i t e r a t i o n  t a k e s  o n l y  one s t e p ,  i . e . ,  t h e  e s t i m a t i o n  problem 

has  a  c losed-form s o l u t i o n .  Tab le  18 shows t h e  s o l u t i o n s  t o  t h e  

v a r i o u s  t y p e s  of  e s t i m a t i o n  problems i n  t h r e e - d i m e n s i o n a l  a c c o u n t s .  

Also  g i v e n  i s  t h e  a s s o c i a t e d  l o g - l i n e a r  model and i t s  s t a t i s t i c a l  

i n t e r p r e t a t i o n .  The model assumes a  uni form d i s t r i b u t i o n  of pre-  

l i m i n a r y  e s t i n a t e s  and t h e  f i n a l  e s t i a a t e s  a r e  naximum-likel ihood 
i j  e s t i m a t e s .  Apar t  from t h e  t r i v a l  c a s e  ( C I )  when a l l  PC - f lows  
X 

a r e  known, h i g h e r  o r d e r  i n t e r a c t i o n  terms a r e  e q u a l  t o  u n i t y .  

The e x p l a n a t i o n  i s  s imple .  S i n c e  i n  t h e  un i fo rm d i s t r i b u t i o n  

( s e t  o f  p r e l i m i n a r y  e s t i m a t e s )  a l l  i n t e r a c t i o n  a f f e c t s  a r e  a b s e n t ,  

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

m i g r a t i o n  f l o w s  a r e  t h o s e  e x h i b i t e d  by t h e  g i v e n  m a r g i n a l  t o t a l s .  
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For i n s t a n c e ,  i n  t h e  1FE-problem, on ly  one b i v a r i a t e  marginal  

t o t a l  i s  given and hence only  one s e t  o f  f i r s t - o r d e r  i n t e r a c t i o n  

e f f e c t s  a r e  d i f f e r e n t  from u n i t y .  I f  a  s e t  o f  p re l imina ry  e s t i -  

mates a r e  used t h a t  d e v i a t e  from t h e  uniform d i s t r i b u t i o n ,  then 

t h e  higher-order  i n t e r a c t i o n  e f f e c t s  of  t h e  f i n a l  e s t i m a t e s  a r e  

t hose  e x h i b i t e d  by t h e  p re l imina ry  e s t i m a t e s .  

I n  t h e  3F-problem, no closed-form s o l u t i o n  e x i s t s ,  and t h e  

e s t i m a t e s  must be determined by an i t e r a t i v e  procedure .  Wil lekens ,  

P&, and R a q u i l l e t  (1979) propose an i t e r a t i v e  m u l t i p r o p o r t i o n a l  

ad jus tment  a lgo r i t hm,  which g i v e s  a  s o l u t i o n  o f  t h e  d e s i r e d  char-  

a c t e r i s t i c s  and which i s  e q u i v a l e n t  t o  i t e r a t i v e  p r o p o r t i o n a l  

f i t t i n g  a lgo r i t hms  (Bishop,  Fienberg,  and Holland 1975, pp. 33- 

9 7 ) .  

I n  t h i s  paper ,  a  s l i g h t l y  d i f f e r e n t  s o l u t i o n  s t r a t e g y  i s  

p re sen ted  which i s  b e t t e r  s u i t e d  f o r  a  s t a t i s t i c a l  i n t e r p r e t a t i o n .  

The f i n a l  e s t i m a t e s  may be w r i t t e n  a s  fo l lows:  

where 

i i j  where ax,  b i ,  and c  a r e  m u l t i p l i c a t i v e  ba lanc ing  f a c t o r s ,  as-  
j i j s o c i a t e d  wi th  t h e  f a c e  c o n s t r a i n t s  M;*, PI: , and H . The non- 

l i n e a r  equa t ions  ( 15) through ( 17) a r e  so lved  i t e r a t i v e l y .  Ex- 

p r e s s i o n  ( 1 4 )  c l o s e l y  resembles  t h e  l o g - l i n e a r  model o f  t h e  3F- 

problem (Table  1 3 ) .  I t  shows t h e  absence of a  second o r d e r  e f -  
o  i j  f e c t  u n l e s s  t h e  Mx a r r a y  e x h i b i t s  such an e f f e c t .  The proce- 

du re  p re sen ted  above i s  e q u i v a l e n t  t o  t h e  a lgo r i t hm proposed by 

C h i l t o n  and Poe t  (1973) and was a l s o  used by Willekens (1977) .  



6.  FINAL RE?4ARKS AND SUGGESTIONS FOR FUTURE STUDIES 

6.1.  Warning: Do Not Compare t h e  Incomparable 

The main o b j e c t i v e  o f  t h e  CMS s t u d y  was a  q u a n t i t a t i v e  a s s e s s -  

ment 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  and s p a t i a l  p o p u l a t i o n  dynamics 

i n  a l l  o f  IIASA's 17 N a t i o n a l  Member O r g a n i z a t i o n  c o u n t r i e s .  By 

i n v o l v i n g  n a t i o n a l  s c h o l a r s  and by u s i n g  a  methodology which was 

c o n s i d e r e d  t h e  b e s t  one a v a i l a b l e  and which was b e i n g  developed 

a t  IIASA, s u b s t a n t i a l  r e s e a r c h  c a p a c i t i e s  were b u i l t  up i n  t h e  

d i f f e r e n t  c o u n t r i e s .  The a p p l i c a t i o n  o f  a  common methodology t o  

d i f f e r e n t  d a t a  sets  p r o v i d e d  a  f i r s t  s t e p  t o  p roduc ing  compara t ive  

r e s u l t s .  An i l l u s t r a t i v e  overview o f  t h e  r e s u l t s  i s  g i v e n  i n  

t h e  Appendix. C o m p a r a b i l i t y  i s ,  however, s e v e r e l y  handicapped by 

