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FOREWORD 

Decl in ing r a t e s  of  n a t i o n a l  popula t ion growth, con t inu ing  
d i f f e r e n t i a l  l e v e l s  of reg iona l  economic a c t i v i t y ,  and s h i f t s  
i n  t h e  migra t ion  p a t t e r n s  of  people and jobs a r e  c h a r a c t e r i s t i c  
emp i r i ca l  a s p e c t s  of many developed c o u n t r i e s .  I n  some reg ions  
they have combined t o  b r i n g  about r e l a t i v e  (and i n  some c a s e s  
a b s o l u t e )  popula t ion d e c l i n e  of  h igh ly  urbanized a r e a s ;  i n  
o t h e r s  they have brought about  r a p i d  met ropo l i tan  growth. 

The o b j e c t i v e  o f  t h e  Urban Change Task i n  IIASA's Human 
Set t lements  and Serv i ces  Area i s  t o  b r i ng  t o g e t h e r  and syn thes i ze  
a v a i l a b l e  empi r i ca l  and t h e o r e t i c a l  in format ion on t h e  p r i n c i p a l  
determinants  and consequences of  such urban growth and d e c l i n e .  

Th is  paper focuses  on two a l t e r n a t i v e  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  methods. I t  demonstrates t h a t  a  more 
d isaggregated  c a l c u l a t i o n  procedure,  based on p r o b a b i l i t i e s  
t h a t  a r e  s p e c i f i c  t o  an i n d i v i d u a l ' s  p lace  of b i r t h ,  y i e l d s  
more accu ra te  e s t i m a t e s  of reg iona l  a l l o c a t i o n s  of l i f e  expec- 
t a n c i e s  than  does t h e  more convent ional  Markovian-based s o l u t i o n .  

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

Andrei Rogers 
Chairman 
Human Set t lements  
and Serv ices  Area 
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ABSTRACT 

The usual approach to the construction of a multiregional 
life table involves the calculation of a multiradix increment- 
decrement life table based on commonly available data about 
interregional migration streams. However, if the migration 
data are cross-classified by place of birth, an alternative 
multiregional life table can be obtained by constructing a set 
of uniradix increment-decrement life tables, calculated separately 
for each regional share of the initial cohort. 

This paper demonstrates this alternative method (place- 
of-birth-dependent approach) and contrasts it with the more 
traditional one (place-of-birth-independent approach) using 
data on the female population, observed between 1965 and 1970, 
for the system of the four US Census Regions. The main result 
is that the consideration of place-of-birth-specific migration 
data reduces somewhat the fraction of the regional expectation 
of life at birth to be spent outside the region of birth. 
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CONSTRUCTING MULTIREGIONAL LIFE TABLES 
USING PLACE-OF-BIRTH-SPECIFIC MIGRATION 
DATA 

INTRODUCTION 

The ord inary  l i f e  t a b l e  i s  a dev ice f o r  fo l low ing  a c losed 

group of people ,  born a t  t h e  same t ime,  a s  it dec reases  i n  

s i z e  u n t i l  t h e  death of i t s  l a s t  member. The emphasis i s  pu t  

on t h e  nonrevers ib le  t r a n s i t i o n  from one s t a t e  (be ing a l i v e )  

t o  ano ther  (being d e a d ) .  A s t ra igh t fo rward  ex tens ion  of  t h i s  

model i s  t h e  mu l t i p le  decrement l i f e  t a b l e  which recognizes 

t r a n s i t i o n s  t o  more than  one f i n a l  absorbing s t a t e  (e .g . ,  

decrements due t o  va r ious  causes of d e a t h ) .  

However, i n  t h e  case  of r e c u r r e n t  e v e n t s ,  t h e  l a t t e r  model 

does n o t  permi t  one t o  fo l low persons who have moved from one 

s t a t e  t o  ano ther  and t o  analyze t h e i r  subsequent exper iences .  

Such a problem may be handled wi th  t h e  h e l p  of  more complex l i f e  

t a b l e s  which recognize e n t r i e s ,  o r  increments ,  a s  w e l l  a s  e x i t s ,  

o r  decrements. Because of t h e i r  genera l  n a t u r e ,  such l i f e  

t a b l e s ,  denoted a s  increment-decrement l i f e  t a b l e s ,  a r e  va luab le  

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

b i r t h  p a r i t y ,  a s  w e l l  a s  i n t e r r e g i o n a l  migrat ion-- in which c a s e ,  

they  a r e  o f t e n  r e f e r r e d  t o  a s  mu l t i r eg iona l  l i f e  t a b l e s  (Rogers 

1973) . 



Among such generalized life tables, a distinction is often 

made between uniradix increment-decrement life tables, for which 

the initial cohort is concentrated in a unique state, and multi- 

radix increment-decrement life tables, for which the initial 

cohort is allocated to several, if not all, of the intercom- 

municating states. 

The key feature of increment-decrement life tables--uniradix 

ps well as multiradix ones--lies in their formulation as simple 

Markov chain models. As a consequence, such generalized life 

tables rely on stringent assumptions (population homogeneity 

and Markovian behavior) which are far from reflecting reality 

and thus often lead to faulty results (Ledent 1980a). This is 

especially true in the case of multiregional life tables since, 

as is well-known, individuals with identical demographic 

characteristics (age, sex, and race) can exhibit quite different 

propensities to move depending on past events in their lives. 

In particular, consider the perhaps most interesting 

statistics to be drawn from a multiregional life table; namely, 

the number of years (total and distribution according to the 

regions in which they are to be spent) that an individual born 

in any of the regions can expect to live. They are likely to 

take on highly inaccurate values if they are derived from a 

multiregional life table calculated with the traditional 

approach (that is as a multiradix increment-decrement life 

table based on the type of migration data commonly available). 

This inaccuracy arises because the application, in the tradi- 

tional approach, of the same mobility age schedules to the 

individuals of a given region (regardless of their region of 

birth) ignores the generally well-established fact that migra- 

tion propensities are heavily dependent on the birthplace of 

the individuals concerned (for a quantitative observation of 

such a fact in the case of the United States, see Long and 

Hansen 1975; Ledent 1980b). 



