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PREFACE 

Low f e r t i l i t y  l e v e l s  i n  IIASA c o u n t r i e s  a r e  c r e a t i n g  aging 
popula t ions  whose demands f o r  h e a l t h  c a r e  and income maintenance 
( s o c i a l  s e c u r i t y )  w i l l  i n c r e a s e  t o  unprecedented l e v e l s ,  thereby  
c a l l i n g  f o r t h  p o l i c i e s  t h a t  w i l l  seek t o  promote i n c r e a s e d  family  
c a r e  and work l i f e  f l e x i b i l i t y .  The new Popula t ion  P r o j e c t  w i l l  
examine c u r r e n t  p a t t e r n s  of popula t ion  aging and changing l i f e -  
s t y l e s  i n  IIASA c o u n t r i e s ,  p r o j e c t  t h e  needs f o r  h e a l t h  and 
income suppor t  t h a t  such p a t t e r n s  a r e  l i k e l y  t o  gene ra t e  du r ing  
t h e  nex t  s e v e r a l  decades,and cons ide r  a l t e r n a t i v e  fami ly  and 
employment p o l i c i e s  t h a t  might reduce t h e  s o c i a l  c o s t s  of meeting 
t h e s e  needs.  

The P r o j e c t  i s  seeking t o  develop a  b e t t e r  unders tanding 
of how low f e r t i l i t y  and m o r t a l i t y  combine t o  c r e a t e  aging pop- 
u l a t i o n s  wi th  h igh  demands f o r  h e a l t h  and income maintenance and 
reduced family  suppor t  systems t h a t  can provide it. The r e s e a r c h  
w i l l  produce ana lyses  of c u r r e n t  demographic p a t t e r n s  i n  IIASA 
c o u n t r i e s  t o g e t h e r  w i th  an assessment of t h e i r  probable  f u t u r e  
s o c i e t a l  consequences and impacts on t h e  aging.  I t  w i l l  cons ide r  
t h e  p o s i t i o n  of t h e  e l d e r l y  w i th in  changing fami ly  s t r u c t u r e s ,  
review n a t i o n a l  p o l i c i e s  t h a t  seek t o  promote an en la rged  r o l e  
f o r  family  c a r e ,  and examine t h e  c o s t s  and b e n e f i t s  of a l t e r n a t i v e  
systems f o r  promoting work l i f e  f l e x i b i l i t y  by t r a n s f e r r i n g  
income between d i f f e r e n t  pe r iods  of l i f e .  

This  paper  o u t l i n e s  a  methodological  framework t h a t  w i l l  
p l a y  an impor tan t  r o l e  i n  f u t u r e  popula t ion  r e s e a r c h  a t  IIASA. 
I t  d e s c r i b e s  and advocates  a  modeling p e r s p e c t i v e ,  the  m u l t i s t a t e  
approach,  t h a t  focuses  on g r o s s  f lows between demographic s t a t e s .  
This  p e r s p e c t i v e  d i r e c t s  a t t e n t i o n  t o  t h e  evo lu t iona ry  dynamics 
of a  system of m u l t i p l e  i n t e r a c t i n g  popu la t ions  and thereby  
avoids  some of t h e  p i t f a l l s  t h a t  can a r i s e  from t h e  use  of t h e  
convent iona l  u n i s t a t e  p e r s p e c t i v e  of c l a s s i c a l  demography. 

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

Andrei Rogers 
Chairman 
Human Se t t l emen t s  
and Se rv i ces  Area 
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PARAMETRIZED MULTISTATE 
POPULATION DYNAMICS 

1 .  INTRODUCTION 

Demography is concerned with the description, analysis, and 

projection of human populations disaggregated by age, sex, and a 

number of states of existence. The principal topics of demo- 

graphic study are changes in population size, composition, and 

distribution' over space (Thompson 1 9 5 3 ) .  Moreover, the focus is 

not only on this configuration at a particular moment in time 

but also on its evolution over time. Finally, demographers seek 

scientific explanations of why particular population conditions 

arise and why they change in the ways that they do. 

Demography also has been characterized as the quantitative 

study of fundamental demographic processes, such as mortality, 

fertility, migration, and marriage (Bogue 1 9 6 8 ) .  These processes 

may be viewed as transitions that individuals experience during 

the course of their life cycle. Individuals are born, age with 

the passage of time, enroll in school, enter the labor force, get 

married, reproduce, migrate from one region to another, retire, 

and ultimately die. These transitions contribute to changes in 

various population stocks through simple accounting identities. 

For example, the number of married people at the end of each year 



is equal to the number at the beginning of the year plus new 

marriages and arrivals of married migrants less divorces, deaths, 

widowings, and the outmigration of part of the married population. 

The study of transition patterns generally begins with the 

collection of data and the estimation of missing observations, 

continues with the calculation of the appropriate rates and 

corresponding probabilities, and often ends with the generation 

of simple projections of the future conditions that would arise 

were these probabilities to remain unchanged. 

Recent work in formal multistate demography has produced a 

generalization of classical demographic techniques that unifies 

most of the existing purely demographic methods for dealing with 

transitions between multiple states of existence. For example, 

it is now clear that multiple decrement mortality tables, tables 

of working life, nuptiality tables, tables of educational life, 

and multiregional life tables, all are members of a general class 

of increment-decrement life tables called multistate life tables . 
It is also now recognized that projections of populations clas- 

sified by multiple states of existence can be carried out using 

a common methodology of multistate projection, in which the core 

model of population dynamics is a multidimensional generalization 

of either the continuous-age-time model of Lotka or of the discrete- 

age-time Leslie model.* 

Another approach for analyzing changes in the distributions 

of populations across statuses such as married, divorced, employed, 

and unemployed is the perspective of causal analysis, developed 

largely within sociology, which emphasizes the effects of popu- 

lation heterogeneity on short-run multistate transitions. This 

approach, referred to as life-history or event-history analysis, 

combines behavioral hypotheses about the effects of heterogeneity 

on rates with stochastic process models. It focuses on the impacts 

of observed and unobserved heterogeneity, the effects of duration 

*For overviews of multistate mathematical demography, see 
Keyfitz (1979), Rogers (1980), and Land and Rogers (1982). 



in a state of rates of exit from that state, the reasonableness 

of assumptions postulating homogeneity over time, and the influ- 

ence of previous experiences on current and prospective patterns 

of behavior. Until very recently, hcwever, event-history analysis 

has accorded little attention to age variation in rates and to 

long-run projections.* 

The development of multistate life tables and projection 

models has brought the demographic tradition much closer to the 

sociological one, and a marriage between the two perspectives 

seems possible and desirable. An important consequence of such 

a merger could be the development of a micro and a macro branch 

of formal demography. The prospect for such a merger, however, 

is not the topic of this paper, which considers only macrodemo- 

graphic multistate dynamics. The aim of this essay is to inform 

and perhaps convince demographers of the desirability of modify- 

ing the currently predominant perspective in population analy- 

sis: that of a single population whose interactions with other 

populations are expressed only by means of ratios or net changes 

in stocks. In place of this perspective we advocate one that 

focuses simultaneously on severaZ populations whose interactions 

with each other are expressed in terms of g r o s s  flows. We shall 

refer to these two competing perspectives as the unistate and 

the multistate approaches, respectively. 

Another firmly established bias within demography is the 

reverence accorded to observed data. Reared in the empirical 

traditions of census statisticians and actuarial calculations, 

most demographers turn to hypothetical parametrized schedules 

only as a last resort, usually in Third World country settings, 

which lack adequate population data. Yet the quality of popula- 

tion projections developed with the aid of parametrized schedules 

is high and constantly improving, and the traditional concern 

among demographers for calculations carried to many significant 

*For an overview of life-history or event-history anaiysis, 
see Coleman (1 991 ) , Hannan (1 982) , and Tuma and Bannan (forth- 
coming) . 



d i g i t s  i s  s u r e l y  misplaced and o f t e n  spu r ious .  Thus a  second 

goa l  of t h i s  paper i s  t o  convince demographers of t h e  f e a s i b i l i t y  

and d e s i r a b i l i t y  of adopt ing parametr ized schedules  i n s t e a d  of 

observed schedules  i n  s t u d i e s  of m u l t i s t a t e  popula t ion  dynamics. 

The t ransparency  of t h e  parametr ized models used t o  d e s c r i b e  

such dynamics, and t h e  cons i s t ency  and convenience t h a t  such an 

e x e r c i s e  a l l ows ,  more than  compensate f o r  what l i t t l e  might be 

l o s t  i n  t h e  way of  accuracy.  

The r e s t  of t h i s  paper focuses  on t h e  t h r e e  t o p i c s  touched 

on i n  t h i s  In t roduc t ion :  t h e  m u l t i s t a t e  approach,  t h e  use  of 

parametr ized schedu le s ,  and t h e  advantages of a  m u l t i s t a t e  per-  

s p e c t i v e .  I n  s h o r t ,  it d e a l s  wi th  t h e  t h r e e  q u e s t i o n s :  what 

i s  i t ?  how should it be implemented? why i s  it important?  

2 .  MULTISTATE MACRODEMOGRAPHY 

The c u r r e n t  d i s t r i b u t i o n  of a  popula t ion  a c r o s s  i t s  c o n s t i -  

t u e n t  s t a t e s ,  o r  subca t ego r i e s ,  and t h e  age composit ions of i t s  

s t a t e - s p e c i f i c  subpopulat ions  r e f l e c t  i n t e r a c t i o n s  between p a s t  

p a t t e r n s  of  m o r t a l i t y ,  f e r t i l i t y ,  and i n t e r s t a t e  t r a n s i t i o n .  

Nat ional  s t a t i s t i c a l  agenc ies  a l l  over t h e  world d e a l  w i th  t h e  

i n f l u e n c e s  of  such i n t e r a c t i o n s  by r e l y i n g  on e s s e n t i a l l y  s tand-  

a r d  u n i s t a t e  methods. A t y p i c a l  example i s  o f f e r e d  by c u r r e n t  

U.S. Census Bureau p r o j e c t i o n s  of m o r t a l i t y ,  f e r t i l i t y ,  imrnigra- 

t i o n ,  school  en ro l lmen t ,  educa t iona l  a t t a inmen t ,  family  and house- 

ho ld  t o t a l s  and composi t ion,  and t h e  income d i s t r i b u t i o n  of house- 

ho lds .  I n  a l l  of  t h e s e ,  exogenously p r o j e c t e d  r a t e s  a r e  app l l ed  

t o  t h e  same age-sex-race-specif ic  n a t i o n a l  popula t ion  d i s t r i b u t i o n ,  

and no a t tempt  has  a s  y e t  been made t o  produce an i n t e r n a l  con- 

s i s t e n c y  among t h e  va r ious  r a t e s  used (Long 1 9 8  1 ) . 
Unis t a t e  models focus  on ly  on a  s i n g l e  popula t ion .  A l l  

r a t e s ,  t h e r e f o r e ,  must of n e c e s s i t y  use t h i s  popula t ion  i n  t h e  

denominator. Thus t h e  convent iona l  methodology f o r  ana lyz ing  

l abo r  f o r c e  p a t t e r n s ,  f o r  example, employs l a b o r  f o r c e  p a r t i c i -  

p a t i o n  r a t e s  and t h a t  f o r  gene ra t ing  r e g i o n a l  popula t ion  p ro j ec -  

t i o n s  uses  n e t  migra t ion  r a t e s .  A m u l t i s t a t e  model i n t roduces  



m u l t i p l e  popula t ions  and thereby  permi t s  t he  a s s o c i a t i o n  of g ros s  

flows with  t h e  popula t ions  a t  r i s k  of exper ienc ing  t h e s e  f lows.  

Labor f o r c e  p a r t i c i p a t i o n  r a t e s  a r e  dropped i n  favor  of access ion  

and s e p a r a t i o n  r a t e s  and n e t  migra t ion  r a t e s  a r e  r ep l aced  by 

o r i g i n - d e s t i n a t i o n - s p e c i f i c  g r o s s  migra t ion  r a t e s . *  

This  fundamental d i f f e r e n c e  between t h e  s ingle-dimensional  

and t h e  mul t id imensional  approaches t o  popula t ion  a n a l y s i s  may 

be i l l u m i n a t e d  by t h e  i l l u s t r a t i o n  set  o u t  i n  F igure  1 .  Imagine 

a  b a r r e l  con ta in ing  a  cont inuous ly  f l u c t u a t i n g  l e v e l  of wate r .  

A t  any given moment t h e  water  l e v e l  i s  changing a s  a  consequence 

of  l o s s e s  due t o  two ou t f lows ,  i d e n t i f i e d  by t h e  l a b e l s  dea ths  

and ou tmigra t ion ,  r e s p e c t i v e l y ,  and g a i n s  in t roduced  by two 

in f lows  l a b e l e d  b i r t h s  and inmig ra t ion ,  r e s p e c t i v e l y .  

I f  i t  i s  assumed t h a t  each b a r r e l ' s  migra t ion  ou t f low and 

i t s  migra t ion  in f low,  dur ing  a  u n i t  pe r iod  of t ime ,  vary i n  d i r e c t  

p ropor t ion  t o  t h e  average water l e v e l  i n  t h e  b a r r e l  a t  t h a t  t i m e ,  

then t h e  two f lows may be conso l ida t ed  i n t o  a  s i n g l e  n e t  flow 

(which may be p o s i t i v e  o r  n e g a t i v e ) ,  and t h e  r a t i o  of t h i s  n e t  

f low t o  t h e  average water  l e v e l  d e f i n e s  t h e  a p p r o p r i a t e  r a t e  

of n e t  inmigra t ion .  Such a  p e r s p e c t i v e  of t h e  problem r e f l e c t s  

a  u n i s t a t e  approach. 