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

p a r t i c u l a r  t h e  m i g r a t i o n  d a t a .  W e  have  a l r e a d y  n o t e d  i n  s e c t i o n  

3 t h e  d e v i a t i o n s  t h a t  e x i s t  between movement and t r a n s i t i o n  d a t a  

and t h e  l i m i t a t i o n s  on t h e  t i m e  p e r i o d  f o r  which t r a n s i t i o n  d a t a  

a r e  a v a i l a b l e .  A consequence  i s  t h a t  w e  can  p e r h a p s  compare 

F i n l a n d ,  Sweden, t h e  German Democrat ic  Repub l i c ,  t h e  N e t h e r l a n d s ,  

Hungary, S o v i e t  Union, t h e  F e d e r a l  Repub l i c  of  Germany, Poland,  

and B u l g a r i a  i n  one se t  (movement d a t a  o v e r  one y e a r )  and Canada, 

F r a n c e ,  and A u s t r i a  i n  a n o t h e r  ( t r a n s i t i o n  d a t a  o v e r  f i v e  o r  

seven y e a r s ) .  Pe rhaps  t h e  Uni ted  Kingdom ( t r a n s i t i o n  d a t a  o v e r  

one y e a r )  c a n  b e  i n c l u d e d  i n  t h e  f i r s t  set .  

Within  t h e  former  se t  t h e  h i g h  l e v e l 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 r o p e n s i t y  s t a n d  o u t  i n  F i n l a n d ,  Hungary, and t h e  S o v i e t  

Union. I n  t h e  c a s e  o f  Hungary t h i s  may b e  a s s o c i a t e d  w i t h  t h e  

i n c l u s i o n  of  temporary  m i g r a t i o n s  i n  t h e  m i g r a t i o n  f lows  i n p u t  

d a t a ;  i n  t h e  S o v i e t  Union t h e  h i g h  l e v e l s  a r e  undoubtedly  a s s o c i -  * 
a t e d  w i t h  t h e  u r b a n - r u r a l  r e g i o n  d e f i n i t i o n s  a d o p t e d ,  i n  F i n l a n d ,  

however, m i g r a t i o n  l e v e l s  between p r o v i n c e s  a r e  " g e n u i n e l y "  h igh .  

Poland,  t h e  German Democrat ic  Repub l i c ,  and B u l g a r i a  show 

t h e  h i g h e s t  r e t e n t i o n  l e v e l s  and l o w e s t  m i g r a t i o n  p r o p e n s i t i e s  

i n  t h e  f i r s t  set  o f  c o u n t r i e s .  I n  P o l a n d ' s  c a s e  (Dziewonski and 

K o r c e l l i  1991) t h e r e  h a s  been a  s t r o n g  s e c u l a r  d e c l i n e  i n  p o s t t ~ a r  

m i g r a t i o n  r a t e s .  The N e t h e r l a n d s ,  Sweden, t h e  F e d e r a l  Renubl ic  

o f  Germany, and t h e  Uni ted  Kingdom f a l l  i n  t h e  middle  o f  t h e  r a n g e  

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

*The i n t e r r e p u b l i c  m i g r a t i o n  r a t e s  quo ted  i n  Tab le  7 a r e  much 
lower .  



I n  t h e  second set ,  Canada shows s u b s t a n t i a l  r e g i o n a l  con- 

t r a s t s  i n  r e t e n t i o n  l e v e l  w i t h  t h e  r e g i o n s  o f  n e t  o u t m i g r a t i o n  

(Saskatchewan,  bianitoba, t h e  Mari t imes ,  and Newfoundland) r e t a i n -  

i n g  t h e  l e a s t  f r a c t i o n  o f  t h e i r  b i r t h  c o h o r t s .  K o b i l i t y  l e v e l s  

i n  France  and A u s t r i a  appear  t o  b e  lower  and more even o v e r  t h e  

r e g i o n s  ( a l t h o u g h  t h e  French l e v e l s  a r e  i n f l u e n c e d  by t h e  l o n g e r  

p e r i o d  of  measurement o f  t h e  o r i g i n a l  d a t a  - seven y e a r s ) .  

The c o m p a r a b i l i t y  o f  t h e  r e s u l t s  o f  t h e  CMS s t u d y  i s  f u r t h e r  

handicapped because  o f  v a r y i n g  s i z e s  o f  r e g i o n s  c o n s i d e r e d  i n  t h e  

s t udy .  W e  r e f e r  t o  s e c t i o n  4 ,  where t h e  r e g i o n s  used were d i s -  

cussed.  

To t h e s e  problems may be added d i f f e r e n c e s  i n  b a s e  p e r i o d .  

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

i n  t h e  e a r l y  s e v e n t i e s ,  t h e r e  a r e  v a r i a t i o n s  (see F i g u r e  7 ) .  The 

r e a s o n  f o r  t h i s  l a c k  o f  uni form b a s e  y e a r  i s  t h a t  n o t  a l l  p a r t i c i -  

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

y e a r .  I n  c o u n t r i e s  w i t h  r e g i s t r a t i o n  sys tems ,  m i g r a t i o n  d a t a  

became a v a i l a b l e  a n n u a l l y  and hence a  r e c e n t  y e a r  cou ld  be  selec- 

t e d  a s  t h e  b a s i s  f o r  t h e  s t u d y .  C o u n t r i e s  which do  n o t  have a  

r e g i s t r a t i o n  s y s t e n ,  must r e l y  on a  census  f o r  t h e i r  m i g r a t i o n  

d a t a .  S i n c e  a l l  b a s i c  d a t a  on t h e  components o f  demographic 

change shou ld  r e l a t e  t o  t h e  same p e r i o d ,  f e r t i l i t y  and m o r t a l i t y  

d a t a  were c o l l e c t e d  f o r  t h e  p e r i o d  ( o r  mid-period) t o  which t h e  

m i g r a t i o n  d a t a  r e f e r .  