There fo re ,  t o  p rov ide  more accep tab le  v a l u e s  of t h e  r e g i o n a l  

e x p e c t a t i o n s  of l i f e  a t  b i r t h  ( t o t a l  and r e g i o n a l  s h a r e s ) ,  mu l t i -  

r e g i o n a l  l i f e  t a b l e s  shou ld  r e l y  on i n t e r r e g i o n a l  m ig ra t i on  

d a t a  c r o s s - c l a s s i f i e d  by p l a c e  o f  b i r t h .  I n  view of  t h i s  need,  

t h i s  paper  demons t ra tes  t h e  c o n s t r u c t i o n  of such m u l t i r e g i o n a l  

l i f e  t a b l e s ,  which i nvo l ves  t h e  c a l c u l a t i o n  of a  u n i r a d i x  

increment-decrement l i f e  t a b l e  f o r  each  o f  t h e  r e g i o n a l  s h a r e s  

of t h e  i n i t i a l  c o h o r t .  I t  a l s o  c o n t r a s t s  such an  approach 

( h e r e a f t e r  c a l l e d  t h e  p lace-o f -b i r th -dependent  approach) w i t h  

t h e  t r a d i t i o n a l  approach based on commonly a v a i l a b l e  m ig ra t i on  

d a t a  ( t h e  p lace-o f -b i r th - independent  approach) .  An i l l u s t r a t i o n  

i s  prov ided w i t h  t h e  h e l p  of an a p p l i c a t i o n  t o  t h e  system con- 

s i s t i n g  o f  t h e  f o u r  US Census Regions observed d u r i n g  t h e  p e r i o d  

1965-70, f o r  females  on l y ;  t h e  necessary  m i g r a t i o n  d a t a  can be 

r e a d i l y  d e r i v e d  from pub l i shed  census i n fo rma t i on  (US Bureau 

of t h e  Census 1973) .  

Th is  paper  c o n s i s t s  of f o u r  s e c t i o n s .  Sec t i on  1 ,  i n tended  

a s  a  background s e c t i o n ,  p r e s e n t s  a  b r i e f  reminder on t h e  t h e o r y  

and mathemat ica l  t r e a t m e n t  o f  increment-decrement l i f e  t a b l e s .  

Then, s e c t i o n  2 proposes a  d i s c u s s i o n  of t h e  i s s u e  a t  hand, i . e . ,  

t h e  i n f l u e n c e  o f  t h e  popu la t i on  homogeneity assumpt ion on t h e  

c a l c u l a t i o n  o f  such t a b l e s :  t h e  d i s c u s s i o n  i s  c e n t e r e d  around 

t h e  p a r t i c u l a r  r o l e  of t h e  b i r t h p l a c e  i n  m ig ra t i on  d e c i s i o n s .  

Next, s e c t i o n  3 r e p o r t s  on t h e  implementat ion o f  t h e  p lace-o f -  

b i r th -dependent  approach and,  f i n a l l y ,  s e c t i o n  4 p rov ides  some 

p e r s p e c t i v e s  on t h e  c o n t r a s t  which t h i s  approach o f f e r s  w i t h  

rega rd  t o  t h e  u s u a l  p lace-o f -b i r th - independent  approach.  The 

g e n e r a l  c a l c u l a t i o n  method f o r  c o n s t r u c t i n g  t h e  v a r i o u s  increment-  

decrement l i f e  t a b l e s  cons ide red  i n  t h i s  paper  i s  d e s c r i b e d  

i n  t h e  Appendix. 

1 .  REMINDER ON INCREMENT-DECREMENT LIFE TABLES 

Although some of  t h e  i s s u e s  under l y ing  t h e  c o n s t r u c t i o n  of 

increment-decrement l i f e  t a b l e s  w e r e  cons ide red  long ago,  i t  

i s  on ly  r e c e n t l y  t h a t  t h e  thorough and s y s t e m a t i c  d i s c u s s i o n  

of t h e  methodolog ica l  and e m p i r i c a l  problems r a i s e d  by such 



c o n s t r u c t i o n  has appeared i n  t h e  l i t e r a t u r e .  Never the less ,  i n  

less t han  a  decade,  t h e  c o n t r i b u t i o n  o f  s e v e r a l  r e s e a r c h e r s  

(Rogers 1973, 1975; Schoen and Nelson 1974; Rogers and Ledent 

1975, 1976; Schoen 1975; Hoem and Fong 1976; Schoen and Land 

1977; Ledent 1978, 1980a; Krishnamoorthy 1979) has  l e d  t o  t h e  

development o f  a  formal  mathemat ical  t r e a t m e n t  which now g i v e s  

increment-decrement l i f e  t a b l e s  a  s t a t u s  comparable t o  t h a t  o f  

t h e  o r d i n a r y  l i f e  t a b l e .  

Perhaps,  t h e  s i n g l e  most impor tan t  e lement  r e s p o n s i b l e  f o r  

such a  development was t h e  r e a l i z a t i o n  t h a t  an increment-  

decrement l i f e  t a b l e  can be regarded a s  a  g e n e r a l i z e d  l i f e  

t a b l e  i n  which e lements  i n  ma t r i x  fo rmat  a r e  s u b s t i t u t e d  f o r  

t h e  s c a l a r  e lements  o f  t h e  o r d i n a r y  l i f e  t a b l e  (Rogers and 

Ledent 1975, 1976; Rogers 1975) .  

I n  t h i s  s e c t i o n ,  w e  p r e s e n t  an overview o f  a  mathemat ica l  

t r e a t m e n t  o f  increment-decrement l i f e  t a b l e s  t h a t  p a r a l l e l s  t h e  

c l a s s i c a l  e x p o s i t i o n  o f  t h e  o r d i n a r y  l i f e  t a b l e :  t h e  correspond- 

ence between t h e  formulas  r e l e v a n t  t o  t h e  o r d i n a r y  and t h e  

increment-decrement l i f e  t a b l e  i s  s t r e s s e d  i n  Table 1. 

Suppose w e  have a  system o f  r + 1 s t a t e s  ( r  intercommunica- 

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

i s  a l l o c a t e d  among s s t a t e s  (1 5 s 5 r )  : l e t  Li ( 0 )  be t h e  

" r a d i x "  of  s t a t e  i. The p r i n c i p a l  problem h e r e  i s  one o f  
i e s t i m a t i n g  t h e  s t a t e - s p e c i f i c  cu rves  o f  s u r v i v o r s  L ( y )  a t  

each age y .  Such e s t i m a t i o n  i s  c e n t e r e d  around t h e  d i f f e r e n t i a l  

equa t i on  i n  ( 3 ' ) ;  it p r e s e n t s  a  v e c t o r  n o t a t i o n  o f  t h e  r s c a l a r  

equa t i ons  a r r i v e d  a t  by s u b s t i t u t i n g  t h e  e q u a t i o n s  ( 1 ' )  d e f i n i n g  

t h e  i n s t a n t a n e o u s  m o b i l i t y  r a t e s  i n t o  t h e  accoun t ing  e q u a t i o n s  
i ( 2 ' )  showing t h e  inc rements  and decrements t o  each L ( y )  group. 