Now imagine an in t e r connec ted  system of t h r e e  b a r r e l s ,  s a y ,  

where each b a r r e l  i s  l i n k e d  t o  t h e  o t h e r  two by a  network of 

f lows ,  a s  i n  F igure  1 B .  I n  t h i s  system t h e  migra t ion  ou t f lows  

from two b a r r e l s  d e f i n e  t h e  migra t ion  in f low of t h e  t h i r d .  A 

u n i s t a t e  a n a l y s i s  of t h e  e v o l u t i o n  of water  l e v e l s  i n  t h i s  

t h r e e - b a r r e l  system would focus on t h e  changes i n  t h e  ou t f lows  

and in f lows  i n  each b a r r e l ,  one a t  a  t ime.  A m u l t i s t a t e  perspec-  

t i v e ,  on t h e  o t h e r  hand, would r ega rd  t h e  t h r e e  b a r r e l s  a s  a  

system of t h r e e  i n t e r a c t i n g  bodies  of wate r ,  wi th  a  p a t t e r n  of 

ou t f lows  and in f lows  t o  be examined a s  a  s imul taneous system of 

*Curiously ,  a l though t h e  " p a r t i c i p a t i o n "  r a t e  approach has  been 
used i n  producing urban popu la t ion  p r o j e c t i o n s  (Uni ted Nations 
1 9 8 0 ) ,  t h e  " n e t  migra t ion"  r a t e  approach appa ren t ly  has  n o t  
been used t o  s tudy l a b o r  f o r c e  p a t t e r n s .  



BIRTHS 6 IN-MIGRANTS 
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NET MIGRANTS 

A. Unistate model 

B. Mul t is ta te  model 

F igure  1 .  C o n t r a s t i n g  t h e  u n i s t a t e  and t h e  m u l t i s t a t e  perspec-  
t i v e s .  



r e l a t i o n s h i p s .  Moreover, t h e  m u l t i s t a t e  approach would focus  

on mig ra t i on  ou t f l ows ;  hence t h e  a s s o c i a t e d  m i g r a t i o n  r a t e s  would 

always be p o s i t i v e ,  and t hey  would r e f e r  t o  t h e  a p p r o p r i a t e  pop- 

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

Two fundamental  f e a t u r e s ,  t h e n ,  d i s t i n g u i s h  t h e  m u l t i s t a t e  

from t h e  u n i s t a t e  p e r s p e c t i v e :  t h e  p o p u l a t i o n  be ing  examined 

and t h e  d e f i n i t i o n  o f  r a t e s  of  f low.  The m u l t i s t a t e  approach 

c o n s i d e r s  t h e  e n t i r e  p o p u l a t i o n  a s  an i n t e r a c t i n g  system; t h e  

u n i s t a t e  approach examines each  subpopu l a t i on  one a t  a  t i m e .  

Moreover, t h e  m u l t i s t a t e  approach employs r a t e s  o f  f low t h a t  

always r e f e r  t o  t h e  a p p r o p r i a t e  a t - r i s k  p o p u l a t i o n s ;  t h e  un i -  

s t a t e  approach,  by r e l y i n g  on n e t  r a t e s ,  canno t  do t h a t .  

2 . 1  Ra tes  

The b a s i c  i n i t i a l  measure f o r  m o s t  demographic a n a l y s i s  

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

du r ing  a  p a r t i c u l a r  t i m e  span.  I ts numerator  i s  a  coun t  o f  

occu r r ences  o f  an e v e n t ;  i t s  denominator  d e s c r i b e s  pe rson-years  

o f  exposure  (number o f  peop le  t i m e s  t h e  d u r a t i o n  of  t h e i r  exposure  

t o  t h e  e v e n t  i n  q u e s t i o n ) .  I n  t h e  demographic l i t e r a t u r e  such 

r a t e s  have been c a l l e d  occurrence/exposure  r a t e s .  

I n  m o r t a l i t y  s t u d i e s ,  f o r  example, occur rence /exposure  r a t e s  

a s s o c i a t e  t h e  number o f  d e a t h s  d u r i n g  a  g iven  i n t e r v a l  w i t h  t h e  

number of pe r son-years  of  exposure  t o  d e a t h  expe r i enced  by t h e  

p o p u l a t i o n  a t  r i s k .  I n  l a b o r  f o r c e  s t u d i e s  t hey  t a k e  t h e  form 

of a c c e s s i o n  and s e p a r a t i o n  r a t e s  t h a t  r e l a t e  e n t r a n c e s  and e x i t s  

t o  t h e  a t - r i s k  i n a c t i v e  and a c t i v e  p o p u l a t i o n s ,  r e s p e c t i v e l y .  

Analogous p r i n c i p l e s  app ly  t o  t h e  c o n s t r u c t i o n  o f  f e r t i l i t y  

r a t e s ,  n u p t i a l i t y  r a t e s ,  and d i v o r c e  r a t e s .  

Empi r ica l  s chedu l e s  o f  a g e - s p e c i f i c  occur rence /exposure  

r a t e s  e x h i b i t  remarkably p e r s i s t e n t  r e g u l a r i t i e s  i n  age p a t t e r n .  

M o r t a l i t y  s c h e d u l e s ,  f o r  example, normal ly  show a  modera te ly  h igh  

d e a t h  r a t e  immediately a f t e r  b i r t h ,  a f t e r  which t h e  r a t e s  d rop  

t o  a  minimum between ages  10 t o  15,  t h e n  i n c r e a s e  s lowly  u n t i l  

abou t  age 50,  and t h e r e a f t e r  rise a t  an i n c r e a s i n g  Pace u n t i l  



t h e  l a s t  y e a r s  of  l i f e .  F e r t i l i t y  r a t e s  g e n e r a l l y  s t a r t  t o  t a k e  

on nonzero v a l u e s  a t  abou t  age  15 and a t t a i n  a  maximum somewhere 

between ages  20 and 3 0 ;  t h e  curve  i s  unimodal and d e c l i n e s  t o  

z e r o  once a g a i n  a t  some age  c l o s e  t o  50. S i m i l a r  unimodal pro- 

f i l e s  may be found i n  s chedu l e s  of  f i r s t  ma r r i age ,  d i v o r c e ,  and 

remar r iage .  The most prominent r e g u l a r i t y  i n  a g e - s p e c i f i c  sched- 

u l e s  o f  m i g r a t i o n  i s  t h e  h igh  c o n c e n t r a t i o n  of  m i g r a t i o n  among 

young a d u l t s ;  r a t e s  o f  m ig ra t i on  a l s o  a r e  h i g h  among c h i l d r e n ,  

s t a r t i n g  w i t h  a  peak du r ing  t h e  f i r s t  y e a r  of  l i f e ,  dropping t o  

a  low p o i n t  a t  abou t  age  16,  t u r n i n g  s h a r p l y  upward t o  a  peak 

n e a r  age s  20 t o  22,  and d e c l i n i n g  r e g u l a r l y  t h e r e a f t e r  excep t  

f o r  a  p o s s i b l e  s l i g h t  hump o r  upward s l o p e  a t  t h e  o n s e t  o f  t h e  

p r i n c i p a l  ages  of r e t i r e m e n t .  Although d a t a  on r a t e s  of l a b o r  

f o r c e  e n t r y  and e x i t  a r e  very  s c a r c e ,  t h e  few pub l i shed  s t u d i e s  

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

may be found i n  such s chedu l e s .  F igu re  2  i l l u s t r a t e s  a  number 

o f  t y p i c a l  age  p r o f i l e s  e x h i b i t e d  by occurrence/exposure  r a t e s  

i n  m u l t i s t a t e  demography. 

The shape o r  prof iZe of  a  s chedu l e  of  a g e - s p e c i f i c  occur rence /  

exposure  r a t e s  i s  a  f e a t u r e  t h a t  may be u s e f u l l y  examined inde-  

penden t ly  of  i t s  i n t e n s i t y  o r  ZeveZ. Th is  i s  because  t h e r e  a r e  

c o n s i d e r a b l e  e m p i r i c a l  d a t a  showing t h a t  a l t hough  t h e  l a t t e r  

t e n d s  t o  va ry  s i g n i f i c a n t l y  from p l a c e  t o  p l a c e ,  t h e  former 

remains  remarkably s i m i l a r .  Some ev idence  on t h i s  p o i n t  w i l l  

be p r e s e n t e d  i n  t h e  c o u r s e  of t h e  d i s c u s s i o n  of  pa r ame t r i z ed  

model s chedu l e s  i n  s e c t i o n  4 .  

The l e v e l  a t  which occu r r ences  of  an e v e n t  o r  a  f low t a k e  

p l a c e  i n  a  m u l t i s t a t e  p o p u l a t i o n  system may be r e p r e s e n t e d  by 

t h e  a r e a  under t h e  cu rve  of t h e  p a r t i c u l a r  s chedu l e  of  r a t e s .  

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

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

s i n g l e  sex .  By ana logy ,  t h e r e f o r e ,  w e  s h a l l  r e f e r  t o  a r e a s  under 

a l l  s chedu l e s  o f  occur rence /exposure  r a t e s  a s  g r o s s  p roduc t i on  

r a t e s ,  i n s e r t i n g  t h e  a p p r o p r i a t e  mod i f i e r  when d e a l i n g  w i t h  a  

p a r t i c u l a r  e v e n t  o r  f low,  f o r  example, g r o s s  m o r t a l i t y  produc- 

t i o n  r a t e  and g r o s s  a c c e s s i o n  p roduc t i on  r a t e .  The t e r m  
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"product ion"  i s  r e t a i n e d  throughout i n  o r d e r  t o  d i s t i n g u i s h  t h i s  

aggregate  measure of l e v e l  from t h e  o t h e r  more common g r o s s  r a t e s  

used i n  demography, such a s  t h e  d i r e c t i o n a l  g r o s s  ( i n s t e a d  of 

n e t )  r a t e  of migra t ion .  

The g r o s s  p roduc t ion  r a t e  measures t h e  i n t e n s i t y  of p a r t i -  

c u l a r  even t s  w i th in  a  s t a t e  popula t ion  o r  of f lows between two 

o r  more s t a t e  popu la t ions  dur ing  a  given i n t e r v a l  of t i m e .  The 

index ,  t h e r e f o r e ,  i s  a  c r o s s - s e c t i o n a l  measure and should n o t  be 

confused wi th  t h e  net product ion r a t e  (such a s  t h e  n e t  reproduc- 

t i o n  r a t e ) ,  which i s  a  c o h o r t - r e l a t e d  index t h a t  measures t h e  

i n t e n s i t y  of such e v e n t s  o r  f lows over  a  l i f e t i m e .  Moreover, 

i n  a  m u l t i s t a t e  framework, where r e t u r n  f lows such a s  r emar r i ages ,  

p lay an impor tan t  r o l e ,  t h e  g r o s s  r a t e  and t h e  n e t  r a t e  can g i v e  

widely d i f f e r i n g  i n d i c a t i o n s  of i n t e r s t a t e  movement i n t e n s i t i e s .  

2 . 2  P r o b a b i l i t i e s  

V i t a l  s t a t i s t i c s ,  o t h e r  demographic r e g i s t e r s ,  surveys ,  and 

censuses  provide t h e  necessary  d a t a  f o r  t h e  computation of 

occurrence/exposure r a t e s .  They may be used t o  answer q u e s t i o n s  

such a s :  what i s  t h e  c u r r e n t  r a t e  a t  which 50-year-old males 

a r e  dying from h e a r t  d i s e a s e  o r  a t  which 30-year-old women a r e  

bea r ing  t h e i r  second c h i l d ?  But many of t h e  more i n t e r e s t i n g  

q u e s t i o n s  regard ing  m o r t a l i t y  and f e r t i l i t y  p a t t e r n s  a r e  phrased 

i n  terms of p r o b a b i l i t i e s ,  f o r  example: what i s  t h e  c u r r e n t  

p r o b a b i l i t y  t h a t  a  man aged 50 w i l l  o u t l i v e  h i s  45-year-old 

w i fe ,  o r  t h a t  she  w i l l  bear  he r  t h i r d  c h i l d  be fo re  she i s  40? 

Demographers normally e s t i m a t e  p r o b a b i l i t i e s  from observed 

r a t e s  by developing a  l i f e  t a b l e .  Such t a b l e s  d e s c r i b e  t h e  

e v o l u t i o n  of a  h y p o t h e t i c a l  cohor t  of bab ies  born a t  a  g iven 

moment and exposed t o  an unchanging age - spec i f i c  schedule  of 

v i t a l  r a t e s .  For t h i s  cohor t  of bab ie s ,  they e x h i b i t  a  number 

of p r o b a b i l i t i e s  f o r  changes of s t a t e ,  such a s  dying,  and develop 

t h e  corresponding e x p e c t a t i o n s  of y e a r s  of l i f e  spen t  i n  d i f f e r e n t  

s t a t e s  a t  v a r i o u s  ages .  



The simplest life tables recognize only one class of 

decrement, e.g., death, and their construction is normally 

initiated by estimating a set of age-specific probabilities of 

leaving the population, e.g., dying, within each interval of 

age, q(x) say, from observed data on age-specific exit rates, 

M(x) say. The conventional calculation that is made for an age 

interval five years wide is 

or alternatively, 

where p(x) is the age-specific probability of remaining in the 

population, e.g., of surviving, between exact ages x to x+5. 

Simple life tables, generalized to recognize several modes 

of exit from the population are known as multiple-decrement life 

tables (Keyfitz 1968, p. 333). A further generalization of the 

life table concept arises with the recognition of entries as 

well as exits. Such increment-decrement life tables (Schoen 

1975) allow for multiple movements between several states, for 

example, transitions between marital statuses and death (married, 

divorced, widowed, dead), or between labor force statuses and 

death (employed, unemployed, retired, dead). 

Multiple-radix increment-decrement life tables that recognize 

several regional populations, each with a region-specific schedule 

of mortality, and several destination-specific schedules of 

internal migration are called multiregional life tables (Rogers 

1973a, b). They represent the most general class of life tables 

and were originally developed for the study of interregional 

migration between interacting multiple regional populations. 