Another s t r a t e g y  cou ld  have been t o  assemble  a s  much d a t a  

a s  p o s s i b l e  f o r  a  g iven  y e a r  (1975,  s a y )  and t o  assemble  o t h e r  

d a t a  f o r  t h e  n e a r e s t  a v a i l a b l e  - pe r i od .  T h i s  p rocedu re  may be 

i l l u s t r a t e d  w i t h  r e f e r e n c e  t o  t h e  Uni ted  Kingdom s tudy .  The 

ba se  p e r i o d  chosen was t h e  c a l e n d e r  y e a r  1970, s i n c e  i t  was t h e  

y e a r  c l o s e s t  t o  t h e  one-year  p e r i o d  f o r  which t h e  l a t e s t  migra- 

t i o n  d a t a  were a v a i l a b l e  (Rees 1979a, p. 7 4 ) .  I f  a  more r e c e n t  

y e a r ,  s a y  1974, would have been s e l e c t e d ,  t h e  s t e p s  i nvo lved  i n  

assembl ing  t h e  i n p u t  d a t a  f o r  t h e  m u l t i r e g i o n a l  a n a l y s i s  would 

be  t h e  fo l l owing :  

( 1 )  A s s e m b l e  f o r  t h a t  y e a r ,  b i r t h s ,  d e a t h s ,  and p o p u l a t i o n  

a t  r i s k  (mid -yea r ) ,  and compute f e r t i l i t y  and mor ta l -  

i t y  r a t e s .  



( 2 )  Assemble f o r  t h e  n e a r e s t  a v a i l a b l e  p e r i o d ,  m i g r a t i o n  

f low s t a t i s t i c s  and a s s o c i a t e d  p o p u l a t i o n s  a t  r i s k .  

For t h e  Uni ted  Kingdom such a  p e r i o d  would be t h e  yea r  

p r i o r  t o  Census 1971 ( A p r i l  24/25, 1971 ) .  The popula-  

t i o n s  a t  r i s k  would be f o r  t h e  mid-point  o f  t h a t  

" census"  y e a r ,  and would be i n t e r p o l a t e d  between t h e  

1970 mid-year e s t i m a t e s  ( June  30) and t h e  census  popu- 

l a t i o n s  ( A p r i l  24/25) o r  t h e  June  39, 1971 e s t i m a t e s  

(which i n c o r p o r a t e  t h e  c e n s u s  i n f o r m a t i o n )  . l 4 ig r a t i on  

r a t e s  would t h e n  be computed. 

( 3 )  A s y n t h e t i c  m u l t i r e g i o n a l  l i f e  t a b l e  would t h e n  be 

computed from t h e  1974 m o r t a l i t y  r a t e s  and t h e  1970-71 

m i g r a t i o n  r a t e s  u s i n g  t h e  hyb r id  approach e q u a t i o n s .  

( 4 )  I f  t h e  t r a n s i t i o n  approach were used ,  and accoun t s  cou ld  

be  c o n s t r u c t e d  f o r  1970-71, t h e n  it would be  p o s s i b l e  t o  

improve c o m p a r a b i l i t y  f u r t h e r  by u s i n g  miga t i on  r a t e s  

c o n d i t i o n a l  on s u r v i v a l  (see,  t h e  French study-Ledent 

and Courgeau, fo r thcoming)  f o r  1970-71 and s o  removing 

any i n f l u e n c e  o f  1970-71 m o r t a l i t y  p a t t e r n s  on t h e  

m i g r a t i o n  r a t e s .  The m i g r a t i o n  r a t e s  would t hen  be 

computed by m u l t i p l y i n g  1974 s u r v i v o r s h i p  r a t e s  by 

1970-71 c o n d i t i o n a l  m i g r a t i o n  r a t e s .  

I n  t e r m s  o f  programming r equ i r emen t s ,  i t  i s  e a s y  t o  a l t e r  

t h e  a p p r o p r i a t e  s u b r o u t i n e  i n  t h e  V7illekens and Rogers (1978) 

s u i t e  s o  t h a t  f o r  e ach  component i n p u t  and a s s o c i a t e d  and sepa-  

r a t e  p o p u l a t i o n  a t  r i s k  i s  a l s o  a v a i l a b l e  i f  r e q u i r e d .  Thus, 

a l t hough  w e  c r i t i c i z e d  t h e  French s t u d y  (Ledent  and Courgeau, 

fo r thcoming)  f o r  mismatching p e r i o d s  o f  d a t a  c o l l e c t i o n ,  t h i s  

f l e x i b i l i t y ,  i n  f a c t ,  t u r n s  o u t  t o  be  a  f e a t u r e  t h a t  cou ld  be  

employed i n  f u t u r e  a n a l y s e s .  

Th i s  s e c t i o n  i s  a  warning a g a i n s t  comparing t h e  incomparable .  

The CMS s t u d y  d i d  n o t  produce r e s u l t s  t h a t  w e r e  d i r e c t l y  compar- 

a b l e .  A uni form methodology was used th roughout  i n  t h e  hopes of 

o b t a i n i n g  t r u l y  comparable r e s u l t s  f o r  a l l  p a r t i c i p a t i n g  coun- 

t r ies.  Severe  d a t a  l i m i t a t i o n s ,  however, a s  w e l l  a s  t h e  focus  

on i n d i v i d u a l  c o u n t r y  r e p o r t s  and t h e  b u i l d i n g  up o f  r e s e a r c h  

c a p a b i l i t i e s  i n  t h e  fJ1,!0 c o u n t r i e s  p r even t ed  t h e  g e n e r a t i o n  o f  



f u l l y  comparable i n p u t  d a t a  w i t h i n  t h e  t i m e  and budge t  c o n s t r a i n t s  

imposed on t h e  s t udy .  The f i n d i n g s  o f  t h e  CMS s t u d y  must be  a s -  

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

used.  