[Note t h a t  equa t i on  ( 3 ' )  i s  a s t r a i g h t f o r w a r d  v e c t o r  ex tens ion  

of t h e  b a s i c  d i f f e r e n t i a l  equa t i on  (3 )  o f  t h e  o r d i n a r y  l i f e  

t a b l e .  1 





Equat ion ( 3 ' )  admi ts  r l i n e a r l y  independent  s o l u t i o n s ,  

which can be  expressed  a s  equa t i on  ( 4 ' ) ,  a  s t r a i g h t f o r w a r d  

ma t r i x  e x t e n s i o n  o f  t h e  o r d i n a r y  l i f e  t a b l e  s o l u t i o n  ( 4 ) .  These 

independent  s o l u t i o n s  o f  ( 3 ' )  a r e  t h e  r m u l t i s t a t e  s t a t i o n a r y  

popu la t i ons  t h a t  a r e  gene ra ted  by a  u n i t  ( a r b i t r a r y )  r a d i x  i n  

each o f  t h e  r s t a t e s  ( r e g a r d l e s s  o f  whether some o f  t h e  s t a t e s  

a r e  i n i t i a l l y  empty o r  n o t ) .  

The m a t r i x  Q ( y )  i s  a  p roper  t r a n s i t i o n  p r o b a b i l i t y  m a t r i x  - 
showing t h e  s t a t e  s p e c i f i c  s u r v i v a l  p r o b a b i l i t i e s  a t  age  y  o f  

t h e  m e m b e r s  o f  each  r a d i x .  [Note t h a t  u n l i k e  i t s  c o u n t e r p a r t  

i n  t h e  o r d i n a r y  l i f e  t a b l e ,  t h i s  ma t r i x  canno t  be s imply  

expressed  i n  t e r m s  o f  t h e  i ns tan taneous  m o b i l i t y  r a t e s  b u t  h a s  

t o  be determined by t h e  i n f i n i t e s i m a l  c a l c u l u s  o f  V o l t e r r a  

(Schoen and Land 1977) . ]  Then, it i s  r e a d i l y  p o s s i b l e  t o  d e r i v e  

t h e  number o f  s u r v i v o r s  Lx, a t  f i x e d  ages O,n,2n, ... by app ly ing  - 
i n  success ion  a s  shown i n  equa t i on  ( 6 ' )  a  set of  a g e - s p e c i f i c  

t r a n s i t i o n  p r o b a b i l i t y  m a t r i c e s  p  ( g e n e r a l i z i n g  t h e  a g e - s p e c i f i c  
-X  

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

Now, it i s  p o s s i b l e  t o  d e f i n e  m u l t i s t a t e  l i f e  t a b l e  

f u n c t i o n s  g e n e r a l i z i n g  t h e  usua l  s t a t i s t i c s  found i n  a  l i f e  

t a b l e .  Equat ion ( 8 ' )  d e f i n e s  t h e  m u l t i s t a t e  l i f e  t a b l e  func- 

t i o n  Lx whose ( i , j ) - t h  e lement  r e p r e s e n t s  t h e  number o f  peop le  - 
born i n  s t a t e  j and a l i v e  i n  s t a t e  i of t h e  l i f e  t a b l e  between 

ages  x  and x  + n  o r ,  a l t e r n a t i v e l y ,  t h e  number o f  person-years  

l i v e d  i n  s t a t e  i between t h o s e  ages  by t h e  m e m b e r s  o f  t h e  j - t h  

r a d i x .  From t h e r e ,  it i s  p o s s i b l e  t o  d e f i n e  g e n e r a l i z e d  T- 

s t a t i s t i c s  [ equa t i on  ( 9 ' ) l  and,  f i n a l l y ,  g e n e r a l i z e d  e - s t a t i s t i c s  

[ equa t i on  ( 10 ' ) 1 : t h e  ( if j ) - t h  e lement o f  e deno tes  t h e  -x 
number o f  y e a r s  i n  p r o s p e c t  t h a t  an  x-year o l d  i n d i v i d u a l  

p r e s e n t  i n  s t a t e  j  can e x p e c t  t o  spend i n  s t a t e  i. 

Another g e n e r a l i z a t i o n  o f  i n t e r e s t  is t h a t  o f  t h e  m o r t a l i t y  

r a t e s  mx and s u r v i v o r s h i p  p r o p o r t i o n s  s of  t h e  o r d i n a r y  l i f e  
X 

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

decrement l i f e  t a b l e s  is  c e n t e r e d  around t h e  e q u a l i z a t i o n  o f  

t h e  l i f e  t a b l e  va lues  o f  t h e  g e n e r a l i z e d  m- and s - s t a t i s t i c s  



with their observed counterparts. The relevant approaches 

are known as the movement and transition approaches devised 

by Schoen (1975) and Rogers (1973, 1975) , respectively. 

On the one hand, interstate "passage" can be observed as 

a move, i.e., an instantaneous event similar to a death. This 

leads to the movement approach--consistent with the approach 

taken in the ordinary life table--in which the linkage with the 

observed population is ensured through an equalization of the 

life table mortality and mobility rates with their observed 

counterparts. On the other hand, interstate "passage" can be 

observed as a change in an individual's state of presence between 

two points of time (regardless of the numbers of eventual moves 

made in the meantime). This characterizes the essence of the 

transition approach, in which the linkage with the observed 

population is ensured through an equalization of the life table 

survivorship proportions with their observed counterparts. 

These two alternative approaches are not competitive but 

complementary in that the choice of either is dictated by the 

type of data at hand (for a detailed contrast, see Ledent 1980a). 

In fact, in most applications of increment-decrement life tables 

to real situations, the movement approach is the relevant one. 

The major exception requiring the use of the transition approach' 

occurs in the field of interregional migration when data come 

from population censuses that describe changes of residence 

between two points in time. 

2. THE ISSUE ADDRESSED IN THIS PAPER 

The most important feature of increment-decrement life 

tables is the formulation of their underlying model as a simple 

Markov chain model. I t  follows that all the individuals of a 

given age present at the same time in a given state have identical 

propensities of moving out of that state (population homogeneity 

assumption) and that these propensities are independent of the 

past history of the individuals concerned (Markovian assumption). 