Their construction is initiated by estimating a matrix of age- 

specific probabilities of surviving and migrating P(x) from data - 
on age-specific death and migration rates, M(x). Rogers and 

w 



Ledent (1976) show that the equation for this estimation may be 

expressed as the matrix analog of Equation I*, 

One of the most useful statistics provided by a life table 

is the average expectation of life beyond age x, e(x) say, cal- 

culated by applying the probabilities of survival p(x) to a 

hypothetical cohort of babies and then observing at each age 

their average length of remaining life in each state: 

where L(a) is the matrix of survival probabilities to exact age a. - 
An example is set out in   able 1, calculated using Australian 

data for males in 1975/76. It shows a total remaining life 

expectancy of 53.09 years for a 20-year-old married man, with 

48.58 years of this expected lifetime to be spent in the married 

state, 3.45 years in the divorced state, and 1.06 in the widowed 

state. 

The transition probabilities in P(x) refer to persons who - 
are at exact age x. For population projections, however, it 

is useful to derive the corresponding survivorship proportions, 

S(x), that refer to individuals in age group x to x+h at the - 
start of the projection. Here again it is a simple matter to 

show that the multistate analog of the conventional unistate 

expression is 

*This formula is applicable only when migration is viewed as a 
move, i.e., an event. If the data treat migration as a transi- 
tion, i.e., a transfer during a specified unit time interval, 
then Equation 2 yields only an approximation. See Ledent 
(1980). 



Table 1 .  Expectancies  of remaining l i f e t i m e  i n  each m a r i t a l  
s t a t e  of 20-year-old A u s t r a l i a n  males: 1975/76 d a t a .  

Remaining life expectancy 

S t a t u s  a t  Never 
age 20 married Married Divorced Cidowed ~ 0 t a l  

Never marr ied 12 .82  35 .66  2 .62  0 . 9 0  52.00 

Married 0  48 .58  3 .45  1 .06  53 .09  

Divorced 0  44.71 7 .27  1 .06  53 .04  

Widowed 0  36.63 2 . 7 4  13 .36  52.73 

Data Source: Brown and Hal l  ( 1 9 7 8 ) .  

which y i e l d s  t h e  r e c u r s i v e  express ion  

A l l  l i f e - t a b l e  f u n c t i o n s  o r i g i n a t e  from a  s e t  of t r a n s i t i o n  

p r o b a b i l i t i e s ,  de f ined  f o r  a l l  ages .  The f i r s t  ques t ion  i n  con- 

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

age - spec i f i c  dea th  and migra t ion  r a t e s ,  M ( x ) ,  o r  su rv ivo r sh ip  
..d 

propor t ions ,  S ( x ) ,  i n t o  t h e  age - spec i f i c  t r a n s i t i o n  m a t r i c e s ,  
..d 

P ( x ) .  Equations 2 and 4 sugges t  two a l t e r n a t i v e  procedures .  
..d 

The f i r s t  focuses  on observed r a t e s ,  t h e  second on observed pro- 

p o r t i o n s  su rv iv ing .  I n  Rogers (1975) t h e s e  two e s t i m a t i o n  methods 

were c a l l e d  t h e  "Option 1" and "Option 2" methods , respec t ive ly .  

A s  Hoem and Jensen (1982) p o i n t  o u t ,  however, a  number of o t h e r  

op t ions  a r e  p o s s i b l e  depending on t h e  obse rva t iona l  p l an  t h a t  

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

2.3 P r o j e c t i o n s  

M u l t i s t a t e  g e n e r a l i z a t i o n s  of  t h e  c l a s s i c a l  models of 

mathematical  demography p r o j e c t  t h e  numerical  consequences,  t o  

a n  i n i t i a l  ( s ing l e - sex )  m u l t i s t a t e  popu la t ion ,  of a  p a r t i c u l a r  

set  of  assumptions r ega rd ing  f u t u r e  f e r t i l i t y ,  m o r t a l i t y ,  and 



interstate transfers. The mechanics of such projections typically 

revolve around three basic steps. The first ascertains the 

starting age-by-state distributions and the age-state-specific 

schedules of fertility, mortality, and interstate flows to which 

the multistate population has been subject during a past period; 

the second adopts a set of assumptions regarding the future 

behavior of such schedules; and the third derives the consequences 

of applying these schedules to the initial population. 

The discrete model of multistate demographic growth expresses 

the population projection process by means of a matrix operation 

in which a multistate population, set out as a vector, is multi- 

plied by a growth matrix that survives that population forward 

through time. The projection calculates the state- and age- 

specific survivors of a multistate population of a given sex 

and adds to this total the new births that survive to the end 

of the unit time interval. This process may be described by 

the matrix expression: 

where the vector CK(~)) sets out the multistate population dis- -. 
aggregated by age and state, and the matrix G is composed of -. 
zeros and elements that represent the various age-specific and 

state-specific components of population change. 

Given appropriate data, survivorship proportions can 

be calculated using Equation 3 and applied to the initial 

male or female population, {~(t)), as shown in Equation 5. For .. 
example, it is possible to simultaneously determine the projected 

male or female population and its age/marital status/regional 

distribution from the observed age/marital status/region-specific 

flows of marital status changes, regional migrant inflows and 

outflows, deaths, and fertility. The {K(t+l) so derived must -. 
then be augmented by the numbers of international migrant arrivals 

and departures (disaggregated by age, marital status, and region 

of arrival or departure) to give the projection of male or female 

population by age, marital status, and region of residence. 



The asymptotic properties of the projection in Equation 5 

have been extensively studied in mathematical demography. This 

body of theory draws on the properties of matrices with non- 

negative elements and, in particular, on the Perron-Frobenius 

theorem (Gantmacher 1959). Its application to Equation 5 estab- 

lishes the existence of a unique, real, positive, dominant 

characteristic root, A l  say, and an associated positive charac- 

teristic vector, {K1 1 say. Inasmuch as A l  is greater in abso- 
-. 

lute value than any other A the effects of all components 
j 

beyond the first ultimately disappear as the population converges 

to the stable distribution defined by {K1). 
% 

Since the sum of the elements of {K 1 is unity, the total - 1 t population added over all ages and states is A1cl, say, for a 

large t and a constant projection matrix. This permits us to 

call cl the s t a b l e  e q u i v a l e n t  p o p u l a t i o n .  It is the total 

which, if distributed according .to the stable vector {K1}, would 
-. 

ultimately grow at the same rate as the observed {K(O) 1 projected 
% 

by the growth matrix. 

Tables 2 and 3 present some numerical illustrations. Table 

2 shows expectations of remaining life at age 20 for Australian 

females, disaggregated by marital status and two regions of resi- 

dence. Table 3 presents the corresponding single-sex multistate 

population ~rojection that arises under the assumption of fixed 

coefficients. 

The fundamental dimensions of the growth dynamics of empirical 

populations are often obscured by the influences that particular 

initial conditions have on future population size and composition. 

Moreover, the vast quantities of data and parameters that go into 

a description of such empirical dynamics make it somewhat diffi- 

cult to maintain a focus on the broad general outlines of the 

underlying demographic process, and instead often encourage a 

consideration of its more peculiar details. Finally, studies 

of empirical growth dynamics are constrained in scope to popu- 

lation dynamics that have been experienced and recorded; they 

cannot be readily extended to studies of population dynamics 

that have been experienced but not recorded or that have not 
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been e x p e r i e n c e d  a t  a l l .  I n  consequence ,  demographers o c c a s i o n -  

a l l y  have r e s o r t e d  t o  examina t ions  of  t h e  dynamics e x h i b i t e d  by 

model p o p u l a t i o n s  t h a t  have been exposed t o  model s c h e d u l e s  o f  

growth and change ( e . g . ,  Coale  and Demeny 1966; Rogers 1 9 7 5 ) .  

A s  w i t h  most p o p u l a t i o n  p r o j e c t i o n  models i n  t h e  demographic 

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

s i n g l e  s e x  a t  a  t i m e .  However, t h e  s e p a r a t e  p r o j e c t i o n  of  t h e  

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

i n c o n s i s t e n c i e s ,  such  as  t h e  number o f  m a r r i e d  males n o t  c o i n -  

c i d i n g  w i t h  t h e  number of  m a r r i e d  females  f o r  a  g i v e n  y e a r ,  

t h e  t o t a l  number o f  new widows d u r i n g  a  y e a r  n o t  c o i n c i d i n g  w i t h  

t h e  t o t a l  number o f  d e a t h s  among m a r r i e d  men t h a t  y e a r ,  and s o  

on.  Thus it i s  n o t  r e a l i s t i c  t o  p r o j e c t  t h e  t r a n s i t i o n s  among 

i n d i v i d u a l s  of  one  s e x  w i t h o u t  t a k i n g  i n t o  a c c o u n t  p a r a l l e l  

t r a n s i t i o n s  among i n d i v i d u a l s  of  t h e  o t h e r  s e x .  Methods f o r  

cop ing  w i t h  t h i s  i n c o n s i s t e n c y  and i n c o r p o r a t i n g  it i n t o  a  m u l t i -  

s t a t e  p r o j e c t i o n  a l g o r i t h m  a r e  d i s c u s s e d  i n  Sams (1981b) and 

Sanderson ( 198 1 ) . 

3 .  PARAMETRIZED MODEL SCHEDULES 

The u s e  of  ma themat ica l  f u n c t i o n s ,  e x p r e s s e d  i n  t e r m s  o f  a  

s m a l l  set  o f  p a r a m e t e r s ,  t o  smooth and d e s c r i b e  p a r s i m o n i o u s l y  

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

graphy.  A l a r g e  number of such  f u n c t i o n s  have been proposed and 

f i t t e d  t o  m o r t a l i t y  and f e r t i l i t y  d a t a ,  f o r  example,  and t h e  

r e s u l t s  have been wide ly  a p p l i e d  t o  d a t a  smoothing,  i n t e r p o l a -  

t i o n ,  compara t ive  a n a l y s i s ,  d a t a  i n f e r e n c e ,  and f o r e c a s t i n g .  

The r e l e v a n t  l i t e r a t u r e  i s  v a s t  and e n t r y  i n t o  it can  be made 

from s u c h  r e p r e s e n t a t i v e  p u b l i c a t i o n s  a s  B r a s s  ( 1 9 7 1 ) ,  Coale 

and Demeny ( 1 9 6 6 ) ,  Coale  and T r u s s e l l  ( 1 9 7 4 ) ,  Heligman and 

P o l l a r d  ( 1 9 7 9 ) ,  Hoem e t  a l .  ( 1 9 8 1 ) ,  and Uni ted  Na t ions  ( 1 9 6 7 ) .  

More r e c e n t l y ,  t h e  r a n g e  of  p a r a m e t r i z e d  s c h e d u l e s  h a s  been 

expanded t o  i n c l u d e  i n t e r s t a t e  t r a n s f e r s  such  a s  m i g r a t i o n  (Rogers ,  

R a q u i l l e t ,  and C a s t r o  1978; Rogers and C a s t r o  1981) and changes  

i n  mar i ta l  s t a t u s  o t h e r  than  f i r s t  m a r r i a g e  (Wi l l i ams  1 9 8 1 ) .  Thus 



it is now possible to define a model (hypothetical) multistate 

dynamics that describes the evolution of a single-sex population 

exposed to parametrized schedules of mortality, fertility, migra- 

tion, and several forms of marital status change (that is, first 

marriage, divorce, and remarriage). The evolution of a two-sex 

population can also be examined by making use of procedures that 

strive to ensure some consistency between the transitions exper- 

ienced by each sex (Sams 1981b and Sanderson 19Si). 

3.1 Advantages 

The role of model schedules in parametrized multistate 

population dynamics is two-fold. First, model schedules allow 

one to condense an enormous amount of information about transi- 

tions between states of existence or the occurrences of vital 

events in each year into a few parameters. Second, model sched- 

ules provide a manageable number of interpretable descriptive 

statistics, for each demographic transition or vital event in 

each year, the time series of which can be the basis for econo- 

metric estimation. The criteria for the selection of appro- 

priate model schedules should emphasize the interpretability 

of the parameters, their success in characterizing the important 

features of demographic behavior, and the goodness-of-fit of 

the parametrized schedules to available data. 

A parametrized multistate population projection model should 

be designed to provide projections that are disaggregated and 

internally consistent and are useful for policy analysis. 

Disaggregation. Since population projections are required 

by a wide variety of users, with vastly different applications 

in mind, a high level of disaggregation allows greater flexibility 

in the use of the projection. For example, disaggregation by 

region is of interest to urban planners; disaggregation by sex 

and marital status is important in studies of labor force 

participation and fertility; and disaggregation by age allows 

the producers and users of population projections to take 

explicit account of the age dependence of demographic events. 



Disaggregation is important for another reason; it often 

leads to a detection of more homogeneous categories and thus to 

a greater consistency in trends. Indeed some demographers have 

argued that population forecasting is an exercise in identifying 

those demographic variables whose behavior over time is suffi- 

ciently regular that trend extrapolation becomes a plausible 

projection methodology (Brass 1974) . 
Consistency. Highly disaggregated population projections 

I 

are of limited use if there is no consistency among the various 

outputs. The projections should satisfy standard demographic 

accounting identities; they should incorporate the impacts of 

preceding demographic events via the use of the changing age 

profile of the population; and they should ensure that the 

various disaggregated outputs are in harmony with one another 

(for example, the number of married males must coincide with 

the number of married females, and so on). This is not the 

current practice in most national statistical agencies: 

Perhaps the most striking results of this overview 
of projections methodologies are the lack of a 
mechanism for assuring consistency among projec- 
ted variables and the apparent arbitrariness of 
many of the assumptions used to project (or more 
appropriately, to extrapolate) the proportions and 
ratios applied to the projected population base. 
Our interest at this point is to identify the most 
fruitful areas of research that may lead to speci- 
fying linkages between variables in the system, to 
estimating the parameters specified, and to devis- 
ing a system or model for projecting these param- 
eters. (Long 1981 :317-318) 

Policy Relevance. Forecasters generally make population 

projections on the basis of implicit and explicit assumptions 

regarding future levels of the demographic and economic variables 

that are thought to affect population change. Although such 

projections are of interest for specific purposes, they often 

are of little value for policy analysis. To enable analysis of 

the consequences of economic and population policies, projections 

should incorporate explicitly the assumptions that are made regard- 

ing the demographic and economic (demoeconomic) environment 



underlying the projections and should clearly and consistently 

specify the relationships that exist between this environment 

and population change. Operationally this suggests the need to 

condense to a manageable level the amount of information to be 

specified as assumptions, to express this condensed information 

in a language and in variables that are readily understood by the 

users of the projections, and to relate the variables to one 

another as well as to variables describing the demoeconomic 

environment that underlies the population projection. 