6 . 2 .  A Framework f o r  F u t u r e  S t u d i e s  

The p r i n c i p l e  purpose  o f  t h i s  paper  h a s  been t o  p rov ide  t h e  

r e a d e r  w i t h  a  framework w i t h i n  which t h e  CMS s t u d y  c a n  be set and 

t o  p rov ide  t h e  u s e r  o f  t h e  programs w i t h  a  g u i d e  f o r  p r e p a r a t i o n  

o f  i n p u t  d a t a  sets  i n  new s i t u a t i o n s .  

I n  t h i s  r ev iew of  a c c o u n t i n g  frameworks and d a t a  i n p u t s  w e  

have  o f t e n  been c r i t i c a l  o f  what  h a s  been done. Only i n  t h a t  way 

c a n  f u t u r e  a n a l y s e s  be improved and o u r  unde r s t and ing  o f  s p a t i a l  

p o p u l a t i o n  behav ior  be i n c r e a s e d .  Y e t  d e s p i t e  t h e  s e v e r e  problems 

a t t e n d i n g  comparison of  s e p a r a t e  n a t i o n a l  s t u d i e s ,  w e  f e e l  such  

an  approach was j u s t i f i e d .  Only by c o n f r o n t i n g  t h e  t h e o r y  o f  

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  w i t h  t h e  problems o f  implement- 

a t i o n  i n  a  wide v a r i e t y  o f  c o n t e x t s  cou ld  i t s  c o n t e n t  and a p p l i c -  

a b i l i t y  be improved. W e  t h e r e f o r e  conc lude  t h e  pape r  by d i s c u s -  

s i n g  i n  what ways w e  would recommend t h e  r e s e a r c h  s p e c i f i c a t i o n  

b e  improved shou ld  anyone w i sh  t o  r e p e a t  and upda te  t h e  e x e r c i s e  

l a t e r  i n  t h e  1980s.  

( 1 )  The framework f o r  d a t a  p r e p a r a t i o n  shou ld  be e l a b o r a t e d  

from a  model i n v o l v i n g  o n l y  t h e  i n p u t  o f  d a t a  t o  one  i n v o l v i n g  

t h e  i n p u t  o f  r a t e s ,  t h e  rates be ing  d e r i v e d  from accoun t s  i n  t h e  

base  p e r i o d  and t h rough  o t h e r  p rocedu re s  i n  o t h e r  and f u t u r e  

p e r i o d s .  

( 2 )  E x t e r n a l  ( i n t e r n a t i o n a l )  m i g r a t i o n  shou ld  be  i n c l u d e d  

i n  t h e  p o p u l a t i o n  p r o j e c t i o n  e x e r c i s e s  ( a s  i s  done i n  t h e  ex tended  

v e r s i o n  o f  t h e  p r o j e c t i o n  model and computer program).  

( 3 )  To avo id  t h e  e f f e c t  o f  age  g roup ings ,  a  s i n g l e - y e a r  o f  

age  d a t a  shou ld  be used;  t o  r educe  t h e  huge d a t a  se t  t o  manage- 

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

cou ld  b e  used (Rogers ,  R a q u i l l e t ,  and C a s t r o  1978 ) .  

( 4 )  I f  m i g r a t i o n  and s e t t l e m e n t  s t u d i e s  ough t  t o  g e n e r a t e  

d i r e c t l y  comparable r e s u l t s ,  a t t e n t i o n  shou ld  be g i v e n  t o  t h e  



harmoniza t ion  o f  t h e  a v a i l a b l e  m i g r a t i o n  s t a t i s t i c s .  Harmoniz- 

a t i o n  o f  m i g r a t i o n  s t a t i s t i c s  i s  a  p r i o r i t y  f o r  comparat ive  

a n a l y s e s .  

( 5 )  Given a  cho i ce  between d i f f e r e n t  m i g r a t i o n  d a t a  t y p e s  

and p e r i o d  l e n g t h s ,  w e  would recommend employment o f  t r a n s i t i o n  

d a t a  r a t h e r  t h a n  movement d a t a ,  f o r  a  t i m e  i n t e r v a l  e q u a l  t o  t h e  

age  i n t e r v a l  (Leden t  and Rees 1 9 8 0 ) ,  p r e f e r a b l y  c l a s s i f i e d  by 

r e g i o n  o f  b i r t h  a s  w e l l  (Leden t  1980b, Yogers and P h i l i p o v  1981) 

( i n  most c o u n t r i e s ,  t h i s  c h o i c e  does  n o t  e x i s t ,  however) .  

( 6 )  The problem o f  adop t i ng  sets  o f  r e g i o n s  more a t t u n e d  

t o  t h e  d e t a i l e d  s e t t l e m e n t  s t r u c t u r e  o f  developed c o u n t r i e s  ( a  

sys tem of many c i t y  r e g i o n s )  might  be so lved  by d ropp ing  t h e  

requ i rement  t h a t  t h e y  be s t u d i e d  a s  a  s i n g l e  m u l t i r e g i o n a l  sys-  

t e m  ( a n  imposs ib l e  t a s k )  (Long and Frey, fo r thcoming)  . I n s t e a d  

t hey  cou ld  b e  s t u d i e d  i n  a  s e t  o f  s m a l l e r  ( t h r e e  r e g i o n )  systems- 

c i t y  r e g i o n ,  rest o f  c o u n t r y ,  res t  of wor ld .  Kost  o f  t h e  i m -  

p o r t a n t  s t a t i s t i c a l  o u t p u t s  of  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  

would be  g e n e r a t e d  f o r  such  sys tems ,  and f o r  many more and mean- 

i n g f u l  r e g i o n s .  The m i g r a t i o n  d a t a  e s t i m a t i o n  problems would be 

f a i r l y  s t r a i g h t f o r w a r d .  