C l e a r l y ,  i n  some i n s t a n c e s ,  such an assumpt ion i s  f a r  

from be ing r e a l i s t i c .  Take, f o r  example, t h e  c a s e  o f  i n t e r -  

r e g i o n a l  m ig ra t i on  i n  which t h e  p l a c e  o f  b i r t h  o f  t h e  p r o s p e c t i v e  

m ig ran t  h e a v i l y  i n f l u e n c e s  h i s  d e c i s i o n  t o  move and h i s  cho i ce  

o f  a d e s t i n a t i o n .  For  example, i n  t h e i r  s t u d y  of  m ig ra t i on  

f lows t o  t h e  South from t h e  rest of  t h e  US, Long and Hansen 

(1975) p r e s e n t  conv inc ing ev idence o f  t h e  f a c t  t h a t  t h e  prob- 

a b i l i t y  o f  moving t o  t h e  South i s  cons ide rab l y  h i g h e r  f o r  t h e  

Southern-born t han  f o r  t h e  non-Southern born. A l s o ,  i n  a n o t h e r  

paper ,  t h e  au tho r  (Ledent 1980b) p r e s e n t s  s o m e  more g e n e r a l  

ev idence  of t h e  i n f l u e n c e  of  t h e  p l a c e  o f  b i r t h  on m i g r a t i o n  

p a t t e r n s  w i t h  r e f e r e n c e  t o  a four - reg ion system o f  t h e  Uni ted 

S t a t e s .  

The m ig ra t i on  d a t a  set used f o r  t h a t  paper  w a s  o b t a i n e d  by 

r e a r r a n g i n g  i n  a s u i t a b l e  format  d a t a  t aken  from t h e  volume 

e n t i t l e d  L i f e t i m e  and Recent  M ig ra t i on  pub l i shed  by t h e  US 

Bureau of t h e  Census (1973) .  The l eng thy  Tab le  11 of  t h i s  

volume p rov ides  estimates o f  t h e  numbers o f  1970 r e s i d e n t s  i n  

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

r es idence  i n  1965 ( t e n  geog raph i ca l  u n i t s  a r e  r e t a i n e d :  t h e  

s t a t e  o f  p resence  i n  1970 and t h e  n ine  US Census D i v i s i o n s ) .  

These e s t i m a t e s  a r e  prov ided f o r  each  sex  a s  w e l l  a s  f o r  each 

r a c e  f o r  t e n  age  groups: 0-4, 5-9, 10-14, 15-19, 20-24, 25-29, 

30-39, 40-49, 50-50, 60 and ove r  i n  1965. The d a t a  concern ing  

t h e  t e n  female  age groups w e r e  aggrega ted  and rea r ranged  t o  

show t h e  changes o f  r e s i d e n c e  ( c r o s s - c l a s s i f i e d  by p l a c e  o f  

b i r t h )  which were made between 1965 and 1970 i n  t h e  US Census 

four - reg ion  system. The i n t e r r e g i o n a l  m ig ra t i on  s t reams  t h u s  

ob ta ined  f o r  t h e  h i g h l y  m ig ra to ry  group o f  women, aged 20 t o  

24 i n  1965, w e r e  shown i n  Tab le  2. For example, 73,703 women 

i n  t h a t  age  group moved from t h e  South r e g i o n  t o  t h e  North 

C e n t r a l  r e g i o n .  Among them, 43,047 were born i n  t h e  South ,  

and 30,656 e lsewhere.  I n t e r e s t i n g l y  enough, m o s t  o f  t h e  non- 

South born--24,847 o r  81 p e r c e n t  o f  them--were born i n  t h e  

North C e n t r a l .  



T a b l e  2 .  1965-70 p l a c e - o f - b i r t h - s p e c i f i c  i n t e r r e g i o n a l  m i g r a -  
t i o n  s t r e a m s  f o r  f e m a l e s  a g e d  20-24 i n  1 9 6 5 .  

To 

From Nor theast  North Cen t ra l  South West 

Born i n  t h e  Nor theast  

Nor theast  1110763 

North Cent ra l  10491 

South 21675 

West 9562 

Northeast 

North Cent ra l  

South 

West 

Northeast 

North Cent ra l  

South 

West 

Born i n  t h e  North Cen t ra l  

Born i n  t h e  South 

Born i n  t h e  W e s t  

Northeast 7088 660 

North Cent ra l  834 22878 

South 976 1758 

W e s t  5611 10563 

Born anywhere i n  t h e  US 

Northeast 1222507 30296 

North Cent ra l  30794 1501099 

South 49849 73703 

West 20224 41356 47614 867509 

Source: Ca lcu la ted  by aggregat ing d a t a  from US Bureau of  t h e  Census (1973, 
Table 11) . 



These f i g u r e s  indeed  sugges t  l a r g e  d i f f e r e n c e s  i n  t h e  

p ropens i t y  t o  m ig ra te  accord ing  t o  t h e  p l a c e  of b i r t h :  whereas 

a  20-24 year -o ld  Southern  r e s i d e n t  has- - regard less  of h e r  p l a c e  

of b i r t h - -a  0.0392 p r o b a b i l i t y  of  moving t o  t h e  North C e n t r a l  

ove r  a  f i ve -yea r  p e r i o d ,  she has  a  s m a l l e r  p r o b a b i l i t y  (0.0260) 

o r  a  h i g h e r  p r o b a b i l i t y  depending on whether  she  was born  w i t h i n  

o r  o u t s i d e  t h e  South. I n  t h e  l a t t e r  c a s e ,  t h e  p r o b a b i l i t y  

reaches  0.0449 and 0.0495 f o r  women born i n  t h e  North C e n t r a l  

and t h e  West, r e s p e c t i v e l y ,  b u t  i n c r e a s e s  t o  a lmos t  25 p e r c e n t  

(0.2491) f o r  t h o s e  born i n  t h e  North C e n t r a l .  More g e n e r a l l y ,  

someone l i v i n g  o u t s i d e  h i s  o r  h e r  r eg ion  o f  b i r t h  appears  t o  

have a  h igh  p r o b a b i l i t y  o f  r e t u r n i n g  t h e r e  ( f o r  a  d e t a i l e d  a n a l y s i s  

o f  t h i s  s u b j e c t ,  see Ledent 1 9 8 0 ~ ) .  