A set of 85 death rates by single years of age is not very 

informative; nor is a collection of 30 age-specific fertility 

rates. Yet the meaning of the expectation of life at birth and 

the gross (or net) reproduction rate implied by these two sets 

of rates is readily grasped, and unrealistic values for these 

variables indicate possible sources of error in the data. A 

theoretical or empirical association of these variables to the 

demoeconomic setting in which they are expected to prevail pro- 

vides further illumination and another check on the reasonable- 

ness of the assumptions adopted. Certainly the relationships 

between economic variables and demographic behavior cannot be 

ignored. There is an expanding body of economic theory that 

attempts to explain marriage, divorce, fertility, and labor force 

participation behavior on the basis of a systematic analysis of 

family choices. Migration flows, particularly between regions, 

can also be related to economic conditions in the source and 

destination regions. 

Thus a framework for population projection, first, should 

incorporate a projection procedure that enables disaggregation 

and consistent projections to be made, second, should use model 

schedules which reduce the information load, and, third, should 

use an economic model to determine important demographic vari- 

ables. An illustration of such a framework for the consistent 

projection of a population disaggregated by age, sex, marital 

status, and region of residence is given in Rogers and Williams 

(1982). 



3 . 2  Examples 

Among t h e  r e l a t i v e l y  l a r g e  number of d i f f e r e n t  paramet r ic  

f u n c t i o n s  t h a t  have been r e c e n t l y  proposed f o r  r e p r e s e n t i n g  

schedules  of age - spec i f i c  f e r t i l i t y ,  t h e  formula p u t  forward by 

Coale and T r u s s e l l  ( 1  974) has  assumed a c e r t a i n  pre-eminence. 

This  formula can be viewed a s  t h e  product  of two component 

schedules :  a  model n u p t i a l i t y  schedule  and a model m a r i t a l  

f e r t i l i t y  schedule .  The former adopts  t h e  double-exponent ia l  

f i r s t  marr iage f u n c t i o n  of Coale and McNeil ( 1  972) : 

where x i s  t h e  age a t  which a consequen t i a l  number of f i r s t  0 
marr iages  begin t o  occu r ,  and k i s  t h e  number of y e a r s  i n  t h e  

observed popula t ion  i n t o  which one year  of marr iage i n  t h e  

s t anda rd  popula t ion  i s  t ransformed.  I n t e g r a t i n g ,  one f i n d s  

which when m u l t i p l i e d  by t h e  p ropor t ion  who w i l l  eve r  marry, 

r e p r e s e n t s  t h e  p ropor t ion  marr ied a t  each age. 

Coale a rgues  t h a t  m a r i t a l  f e r t i l i t y  e i t h e r  fo l lows  a 

p a t t e r n  t h a t  Henry (1961) c a l l e d  naturaZ f e r t i l i t y  o r  d e v i a t e s  

from it i n  a r e g u l a r  manner t h a t  i n c r e a s e s  wi th  age ,  such t h a t  

t h e  r a t i o  of m a r i t a l  f e r t i l i t y  t o  n a t u r a l  f e r t i l i t y  can be 

expressed by 



where M i s  a  s c a l i n g  f a c t o r  t h a t  s e t s  t h e  r a t i o  r ( x ) / n ( x )  equa l  

t o  un i ty  a t  some f i x e d  age ,  and m i n d i c a t e s  t h e  degree  of c o n t r o l  

of m a r i t a l  f e r t i l i t y .  The va lues  of v ( x )  and n ( x )  a r e  s p e c i f i e d  

by Coale,and they a r e  assumed t o  remain i n v a r i a n t  a c r o s s  popula- 

t i o n s  and over  time. 

Mult ip ly ing  t h e  two-parameter model schedule  of p ropor t ions  

eve r  marr ied a t  each age by t h e  one-parameter model schedule  of 

m a r i t a l  f e r t i l i t y ,  Coale and T r u s s e l l  (1974) genera ted  an exten-  

s i v e  set of model f e r t i l i t y  schedules  t h a t  have been shown t o  

d e s c r i b e  e m p i r i c a l  schedules  wi th  s u r p r i s i n g  accuracy.  Their  

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

f  ( x )  = G(x) r ( x )  = G ( x ) n  ( x )  e  mv ( X I  

a l lows  one t o  o b t a i n  t h e  age p r o f i l e s  ( b u t  n o t  t h e  l e v e l s )  of 

f e r t i l i t y ,  which depend on ly  on t h e  f i x e d  s ing le -yea r  va lues  of 

t h e  f u n c t i o n s  n ( x )  and v ( x ) ,  and on e s t i m a t e s  f o r  x  k ,  and m. 0 
Hoem e t  a l .  (1981) r e p o r t  t h e  r e s u l t s  of f i t t i n g  a  number of 

mathematical  f u n c t i o n s  t o  t h e  age - spec i f i c  f e r t i l i t y  r a t e s  of 

Denmark, f o r  t h e  ages  1 5  t o  4 6  i n c l u s i v e ,  dur ing  t h e  y e a r s  1962 

t o  1971. F igure  3 i l l u s t r a t e s  t h e  curves  t h a t  were ob ta ined .  

I f  t h e  popula t ions  t o  be p r o j e c t e d  a r e  a l r eady  d i saggrega ted  

by m a r i t a l  s t a t u s ,  such t h a t  t h e  p ropor t ions  marr ied ,  never 

mar r ied ,  and p rev ious ly  marr ied a t  each age a r e  known, a p p r o p r i a t e  

model schedules  f o r  t h e  age - spec i f i c  f e r t i l i t y  r a t e s  of women 

of each m a r i t a l  s t a t u s  may be der ived .  This  has t h e  advantage 

of a l lowing one t o  cons ide r  s e p a r a t e l y  m a r i t a l  and non-marital  

f e r t i l i t y ,  each of which may be in f luenced  by d i f f e r e n t  demo- 

graphic  and economic f a c t o r s .  I n  t h e  i l l u s t r a t i v e  p r o j e c t i o n  

given l a t e r  i n  t h i s  pape r ,  a  double-exponential  func t ion  [ s i m i l a r  

t o  t h a t  used by Coale and McNeil (1972) f o r  f i r s t  mar r iages]  

was used t o  d e s c r i b e ,  s e p a r a t e l y  f o r  women of each m a r i t a l  s t a t u s  

i n  each r eg ion ,  f e r t i l i t y  r a t e s  a t  age x: 

-a (x-u)  - e  - A  (x-u) 
f  ( x )  = gae 



Figure 3. The Coale-Trussell model fertility schedule: 
Denmark, 1962-71. 

Data Source: Hoem et al. (1981). 



where the shape of the curve is defined by the three parameters, 

a, p, and A, and the level of the curve is defined by the scaling 

parameter a, and g, the gross fertility rate, which is the sum 

of all the age-specific fertility rates. Although these param- 

eters (apart from g) are not easily interpretable, it is possible 

to derive the propensity, mean, variance, and mode of the double- 

exponential function in terms of them (Coale and McNeil 1972; 

Rogers and Castro 1981; and Sams 1981a). 

3.2.2 Marital Status 

Coale and McNeills (1972) double-exponential model schedule 

of first marriages, discussed above, was introduced a decade ago. 

Parametrized schedules of other changes in marital status, 

however, seem to have been first used only recently, in a study 

carried out by the IMPACT Project in Australia (Powell 1977). 

Working with a detailed demographic data bank produced by Brown 

and Hall (1978), Williams (1981) fitted gamma distributions to 

Australian rates of first marriage, divorce, remarriage of 

divorcees, and remarriage of widows, for each year from 1921 to 

1976. These model schedules provided adequate descriptions of 

Australian marital status changes, although some difficulties 

arose with age distributions that exhibited steep rises in early 

ages; in particular, the age distributions of first marriages. 

This difficulty was overcome by the addition of a second time- 

invariant gamma distribution. 

Functions based on the Coale-McNeil double-exponential 

distribution, given in Equation 8, seem better able to cope 

with the problem of steeply rising age distributions than the 

gamma distribution. Figure 4 illustrates the goodness-of-fit 

of the double-exponential distribution for data on Norwegian 

males in 1977-78. Although the parameters of both functions can 

be expressed in terms of a propensity, mean age and variance in 

age, the double-exponential function requires a further parameter 

-the modal age-whose movements over time may be more difficult 

to model and project. 
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F i g u r e  4 .  Model s chedu l e s  o f  m a r i t a l  s t a t u s  change:  Norwegian 
males 1977-1978. 

Data Source:  Brunborg, Monnesland, and Selmer (1981 ) .  



3 . 2 . 3  M o r t a l i t y  

Three principal approaches have been advanced for summarizing 

age patterns of mortality: f u n c t i o n a l  d e s c r i p t i o n s  in the form 

of mathematical expressions with a few parameters (Benjamin and 

Pollard 1980), n u m e r i c a l  t a b u l a t i o n s  generated from statistical 

summaries of large data sets (Coale and Demeny 1966), and r e l a -  

t i o n a l  p r o c e d u r e s  associating observed patterns with those found 

in a standard schedule (Brass 1971). 

The search for a "mathematical law" of mortality, has, until 

very recently, produced mathematical functions that were success- 

ful in capturing empirical regularities in only parts of the 

age range, and numerical tabulations have proven to be somewhat 

cumbersome and inflexible for applied analysis. Consequently, 

the relational methods first proposed by William Brass have 

become widely adopted. With two parameters and a standard life 

table, it has become possible to describe and analyze a large 

variety of mortality regimes parsimoniously. 

In 1979 Heligman and Pollard published a paper setting out 

several mathematical functions that appear to provide satisfactory 

representations of a wide range of age patterns of mortality. 

Their function describes the variable q(x), the probability of 

dying within one year for an individual at age x. We have found 

it more useful to focus instead on d(x), the annual death rate 

at age x. Thus we adopt, in the illustrative projection given 

in this paper, the slightly modified Heligman and Pollard formula 

suggested by Brooks et al. (1 980) of the IMPACT Project: 

d(x) = dI (x) + dA(x) + dS (x) for x = 0,1, ..., 100+ (9) 

where 

for x = 0 



and 

f o r  x  2 0 

f o r  x  2 0 

Heligman and P o l l a r d  i n t e r p r e t e d  t h e  t h r e e  t e r m s  i n  t h e i r  formula 

a s  r e p r e s e n t i n g  i n f a n t  and ch i ldhood  m o r t a l i t y  ( I ) ,  m o r t a l i t y  due 

t o  a c c i d e n t s  ( A )  , and a  s e n e s c e n t  m o r t a l i t y  ( S )  component which 

r e f l e c t s  m o r t a l i t y  due t o  ag ing .  F i g u r e  5  e x h i b i t s  t h o s e  t h r e e  

components and t h e i r  sum, drawing on A u s t r a l i a n  d a t a  f o r  1950. 

Death r a t e s  can  be shown t o  d i f f e r  markedly n o t  o n l y  between 

a g e s ,  b u t  a l s o  between s e x e s ,  between m a r i t a l  s t a t e s  and ,  pe rhaps ,  

between r e g i o n s .  A t  t h e  IMPACT P r o j e c t ,  model s chedu l e s  based 

on Equat ion 9  have been s u c c e s s f u l l y  f i t t e d  t o  A u s t r a l i a n  age- 

s p e c i f i c  d a t a  f o r  t h e  d e a t h  r a t e s  of  pe r sons  of each  s e x  and 

m a r i t a l  s t a t u s .  Not a l l  components of  t h e  Heligman-Pollard 

cu rve  w e r e  u s ed ,  w i t h  t h e  f i r s t  component be ing  o m i t t e d  

f o r  mar r ied  males and females  and d ivo rced  and widowed f ema le s ,  

and bo th  t h e  f i r s t  and second components be ing  omi t t ed  f o r  d ivo rced  

and widowed males.  Given a v a i l a b i l i t y  of  d a t a ,  such model sched- 

u l e s  cou ld  be f i t t e d  i n  each  r e g i o n  o f  a  m u l t i r e g i o n a l  system. 

Movements o v e r  t i m e  i n  t h e  pa ramete r s  of  such s chedu l e s  cou ld  

t h e n  be ana lyzed  and used f o r  p r o j e c t i o n  o f  f u t u r e  m o r t a l i t y  by 

age ,  s e x ,  m a r i t a l  s t a t u s ,  and r e g i o n .  

3 .  2.  4 M i g r a t i o n  

A r e c e n t  s t u d y  of  age  p a t t e r n s  i n  m i g r a t i o n  s chedu l e s  

(Rogers and Cas t ro  1981) ha s  shown t h a t  such p a t t e r n s  e x h i b i t  

an age  p r o f i l e  t h a t  can  be adequa t e ly  d e s c r i b e d  by t h e  mathe- 

m a t i c a l  e x p r e s s i o n :  
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where 

if the curve has a retirement peak, 

if the curve has an upward retirement slope, and 

if the curve has neither and is approximately horizontal at the 

post-labor force ages. The migration rate, m(x), therefore, 

depends on values taken on by 11, 9, or 7 parameters, respectively. 

The shape of the second term, the labor force component of 

the curve, is the double exponential formula put forward by 

Coale and McNeil (1 972) . The first term, a simple negative 

exponential curve, describes the migration age profile of child- 

ren and adolescents. Finally, the post-labor force component 

is a constant, another double-exponential, or an upward sloping 

positive exponential. Figure 6 illustrates the fit of the nine 

parameter model schedule to intercommunal migration in the 

Netherlands. 