( 7 )  C a r e f u l  a t t e n t i o n  shou ld  be  p a i d  t o  some o f  t h e  de- 

t a i l e d  problems of  d a t a  e s t i m a t i o n  a n a l y s i s  such a s  age  c l a s s i f i -  

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

r i s k ,  comparable t r e a t m e n t  of i n t r a r e g i o n a l  m ig ra t i on :  t h e s e  

can a l l  have a  n o n n e g l i g i b l e  e f f e c t  on r e s u l t s .  

W e  hope t o  l i v e  l ong  enough t o  see some o f  t h e s e  recommend- 

a t i o n s  come t o  p a s s .  



APPENDIX: AN OVERVIEW OF FINDINGS 

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

The p r i n c i p a l  d i s c u s s i o n s  of t h e  f i n d i n g s  of t h e  CMS s tudy  

i s  c a r r i e d  o u t  e lsewhere .  However, it i s  u s e f u l  i n  t h i s  Appendix 

t o  review s e l e c t e d  a s p e c t s  of t h e  m u l t i r e g i o n a l  popu la t ion  dynam- 

i c s  o f  t h e  IIASA c o u n t r i e s  i n  o r d e r  t o  show how a  knowledge of 

t h e  account ing  framework and d a t a  i n p u t s  must be used i n  i n t e r -  

p r e t i n g  t h e  r e s u l t s .  

A . 2 .  L i f e  Expec tanc ies  

One of  t h e  p r i n c i p a l  p roduc t s  of t h e  CMS t a s k  i s  a  s e t  of 

e s t i m a t e s  of l i f e  expectancy a t  t h e  r e g i o n a l  l e v e l  w i t h i n  coun- 

t r ies .  Two measures of  l i f e  expectancy were gene ra t ea :  t h e  

convent iona l  abr idged  ( f i ve -yea r  age i n t e r v a l )  l i f e  t a b l e  expec- 

tancy,  which we c a l l  t h e  s ing le - r eg ion  l i f e  expectancy,  and t h e  

m u l t i r e g i o n a l  l i f e  expectancy,  i n  which t h e  e x p e c t a t i o n  o f  l i f e  

of a  r e g i o n a l  b i r t h  c o h o r t  al lowed t o  mig ra t e  i s  c a l c u l a t e d .  

These measures a r e  set o u t  f o r  a l l  t h e  IIXSA c o u n t r i e s  i n  Table  

Al. Also noted i n  t h e  t a b l e  i s  t h e  " r e t e n t i o n  l e v e l "  o r  t h e  

p ropor t ion  of i t s  expected l i f e  t h a t  a  r e g i o n a l  b i r t h  c o h o r t  can 

expec t  t o  spend i n  i t s  r eg ion  of b i r t h .  The complement t o  t h e  

r e t e n t i o n  l e v e l  ( 1  - r e t e n t i o n  l e v e l )  p rov ides  a  measure of t h e  



Table  A l .  S i n g l e  and n u l t i r e g i o n a l  l i f e  e x p e c t a n c i e s  ( L E )  a t  
b i r t h  and r e t e n t i o n  l e v e l s  ( R L )  

L i f e  
e x p e c t a n c y  a t  R e n t e n t i o n  
b i r t h  l e v e l  

L i f e  
e x p e c t a n c y  a t  R e t e n t i o n  
b i r t h  l e v e l  

Region  SR MR RL Reg ion  SR MR RL 

U n i t e d  Kingdom 1970:  T1  N e t h e r l a n d s  1974:  M 1  

NO 71 .1  71.7 . 5  39 NO 74.7 74 .6  - 6 0 0  
YH 71.2 71 .6  .513 E A 74.4 74.5 .565 
NW 70.5  71 .4  .593 WE 7 5 . 1  74 .8  .649 
EM 72.0  72 .1  - 4 6 5  SW 75 .7  74 .8  .461 
WM 71 .6  71.9 , 558  SO 7 4 . 0  74 .3  .689 
EA 73 .5  72 - 6  . 411  

F i n l a n d  1974:  M1 

Sweden 1974:  M 1  

Canada 1966-71: T5 

NF 72.4 72.4 .57 5 
PE 72 .8  72.5 .428 
NS 72.2 72.5 .SO5 

Hungary 1974:  M 1  

C E 68.4 .488 
NH 6 9 . 1  .424 
NP 6 9 . 1  -372 
S P 6 9 . 1  - 4 6 0  
NT 69 .7  -506  

UN 74.9 75  .O .533 S o v i e t  Union 1974:  M 1  

RU 68 .2  6 9 . 1  - 3  86 
German D e m c r a t i c  R e p u b l i c  1974:  M 1  

Notes  : 
SR-single r e g i o n ,  MR-multiregion, RL- re t en t ion  l e v e l  
T - t r a n s i t i o n  d a t a ,  M-movement d a t a ,  1 , 5 , 7 - y e a r  f o r  d a t a  
S e e  T a b l e  1 3  f o r  t h e  f u l l  r e g i o n  names. 