C l e a r l y  t h e  l a r g e  m o b i l i t y  d i f f e r e n t i a l s ,  accord ing  t o  

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

popu la t i on  homogeneity assumpt ion which u n d e r l i e s  t h e  c a l c u l a t i o n  

o f  a  m u l t i r e g i o n a l  l i f e  t a b l e  from m ig ra t i on  d a t a  r e l a t i n g  t o  

t h e  whole o f  a  n a t i o n ' s  popu la t ion .  Thus, w e  can reasonab ly  

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

coming o u t  o f  such m u l t i r e g i o n a l  l i f e  t a b l e s  t o  t a k e  on inac -  

c u r a t e  va lues  because t h e y  a r e  based on average m o b i l i t y  

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

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

However, t h e  a v a i l a b i l i t y  o f  i n t e r r e g i o n a l  m ig ra t i on  d a t a  

c r o s s - c l a s s i f i e d  by p l a c e  o f  b i r t h ,  such a s  shown i n  Tab le  3 ,  

immediately s u g g e s t s  t h e  p o s s i b i l i t y  o f  c i rcumvent ing o r ,  more 

e x a c t l y ,  a t t e n u a t i n g  t h e  s t r i n g e n t  c h a r a c t e r  o f  t h e  popu la t i on  

homogeneity assumpt ion t h a t  u n d e r l i e s  t h e  c a l c u l a t i o n  o f  a  

m u l t i r e g i o n a l  l i f e  t a b l e  from agg rega te  (p lace-o f -b i r th -  

independent )  m ig ra t i on  d a t a .  The l e a d i n g  i d e a  h e r e  is  t o  

c o n s t r u c t  s e p a r a t e  u n i r a d i x  increment-,decrement l i f e  t a b l e s  

f o r  each o f  t h e  r a d i c e s ,  t h a t  is t h e  r e g i o n a l  s h a r e s  o f  t h e  

( a r b i t r a r y )  i n i t i a l  c o h o r t .  I n  t h i s  way, m u l t i s t a t e  l i f e  t a b l e  

s t a t i s t i c s  can  be ob ta ined  which no l onge r  r e l a t e  t o  a  s i n g l e  

homogeneous popu la t i on  b u t  t o  a  popu la t i on  d i v i d e d  i n t o  r homo- 



geneous groups ( a s  many a s  t h e r e  a r e  r e g i o n s ) ,  d e f i n e d  by t h e i r  

p l a c e  of b i r t h .  

3. THE PLACE-OF-BIRTH-DEPENDENT APPROACH ILLUSTRATED 

Methodo log ica l l y ,  t h e  implementa t ion  of  t h e  approach j u s t  

sugges ted  does  n o t  r a i s e  any problem: i t s imp ly  r e q u i r e s  

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

of one ( t h e  f a c t  t h a t  t hey  a r e  u n i r a d i x  r a t h e r  t han  m u l t i r a d i x  

increment-decrement  l i f e  t a b l e s  does n o t  have any b e a r i n g  on 

t h e  a c t u a l  c a l c u l a t i o n  o f  t h e  m u l t i s t a t e  l i f e  t a b l e  f u n c t i o n s ) .  

Thus, i n  t h i s  s e c t i o n ,  w e  s imply  demons t ra te  t h i s  new approach 

w i t h  t h e  h e l p  o f  an a p p l i c a t i o n  t o  t h e  set  o f  US p lace -o f -b i r t h -  

s p e c i f i c  m i g r a t i o n  d a t a  d i s c u s s e d  i n  s e c t i o n  2 .  

The m i g r a t i o n  i n fo rma t i on  a v a i l a b l e  h e r e  coming e v i d e n t l y  

i n  t h e  coun t  of m ig ran t s  o r  t r a n s i t i o n s ,  s u g g e s t s  t h a t  t h e  rele- 

v a n t  p e r s p e c t i v e  from t h e  implementa t ion  of t h e  v a r i o u s  increment -  

decrement  l i f e  t a b l e s  t o  be c a l c u l a t e d  i n  t h i s  paper  i s  t h e  

t r a n s i t i o n  p e r s p e c t i v e  ment ioned ear l ier  i n  s e c t i o n  1 .  The 

a c t u a l  c a l c u l a t i o n  method used,  a n  overv iew o f  which i s  p r e s e n t e d  

i n  t h e  Appendix, combines t h e  e s t i m a t i o n  of t h e  a g e - s p e c i f i c  

s u r v i v a l  methods from a method deve loped e lsewhere  by t h i s  

a u t h o r  (Ledent  1980a) and t h e  c a l c u l a t i o n  o f  t h e  number o f  

person-years  l i v e d  L f rom a l i n e a r  i n t e g r a t i o n  approach (Rogers 
- X  

1973, 1975) .  

Note t h a t ,  because no m o r t a l i t y  i n f o rma t i on  c r o s s - c l a s s i f i e d  

by p l a c e  o f  b i r t h  i s  a v a i l a b l e ,  w e  s imply  use  t h e  same set o f  

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

o f  each r e g i o n  r e g a r d l e s s  of  t h e  r e g i o n  o f  b i r t h  (source :  US 

Department o f  Hea l t h ,  Educa t ion ,  and Wel fare ,  s e l e c t e d  y e a r s ) .  

A c t u a l l y ,  t h i s  t r e a t m e n t  h a r d l y  c o n s t i t u t e s  a problem. I n  

e f f e c t ,  a l t hough  i t  does n o t  y i e l d  t h e  most p r e c i s e  v a l u e s  f o r  

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

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

t i o n  o f  t h e  f o u r  u n i r a d i x  increment-decrement  l i f e  t a b l e s  appea rs  

t o  be q u i t e  a c c e p t a b l e :  t h e  dependence o f  m o r t a l i t y  on t h e  p l a c e  

o f  b i r t h  i s  p robab ly  minimal a s  long  a s  t h e  s p a t i a l  u n i t s  



cons idered  a r e  broad geograph ica l  a r e a s  ( t h i s  i s  c e r t a i n l y  

less t r u e  i n  t h e  c a s e  of ru ra l -u rban  sys tems,  e s p e c i a l l y  i n  t h e  

c a s e  of deve lop ing c o u n t r i e s ) .  Then, what t h e  c o n t r a s t  o f  t h e  

m u l t i s t a t e  l i f e  t a b l e  s ta t is t i cs  r e l a t i n g  t o  each  r a d i x  o f f e r s  

i s  an assessment  of t h e  i n f l u e n c e  o f  d i f f e r e n t i a l  m o b i l i t y  

accord ing  t o  t h e  p l a c e  o f  b i r t h  w i t h  t h e  e f f e c t  o f  m o r t a l i t y  

d i f f e r e n t i a l s  removed. 

Le t  us  now t u r n  t o  t h e  examinat ion o f  t h e  r e s u l t s  ob ta ined  

i n  r e f e r e n c e  w i t h  t h e  a p p l i c a t i o n  announced above. Tab le  3 

which sets o u 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  f o r  women e x a c t l y  

20 y e a r s  o l d  accord ing  t o  t h e i r  r eg ion  o f  b i r t h  t y p i f i e s  t h e  

g e n e r a l  o b s e r v a t i o n  t h a t  t h e  p r o b a b i l i t y  of  moving from reg ion  

i t o  r e g i o n  j i s  s m a l l e r  f o r  t h o s e  born i n  r e g i o n  i and much 

h i g h e r  f o r  t h o s e  born  i n  r e g i o n  j t han  f o r  t h o s e  which w e r e  

born n e i t h e r  i n  r e g i o n  i no r  i n  reg ion  j. 