In addition to the parameters and derived variables defined 

previously in the discussion of model double-exponential fertil- 

ity schedules, we now introduce three additional measures useful 

for the study of migration age profiles: the index of child 

dependency 
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F i g u r e  6 .  Model m i g r a t i o n  s c h e d u l e s  f o r  t h e    ether lands. 

Da ta  S o u r c e :  D r e w e  ( 1 9 8 0 )  a n d  d a t a  p r o v i d e d  by D r e w e .  



t h e  index of parental-shift regularity 

and t h e  low p o i n t  xL. The f i r s t  measures t h e  pace a t  which 

c h i l d r e n  migra te  w i th  t h e i r  p a r e n t s ,  t h e  second i n d i c a t e s  t h e  

degree  t o  which t h e  p a t t e r n  of t h e  migra t ion  r a t e s  of c h i l d r e n  

m i r r o r s  t h a t  of t h e i r  p a r e n t s ,  and t h e  t h i r d  i d e n t i f i e s  t h e  age 

a t  which t h e  lowes t  migra t ion  r a t e  occu r s  among t eenage r s .  

3.2.5 Other Transitions 

The n o t i o n  of model schedules  may be used t o  d e s c r i b e  a  

wide range of demographic t r a n s i t i o n s .  W e  have cons idered  

m o r t a l i t y ,  f e r t i l i t y ,  m ig ra t ion ,  mar r iage ,  d i v o r c e ,  and remar- 

r i a g e .  W e  could a s  e a s i l y  have focused on f lows between d i f -  

f e r e n t  s t a t e s  o f ,  f o r  example, income, educa t ion ,  h e a l t h ,  and 

l a b o r  f o r c e  a c t i v i t y .  

Consider ,  f o r  example, t h e  f lows between a c t i v e  and i n a c t i v e  

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

i n t o  t h e  l a b o r  f o r c e ,  c a l l e d  acces s ion  r a t e s ,  e x h i b i t  an age 

p r o f i l e  t h a t  can be desc r ibed  a s  t h e  sum of t h r e e  double exponen- 

t i a l  d i s t r i b u t i o n s .  Rates of e x i t  from t h e  l a b o r  f o r c e ,  c a l l e d  

s e p a r a t i o n  r a t e s ,  may be desc r ibed  by a  U-shaped curve de f ined  a s :  

F igure  7 i l l u s t r a t e s  t h e  f i t  of t h e s e  two curves  t o  acces s ion  

and s e p a r a t i o n  r a t e s ,  r e s p e c t i v e l y ,  of Danish males i n  1 9 7 2 - 7 4  

(Hoem and Fong 1976) . Thc parnrcctcrs for t l ~ e  ,or-?.cr ~ c :  

and those  f o r  t h e  l a t t e r  a r e :  





4 . UNISTATE VERSUS MULTISTATE PERSPECTIVES 

A multistate perspective in demographic analysis focuses 

simultaneously on several interdependent population stocks, on 

the events that alter the levels of such stocks, and on the 

gross flows that connect these stocks to form a system of inter- 

acting populations. The perspective deals with rates that refer 

to true populations at risk, and it considers the dynamics of 

multiple populations exposed to multidimensional growth regimes 

defined by such rates. All of these attributes are absent in 

a unistate perspective of growth and change in multiple inter- 

acting populations. 

To deal with the interlinkages that connect one population's 

dynamics to another's, the unistate perspective generally must 

resort to the use of ad hoc procedures and unsatisfactory con- 

cepts. For example, to study the evolution of a population that 

experiences the effects of migration, the unistate perspective 

has created the statistical fiction of the invisible net migrant. 

To examine the dynamics of labor force participation, it has 

defined the labor force participation rate, a measure that is a 

proportion and not a rate. 

But does it really matter? What are the drawbacks of a 

view that ignores gross flows in favor of a focus on net changes 

in stocks? In what respects is a multistate perspective superior 

to a unistate one? 

A focus on gross flows more clearly identifies the regular- 

ties, illuminates the dynamics, and enhances the understanding 

of demographic processes that occur within multiple interacting 

populations. Distinguishing between flows and changes in stocks 

reveals regularities that otherwise may be obscured; focusing 

on flows into and out of a state-specific stock exposes dynamics 

that otherwise may be hidden; and linking explanatory variables 

to disaggregated gross flows permits a more appropriately 

specified causal analysis. 



4 . 1  Flows and Changes i n  Stocks:  Problems of Measurement 

Net r a t e s  exp res s  d i f f e r e n c e s  between a r r i v a l s  and depa r t -  

u r e s  a s  a  f r a c t i o n  of t h e  s i n g l e  popula t ion  exper ienc ing  both.  

Within demography they  o f t e n  a r e  viewed a s  c rude  i n d i c e s  t h a t  

r e f l e c t  d i f f e r e n c e s  i n  p r o p e n s i t i e s  of movement, f o r  example, 

by i n d i v i d u a l s  a t  d i f f e r e n t  l o c a t i o n s ,  d i s agg rega t ed  by age ,  

s e x ,  and o t h e r  c l a s s i f i c a t i o n s  thought  t o  be r e l e v a n t  f o r  

e x p l a i n i n g  migra t ion .  

But n e t  r a t e s  a l s o  r e f l e c t  s i z e s  of popula t ion  s t o c k s .  For 

example, i f  t h e  g r o s s  r a t e s  of migra t ion  between urban and r u r a l  

a r e a s  of a  n a t i o n  a r e  h e l d  c o n s t a n t ,  t h e  n e t  mig ra t ion  r a t e  

w i l l  change over  t i m e  w i th  s h i f t s  i n  t h e  r e l a t i v e  popula t ion  

t o t a l s  i n  each a r e a .  Accordingly,  o n e ' s  i n f e r e n c e s  about  changes 

i n  n e t  mig ra t ion  p a t t e r n s  over  t i m e  w i l l  confound t h e  impacts 

of mig ra t ion  p r o p e n s i t i e s  wi th  t h o s e  of changing popula t ion  

s t o c k s  . 
To i l l u s t r a t e  t h e  above d i s c u s s i o n  c o n s i d e r ,  f o r  example, 

t h e  mig ra t ion  exchange between two neighboring r eg ions  of  a  

mu l t i r eg ion  system, r eg ions  i and j s a y ,  t h a t  i n i t i a l l y  c o n t a i n  

popu la t ions  of equa l  s i z e ,  Pi = P .  say.  Assume t h a t  t h e  g r o s s  
3 

migraproduct ion r a t e s  a r e  equa l  t o  u n i t y  i n  both  d i r e c t i o n s ,  

and t h a t  t h e  age p r o f i l e s  of both f lows a r e  t hose  of t h e  Rogers- 

Cas t ro  s t anda rd  (Rogers and Cas t ro  1981) de f ined  i n  ~ p p e n d i x  I V .  

Under t h e s e  c o n d i t i o n s  t h e  n e t  migra t ion  r a t e  i n t o  reg ion  i i s  

zero  a t  a l l  ages ,  a s  shown by t h e  d o t t e d  l i n e  i n  F igure  8 .  A t  

each age,  t h e  number of migran ts  from reg ion  j t o  r eg ion  i e x a c t l y  

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

ho lds  f o r  t h e  corresponding r a t e s .  

Now imagine t h a t  t h e  popula t ion  i n  reg ion  j  grows more r a p i d l y  

than  t h a t  of  reg ion  i ,  such t h a t  it becomes twice  a s  l a r g e  a s  i t s  

ne ighbor ,  t h a t  i s ,  P = 2Pi. Assume t h a t  t h e  p r o p e n s i t i e s  t o  
j  

migra te  i n  both  d i r e c t i o n s  and t h e  a s s o c i a t e d  age p r o f i l e s  remain 

t h e  same a s  be fo re  [ t h a t  i s ,  M i j  ( x )  - - ( x )  f o r  a l l  ages  X I .  
Then t h e  r e s u l t i n g  n e t  migra t ion  r a t e  schedule  of reg ion  i becomes 

t h a t  of t h e  s o l i d  l i n e  i n  F igure  8 ,  t h a t  i s ,  t h e  Rogers-Castro 

s t anda rd  wi th  a  g r o s s  migraproduct ion r a t e  of u n i t y ,  f o r  



Zero net migration 

Figu re  8 .  N e t  m ig ra t i on  schedule .  



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

when P = Pi/2. 
j 

The t h r e e  n e t  m i g r a t i o n  s c h e d u l e s  i n  F i g u r e  8 a l l  r e f l e c t  

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

t h e  p r o p e n s i t y  t o  m i g r a t e  i n  t h e  two d i r e c t i o n s  i s  t h e  same, and 

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

i ,  s a y ,  v a r i e s  d i r e c t l y  w i t h  t h e  r e l a t i v e  s i z e s  of  t h e  two 

p o p u l a t i o n s ,  t h a t  i s ,  w i t h  t h e  r a t i o  P . /P i .  The n e t  r a t e  i s  z e r o  
3 

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

t h e  r a t i o  exceeds  u n i t y ,  and n e g a t i v e  a t  a l l  a g e s  when t h e  r a t i o  

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

age  p r o f i l e  o f  t h e  Rogers-Castro s t a n d a r d .  Thus, i n  t h i s  i l l u s -  

t r a t i o n ,  n e t  m i g r a t i o n  c l e a r l y  depends on r e l a t i v e  p o p u l a t i o n  

s i z e s ;  t h e  e f f e c t s  o f  f lows a r e  confounded w i t h  t h e  e f f e c t s  of 

changes  i n  s t o c k s .  

F i g u r e  9 i l l u s t r a t e s  how changes  i n  l e v e l s  can  a f f e c t  t h e  

a g e  p r o f i l e  o f  l a b o r  f o r c e  p a r t i c i p a t i o n  r a t e s .  I n  t h i s  example, 

t h e  p a r a m e t r i z e d  model s c h e d u l e s  of  a c c e s s i o n  and s e p a r a t i o n  

r a t e s  f o r  Danish males  se t  o u t  e a r l i e r  i n  F i g u r e  7 w e r e  k e p t  

f i x e d ,  b u t  t h e i r  l e v e l s  w e r e  set  e q u a l  t o  t h o s e  e x h i b i t e d  by 

Danish females  i n  t h a t  y e a r .  The r e s u l t i n g  new l a b o r  f o r c e  

p a r t i c i p a t i o n  r a t e s  a r e  shown by t h e  d o t t e d  l i n e  i n  F i g u r e  9 .  

A comparison o f  t h a t  s c h e d u l e  w i t h  t h e  s c h e d u l e  d e f i n e d  by t h e  

s o l i d  l i n e  i d e n t i f i e s  t h e  i m p a c t s  of  changing l e v e l s  o r ,  a l t e r -  

n a t i v e l y ,  of changing p o p u l a t i o n  s t o c k s  i n  t h e  a c t i v e  and 

i n a c t i v e  s t a t e s .  Once a g a i n  f lows  may be s e e n  t o  be confounded 

w i t h  changes  i n  s t o c k s .  

Because n e t  r a t e s  confound f lows  w i t h  changes  i n  s t o c k s ,  

t h e y  h i d e  r e g u l a r i t i e s  t h a t  seem t o  p r e v a i l  among g r o s s  f l o w s .  

Although t h e  l a t t e r  t e n d  always t o  f o l l o w  t h e  c o n v e n t i o n a l  a g e  

p r o f i l e ,  d e f i n e d  i n  S e c t i o n  3 . 4 ,  t h e  former  e x h i b i t  a  s u r p r i -  

s i n g l y  wide v a r i e t y  o f  shapes .  For i n s t a n c e ,  F i g u r e  1 0  i l l u s -  

t r a t e s  n e t  m i g r a t i o n  f lows i n t o  t h e  P a r i s  Region and t h e  P a r i s  

B a s i n ,  r e s p e c t i v e l y .  Although t h e  two sets of  a g e  p a t t e r n s  a r e  

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

f o l l o w  t h e  c o n v e n t i o n a l  a g e  p r o f i l e .  T h i s  can  be seen  i n  F i g u r e  

1 1 ,  f o r  example, which shows t h e  g r o s s  r a t e s  f o r  t h e  P a r i s  Region. 
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Figure 9. Labor force participation schedules £on. Danish males. 





9 * 9 * 0 z m V) N 

(puesnoqa lad) aaeu 



4.2 Hidden Dynamics: Problems of  D e s c r i p t i o n  

Pub l i shed  monthly l a b o r  market  d a t a  a r e  " snapsho t s "  t h a t  

show t h e  number o f  i n d i v i d u a l s  i n  d i f f e r e n t  l a b o r  f o r c e  s t a t e s  

a t  a p a r t i c u l a r  moment i n  t i m e .  Known a s  t h e  " s t o c k "  perspec-  

t i v e ,  t h i s  c a t e g o r i z a t i o n  forms t h e  b a s i s  o f  c o n v e n t i o n a l  

a n a l y s e s  o f  t h e  unemployment problem. I t  d i s t i n g u i s h e s  popula-  

t i o n  subgroups by means of  d i f f e r e n c e s  i n  s tock-based measures ,  

such a s  t h e  l a b o r  f o r c e  p a r t i c i p a t i o n  r a t e  and t h e  unemployment 

r a t e .  But t h e s e  subpopu l a t i ons  a l s o  can  be d i f f e r e n t i a t e d  

i n  t e r m s  of t h e i r  g r o s s  f low r a t e s ,  such  a s  t h e i r  p r o p e n s i t i e s  

of  moving each  month, f o r  example, from employment t o  unemploy- 

ment o r  from employment t o  n o t  i n  t h e  l a b o r  f o r c e .  