Table  A1 con t inued  

L i  f e  
expec tancy  a t  R e t e n t i o n  
b i r t h  l e v e l  

Region S R MR RL 

F e d e r a l  Republ ic  o f  Germany 1974: Ml 

A u s t r i a  1966-71: T5 

W I  70.7 
NO 70.3 
BU 69.9 
KA 70.3 
ST 70.2 
00 70.6 
S A 71.1 
T I  71.6 
VO 71.4 

Poland 1975: M 1  

B u l g a r i a  1975: Ml 

L i f e  
expec tancy  a t  
b i r t h  

Region SR MR 

France  1975: T7 

PR 74.6 
PB 73.3 
NO 70.2 
EA 72.3 
WE 73.0 
SW 74.4 
ME 73.6 
MD 74.7 

Czechoslovakia  1975: M 1  

Japan 1970: T1 

HO 71.8 72.1  
TO 71.1 72.0 
KA 72.5 72.3 
CB 72.4 72.3 
KI 72.6 72.5 
CG 72.5 72.3 
SH 71.6 72 .O 
KY 71.6 72.1  

Uni ted S t a t e s  1970: T1 

I t a l y  1971: M 1  

R e t e n t i o n  
l e v e l  

RL 



Notes t o  Table  A l :  

Sources: The fo l lowing  sources  r e f e r  t o  t h e  Migrat ion and Se t t l emen t  Reports ,  
which a r e  l i s t e d  i n  numerical o r d e r  a t  t h e  end o f  the r e f e r ences .  
The f i n a l  r e p o r t s  f o r  France,  Czechoslovakia,  Japan,  t h e  United 
S t a t e s ,  and I t a l y  have n o t  been publ i shed ,  t h e r e f o r e  working d r a f t s  
were used a s  r e f e r ences .  

United Kingdom, Rees (1979):  LEI SR-Table 17 ,  p. 50; LE,.MR-Table 28, 
p. 91; RL-Table 29, p. 94. 
F in land ,  Rikkinen (1979) : LE, SR-average o f  male and female va lues ,  
1961-1965, g iven  i n  Table 2.7, p. 20; LEI MR-Table 3.5a, p. 51; RL- 
Table 3.5b, p. 51. 
Sweden, Andersson and Holmberg (1980):  LEI SR-Table 3.4, p. 37; LEI 
MR-Table 3.4, p. 37; RL-computed from Table  3.2, p. 36. 
German Democratic Republic,  Mohs (1980):  LR, MR-Table 12,  p. 28; RL- 
computed from Table  12,  p. 28. 
Nether lands,  Drewe (1980):  LE, SR-Table 3, p. 8;  LE, MR-Table 6 ,  p. 
18;  RL-computed from Table  6 ,  p. 18. 
Canada, Termote (1980) :  L E I  SR-average o f  male and female va lues  i n  
Table  5, p .  20; LEI MR-average o f  male and female va lues  i n  Table  12,  
p. 34; RL-computed from Table  12, p. 34. 
Hungary, Bies  and Tekse (1980) ; LEI SR-average o f  male and female county 
va lues  i n  Table  12,  p. 19 f o r  1969-1970; LEI MR-Table 25, p.  42; RL- 
Table  26, p. 42. 
Sov ie t  Union, Soboleva (1980):  LE, SR-Table 26, p. 48; LE, MR-Table 
31, p. 55; RL-computed from Table  31, p. 55. 
Federa l  Republic o f  Germany, Koch and Gatzweiler  (1980) : LEI MR-Table 
7 ,  p. 31; RL-computed from Table  7,  p. 31. 
Aus t r i a ,  Sauberer  (1981) : LEI MR-Table 16,  p. 34; RL-computed from 
Table  16, p. 34. 
Poland, Dziewonski and K o r c e l l i  (1981):  LE, MR-Table 10, p. 45; RL- 
Table 11, p. 48. 
Bu lga r i a ,  Ph i l i pov  (1981):  LEI MR-Table 16 ,  p. 27; RL-Table 17,  p. 
28. 
France, Ledent and Courgeau ( for thcoming) :  LEI SR-Table 51, p. 157; 
LEI MR-Table 51, p. 157; RL-Table 49, p .  154 f o r  males. The l i f e  ex- 
pectancy va lues  a r e  l a b e l l e d  "1975" because t h i s  is  t h e  pe r iod  t o  which 
t h e  dea ths  d a t a  apply.  The migra t ion  f lows d a t a  r e f e r  t o  t h e  pe r iod  
1968-1975, however. See F igure  12. 
Czechoslovakia,  Kuhnl ( for thcoming) :  LE, SR, LE, MR, and RL recomputed 
by Rees from o r i g i n a l  d a t a .  
Japan, Nanjo, Kawashima, and Kuroda (for thcoming)  : LEI SR-average of  
male and female v a l u e s  i n  Table  9 ,  p .  26; LE, MR-Table 13,  p .  35; RL- 
Table  13, p .  35. 
United S t a t e s ,  Long and Frey ( for thcoming) :  LE,SR-Table 3 .1 ,  p. 29; 
LEI MR, and RL-Table 3.4, p.  35. 
I t a l y ,  J u s t  and Rogers (1980 IIASA monograph) : LEI MR, and RL-Table 
14,  p. 21. 



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

a r y  l i f e  t a b l e  model p o p u l a t i o n ) .  Also no ted  i n  t h e  t a b l e  a r e  

t h e  y e a r  o r  l o n g e r  p e r i o d  t o  which t h e  d a t a  app ly ,  and above 

each  c o u n t r y ' s  r e t e n t i o n  l e v e l  s t a t i s t i c s  t h e r e  i s  a  code denot-  

i n g  t h e  n a t u r e  o f  t h e  m i g r a t i o n  f low d a t a  used and t h e  p e r i o d  

o v e r  which it was obse rved .  The n o t e s  t o  t h e  t a b l e  g i v e  d e t a i l s  

o f  t h e  s o u r c e s  used t o  compi le  t h e  s t a t i s t i c s ,  which were t h e  

C?,lS s t udy  Research Repo r t s ,  t o  which t h e  r e a d e r  c a n  t u r n  f o r  f u r -  

t h e r  d e t a i l s .  