Table 4 d i s p l a y s  t h e  expec ted  numbers o f  remain ing y e a r s  

- -d isaggregated i n t o  f i g u r e s  s p e c i f i c  t o  t h e  r e g i o n s  i n  which 

they  a r e  spen t - - t ha t  20 year -o ld  r e s i d e n t s  o f  each  r e g i o n  can 

expec t  t o  l i v e  accord ing  t o  t h e i r  p l a c e  of b i r t h .  For  example, 

a r e s i d e n t  o f  t h e  South  r e g i o n ,  born i n  t h e  same r e g i o n ,  i s  

expected t o  s u r v i v e  56.55 y e a r s  o f  which 49.29 y e a r s  (abou t  

87.2 p e r c e n t )  w i l l  be s p e n t  i n  t h e  South. However, i f  t h i s  

Southern r e s i d e n t  was born i n  ano the r  r e g i o n ,  a much s m a l l e r  

p a r t  of  h e r  remaining l i f e t i m e  (from 56.27 t o  57.53 y e a r s  

accord ing  t o  t h e  r e g i o n  o f  b i r t h )  i s  expec ted  t o  be s p e n t  i n  

t h e  South: 22.08 y e a r s  i f  born  i n  t h e  No r theas t ,  20.09 y e a r s  

i f  born i n  t h e  North C e n t r a l  and 16.45 y e a r s  i f  born i n  t h e  

West. 

Observe t h e  r e g i o n a l  v a r i a t i o n s  i n  t h e  t o t a l  e x p e c t a t i o n s  

of remain ing l i f e  accord ing  t o  t h e  p l a c e  o f  b i r t h  i n  s p i t e  o f  

t h e  independence o f  t h e  m o r t a l i t y  p a t t e r n  v i s -a -v is  t h e  p l a c e  

o f  b i r t h .  For  example, t h e  t o t a l  e x p e c t a t i o n  o f  remain ing l i f e  

f o r  a Southern r e s i d e n t  i s  much h i g h e r  ( s m a l l e r )  i f  s h e  i s  

born i n  t h e  W e s t  (No r theas t )  t h a n  i f  born i n  t h e  South: t h i s  

i s  indeed a consequence o f  t h e  assumpt ion unde r l y i ng  a mu l t i -  

r e g i o n a l  l i f e  t a b l e  t h a t  an i nm ig ran t  adop ts  t h e  m o r t a l i t y  

regime o f  t h a t  r eg ion .  



Table 3. Place-of-birth-dependent approach: transition 
probabilities for females exactly 20 years old. 

To 

From Nor theas t  North Cen t ra l  South West Death 

Born i n  t h e  Nor theas t  

Nor theast  0.9138 0.0206 

North Cen t ra l  0.2114 0.6429 

South 0.2359 0.0475 

West 0.1264 0.0352 

Born i n  t h e  North Cen t ra l  

Nor theas t  0.5914 0.2639 

North Cen t ra l  0.0137 0.9064 

South 0.0339 0.2438 

West 0.0173 0.1292 

Born i n  t h e  South 

Nor theast  0.7795 0.0372 

North Cen t ra l  0.0164 0.7954 

South 0.0184 0.0332 

'West 0.0167 0.0370 

Born i n  t h e  West 

Nor theast  0.5943 0.0583 0.0876 0.2568 0.003119 

North Cen t ra l  0.0271 0.6707 0.0673 0.2315 0.003421 

South 0.0299 0.0498 0.6720 0.2446 0.003778 

West 0.0104 0.0207 0.0277 0.9378 0.003406 



'r'able 4. Place-of-birth-dependent approach: expectations of 
remaining life for females exactly 20 years old. 

Number o f  v e a r s  s p e n t  i n  

Region o f  r e s i d e n c e  N o r t h e a s t  North C e n t r a l  Sou th  West T o t a l  

Born i n  t h e  N o r t h e a s t  

N o r t h e a s t  47 .31  1 .66  

North C e n t r a l  23.53 19.25 

Sou th  25.26 3.45 

West 18.76 3.20 

N o r t h e a s t  

Nor th  C e n t r a l  

Sou th  

West 

N o r t h e a s t  

Nor th  C e n t r a l  

Sou th  

West 

Born i n  t h e  Nor th  C e n t r a l  

Born i n  t h e  Sou th  

Born i n  t h e  West 

N o r t h e a s t  12.59 3.64 

Nor th  C e n t r a l  1 .50 17 .41  

Sou th  1 .64  3.39 

West 0.66 1.53 



4. THE PLACE-OF-BIRTH-DEPENDENT AND PLACE-OF-BIRTH-INDEPENDENT 
APPROACHES CONTRASTED 

The purpose of this section is to provide a meaningful 

contrast of the place-of-birth-dependent and place-of-birth- 

independent approaches to the construction of a multiregional 

life table. In principle, this requires the consolidation of 

the separate uniradix increment-decrement life tables previously 

calculated and then the comparison of the results obtained with 

those of the multiradix increment-decrement life table based 

on the same data set, however aggregated over the alternative 

birthplaces. 

There is, however, an interesting conclusion which we can 

derive even before aggregating the various uniradix life tables. 

It relates to the life expectancies at birth and their regional 

distributions. In effect, instead of focusing on expectations 

of life at age 20, let us consider the similar expectations for 

age zero. In this case, only the life expectancies concerning 

identical regions of birth and residence are indeed meaningful. 

In this way each of the uniradix increment-decrement life tables 

calculated provides a figure of life expectancy at birth for 

females born in the relevant region, broken -down into several 

numbers indicating the decomposition of this figure according 

to the time spent in each region. The figures obtained from each 

uniradix life table can then be grouped into a single matrix, 

such as the one shown at the top of Table 5. It appears that 

an American woman has a life expectancy greater than 74 years 

(from 74.20 years if born in the South to 75.85 years if born 

in the West) of which more than 60 years will be spent in the 

region of birth (60.21 years if born in the North Central to 

68.51 years if born in the West). 

How do these life expectancies compare with those obtained 

with the place-of-birth-independent approach, i.e., from the 

multiradix increment-decrement life table based on the same data 

set aggregated over birthplaces? The matrix of expectation 

of life at birth which the latter leads to is shown at the bottom 

of Table 5; it indicates a much smaller proportion of total 



lifetime spent in the region of birth than with the place-of- 

birth-dependent approach: from 48.70 years in the case of the 

Western born female to 52.64 years in the case of the Southern 

born female. 