During t h e  p a s t  decade ,  economis ts  have come t o  r e a l i z e  

t h a t  a f u l l e r  unde r s t and ing  o f  l a b o r  market  dynamics can  be 

ga ined  by focus ing  on  t h e  g r o s s  f lows between l a b o r  market  

s t a t e s  o v e r  a p e r i o d  o f  t ime-the s o - c a l l e d  t u r n o v e r  view of 

unemployment. Labor market  s t u d i e s  u s ing  g r o s s  f low d a t a  have 

p a r t i c u l a r l y  i l l u m i n a t e d  t h e  ways i n  which such f lows account  

f o r  l a b o r  market  b e h a v i o r  g e n e r a t i n g  unemployment and t h e  f a c t o r s  

t h a t  a f f e c t  the sho r t - run  c y c l i c a l  behav io r  of  l a b o r  supp ly  

( f o r  example, t h e  "d i scouraged"  and t h e  "added" worker e f f e c t s ) .  

Monthly changes i n  t h e  number of  peop le  i n  each l a b o r  

market  s t a t e  mask t h e  dynamics unde r ly ing  t h e s e  changes .  For 

example, a monthly change of  s e v e r a l  hundred thousand peop le  

i n  the number o f  unemployed may be t h e  n e t  r e s u l t  o f  f lows  of  

s e v e r a l  m i l l i o n .  The n e t  changes i n  t h e  s t o c k  f i g u r e s  a r e  

dwarfed by t h e  g r o s s  f lows  t h a t  produce them. A r e c e n t  p i c t u r e  

o f  t h e  Canadian e x p e r i e n c e  d u r i n g  January  and February  1981 

conveys t h e  message. 

Between t h e s e  two months, t h e  number of  unemployed 
dec r ea sed  from 945,000 t o  928,000-a d rop  of  on ly  
17,000.  Behind t h i s  n e t  change w e r e  l a r g e  f l ows ,  
however: some 367,000 j o ined  t h e  pool  o f  t h e  
unemployed ( 152,OO 0 who were fo rmer ly  employed and 
215,000 who w e r e  n o t  i n  t h e  l a b o r  f o r c e ) ,  wh i l e  
399,000 pe r sons  ' f lowed  o u t '  (225,000 who became 
employed and 174,000 who l e f t  t h e  l abou r  f o r c e ) .  
(Economic Counci l  o f  Canada 1982:47) 



S i m i l a r l y  hidden dynamics have been i d e n t i f i e d  i n  s t u d i e s  

of m a r i t a l  s t a t u s  change and i n  ana lyses  of i n t e r n a l  migra t ion .  

For example, n e t  changes i n  t h e  s tock  of married i n d i v i d u a l s  

a r e  t h e  consequence of much l a r g e r  g r o s s  f lows between those  

marr ied and t h o s e  never  marr ied ,  d ivorced ,  and widowed. The n e t  

c o n t r i b u t i o n  t o  a  r e g i o n a l  popula t ion  by migra t ion  i s  a l s o  

generated by l a r g e  g r o s s  f lows i n  bo th  d i r e c t i o n s .  

Genera l ly ,  n e t  migratory ga ins  o r  l o s s e s  a r e  only  
t h e  s u r f a c e  r i p p l e s  of powerful  c r o s s c u r r e n t s  ... 
Between 1965 and 1970, f o r  example, me t ropo l i t an  
San J o s e ,  C a l i f o r n i a ,  gained 75,000 new r e s i d e n t s  
through mig ra t ion ,  b u t  395,000 people moved e i t h e r  
i n  o r  o u t .  (Morrison 1975: 2 4 3 )  

Gross flow s t a t i s t i c s  shed l i g h t  on l a b o r  market p a t t e r n s  

and unemployment dynamics. P a r t i c u l a r l y  impor tan t  in format ion  

i s  provided by t ime s e r i e s  d a t a  t h a t  i d e n t i f y  t h e  t iming  of 

changes i n  g r o s s  flow l e v e l s .  For example, it has  been demon- 

s t r a t e d  t h a t  i n  t h e  beginning s t a g e s  of an economic turndown, 

a s  t h e  unemployment r a t e  s t a r t s  t o  r i s e ,  an i n c r e a s i n g  number 

of people e n t e r  t h e  l a b o r  f o r c e .  A t  f i r s t  no concomitant  changes 

i n  wi thdrawals  from t h e  l a b o r  f o r c e  a r e  observed,  b u t  a s  t h e  

r e c e s s i o n  cont inues  wi thdrawals  i n c r e a s e  u n t i l  t h e i r  l e v e l  

matches t h e  flow of new e n t r a n t s .  Such p a t t e r n s  cannot  be 

i d e n t i f i e d  wi th  an a n a l y s i s  t h a t  focuses  on n e t  changes i n  s t o c k s .  

F i n a l l y ,  g r o s s  flow d a t a  permi t  t h e  c o n s t r u c t i o n  of improved 

popula t ion  p r o j e c t i o n  models, t h e  p r i n c i p a l  t o o l  of t h e  demo- 

g r a p h e r ' s  a n a l y t i c a l  appara tus .  I t  can be demonstrated t h a t  

m u l t i s t a t e  p r o j e c t i o n  models based on g r o s s  flow s t a t i s t i c s  

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

F i r s t ,  u n i s t a t e  models can in t roduce  a  b i a s  i n t o  t h e  p r o j e c t i o n s ,  

and they  can produce i n c o n s i s t e n t  r e s u l t s  i n  long-term prognoses.  

Second, t h e  impacts of changes i n  age composit ions on movement 

p a t t e r n s  can be very impor tan t ,  y e t  a  u n i s t a t e  p e r s p e c t i v e  f i x e s  

t h e s e  impacts a t  t h e  s t a r t  of a  p r o j e c t i o n  and the reby  can 

in t roduce  a  p o t e n t i a l l y  s e r i o u s  b i a s  i n t o  t h e  p r o j e c t i o n .  Thi rd ,  

m u l t i s t a t e  p r o j e c t i o n  models have a  d e c i s i v e  advantage over  



u n i s t a t e  models i n  t h a t  t hey  a l o n e  can fo l l ow  subpopu l a t i ons  

ove r  t i m e .  Thus t h e y  can produce d i s a g g r e g a t e d  p r o j e c t i o n s  

t h a t  a r e  imposs ib l e  t o  o b t a i n  w i t h  u n i s t a t e  models.  

Cons ide r ,  f o r  example,  how p r o j e c t i o n s  of  u r b a n i z a t i o n  

might  be c a r r i e d  o u t  w i t h  u n i s t a t e  and m u l t i s t a t e  models.  I n  

a  u n i s t a t e  model, t h e  urban p o p u l a t i o n  i s  t h e  c e n t r a l  f ocus  o f  

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

on ly  w i t h  r e s p e c t  t o  t h e  popu l a t i on  i n  t h e  r e g i o n  o f  d e s t i n a -  

t i o n ,  t h a t  i s ,  t h e  urban popu l a t i on .  Changes i n  t h e  popu l a t i on  

a t  t h e  r e g i o n  o f  o r i g i n  a r e  t o t a l l y  i gno red ,  w i t h  p o t e n t i a l l y  

s e r i o u s  consequences.  For example, t h e  r u r a l  p o p u l a t i o n  u l t i -  

ma te ly  may be  reduced t o  n e a r l y  z e r o ,  b u t  a  f i x e d  and p o s i t i v e  

n e t  m ig ra t i on  i n t o  urban a r e a s  w i l l  n e v e r t h e l e s s  c o n t i n u e  t o  

be gene ra t ed  by t h e  u n i s t a t e  model. 

B ias  and i n c o n s i s t e n c y  may r e s u l t  from a  view of  b i s t a t e  

(and ,  by e x t e n s i o n ,  m u l t i s t a t e )  p o p u l a t i o n  sys tems th rough  a  

u n i s t a t e  p e r s p e c t i v e .  For example, e x p r e s s i n g  m i g r a t i o n ' s  

c o n t r i b u t i o n  t o  r e g i o n a l  p o p u l a t i o n  growth s o l e l y  i n  terms of 

t h e  p o p u l a t i o n  i n  t h e  r e g i o n  o f  d e s t i n a t i o n ,  can  l e a d  t o  over-  

o r  u n d e r p r o j e c t i o n  and i n t r o d u c e  i n c o n s i s t e n c i e s  i n  long-run 

p r o j e c t i o n s .  To see t h i s  more c l e a r l y ,  c o n s i d e r  how t h e  

m i g r a t i o n  s p e c i f i c a t i o n  i s  a l t e r e d  when a  b i s t a t e  model o f  

urban and r u r a l  p o p u l a t i o n  growth i s  t rans formed  i n t o  a  u n i s t a t e  

model. L e t  urban p o p u l a t i o n  growth be d e s c r i b e d  by t h e  e q u a t i o n  

Equat ion 12 s t a t e s  t h a t  n e x t  y e a r ' s  urban p o p u l a t i o n  t o t a l  

may be c a l c u l a t e d  by add ing  t o  t h i s  y e a r ' s  urban p o p u l a t i o n  ( 1 )  

t h e  inc rement  due t o  urban n a t u r a l  i n c r e a s e ,  ( 2 )  t h e  decrement 

due t o  urban o u t m i g r a t i o n  t o  r u r a l  a r e a s ,  and ( 3 )  t h e  increment  

due t o  r u r a l - t o -u rban  mig ra t i on .  

Now m u l t i p l y i n g  t h e  l a s t  t e r m  i n  Equat ion 12 by u n i t y  

exp re s sed  a s  Pu ( t )  /Pu ( t )  t r ans fo rms  t h a t  e q u a t i o n  i n t o  i t s  

u n i s t a t e  c o u n t e r p a r t :  



where 

and U ( t )  i s  the  f r a c t i o n  of t h e  t o t a l  n a t i o n a l  population t h a t  

i s  urban a t  time t. I f  a l l  annual r a t e s  a r e  assumed t o  be f ixed  

i n  t h e  b i s t a t e  p r o j e c t i o n ,  then i n  the  u n i s t a t e  model i and u  
t h e r e f o r e  a l s o  m u ,  depend on U ( t ) ,  which v a r i e s  i n  the  course 

of t h e  p ro jec t ion  and thereby c r e a t e s  a  b i a s .  The dependence 

of t h e  urban n e t  migrat ion r a t e  mu on t h e  l e v e l  of urbanizat ion 

a t  time t , U ( t)  , means t h a t  mu must decrease a s  the  l e v e l  of 

urbanizat ion inc reases .  

4 . 3  Heterogeneity,  Nonsta t ionar i ty ,  and Temporal Dependence: 
Problems of Explanation 

Recent dramatic inc reases  i n  the  divorce r a t e s  of a  number 

of populations i n  t h e  more developed coun t r i e s  have d i r e c t e d  

a t t e n t i o n  t o  a l t e r n a t i v e  explanat ions of t h e  f a c t o r s  respons ib le  

f o r  m a r i t a l  d i s s o l u t i o n .  The r i s e  of unemployment i n  many of 

these  same coun t r i e s  has  l e d  scho la r s  t o  examine why the  dura- 

t i o n s  of unemployment s p e l l s  have increased.  And p o l i c i e s ,  aimed 

a t  promoting t h e  growth of lagging regional  economies, have 

f o s t e r e d  s t u d i e s  dea l ing  with t h e  migration behavior of subnat ional  

populations with var ious socioeconomic c h a r a c t e r i s t i c s .  



The c a u s a l  e x p l a n a t i o n s  b rought  f o r t h  by s t u d i e s  o f  m a r i t a l  

d i s s o l u t i o n ,  l a b o r  market  behav io r ,  and p o p u l a t i o n  r e d i s t r i b u -  

t i o n  a l l  t o o  o f t e n  have been founded on u n i s t a t e  models o f  pop- 

u l a t i o n  dynamics t h a t  r e f l e c t  i nadequa t e  s t a t i s t i c a l  perspec-  

t i v e s .  For  example, no r e l i a b l e  i n f e r e n c e s  abou t  d i v o r c e  

behav io r  can be made on t h e  b a s i s  o f  c r o s s - s e c t i o n a l  t a b u l a t i o n s  

o f  changing f r a c t i o n s  of  a  popu l a t i on  i n  t h e  d ivo rced  s t a t e .  

Nor can "commitments" t o  t h e  mar r ied  s t a t e ,  t h e  employed s t a t e ,  

o r  t h e  c u r r e n t  p l a c e  o f  r e s i d e n c e  be i d e n t i f i e d  from such un i -  

s t a t e  i n fo rma t ion  on changes  i n  s t o c k s .  Data on g r o s s  f lows  

i s  e s s e n t i a l ,  and i n c r e a s i n g l y  it is be ing  recogn ized  t h a t  such 

d a t a  must be a v a i l a b l e  i n  d i s a g g r e g a t e d  form. 

Simple (Markovian based)  m u l t i s t a t e  demographic models 

g e n e r a l l y  adop t  t h r e e  assumpt ions  t h a t  a r e  v i o l a t e d  by t h e  

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

1 .  The p o p u l a t i o n  i s  n o t  a  homogeneous one;  t h e  same 

paramete r  v a l u e s  do n o t  ho ld  f o r  a l l  members o f  t h e  

popu l a t i on .  

2 .  The observed  parameter  v a l u e s  do n o t  remain c o n s t a n t  

o v e r  t i m e .  

3 .  An i n d i v i d u a l ' s  p r o p e n s i t y  t o  l e a v e  a  p a r t i c u l a r  

s t a t e  o f  e x i s t e n c e  i s  n o t  independen t  o f  h i s  o r  h e r  

p a s t  t r a n s i t i o n  p a t t e r n s  and a l s o  may n o t  be indepen- 

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

I n  o t h e r  words t h e  p r o c e s s  i s  inhomogeneous, n o n s t a t i o n a r y ,  and 

t empora l ly  dependent .  And tests f o r  t h e  e m p i r i c a l  v a l i d i t y  o f  

each  o f  t h e s e  assumpt ions  must e i t h e r  e s t a b l i s h  t h a t  t h e  o t h e r  

two assumpt ions  a r e  v a l i d  o r  t h a t  c o n t r o l s  f o r  t h e i r  e f f e c t s  a r e  

i n c o r p o r a t e d  i n t o  t h e  tests ( P i c k l e s ,  Davies,  and Crouchley 1982 ) .  