The f i r s t  p r o p e r t y  o f  t h e  l i f e  e x p e c t a n c i e s  which w e  examine 

i s  t h e i r  r ange  and v a r i a t i o n .  The t y p e  o f  q u e s t i o n  w e  have i n  

mind i s  t h e  e x t e n t  t o  which t h e  l i f e  e x p e c t a n c i e s  o f  t h e  r e g i o n s  

v a r y  among t h e  c o u n t r i e s  o r  w i t h i n  them. A q u a l i t a t i v e  answer 

t o  t h i s  q u e s t i o n  i s  prov ided  i f  w e  g r aph  t h e  minima, medians,  and 

maxima o f  t h e  c o u n t r i e s '  r e g i o n a l  l i f e  expec tancy  set  i n  rank  

o r d e r  o f  medium m u l t i r e g i o n a l  l i f e  expec tancy  ( F i g u r e  A ? ) .  The 

d i f f e r e n c e  between h i g h e s t  and l owes t  median f o r  c o u n t r i e s  i s  

6 . 1  y e a r s ;  t h e  w i d e s t  r a n g e  w i t h i n  a  c o u n t r y  i s  3.6 y e a r s  i n  t h e  

S o v i e t  Un ion , andmos t  c o u n t r i e s  have much nar rower  r anges .  

T h i s  impre s s ion  o f  wider  i n t e r n a t i o n a l  v a r i a t i o n  and narrower  

i n t r a n a t i o n a l  v a r i a t i o n  i s  r e i n f o r c e d  when w e  map t h e  l i f e  expec- 

t a n c i e s  ( F i g u r e s  A2 and A 3 ) .  The p i c t u r e  f o r  Europe i s  a  f a n i l i a r  

one o f  t h e  h i g h e s t  l i f e  e x p e c t a n c i e s  t o  be found i n  t h e  c o u n t r i e s  

c l o s e s t  t o  t h e  Nor thwest  Europe-Scandinavia a x i s  r unn ing  from, 

s a y ,  P a r i s  t o  Stockholm. Away from t h i s  a x i s ,  l i f e  e x p e c t a n c i e s  

d e c l i n e .  

However, t h e r e  a r e  problems i n  i n t e r p r e t i n g  t h e  r e s u l t s .  I n  

p a r t i c u l a r ,  t h e  y e a r  o f  o b s e r v a t i o n  v a r i e s  q u i t e  a  h i t ,  and s i n c e  

l i f e  e x p e c t a n c i e s  a r e  improving c o n t i n u o u s l y  i n  most c o u n t r i e s  

( pe rhaps  by one  y e a r  p e r  decade  i n  t h e  CllS s e t ) ,  c o u n t r i e s  w i t h  

more r e c e n t  p e r i o d s  o f  s t u d y  compare f a v o r a b l y  w i t h  c o u n t r i e s  

w i t h  less r e c e n t  p e r i o d s  o f  s t udy .  So A u s t r i a ,  Canada, and t h e  

United Kingdom have lower  l i f e  e x p e c t a n c i e s  t h a n  t h e y  would have 

i f  s t a t i s t i c s  had been a v a i l a b l e  f o r  1974 ( t h e  model y e a r  i n  t h e  

s t u d i e s ) ,  and France  and B u l g a r i a  have h i g h e r  e x p e c t a n c i e s .  
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The r e a s o n  f o r  t h e  i n c o m p a r a b i l i t y  i s ,  a s  w e  have n o t e d  

e a r l i e r  i n  s e c t i o n  3 ,  t h e  l i m i t a t i o n s  on t h e  t i m e  p e r i o d  f o r  

which m i g r a t i o n  f lows  d a t a  ( p a r t i c u l a r l y ,  t r a n s i t i o n  t y p e  d a t a )  

a r e  a v a i l a b l e .  

A. 3. The R e l a t i o n s h i p  between S i n g l e  and P l u l t i r e g i o n a l  L i f e  
E x p e c t a n c i e s  

I n  t h e  Uni ted  Kingdom and Sweden s t u d i e s ,  much a t t e n t i o n  was 

devo ted  t o  t h e  r e l a t i o n s h i p  between l i f e  e x p e c t a n c i e s  c a l c u l a t e d  

i n  a s i n g l e  r e g i o n  and i n  a r n u l t i r e g i o n a l  f a s h i o n .  A s  F i g u r e  A1 

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

( w i t h  t h e  e x c e p t i o n  o f  t h e  S o v i e t  Union r e g i o n a l  min ina ,  something 

t h a t  i n  t h e o r y  s h o u l d  n o t  happen) t h a n  t h e  m u l t i r e g i o n a l  r a n g e ,  

and t h e  v a r i a n c e  i s  h i g h e r .  I t  w a s  s u g g e s t e d  i n  t h e  Uni ted  King- 

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

r e g r e s s i o n  o f  t h e  s i n g l e - r e g i o n  v a l u e s  t o  t h e  mean. I l i g r a t i o n  

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

l i f e  changes  w i t h i n  a n a t i o n ,  a l t h o u g h  it w a s  r e c o g n i z e d  t h a t  t h i s  

i n t e r p r e t a t i o n  depended c r i t i c a l l y  on  t h e  assumpt ion  t h a t  m i g r a n t s  

d i d  n o t  c a r r y  t h e i r  p a s t  h i s t o r y  w i t h  t h e n .  