Table 5. Expectations of life at birth, totals and regional 
distributions (in years): place-of-birth-dependent 
and place-of-birth-independent approaches contrasted. 

Number of years spent in 

Region of birth Northeast North Central South West Total 

A - place-of-birth-dependent-approach 

. . 
Northeast 61.78 2.53 

North Central 1.44 60.21 

South 2.49 5.10 

West 1.10 2.71 

B - place-of-birth-independent approach 

Northeast 52.09 5.80 10.99 5.56 74.43 

North Central 4.10 50.43 

South 5.55 8.83 

West 4.45 9.25 12.88 48.70 75.27 

Thus, the substitution of place-of-birth-specific migration 

data for the traditional migration data reduces the expected 

numbers of years to be spent in the region of birth by about 

ten years (9.69 years in the case of the Northeast, 9.78 years 

in the case of the North Central, 9.99 years in the case of 

the South) except in the case of the West where the decrease is 

about double in size (19.81 years exactly). This result is 

consistent with the above observation that, once an American 

woman--and a Western born even more than another--has moved 

out of her region of birth, she is very likely to come back. 

In addition, note that the use of place-of-birth-migration data 



implies increased differentials between the total regional life 

expectancies, which take on values nearing those they would have 

if migration was ignored. 

Perhaps, a better way of assessing the impact of using 

place-of-birth-specific migration data on the calculation of a 

multiregional life table is to look at the changes in the regional 

distributions of the life expectancies at birth that the con- 

sideration of such data causes. From the figures shown in 

Table 6, it can be readily established that the introduction 

of such disaggregate data cuts the proportion of years to be 

spent outside the region of birth by about half except in the 

case of the Western born women for which the cut amounts to 

slightly more than 70 percent: this proportion decreases from 

30.0 to 16.8 percent for women born in the Northeast, 32.1 to 

19.0 percent for women born in the North Central, 29.1 to 15.6 

percent for Southern born women and 35.3 to 9.7 percent for 

Western born women. 

We now turn to the consolidation of the four uniradix 

increment-decrement life tables--calculated for each regional 

share of the initial cohort--into a multiregional life table 

directly comparable to that obtained from the traditional 

approach. Fundamentally, the possibility of implementing such 

a consolidation raises an important issue relating to the 

appropriate choice of the regional shares of the initial cohort 

needed to perform such aggregation. 

We suggest here, that since the mobility and mortality 

patterns studied in our US illustration is that of a given 

point in time (period 1965-70), the radices or regional shares 

of the initial cohort ought to be in proportion to the numbers 

of female births observed in each region at this same point in 

time (i.e., over the period 1965-70). Thus the initial cohort 

should be allocated as follows: 22735 (Northeast), 27791 (North 

Central), 32245 (South), and 17229 (West). 



The consolidated transition probabilities (relating to 

females aged 20) which result from such a choice of the 

regional allocation are shown at the top of Table 7 whose 

bottom part shows the corresponding transition probabiiities 

obtained with the place-of-birth-independent approach. 

Interestingly enough, the two corresponding sets of transi- 

tion probabilities are roughly identical with significant 

discrepancies arising only in the case of the migration prob- 

abilities out of the West: the retention probability is .9106 

in the case of the place-of-birth-dependent approach versus 

-8907 in the case of the place-of-birth-independent approach, 

hence a 19.9 per thousand absolute difference versus a maximum 

3.0 per thousand difference observed in the case of the other 

regions. A similar result can also be observed for all the 

other age groups. 

By contrast, the consolidated expectations of life which 

we receive by aggregation of the four place-of-birth-specific 

increment-decrement life tables calculated for each radix present 

large discrepancies with those derived from the place-of-birth- 

independent approach. For example, the consolidated expectations 

of life for females aged 20 indicate that the number of remaining 

years to be spent in the region of residence are: 45.5 years 

(if present in the Northeast), 44.3 (if present in the North 

Central), 45.8 (if present in the South), 49.4 (.if present in 

the West) versus 42.0, 41.1, 43.3, and 40.6, respectively, as 

obtained with the place-.of-birth-independent approach (Table 8 ) .  

The contrast of the figures shown in Tables 7 and 8 thus 

indicates that the place-of-birth-dependent approach leads to 

aggregate multistate life table functions which are little or 

largely different from those obtained from the place-of-birth- 

independent approach, depending on whether they relate to events 

occurring over a single age interval or over a long interval. 

Let us recall that the results just derived rely on a 

consolidation of the four uniradix increment-decrement life 

tables calculated for each regional share of the initial cohort 

using justifiable weights but questionable ones nevertheless. 



Table 7. Transition probabilities for females exactly 20 
years old: place-of-birth-dependent and place-of- 
birth-independent approaches. 

From Northeast North Central South West Death 

Place-of-birth-dependent approach 

Northeast 0.8975 0.0262 

North Central 0.0191 0.8869 

South 0.0285 0.0444 

West 0.0156 0.0312 

Place-of-birth-independent approach 

Northeast 0.8959 0.0265 

North Central 0.0194 0.8839 

South 0.0289 0.0443 

West 0.0187 0.0395 

Table 8. Expectations of remaining life for females exactly 
20 years old: totals and regional distributions 
in years): place-of-birth-dependent and place-of- 
birth-independent approaches. 

Number of years spent in 
Reqion of residence Northeast North Central South West Total 

A - place-of-birth-dependent approach 

Northeast 45.39 2.25 5.26 3.26 56.16 

North Central 1.60 44.27 5.01 5.94 56.83 

South 2.53 4.27 45.79 4.00 56.58 

West 1.43 3.07 3.81 49.39 57.70 

B - place-of-birth-independent approach 

Northeast 41.95 3.44 7.26 3.61 56.26 

North Central 2.57 41.05 7.52 5.66 56.80 

South 3.46 5.38 43.32 4.40 56.56 

West 2.80 5.87 8.10 40.62 57.39 



This raises the problem as to whether alternative allocations 

among the regions of the initial cohort would lead to quite 

different aggregated multiregional life tables. In view of 

this, we have performed an alternative consolidation of the 

four uniradix increment-decrement life tables using identical 

weights (radices). The multistate life table functions thus 

obtained, which we do not show here, did not appear to differ 

very significantly from those calculated earlier. Thus, as 

long as the state allocation of the initial cohort consists of 

radices which more or less reflect the weights of the four 

regions with regard to a meaningful socioeconomic factor--these 

weights are expected to represent an allocation which does not 

depart too much from an equal allocation--very similar estimates 

of the aggregate multistate life table functions are to be 

expected. 