A s  Go lds t e in  ( 1 9 5 4 ) ,  Morrison (1975) and o t h e r s  have  no t ed ,  

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

o f  t h e  same subgroup o f  i n d i v i d u a l s ,  c h r o n i c  m i g r a n t s ,  and n o t  

t h e  s i n g l e  moves o f  a  l a r g e  number o f  i n d i v i d u a l s .  The same 

p a t t e r n  h a s  a l s o  been found i n  d i v o r c e  r a t e s  and job s e p a r a t i o n  

r a t e s .  He t e rogene i t y  i s  t h e  appa ren t  cause .  



An a l t e r n a t i v e  exp lana t ion  i s  one t h a t  a s s o c i a t e s  t h e  prob- 

a b i l i t y  of  a  c u r r e n t  move with  a  h i s t o r y  of p rev ious  moves, 

p o s i t i n g  a  " l e a r n i n g "  e f f e c t .  To t e s t  f o r  t h e  l a t t e r  " t r u e  

contag ion" ,  wi thout  c o n t r o l l i n g  f o r  t h e  e f f e c t s  of  t h e  former 

can l e a d  t o  t h e  i d e n t i f i c a t i o n  of "spur ious  contag ion"  ( F e l l e r  

1967:121) and t o  t h e  adopt ion of higher-order  models of temporal  

dependence than  a r e  app rop r i a t e .  

I f  t h e  exper ience  of one event  r a i s e s  t h e  p r o b a b i l i t y  of 

exper ienc ing  ano the r ,  then  it i s  equa l ly  p l a u s i b l e  t h a t  non- 

exper ience  of t h e  even t  lowers t h e  same p r o b a b i l i t y  over t i m e ,  

producing a  form o f  "cumulative i n e r t i a " :  

The p r o b a b i l i t y  of remaining i n  any s t a t e  of n a t u r e  
i n c r e a s e s  a s  a  s t r i c t  monotonic f u n c t i o n  of dura- 
t i o n  of  p r i o r  r e s idence  i n  t h a t  s t a t e  (McGinnis 1968: 
716) 

Although e a r l y  tests of t h e  hypothes i s  of  cumulat ive  i n e r t i a  

may have i d e n t i f i e d  t h e  e x i s t e n c e  of dura t ion-of -s tay  e f f e c t s ,  

t hey  d i d  n o t  e s t a b l i s h  t h e  e x i s t e n c e  of cumulat ive  i n e r t i a  

because they  d i d  n o t  c o n t r o l  f o r  he t e rogene i ty  and nons t a t i on -  

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

i f  one focuses  on ly  on t h e  a s s o c i a t i o n  between t h e  aggrega te  

r a t e  of  mobi l i ty  and d u r a t i o n  of r e s idence .  A l l  may p r e d i c t  

t h e  same behavior  f o r  t h e  t o t a l  popula t ion  b u t  do s o  f o r  d i f -  

f e r e n t  reasons  a t  t h e  i n d i v i d u a l  l e v e l .  I f  t h e  popula t ion  i s  

inhomogeneous, f o r  example, then  t h e  observed mob i l i t y  r a t e  

w i l l  d e c l i n e  w i th  i n c r e a s i n g  d u r a t i o n  of r e s idence  simply 

because p r o p o r t i o n a t e l y  fewer r e p r e s e n t a t i v e s  of t h e  more mobile 

subpopulat ions  w i l l  remain t o  be c l a s s e d  a s  nonmovers. 

Duration-of-stay e f f e c t s ,  and t h e  r o l e  of he t e rogene i ty  

i n  producing them have important  p o l i c y  imp l i ca t ions .  Ignor ing  

t h e  e f f e c t s  of  he t e rogene i ty  l e a d s  t o  p r e s c r i p t i o n s  t h a t  reduce 

t h e  we l f a re  s i g n i f i c a n c e  of unemployment ( F e l d s t e i n  1973) .  

Average unemployment i s  seen t o  be t h e  consequence of many 

i n d i v i d u a l s  e n t e r i n g  and l eav ing  t h e  pool of unemployed f a i r l y  

o f t e n  and no t  t h e  r e s u l t  of a  r e l a t i v e l y  few workers being 

wi thout  jobs f o r  long pe r iods  of t i m e .  The imp l i ca t ion  drawn 



i s  t h a t  t h e  burden of unemployment i s  minor and i s  widely shared  

and t h a t  t h e  a p p r o p r i a t e  remedy i s  a  p o l i c y  f a c i l i t a t i n g  job 

s e a r c h  i n s t e a d  of one of job c r e a t i o n .  

The tu rnover  s c h o o l ' s  view of unemployment has  been cha l -  

lenged by those  who argue t h a t  only  a  smal l  f r a c t i o n  of  t o t a l  

unemployment i s  accounted f o r  by persons  who f i n d  a  job a f t e r  

a  b r i e f  s p e l l  of unemployment. On t h i s  view, most unemployment 

i s  a t t r i b u t a b l e  t o  i n d i v i d u a l s  wi th  long s p e l l s  of j ob l e s snes s ,  

wi th  repea ted  s p e l l s  of unemployment being sepa ra t ed  by b r i e f  

pe r iods  o u t s i d e  t h e  l a b o r  f o r c e .  

5 .  CONCLUSION 

A number of p r e s s i n g  n a t i o n a l  and r e g i o n a l  popula t ion  

i s s u e s  a r i s e  a s  a  consequence of unan t i c ipa t ed  p a t t e r n s  of 

change i n  t h e  age  composi t ion,  s p a t i a l  d i s t r i b u t i o n ,  and group 

s t a t u s  of popula t ion  stocks. These changes g e n e r a l l y  evolve 

s lowly ,  bu t  t h e i r  e f f e c t s  a r e  widely f e l t ,  and t h e  problems 

they b r i n g  i n  t h e i r  wake t y p i c a l l y  a r e  l a s t i n g  and complex. 

Pub l i c  awareness and p u b l i c  a c t i o n  a r e  slow i n  coming, and a l l  

t o o  o f t e n  bo th  a r e  s t i m u l a t e d  by an inadequa te  unders tanding of 

t h e  processes gene ra t ing  t h e  p a t t e r n s  of change among s t o c k s .  

Demographers have addressed t h e s e  i s s u e s  and have sought 

t o  unders tand t h e  a s s o c i a t e d  under ly ing  p roces ses ,  bu t  t h e i r  

a n a l y t i c a l  appa ra tus  has  been inadequate .  A p a r t i c u l a r  s h o r t -  

coming of t h i s  appa ra tus  has  been i t s  c e n t r a l  focus  on t h e  evolu- 

t i o n  of a  s i n g l e  popu la t ion  a s  it develops over  t i m e ,  whi le  

being exposed t o  sex- and age - spec i f i c  r a t e s  of e v e n t s ,  such 

a s  b i r t h s  and dea ths .  Such a  u n i s t a t e  p e r s p e c t i v e  of popula- 

t i o n  growth and change i s  i l l - equ ipped  t o  examine t h e  e v o l u t i o n  

of a  system of i n t e r a c t i n g  popula t ions  t h a t  a r e  l i n k e d  by g r o s s  

f lows between v a r i o u s  s t a t e s  of e x i s t e n c e .  

This paper  has  argued f o r  t h e  adopt ion of a  m u l t i s t a t e  

a n a l y s i s  of popu la t ion  growth and change. I n  a d d i t i o n  t o  even t s  

such a s  b i r t h s  and d e a t h s ,  t h e  m u l t i s t a t e  p e r s p e c t i v e  focuses  



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

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

r a t e s  o f  occu r r ence  t h a t  r e f e r  t o  p o p u l a t i o n s  exposed t o  t h e  

r i s k  o f  such o c c u r r e n c e s ,  t h a t  i s ,  occur rence /exposure  r a t e s .  

Two impor t an t  consequences fo l low.  F i r s t ,  t h e  m u l t i s t a t e  

approach avo id s  p o t e n t i a l  i n c o n s i s t e n c i e s  a r i s i n g  from inappro-  

p r i a t e l y  d e f i n e d  r a t e s .  Second, it a l l ows  one  t o  f o l l o w  i n d i v i -  

d u a l s  a c r o s s  s e v e r a l  changes o f  s t a t e s  of  e x i s t e n c e ,  t h e r e b y  

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

s t o c k s  and f lows  by p r e v i o u s  s t a t e s  of  e x i s t e n c e .  

A f ocus  on occu r r ences  of e v e n t s  and t r a n s f e r s  and t h e i r  

a s s o c i a t i o n  w i t h  t h e  p o p u l a t i o n s  t h a t  a r e  exposed t o  t h e  r i s k  

o f  e x p e r i e n c i n g  them enhances  o u r  unders tand ing  o f ,  f o r  example, 

p a t t e r n s  o f  f e r t i l i t y ,  m o r t a l i t y ,  and mig ra t i on .  By n o t  pe rmi t -  

t i n g  such an a s s o c i a t i o n ,  t h e  u n i s t a t e  approach can produce 

u n d e s i r a b l e  b i a s e s .  For  example, urban p o p u l a t i o n s  growing 

r a p i d l y  a s  a  consequence o f  l a r g e  n e t  r a t e s  of  urban i n m i g r a t i o n  

canno t  be expec t ed  t o  c o n t i n u e  t o  r e c e i v e  a  s t e a d y  s t r e am of  

such i n m i g r a n t s  a s  t h e  r u r a l  a r e a s  empty o u t .  Y e t  s i n c e  t h e  

l a t t e r  p o p u l a t i o n s  never  e n t e r  t h e  c a l c u l a t i o n  o f  n e t  urban 

i n m i g r a t i o n  r a t e s ,  f i x e d  c o e f f i c i e n t  p r o j e c t i o n s  u s ing  such 

r a t e s  may produce i n c o n s i s t e n c i e s  i n  t h e  long  run .  

Heterogeneous p o p u l a t i o n s  c o n t a i n  subgroups whose demographic 

behav ior  i s  d i v e r s e .  To t h e  e x t e n t  t h a t  t h e i r  d i f f e r i n g  propen- 

s i t ies  t o  e x p e r i e n c e  e v e n t s  and movements can  be i n c o r p o r a t e d  

i n  t h e  fo rmal  a n a l y s i s ,  i l l u m i n a t i o n  of  t h e  a g g r e g a t e  p a t t e r n s  

of behav ior  i s  enhanced. For i n s t a n c e ,  o u r  unde r s t and ing  o f  

m a r i t a l  d i s s o l u t i o n  i s  e n r i c h e d  by i n fo rma t ion  on t h e  deg ree  

t o  which d i v o r c e s  occu r  among t h o s e  p r e v i o u s l y  d ivo rced .  I n  

g e n e r a t i n g  such i n f o r m a t i o n ,  a  m u l t i s t a t e  a n a l y s i s  can  i d e n t i f y ,  

f o r  example, how much of  t h e  c u r r e n t  i n c r e a s e  i n  l e v e l s  o f  d i v o r c e  

i n  many c o u n t r i e s  can be a t t r i b u t e d  t o  " r e p e a t e r s "  a s  opposed 

t o  " f i r s t - t i m e r s " .  

M u l t i s t a t e  demography i s  a  young branch o f  formal  demography, 

and i t s  p o t e n t i a l  c o n t r i b u t i o n s  a r e  on ly  now coming t o  be recog- 

n i z e d .  F u r t h e r  p r o g r e s s  i n  t h e  f i e l d  w i l l  depend t o  a  l a r g e  



extent on the availability of the necessary disaggregated data 

for carrying out the analyses and projections that should pro- 

mote its further development and acceptance. In the meantime, 

parametrized model schedules, such as the ones set out in this 

paper, can be utilized to demonstrate the approach in problem 

settings lacking adequate data. 



APPENDIX: A SAMPLE OF PARAMETRIZED 
MODEL SCHEDULES 



C o n t e n t s  

I .  FERTILITY 

T a b l e  1 . 1  P a r a m e t e r  v a l u e s  f o r  D a n i s h  C o a l e - T r u s s e l l  m o d e l  
f e r t i l i t y  s c h e d u l e s .  

T a b l e  1 . 2  P a r a m e t e r  v a l u e s  f o r  D a n i s h  d o u b l e  exponential  
m o d e l  f e r t i l i t y  s c h e d u l e s  (GR = 1 ) .  

F i g u r e  1 . 1  E v o l u t i o n  of m o d e l  f e r t i l i t y  s c h e d u l e  p a r a m e t e r s :  
Denmark ,  1 9 6 2 - 1 9 7 1 .  

T a b l e  1 . 3  S w e d i s h  f e r t i l i t y  d a t a ,  1 9 7 4 .  

F i g u r e  1 . 2  D o u b l e  exponential  m o d e l  f e r t i l i t y  s c h e d u l e s  
f o r  S w e d i s h  f e r t i l i t y  d a t a ,  1 9 7 4 .  

11. MARITAL STATUS CHANGE 

T a b l e  1 1 . 1  N o r w e g i a n  m a r i t a l  s t a t u s  d a t a ,  1 9 7 7 - 1 9 7 8 .  

F i g u r e  1 1 . 1  Model s c h e d u l e s  of m a r i t a l  s t a t u s  c h a n g e :  
N o r w e g i a n  f e m a l e s  1977 - -1978 .  

T a b l e  1 1 . 2  Model s c h e d u l e s  of m a r i t a l  s t a t u s  c h a n g e :  
A u s t r a l i a n  f e m a l e s  1 9 2 1 ,  1 9 5 0 ,  1 9 7 6 .  

F i g u r e  1 1 . 2  D o u b l e  exponent ial  m o d e l  s c h e d u l e s  o f  m a r i t a l  
s t a t u s  change: A u s t r a l i a n  m a l e s  1 9 7 6 .  