T h i s  r e g r e s s i o n  a n a l y s i s  c a n  be r e p e a t e d  f o r  a number o f  t h e  

CMS c o u n t r i e s  and t h e  r e s u l t s  are shown i n  F i g u r e  A 4 .  I n  a l l  

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

t h a n  u n i t y  (when t h e r e  would be no e f f e c t ) .  I n  f a c t ,  t h e  Uni ted  

Kingdom t u r n s  o u t  n o t  t o  be  t h e  c o u n t r y  w i t h  t h e  h i g h e s t  d e g r e e  

o f  r e q r e s s i o n  t o  t h e  mean: t h a t  f a l l s  t o  t h e  N e t h e r l a n d s .  The 

weakes t  r e g r e s s i o n  e f f e c t  o c c u r s  i n  t h e  S o v i e t  Union, where a l -  

though m i g r a t i o n  l e v e l s  a r e  r e l a t i v e l y  h i g h ,  t h e i r  n a t u r e  and 

d i r e c t i o n  do  n o t  f a v o r  e q u a l i z a t i o n  o f  l i f e  changes  as nuch.  

A . 4 .  X e t e n t i o n  L e v e l s  and I ' l i g ra t ion  P r o p e n s i t i e s  

The v a l u e s  from T a b l e  A1 a r e  p l o t t e d  o n  F i g u r e s  A 5  and A 6 .  

U n f o r t u n a t e l y ,  it i s  o n l y  p o s s i b l e  t o  compare w i t h i n  sets o f  coun- 

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

p e r h a p s  compare F i n l a n d ,  Sweden, t h e  German Democrat ic  !?e?uSlic,  

t h e  N e t h e r l a n d s ,  Hungary, t h e  S o v i e t  Union, t h e  F e d e r a l  Repub l i c  

o f  Germany, Po land ,  and B u l g a r i a  i n  o n e  s e t  (movement d a t a  o v e r  
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Figure A4. Multiregional versus single-region life expectancies: 
regression analysis. 
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one y e a r )  and Canada, F rance ,  and A u s t r i a  i n  a n o t h e r  ( t r a n s i t i o n  

d a t a  ove r  f i v e  o r  seven y e a r s ) .  Perhaps  t h e  Uni ted  Kingdom 

( t r a n s i t i o n  d a t a  o v e r  one y e a r )  can  be  i n c l u d e d  i n  t h e  f i r s t  se t .  

Within  t h e  former  se t  t h e  h igh  l e v e l 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 r o p e n s i t y  s t a n d  o u t  i n  F i n l a n d ,  Hungary, and t h e  S o v i e t  

Union. I n  t h e  c a s e  o f  Hungary t h i s  may be a s s o c i a t e d  w i t h  t h e  

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

d a t a ;  i n  t h e  S o v i e t  Union t h e  h i g h  l e v e l s  a r e  undoubtedly  a s s o c i -  * 
a t e d  w i t h  t h e  u r b a n - r u r a l  r e g i o n  d e f i n i t i o n s  adop t ed ,  i n  F in l and ,  

however, m i g r a t i o n  l e v e l s  between p r o v i n c e s  a r e  "genu ine ly"  h igh .  

Poland,  t h e  German Democrat ic  Republ ic ,  and B u l g a r i a  show 

t h e  h i g h e s t  r e t e n t i o n  l e v e l s  and l owes t  m i g r a t i o n  p r o p e n s i t i e s  

i n  t h e  f i r s t  s e t  o f  c o u n t r i e s .  I n  P o l a n d ' s  c a s e  (Dziewonski and 

K o r c e l l i  1981) h a s  been a  s t r o n g  s e c u l a r  d e c l i n e  i n  pos twar  m i -  

g r a t i o n  r a t e s .  The Ne the r l ands ,  Sweden, t h e  F e d e r a l  Republ ic  o f  

Germany, and t h e  Uni ted  Kingdom f a l l  i n  t h e  middle  o f  t h e  range  

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

I n  t h e  second s e t ,  Canada shows s u b s t a n t i a l  r e g i o n a l  con- 

t r a s t s  i n  r e t e n t i o n  l e v e l  w i t h  t h e  r e g i o n s  o f  n e t  o u t m i g r a t i o n  

(Saskatchewan,  Manitoba,  t h e  Mari t imes ,  and Newfoundland) r e t a i n -  

i n g  t h e  l e a s t  f r a c t i o n  o f  t h e i r  b i r t h  c o h o r t s .  F o b i l i t y  l e v e l s  

i n  France  and A u s t r i a  appea r  t o  be lower  and more even o v e r  t h e  

r e g i o n s  ( though t h e  French l e v e l s  a r e  i n f l u e n c e d  by t h e  l o n g e r  

p e r i o d  o f  measure o f  t h e  o r i g i n a l  data-seven y e a r s ) .  

However, t h e  map o f  r e t e n t i o n  l e v e l s / m i g r a t i o n  p r o p e n s i t i e s  

c l e a r l y  needs  f u r t h e r  d e t a i l e d  and c a r e f u l  a n a l y s i s ,  and supple-  

men t a t i on  w i t h  a n  a n a l y s i s  o f  m ig rap roduc t i on  l e v e l s .  Unfortu-  

n a t e l y ,  i n  t h e  migraproduc t ion  a n a l y s e s  y e t  a n o t h e r  e lement  o f  

v a r i a b i l i t y  was added-in some c o u n t r y  s t u d i e s ,  i n t e r d i s t r i c t / '  

i n t e r c o u n t y  m i g r a t i o n s  w i t h  r e g i o n s  were i nc luded  i n  t h e  ca l cu -  

l a t i o n  of  migraproduc t ion  s t a t i s t i c s ,  w h i l e  i n  o t h e r s  t hey  were 

n o t .  The f i n d i n g s  o f  t h e  C14S s t u d y  must be a s s e s s e d  v e r y  c a r e -  

f u l l y  i n  r e l a t i o n  t o  t h e  n a t u r e  of t h e  i n p u t s  used.  

*The i n t e r r e p u b l i c  m i g r a t i o n  r a t e s  quo ted  i n  Tab l e  7 a r e  
much lower .  
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