In brief, in contrast to the place-of-birth-independent 

approach, the more desirable place-of-birth-dependent approach 

leads to aggregate multistate life table functions which depend 

on the choice of the regional allocation of the initial cohort. 

However, as long as the radices are reasonably chosen, this 

"radix problem" does not bear a large influence on the values 

of the aggregate multistate life table functions obtained by 

consolidation of the place-of-birth-specific increment-decrement 

life tables. 

SUMMARY AND CONCLUSION 

An important assumption common to all life table models 

is the population homogeneity assumption stemming from their 

Markovian formulation. Such an assumption is in sharp contrast 

with the observation that, in the real world, equally aged 

individuals of a given status category (i.e., belonging to a 

given state of the system) generally exhibit quite different 

propensities to move out of their current status category. 



First, these mobility differentials can be related to 

different personal characteristics (sex, race) or socioeconomic 

characteristics (occupation) which affect the level of mobility 

at a given instant. Then, if one is striving for more accurate 

estimates of increment-decrement life tables, one can simply 

calculate separate life tables for those groups of people which 

can be easily differentiated, such as men and women or whites 

and non-whites , etc . 
Second and more importantly, in the case of increment- 

decrement life tables, the aforementioned mobility differentials 

can also appear in the form of a difference in the repetitive 

nature of the phenomenon considered. Unfortunately, such dif- 

ferentials cannot generally be attributed to an easily identifi- 

able characteristic and one will not be able, as above, to 

calculate separate life tables for more homogeneous groups. 

An exception to this occurs in the analysis of migration when 

data on adequate census information allows one to distinguish 

among interregional migrants and groups of migrants characterized 

by similar birth places. Then, as shown in this paper, an 

alternative multiregional life table can be constructed as a 

set of uniradix increment-decrement life tables relating to 

each of the regional shares of the initial cohort. 

With regard to the traditional approach to the calculation 

of a multiregional life table, this alternative approach appears 

to provide more detail (in the case of the transition ~ z o b -  

abilities) but also more accuracy (in the case of the life 

expectancies at birth): such an improvement follows from the 

consideration of a more realistic migration pattern, one which 

explicitly accounts for return migration to the birthplace (a 

demographic phenomenon of importance as shown in section 2). 

However, note that the amelioration thus brought to the 

calculation of a multiregional life table represents only a 

partial step toward the total removal of the population homogeneity 

and Markovian assumptions implicit to the traditional approach: 

within each stationary population associated with each radix, 

tne two aforementioned assumptions remain valid. 



APPENDIX: A BRIEF DESCRIPTION OF 
THE CALCULATION METHOD 

The general calculation procedure used to calculate the 

uniradix as well as multiradix increment-decrement life tables 

considered in this paper consists of 

a) estimating a set of transition probabilities p condi- ."x 
tional on survival, by equalizing life table transition 

proportions conditional on survival with their observed 

counterparts (obtained from the matrices shown in Table 

3 by dividing each element by the sum of the elements 

in the corresponding row and 

b) transforming them into the requested set of transition 

probabilities by introducing independent information 

ensuring the equalization of the life table and observed 

(conventional mortality rates) . 
More specifically, such a procedure means that px is 

." 

obtained from 



where ex is a matrix of transition probabilities conditional 

on survival evaluated in terms of the observed transition 
6 

proportions conditional on survival and p is a diagonal matrix - X 
of survival probabilities. 

- 
In the first approximation, px can be estimated using the 

averaging formula proposed by Rees and ~ i l son  (1977) 

However, a better estimation can be performed by interpolating 

between the transition proportions conditional on survival in 

a less crude fashion: as suggested by Ledent (1980a), one can, 

for each pair - of states i and j (j # i), interpolate between the 
i-j transition proportions Sx conditional on survival by using 

cubic spline functions which are increasingly used in the field 

of demography (McNeil, Trussell, and Turner 1977). Since we 

deal here with a five-year time interval (1965-70), the ordinate 

--for age y--of the continuous curve thus obtained represents 

the probability for an individual present at age y in region i 

to be present in region j five years later. In this way, it 

is readily possible, for each region i, to estimate at evenly 
i-j spaced ages 0,5,10,15, ... migration probabilities PX (1 = I ,  

. . 

..., r; j # i) from which retention probabilities 1-i = I - 
. . Px 

1 immediately follows. 
j#i 

x 
6 

The estimation of the set of survival probabilities p , -x 
assuming the availability of conventional mortality rates in 

each region, is not so straightforward, because the two-step 

estimation procedure suggested by (Al) causes the mortality 

pattern to be a characteristic of the place of residence at the 

exact age x = OIn,2n, ..., immediately below the age at which 

death occurs (rather than the characteristic of the place of 

occurrence) . 



The methodology used f o r  such an e s t i m a t i o n  re l ies on an 

i t e r a t i v e  p rocedure  c e n t e r e d  around t h e  e s t i m a t i o n  o f  m o r t a l i t y  

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

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

i t e r a t i v e  p rocedure ,  see Ledent  1980a) .  Then, t h e  reques ted  

set  of s u r v i v a l  p r o b a b i l i t i e s  i s  o b t a i n e d  by ana logy w i t h  t h e  

s u r v i v a l  p r o b a b i l i t y  .px o f  an  o r d i n a r y  l i f e  t a b l e  from 

^ 6  where M i s  a  d iagona l  m a t r i x  c o n t a i n i n g  t h e  m o r t a l i t y  r a t e s  
-X 

p r e v i o u s l y  e s t i m a t e d .  

6 I n  t h e  end,  combining t h e  e s t i m a t e s  o f  p and px a s  r e q u i r e d  
-X 

by (A l )  l e a d s  t o  t h e  r e q u i r e d  e s t i m a t e s  o f  p  and t h e n ,  by 
X 

u s i n g  ( 6 ' ) ,  t o  t h e  e s t i m a t e s  o f  ex. From t h e r e ,  t h e  numbers - 
o f  pe rson-years  l i v e d  a r e  s imply  o b t a i n e d  from t h e  u s u a l  

l i n e a r  i n t e g r a t i o n  method (Rogers 1975) 

and t h e  T - s t a t i s t i c s  a r e  t hen  c a l c u l a t e d  from 

A s  f o r  t h e  e x p e c t a t i o n s  o f  l i f e  and s u r v i v o r s h i p  p r o p o r t i o n s ,  

t h e y  a r e  c a l c u l a t e d  u s i n g  r e l a t i o n s h i p s  ( 1 0 ' )  and ( 1 2 , ) .  
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