T a b l e  1 1 . 3  F i r s t - m a r r i a g e  ra tes  of t h e  A u s t r a l i a n  s i n g l e  
p o p u l a t i o n :  1 9 2 1 - 1 9 7 6 .  

T a b l e  1 1 . 4  Divorce rates o f  t h e  A u s t r a l i a n  m a r r i e d  p o p u l a -  
t i o n :  1 9 2 1 - 1 9 7 6 .  

T a b l e  1 1 . 5  R e m a r r i a g e  ra tes  o f  t h e  A u s t r a l i a n  d i v o r c e d  
p o p u l a t i o n :  1 9 2 1 - 1 9 7 6 .  

T a b l e  1 1 . 6  R e m a r r i a g e  ra tes  of t h e  A u s t r a l i a n  w i d o w e d  
p o p u l a t i o n :  1921 -1976 .  

F i g u r e  1 1 . 3  T h e  p a r a m e t e r s  and v a r i a b l e s  of t h e  m o d e l  
schedules of f i r s t  m a r r i a g e  f o r  never m a r r i e d  
A u s t r a l i a n  f e m a l e s ,  1 9 2 1 - 1 9 7 6 .  

F igu re  1 1 . 4  T h e  p a r a m e t e r s  and var iables  o f  t h e  m o d e l  
s c h e d u l e s  of divorce f o r  m a r r i e d  A u s t r a l i a n  
f e m a l e s ,  1 9 2 1 - 1 9 7 6 .  



Figure 11.5 The parameters and variables of the model 
schedules of remarriage for divorced Australian 
females, 1921-1976. 

Figure 11.6 The parameters and variables of the model 
schedules of remarriage for widowed Australian 
females, 1921-1976. 

Figure 11.7 Model schedules of marital status change: 
the Australian standard. 

Table 11.7 First-marriage rates of national female single 
populations. 

Table 11.8 Divorce rates of national female married 
populations. 

Table 11.9 Remarriage rates of national female divorced 
populations. 

Table 11.10 Remarriage rates of national female widowed 
populations. 

Figure 11.8 Six national model schedules of marital status 
change. 

MORTALITY 

Table 111.1 Parameter values for never married Australian 
females, 1950-1975. 

Table 111.2 Parameter values for never married Australian 
males, 1950-1975. 

Figure 111.1 The values of the parameters for never married 
Australian males for the years 1950-1975. 

Table 111.3 The Brass standard mortality schedule. 

Table 111.4 Parameter estimates of the Heligman-Pollard 
model mortality schedule. 

Figure 111.2 The fit of the Heligman-Pollard model schedule. 
to the Brass standard and to Swedish male 
mortality in 1974. 

Table 111.5 Swedish mortality data, 1974. 

Figure 111.3 The fit of the Heligman-Pollard model schedule 
to Swedish regional mortality, 1974. 



IV. MIGRATION 

Table IV. 1 

Figure IV.l 

Figure IV.2 

Figure IV.3 

Table IV. 2 

Figure IV.4 

Table IV.3 

Figure IV.5 

Figure IV.6 

Parameters and variables defining observed 
model migration schedules: the Netherlands, 
1972-1976. 

Model migration schedules for the Netherlands. 

Evolution of model migration schedule param- 
eters: Netherlands, males, 1972-1976. 

Evolution of model migration schedule param- 
eters: Netherlands, females, 1972-1976. 

Parameters and variables defining regional 
model migration schedules: Stockholm and the 
rest of Sweden, 1974. 

Model migration schedules for Swedish migra- 
tion data, 1974. 

Parameters and variables defining the Rogers- 
Castro standard and selected observed model 
migration schedules. 

The Rogers-Castro standard migration schedule. 

Standard model migration schedules: Swedish, 
British, and Japanese. 



Notation 

R = Total fertility rate 

aofk,m = Parameters of the Coale-Trussell model fertility 
schedule 

a,p,a,X = Parameters of the double exponential model 
fertility schedule with mean x, mode xh, and 
0 = A/" 

11. Marital Status Chanae 

GR = Gross production rate 

a,p,a,X = Parameters of the double exponential model marital 
status change schedule with mean 2 ,  mode xh, and 
a = A/" 

111. Mortality 

GR = Gross production rate 

Q1fyIQAfXAfu,QSfXS = Parameters of the Heligman-Pollard 
model mortality schedule 

IV. Miffration 

GR = Gross production rate 

a l f a l f a 2 f ~ f a 2 f ~ 2 f c  = Parameters of the Rogers-Castro 
7-parameter model migration schedule 
with mean T I  low point xe, mode x h '  
u2 = h2/a2' al/a2. and B 1 2  = 

" 1 ja2 
a3'a3 = Additional parameters for the 9-parameter schedule 

a3fp3fa3fh3 = Additional parameters for the 11-parameter 
schedule 



A P P E N D I X  I :  FERTILITY 

Data Sources 

Denmark: Hoem e t  a l .  (1981) 

Sweden: Andersson and Holmberg (1980) ,  and a d a t a  
t ape  provided f o r  t h a t  s tudy by t h e  Swedish 
Cen t ra l  Bureau of S t a t i s t i c s  



Table 1.1 Parameter values for Danish Coale-Trussell model 
fertility schedules.* 

Year k a k m 0 

*Add half a year to a. to ge t  the  " rea l "  age. 

Source: Hoem e t  a l .  (1981) 



Table 1.2 Parameter values for Danish double exponential model 
fertility schedules (GR= 1 ) .  

,- 
I' 

Year a P a 1 



A. Evolution of the total fertility rate and of the.Coale-Trussell model fertility schedule 
parameters. 

15.00 1 I I I I I I I I 0 1 I 

1962 1964 1966 1968 1970 1962 ' 1 9 6 4  19166 1968 ' 1 9 7 0  
Year Year 

B. Evolution of the double exponential model fertility schedule parameters. 

Figure 1.1 Evolution of model fertility schedule parameters: 
Denmark, 1962-1971. 



Table 1. 3 Swedish f e r t i l i t y  d a t a ,  1 9 7 4 .  

Parameters Stockholm 
and Male Female 

Rest of Sweden 
Male Female 

var iables  babies babies babies babies 



Stockholm, male babies Stockholm, female babies 

Age 

Rest of Sweden, male babies 

Age 

Rest of Sweden, female babies 

F i g u r e  1 . 2  Double e x p o n e n t i a l  model f e r t i l i t y  s chedu l e s  f o r  
Swedish f e r t i l i t y  d a t a  ( - - -  model s chedu l e ,  - observed d a t a )  , 1 9 7 4 .  



APPENDIX 11: MARITAL STATUS CHANGE 

Data Sources 

Australia: Brown and Hall (1978) and a data tape provided 
by Pamela Williams of the IMPACT Project 

Belgium: Willekens ( 1 979) 

England and Wales: Schoen and Nelson (1974) 

Netherlands: Koesoebjono ( 1  981 ) 

Norway: Brunborg, Monnesland, and Selmer (1981) 

U.S. (1960) : Schoen and Nelson (1974) 

U.S. ( 1  970) : Krishnamoorthy (1979) 



T a b l e  1 1 . 1  Norwegian  m a r i t a l  s t a t u s  d a t a ,  1977-1978.  

Remarriage Remarriage 
F i r s t  marriage Divorce of divorced of widowed 

and 
var iables  Males Females Males Females Males Females Males Females 



First Marriage Divorce 

Age 

Remarriage of divorced 

Age 

Remarriage of widowed 

Figure 11.1 Model schedules of marital status change: Norwegian 
females (--- model schedules, - observed data) , 
1977-1978. 
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First marriage Divorce 

Age 

Remarriage of divorced 

Age 

Remarriage of widowed 

Figure 11.2 Double exponential model schedules of marital 
status change (--- model schedule, - observed 
data): Australian males 1976. 



Table 11.3 First-marriage rates of the Australian single 
population: 1921-1976. 

MALES FEMALES 
Parameters 
and Mean Me an 
var iables  value Range value Range 

Table 11.4 Divorce rates of the Australian married population: 
1921-1976. 

MALES FEMALES 
Parameters 
and Me an Me an 
va r i ab les  value Range value Range 



T a b l e  11 .5  R e m a r r i a g e  ra tes  of t h e  A u s t r a l i a n  divorced p o p u -  
l a t i o n :  1 9 2 1 - 1 9 7 6 .  

MALES FEMALES 
Parameters 
arid Mean Me an 
va r iab les  value Range value Range 

T a b l e  1 1 . 6  R e m a r r i a g e  rates of t h e  A u s t r a l i a n  w i d o w e d  p o p u l a -  
t i o n :  1 9 2 1 - 1 9 7 6 .  

MALES FEMALES 
Parameters 
and Me an Mean 
var iab les  value Range value Range 
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Figure 11.5 The parameters and variables of the model schedules of remarriage for divorced 
Australian females, 1921-1976. 

Source: For IMPACT Study, Williams (1981). 



w 
0 

w - 
m r -  7 

urn a, 
rl- rn 

7 

Id- - 
-4 rn 
hrn m 
m 7 > 2 - -4 
a m  r( 
Gal r( 
rd rl .4 

m 3 
a E 
ha, - 
u w  h 
c, a 
a,G I 
Erd 4J 
m -4 cn 
hrl 
Ida B 
a h  u 

4J d 



First marriage Divorce 

Remarriagz of divorced Remarriage of widowed 

Figure 11.7 Model schedules of marital status change ( - - -  males, 
- females) : the Australian standard. 



'Table 11.7 First-marriage rates of national female single 
populations. 

England 
Parameters  Aus tr a- and Nether- 
and l i a n  A u s t r a l i a  Belgium Wales l ands  U.S. U.S, 
v a r i a b l e s  s t a n d a r d  1975 1971 1961 1978 1960 1970 

Table 11.8 Divorce rates of national female married populations. 

England 
Parameters  Austra-  and Nether- 
and l i a n  A u s t r a l i a  Belgium Wales l a n d s  V.S. U.S. 
v a r i a b l e s  s t a n d a r d  1975 1971 1961 1978 1960 1970 



Table 11.9 Remarriage sates of national female divorced 
populations. 

England 
Parameters  Austra-  and Nether-  
and l ian A u s t r a l i a  Belgium Wales l a n d s  U.S. U.S. 
v a r i a b l e s  s t a n d a r d  1975 197 1 1961 1978 1960 1970 

Table 11.10 Remarriage rates of national female widowed 
populations. 

England 
Paramete rs  Austra-  and Nether-  
and l i a n  A u s t r a l i a  Belgium Wales l a n d s  U.S. U,S. 
v a r i a b l e s  s t a n d a r d  1975 1971 1961 1978 1960 1970 



First marriage Divorce 

Remarriage of divorced Remarriage of widowed 

Figure 11.8 Six national model schedules of marital status 
change. 



APPENDIX 111: MORTALITY 

Data Sources  

A u s t r a l i a :  Brooks e t  a l .  (1980) 

Sweden: Andersson and Holmberg ( 1  980) and a d a t a  t a p e  
p rov ided  f o r  t h a t  s t u d y  by t h e  Swedish 
C e n t r a l  Bureau of S t a t i s t i c s  



Table 111.1 Parameter values for never married Australian females, 1950-1975. 

Year 
Ql Y A Q~ 

X 
S 

*The paramete rs  X and 0 were h e l d  f i x e d  and s e t  equa l  t o  50,O and 0.7071, r e s p e c t i v e l y .  
A 

Source: Brooks e t  a l .  (1980).  



T a b l e  111.2 P a r a m e t e r  v a l u e s  f o r  n e v e r  m a r r i e d  A u s t r a l i a n  males ,  1950-1975.  

Year Q1 Y Q A Q~ X~ 

*The parameters X and 0 were held f ixed and s e t  equal t o  21.0 and 0.2, respectively.  
A 

Source: Brooks e t  a l ,  (1980)- 







Table 111.4 Parameter estimates of the Heli~man-Pollard model 
mortality schedule. 

V a r i a b l e s  B r a s s  s t a n d a r d  Swedish males, 1974 

GR 5.34 2.86 



-. . , . ,.,.. , , . , me" 



Table 111.5 Swedish mortality data, 1974. 

Stockholm Rest of Sweden 

Parameters Males Females Males Females 



Stockholm, males Stockholm, females 

Rest of Sweden, males Rest of Sweden, females 

Figure 111.3 The fit of the Heligman-Pollard model schedule 
( --- ) to Swedish regional mortality ( - ) ,  1974. 



APPENDIX I V :  M I G R A T I O N  

Data Sources 

Great  B r i t a i n :  Rees (1979) 

Japan: Nanjo, Kawashima, and Kuroda (1982) 

Netherlands:  D r e w e  (1980) and d a t a  provided by Drewe 

Sweden: Andersson and Holmberg (1980) and a d a t a  t ape  
provided f o r  t h a t  s tudy by t h e  Swedish C e n t r a l  
Bureau of S t a t i s t i c s  
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Figure IV.l Model migration schedules for the Netherlands 
(--- model schedule, - observed data) . 







Table 1v.2 Parameters and variables defining re ional model 
migration schedules: Stockholm and ?he rest of Sweden, 
1974 .  

Parameters 
and Stockholm Rest of Sweden 
variables Males Females Males Females 



Stockholm, males 

Age 

Rest of Sweden, males 

Stockholm, females 

Age 

Rest of Sweden, females 

Figure IV.4 Model migration schedules for Swedish migration 
data (--- model schedule, - observed data), 
1974. 



Table IV.3 Parameters and variables defining the Rogers-Castro 
standard and selected observed model migration 
schedules.* 

P a r m e t e r s  Rogers- Swedish B r i t i s h  Japanese 
and Castro s tandard  s tandard  s tandard  
v a r i a b l e s  s tandard Males Females Males Females Males Females 

*source: Rogers and Cas t ro  (1981), Tables 5.4, 3.3, 3.5, and 3.6, 
r e spec t ive ly .  



Figure IV.5 The Rogers-Castro standard migration schedule. 
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